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THE TEMPERATURE AND HUMIDITY RELATIONS OF VARIOUS
STAGES IN THE LIFE HISTORY OF SOME CALLIPHORINE
FLIES

By

LEWIS DAVIES

~being a thesis presented in candidature for
the Degree of Doctor of Philosophy in the
University of Durham, 1949.

The work described in this thesis was carried out
under the direetion of J. B. Crags, M.Sc., at the
Selence Leboratories of the Durham Colleges in the
University of Durham (July 1946 -~ Sept. 1948).
Preliminary experiments to the work described in
Part I only of the thesis were carried ocut at the
Zoology Leboratcry, Uriversity of Cambridge (Oct.
1945 - April 1946).




The author withes te express his thanke to Mrs JsBobraggy MeStes
for his g
and is grateful to Dps V@B@Mggz?lve:sﬁ@ﬁthy PoReSs for the

) -

&

®

hospitality afforded by him ahd his staff et Qenwbnidges

’

I R s U N

¥

idance and engouragement throughout the investigaticny



CONTENTS

gerieral Introduction oo cee e see

EART I
LABORATORY STUDIES ON THE EGG OF LUCILIA SERICATA
Introduction . eee oo vee oo e

I GENERAL MORPHOLOGY OF THE EGG SHELL

(1) Mieroécopic structure cen . ces coo
- (41) Lipoid content .. P 0o ;..
(111) Effect of temperature on rate of water 1loss
through the shell oo eoe veoe
(iv) Effects of a detergent and abrasion on shell
permeability ... . eae see cos
(v)  site of water loss’ - ees veo ore
11 EFFECTS OF EXPOSURE TO DIFFERENT HUMIDITIES
(1)  Methods ... oo ‘es ‘oo ven
(14) Minimum humidity for development ... ves
(441) Minimum humidity for hatching
(1v) Effects of variations in humidity ... cee
Discussion ose o e see cee
summary ‘;. cee ces oo cee cee

Introduction Y soe ‘ sae soe es e

(1)  Minimum humidities for development ... coe
(44) Minimum humidities for hatching voo soe
(1i4) 1Lengths of incubation periods at %arious
temperatures s eee eoe v ees
(1v) The hatching mechanism of blowfly eggs e
(v) The effects of variations in humidity cee
(vi) 8izes of the eggs of the various species
studied soe ces veo vee
(V11) Sioe ontgannyonte o8 in Telation Bo sine of..

17

22

26

29

29
33
37

43

45

L7
48
55

55
57

- 79

83

- 8%



L.

PART II (continued) :
page

(viii) The waterproofing mechanism of blowfly €gLEB soe 87

(1x) ovo-viviparity in blowflies cen ses 89

Discussion T eee ;.. coo oo cos 90

Summary ;;¢  ;qo'..- eee see see vee 91
PART_III

Introduetion “oe  eee see oo " see 93
I WORK IN 1946
(1) A survey of methods.of measuring humidity oo ol

(34) Method used in present investigation.. ooe 98
. (241) Comparison of the method with those previously
. used L RN ] vew [ XX} : [N R} [ XX ] 101
(iv) Fleece humidity fluctuations as measured by
cobalt=chloride papers <.« coe see 106
(v)  The fate of freshly laid L.sericata egg batches
placed in sheep fleecea cee ses voe 115
II WORK IN 19“7 wew Y X soe 117
‘III WORK IN 19!48 | -
(1) methOdB ee e v e . ;oo esve 118
(14) The fate of egg batches of species other than
gwaericata in sheep fleeces oee P 121
(111) Effect of wool yolk on the survival of blowfly
- C8EB  ese e sos son see 130
Discussion .o e ves see dee ;;o 135
: Summary ‘.oe .o - TR “es . ;10' ;;; Ll
PARI IV
' IN SHEEP _IN RELATION BLOWFLY EGG SURVIVA
Introductian : P see sve Y es e m;

1 THE EFFECT OF MUSCULAR EXERTION ON SWEATING eee Uy

II |THE EFFECT OF HIGH EXTERNAL TEMPERATURES ON
SWEATING . sée see ce s T ) 1u9



5.

PART IV (continued)

, page
Dchusﬁiﬂn v dee [N R [ XN LECR (XX 3 151‘»
3Wﬂ¢‘60 - sae e ' ¢ve see oo e . 155
GENERAL , SUMMARY OF WORK .. cos ver  eee 156
REFERENCES sse esn oos ove eee 157
Full results of water-bath experiments on eggs sie 160
Details of positions of fleece R.H: readings and of the

sheep used in field work 1946-48i.+. vie ese 178
Tabulated fleece R.H. readings in full ... cee 182
Fleece R.H,s readings of hot atmosphere experiments .

(Par‘b IV) . o 8e" [ X R N [ XX ] . ed®’ see’ 228



6.

GERERAL _INTRODUCTION

- The work herein desoribed is confined to .the study of
the eggs .of blowflies. No other steges in the life-histories
of blowflies were studied. . The investigation was carried
out both by means of laboratory experiments, and by
'obserﬁations and experiments in the field, 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 1gnored because of its close water~relation
with humidity. Published work by previoue investigdors had
;ihdioated.that'the eges oflthe main blowfly species causing

sheep m&iaéis in Britain, i.e, Lucilia aericafa'(ug.),vere

veﬁy susceptible to deslccation, were almost always laid in
a very dry environment when laid in sheep fleeces, and hence
suffered verj great mortality. No work had been done on
the humiditylrelatians of the eggs of the other species of
blowflies of seoondary importance as sheep myilasis producers
in Bpitain, N | |

' The first stage of the work (Part I) was one of

. reinvestigating the humidity relations of incllia sericata
'(Mg.) eggs, giving particular attention to their minimum
humidity requirements, and to the effects of humidity fluctua-
tions on their survival. Later, the work was *taken into

the field' and a study of humidity conditions in sheep fleseces
carried out (Part III) on more extensive lines than hitherto,
particular attention being given to the occurrence of humidity
fluctuations in the flsece atmosphere. The choice of the
cobalt~chloride, cobalt-thioccyanate paper techniques and
their modifications, facilitated this study. During the
first summer of field work several laboratory laid L.eerieata

eggs were placed in the fleeces of living sheep, and their
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" fate pecorded, under humidity conditions sbout which at
léast something was known by means of simultaneous cobslt-
chloride paper humidity readings, Following this, the
laboratory work was extended to include the study of the
humidity requiremente of the eggs of five other blowfly
species (Part II) which sometimes cause sheep myiasis in
Britain, and subseéuently the survival of the egga of these
speeies in sheep fleeces, was tested on lines similar to
parallel experiments with L.soricats eggs. This work
(Part I1I) involving the placing of laboratory laid egg
~ batchea 1n'eheep fleeces and recording their fate, was not
earried out on as large & scale as would be desired. The
expeéiﬁents must therefore be considersd merely as preliminary
in nature, | | _

| As would be expected, eevefal side~1ines developed out
of the'work, one of which was the detection and study of
sweating in sheep., This factor was considered to be
,potent;ally important 15 gometimes providing suitably humid
eonditions. in sheep fleseces, for the development and hatching
of blowfly eggs. and for subsequent mylasis development,
Here again, the work (Part IV) must be considered merely as

being preliminary to further work.

- ol e e N G e d Ee N



ON__THS
INTRODUCTION

~,, The laboratory studies of Evans (1934) on the humidity
and temperature relations of k.sericata eggs ahéwed that they
were illadapted to survive at low humidities, He found that
the minimum hnﬁidity,for development was above Bmm, sat. def.,
equivalent, at 3700 ~ the assumed temperature prevailing
near the skin of gheep, to about 62 ReHe Yeﬁ, Davies &
Hobson (1935) found that low humidities of 4O-55% R.H. were
of commenioccurrence in the fleeces of living sheep, where
- Lssericata eggs mey be laid, Macleod (1340) obtained similar
~ results, and concluded that & state of low humidity normally
prevailed‘in/the fleece atmoéphare.c Further, Davies &
Hobson fe~emphasized Evah's conclusion that the eggs of
L.sericata werse very susceptible to desiccation, and
expressed the opinion that a steady humidity of over 90%

R.H. for 14 hr. was necessary to ensure the hatching of eggs
~ {(accomplished in 8 hr. at 37°G) and the‘establishment of
myiasis. The present laboratory work was undertaken to
repeat Evan's experiments, and accompanied a field study of
humidity comditions in sheep fleeces using methods not
hitherto employed for this purpose (Part III)s In the
leboratory work attention was given to the effects of
humidity fluctuations on L.gericata eggs, since field work
indicated that considerable fluctuations in R.H. occurred in
the fleece atmosphére over fairly short periods of time, in
British summer weather,

A study has also been made of the structure of the egg-
ahell, and its water-proofing mechanism, on the lines of the
work of Beament (1946 a and b) on the egg of the bug
gaodninsmgrolixu_. Such 1nf9rmation promised to be of
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interest in relation to ¢conditions in the natural
ugpvironﬁeut of the blowfly egns,
I. GENERAL HORPHOLOGY OF THE EQG-SHELL

(1) uicroacopic,stfuctura

Methods. The shell of the ovarian egg about two days
before laying was studied, when, as far as could be seen.

in sections, it had reached its final thickness and shape,
At this stage the fdilicle'cells‘had undergone almost-
complete necrosis, being represented me:ely by their
flattened nuclel end greatly reduced cytoplasm, pressed flat
between the folliculer membréne and the contained full sized
ege . In this condition the follicle 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 follicle cells and the fully
-developed longitudinal hatching pleats (see Sikes &
Wigglesworth, 1931) as ere found in the chorion of the

laid egg. Eggs‘werg removed as whole ovaries from flies,

. fixed in Alcoholic Bouin, and paraffin sections made, |
Evidenee on the nature of the. shell components at this stage
was compared with that on the shell of laid eggs, which were
not fixed but embedded in paraffin after preliminary
dehydration and cleéring. ' | |

Mierosgcopic structure of chorion. I sections the chorion

‘of the ovarian eggs about two days before laying appeared
jdentical in structure with that of laid eggs: About
5,0 microns thick over the main part of the shell, it was
thickened to about 10,0 microns in the reéion of the hatching
pleats and at the edges of the circular area surrounding ths
‘external micropyle (Fig. 1b & ¢) (see Weismann, 1663).
staining and other chemical tests showed that the chorion
was composed of twokmain 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. wWhere the chorion was

" thickened, fopr example at the edges of the_cifcular micropyiar

‘ares, most of the inorease in thickness wes due-to an

icropyl .
m | O"ﬂ‘ | | ﬂt;,:::g& | . | le
mlmbslcr SI l
Hd’c | :
;}’, 3.4 |0’b
3 S : “'—o" C
}r Kching Hefri Scale for b ¢,
.5_ 4 ‘ml’d\mq : ' » C |

pleals o —

Fiet. B, external features L sencafe 2qq ; B, Seckon of chorion fom th2 A ;
C. T5. chorioa Pleats fram 3k b in A,

eipanaion of this inner 1ayer} the outér.la§er remaining about
the same ;hioknees over all parts oflthe sheil.' The dark
‘bodies emﬁedded in the shell were only about 2,0 microns in
dismeter. Further details‘of'ﬁhéir structure and nature

éﬂd of the vertical diuisibbs apparently dividing the

bhoripn into columnab elements could not be made out owing
Ltovtheir small size, even under & L/iz microscope objective.

This columnar structure of the chorion of L.sericata
eggs (Fiéa2) agreed with the description given for the eggs

of other Tachinidae by Pantel (1913).
The ouﬁet.chorion layer, both in the ovarian and laid

" egg was stained weakly by acid Fuchsin, pale¢ brown by
Ehrlich's haematoxylin, pale blue after Mallory's triple

staining, and pale green after Light Green. The inner
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Aahariop layer was\not stained by ﬁhese substances at all.
' Both layers, however, gtained deeply in basic Fuchsin, gave a
: ﬁositive xanthoproteic teest,. and negative results both with
: ninhydrin.and warm }Millon's reagent. It was evident therefore
~.that both layers contained protein,‘but differenﬁea in their
.staining prpperties indicated that they were not of identical
composition, The reduced affinity of the inner chorion
layer was noteworthyend econtrasted with the relative ease of
-staining'the.outer layer with some of the histologiéal stains
sommonly employea.‘ l

The chorion as a whole when placed in the form of shell

frégménts in cold coneentrated nitric and hydrochloric acid
did not dissolve nor appear to have been changed macrosco-
pically at all, beyend beédming rather softened, even when
left in for 30 min. The chorion slowly dissolved in warm
(hOoc) concentrated nitric acld and diesol;ed completely and
rapldly in satufated caustic potash solution at 150°0, thus
showing it to be completely non-chitinous. Its resistance
to ¢old concentrated acids however indicated that it was
composed 6f'surﬁrisingly reslstant prdtein. The protein of
insect egg~shelis in general appears to Bé surprisingly
résistant to strong mineral acids. Nany of the protein
. layers of the Bhodnius egg shell were found to be-acid
resistant by Beament (1946 b}, The chorion of the Culex
gigiena egg is alsb acid reaisﬁant (sir s. Re Christophers,
in conversation)., It éppears also to be a general feature of
insect eggs that the chorion is completely non-chitinous
(Beament; 19&6 b, Slifer, 1937, 1938). The general temrm
fchorionin' has been used for the resistant protein of
insect egg shells. The elucidation of the complex layered
structure of the egg of Rhodnius by Beement, each chorion

layer differing in chemical composition, has however
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rendered the term 'chorionin' bather inadequate,

When sections of shells were immersed overnight at room
~temperature'1n a saturated aqﬁeous solution of 2~behzoqn1none,
vthe-outér chorion layer and the row of dark bodies (Fig.2)
became tanned to a deeb brown colour over the whole of'the
egg shell, whilst the inner layer remainéd colourless.

This result was ?btained both with ovarian eggs and laid
eggs. It is ednqluded therefore that the protein of the

inner layer was already tanned or, alternatively, so modified

that tanning by P-benzoguinone could not occur - and that the

Dark bodies embedded in the chorion

Quter chorion
layer .

Inner chorion
layer

7l Diagram TS charion

outer chorion layer was largely composed of protein normally
'sueceptib;e'to tanning égents, and ihus‘untanned in the
ériginal ege éhell; both before and after laying.

The two-layered nature of the echorion of the I,_sericata
egg, with one layer not tanned and the other possibly tanned,
may explain some of its peculiar mechanical properties. A
- gtpip of chorion removed from an egg and mounted so that one
end is attached and the other free, underwent rapid curling
movements when subjected to humidity changes. When a wet |
needle was held near it, the ehorion étrip curled downwards.
When a warm needle was held near, it curled in the opposite
‘directicn, 1nstantly returning to its former condition when
the warm needle was removed., These movements are illustrated
by Fig.}, It will be observed that the curling (Fig.3 ,b)
is inwards 1n high R.H. and outwards in low R.H. in relation
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Outer surface LowRH.

IHMV SW‘“C

R B | o

Fie.3. Chorion cuﬂmﬂ movewen's; A shows orieafation of chorion Q‘m&uen\‘ shown 0 B

to the inper and outsr surface of the chorion fragment; and

in addition that the curling movement occurred across the

- chorion strip i.e. in the transverse plane in relation to

the complete egg shell, Curling in the longitudinal plane

of the egg was negligible and is not represented in Fig.3(b).
These curling movements would be explained if the

untanned protein of the oﬁter chorion layer could undefgo

volunme chénges dapendeht on variations in air humidity, due

~ to hygroscopicity of iis protein moiety, while the inner

‘layer, being tanned would be more rigid and possibly composed

‘of non-hygro;cppic proteiﬁ. The curling movements fit in.

with the asaumption'that the outer chorion layer is hygroscopic.

In low R.H. it curls in a manner consonant with a reduction

in the volume, and thus a reduced wgter content in ths.outer

chorion layer, and in high R.H. curls in a direction congonant

with a higher moisture content end thus increased volume, .

This mechanical property of the chorion was when observed



an isolated phenomenon of unknown significance, Later
observations on the hatching mechanism of dlowfly eggs
possibly throw some light on its significance (page 57 )e

Microscopic structure of the chorionic vitelline membrane.

The chorion of the‘blpwfly egg closely 1nveste an underlying
membrane which encloses the ovum 1tse1f; The membrane is |
comparatively strong and transparent, and shows irridescent
coloﬁre when isolated, The chorion can be stripped off the
egg, leaving the egg retaining its original shape (Evaﬁb,
1934) within this underlying membrane, which has been termed

the phqrionip vitelline mepbrane by previous investigators
(Pantel, 1913), |
~ This membrane (hereinafter regerred to as the c.v.

" membrane) was found in sections of ovar;an’ahd 1aid eggs to

Ec\’omiorotn‘le :

basement membrane of

/ follicle q,'t\hehum

mucus-hke \i\u
cavenng edomuro“\e_

 [thidkened parf

of chorion

' cv. membrine

: Enl’on\\crobsle ,Covered
Hhidened tmcrohlur

|
N
‘ ‘ area of ¢.v. membrane

Bcj thin | clear membrane ‘

Flc L-. L. S. “\roua\n qn\’enar wd of L. Seruu.\'q, ec” ‘)assm«\%rou%\' mcroh\es (Ovamm cﬂ
abour 2-3 duls before \QT"J ) ’

ﬁe about 3,0 microns thick over the general surface of the
egg, but thickened to about 10,0 microns in the region of

its micropyle., This microp&le'in the c.v. membrane was
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despribed:by Pantel (1913) in the eggs of various Tachinidae,
It has been termed the entomicropyle and is situated
jmmediately beneath the micropyle of the chorion (ecto-
micropyle), The appearance of the ecto- and entomicropyle
in‘a preparation stained with Ehrlich's Heematoxylin and
Eosin is shown in Fig.l.

The entomicropyle}will be seen to be a circular cansal,
about 3~5 micronsvin diameter, situated in the middle of the
thickened micrdpylar area of the c.v, membrane. A fine |
membrane wag clearly secn covering the outer opening of the
entomicropyle (Fig. 4)—ev#v)s This membrane was not
stained by haematoxylin while the thickened c.V, membrane .
was stained to a dark brown colour,

The c.v., membrance es a whole was stained heavily by
Ehrlich's haematoxylin, ele blue after Mallory's triple

-staining, green after Light Green, and gave a positive
zanthoproteln test, It would thus beem to be of fairly .
‘easily stained protein, end in this feature resembled the
outer chorion 1éyer. It was tannéd 4 dark browm colour in
B-Een20quinone at room temperature overnight; indiceting
that it #as qomposed of untannéd protein, .It resisted attack
by concentrated nitric acid in the cold for several minutes,
whils on heéting it dissolved more rapidly and gave off 911y
&roplets. It dissolved rapidly in saturated caustic potash
solution at 1509C. ‘The ¢.v, membrane is therefore non-
chitinous, and is composed mainly of protein which can de
'dissolved in warm n;tric acid with the liberation of oily
dropiéts._ .

. In sections of fixed ovarian eggs, treated with 1%
amﬁoniacal silver nitrate, the c,v. membrane gave the
charactefistic deep yellow colour (Lison, 1936) indicating
the existence of~polyphenola in it, except in -the thickened
micropylar region which remained pale. At the edges of
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the non-stained micropylar region there appeared a row of very
f;no, get black granules embedded in the membrane ag 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 .

10p, ’ Thickened micropylar region »

may have been continued along the thin region of the
C.V. membrane over the main part of the egg, but were invisible
as such even uﬁder'a 1/12th.object1ve, possibiy owing to the
excessively fine dimensions of the membrane itself,

In thé laid L.sericata egg the c,v. membrane showed
. no eilvér reducing properties. It mayAbe mentioned here
that the"chorion'shbwed'no'éign1f1Cant silver reducing
properties either in the ovarian or laid egg, In some pre-
parations of laid’eggs only, the chorion sometimes showed
very weak reduction of silfgr leading to a very pale yellow
colour which was resistricted to the outer chorion layers
Since other similar,préparations from secfions of laid eggs
failed to show this siight reduction, no significance 1is
attached to this occasional slight silver reducing in the

ghorion,

The existence of considerable quantities of polyphenols
in the c.v: membrane of the ovarian ecg as ind;cated by the
ébove obsexvations, may be interpreted as follows, The
polyphenols may be ihe ﬁrecureora of quinones responsible
for 'tanning' the inner chorion layer (Pryor, 1940 a,b),

In the ovarian_eég these polyphenols being situated in the

¢.V. membrane, are immediately beneath the inner chorilon
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. layer. . It may be that they aro oxidized and utilized to
tén.the inner chorion iayer; and are used upvbefore they

can reach the outer chorion layers This would mean that

. the boundary between the untanned outer proteiplayer and

the tanned inner layer is mot clear cut but that the

degree of tanning, passing outward through the chorion,
decreased quickly after about the middle of the thickness of
the chorion, with complstely untanneﬁ protein on the outside.
In.sections of chorion tanned with p-benzoguinone the
boundary‘getween tanned and untenned protein dia not-appear
to be{bha:p. The absence of polypheﬁol in the e¢,v. membrane
of the laid egg,kindicated by its non-silver-peducing
properties, may be explained by the fact that the tanning

of the inner chorion layer was then complete, and that all
the polyphenols hadAbeen cxidized to quinones and utilized

in tanning, or removed in some other way.

(41) Lipoid content of the egg-shell

gvarian egg. Eggs removed from the avary gome two days

before they were Que to be laid had no resistance to deslic=
cation, although the shell as seen in sections had reached
its finel dimensions, and the follicle cells had undergone
necrosis. 3uch eges appeared similar to laid eggs except that
the chorionIWas slightly transparent, the yellow colour
of the egg yolk being vieible through it. At this stage, the
eggs collapsed completely through water loes if left on a
dry slide for a few minutes at room temperature and humidity.
They collapsed inmedlately in saturated sodium chloride
‘solution at 199C end swelled and burst in distilled water,
1ndicating that the shell was freely permegbla to water in
both directions,

Fragments of chorion and c.v. wembrane from these ovarian

eggs with permeable shells, when placed in cold concentrated
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ﬁi&ric acid, either alone or saturated with potassium
chlorate, showed no change within the first few minutes,
but rapidly dissolved in both these media on heatinéa No
oily droplets were formed during their disintegration.

Thé shell of the dvarian egg did not Pherefore appear %o
contain any appreciable 1ipoid materiale

' ‘The ovarian egg at this stage was noticed to be less
ﬁurgid than the laid egg, When removed from the ovary and
immediately examined within a drop of the body fluid of
the parent fly; the ovarian eggs showed loqgitudinal
wrinkles in the chorionj and appeared slightly flattened,
probably by fhe pressure of neighbouring eggs in the ovary
(see Pigs 6)« when placed for & few minutes in distilled
water these eggs reacﬁed the turgid sausage~ehape of laid
eggs, by disappearance of the chorion wrinkles until the
latter was smooth, If left too long they dburst as.already
mentioned. it appears that eggs, sometime before being laigd,
agquire water through their shells from the body of the
parent female, either by active gbsorbtion by the oocyte
itself, or by secretlion due to the adult fly, or possibly
"a combination of both mechanisus.

'Laid Bgg. The shell had the opague white appearance of the
typical Muscid egg. The-éhoridn, considering its thin
nature (550‘miBP§nS thick) was‘very strong. The water

.permeability of the shell was now much lower, Most eggs

A B .
Fl(.__(’. 8. ahm.ruce of ovanan eqq, dbserved w Wood of barent ('\\“- B _a\;\»carufe_ of laud &q-
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could complete development whilst immersed in saturated godium
chloride solution or in concentrated picric acid at 19°C. In
thé ovarian egg, pieric acid rapidly penetrated into-the
~interior and f1xed the oocyte. The observations on the laid
ege therefqre indicated that the egg shell had been proofed

| egeinst the entry of 1arge molecules such as those of picriec
acid, and also agalinst the passage ocutward through the shell
of small moiecules such as water, :

" on placing pieces of chorion or c,v. membrane £rom laid
'_eggs in cold concentrated nitric acid or cold Schulze's
medium (nitric acid gaturated with potassium chlorate) oily
dﬁdpléts were slowly given off, On heating, droplets were
.rapidly produced and these could be gtained by Sudan ITII.
This result is in marked contrast to that obtained witia the
sams membranes from ovarian eggé.{ It appears therefore
that both chorion and e,v. membrenz of laid eggs contain
- appreciable lipoid material, whilst in ovarian eggs they
contain little or no such substances, although . at the latter
stage the follicle cells have completed their activity and
undergoﬁe necrosis. No layers in the shell of laid egzs were
gelectively etained by either Sudan III or Sudan Black B.
Treatment of the éhorion and'c.v. membrane in chloroform,
ether or carbon tetrachloride for 12 hr. at 3090 did not
visibly affect the bulk of tﬁeir 1ipoid content . After
this treatment in fat solvents, thei gave off sudan-staining
droplets in warm nitric acid in quentities comparable to
those given off by untreéted ghells. The lipbid containéd
in the chorion and c. v,membrane of the laid egg appeared
to be bound end could not be removed by fat solvents. The
-‘relatively large qnantitiee of oily droplets given off by
the chorion in nitric acid suggestis that both its layers
contain lipoid incorporated into the protein structure.

d would appear to be a product of the
t appear in the shell until -the

MOVBover, this lipoi

oocyte, becauseé it does no
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-follicle cells have completely degenerated. The formation
of the chorion would tius appear to take place in at least
tWo stages; the main protein structure is first laid Gown
by the follicle éella; later 1ipoid materisl 1s added to
the protein siructure, this time by the oocyte, and becomes
ﬁound to the shell proteins. With the incorporation of this
1ipoid into the ghorion and c.v;membrabe,»there oscurred
a~marked increase in the rig1di£y and strength of the egg
shell, In the ovarian egg fragments of chorion or c.v.
menbrane were very weak structures easily torn with a fine
needle, 1In contﬁast'frangnts of chorion or c.v. neubrane
~from the laid egg were much more rigid, and were not'aa
'easilﬁ torns It is to be_expected'ihat lipidizatien of the
protein of'%ﬁe shell would increase the rigidity of the
shell., On the other hand thié process of lipidizaiion alone
would not be-exbected to,r@duce markedly the shell's water
pemméability. It will be shown‘later that the bound lipoid -
in the shell ié not itself'respenaible-fof waterproofing the

€g5e | ‘
The effects of fat solvents, such as stheirr, chlorolorm
and carbon tetrachloride on the water permeability of intaet
laid eggs was gauged by comparing their behaviour in satqrated
sodium chloride solution at 19°C before and after treatment
in a particular fat solvent. It was found that fsmersion

in ehloroform at 30°0 for 12 hr produced a radicalAincrease

in the permeability of the shell, making it freely permeable
to'water‘in both direciions. 1aid eggs 80 treated in
chloroform, swelled in distilled water and collapsed in
strong aaliﬁe solution, This indicated that some chloroform
soluble materiél responsible for waterproofing the egg &hell

was removed or disorganized during the treaiments Ether and
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carbon tetrachloride produced'substaniially similar effects.
The water permeability of the eggs treated for 12 hr at

30°C in chlor@form was of the same high order as that of
ovarian egis. .These de-waterprgofeé laid éggs, however,
showed a differehce in behaviour in strong sodium chloride
solution, to that of unwaterproofed ovarian eggs. In the
former eggs, when water was withdrawn by osmosis from the
ege (in strong saline) the oocyte and its enclosing c.v. |
membrane shrank inwards from the inner surface of ﬁhg chorion

which retesined its originsl shape (Fig. 7a). iIn ovarian aggs,
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however, when placed in strong saline, both the chorion

and ¢.vi membrane c¢ollapsed together as the oocyte lost water

(Fig. 7b). These differencaa ‘between ovarian and laid

‘eggs may be axplained by the greater rigidity of the

lipidized chorion in the latter eggs in contract to the

1imp, uﬁupidized ahd hydrated. chorion of the ovarian egg.
When batches of eggs, eaeh leid by one fly, ware immersed

within 15 min, of laying in saturated saline at 19 C it was

ffound that a emall proportien (usually about lqﬁ) of the

" ‘eggs in each batch showed signs of waterloss by shrinkage

within 15 min, The following observations suggested that

these non-waterproofed eggs were those that were laid last by

each fly. Eggs were dissected from flies in the process of

oviposition, and their behaviour in saturated saline at

- 19% compared with that of eggs already laid a'few minutes

earlier by the same flies. About half the eggs due to be



1aid within the nexi few minuteu,'*rom various positions
in the oviducts and vagins, showed gigus of water loss after
15 min. under the above coniitions -~ the rest were unsffected.
Only about 5% of the eggs already laid by the same flies
. were of this non-waterproof type, The process of water~
proofing the shell would thus appear to occur shortly before:
laying, and to be unfinished in soﬁe eggs when they are laid,
The following observations show that the waterp oofing
of the egg was not due to the bound lipoid which appeared
»in the shell shortly before laying., Zgss of the non-waters
proofed type, macroscopicelly identical with laid eggzs,
‘were removed from the cviducté of a fly in process of ovi-
gqsiting.} Fragments of chorion ané c.v, mewbrane from such
egKs were placed 1nIWarm concentrated nitric acid, and dropiet;
stained by guden III were given off, This showed that
although the ahqll protein had Beeﬁ lipldized at this stage,
the eges were still permeable to water in both directions.
The water proofing of the egg must therefore be due to some
othér cﬁange in the shell occuﬁﬁing before laying.
OCGasionally laboratory culture flies loid comp1ete
batches of non~-waterproof eggs with slightly traneparent
chorions. Such eggs shrivelled up at all humidities below
saturation, and did not complete development. Gough {1946)
records that the wﬁeat buldb fly (Leptohylemyia coarctata
Fall) laid a few eggs of this type when the egg batches in
question contained more egga than the average number of
ovarioles in that species. In L.sericata, eggs which |
ghrivelled up were hot obaserved ﬁo be more fréquent in large
batchss than in small ones, and may have bscn partly a result

of ladvoratory treatment of the fly cultures,

(141) Effect of temperature on rate of water-loss
e weh the ey SheTT ~

Batches of ezgs, weighing 20 ~ 30 mg. freshly laid by
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a laboratory culture of flies, Wére teased apart on fragménta
of silver foil so thet they forred a layer one egg thick,

and vere ekam;ned under o binocular to ensure that damaged
eggs were not used in expsriments. After storage 1n Ary

air st room,temperatupe for 30 min, to remove all watér £rom
the outsides of the shells, they wcre again oxamined under

a binocular and any dsuaged eggs removeds The rates of water
loss from such batches when exposed to dry air at various
feméératdres were tgen measured. The Doil with egus attached
 was suspended in a corked flask Titted with a thermometer
and containing phosphorus pentozide es desiccant, the egge
being & standard distanbe above the drying agent. Thiac4}«ahu
was similar tc that ewployed by Tiggleswortt (1945). The
flask wae placed in a thermostaticallj controlled oven.
Weighings were made by means of a torsion balance (50 mg/

- 0405 mge)s Owing %o the large surfacé area in relation te
volume, ef'én egr bateh ‘go spread op silver'féil, water loss
rates decreased rapidly at high temperaturesowing to depletion
of watef in the eggs, BShort exposures of only 15 min. at
each,ﬁigh,temperature (Lo - 55°C) were therefore ussd,

. longer exposurce of 3 to 1§ hrs. being employed at lower
temperatures (20 - 38%), | )

" The surface areas of batches were estimateq by making
6améra lucida drawings of eggs'SQnashed flat under a cover-
slip. DY making d?awings<df ten;such egas piaked at random
from batcihes, and averaging the arecas calculated for the
egée, a measure of the surface areas of L.s:zricats eggs
. was obtained and was Q.86 sq.om, This Tigure was used for
all the batches epployed. -In view of the variation in

{size of L.sericata egge (see pags 8L ) it is certain that

these surface areas of batches were only approximations.
Buﬁ gsince large numbers of eggs were employsd at each

temperature (300 - 800 eggs) the variation in size was



probably similav in each lot of’ egcs go that errors in
. surface.area calculations were of the game order each time.
T6 obtain the surface area of each batch, the eggs were
counted after the water loss rete at a particﬁlar temperqture
" had been measured, aﬁd the numbey rmultiplied by the average

‘ surface ares per ogg given above.

By means of the above method, water 1osu for the ecggs
at variocus temperaturcs was cxpressed in termns of mg. water
loss/sq.cm surface ares/ hr., This provided date comparable
- %o that obtained by Wigglesworth (1945) on transpération‘

| throush the insect cuticle and by Beamsnt (1%46a) on that
through the shéll.of~the thdnius egg, The temperature)f
water ldss‘curve thaihed in this way is shown in Pig. 8.

sr . . x

[

b . S

e
=
s
2
g) ]
3
2- .
. /0
| . /0
—0
—O/o
0 . re . | i L 1 ] 1 1 i |
15 20 25 30 35 40 45 50 55
Temp. °C. o,

__ Fig.8 Temperature/water loss curve, Lucilia sericata egg.

It will be seen that the rates of water loss at temperatures
of 20 - 359 were low and increased veﬁy slowly with rise

in température within this renge. Dut at about 389¢ the
v'water permeability of thekshell increased abruptly end contin-
ued to increuse much more rapidly Withtrise in temperature
gbove that figure. It will be o%vious‘from Pize 8 that

" the rapid water loss at the higher tenperatures necessitated
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the uss of separate egg batches for each new temperature.
This curve (FPig., 8) with ite fairly well defined 'critical
temperaturé' above which the increase in rates of water loss
with temperature is rapid, and below which it is muech slower,
is similar in these features to that obtained by Beament
(1946 a) in comparable experiments on the Rhodnius egg, which
he ehowed was waterproofed by 8 wax layer, very like that
waterproofing insect cuticle. The curve is also similar

4n having a 'critical temperature' to those obtained by
w1gglesworth (1945) 4n experiments on the water loss from
adult, pupal and larval insects of varioue orders, and by
Beament (1945) for the permeability of membranes covered with
films of waxes emtracted from insect cuticles.

6 It appears therefore that thé Temp./uater'loss curve

for ﬁ,seriqata egg (Pig. Q) can be considered to be evidence
that the egg of thﬁt epecies is waterproofed by a }1poid
1ayer'rather similar to that of the Rhodnius egg, and to

the waterproofing layer of gnsect cuticle, The lipoid watere
proofing layer of the L.sericata egg would thus have a |
toritical temperature' in the region of 38°C,

Other features in the effects of temperature on the
permeability of the L.Berieata egg-shell are similar to those
for insect cuticle. ‘The rate of water loss in 4ry aizxcég
found to be of the order of 0.5 mg/sq.cm/hr, (Fig.8). One
vateh placed in dry air at 30°C was found %o lose water at
the rate of between O.4 -~ 0.5 mg./sq.cm,/hr, This batch
was then exposed fo 509 in air of high humidity, and then
placed in dry eir at 30°G, where it lost water at slightly
over 1.0 nmg /sq,ém./hr. Exposure to 40% for 30 min. had
14ttle or no effect on the subsequent water logs rate in dry
air at 3090 (O.SAbefore exposure to 40°C, 0.6, ;fterwarde -
the difference being within the likely error in successive
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weighings). However, exposure to 50° for 10 min. pioduced
the increase noﬁed above: High temperature appeared to
‘cause a permanent inerease in the water permeability of the
shell, This was found to be the chse with inseet cuticle

in similar experiments on Rhodnius nymphs by Wigglesworth
(1945). Exposure‘£o 509 greatly 1ncreaéed the permeability
of the L.sericata egg-shell in both directions. Batches

of eggs desiccated at 50°C until they were heavily dimpled
regained their water slowly in saturated air at 37°C, and
more rapidly in saturated air at 50°C, so that the dimples

in thé shells disappeared. For example, & batch weighing

20 + 15 mg. was desiccated in dry air at 509C for 4O mins.
Its weight was then 9.8 mgs Placed in saturated air at

37°¢ 1t regained 1,65 mg in 3.5 hr - & regain rate of
apprbximately 0uls7 mga/hr.' It was then placed in saturated
akr at 509C, and regained 2,75 mg in 1.3 hr, a rate of
approximately‘é.l mg./hr. 'In addition, these eggs eventually
regained water to such an extent that'they weighed about 5%
more ‘than their original weight, prior to initial desiccatibn,
- o that they appéared slightly fatter than normal laid eggs.
Evans (1934) showed that eggs, partly desiccated at tempera-
tures below the eritical temperature of 38°¢ found in the ‘
present work, did not regain water in saturated air.

The temperatnrg/Water_loss'qurve (Fig.8)4was found to
be simildr in 11ve; and in dead eggs killed with ammonia
fumes 24 hr. before use. Thus the waterproofing of the egg
is not due to an active physiological meéhaniam.

V4
detergent and'abrasion on shell

(iv) Effect of &
- - permeability

The I.C.I. detergent 0.09993 was used (see wigglesworth,
'19&5)- This substance is soft rather like low melting point
paraffin wax, It 1s :eadily miécible with water and is

itgelf freely permeable to water. A small quantity of
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C.09993 was mixed with water to form a very thin paste.

When this was applied to the outer surface of the intact

" @.v, niembrane after the chorion had been stripped off, it
caused a marked increase in the rate of water loss through

this membrane in dry aie'at\19°c,i Eggs so treated collepsed
completely under the above conditions in 12 min., Untreated
_controls with chorion removed collapsed under similar conditions
‘in 1hr. . Thi6 suggests that there was an emulsifiable

material present on the outside of the c.v.membrane, responsible
for peducing its permeability to water. Application of the
'degergent'td'the,outer surface of the chorion of the intact

egg also affected the rdte of collapse of eggs in dry air.

(Table I). ‘These results suggest that the detergent
' . Table 1. Effect of Cogg93 applied to outside of chorion, twentjil_i
' eggs in each group

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

|
1 Untreated Not collapsed within 18 hr.
.| Whole egg-shell treated Completely collapsed in 15 hr.
Wide end of egg treated Shell dimpled but not collapsed in 18 hr.

Micropyle end of egg treated Completely collapsed in 15 hr.

penetrated the chorionic micropyle (eétomicropyle) and,
.spreading-on to' the ¢,v.membrane, affected its water
A‘permeabilityc '

| Egge minus the chorion when placed in strong saline
showad gigns of water loss within 30 min. after washing
in warm ether (30°¢) for 5 min, they collapsed completely
in 1 - 2 min., in strong saline. 'On return to distilled
' water they regained their original shape within 10 min. and
occasionally took up water to such an extent that they burst,
Freshlyllaid'eggsf&inus the ehopion required only 5 min.
washing with warm ether to become as permeable\as described
" above, s{milgr eggs, killed in ammonis fumes and stored for
" two da#s«reéuired immersioﬂ for 30 min. in ether to produce

the same effect, 'These results again suggest the existence
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of a 1lipoid layer on the outer surface of the c,v.membrane,
The effect of abrasion on the permeability of the ~
shell was gagge& by comparing the dimpling-rates of eggs
in dry air at 19%0, after drawing several times through a
layer of fine alumina dust oﬁ,a glass slide, with those of
untreated controls, It was found that abrasion of the outside
of the chorion produced no eppreciable 1ncrease»1n rate of
water loss through the shell. Eggs with chorions removed
- drawn "through alumine dust so that the outside of the c.v.
membrane was exposed to abrasion, lost,yater very ra§1d1y¢
Such eggs became heavily dimpled within 3 min. in dry air,
and completely eollapaed'in 10 m;n. by which time untreated
control egge with chorions removed had not yet lost their
original fat sausage-shape, When the c.v.membrane of eggs
with chorions removed wa@ dusted, but adbrasion of the
membrane avoilded by keeping them stationary and not moving
them through the dust, no marked increase in rate of water
loss ococurreds This suggests that the waterproofing 1ayer
was not a mobile oil which could be absorbed by the aluﬁina
Qust, )
| All these experiments strongly suggest that the water-
proofing layer is situated between the c,v.membrane and fhe
¢losely fitting chorion., When the chorion is removed damage
to the waterproofing layer would be expected, 80 that the
egg minus the chorion would become very suscéptﬁble to
desiccation, Possibly some of the_waterproofing lipoid is
left on the outgide of the c,v.membrane, as indicated by the
results of abrading ;t, painting it with C,09993, and washing
it with fat solvents, Evans (1934) records that the egg of
L.sericata minds the chorion retains some slight desiccation
resistance, but his statement that the chorion is responsible
for the resistance of the L.sericata egg to desiccation is

misleading.
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(v) site of water loss
|, Using the rate of dimpling of the ghell inm dry air

& measure of water loss, occlusion of the external micropyle
- and/er the longitudinal hatching st;ip between the hatching
pleats (Pig. la) of the chorion with a layer of cellulose .
paint or paraffin did not affect the rate of water loss from
the egg at room temperétures; after 5 hr. under the above
conditions both treated and control untreated eggs were
dimpled to about the same extent. Eggs so treated completed
developmen£~at éppropriate humidities, showing that closing
the micropyle or covering the hatcﬁing strip did not cause
asphyxiation of the embryo. Thus it seems that, in effect,
. water loss oocurfed.OVer the whole of the surface of the sheli;
and not through a restricted area such as the micropyle or
hatehing strip. | e o

Beament (1946) has shown that the waterproofing wax layer
. of the Rhodnius egg 1s continuous dver the 1nper openings
of the micropylar oahals,-and points out the necessity for
-guch- an arrangement in order to prevent rapid water loss.
Since in the L.sericata egg ooclusion of the micropyle with
Watarproof paint did not éppreciably reduce water loss for
| the egg in dry air,lit would appear that'in this egg also
the waterproofing layer is continuous over the entomicropyle
and the inner end of the shallow ectomicropyle (see Figs U4,
- page IL.). The ¢lear menbrane shown in this figure covering
the outer opening of the entomicropyle may possibly function

. @s a eontinuous substratum for the lipoid layer over the

perforation.

I1I.

.70 __DIFFERENT HUMIDITIES

EPFECTS, OF
. -(1) Methods

. " Eggs were obtained from & 1aboratopy culture of flieq
kept at 22 « 2566. By careful observation, after meat was
plagced in the c¢age, it was possible to'determine the time of
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-laying .of ‘a batch to within 5 - 10 min,’ Experiments were
carried out at 30, 34, 37, 38, 39 and 4090, - Numerous ‘
praliminaryAexpeximéhts,at these temperatures were cerried
out in electric incubators, but it was found that the .

temperatures within them fluctuated during an experiment

. ahout ; 0.5°0 and sometimes as much as 1.o°c. Desiccatora

ﬁere used as humidity chamberé. owing to.their thick glass
walls it was not certain whether in all experiments the
eges were being sﬁbjected to exactly the right temperature,
Further confirmatory expariﬁents,using large numbers of
eggs were carried out using a thermostatically controlled
water bath. . vapelined, ground-glass stoppered museum jars.
were amﬁloyed~as humidity chambers, and were sunk in the
water-bath on a.wooden shelf, Five or six such jars were
kept in the bath, each Jar forming a chamber at'difrefent
‘humidity. The temperature with the jars and of the water
of thé bathwgre found to vary less than 0.190 during

an sxperiments A O - 50°0 thermometer was kept immersed in
the bath to check water temperatures, while the water was
kept in vieible motion by & stirrer, Preliminary trials
were made ﬁith the apparatus running with no eggs in the
humidity Jars. One of the jars was fitted with a thermométer
g0 that the -bulb was in the position normslly occupied by
the blawfly eggs. This thermometer in the jar had been.
carefully cheoked against ﬁhe‘otheé thermonmeter immersed

in the water, .and selected because it showed the same
reading as the other when both were immersed in the bath

£ in, apart, The Jar fitted with the thermometer was kept
at. various positions along'the shelf under water., By this
means 1t was found that the temperature recorded within the

jars at any position along the shelf wag the same as that

" pead off the water immersed thermometer. In this way the

actual temperatures which the egge were subjected were

ascertained,

e
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-In both the incubator and water-bath experiments constant
relative humidities of from O - 957 were maintained by means
of sulphuric acid/water mixtures, made up in all cages to
the appropriate gpecific gravity at 25°0.according to the
data of Wilson (1921), The s.g. of the acid/water mixture
was checked at intervals 1f there was any doubt by weighing
10 cc. samples, and the R,H. within the vessels checked either
by paper hygrometers (Edney hygrometers) or by cdbalt echloride
" papers (Solomon, 1945), Trials were mgdé~w1th caustic potash
solutione as éonstani R.H, solutions (Buxton, 1931) but it
- was found that they were not as easily made up with accuracy
as were sulphﬁric acid mixtures, and weré also more unpleasant
to handle, and liable to changes within comparatively shori
intervals of time owing to some reaction between the solution
and the glass of the humidity chambers, The advantage of
caustic potagh solutions owing to their power of absorbing
carbon dioxide was not valid in the present experiments.

Eggs, either separated or as complete batches wére
incubated within the desiccatogs or museum jars on 3 X 1 in,
slides, which could be transferred from one desicecator to
another during the incubat;on period, with the minimum of
disturbence in humidity conditions. In this way the effects
of short periods at very low R.H. could be measured. Wwhere
counts of the varioué stages reached by the eggs at various
'humidifies were required, the batches were always separated
into their constituent eggs bhefore incubation, Where the
time of hatching, or variation in time of hatching within &
group of eggs was to be'determined, desiccators fitted with
flat plate-glasé 1ides were used, to facilitate observation of
‘hatehing. In all exzperiments.a set of control eggs for each
batch was allowed to develop and hatch at 100% R,H. Some
delay in getting the eggs inocubated after they nad been laid
was ineviteble where the batches laid by the.fliés had to be
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geparated, . This delay was always less than 36 min, and was
more usually 10-20 min, During this time the egge were at
room temperatures (14 - 1900). These tempefatgres are low
and since the experimental temperaturces were from 30 = uo°c,
eggs would have undergone very little development before they
were finally incubated., Frec water was removed from the
outsides of the eggs after they had been separated and
before they were 1ncuﬁated, by absorbtion onto filter
paper strips.
To provide data comparable to that obtained by Larsen
(1943) on the eggs of dung-breeding Diptera, incubator
' ~ experiments were glso carried out using vessels similar
to those used by her as humidity chambers. These wers
solid watch-glasses sealed by a glass plate vaselined around
the edgés, and on the underside , of which the eggs in
question were Qttached‘(aee Larsen, 1943, Fig.2). In the
present experiments humidity in these vessels was controlled
as before by sulphuric acid mixtures placed in the watch
glasses so that the eggs lay within 1 em, of the surréce of
the desiccant. The main disadvantage of these solid watch
glasses as humidity chambers lay in the fact that.only amall
numbers of eggs could be placed in each one, owing to the
restricted volume, and the consequent danger of depletion of
oxygen or accumulatidn of carbon dloxide during an{experiment.
Eges laid by flies from 1 - L weeks old were used. No
significant differences were found in their humidity relations-
vhich could be attributed to differences 1n the age of flises.
| Among eggs laid by flies over 3 weeks old considerable
:1nfertility was encountered.
In general the water-bath experiments confirmed the

results obtained by preliminary experiments in incubators,
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‘A‘(ii) yinimum humidity for development

. From incubator experiménts the minimum humidity for
development at 37°c for L,seriqata eggs was found to be about
50% ReHs (23453 mm.sat.def). The proportion of eggs reaching
the prehetching stage at this humidity varied considerably
between different batches laid by separate flies. as shown
1n_the results of fourteen experiments given below:

< eggs completing development; 92 4O 42 66 50 80 11
at 50% R.H.y 37°C. 6 16 20 29 18 45 16

Some of these results were‘obtained by incudbating, simultaneously
in the same humidity vessel, eggs laid by different.flies;

Bven in such'circumsténces the proportion of'egge'compléting
development showed differences between batches although they

had been treated identically. There must, therefore, have been
conéiderable variation in the resistance to desiccdtion of

eges from different fliee, as well as variation within a single
batch laid by the same female,

The results of experiments in solid'watch-glassea.as
used by Larsen (1943) were substantially similar to those in
.which desiccators were used as humidity chambers.

" 7o confirm the above results, eggs were obtained from wild
flies in the field by attracting them to oviposit on sheep,
using the technique of Hobson (1937). Results identical with
those described sbove 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 laborétory
flies accidentally qelected for desiccation-resistant eggs,
Id‘ﬁhe éircumstances it 1s, therefore; 1mbossib1e to account
| for the lower figure of above 18 mm. sat.def dbtained.by
Evans (1934), o

Expeiiments carried out in a constant-temperature water-.

bath as deseribed above confirmed the conclusion that a prop-

ortion of L.sericata eggs could complete development at 50%
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RHs, 37°C. (They were unable to hetch at this humidity
~ see page 38 ). In three experiments at 37°C (Appendix
page 163 ) 1t was found thet 5.6, 6,9 and 69.7% of the eggs
completed development under these conditions (50 R.H)e It
is seen that there is again considerable variation in the
proportion of eggs completing development., In one experiment
{Appendix ,page 163 ) a few esngs cémpleted development at 45%
ReHs 37°C, This is &n abnormal result, end was not obtained
in anyﬁothér experiment#, and since.fhe proportion of egas
involved was only 6.3, 1t cannot be said that L.sericata
~eggs can normally complete development at this humidity.

In saturated air at 37°C develbpment 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 509 R.H., at the same tembera—
tare it was found that development tcok wmuch longer, varying
from 11,75 - 14.0C hr. This was found by incubsting series
of eggs at 50% R.H. 37°C and transferring them after various
inteprvals to geturated eir at the same temperature, When some
of the eggs hatched fairly quickly after transference to'
saturated air it was known that they mast have completed .
development while at 505 R.H. When they required some time
in saturated air to hatch it was then concluded that they
had not completed development within the periéd spent at
509 ROHQ' The results of one such experinent are given in
Tablé 2. The egze in this particular batch after about

TABLE 2

Time taken to complete development at 507 R.H. 37°C.
20 eggs in each group.

roup No. Hoors incobated af 50%RH. Tme fakea Yo ha¥ch gfter fiansference fo |OO%RH 37C
' ‘ 12,5 T egg hatch in 1.3 hr,
2 | 13.3 1 egg hatched after 0.2 hr.10
' more within 0,5 hr, 3 more in
: . 1.2 hr.
3 ; W5 | Ko hatch

4 ' 15.0 f 1l egg hqtched after 4,0 hr.
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13.3 hr (Group 2) &t 504 R.H. 37°C, hatched rapidly after

trangference to saturated air, This shows that development

in L.sericata egge was considerably retarded by low humidity.
Retardation of development in the eggs of this species, caused
by low humidities was also found by Evane (1934) and in the
eges of dung-btrecding Diptera by Larsen (1943). |

| lEven comparatively short exposures to 505 R.H. 3700,
vetaraed development of eggs whieh spent the rest of their .
incubation in saturated alr. Por example, an c¢gg batch was
divided into two parts. One part was incubated at 100% R.H.
37°¢ and hatched in 7.7 = 7;8 hr. The other part was
incubated at 50¢; R.H. at the same tempersture for 4.0 hr,
and then quickly transferred to the same vessel as the other
part of the batch, This second part ol the batch did not
hatch until about 9.0 hr. after initial incubation, showing
e delsy of 1,2 -~ 1,3 hr. in development due to exposure to
50% R.H. for 4.0 hr.

- At 34%, the minimwi huwldity for development was found
to be about LOY R.H. (23.8 mm.cat.def’) when as before a vériable
percentage of eggs completed development, usually between
20 - 4O%. At 30°C the minimum humidity wes found to be
about 25 -~ 30% Rel. écmetimes eges coﬁpleted development‘at
25% ReHe at other times they failed at this humidlity buf
succeeded at 30 R.H. _ |

Evidence has been given (page 24 ) that the waterproofing
layer of the g.sericafa egg has a 'eritical temperature' in
the region of 38%c, above which the rates of water loss
through ﬁhe shell increased rapldly with rise in temperature,

The humidities reqﬁired by eggs to complete develbpment'at
38, 39-and 40°C were thepefore investigated, §ater-bath
experiments indicated at a high proportion of eggs could
complete development at 80% R.H. 389 (appendix page 3-k).

The result of one incubator experiment at 38 and 399c shown
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in table 3 below showed that at 38°C a high proportion of

eggs could complete developmsnt at 75% R.H., but nons at

70%. The same experiment (Teble 3) shoved tmat at 39°C, .

Table 3 |
. Percentage eggs completing development !
: Humidity % R.H.
LR 38°C. 39°C. o
| .
95 - 9o 75 ) .
80 95 « 10
. 75 95 s °
.70 o o
. 65 : o o ‘

gome  agzs ;§;§1é£ed developﬁent-ét BO%VQ.ﬁ.;Vﬁut none at

75% Theirfability,to complete development at 80% R.H. at

.- the same temperature was econfirmed by waterQbath experiments -
(Appendix page. I6. ). In two experiments at LOOC (Appendix
page WLS5), in qne,nd eggs.completed;development below 95%
R,H;,«while 1n the other small numbers of eggs completed
development at 90% R.H. (4e5%) s 857I4R.Hs. (5.5%) and 80F R.H,
(049%)s. The minimum hﬁmidity for development at 40° is
presumed to be about 90 = 957 RaH,

The minimum relative humiditles for development of
Lesericata éégs at these high temperatures may be surmarized
as fcllows:é o 4 - ‘ |
R

gince at 95%'R1H, 38 and 39°0, .a high proportion of the
eggs cdmpleted‘dévélopﬁent; it is concluded that the high
.températuras alone ﬁere causing some mortality apart from
the effects of humidity. (In theee high temperature
experimenta‘it will bé seen'that fgeqnently, fewer ogge
comp}eted deveiopmént at 100 than &t 95¢5 R.H. This was
presunably due to condensatien on the outsides of the eggs
" intepfering with réspiratovy exchange. A similar phenomenon
1é,mentioned by Larsen (1943)). At 390 development was
found to be pretarded by high temperature alone, taking
9,0 - 9,2 hr. (see page 56 ) compared with 7.6 - 7.8 hr.

at 3790, This retardation in development does not account
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for the much higher R.H. (807%%) required for development at

' 399, compared with tﬁét at‘37°c (505)s The product of
saturation deficiency x time (hr.) for L.sericats eggs at

37 and 39°C was as follows:~ |

50% RoH.37°C 12,0-13.5 hre X 23.5mm.sat.def, = 282,0 - 317.5
80% R.H.39°C  9.5-10,0 hre, x 10,5mm,sat.defs = 99,75+ 105.0
. Since at 957 R.H. 39°c considerable prbportion of eggs
_completed development, th 1s sharp fall in the desiceation
resistance factor from 37 to 39%; must be due to the haznful
effect of the high temperature on the 1lipoid water proofing
layer leading to increased permeability of the shell,

In view of the fact that the waterproofing layer ofvtne
ege-has a fcritieal temperafure' in the region of 38% the
maxinum temperatures found in their natural envirbnment - the
sheep's flikece - is of interesﬁ. Burtt (1945) found that
' the temperature, as measured by~a'thermoéouﬁle, on the
face and ears of a sheep.wa3'35~37pc. In the present work
temperatufe readings were taken by inserting a clinical
thermonster infovthe:fleeces of two sheep_undsr summer field
'conditions. Sixteen readings taken against the-skin at the
midback aveéaged 38‘6°c when the sheep wore in the shade,
when theilr flecces ﬁefe warmed by direct sunlight the gkin
temperature rose to 39.89¢ (averaga of three readings).
| Temperatures at 3 cm. off the skin, within the thickness of
their fleeces varied greatly? frequently being below 30 G
when the sun was clouded, but rising to above 40°C in direct
gunlight, These obaeﬁvatione 1ndicatedAthét<L,sericata ezgs
laid very close to the skin of the sheep may have to develop
at teméeratures épproaching the 'critical temperature' of

their waterproofing layer¢

(111) Minimum humidity for hatching.

In the preceding section it was shown that the minimum

'ReHe for development of Lesericata eggs depended on
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tempeiature; séturation deficiency would appear to be a
better unit for measuring the minimum humidity than R.H.
Unlike the development~proceeees; that of hatching would
éppear to be 1ndependen§ 6fa$empéfatuae and to depend very

largely on R,H. for itg operation ar non-operatfion, since

, ' 0
- gt.all temperatures frqm 17 to 37 ¢, the minimum humidity

for hatching was approximately the same - namely around 60%'R;H.
The probable explanation of this dependence of hatching on
R.Hs alone, is discussed later.(page 71-3). |
pavies and Hebson (1935) found that at 37°¢ L.sericata
eges gequired 90 -~ 100 % R.Hs for rapid hetching. The present
work amply confirmed this, - With progressively lower
Humidities, from 90 to 60%.R.H., hatching was féund to be
less complete, and much slower than from 90 = 100 % R.H.
Not only was the time taken by each larva to ektrieatq
litaelf froﬁ the shell after it had succeeded in splltting
it ouch longer at these lower humidities, but also the time
taken for each larva to initially split its shell was
1ongef and more variable, {see—pege——). At 100% R.H.
a larva was found to take usually about 0.5 = 2 min{ to
’e._;:t.r;é’ate. {tself from .its shell after initial splitting, At
96%‘R.H. larvae took from 5 - 15 min, and at 605} R.H. anything
from 20 = 40 min, K “
The variation in hatching timea of the various eggs
in a batch was only 10 - 20 min., at 1007 ReH. At 90% ReHe
1t was usually about 45 - 4O min, and at 60% R.H. ususlly
about 2 =3 hr,. Exeluding infertile eggs, the percentages
of eggs whichhatched decreased gradually from 90 = 100 at
90% R.H. to nil at 55% ReH. Within this range or humidities,
many of the unhatched eggs contained fully developed larvae.
At 60% R.H. some eggs'usually hatched, while at 55% R.H.
hat;ﬂing eométimea occurred to a small extent, and at other

times did not oceur at all. At 50% R.H. no hatching occurred

4
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,'exé',_ept in special cases mentioned below (page L0 ). Example

figures showing the ¢ hatch at various humidities, and the

minimum humidity for hatching are given in Table 4. (For

" key to column headings ("H'! vetc.) see Appendix pege I(,( )e
TaBIE 4 | |

Decreaging & hateh with degreasing R.H,

e e = ————— e e ———

, nxot.A. N Expt.Aﬁ

GRHe | H. PH,  foofesss  Ho PH. ___fo.ofeqss
‘70 | .8 91 33 - - -
65 | 483 29.6 27 | 38,8 36.9 103
- 60 358 35.8 28 12,6 5.3 11
55 3.7 8L 27 L5 52.7 9%
50 - 0.0 69.7 35 | 0.0 6.9 58

| I | N

That the progressively incomplete hatching in batches
{ncubated in decreasing humidities from 90 - 60% R.H. was due
to larvae being unable to break out through the shell, whiéh
{n some way was rendered more difficult to split at low
.humidit¥, was shown by the following observation, Eggs were
kept at 70% Re.H, 37 ¢ until fully developed larvae were
observed moving within them, After observing their movement
for 30 mins. the chorion of a few of these ggs was torn with
a needle while the eggs were still in air of 70% R.H. In
the eggs whose shells were torn at the front end, the larvae
quickly hatched. Of the egés whose shells were not torn,'some
hatched after an interval of tims, other larvae failed to
escape and died eventually through desiccation.

Davies & Hobson (1936) found that hatching of L.scricata
eggs could be completely preiented if they were incubated at
100 % R.H. and transferred to 50% R.H. & few minuted before
hatching weas duea' gimilar experiments were carried out in the

present work and confirmed this -observation,
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At 507 R.H, some hatching was observed in large batches
of eggs incubated as laid by the flies. Forty three complete
‘unseparated batches were incubated at this humidity. Some
hgteching occurred in 13 of them whilst still in air at 509
R.H. 37°c, but never more than 20% of the total eggs in each
batch hatched, usually less than 10%; This hatching at 509
_R.H.'was presumably due to some of theeggs being protected,
vy close packing, against the effects of low humidity. In
one large mass of approx; 1200 eggs laid by six flies, some
hatched in air o: 50%'R.H. 37°c. It was observed that the
eggs which hatched at’ this low humidity were usually those
on the edges of the underside of the egg batch., Eggs in the
middie of the batch.cbntained fully developed larvae, no
dgubt unabie to break out of their egg shells because the
latter were cemented together into a solid mass by the dried
covering of accessory gland secretion coating the eggs. All
larvee which émerged at 50 - 70% R.H. 3790 were weak and
shrivelled looking = the "chiton larvae" of Larsen (1943) -
and died soon after hatching,

‘The experiments of Davies & Hobson (1935) showed that
eggs incubated in saturated air to within 20 min, of hatching,
Adid not hatch if they were transferred to air of 50% R.H.
.37°Gu'¢ the fully déveloped larvae being imprisoned within
the chorion. Further experiments on this point have shown
that larvae could withstand such imprisonment for about 3 hr.
Up tb'phat time, the bulk of the'larvaé hatched when eggs were
transferred back to saturated air. Larvae imprisoned for
periodé longer than 3 hr. showed increassing mortalities -
5.100% mortality being reached after approximately 4 hr.
imprisonment at 57°c. '

(iv) Effects of variations in humidity

, rmmediately after laying, oggs were incubated at 37 C

" at humidities of 0, 30, 4O and 50% R.H. for varying periods.
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They were then quickly transferred to 100% ReH. 37°0.and .’
allowed to complete development, Mortalities produced by
exposures of varioue lengths to these low ﬁ;ﬁiditiéb?aré:ehown
in Table 5. It will be seen that at 37°C, comparatively long

expoéures to gir'of‘uo-and 30% R+Hes are required to produce
Table 5 A Mortality m eqqs exposed to low RH. tmmediately after lqins _

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

1'0 10 o
1-8 18 o
30 14 o
| 36 78 o
40 . 100 o
425 100 18
.50 12
6-0 35
70
80
825
g0 .

woolamwlinvool ||

9'5
12°0
13'0
140
14°5
1475
15°0

A
woN N

oo
»
L]
F1T1T11881%8so00000 |
)
&~

RN RN
g

=3
N

100 |

N

‘@ 50% mortelity. Since the R.H. of *he air at t of

the sheep's fleece in summer rarely falls below 30% R.f.
(pavies & Hobson (1935), naéleod (1940)), egas in a dry fleece
' would-ﬁherefore'be expected- to survive if the humidity rose |
rapidly during the incubation period. Consecutive readings
of fleece humidity at standard points in the fleece show that
such rises in fleece humidity do ocour under natural
conditions (Part III).

‘ It was found that eggs  lncubated immediately aftei
'1aying‘1n spaturated air at 37°c‘were particularly susceptible
to desiccation if subaeénently 1ncuba;ed-at lower humiditieq.
About 30 min. in aatﬁrated air wags sufficient to cause this -
~effeet; Table & shows the results of one experiment in which

eggs from one batch were incubated in saturated air at 17, 30

Table b Effect of preliminary incubation in saturated air B
Percentage eggs Percentage eggs
Treatment ’ completing dying at early
. development stages |
Incubated at 100% R.H. 37°C. for 9o min.; then 10 " go
transferred to 55% R.H. 37° C. for restof incubation '
period '
- Incubated at 100% R.H. 30° C. for 9o min.; then . !
transferred to 55% R.H. 37° C. for rest of incubation 72 ' 28
period )
Incubated at 100% R.H. 17° C. for 9o min.; then . !
transferred to 55% R.H. 37° C. for rest of incubation 85 15 ‘
period : 1 *
Whole incubation period at 55% R.H. 37° C. _ 100 o

— - = o = —
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and 37°C, for 90 min, and then placed for the rest of their
developmental period in 55% R.H. 37°c. Tweniy eggs in esch
group were used, It will be seen that this 'conditioning'’
effect was most marked at 37°C and much lesc so when the
period in saturated air wae at-SO and 17°C. It is well known
that the chorion of the Muscid egg hardens in dry air, and

softens in humid air, It would'appeaPAthat L:sericata eggs

are laid with the chorion in the 'hard' condition, and that

incubation in saturated air is needed to soften them, The
conditioning of egge by placing themAin saturated air for a
time may possibly be explained by this softening of the
¢horion, The ‘hard' chorion may allow less rapid water loss
then when it has been softened. Water loss through the cuticle
'of'the wireworm was found by wigglesworth (1945) to diminish
rapidly at very low humidities, and he suggested that the
lowered permeability resulted from the drying of the cuticle,
In'the present study 1t was noticed that eggs conditioned in
saturated air at 379C for 90 min., beceme dimpled in a
shorter time than'unconditionéd eggs, which had been kept

on the bench at about 65¢ R+H, for the same time, when both
groups were placed in dry eir. 'This was presumably due to
the softened chorion of the 'conditioned’ eggé being less
resistant to dimpling than the harder chorion of the
‘unconditioned' eggs. Dimpling of the shell would be
expeeted to causedeformation of the 11poid‘waterproof1ng‘layer,
especially at the edges of the dimple, leading to increased
water loss and thus even quicker dimpling. The shells. of.the
tunconditioned' eggs would resist initial dimpling, and thue
would lose water more slowly so that more of the eggs would
complete development. (An alternative explanation for the
teonditioning effect! is given later (page 82-3)). sSince .

softening of the chorion occurred readily in saturated air at

179 end 30°% as at 379%., the less marked 'conditioning'
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- effect at the lower temperatures cannot be explained at
present. . | - \

.In view of this 'conditioning' efféet, experiments of
the following type were carried out. A single large egg
batch was dividéd in two, and each half weighed, Onchalf
() was 'c¢onditioned' for 90 min, at 100Y R‘H. 3700-,

4*reweighed, theén placed in 0% R.H, 379c. for 3 hr. The other
half (B) was 1ncubateé on laying &t 0% R.H. for 3 hr. at
the same tempsrature. In one such expseriment, bateh A in
3 hr. at OF ReHe 37°C., lost 38% of its original weight
whilst batch B lost only 27% under the same conditions.
This is in agreement with the higher mortalities recorded
for 'cenditioned' egRB .
| DISCUSSION
The effescts of fat solvents, a detergent, an abraéive

dust, and high temperatures, on the permeability of the

Legericata egg-shell leave little doubt that it iq
waterproofed by a lipoid layer laid down by the oocyte and
gituated between the chorion and the ¢.v.membrane. Ité
waterprdofing mechanism thus appears to be slmilar in
egsentials to that described by Beament (1946a) for the

egg Bf the Hemipteran Rhodnius prolixus, and by Wigglesworih

(lﬂhs).and Beament (1945) for the waterproofing mechanism
" of insect cuticle.

' It is interesting to note that an oily layer has been
- found by christophers'(l9h5) in the Gulex pipiens egg,'
lying between 1ts exo- and endochorion. On this basis it

wauid appear that the c,v.membrane of the L.sericata egg

is homologous' with the.endochorion of the Culex pipiens
egg, &nd the chorion of the former with the exochorion of
the latier egg. Pantel (1913) states that the original
‘fine'viﬁalline membrane (of ooéytic origin) received

additional material of a gelatinous appearance from the

folliclé eélls, 5o that the final membrane (1.e. c.v.membrane)



1s of composite origin in TPachinid eggs.
The present work showed that bound 1lipoid material
appearead both in the chorion and the c.v.membrane of the

L.sericata egg shortly before laying, and that this lipoid

alone did not waterproof the shell. Lipidized protein,
some of which was in addition tanned, was found by Beament
(1946b) to be an important constituent of several of the

| layers of the Rhodnius egg shell. Further the éuticle of
insects, particularly the spicut;ple hag also been found to
contain tanned and lipiéized protein,,(ﬁigglesworth_19339
1947)¢ * The main function of this lipoid appearing in the
Le.sericata egg shell shortly before laying would appear

to.be to strengthen .the shell prior to laying down the
waterproofing ;ayer¢ A ﬁhin waterproofing layer of
orientated moleculss would not be effective if laid down
on a shell that was soft ‘and easily defprmedb Beament
(1946a) showed that the waterproofing layer of the Rhodnius
egg is not leid déwn until the shell 1s_fair1yArigid, after
- the follicle cells have completed the secretion of the
en@ochorion.-

The humidity emper{ment described in the present part
showed that L.sericata eggs could withstand considerable

deSiccation at 379C with some eggs completing development at
. 50% ReHs (23.5 mm.sat.def.). The work of Larsen (1943)
eﬁowed that eggs of dung=breeding Dip@era required mach
“higher humidities for &evelopment thgn the eggs of L.sericataes
It has been shown by previous work (Macleod 1940, Davies &
Hobson 1935) and by observations described later (pagelot45)
.that. the natural environment of the L.se?icata egg ~ the
sheep's fleece ~ is normally much drier than that of the
eggs of dung-breeding flies. |

The work of Beament (1946) showed that water loss
.through the waterproofed Rhodnius egg shell in dry air at
30°C oecurred at about 0.1 mg./sq.cms/hr. (Beament 1946,pig.2).
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Under the same conditions water loss through the waterproofed

L.sericata egg-shell was found to be im the region of 0,5

mg,/sqscm. /hr. . Even allowing for error in calculating the
surfaée‘areas of L.sericata egg batche§ in the present work,
it seems that the shell of the latter is more permeasble to
‘water than is that of Rhodnius. This greater permeability,
coupled with the much smaller size.and larger surface areayf
volume ratio, sccount for the more humid conditions required
by L.sericata eggs for development., It has been pointed out
by several writers and by Wigglesworth (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'OOmparison of the desiccation resistance
of the phodnius egg'with that of L.sericata on this basis
shows the following:-

i Rhgggi%gtiéga;:rfggmég1§2§ (1235%%.days 8288 hrs. ) |

Minimum humidity for development at 32°C = 30% R.H.
= 25,0 mm,sat,def, )
11) L.egericata
~Incubation period at 30°C. = 16,0 hre.
Hinimum humidity for development at 30°C =25¢) ReHe
(= 23.5 mm.sat.def, )

Thus for‘béth species the product, saturation deficiency x
time is 288 x 25.0 = 7200 for Rhodnius,-and 16.0 x 23.5 = 376
for';,sericata¢ These are the true measures of the compara-
tive desiccation resistance of the eggs of the two species.

fhe results of experiments on the humidity relations

of the L.pericats egg with regard to blowfly mylasis is

discussed later (page 1358).

SUMIZARY
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 p~benzoquinone, but the inner is apparently
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already tanned. The chorion and the chorionic vitelline
membrane are both libidized shortly before the egg 1s laid.
This makes both structures more rigid, but does not
water?roof the shell, After the lipidization procese is com-
pleted, a lipoid waterproofing lajer is la2id down by the
6ocyte, between the chorilon and the chorionic vitelline
‘membrane, This wéterproofing layer hae e cri?ical température
:in the region of 3809, end can be damaged ﬁy an .abrasive
dust, emulsified by the detergent I.C.I. 09993, and removed
by ehloroform et 30°C in 12 hr.

The minimum humidity for development of ;:éeric&ta eggs
at 37°C‘has been found to be 505 RiEe At 1 =~ 2°c above
this temperature eggs require B0 ~ 905, R.Hs to complete
development, Eggs at 37°C can withstand faifly long
periods of humidities below 50¢ R.ﬁ., provided they have
not béen ﬁrevibusly incubated insaturated air at that
temperature, . The latter treatment, even if continued for
only 30 min,, makes eg:s fap more susceptible to desiceation
when subaeqneptly incubated at a low humidity.

Fully devéloped larvae can survive imprisonment within
the egg-shell for about 3 hr. at 37,
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PART 1

INTRODUCTION

| Experiments on the humidity and temperature relations

of the eggs of fivelblowfly species were carried out, in
order to provide data comparable with that obtained for the
L.sericate egg (Part I). Observations on the waterproofing
mechanisms of these eggs were also made. The species
involved were as follows:- ﬁ |

1) Lucilia caesar (Linnaeus 1758)'

2) Lucilia illustris (Meigen 1826), synonymss~- splendida
- 7 (Meigen 162b), simulatrix (Pandelle 1896)

3) Protophormia terra-novee (Robineau-Desvoidy 1830),
T frequently known as phormia terra-norfae
4) calliphora erythrocephala (Meigen 1826)

5) calliphora vomitoria (Linnaeus 1758)

(see'xloet and Hincks, 1945).

While L.sericata is the chief csuse of mylasis of sheep
in Britain; the above fly species are of lesser importance
bﬁt mnét be considered in any study of sheep myiaéis in
'this country. Macleod (1943a) in his survey of the relative
incidence of strike due to the abové five species over most
of Britain, found that I.caesar was &n 1mportant_§tr1k1ng
species in Scotland, northern England end North Wales.

Pe.terra-novae was also important in the same areas, except

that it apperently did not strike sheep in North vales.

L.caeser and P.terra-novae were found to be capable of

acting as 'primary' flies i.e. laying their eggs on sheep
not already infested with maggots. He found that C.eryth-

rocephala and to a lesser extent C.vomitoria larvae occur
in strikes fairly generally over the country but at a very

low incidence (23 C,erythrocephala and 10 C.vomitoria out

¥

of 1307 cases of strike examined). In 29 cases of strike

from various parts of the country, containing Calliphora spp.
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larvae, 12 contained Calliphora spp. alone; and 17 Calliphora
sppe mixed with ldrvae of other species. Thus it seems that
pallighora spp. can sometimes act as 'primary' flies, but
are more often 'secondary' flies i.e. attacking sheep
already infested with maggots.

| g8pecial attention was given to the highest temperature
at which the eggs of the five species could survive, since
temperatures of 36 ;)MOOG would be expected to prevail in’
some regions within sheep flee¢es, especially during warm
weather, | | | '

The methods employed were similar to those used for

the eggs of L.serioata'(page 29-32)

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

these species (page L7 ) will be found in full in the Appepdix
(page 161-177)s The 1nformatioh gained by these experiments
on thé minimum humidities for development at various
teﬁperatures“of the eggs of the.five species 1s summarised
in Table 7 (a = £), which also includes the results on
pgserioata“eggs for comphrison._

"TABLE 7 '

 Minimum humidities for development
| (a) L.CAESAR eggs

. % £G5S
EXpt.No. Temp2C. E‘E‘E“{/‘i;mr e Tkt T cniichng
36 37 60 0 1.8 1.8
31 31 6 0 1.2 1.2
- 38 38 80 0 0 .0
ko 38 0("RY) ue.6 157 56,3
| L4l 39 Qll Ret's - ne develegment’ O 0 ' 0

42 400~ 40°5 no 0 0 0
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 (b) L.ILLUSTRIS eggs PrT
[Minmom RH ot - (o ,L ' N
_Expt.No. Temp.%c. w:‘ehv?ﬁl:?:rr& Hatonag__Behalihng ity
28 37 .65 0 5.5 5.5
29 37 60 0 9.4 9elt
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 99 ("3 101 8.7 18.8
31 38 80 0 55 545
32 39 8 0 9.5 9.5
39 40 (1l AW~ nodevelibment 0 0 0
(6) P.TERRA-NOVAE Eggs
22 37 65 0 1.5 1.5
23 37 60 2.9 2,9 5.8
16 36,8 30(%5) 25,3 39.5 61,8
17 ‘w95 1 8.2  12.3
() O.ERYTHRGCEPEIIALA eggs
21 30 4 0 2.8 2,8
25 30 k5 0 0 )
26 30 45 0 13.6 * - 13.6
27 30 5 o 1.3 1.3
43 30 55 b2 22,9 27.1
12 3 80 0 3.3 3.3
13 3 80 0 3.7 3.7
18 30 30 0 0 0
1 35 95 0 1.0 1.0
2 35 95 0 12,9 12.9
3 35 a5 0 0 0
I 35 100 0 145 445
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ZIABLE 7 (continued)

f Minimiom %RH ‘ %Equ‘
: af which egqs Tokal
_Expt.No  Temp,Op, comblerddedhimal Hakhag = Pehatching = FehiiTdr

5 35 100 o . 0 0
w3 100 o o o
6 36 Whmdres g 0 0
7 36 0 0 0

_ (e) C.VOMITORIA eggs .
21 30 45 0 1.k 1.4
12 3 30(T5 7.2 85.5 92.7
18 34 65 0 1.3 1.3
5 35 90 14 W8 162
35 90(25) 6545 20,7  86.2
11 35 so(M) . 314 1.5 32,9
20 3% P 0 ko2 42
6 36 95 0 b5.3 °  U45.3
15 3648  ‘wiwcepmer. 0 0 0

(£) L.SERICATA egge |
22 . 37, 50 0 546 546
23 37 4 0 6.3 6.3
30 37 50 0 697 +69.7
9 38 (%) 94e0 0~ 9u.0
10 38 30("%50) 583 16.6 49
16 38,8 680 7.8 6.5 W3
W 39 30(") 2.8 18,0 42,0
33 40 80’ : 0 0+9 0.9
34 . 4o 95 1.2 0.6 1.8

It will be seen that there is some variation in the minimum
humidity at which the eggs of one species éompleted develob-
ment in repeated experiments at one temperature. The

temperature oenirol in the water bath was good, the thermometer



51.

" showing leaa'thanf: 0.1°G variation during an experiment,
and since the eggs were incubated in thick glass veseeie,
the variation in results between repeated experiments 1is
’probably not due to temperature differences. The acid

in the_humidity vessels was changed after every four
experiments, The acid mixtures for each humidity were all
madé,up befoée the commencement of the water-bath experiments,
so that all the changes of acid at each humidity came from
the same lot kept in one bottle, The variation in the
results may be due to the fact that slight differences in
Ehe precise R.Hs in the humidity vesselas occurred from one
experiment to another. HNear the minimum humidity at one
temperature the total water loss for the eggs i1s at-a
delicately balanced level, small changes in which determine
success or failure in completing development,

The results of the water bath experiments in general
confirmed preliminary experiments carried out using electric
1noubat9rs to maintain constant temperatures.

' From the information gainéd by both water-bath and
incubator experiments,'the minimum humidities for development,
aﬁ various temperatures, of the egg of the five species and

of L.sericata eggs, may be sunmarised as follows (Table 8)

- TABLE_8
Minimum humidities for development'C% R.H. )

TembC | | sencata L. caesar A‘LﬂMhs(kﬂmqmm Cvomlona ‘Rmmmnci
30 | 2530 - .- 45-50 45-50 30-35
34 Lo 55 .- 8o 65 -
35 - - - 95-100 80-90 -
36 - - - flodevdepmest 95 -
37 50  60-65  60-65 = Todealoet  60-65
38 75 about 80 80 - - -

39 80 Mo, devetopment 85 - | - about 80
Lo 95 N ac.dol,;g.t flo development’ - - ) 95
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From the above figures it will be seen that the eggs

of L.sericata consistently exhibited greater desiccation

resistance than those of the five other species, so that
when compared with them individually at any of the tempera-
tures employed, the eggs of L.sericata weres able to complete
development at a lower humidity than those of the compared
species. The considerable number of experiments carried out
wheré the eggs of twb species weré obtained at the same time
and incubated simultaneously in the various humidity vessels,
amply confirmed this. (The results of water~bath experiments
(Appendix page I3-177) are grouped under the species. Where
the serial number of an experiment is the same in the case of
two epeéies, this indicates that their eggs were incubated
together as stated above). At 3700, a proportion of the

8gas of L.seriqata are seen to compiete.development at 509
R.H., while at this temperature the eggs of L.caesar,
L.illustris end P.terra-novae required 60-65% R.H. At

this temperature\(37°c) the eggs of both Calliphora species
entirely failed to complete development, but when compared
with L,aéricata at 30°c, they showed that they needed

congiderably higher R.H's to complete developgent (45-50%)
- L.gericata eggs (25-30%). The significance of the greater

desiccation resistance of L.sericata eggs in relation to o
sheep mylasis is'discussed later (page 133 ).
~ From Table 8 the highest constant temperatures at which
the eggs of the various species can complete development are
gseen to be as follows (Teble 9). The maximum temperatures
ABLE |

Maximum temperatures for devalepment ( c)

L sercata, L caesar L itlustrs C erythrocephale C,vom-\’orm, F."UTAMVQQ.[

Lo-41  38-39  39-40  35-36  36-36.8 Lo-l |

(
|

for development for L.sericata and P.terra-novae eggs lie

{
between 40 and 41°c, Melvin (1934) found that L.sericata
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eges failed to hatch at 140°c ClohoF). In the two experiments
on the eggs of thié-spécies carried out at that temperature,
(Appendix page LD, Expts. 33 and 34) in one 9.97 of the
eggs hatched_in'lOO% ReH. only, in the other no eggs hatched
in* 100% R.H, but 1.27% hatched in 957 R.H. The phenomenon

of better hatching at 95% than at 100% R.H. at high tempera-
tures has already‘been mentioned (page 36 o 1In Melvin's
(193u);ekperimenta the eggs were kept in saturated air at
each temperature, His failure to find hatching at 0% may -
have been due to this reduced hatching in saturated air at

high temperatures., The eggs of Laillustris were found to

be able to withstand a slightly higher temperature (39°c)
than those of L.caésat (3800). The maximum temperatures.
for the two Calliphora spp. were congiderably lower, the
egg of C§VOmitoria being able to complete development at

36°’but'not at 36.8°c, while those of C.erythrocephala

needed lower tempsratures, being able to complete development
" at 35° but not at 36°C. In all the species high humidities .
wefe requifed at these high temperatures in order to complete

developnent,

(i1) Minimum Humidities for hatching

No differences in the minimum humidity at which the
eggs codld hatch were detected betWeen‘the five species
étudied' the humidities they required for hatching were
'identical as far as could be seen with those required by

L.sericata eggs. Rapid hetehing at 90-100% R.H. with

progressively slower and less complete hatching with
decreasing humidities from 90-60% together with occasional

" but very restricted hatching at 55¢ R.H., were found again

" to apply to the eggs of the five gpecies, as to L.sericata.
The dependence of hatching on R.H. and its independence of

temperature was again evident. 8ince at high temperatures
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the minimum humidities for development of the eggs of

the six species studied (fncluding L.sericata) were found
to be higher than aﬁ lower temperatures, the possible

-~ minimum humidities for hatching were also higher. If eggs
hed been able to complete development at sey 50% R.H. at
the high temperatures, it is 1ikely that the 55-60¢ R.H.
region would have been the lowest humidity level for

. hatching, just as at lower temperatureés. At high tempera-
tures the total percentage eggs compleﬁing development at
the minimum humidities were almost always smali, For

C.erythrocephala eggs the percentage and absolute numbers

of éggs dompleting devélopment at various humidities at
34 and 35%, are set out in Teble 10,

Minimum humidztxes for hatching and development.
’ C.erythrocephala eggse. 34 and 35YC.

The lowest humidity quoted in each expt. was the minimum
humidity.at which development occurred in the particular expt.,

o/o (A cfval aumbers a/o
EXPt . °C % —— ——r— Total vaekknml
NO. Tempf R."H' ‘ H PH H ‘ PH e;‘l‘ n contrel
95 2,0 5.0 1l 3 53
90 0.0 18,6 0 10 N
12 3k . 63.9
85 0.0 7.8 0 5 64
80 0.0 3.3 0 2 60
90 1,9 11.5 1 6 52
13 3l 85 0,0 11.5 0 6 52 76.1
80 0.0 3.7 0 2 54
100 1,0 1.0 1 1 100
1 35 - ' 4.2
95 0.0 1.0 0 1 104
100 0.0 1.7 0 5 34
2 35 . ' , 83.0
N 95 0,0 12,9 0 Ly 31
b 35 100 0.0 4e5 0 1 22  63.2

Figuree for stages of development reached not corrected for
mortality in controls.



It will be seen that the failure to hatch at say 85% R.H.
(Table 10, Ekpﬁ.l}) may have been dur to the fact that at |
this humidity only six eggs out of 52 reached the prehatching.
stagé; so that the chances of any of the larwae breaking
out.éf the shells were small. Had larger numbers of.eggs

‘been able to complete development at 85% R.H. it is likely
that some would have hatched. Since 35°c is the highest

temperature at which coerythrocephala eggs complsted

- development, there may have been some reduction in the
activity of the 1arvae within the shells, due to heat stupor
leading to reduced chances of hatching.

That development at high constant temperatures near the

upper lethal limit for the eggs, did not adversely effect the

later stages of the life history was shown for C.vomitoria
qggs; Fipst instar larvae were obtained fpom egus which

ﬁad spent the whole of their incubation period and had hatched
at 35°C 100% R.H. They'were;placed on meat at 25°C ( a
éuitabia temperaiure for larval feeding and grbwth), These
1arvae fed and moulted normally and eventually produced

) adult flies normal in every respect as far as could be

- determined by appearance and activity.

(1i1) puration of incubation period at various
o 4 constant vemperatures

In the course of the work the duration of the incubation

period for the eggs of the variops species at diifferent
temperatures were observed. of the species studied,
published information on'the length of the incupation
.périod is a#aiiable for L.sericata (Wardle,l930}3-melvin,
1934), and for Q.erythrocephala (Scott,1934}. The informa~

tion'gained in the present work is given in Table 11, (page 56).

The eggs were at each temperature kept in saturated air

unless otherwise indiqatad. The figures given include the
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TABLE 11
Incubation Period, hours
Const. | ! | ! ! o
“Temb e | L sencate . ; Lotostes | | caesar Cer;ﬂhroczﬂdn, C.vomilona JPfcrrdnoroe{
a | - owmws| - 230250 - -
22 .| - | - - i80-220° - -

30 | 98-105 925-105] - 13:0-153 A25-ITS 125-185

n | - 5 - - - 12:0-13:0 -
‘ (wo u,ﬁ'@lSﬂ}QT

34 | 9093 - - 123-11:9, =

o T R reize GIEIT .
36 | - 8993 - sowst - -
3T T, o= B8 - - 9-8-102
38 ('3%'15?* 9E00, - - - 9802
388 - - ; - - . (,0.6-“.5)1“;

i
b

t.qf 95YRH. %, 9OYRH. #A‘Al'em},ﬂud’ucrmsasVO3L°¢..

extreme limits ancountered, including at maay temperatures

observations on several separate batches laid by different

flies. The results on the eggs of L.scricata show reasonable

agreement with those obtained by Wardle (1930) and Melvin (1934).
From Table 11 1t will be seen that L.sericata eggs at

all temperatures at which they can be compaced with the

other five species, consistantly showed shorter incubation

periods, except in the case of L.illustris which at 30°c had
an incubation period of approximately the sawe length as

L.sericata. At 3700 Lscaesar eggs required about 0.5-1.0 hr.

longer than L.sericata eggs, end pPhormia more than 2.0 hr.
longer to complete development. The eggs of both Csllivhora

SPP. at‘ﬁooc required from 2.5-5.0 hr. longer than L.sericata,
showing that their rate of'development was cousiderably slower.
The greater susceptibility to desiccation exhibited by the

eggs of Galliphora spp.,'?.terrannorae and L.caesar may

partly be a result of this dlower development.
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" {iv) The hatching mcchanism of blowfly eggs

In the course of measuring the eggs of vérious blowfly
gpeciss it was observed that the eggs of all six species
underwent relatively small but definite shape changes
deﬁéndent on changes in the R.H. of the éir in their
immediate vicinity. In the first instance, these shape
¢hanges were observed when transitory R.H. changes were
accidentally caused by breathing on naked eggs while they
were being ﬁeasured on a glass slide on the wmicroscope
sﬁége; Experimenis with eggs at controlled numiditiec 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 ﬁere constant in repeated observations, the
extent of the ohanges in dimensions being very nearly the
same each time, with slight variations within the range of
error of the method of measuring used.

Evidence will be given 1n the succeeding pages. that these
humidity-dependent ghape changes in blowfly eggs are ' '
intimately associated with their hatching mechanism - a mech-
aﬁism affected and indeed governed by relative humidity .
(page 3]-k0, 53-55 3.

Méthoda. Measurements of eggs were made by meafls of &
;miéroséope fiﬁted’with an eyepiece micrometer scale, and a
16.mma(x10) objéctive. The total magnificaiion was x 60.
JThe micrometer scale wés calibrated end it was found that
1 micrometer division = 165 |

The dimensions of eggs at known controlled humidities were
measured,vand of individual eggs at gseveral different
hdmidities; Solid watch glasses sealed with flat glass
lids wére used as humidity chambers (page 32 ). Humidities
were again controlled within. the watchglasses by sulphurie
" acid/water mixtures (page 3| }, 100% R.H. being maintained

with distilled water. The cavity of each watchglass was
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filled with the appropriate ecid mixture to within 5 mm.

of #he underside of the flat coverglass lids., Eggs were
attached directly to the underside of the coverglasses so
that they lay within 5 mm. of the surface of the acigd, and
their dimensions could then be measured through the glass
lid when the whole watch glass was placed on a mechanical -
stage.microsoope. Successive measurements on several indi-

vidual egge at several R.H's ware made by quickly trans-

ferring the coverglass with its attached eggs on‘to another

8011d& watehglass with the appropriate acld mixture in its
oévity, repeating the transfer for each R.H. All the
80lid watchglasses were kept covered and aiftight except
during the short period of a few seconds ﬁhen a transfer
was bei?g made. A period of 5 min, was allowed to elapse
after eggs had been transferred to a new R.H. before
measurements were taken, in order to allow the egg shells
to reach equilibrium with the air of the chamber, and for
the correct R¢H: to be restored after the disturbance,
Successive length measurements made on eggs from immediately
aftef they had been transferred to & particular R.H., until
30 min. later, showed that eggs reached their final length ’
within 3 min. of the transfer. The ahape changes brought
sabout by humidity changes are thus seen to be very rapid.
It was observed that qaked eggs increased in length almost
gimulteneously with breathing on them. After ceasing to
breathe on them, and while ‘the moist air eround them
disippated in the succeeding 2-5 secs., the eggs returned
to their original length within the same period.

gesult3¢ By mesasuring the length, breadth and various
other dimensions of eggs at various humidities the shape
changeé in blowfly eggs caused by R.H. changes were worked

out, and are summarized beélow:~-

(a) with increasing R.H.« from 0 to 1 the eggs of
' Eii species gradually increased in iquth. Length
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nmeasurements for the eggs of three species

. belonging to the three genera studied are given
in Table 12,(page 00-4l). The percentage increase
in length over that at 09 R.H., plotted against
ReH., for eingle representative eggs of three
species is graphed in Fig. 10 (page G2 ). From
Table 12 it will be seen that the lengths of
P, terra-novae eggs at 100% R.H., were about 4.5 =
b4 0% greater than at 0% R.H., while corresponding
Tigures for the eggs of L.sericata and C.erythrocephala
were 4.5 - 5,85 and 1,0 - 2,69, respectively.

(b) Accompanying the elongation of the eggs a reduction

in Thelr cross-secLionar aregrﬁdﬁﬁffgg, mainly by
- Inward movement of the dorsal 8ide of each e but

préserving & circular cross-section, (Fig.1l, page b5 ).

(ec) simultaneouel§ with the above shape changes, and
probably forming an integral parit o: em, the dorsal
hatching pleats and the narrow ‘hatching strip’
‘between Eﬁem elongated With increasing g.ﬁ.; gﬁile
The hatching pleats were very slightly drawn Together

along whe wWhole ol oh ' e hatching
strip became slightly narrower (Figes 1

(8&) page 10 ).

8kq 10994 2194
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Fl(.. 9 Dldiram 9? g4 S\u\n- c.\nmuy.s; — fow RH.; cemmnnn , \us\l R.H.

t

Fig. 9 illustrating the shape changes (&) and (b)

above, ehowz results from;egg (L.pericatae). ' With the R.H.

change from O to 1007 R«H., the following dimensional changes
occurred:+» The total length of the egg increased from 1219 to
12h3ju ’ (shapé change (a)~abové); the length of the ‘
hatching pléats;and hatching strip between them increased
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from 1089 to 1113/» , whiie the width of the hatehing strip,
i,e, the distance between the two hatching pleats decreased
- from 57‘to 52u o It should be pointed out that in
TABLE 12 |
Lengths of aggs_at various R.H's (p)
~ (8) L.SERICATA
in thé case of L.sericata eggs, length measurements from

0 -« 100, then back down to O and then up again to 1007] R.H.
were carried out. ,

Lengths in microns o '
$R.H. . Egel Peg 2 Fegl . Egg L __Egg 5  Av.of 5

0 1245 1272 1218 . 1201 1211 - 1229

25 1256 1287 1229 1216 . 1226 1243

45 1267 1294 1237 - 1224 1237 1252

70 1279 1308 1251 1237 1249 1265

90 1292 - 1320 1259 1252 1267 1278

100 1307 1338 1278 1260 1282 1292

90 11290 . 1320 1262 1252 1269 1279

70 1279 1308 © 1251 1237 1254 1266

45 1267 11297 1237 1226 1241 1254

! 25‘ © 1260 1290 1229 1221 1234 ' 1247

o 11 1270 1218 1204 1204 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
B 12 12

asnil] Go-66 6668 56 55-59  71-78 6365

_0%eH.

hiweseinlenh] ) 98 5,18 4,59 L4e91 5,86 510
:lg':fe‘::}o:s.h::‘. | '

(b) P.TERRA-NOVAE
o . 1224 1224k - 1203 1170 1150 1194
25 1244 1257 1219 1183 1166 1210
b5 1254  1laue 1223 1188 1175 1216



61,

" TABLE 12 (continued)
Lengths in microns

gﬁ Egg l Fgg 2 Erg 3  Egg b  Bgp 5 Av.;gﬁg

70 127oﬁ 1246 1234 1204 1188 1228

90 1287 1262 1254 1221 1204 1246
W00 3303 1279 1270 oo 1206 1264

0 1226 1221 %ok 1168 1150  ioh

at100%, over that

Inucue \n\eusﬂi }
or 0 / ﬂ H.

T7-79.  55-58  66-67 T2~ 76 70

% wmorease inlemqth

¥ 100%5 over Bt } 651&5 . Lo49 | 5457 64 15 6460 5.85

ot 0% R.H .

(e) C.ERYTHROCEPHATA

0 52 W77 1468 187 1503 . 477
25 1462 w85 - 1468 1493 1508 1483
35 1465 1485 1468 1498 1510 1485
L5 1467 1485 1468 1501 1513 1487
55 1468 1485 1468 - 1503 1516 1488
70 1470 1485 1468 1566 1518 1489
80 170 1485 1468 1506 1518 1489
90 1472 1485 1468 1508 1520 1491
95 W77 1496 W72 1518 1523 1497

100 - au8s5 150 182 1526

Laceease |¢

100% wcjrh:J OZ«H} 33 26 14 39 28 28

bupenp] 27 176 o a6 L85 e
af 0% RH. :

measurements of amall]engths ‘such as the width of the
hatching strip amounting to about 55-60;& » considereble
_error was possible, with the magnification»used. It was
found impracticable to use a higher magnification without
radically alterihg the apparatus and employing & complex
system,

various further observations wepe made on these shape

changes, The results are given below as numbeged observations
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% INCRERSE IN LENGTH
w L o
T | T
(o] .
[ ]
=
Q\:::?\\\
v — - o

)] 10 80 90 100
- _ o /RH o

FIC 10. Incrcase, n eqq- \mﬂ*h with msing RH, T, P terranavae ; T, L. sericata ; T, C.
%q\'ﬁroce\’ha\m. -

for the sake of clarity.
Gbservation 1., When eggs were subjecﬁed to sudden humidity

changes by transferring them from an O5; R.Hs chamber to one
ofAIOO%, a proportion of the egg chorions split by a longit~
udinal fissure running closely along the outer mergin of one
. or other of theAhatching pleats, - Thié fissure originated
at any point along the length of the hatching pleats which

- run more than three quarters of the lengths of eggs (see
;Fig;vl, page 10 ). Eggs which did not split during the
first 0 to 100% R.H. changé could be induced to do so by
repeating the process for a further 2-5 timés. This
conclusively'shows thét éudden large R.H.‘changes cause
strains.to be set up in the chorion which caused it to split .
along one or other of two fairly constant llines, Care was:
taken to employ eggs at arn early stage in‘development, 80
that there was no possxbility of the chorion split heing
due to the activity of fully formed larvac within the eggs.
Wwith smaller humidity changes of 50-100 or 0~50¢ R.H.,ﬁno
rupture of the chorion occurred even after twenty repeated
changes. This shows that the strain set up in the chorion

is less when the R.H. change is of smaller extent, and when
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the shape change is also less.

Qbservation 2. That the coating of accessory-glaend secretion

covering the outside of the chorion of the laid egg was
not responsible for the shepe changes was shown by removing
this mucus-like covering by washing eggs in 1 sodium
sulphide solutien forll hr., Such eggs, without their
coating of accessory-gland secretion, but with the chorion
‘ ,intact, underwent shape changes simultanecusly with R.H.
'changes in the same way and to the same extent as wggs
with the secretion covering intact.

gbservatien 3. That the chorion alone, and not the

e.v,membrané (see page Ik ) or the oocyte 1tself or a
combination of the three, was responsible for the shape
changes was shown by remo¥ing the chorions from eggs
(ef. Evans, 1934) which retéin their shape since they are
st111 enclosed by the intact c.v.membrane underlying the
chorion. Such eggs minus the chorions, when subjected to
successive R.H's from O to 1007 underwent no detectable shape
changes ~ their lengths were the same at 10053 as at O ReHe,
as far as could be ascertained by the measuring system used.
It:is concluded, therefore, that the chorion alone causes the
humidity dependent shape changes and that it dqes 80 by
forecing the ooc#te with its investing c.v,ﬁembraﬁe to change

- thelr shapg, rather Iike a rubber tube which isstretched would
force a soft body, like a sausage within it, to change its
ghape. In the blowfly egg;'the tendency of the chorion to

| elter its shape at different humidities is resisted by the
liquid yolk filled egg it invests. It is probably this
r331staﬁce of the egg to shape change impressed -on 1t by the
chorion that csuses strains to be set up in the latter.
The amount of strain is thus humidity depen&ent because
the shape of the chorion is humidity dependent,
Observation L. Thaﬁ the shape changes caused by the chorion

are not due to the éffeot of humidity on a small specialized



area of the shell, such as the hatching strip and hatohing
pleste, was demonstrated in the following way. The lengtha
 9§#§§§ sgge at (X7 and at 1009 R.Hs were determined. %he
~ﬁ§%§§£n3;aﬁgip and hatehing pleats only of eix of these egge
were then ‘covered by & 1dew of waterproof cellulcse paint
in the form of & painted strip ruoning most of the length
of the eggs. Ov the other four egge & similer longitudinal
- ebrip ot'ahe chorion was coverad with cellulose paint, but
this. tima sa the ventral side, opposite the hatehing etrip,
on unspanialiﬁeﬁ ‘¢horion, Thas in the former 54X egus
the hatohing strip wae coversd and would not be affected
hy'hugxdity changes, snd in the latter th§ natching strip
was e;posaé. The eggy were again measured at OF and 1004 R.H.
tha increases in length at 100% over the length at 0f R.K,

are given in Table 13, If the shape changes were csused

ventral

. 8ide covered .
Egg Mo 1 2 3 kb B é6 | 7 8 9 10
‘Before tha 5-& 691 590 Te2 5;0 506 Lol 505 1“7
trestrond

Afterp b0 'a.;s &.6 lye 5.2 h,s 54.&: :5.5 3.9 u,.s
tpentment . " o

',memaue 0.8 3.1 1.5 o.a 2,0 Ou! 1.2 2,9 1,6 o.&s |
| X

Hatening atrip covcvea

conace i

. by the sffect of humidity on the hatching pleats and hatching
strip elone, covering ﬁhcm-with watorproof celluloss paint
would inhibit shape ohanges when the humidity was changed.

It will be geen from Teble 13 that egge s0 treated wtill
slongated with rise of 2uH. from 0-100:, but o a smaller
extent then befors trestment. This decrsass in the amount
of the lsngth change is also seen in eg3s whers the ventral
side im covered with paint 1@@?1ng the hatohing plest reglon
€XpoRed., Theveﬁaller length increase 1n hoth groups arter
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eellulose paiﬁt ﬁéeatment was probably due tc the-stiffening

effect of the paint itself rendering the change of shape of

' the eggs more difficult to accomplish. It is thus considered
- that the shape chenges of blowfly eggs caused by Re.H.changes

are not due to the properties of the chorion in thé hatching

pleét region alone, but rather are due to the properties of -

the chorion‘as a‘whole.

observétion 5. It was obsgerved by meansg of width measurements

of eggs, both iﬁ lateral, dorsal and ventral views thst the
decrease in cross~sectional ares coiﬁcidént with elongation
of the egg is brought ebout mainly by inward movement of the
hatching pleat or dorsal side of the egg, and less by

finward movement of the ventral side opposite hatching pleats,
| (Figs 11). The.profile of the ovoss-section of an egg at

Oand 100 R.+H. ere thus mot concentric circles. In this

figure are gilven measureﬁent obtaiﬁed from_nne Lescricatagqy .
It will be seen that the diéﬁeﬁer was reduced from 357
at 050 ReHo to éhd-aﬁ 1004 R{Hy VAléo‘given in the same
figure on the widths of the hatching strip measured from the

S

hcl’ckms s\'n]; '

| ArOTLRH.
Ar 100%RH;

b

A F"C. u TS L.Seu;ica\’o., tn S\\owmj .S\u&t‘d\nu&es (t%aaﬁen.\’e.&.),meawre.utn\'s "rom one t&s .

outér mﬁrgin of each hatching plest, at both humidities.
The width of the hatching strip about half way along the

egg was reduced from 57ﬂg at 0% R.H. to 52f, at 100% ReHe
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From the above iniormation the following deduction

‘can be madei~

Total circumference of the egg at OTR.H. (assuming

circular cross-section) = 2 X 3,1416 x 357/2 = 1121p

Total circumference at 100, R.H. (assuming éircular

éross-seetion) e 2 X 3.,1416 = 340/2 = 1068 4

The chorion circumference as & whole must therefore

contrdet 1121 ~ 1068 = 53 or a contraction of 4.72%.
Thie contraction is that of the unspecialized chorion of
~the bulk of the circumference (Fig.13) plus that across
the hatching strip.
_ The width of the hatehing strip alone contracts from
57}~_ét 0% ReH. toO Szﬂ— at 1005 ReH., or a reduction of 8.7T5%.
Subtracting the width of the hatching strip from the
circumference at O and 1003 RsH. we get a meusure of the
contraction of the unspecialized chorion:-

iength unspécialiéed chbrion circuriference ai 0/ R.H.

= 11721 - 57 = 1064 »

Length unspecialized chorion ciroumférence at 100¢; ReH.

= 1068 - 52 = 10164 |

L

COntracﬁién of unspecialized chorion . . = 1064 ~ 1016
= 48w or 4513 |
The fact that reduction in cross-sectional area occurs

mainly by an inward movement of the dorsal or haiching pleat
side of the egg and less by inward movement of the ventral
side may be unimportant as . far as the setting up of strains
in the chorion is concerned. The explanation of this
greater movement of the dorsal side seems to be that the
" transverse contraction of the hatching strip itself is about
twice (8,77% in the example given) that of the unspecialized
chorion (4.51%). There may be appreaciable errors in the
: measurementé but it seems established that the transverse

hateching strip contraction'is relatively greater than that
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of the unapecialized chorion,

The above conclusion is supported by the observation
that in imperfect eggs (see page 84-35) in which the hatching
strip_énd its lateral pleats are very shoé% and only extend
for about 1/10th of the length pf;the egg from the front end
(Fig. 12) leaving the rest of the egg enclosed by unspecialized
chorion, the contraction in cross—sectional arsa with rise
1h ReHo from O to 1004, occuﬁred by an inward movement of
the whole of‘the cifcumferenca, to about the same extent
éll round the egg., Thus in egges with rudimentary hatching
strips the cross~éaction of eggs at 0 and 100< R.H. were
_ concentric circles {Fig.12) while in eggs with complete
hatching strips the sectional outlines of the eggs at the two

humidities were not concentric circles (Fig.1l).

Flc.,l?_. B shows s\:o;t exfent of hatching pleals and \)osmon of TS. whase oufline is qven 1n B,
L\_B_, un\rokm\\nc = outhne wm low R.H. | beoken line = ouvllne a¥ ‘\\qh RH, Q..cqehr °33)- _

’Obaervation 6., At 0% R.H. it wae observed that the hatching
pleats stood nearl& upright from the egg surface, and that
with increasing humidity they leaned progressivelyAinwards,
towards&each other so that in saturated air they lay at an
angle of about 30° with the egg suéface. These changes in

the positions of the hatching pleats are shown in Pig. 13,,
asldiagrammatic sections across the hatching pleats. The
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'Fl(',', 13. Dm,«lmm of h&\'a‘\lm‘-\»\u\' mvmer. I n 0'/;R.H_; I lOO%R.H ; Distance
A-B becames \CSS_ a6 \\umd\\’\\ rises. ’

distance from A to B in Fig., 13 was that obserQed'to
contract during humidity increases in observation 5, (page 65),
peiﬁg 8,77 less at_lOO%-Roﬁ. than et 0% R.H. 1in one example.
This contraction was there attributed to an eloﬁgation of
the hatching strip'drawing the pleafs cloger togéther. The
progfessive inward leaning of the hatching pleats provide
another explanation, without postulating an active decrease
in breadth of the hatching strip itself, Iﬁ will be plain
that the distance AB, measured from the outer marcin of
each hatching pleat will be redﬁéed as they lean progressively
" inwards. In a wire model bent from shape I (ﬁ3l3) to shape

I to simulate these movements of the pleats, the
distance AB was reduced from 55mm. in the former shape to
47 mm. in the latter, & reduction of about 14.5%. Allowing
for the faet that this figure was obtained from a crude
model this figure is of the same order as that.obtained
by‘measurements of an agg (8.779) |

This contraction due to the movements of the pleats

provides a mechanism whereby the circumference of the egg
| may bécome reduced with increasing humidity, without necessit-
ating an actual contration (or only a very small one) 6f the
unspecialized chorion, since the movements of'the hatching
'pleats'take up-the slack' so to syeak. If the basic cause
of thé egg shape changes is due to the tendency of the
chorion to- increase its curvature round the egg, this cen
be achieved by a reduction in_diametér of the egg and' thus

reducéd circumference, which in turn can be achieved (by .
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the above movements of the hatching pleats) without a
contraction of the chorion layeis round the egg, or at
most only a sﬁall one,

The movements of the pleats with humidity may also
explain why the chorion usually ruptures longitudinally
along the outer marsin of one or otheé of the hatching
pleats, without the necescity of postulating the c¢xistence
of a line of weakness a%ong"tne outer margin of each pleat,
since ths strain would Ee expscted to be greatest at those
lines with such movements of the pleats,

gbservation 7. If a small perforation be made through the

chorion and c.v.membrane to the yolk below, of an otherwise
intsect laid egg, a small blob of yolk appears covering

ihe outer opening of the hole, This shows thai the yolk
contents of the egg are held under slight pressure by the
egg mémbranes at room humidity (50 = 607 R.H.). IT the egg
is now exposed to increased humidity, causing it to chénge
shépe,‘this blob of egg yolk increassed in size, and when

the humidity dropped to its former level, the blob decreased
to its former size, by flow of the liquid yolk back into

the égg. This shows that the volumwe of the egg was slightly
reduced as thé humidity increased. In an intact egg
therefore increased humidity causes a slight'reduction in
the volume of the ;gg leading to increased internal pressure,
which is reduced again as the humidity falls and the egg
fegaina its former shape,

Qbservation 8, If the hatiching pleaets and strip be removed

entirely from an egg at room humidity the egg becomes
slightly shorter tnan vefore, wnile the gop between the
free edges of the chorion on elther side of the original
position of the hatching strip, becowes slightly bigger than
the width of the hatching pleats and strip removed., This

gape is of course covered by the c.v.membrane which under-
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lies the chorion, and indicates that the chorion is under
- gome transverse tension &t room humidity. When an egg
with hetching strip removed is exposed to high humidity
(90 - 1009 ReHs) the gape in the chorion becomes reduced,
sgsshown in Fig. l4. This partial clodsing of the gape with

I

'm ‘ |

_FlC-“.p _E\_ arca within broken line removed , fo 'i;‘;" appearance B in low R.H. and C in high RH.

Shaded areas rebresent ¢.V. membrane _C%‘:oset‘L,

. . *
rise in humidity suggests that the chorlon is acting rather

'iike‘a bimetallic strip does with rise in temperature. In
Pigs 15 the cross-section of the egg.with hatehing strip
removed, at high and low R.H. is compared with that of a
bimetallic strip in the form of an 1ncomﬁlete cirele at
high and low temperature, and is drawn from the observations
on the ﬁlowfly ege described above_and_on a bimetallic

" strip of the above form.

B

qu_l \S _B_, T.5 ¢4q wit \u‘fd\mj Meal area remaved (las " ('13, \lr), Unbeoken line rf.\arescn\"s chorion, |
a0d braken Vine Be cv.membrane., _a' dinimm of Yehaviaur of bimetallic s\’r;b with metad of hnlh

coefficient of expansion on outside.
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Shape changes in eggs in relation to hatching. Since the

above obsebvations have shown ﬁhat the chorion alone is

responsible for the humidity dependent shape-changes, further

analjsig of the mechanism whereby they are accomplished

depends on a knoWledgé of the structure of the chorion.

It has slready been shown that the chorion undergoes

curling moveuments dependent oﬁ ReH, (page L), Tiis leads,

with higher R,H., to lncreased curvature of the chorion.

1t has also beeq shown_that the chorion is composed of‘at

least two main layers of different composition (paged-\2).

It was concluGed that the protein of the inner layer may be

already tanned, or of sﬁch a nature that it is not

suceptible to tanning by the usual agents. gJmbedded and

partly separating the tﬁo layers from each other a row of

dark bodies were observed. The curling movewments of the

ehorion fragments sﬁggests that the two layers are

differentailly affected by absorbtion of water, leading

té expansion of the outer layer with rising Reliey &nd

contraction or non-change of the inner layer, both considered

around the circumference and not along the length of the erg,

The.structure of the chorion lsading to curling of chfoion

fragments with R,H. changes, leads to & change 1n shape of

the intact chorion on the egg. That the curling movements

- and the shape change of the egg with rising R.H. are due

to absorﬂtion of water by the chorion is supported by the
faect that the elongation of blowfly eggs with increasing R.H.

is affected very litfle by temperature; the increased '

length of eggs at 1007} R.H. over their length at 0! R.H. wae

found to be the same at 370 as at i?oc. The process of

absorbing water by orgahic materials from the atmospherse

. is well known to be affected very little by tcmperature,

_ahd to be largely dependent on R.H., as 1s shown by the

curves of weight increase of washed wool at various
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" temperatures and'humidities, used by -the woolien industry.
The almost ihstantaneouu anature of thc curling movements of
ehorion:fragments, and of the egg shapé changes means that
the chorion must contain extremely hydrophilic protein, with
a very iarge surface areé in relation to volume, The latter
condition is fulfiiled by the outer chorion layer, whose
thickness is but 2-3ux , and with a surface area of about
8600:fp,.and since olly materialsAdo not spread over it
(bage 132 ) it is also hydrophilic. The outer layer
presumably @xpands by absorbtion of water, around the
¢circumference éf the egg, while the inner layer may contract
in the same direction or maintain its initial length, thus
producing curling of the chorion &s in a bimetallic strip.
fhe reduction in cross-sectional area of the egg (05servation
5)'ahd the hatching pleat movements (Observation 6) shows
that an increased curvature of the chorion is brought about
by increasing R.H. with little or no absolute contraction

of the chorion as a whole, so that the outer chorion

layer is relatively longer compared with the length of the
inner layer,,arouna the circumference of the egg. Thus the
tendéncy of the outer chorion layer to expand with 1ncreasihg
R.ﬁ. is achieved only rclatively. The important ~actor in
the curling movements is probably the relative stresses and
strains put on each other by the two ch&rion layersey It

is poséible, although purely speculative, that the dark
bodies embedded'iﬁ the chorion are present in order to
reduce the area of contect of the two contrasting chorion
layers, so that length chenges can occur without rmuch shear
strain between them.

. The effects of humidity on the chorion can ultimately
be fully worked out only after a knowledge of its molecular
structure has been deduced. Such knowledge 1is at present

completely lacking. Although highly hypothetical 1t is
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;nte:esting to speculate whether these effects are brought
about by a molecular structure in some way comperable to fhat
of mammalian hair and horn keratin, 1In the case of wool
fibres, it has been shown by Speakmsn (1931) that the long
keratin molecules are mainly errenged in & parallel manner
to form thicelles which are at least ten times as long as
they are broad, The mechanism by which the great reversible
extension of wool fibres (amounting to about 100, of their
original lgngth) is brough about under tension at high
humidity, has been elucidated by Astbury and his co-workers.,
They have shown (Astbury aﬂd Woods, 1931, 1933) that the
elongation is brought about by an intramolecular extension
of the keratin involving, basically, the straightening out
of what in the unstretched fibre is a folded chain molecuie,
go that two forms of keratin, (x andpg ), representing the
stretched and unstretched form arelidentifiable, and which
give X-ray diffraction patterns which are distinct from each
other. A change in the length, on & small scale, of fairly
long, parallel orientated protein molecules may occur in the
blowfly egg chorion, caused by changee in the water content
of protein micelles, A difference of only u§5%<1n the
length of the chorion molecules would be sufficient to
account for the facts. The‘actién of water in the chqrion
may be'the same as in the wool fibre, where, aceording to
Astbury and woods (1933) the water moleculss enter the
keratin micelles and intef~miceliar keratin, and become
adsorbed to the chain molecules, causing swelling énd
a 1ubrication' of the chains, permitting the intramolecular
extension. n ' _ |

geveral dicferent molecular arprangements on the above
1ines in the blowfly egg chorion can be visualized, which '
might be expected to causa effects which would fit in with

observations. In one arrangement the outer chorion layer
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may be though of as'built af chains orientated around the
ege. These chains would increase in length with rising

. ReHs by a partigl straightening out of folded chains and
produce an eXpansion_of the_layera Co-exisftent with this
the inner protein layer might be formed of chains orientated
along the egg and which expand along the lonz axis of the egg
on absorbtion of water, so that the layer tends to elongate
but,dontracts in the transverse plane around the egg -~ that
in which the outer layer tends to expsnd. A representation

of this arrangement ig given in Fig. 164

———T T,

ovier] chonon \cxsers
“—inner

enlended stfe (Htgh RH.)
confraded state (Low RH)

Loaq molecules of iner layer
anenlaled alOnS €q9-

(H‘Sh R.I-'L) Lous mo\wlcs* outer |°‘S'-"
orientated around ¢3q-

Fl(., ‘(‘) Dmsrammaho rc}rcsenhh'on of \)ass‘\v\t. molecwlar s¥ructure of Howﬂ‘ eqq charion

Other arrangements can be visuéiized, but no gain is
made by considering them since no facts are avallable on
the molecular gtructure of the chariono. It has been found
that when the chorion is viewed in polarized light, it is
anisotropic, which sugzests éhaﬁ there‘is no markcd parallel
orientation of long molecules through most of its thickness.
It may be that the chorion protelns are mot built into long
chains and that the expansion of the outer chorion layer
in high R.H; is purely a swellilng procéss due to water

ebsorbtion, similar to that of gelatin and many other
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‘proteiné, anéd that the inner layer contracts because it
' 'gives' to the éomprassion inposed on it by extension of
the outer layer. There is some evidence that the inner |
chorion layer is of a spoﬁgy nature, the cavities of the
sponge being filled with air. Where the inner chorlon
layeé is thickened, at at the edge of the micropylar plate
(see page ll. Pig.l), a distinet spongy structure could be
made out with the highest power of the microscope., It is
possible that the same is %rue,.on a smaller scalé, of the
inner chorion layer over the general egs surface, The air
content of the inner layer would thus explain the white
colour of the chorion (see page |8 ). A parallel orientat&on‘
of the protein molecules of the outer layer only, afound
the circumference of the egg might coexist with this
arrangement of a spongy inner layer. The full'explanation
of the mechanical properties of the chorion, and thus of
the humidity-dependent shape changes of blowfly eggs must
awalt a study of its molecular structure, using speclialized
X=-ray methods, similar to those used by Astbury fér keratin
structures, and by Fraenkel and Rudall (1940) for the
' blowfly pupaﬁium. |
. A more empirical conclusion to the observations on shape
changes, and linking them with the hatching mechanism of
blowfly eggs, may be set out as follows:=

with increasing R.H. from 6%, the cross-sectional area
ofnthe egg 1s reduced while the egg elongates. It may be
that the primary shape change is the former, and that the
latter is purely compensatory for it, slnce the enclosed
egg resists the'increésed defqrmation imposed on it by
the shape change of the chofion, and is forced fo elongate,
There may be‘a tendency in the chorion itself to elongate
along the egﬁ»so that both élongation and reduction of

the cross~sectional area of the egg proceed without the
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latter causing the former and being resisted by it. If the
primary shape change is one of forcing the enclosed egg to
reduce_its'CTOSS*séctional area, strains will be set up in

the chorion lisble to result in longitudinal rupture along

the egg, and;not transversely, Since the reduetion in.cross-
sectional arealihCreases cumulatively from dry air up to
-saturation, the'étrain on the chorion also increases with
humidity. 'If there are two longitudinal lines of weakness

in the chorion (on the outer side of csach of the hatching
pleats) rupture along these lines would bécome increasingly
easy to accomplish by the larva inside the egg, with‘increasing
humidity. Since the amount of elongation of the egy 1s

elmost certainly a measure of ﬁhe reduction in cross-sectional
area.the amoﬁnt is also a measure of the strain on the chorion,
The curves of elbngation of eggs of various species (Fig. 10
page CZ) are thus indicative of the progressive lncrease in
strain on the lines of woakness in the chorion, Wlth increasing
humidity. They show therefore an increasing probability of
éuccessful rﬁpture of thz chorion by the larva with inoreaaing
R.H. They can be related to the3known effects of humidity

on hatching in blowf;y eggs - the minirmum humidity for
hatching, the final percentage hatch achieved by a group

of egegs, and the increasing dispersion of hatching times
within a group of eggs with decreasing R.H. From Fig.10,

1% is to be expected that at humidities of 100-90: R.F.,
the_ghdrion ig already under maximum strain due to the shape
changes outlined.above, and-the blows of the lurva on the
inside of ﬁhc micropylar plate (sée page 9 ) are lixrely to

. cause rupﬁufe fairly quickly. With lower R.E's of 90-60%

the chorion is under progressively less gtrain, and many

@ore blows by the lorva may be necessary to cause rupture

of the chorion, and frequently exhaustion or desiccation

of the larva supervenes before hatching is achieved. This
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is shown by the increasing number of fully developed larvae
found dead insede theolr shells with decreasing R.:I. within
the above range (page 3% ). Below 55-607, R.H., any number
of hlows cannot rupture the chorion, and no hatching occurs
in the vast majority of cases. The decreasing straiﬁ on
the chorion with decreasing R.H. means that thec larva has
to exert itself to a greater sxtent to achieve rupture of
the chorion, Thus it was found that the time requireu for
all the conatituent eggs of a bateh, to hateh, iacoreased quickl;]
with decreasing humidity from saturation (page 38 ).

In Observation 1 (page GZ) it was shovn that subjection
- of eggs to sudden humidity changes of O to 10075 R.He usually
caused the chorion to split alonz the outer margins of one
'ér other of the two hetching plcéts. It was there pointed
'out that in eggs so treated the split varied in its site -
of origin and could occur anyvhere along the length of the
hatching pleats. ‘hen egzs hatch in the‘noqmal way, due to
the activity of the.enclosed iarvae, the split in the chorion
invariably originated at the extreme anterior end of the
hatching plsats, where they diverge to partly surround
' the micropylar plate (page 10 , FPig. | ). This ante.lor
localization of the split in hatching, compared with the
greater variability in the gsite of ite occurrence in egge
subjectod to sudden humidity oscillations, may be explained
in the follow way. When the larva has reached the
" hatching stage, it hammers on the insidc-of the micropyler
-plate'with'its mouth-hooks. ihen observed under a binocular,
each blow of the larva was seem to cause the micropylar
- place to bulge out slightly in the middle, and also
caused the front end of the egg to elongate slightly,
" At high humidities thls elongation accentuates ctill ‘
further the elongation dr the ego cause% by high R.He.

iteelf, and would be expected to reduce the cross-sectional

]



area of the anterior end, and sd increase still further

the strain on the anterior part of the hatching strip. This
1ﬁcreaae in strain on the anterior end would be expected to
be localized there, since it is unlikely that strains set up
in one parf of the chorion would be transmitted freely to |
other pafts of the shell. Thus in hatching the chorion
split would be.expected ﬁo occur neer the antérior end of

the egg.
It was observed that the chorion of the blowfly egg was

considerably stirfer at all humidities below saturation that
in saturated air itself. Vacated egg-shells, in saturated
aie dollapsed completely and becane closely applied to the‘
glass slide substratum. At 95¢ R.H. and down to the minimum
humidity for hatching vacated shells did not hecome cgllapsed
so that, if the rupture in the chorion was obscured for

some reason it was found difficult at first glance to
determine whether the larva had hatched or not. At 100%
ReHe, it was obser#ed that the chorion was limp, like cérd—
Soard soaked in water, so that the two sides of the split

in the chorion could readily be forced apart by the

escaping larva. At hu@idities below saturated larvae

seemed to.find difficulty in forcing thelir way out by
pushing apart the two sides of the split, rather like &

man trying to force his way thfough a slit‘in a stirff
cardboard sheet, At 17-18°¢ observation of times of hatching
of groups of eggs, gave the following figures:- 100, ReH. -
1 larva-escaped per minute;‘ 90% Relle ~ 1 per 3.63 uin;
80%'R.H. -~ 1 per 14.88 min., 7The longer time reguirec at

90 and 805 ReH. is well marked. The activity of the |

" larvae is low at 1751800, and the times required by then

to escape from the shell following its rupture would be less
‘aﬁ 30~37°¢., After rupture has been accomplished at 37005

larvae completely extricated themselves from the limp shells
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- within 10-30 secs. in saturated air, At the same temperature,
after initel chorion rupture, at 65% R.H., it took frem
15-35 mins for the same process to be acecomplished. Thus
humidity affects the rate of hatching in a group of eggs
in two ways:~ one;rby making it more dAifficult for the larva
to rupture the chorion with decreasing humidity from
saturation, owing to the~shape changes eonsidered’in the
preceding pages, and two, by making it more difficult fer
thé larve to escape from the shell after 1t has suceeceded

in initially rupturing the chorion, with decreasing R.H.

from saturation,

(v ) The effeets of variation in humidity

It was foumd that if L.sericaté eggs were placed in
saturated air for a few minutes, at 3700, they became more
susceptible to desiccation if subsequentily incubated at
| lower R«H's, than eggs which were plaeed direetly after
laying into the low humidity (page LI-T). Expérim@nts en
sﬁmilar lines were carried out on the eggs of four of the
five vlowfly species congidered in this seetien; to determine
whether & similar effect could be detected with them, Eggs
.of these species were incubated at humidities known te
be fairly neasr the minimum required by them te complete
development, both direetly after 1aying‘and after a
preliminary period in gaturated air. The two lots were
in every experiment kept in the saﬁe vessel ao that both
ﬁare subjected to idéntical R.H's after one lot had been in
saturated air., In each cese a set of egas from'the same
batch-were kept in éaturatéd alr throughout their ineubation
period as cohtrélsi The experiments were carrised out at
temperatures slightiy below the highest temperature at
which the species wae known to be able to complete

development in the light of water bath experimenta, ‘The
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(a) P.TERRA=NOVAE EGGS %
I : r% eqqs remc\\jﬂ Various. s\'o.%e.s, . Ohﬂv
—.Ireatment of eggs | H PH MH R _  used
_CoNTRoL, W00 %RM. 37C | 88 0 0 12 25
14 65 % 8H, 37°C For whole tncub. perod.. | O 98 2 0 50
00TRY IW'C for VSt fhenmto 65%, 370, O -~ 84 © 16 °~ 50
_J00TR H 31 i L She henmto (5%, 37C1Y 0 0___ 0 2100 Jﬂsgglﬁ,,_:_;}
(b)' L.ILLUSTRIS EGGS |
fLCONTROL. loo%Ru.35c. |35 0 25 Lo 20 |
2 @%M.iﬁthr whole inaib berod, | 30 o 20 50 20
100 5 e 2t Ao 8O 5E 22 13 22 b3
_Conigal, 0% RM.35C. | 52 2 1 15 .
3 807KH.35T for whole incoh perod. | 81 2
| ;*IQOZR.H. 35C tor |2y Mo 305,35 7L b . J
| _CONTROL, 100%RH.37C . 98 0 |
b4 ‘_7_3_4_&"_-}_7&,('.9'? qu!gi_"&?b- perod. | 78 5
ilQQ%R.HLgt_FarO-ZSRr,rﬁ\gni§¥o757g137a g1 18 €3
ConteoL, 100%RH 3T, 64 3
5  J0LRH.37C brwhde wmwb. perod. | O 18
VSIOOZI?‘.H}’]"cforO‘ZShn:..fhc‘tgcnto'TO'/,,i‘]oC_‘ 0 0
(o) C.ERYTHROCEPHALA EGGS
_CoNtRoL, 100%RH,20t. 100 0 @ o0 36
30%RH. 30°C. for whole, incwb. period. | 97 6 o 3 36
100%RH30T bor OShe Fhen mbs So'/.,ao'cﬂ 92 c o 8 12
6 100LRHOChelOhhewh30T30c {92 O - 8 O 12
100%8H 30T fork kShchhen it 807, 30¢ [2OO o o o 12
joo"/.n.H}o'cGorS»okmm;nr,. %% 30¢. 100 o o o0 12 ’
100%RH.30C b 3-Shrtherinhs 0 30C 100 O O O 12
_CoNTRoL, loo%RH.33¢ |71 9 5 15 21
7 80°LR.H. 33C facwhole incob. jerod,. | S8 27 9 O 22 !
— IOO/ RH.33C forO TohthenutoR0%,35C| 75 12 8 5 2

* For de,hu\s of c\ass-hm\«m of shuies See (l\»bend.x page 161-2
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TABLEL (continued) %

(2) C.VOMITORIA EGGS /o ¢qqs readung various stoges
f = T eqqs

' £
BEptNol eatment of eggs . | H M B e

. |_CONTROL, 100% RH.30%. 95 0 5 20
20

1

N
(]
[
1S 2]

T0%8430°C. b whdle weob period. | O
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results of 15 experiments are given in Table 1l4. It will
4be seen from the results of Expt.l that P.terra-novae eggs

failed completely to survive at 65¢ R.H. 37°C after a 90 min.
exposure to saturated alr at the same temperature, while a
high percentage (98¢}) completed development at the same
humidity without prior exposure to saturated air, thus
'shéwing‘a"conditioning"effécﬁ, as was noted iith L.sericatd

' eggs. From the same experiment it will be seen that no

-gignificant fconditioning' took place if P,terra-novase eggs
were exposed to saturated air at 1u°c, another feature of

gimilarity to L.sericata. E.illusfris eggs showed a

'conditioning' effect in Expt. 5 only. In three other
experiments subjection to saturated air did not reduce the
nanber of eggs compléting de#eldpment at'low humidities.
Two experiments on C.erthrgcephala eggs (Expts. 6 and 7)

showed no ‘conditioning' effect, O0f eight experiments on

C.vomitoria eggs (Expts. 8 - 15) only (Ezpt, 8) showed a

clear cut 'conditioning' effect.,

Although many experiments (Table li, pp.80-81) showed
no reduction in the number of eggs compléting devélopment
~in 'conditioned' compared with unconditioned eggs, there
was some indication that in the former eggs fewer of those
completing dévelopmént'sudceeded in hatching. The
experiments canhot be compared statistically bscause they -
are not homogenous, various combinations of temperature

'édd humidity béiﬁg empio&ed.~ It is déncluded from them

that L?sericata and p.Terra-novae eggs showed a well marked
'eonditioning' effect, while results on the othsr species
were more erratic. -

~ An elternative explenation for the 'conditioning’
effect, other than that pref¥iously offefed (page L2 ) may now
be éonsidered.' It has been foﬁndathat eggs undergd_shape

chapges in relation to humidity (pageSFLL) and that they are



due to the properties of the chorion, which forces the egg
venclosed in 1t to deforgm. It is thus likely trat there
Hia some slight movement of the chorion in relation to the

. cav¢membranevwhen 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

. pgfts of'thé shell. Evidence gas also already been given
that there 15 a lipoid waterproofing layer in blowfly eggs
situated between the chorion and the c.v.membrane (page l]-29),
‘If this lipoid- layer displays some molecular orientation,

as is known to be the case in insect cuticle lipoid layers
(Beement, 1945), it is possible that movement of the chorion
or 1nofeased pressure of the chorion, in relation to the
c.V.membrane, would cause some slight disorganization of
-the.lipoid layer, possibly of a temporary néture. This
w&uld increase the permeability of the shell and cause
increased water loss. Eggs exposed to saturated air for a
féﬁ minutaaAapd then transferred to & lower R.H. would thus
| be more susceptible to desiccation than eggs placed directly
- at this lower R.H. Greater water loss in 'conditioned' than

in unconditioned eggs was shown to occur in L.sericate (page 43).

(vi) The size of the eggs of the various species.

The eggs of the speclies were measured in the course of
the wofk. They were selected at random from egg batches,
and the length and greatest width measured, The apparatus
used for measuring was that described on page 5T « In view
of the facﬁ that the lengths of eggs varied with R.H.

' precautions were taken against breathing on them while they
were being measured. The means of the measurements and
the standard deviations, for the eggs of the various apecies
are given in Table 15, pege 3, . From this table it will be

seen that there was considerable overlap betwegn the extremes
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TABLE 15
Dimensions of blowfly eggs (p)

25 eggs from each batch

specten | waShe | i ecnnen | entd | wimomeins
Le.sericata (bekha) (1261 T 29 ‘ 1219 - 1291 315 3 8 301 - 333
o (8 17012 7 21 | 1097 - 1170 | 305 3 6 292 - 317
L.caesar [1174 F 28| 1121 - 1243 325 7.8 309 - 340
L.illustris 1371 % 37| 1284 - 1414 313 ¥ 14 292 - 340
L.ampullacea 1283 T 55! 1202 - 1375 | 359 3 12 333 - 37
P.terra—novae(yhh)1097 % 51| 942 - 1154 | 339 % 6 f 325 - 349
C Mmoo (hab)1273 ¥ 25| 1219 - 1309 | 304 3 8 | 288 - 313
C.erythrocephala (1404 3 55| 1284 - 1487 | 382 3 12| 350 - L4L@6
OQ‘vomi'toria 1225 % 17| 1178 - 1'2_67 339 % 7 | 325 - 355

of variation in each species., The mean length of L.1llustris

Wgs greeter than of the other Lucilis species, but the

smallest L.illustris eges fell into the range of the largest
L.sericata eggs. If greater nﬁmbers of eggs had been
measured it is likely that the overlap would have been
greater, That the mean egr length varied from batch té
bateh in one species is also shown by thé figures . It
‘'will be seen that the C.erythfocephalg eggs measured weré
bigger (mean length 1404 % 554 ) than those of C.voﬁitoria
(mean length 1225 % 17 ) although the variation means

"that the smallest eggs of Q.vbmitor;a are within the range

of the larger eggs of P, terra-novae and the Lucilia spp.

In all the species studied, one or itwo abnormally short
sggs were fairly freguently found in batches of otherwise
' normal eggs. These short eggs had the same width as full-
length éggs, g0 that they‘yere relatively fatter. Other
types of abnormal egge were sometimes encountered, gnd

'occurred among all the species. These abnormalities
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concerned the hatching strip and hatching pleats (Fig. |7 ).
In L.caesar eggs particularly the hatching strip and pleats
were frequently extremely short (Fig. \] ).

S

JUY e

L coesar L sera¥a Phormia

LA S_Erncal'a,

Fl(.g‘ﬂ. Eum\)\cs of €4qs encountered with abnormal ha\'(,\l.mﬂ \»\ed’s .

(viit) size of L.sericata eggs in relation to size of
' parent lemale

A large batch of eggs was obtained from normal sized
L.sericata stock-culture flies, and divided 1nto'two
approximately equal parts. Both lots-ﬁere bred out to
flies using the normal technique, One lot of larvae was
allowed to feed to full size (i.e. for four days at 25~
2600) end produced normal full sized flies - the females
weighing 50 = 70 mg. when gravid: The other lot of lervae
were ellowed to feed for only 1.5 days and produced extremely
small fliee, the gravid females weighing only 15-20 mg. Both
lots of flies were kept in separate cages and fed with meat
in the usual way until egg laying commenced. Eggs {rom
both lots were selected at random from batches and their
lengths measured, The mean length, standard deviation, and
extremes of variation of eggs from three batches laid by

smell and three by large flies were as follows:-
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, (»)

Eggs laid by full sized flies
_Bateh 1 1196 % 52 (1071 - 1285)
Batch 2 1225 ¥ 30 (1145 - 1285)
Batch 3 1150 ¥ 37 (1097 - 1259)

Eggs laid by small flies
Batch 1 1077 3 69 ( 988 = 1202)
Batch 2 1264 ¥ 23 . (1211 - 1309)
Batch 3 1186 3 10 (1161 - 1202)

The mpeans of the three batches pooled in each case were as

follows:~

Eggs leid by full sized flies
' 1194 % 43
' Eggs laid by small flies
1174 3 874

It will be seen that there were no marked differences in

egs size corrglated with size of fly; the differences between
the mean lengths are smaller than the standard deviations,

The sma}l flies laid both the smalleef (988 ) and the
1argest(1309fk) eggs. The greater variation found in the
‘size of egge laid by small flies is probably purely
accidental, and &f greater numbers of batches had been
examined ﬁhe variation:;e%ﬁeeﬂ the mean length would probably

11 bath yrovhs

have been more similaq¢ It is therefore concluded that the

eggs laid by small females ere not smaller than those laid
by normal full sized females. |

| Observations on the numbers of eggs laid by the two
groups of flies were carried out, The small flies igre found
to lay very much fewer eggs than did the large flles.
Although both lots of flies contained approximately the same
pumber of females, two days after commencing egg laylng,
the smmll flies.had laid only 58 eggs, while by the same
time the large flies had laid neariy 400. Before they
died the small flies only laid about 150 more egge While the
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full sized flies laid several hundreds. Counts of ovarioles
in flies of both sizes yielded the following results (Table 16).
TABLE,'6

No of ovarioles in L.sericate

. Smell Flies L, Largs flies
88, 74, 60, 69, (Avefage 67) 278, 184, 227, 280 (Avgﬂa§e
. , ‘ 5

It appears that the undersized female L.éericata does not

1ay egge of reduced size, but maintains the egg size at about
the normal level, while accommuodating ihem in the abdomen

of greatly reduced volume by having a reduced number of
functional ovarioles, so that fewer eggs mature together.
Mackerras.(l936) gstates that small L.cugrinaifemales produce
fewer eggs than large ones. | |

i

(viii) The waterproofing mechanism of blowfly egrs

' In view of the evidence obtained of the existence of:q
1lipoid waterproofing layer between the chorion and the
c¢v,membrane of the L.sericata egg (pageZ}&, experiments on
 similar lines were carried out on the éégs of the five
other blowfiy sppes studled. ‘

The.éffect‘of abragsion with fine alumina of the intact
c.v.membrane after rembval of the‘chorion from.the 8gy and»
of dusting the c.v.membrane with alumina which was kept
static and not allowed to abfade the membréne, was studied
by means of experiments similar to those carried out onv

the L.pericata egg, and identical results were obtained. :

In all five spp. slight abrasion of the c.v.membrane.led to
such rapid water loss from eggs that they became completely
collapsed within's min. in dry air at_19°c, by which time
untreated controls with chorions removed kept under the

same conditions had not yet lost their original sausage shape.
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Measurements of the ratés of water loss from eggs in
dry alr at various temperatures were carried out. The
technique was similar to that described for the L.sericata
egg_(pageaﬁﬁ). surface area measurements of the egg batches
were however not made owing to the variation in the sizes
of egg within a single batch. Instead the eggs in each
batch ﬁere”couhted and the water loss’expressed in terms
of mg. waﬁer lose per hr. per 100 eggs. The curves obtained

and expressed in this way are given 1n'Fig.|%. From Fig. |8

Fl(..‘%. Ttmlh.lwa\'er-\oss curvesaf
€qqs of shecies sYudied

MG/ 100 EGCS 1R

[

alher than L secicata .

o

it will be seen that the water loss/temperature curve of

P.terra-novae eggs showed a 'critical' temperature in the
region of 37-39°C, but was not so well defined and abrupt
‘a8 in the L.serioata egg. The curves for the eggs of

L;caeéar, Leillustris, C.erythroceph&la abhd c.vomitoria‘
" showed no abrupf 'eritical' temperature. .The ﬁaterproofing '
1ipoid of these eggs would therefore appear to be

different to that of L.sericata. The abraéion expcriments
however ‘indicate its presence. It is unlikely that the

' eggs of such closely related species‘to L.sericata as

>
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- blowflies, would be waterproofed in a fundamentally

different hanner.

(ix) ovoviviparity in the blowfliss studied.

The occurrence of ovoviviparity’in c.erythrocephala
- had long been known. Lowne (i890~92) states that two or
even three fertilized egps may be retaihed in the uterus
of this species. In the present work ovoviviparity in this
species was freguently found to occur in laboratory cultures,
but in every case examined only one fertilized egg'wés
ratained in the uterus, ne#er mors,

Oveviviparity was also found commonly among culture

flies of G,vomitoria, end also in wild ceught flies of -

voth Calliphora spp. It appears therefore that ovoviviparity

in these two specieé occurs under natural conditions and is
not merely a result of artificial laboratory treatment.

In both Calliphora spp. it was observed that the

retained fertilized egg could be one of the firat eggs of
the batch matured by the fly since they were found in fliés
which had had no opportunity for laying eggs since
emmergence., It was also observed that the retained egg
might be the last egg of a batch, since flies.were found’
containing a fully developed egg 1nvthe uterus, while the
éggs in the ovérioles ﬁere in an early stage of growth.
These flies had already matured and 1éid one or more batches
of'eggs; | _

The length of time that a fully developed larva
imprésoned within the egg in the uterus of the adult, can

‘pemain alive was estimated in C.vomitoria in the following

Wéy. The complete reproductive organs, including the
ovipositor, were dissected out from gravid females. Those

_cases where a retained fertilized egg was present in the

“uterus were placed on ggass slides and kept moist with
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Ringer at 16-1803. In many of these cescs the retained eggs
had ngot yet completed gevelopment when removed from the
parent flies, They were observed at 2 hr., intervals until the
fully'developed lgrvazcould be obsefved‘moving 1nAthe eggB.
These observations were continued until the movements of the
larva ceased permenently, whenvit was then judged to be dead.
In this way it #as found that the first instar larvee could
survive 1mprisdnment in the uterus for up to about 45 hr.
at‘16~18°c, This figure represants the lenggh of timé that
the firet instar larvae cen withstand stervation at that
temperature.

Whether ovoviviparity also occurred in Lucilia spu.

and Psterra-novae was studied ﬁy.dissecting stock culture

fenales, wild caught females and specially bred and treated
flies. The latter involved the breeding of flies, feeding
them 6n meat until a high proportion of the females were
gravid, and then removing the meat, 5faubsequent1y dissecting
a number of them each day for a fortnight, HNeither in’

flies so treated, nor in culture or wild flics was & oingle
case of the retention of fertilized eggs found 1n the

above species.

DISCUSSION 4
The water<bath aﬁd incubator experiments showed that

the eggs of L.caesar, L.illustris, C.erthrocephala, C.vomitoria

and'Eaterﬁa-novae were more susceptible to dessication than

the eggs of L.sericata. It was noted in the introduction

(page L]) that &.sericata is the main cause of sheep mylasis
"in Britain, the other species being of less importance,
Since microclimatic studies have shown (Macleod 1940,
Davies & Hobsom, 1935) and Part III of this thesis) that
.conditions in sgheep fleeces are frequently very dry it
appeafs that the eggs of L.sericata are better adapted to

withstand the pigorous conditions than those of the other
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blowfly specles gtudied., The egzs of L.sericata speéies
require a shorter incubation period than those of other
species: This may.be favourable to 1; in an environment
'such as the sheep's fléece where rapid fluctuations in R.H;
méy occur, (pagelUrHQ. The humidity and temperature
relafions of the eggs of.the 1ndiv1dua1‘species are discuésed
in relation to information dn conditions in sheep fleecesn

on page \39-1L0.

| The details of the hatching mechanism of blowfly eggs

. has already been discussed (page 7I-79).

The ovoviviparity which was examined in C.erythrocephala

and C.vomitoria nanndt be of gréat importance in sheep

ﬁyiasis, because of the faét that only single eggs are
fétained_at the timé. since fairly large numbers of larvae
‘are necéésafy before nylasis is succeséfully estgblished,
'Aa'single retained égg laid with sach batch of Callighorﬁ
'éggSyis of noféonsequence. ‘

Thé failuré to observe or induce ovoviviparity in the
oﬁhe} blowfly'species indicates that it must at least be so

rare as to be. of little importance.

SUMMARY
‘1) The minimum humidities for completion of development

at various temperatures, for the eggs of L.caesar,

L.illustris, C.erythrocephala, C.vomitoria and P,terra-

novae were determined. It was found that they all
required higher R.H's for some of ﬁhe eggs to complete
development, than those of L.sericata at the same
temperatures.
2) The eggs of the sbove five species required high
humidities for hatching as with those of L.sericata.
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It was found ﬁhat blowfly eggs changed shape in relation

to R.H.. changes. These shape changes were due to the

mechanical properties of the chorion, which forced the

enclosed egg to deform.. 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 in groups of eggs.

Ly

5)

6)

The 'conditioning' effect noted in L,sericata eggs was

also found with P, terra-novae egg, but seemed less well

marked and more varieble in the other species etudied.
Determinations of the incubation periods of eggs of the

8ix species studied, at various temperatures, showed

that those eggs of L.sericata and L.illustris completed

development in a shorter time than those of the four other

species_studiad.

A}

small L.gericata flies produced from underfed larvas,

were found to lay fewer eggs than normal sized femalee.

" Bggs 1aid by flies of both sizes were found to be of

7)

8)

the same length.
Evidence is produced that the eggs of the five species

-studied are waterproofed by a 1ipoid layer as was shown

for the L.sericata egg.

Ovoviviparity to the extent of retaining a single egg at

- a time was found and studied in C.erythrocephala and

c.vomitoria. No retention of fertilized egas was

observed in the Lucilia and Phormia specles.



93.

PART III

9

FIELD OBSERVATIONS ON FLEECE-ATMOSPHERE HUMIDITY AND ON
THE SURVIVAL OF BLOWFLY EGGS IN SHEEP FLEECES

Introduction

pevies and Hobson (1935), making use of the natural
hygroséopicity of wool, measured the rélative 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. in the fleece,
(nexﬁ to skin) except on the rump and anal regions, rarely
exceeded 7Q% even during wet weather, when the fleece was
moist on the outside. They concluded that the humidity in the
fleece was the deciding factor in determining susceptibility
to blowfly strike, aﬁd that the humid conditions 15 soiled wool
,\aroénd the breech, accounted for the freguency of strike in that
region. This conclusion was supported by the laboratory work
of Evans (1934) on the humidity relatlions of L.sericats eggs.
Alsé Macleod (1940) showed that the fleece R.H. near the skin
under summef conditions rarely exceeded 507, and, in the sheep
he used, rarely became saturated even after heavy rain,

'Recent laboratory work- (Part I, pege 4! ) has shown that
| L.séricata eggs can survive fairly long pericds under rather
dry econditions at the temperatures expected near the sheep's
ékin,land thus would be expected to complete their development
in fleeces if rapid increases in R.H. occurred during their
incubation period. The question of fleece humidity wes there-
fore reinvestigated in order to determine whether such
fluctuations in R.H. did occur during summef'weather.A
Humidity readings were made, in the first place, by means of
cobalt chloride papers &s modified by Solomon (1945). This
‘method was particularly suitable for the purpose since

consecutive readings at partidular sites in the fleecs could



be carried oﬁt;gand a record of day to day changes in fleece
R,ﬁ. obtained with the ninimum of disturbance of fleece
cohditibns. Later in the wofk, a modification of the cobalt
chloride peper technigue, and also cobalt thiocyanate paper
were employed 1h addition.

In conjunction with readings of fleece atmosphere ReHe,
a sfudy was made of the fate of laboratofy laid egg batches
pléced in sheep fleeces, in order to see how far laboratory
results paralleled the behaviour of eggs under fleld
conditions. This study also formed a basis for checking the

accuracy of the fleece R.H. peadings.'

I WORK IN 1946

(1) A survey of methods of measuring R.H.

‘ The problem of R.Hs measurement is one presenting
considerable pracﬁical difficulties in spite of the fairly
wide range of methods available and theoretically utilizable,
“In ent&mological work perhaps the main difficulty is that the '
" {nformation on R.H. is required for the air actually surround-
ing the insect, i.e. the microclimatic R.H. needs to be
measured, often with very small air samples availeable, Methods
used by metevrologists are mainly quite unsuited on this
account, The small air sample accentuates the difficulty
' ¢hat some methods actively change the humidity of the air
while the measurement is being carried dﬁt. Also the relative
amount of disturbance of humidity comditions brought about by .
the actual process of making the detérmination, is usgally
greater-with a smgll vblume of air in the environment.

In the present work R.H. measurements were required for
.the atmosphere of the sheep s fleece -~ i.c, of the air
entangled between the wool and other Fibres of sheep,
~Information on the humidity at various knéwn distances from

the sheep's skin was almed at, since blowfly egge may be laid



at verious distances from the skin within the thickhess of
tpq_fléeca.A In the fleece atmsophere a thermal stratification
occurs, with highei temperature close to the skin with a
felling temperature gradient away from the skin, It is to be
eipected that the temperature falls to a level very near that
6f the outside air, at or near the tips of the wool fibres.

This thermal stratification, if it were the only factor

_affecting 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 impoftance as Well as theR«H.

Some methods of measuring R.He are briefly consideréd

below;~

1) Movements in hygroscoplic materials. Those most commonly

used are hair, paper, & paper + silver foll strip and wood.
Usually-tha movements of'the material are magnified by a
_lever gystem, The bending movement of & wood shaving with

R.H. change was examined in the laboratory. It was found

. .that the method could give accurate results, and could be

made on a smell enough scale to insert into a shéep's fleece
without eausingfexcessive disturbance. Also 1i could give.
a continuousg record of R.H, changes over a period of a few
hours at least. Thé disadvantagss of the method were too
g#eat, since the apparatus needed frequent recalibration,
and was too fragile for daily use among live sheep.

2)_Determination of moisture content of a hygroscopic material.

The materials usually employed are paper, hair or wool. The
material to be used, e.g. & biece of paper of a particular
quality and size is weighed at various R.H's and & curve‘
of weight change against R.H. compiled.' glade (1933)
employed paper hygrometers in this way, and the use of .

weighing'hairnhygrometers was popularized by Buxton (1931).

Paper hygrometers were also used by Macleod (1940) for fleece
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readings. The method has several advantages among which .-

are the accuracy possible if used carefully, and the fact
that any change in weight of the paper used due to
picking up foreign material while being exposed t0 the

- unknown R.H., can be measured by weighing the paper both

before and after the exposure in a known fixed R+H. For

'the present work the method was found~to be too laborious;

and unsulted to obtaining large ygumbers of readings on
several sheep during one day. Also the slight hystereais
effect obtained with paper and other organic materials

may introduce gome érror. An important.objeotion to the
method 1s the relatively large size (see Macleod 1940) of |
the papers placed in the fleeces, so that some disturbance
of conditions.1s likeiy. In éddition, the method does not

.'permit measurements of humidity gradients.

3)

Wet and dry bulb-thermometers. A current of air is required

past the bulbs so that disturbance of conditions is implied,

and evaporation for the wet bulb itself alters the R.I, in"

.u)

& closed spaceQ The method cen only be used for macroclima-

tic R.H. measurements,

‘Dew-point determinations. The possibilities of this method

for measuring_fieeee ReH. were investigated with an apparatus
using a 5 cec air sample, Since the writer was mainly
interested in the R.H. of the air near the skin surface

and at varicus known distances from the skin, the method

was abandoned since it was impossible to be certain whether

all the air in one semple came from one particular layer

of the fleece atmosphere,,

Eleetrical conductivity of salt“impregnated fabric. This
method involves the exposing of a small 'element'!, sssen-
tially compbeed of a salt 1mpregnatéd fabrie, to the unknown‘
R.H. The fabric is wired to a sensitive galvanometer, and
tﬁe conductivity of the element measured. The conductivity
of the element varies with the degree of hydration of the
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7)

large numbers of rapid readings.

97.

salt on the fabric which will in turn vary with R.H.

The method is potehtially very accurate. The disadvantages
are that the apparatus is expensive and delicate, and needs
a mains electric supply fgg‘;ts:operation. Tor the purposes
of the present work, the'mégﬁéd was precluded,since the
'element' would be very liable to contamination with dirt

in fleeces., 1In a@dition, such factors as the CO2 concen-

;ltratiop in the fleece atmosphere might affect the conduct~

1tity of the fabric, apart from R.H,

Chemieal hygrometers. These involve the absorbtion of the

water-vapour from the air sample, usually by means of pure
sulphuric acid, and measuring the contraction in volume of

the sample (Rideal and Henna, 1915), The apparatus wag

- considered too delicate for field use, and unsuited for

i

Colour changes of cobalt salts. This method hes been

modified for microclimatic humidity determinations by
Solomon (19&5). The salt most commonly used is cobal?d.
chloride, and was»alone employed in the ﬁork carried out
in 1946, The procedure adopted in making and employing
cobhalt chloride papers is described on page%HQL Here, the
main éttributes of the method will be considered., Paper
impregnated with cobalt chloride gives a range of colours,
from intense blues at 0-30% R.H, through various shades of
blue—milaé, and pink-lilac at 30-65% R.H., and pink shades
from 65~95%. The method depends on the matching of the
colouras of the exposed papers with those of standard
paﬁers previously exposed to a serles of known humidities
and maintained at- the colour they had attained, by sealing
them in a ocell filled with liquid paraffin. Owing to the
nature of the colour range, it is only between 40 and 709
R.H. that an accurate matching of the papers can be ﬁade.

Less accurate matching.can be made between 30 and 40% R.H.
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and 70 and 80 R.H. For the present work the range 40~
70% ReH. happens to be the most important part of the R.H,
seale, since'these humidities predominate in sheep fleeces,
The advantages of the method are that it is easy to employ
in the field, and can be used to obialn large numbers of
readings simultaneously by placing papers at several points
in the fleeces of several sheep, it can be used to obtain
R.H. readings at various fixed points in fleecec for
several consecutive days. The papers are small and can be
inserted into the fleece with the minimum of disturbance of
flesce conditions, The main disadvantages are that the
papers have to be left in the fleece for 30 mins. without
any movement, and the accuracy of the readings within the
45—70% ReH. range is to the nearest 2%. The fact that free
moisture washes the cobalt salt off the paper 1is not a

serious disadvantage.

(1&) Method used in present investigation

The cobalt 6hloride paper method was that chosen for meas-
‘uring fleece atmosphere humidity, in.the field work carried out
in the summer of 1946. Papers for use in the field and stand-
" ards for comparison were made according to the methods
described by Solomon (1945). Standard papers and the papers
plaéed in fleeces were of_Whatman'No. 1, filter paper,
impregnated in a 25% ‘szolutioﬁ of Analar cobelt chloride
(00012.6H20). The circular filter paper'sheets were immersed
~ for 1 min. at room temperature in the above solution, dried
between two changes of desiccator-dried filter paper with a
'sqneegae. They were then hung up and allowed to dry at room
humidity and stored in desiccators over phosphorus pentoxide,
" 4n the dark. gtandards were prepared by exposing pieces of
oobélt ohloride paper 30 x 10 mm. in size to éonstant
numidities of from 30 to 90 R.H, at intervals of 5%, at 30°C

in ah electrie incubator for 30 min. The constant humidities
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were maintained b& sulphuric acid/water mixturee (Wilson 1921)
placed in honey jars, while the papers were hung at a standard
distance.fro? the surface of the acid by‘means of a hook
attached to the undercside of the tight fitting metal lids.
gince the sitandards were prepared by exposqre to constaat
humidity for 30 min. papers used in field determinutions of
fleege humidity were left in pbsition for the aame period,
Theé tem@efature of 30°C for the éXposure of the stendards was
chosen as being about half way between the temperature at
the skin surface (about 37°C) and at 2-3 cm. off the skin
(probably about 259¢ vut variable). The comparison of the
colours of the fleld .papers with the standards was always
carried out at room temperature; so that both standards and
field papers were at the same temperature (16—1800). Thus
the papers were being comparsd at a temperature considerably
' below the temperature of the sir to which they had been
exposed and with which they had gained moisture equilibrium.
No correction for the slight effect of temperature on the
¢nlours -of cobalt chloride papers was necessary, since
standards and fleld papsrs were compared at the same
temﬁerature..- ’

Papers used in the field were of various sizes from
llx 1 ~1x4 om, They weré nuﬁbered.before use so that the
precise positioﬁ on a particular sheep where the paper héd
been placed was'known. The papers were carried to the sheep
in dry étoppered tubes, s0 that they were always a brilliant
blue colour when they wéﬁt into the fleeces. In the case of
the'strips (1 x2-1xU4 cm) they were carefully inserted
end ways 1nto‘the fleece, so that one end of the papgr rested
ageinst the skin, aﬁd the paper lay along the wool'fibres.
ThQ‘positioh was marked by loosely tying the tips of the wool

staples with string, and care was taken to cause as little

_disturbance as possble to fleeée gtructure. Papers were
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always handled with an entomological pinning forceps. On
removal from the sheep they were quickly transferrea to &
botile of pure medicinal paraifin, which preserved the coloﬁr
they had attained in the Tleece. Coméagison with standards was
made in the leboratory under conditions of fairly constant
* 41lumination, usually within 6 hr. of removing thc papers
from the fleeces. It was found that papers could be kept ' in
paraffin in 3 X 1" tubes for about a week without appreciable
chanée in colour, |

The range of mceurate readings has alreacy been mentioned
(page 97). At R.H's of 30-40% no estiuate of the ;recise
-humidity was made, ahd papers giving suéh reacings were classed
as 'below MO% R.H.!, and are represented on subsequent figures
as 35%. When papers were exposed to alr well below LO¢
(eg. 15%) their intense blue colour could be distingulshed
. from that of the BO;MO% range. Papers giving this intense
blue ﬁere thus classified as ‘'below 30'. Such readings were
encountered under winter conditions only (Table 18). At '
humidities of over 709 owing to the small differences between
- the pink'colours, readings could be made only to the nearest
5% Rsids In the tabulated results of fleece humidity reauings
(Appendix page %2)), reedings from 80-95 are classified as
tover 80', A hamidity of 100% could be recognized as such
by the pronounced leaching of salt from the paper, giving 1t

- a mach paler colour.

At any early gtage in yhe field work it was found that
cobalt strips frequently apperently registered'very stesp
humidity gradients between the skin surface and points 2 - 4 cm.
off the skin. 'In order to tesf whether the strips were reliable
for registering such humidity gradients, laboratory experiments
were earried out as follows:- Conuitions on shesp wet with
pain were simulated by sticking a large pisce of fleecs, )

5 cm. thick, on to a cardboard sheet., The base of the fleece
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next to .the cardboard was maintained dry by packing it with
sillica gel, ﬁhile the free wool tips were maintained moist by
spraying with water. In this way a steep R.H, gradient 1n the
fleece atmosphere, of below 405 at the base to almost 100% R.H.
at the wool tips, was maintalned. Cobalt chloride strips
measuring 1 x 3 cm. were placed 1ln this gradient, and the
readings at the ends of each paper recorded after various
intervals, It was found that very little 'creep' of water
along the papers occurred with 30 min. - the time employed

in the field readings. After 80 min., appreciable 'creep'

had occurred,'ﬁuﬁ it was insufficient to affect the colour

at the extreme 'dry' end of the paper strips.

The positions at which papers were placed in fleeces were
standardized as much as possible. Details of these standard
positions are given in the Appendix (page I79 ). The main
positions employed may be listed here:-~ Withers; midback;
tailhead; right and left crutch; right and left flank; J
right and left belly. Papers were placed at other positions
when such readings were likely to be of interest. 1In practice
it was found that the papers could be placed in very nearly
the same position on each sheep on successive days, so that
standardization of positions was achie#ed to a considerable
degree.

' In the course of the 1946 work, readings by cobalt-chloride
papers were obtained fbr twenty eight sheep. Daily readings
over periods of several days were obtalned for 9 sheep -5 at
Houghall Farm, Durham, and 4 at Crag Farm, Ravenglass,

| Cumberland. Details of all sheep employed will be found in

the Appendix (page 180).

(111) Ccomparison of the method with thoes previously used.
A series of parallel fleece humidity readings using cobalt-
chloride papers and the wool weighing technique of Davies &

Hobson (1935) were made on three sheep under summer conditions.

/
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A further series of triple comparative readings using the
present method, the wool method and the paper hygromster
technlque as used by Macleod (1940), were made on three
sheep under winter conditions in December,

The Davies & Hobson (1935) method involved the removal
of wool samples from the basal 2 e¢m. next to the skin, convey-
ing them in stoppered tubes for weighing, aﬁd by successive
weighings after exposure to various humidities the R.H. at
which the sampleg were in equilibrium before removal from
fleeces were determined. This fipurc depended on the
assumption that the relationship between weight and humidity
is linear. The suthors found that this was so over a certain
R.H. range and gave the curve of weight of a wool sample at
different R.H's (Davies and Hobson, 1935, page 284, Fig.l).
This ecurve showed a slight hysteresis effect, in that the
weights of the sample with rising and falling R.H. did not
exactly coincide, |

Macleod's paper hygrometer method. Macleod st;tes that
he used a single batch of good quality writing paper. After
many trials with different types of paper the writer
selected a writing paper with high hygroscopicity., But even
in this paper the weigﬁt differences were considered to be
spmaller than would be desired. Piecss of this paper weighing
about QOO mg. were stored at 30% R.H. 30°C. and always
brought to the unknown humidity from this fixed starting
points Cylinders of wire gauge ebout 4 X in. closed at one
end were employed for keeping the papers in the fleece. The
papers were transferred from the standard 307 R.H. 30°C.,
system to tightly corked test tubes, in scrolls of about
1} turns. In the field they were quickly transferred to the
gauze oylinders, which were placed against the skin in a
natural 'shed' of the wool, After a fixed period of 1-2 hr

the end of each gauze cylinder was exposed and the scroll
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transferred by forceps quickly into a tightly corked test-

tube and brought to the laboratory. Weighings were made

on a torsion balance (500 mg./0.5 mg.). After weighing each

paper was exposed for 24 hr. at 309 R.H. and again weighed

as a check fbr alteration of weight by soiling or other cause, -
Ih_carrying out the comparative readings with cobalt

chloride papers, the wool weighing method of Davies & Hobson

and with paper hygrometers as used by Hacieod, care was taken

to adhere to the technical details of thevmethods as given

by these authors in their papers,

| The oomparative readings with cobalt chloride papers and

the wool weighing method obtained under summer conditions,

are given in Table 17. This table shows several points of

interest, The humidity readings obtained by basal wool

Tablel] @ Comparative humidity readings (summer conditions)

Wool weighing Re‘adings by cobalt-chloride papers (% R.H.)

n;«;tgg;iagszmcglf)es At time of sampling 6-12 hr. before sampling Remarks !
a
(% rH.) Skin surface | 2 cm. off skin | Skin surface | 2 cm. off skin ‘
100%* 100 100 9o+ 100 .. Wool samples | !
Senes)] 86. 50 70 50 70 taken during
I Yor . — — 100 100 long rainy f
74 — — 51 5I period, when |

sheep were
continuously
wet

100* 100 100 100 100 Samples taken 1{
) Senes 78 67 75 70 72 day after pre- | !
2 97* 100 100 100 100 ceding set.
74 . 56 67 6o 72 Sheep still wet]
. (75 56 63 s0 65 Samples taken
Senes 79 65 68 . 75 75 5 hr. after pre-
3 )86 ' 55 75 58 .75 ceding set.
76 55 65 55 67 Rain ceased and|
‘ : sheep almost
, . dry
6 " 40 43 56 ° 63 Samples taken
S";:‘ 62 12 42 — — 24 hr. after
70 43 43 © 5% 65 preceding set.
Dry weather
- (62 46 46 — — Samples taken
Series 50 Below 40 40 — — 3 days after
5] 50 - 42 45 — — preceding set.
Sheep dry.
Weather in
intervening
period dry

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

sample welghings in Table 17 (col. 1) show that their water
content was consistently higher than would be expected on the
baeis of the fleece readings by cobalt-chloride papers.

For example, in the second reading of series 1 (Table 1Y) the

wool weighing technique gave a reading of 865% R.He Cobalt-
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chloride paper readings taken at this site both immediately
before sampling and 6-12 hr. before sampling showed a
humidity of 50¢, R.H. close to the skin with an ascending grad-
ient to 707 R.H. at 2 cm. off 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, it
seems, was not in equilibrium with the basal fleece atmosphere.
- Further readings by the wool method (Table 20) showed that
this condition apparently existed in winter too. This
phenomenon was also found by Macleod when he compared the
results of wool calibrations with those of paper hygrometsrs.
He suggested that the positive discrepancy in results of the
former. technigue was probably due to continuous skin gland
secretion (possibly yolk secretion). However this may be,

it seems that the wool weighing technique is subject to such
positive errors that it cannot legitimately be used to assess

the suitability of fleece humidity for blowfly strike near the

skin,

- Wool weighings (Table 17, col.l) gave higher readings when
the'sheep were wet than when they were drr. The readings are
grouped in series each of which was taken 5 hr. to 3 days
after the preceding series, from the same individual sheep
(nos. 1, 2, 26). It will be seen from the table that the
readings in series 1 and 2 taken when the sheep had been
continuously wet during a rainy period lasting several days,
are much higher than those in series 4 and 5 taken when the
sheep were dry, after,the end of the rainy spell. The
lower readings obtained in series L and 5 however still
higher than the correspondlng cokalt chloride paper readings.
In series 1 and 2, free rain water had penetrated to the
basal 2 cm. of the fleezes in only 3 of the 8 samples, so that

this factor alone could not account for the higher readings

in these series. It appears therefore that rain on the
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outsides of the fleeces although not penetrating to the basal
2 ocm. did increase the moisture content of the basal fleece
‘during/the wet period, This phenomenon was also described
by Macleod in his'paper, and he suggested the possibility of
some vapour diffusion process at work along the lengths of
the wool fibres.

In fhe present work it will be shown that considerable
humidity changes can occur in the basal fleece atmosphere
within periods as short'as l - 3 hr; therefore the time
taken by pieces of fleece to regain equilibrium with the
fleece atmosphere after a suddén humidity change 1s of
practical importance if the wool weighing method is to be
used, In the 1aboratory it was found that unwashed naked
fleece samples, -about 400 mg. in weight, transferred from
C to 95% R.H. at 37°C required well over 3 hr, to regain
complete equilibrium in the higher humidity, while cobalt-
chloride strips showesd that the air entangled in the fleece
samples reached the new humidity (957 R.H.) within 1 hr,
This eonsiderable lag would invalidate results by the wool
calivration method during showery weather when the basal
fleece humidities may fluctuate rapidly.

The triple comparative humidity readings obtained under
winter conditions are given in Table 18, The higher

humidity readings obtained by the wool method than with the
Table}§@3. Comparative humidity readings (winter conditions) (% RH)

. Paper hygrometer |. Wool sample
Sheep no. Cobalt-chloride paper method method (Davies & l
) method (Macleod, 1940) Hobson, 1935)
1 Below 30 (30) 19 50
1 Below 30 (40) 26 48 ‘
2 40 (58) 50 67. ,
2 Below 30 (42) 21 55 I
2 Below 30 (40) : 22 —
3 42 (42) 40 " 50 !
1 Below 30 (40) ) 16 — |

The numbers in brackets refer to the rez}(_i_irgsi 3 cm. off the skm

other two is again apparent. Although cobalt-chloride papers
cannot be used with accuracy below 407 R.H, Table 48 shows
fairly close agrsement between R.H, measurements by this

method and those by paper hygrometers, at identical sites

in the fleeces. Cobalt-chloride papers can register
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humidity gradients while paper hygrometers cannot. For
example, in Table §f, it will be seen in the third set of
geadings (sheep 2)'that cobalt-chloride papers indicated &n
R.H. gradient in the fleece atmosphere, rising sharply from

<} near the skin to 58% R.H. at 3 cm. off the skin, A
paper hygrometer placed as close as possible to the skin at
this point in a natural shed of the fleece, failed to give any
indication of this gradient but showed an intermediate R.H. -
namely 50¢.

(1v) Pleece humidity fluctuastions as measured by cobalt-
chloride papers

In the following pages, unless otherwise stated, the terms
'fleece R.H.' and 'basal fleece R.H,' pefer to the R.H. of the
fleece atmosphere within 1 cm, of the skin of the sheep, The
following figures in thes section refer to the R.H. at
this position unless otherwise indicated. o0Only specimen
results of the cobalt-chloride fleece resacdings are discussed
to 1llustrate the main features of fleece R+Hs fluctuations
found. The full results are tabulated in the Appendix (pageéﬂay

Sheep nos. 1-3 and 7, the fleece R,H. readings of which
are graphed in Figs.2l*d, were .at Houghall Farm, Durham, and
ghould be considered in the light of the meteorological data
| taken at this famm anq summarised in Fig. 19. The conditions
under which the sheep were kept at Houghall wsre typical for
grass sheep on a lowland farm in northern England., Sheep
nos. 4 and 5 were at Ofag Farm, Cumberland, and were hill
sheep kept under conditions typical for the lower fields of
upland farms, where the pasture is of a poor type, poorly
drained, and with considérable bracken growth, and with
heavier rainfall than at Houghall.

The time of day at which particular fleece readings were
made is glven as G.M.T.

| Sheep 4 and 5 (Fig.20). Observations on these shesp were
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made during cool summer weather, It will be seen that the
fleece R.H. near the skin at the midback of sheep 4 was

below 4O#Z during most of the period; this is shown in Fig.20
&8 35%. It will be seen that when these sheep were wet after
rain (e.g. 6, 8 Aug.) the fleece R.H. was appreciably raised,
especlially in sheep 5, in which after heavy rain it frequently
reached 60-80%. The fleece of this sheep (5)- a Hekdwick
wether - was short and coarse (see Appendix page 130) and

penetration of rain drops to the basal.cm. of the fleece along
30 ' '

25 - . ; Maximum temperatures

S 0

: 15p=

1-0 = Rainfall

Inches

Sunshine

Hours

20 25 30 4
July August
Fig.‘,. Meteorological data, Houghall Farm, Durham.

| 5 10 15

%, R.H.

of O
- s ~o ,_.I\. ™
S " : l \O"-ox// O\\\

. . \ / \ \._' O/ \ /
\ / .
l O—-— 0—-0 O0—o0

2 1 2 1 1
11_ 13 14 15 16 17 18 19 20 21
August :

Fig. aOFleece atmosphere R.H, variations in sheep 4 and 5. Black columns indicate when the parti-

cular sheep was wet with rain, in this and subsequent figures. Sheep 4 ;sheep g ------ ;
macroclimatic R.H. (read .by a sling psychrometer at the same times as the ﬂeece readings were

taken) ---eeeeeeeeees ; O, midback posmon, ., right crutch position.
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the back and flénks ﬁas the rule rather than the exception.
That the effect of rain on the basal fleece R.". was of short
duration is shown on 8 Aug. where two sets of readings were
made - one at 09,00 hr. when the sheep were wet after night
rain, and another at 14.30 hr. when the sheep had dried,

The readings éhowed that after the rain dried from the outsides
of the fleeces, the R.H., near the skin had fallen rapidly

in éll cases. The general picture of fleece humidities in
sheép'h (Fig;zo) is onme of low R.H. raised for short periods
by the effect of rain and dew, and agrees with the acdounts
given by Macleod (1940), who used mainly Down Cross lambs.

Thik same figure, however, shows other features, In sheep L4
the R.H. near the skin at the right crutch was, during most
of the period, significantly higher than over the rest of the
body, &lthough the fleece was not cohtaminated with any dung
or urine, By estimating the percentage development of freshly
laid L,sericata egg batches, placed in various parts of the
fleece of this sheep, 1t was shown that only in the crutch was
the humidity suitable for blowfly egg development; other
parts were too dry (see page W6), This higher R,H, in the
crutch region seems to have been due to more fapid skin
secretory activity in that region compared with the rest of
the body surface, since cobalt-chloride strips in the former
position frequently shoved a higher R,H., at the skin surface

- that at 2 cm, up the wool staple. Other experiments on shesep
4 also pointed to the same conclusion (page ILL5),

Comparing fleece R.H, readings for sheep L with those for
sheep 5 (Pig,20) 1t will be seen that the fleece of the latter
sheep wag consistently more humid. In sheep 5, only 37%
of the ninety-three readings taken were at 50% R,H, or below
that level, compared with 79 in sheep 4 (ninety-four readings).

These differences may he due to greater skin secretory activity

in sheep 5. This view was confirmed by the fact that in this



sheep, when the fleece was not wet with rain, the R.H. was
frequently higher near the skin surface than at points farther
out in the fleece; this occurred less frecuently in sheep L.

gheep 2 and 3 (Mig.21). These were two short-flesced

Swaledale x Border Leicester ('Mule') lambs. Humidities are
again seen to be below 40¢ R.H. when the sheep were dry, but
rain on the outside of their fleeces raised the basal humidities
considerably, e.g. 22 July. Since their flecces were short,
rain was frequently found to penetrate to the basal cm. of

the flecce, and sometimes to the skin along their backs. On

100

'Fig.a‘_Fleecé atmosphere R.H. variations in sheep 2 and 3. Sheep 2
@, withers; other symbols as in Fig. 2.

their flanks, the wool locks formed an efficient 'roof-tils'

gystem whereby the rain was turned off their bodles. These
two lambs, however, Gid show idiosyncrasies in flesce R.H.,
possibly correlated with differences in their fleeces (see
Appendix page 130}, After rain, the fleece R.II. tended to be
higher'in the close-fleeced sheep 2 than in the slack-fleeced
gheep 3 (Fig.23: 22, 29, 30 July). Macleod (1940) claims to
have ghown that rain penetrates farther into a close than
into a slack fleece, It was noticed in the Tield that the
slack fleece of sheep 3, after rain had ceased, always became
dry to the touch in a shorter time than did that of sheep 2.
These observations tend to support the countention of Macleod.
It is also to be cxpected that drying processes within the
thickness of the fleece would be more rapid in a slack fleece,

Fig.21 indicates that the fleece humidities of these
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ghort-fleeced lambs tended to follow fluctustions of
macroclimatic R.H., apart from the direct effect of rain
drops in their fle=ces, '

Suggestion of a diurnal rhythum of fleece R.7.,, which would
b-e well developed in hot weather with heavy d8w or rain
during the night, is afforded by the data in Fig.21 (22 July)
when humidity readings were taken in the morning, after night
rain, and again in late afternocon (e¢f. Fig.20, 8 Aug., when a

similar result was obtained).
- 100

80
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6of ¢
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‘ 40
[
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8 10 11 12 13
o : July

4; Fig.az_Fleece atmosphere R.H. variations in sheep 1 and 7. [, tailhead position;
| other symbols as in preceding figures.

ggﬁféhgép 1 and 7 (Fig.22). The ploture of fleece R H. in

|
|
|

‘these two Down Cross lambs differs markedly from that of the
shéep hitherto consideréd. Humidities in the fleeces of these
gheep from 8 to 16 July were above 60% and frequently ebove
85%'R¢H.. Por the most part high R.H's were confined to the
basal 1 cm. or so next to the skin, and cobalt-chloride paper
strips indicated very steep humidity gradients, from 60 to
90¢; R.H. near the skin, to below 409 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 labmgatory laid L.sericate
eggs, Which had been incubated to within half an hour of
hatching, was placed in the fleece, at the withers of s@éep 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 é strike was

established at that spot without any addition of moisture;



111,

those eggs 3 cm, frou the skin did not hatch. This shows that
the humidity neer the skin was at least 807 R.H., and nearer
the outer surface of the fleece very much lower. These two
lambs (sheep 1 and 7) were healtﬁy and undipred. Dpops of
yeilow~stained watery material were observed on wool fibres%
near the skin, and were wet to the touch., ihen cobalt-chloride
stfips come into-contact with them, they produced a
characteristic decolorization in which the dobalt salt was
washed up the paper, leaving a colourless edge. This phenomenon
was similar to that produced by contact with water droplets.
Contact with greasy material, causing a translucent stain on
the papers, was much rarer. |

gince sheep 1 and 7 were sweating to an extent sufficilent
. $0 maintain sutable humidities for the dsvelopment and

survival qf blowfly eggs and young larvae during the period

8-16 July (Fig.22), the limiting factor for strike on these

B

A, B
I/A /A\\ /
’ o\ !
, t
¢

July August

Fig. aSFleece atmosphere variations at a later period in sheep 1 and 7. A, right
ﬂank posxtlon other symbols as in precedmg ﬁgures

'sheep must have been that they did not attract blowflies to
oviposit on them. The weather during that week was
exceptionaliy:hot and dry (Fig. 19). Sweating, as measured
by a high humidity close to the skin, was particularly rapid
 1n the withers region in both sheep (Fig.22), and it appeared
to spread tocther parts of the body as the hot weather
‘continued.

From Fig,19 it will be seén that the weather after 13

July became cooler and wetter, Sheep 1 and 7 were dipped



in a D.D.T. emulsion on the morning of 18 July and deily
fleece readings recommenced on 23 July; some of the results
are graphed in Pig. 23, Comparing Figs. 22 and 23 it will
be seen that in the second period their fleeces wers
considerably drier, and quite in keeping with Figs. 20 and
21. In both sheep, however, during the period 23-27 July
(Fig.ZB),'humidities were still high in the flank position.
It is concluded that sweating had diminiéhed over most of
the body surface, butwas still sufficiently rapid on the
flanks to maintain high R.H's close to the skin, Additional
- daily humidity readings taken in dry weather showed that
rapid sweating frequently occurred over large areas of the
flanks of both sheep at this time. Fig., 24 shows that these
flank sweat-areas were not constent, but varied from day to
day.

Some indication of the relationship of fleece atomsphere
R.H. to macroclimatié R;H. is given in Fig. 25, where humidity
readings at the skin surface are compared with those at
3 6m., off the skin, and with the macroglimatic R.H., read
by a sling psychrometer at the time the fleece readings
wepe taken. The fleece readings refer to the right flank
position of sheep 1 during a period when sweating was occur-
‘ring in that region. From Fig. 25 the following will be
noted; | ' .

(1) Quite aﬁart from the direct effect of rain, the
fleece R.H. at 3 cm. off the skin tended to follow variations
in macroclimatic R.H. (e.g. 31 July-2 Aug.).

(2) The skin surface R.H. borevno relation to macro-
climatic R.H. |

(3) puring rapid sweatihg the fleece R,H. was found
to be highest close to the skin: this represents a
reversal of the gradient to be expected on grounds of

thermal stratification of the fleece atmosphere (e.g. 2L~
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26 July, 31 July- 1 Aug.).

(4) The R.H. gradient, due to sweating, may be abolished
(27 July) or its direction may be reversed (30 July). by
heavy rain. -

It will be shown (Part IV) that increased sweating
can be produced, 1n'some sheep, by causing them to run. 1In
four such running experiments on 6ne sheep, sweating was
_ detected at the withers in each case, but never at the mid-
backs Since the withers and midback positions were only
- about 30 ém. apart, sweating would thus appear to be some-
times sharply restricted to particular parts of the body
surface. This fact may account for some strikes on clean
wool, otherwise difficult to explain. Examples of such
. .sptrikes, occurring at the same spot on one gsheep in successive
years, are quoted by Macleod (1943). The following observa-
. tions show that factors other than muscular exertion also
influence the rate of sweating. Fleece humidity readings
were taken on sheep 10, a Swaledale Rem lamb, at 09.30 hr.
on 20 Aug. } Vthese readihgs are given in Table 19.. The
highef humidities next the skin indicate that rapid sweating
was occurring, although the sheep had not been running nor
was it excited abnormally during the period of the observa-
tions. Readings at the same positions on this sheep were
carried out 3 hr., later under similar weather conditions,
They showed that the fleece atmosphere throughout the thick-
ness of the fleece was below 40% R.H., indicating that sweat-
ing had ceased, or at least was proceeding at a slower rate,.
Simultaﬁeous observations on sheep 4 showed no such variations,
although both sheep were kept together and treated identically.
Tt is evident that skin secretory activity in éheep may be
governed by factors, other than muscular activity, and which
are probably not directly dependent on external conditions

gsuch as atmospheric humidity or air temperature.
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Table¥) Sheep 10. % R.H. at 09.30 hr., 20 August

Position in fleece ] l ‘

Withers Midback " Tailhead | Right crutch .Right bell;’ '

Skin surface - 62 . 5I ) Below . ‘
3 cm. off the skin Below 40 Below 40 Below 40 - go ) Tsv #

The above observations also show that moisture at the
base of aven a thick, close fleece, is very rapidly evaporated,
and that to maintain high humidities at its base, suiltable
| for biowfly éggs to develop, aAcontiruous supply of moisture

is néeded.

'(v) The fate of freshly laid L.sericata egs batches placed
Ain sheep fTs&€ces

Egg batches, freshly laid by laboratory bred flies,
were placed 1n various positions on the sheep mentioned in
the preceding section. A small number of eggs of each
bateh were set aside in satureted air as gontrols, Batches
were removed from the sheep after 12-16 hr., the constituent
‘ eggs teased out after wetting, and the proportion of eges
containing‘fully developed larvae estimated (Table 20).

The humidity readings in Table 20§p), col.4, were taken
6~12 hr, after the end of the incubation period of the egge
in question. Thus, they do not necessarily represent the
hﬁmidity conditions to which the eggs were subjected during

development.

Table 20 Development of eggs in fleeces
. Eggs were placed on the skin of the éheep unless otherwise stated. - : I
(a). Sheep at Houghall Farm, Durham

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

" Estimated per-

X - of eggs
Sheep no. Position of eggs Readings taken | Readings taken cegct);ggletingg
* 1—5 hr. before at time eggs . development
eggs were placed |- wefe removed -
in the fleece from the fleece
: {Wlthers Below 40 48 > 50
2 Withers Below 40 47 [°)
) Withers 6o 55 > 50
3 Tailhead Below 40 Below 40 <50
Withers 45 56 100
Tallhead Below 40 Below 40 <50
1 Below 40 — o
6 Rxght thigh - Below 40 —_ 0
{ Below 40 — o
Rxght flank 51 60 <50
7 {nght flank .. 62 50 <50
Right flank Below 40 55 <350
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Table 20, (b) Sheep at Crag Faim, Ravenglass
. Cobalt-chloride paper readings at
| site of egg placement (% R.H.) Estimated per- |‘
Sﬁgep Position of eggs ' Readings taken | Readings taken centagelotf. cees |,
. at time eggs 6-12 hr. after dcomlp N mgt !
were placed in end of incuba- evelopmen ‘
the fleece tion period ‘}
- Withers . Below 40 Below 40 o
Withers Below 40 - Below 40 <50
Midback 45 Below 40 o
Midback Below 40 Below 40 . o
JMidback 70 43 <50
4 Right crutch 50 — <50
Right crutch (4 cm. 66 — > 50
off skin)
R Right crutch 50 50 — 100
Right crutch 50 : 50 > 50
Right flank 57 63 <50
Right crutch 45 57 . (<)
Withers 75 ’ 75, v 100
) Midback 46 67 o .
5 Right belly 6o : 69 100
Withers 63 - o
Withers (3 cm. Below 40 — o
from skin) [ )
Withers - 66 . 70 <50
Midback 55 68 >50
Left flank 74 75 - 100
- | Right flank : 68 68 62 - . 100
8 1 Right flank 55 — 100
- Withers ) 70 100 - °
. Left flank 73 Below 40 > 50
9 Withers -. Below 40 6o [
Withers . 56 . 61 <350
Withers (3 cm. Below 40 : 70 <50
R from skin) i
1o ] Midback (3 cm. — 64 100
. from skin) . 2
Right flank . 57 50 100
[ - Right crutch . 50 50 = — 100
‘ Withers . 61 Below 40 - — )

In general the reeulte 1n Tabls 20 confirmed laboratory

experimente on the L.sericata egg, and emphasized the

reliability of readings of fleece humidity by cobalt-chloride
papers. .Using the latter technique, it was shown for sheep U4,
that humidities in the crutch region were higher than in
mest other'pabte of the fleeee (Fig.20, Appendix page ﬂH‘ﬁW)
Tﬁe hﬁmidit& in the crutch ofﬁen approached 509 R.H., =~

the minimum humidity for the successful development of eggs
at 379, Tﬁese results were confirmed by placing eggs in .

: vefious parts of the fleece of this sheep (Table20(b)). of
five batches placed in the midback and withers regions, in
three, all eggs failed to complete development, whilst in
the other two only 10% reached the prehatching stage. Of
four batches placed in the right crutch, three showed prac-
tically 100% completion of development, whilst 209 of the
remaining Lth bateh reached the same stage. Thus only the
crutch region of the sheep was sufficiently humid for the
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development of L.sericata eggs.

Altogether 42 egg batches were placed in the fleeces of

9 sheep; in 16 batches more than 509 of the eggs completed
development; in 12 between 1 and 50% of the eggs reached
~the same stage; whilst in the remaining 14 batches all eggs
died through desiccation at an early stage in development.
In a few batches, several eggé hatched whilst in the fleece,
0f the batches in which more than 504 of the eggs completed
development, some were taken out of the fleece after 10-12 hr.
and placed in saturated air; from these many larvae hatched
within a few minutes,

| It is clearly evident from the above experiments, that
humidity conditions in sheep fleeces were sometimes maintained
at a level sufficient for L.sericata eggs to complete
development., Humidities high enough for hatching, howsver

occurred less frequently.

II. WORK IN 1947
. Field work in the summer of 1947 was confined to

obtaining readings of fleece R.H. for sheep nos.29-42.

Methods were exactly similar to those in 1946 (page 99-100),
end the full results will be found in Ahe Appendix page 225;227.
The readings were carried out in June, during moderately

warm, sunny weather using Border Leilcester x Half bred cross
lambs, about 6 months old (Appendix page 225-227).

The readings obtained throw some light on the comparative
frequency of swéating at the various standard positions in
the fieeces where readings were taken, As before, the
indidence of a higher humidity at the 'skin' end of %he
cobalt~chloride paper strip, than at the other end 2-3cm,
off the gkin, was adopted as the criterion of sweating at

the time the readings were taken. An analysis of the
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inclidence of such 'sweat' readings is given in Table 2I.

TABLE 21

Frequency of 'sweat! readings at various points in fleeces,
Sheep nos. 29-42." June 1947,

Total No.of Ko.ofreadings % readings

Posiﬁion readings. showing showing
— : sweatipg sweating
Withers 39 15 38.4
Midback 19 5 26.3
Tailhead - 39 6 15.3
R:flank 16. 2 12.5
L.Tlank L 3 21.4
Re.crutch 8 0 0.0
Totals 135 31 22,9

The figure of 38.L% of readings showing sweating at the
withers is the highest of the positions studied. This
re~-emphasizes the conclusion reached during the 1946 work
(page 111) that sweating was éften most marked at the withers,
which is a position known to be the most susceptible to
blowfly strike, considering itssmall area, »Hutside the
breech region (Macleod, 1943)., In Table 2}, the next most
frequent site of sweating was the mldback position, again
a.regioh where 'body strikes' are comparatively fregquent.

The number of readings for this site (19) is however too

small to hase a definite conclusion on the results,

III WORK IN 1948

From July to Sept. 19&8} laboratory laid egg batches
of the 5 blowfly species other than L.sericata were placed

in sheep fleeces in conjunction with fleesce R.H. readings.

(1) Methods
Solomon (1945) described, in addition to cobalt-chloride
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paper, other papers impregnated with cobalt salts for the
measurement of R.H. by colour-matching methods. Since paper
impregnated with cobalt-chloride alone gives fairly accurate
humidity readings only within the range 4O-70% R.H., 1t was
decided to adopt other methods in conjunét;on with cobalt-

chloride papers, to give accurate readings over a wider
range of humidities. For readings within the LO-70% R.H,
range, cobalt-chloride papers were retained. For the 30-40%
range, a modification of cobalt-chloride paper, mentioned
by Solomon (1945) and used by Darrow (1943) was employed,
involving the addition of glycerol to the cobalt-chloride
solution in which papers were impregnated. For readings
within the 70-§5% R.H. range, cobalt thiocyanate papers wers
empioyed. In the case of all 3 methods, suffiéient papers
were impregnated in the salt solutiomsat the beginning of
the season's work to last through the season, and to méke
the standards which remained effective for at least 6 months
(Solomon, 1945)..

parrow (1943) mentions that if glycerol be added to
the impregnating solution the sensitive R.H. range of the
paper, where various distinctive lilac shades occur, is
moved further down the range than the 4C-70% R.H. of normal
cobalt-éhloride paper, The ammount of this shift is
directly proportional to the ammount of glycerol present
in the solutibn. Solutions containing 25% WA' of cobalt-
chloride were made up 1n'mixtures of water and 5, 10 and
20% 'Analar' glycerol. Pieces of désiccator-dried No.l
filter paper were impregnated in each of these solutions
and dried at room humidity. These 'glycerol-cobalt-chloride'
papers were exposed at 30°C to several humidities. The
colours they attained were compared with the colours of
normsl cobalt-chloride paper standards of the same humidities.

It wad decided fPom these trials that paper impregnated in

/
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209 glycerol-cobalt-chloride solution (hereinafter referred
to as glycerolpapers) gave‘the'most suitable sensitive range
for the purpose in view. This range was 25—55% R.He An
 unexpected result of thé addition of glycerol was that fhe
colours were appreciably more brilliant than the correspond-
ing colours with oobalt-chlofide alone, -'Glycerol' papers
and standards were then prepared as described for straight
cobalt-chloride paper (page%-%).

The cobslt thiocyanate papers were prepared as described
: by'Solomon. Crystals of pﬁré cobalt thiocyanate
(Co(GNS)Z.%HZO) were obtained and dried over phosphorus
pentoxide for several days. A solution containing 23.0 gr.
of thié substance per 100 ml, distilled water was then made,
and papers were impregnafed in it., A special thin tissue
paper (Electrolytic 'B' Condenser Tissue) was used for this
purpose, as recommended by Solomon, since the brilliance of
the colours imparted to paper with this solution rendered
the use of thicker paper unneeessary. The best range for
acourage colour mathcing and thus for accurecy in humidity
readings is 70-95% R.H. with'cobalt thiocyanate papers.
gtandards were pyepared at 30°C as deseribed for cobalt-_
chloride paper (page9%-%) and the same length of exposure of
standard papers and of papers in fleeces was used,

In the fleece R.H, determinations, the glycerol and
cobalt-chloride papers were .always used as‘strips 20- x 7.5 mm,
1n size, and were atuck‘togethér in parallel Pairs by a thin
transvérse gtrip of adhesive paper, each strip being numbered
at ihe'top left hand corner with a pencil before use, and
stored in a dry air chambér. These 'double stripe' were
inserted by forceps, endways into the fleece so that the
bottom end (without the number) lay sgainst the skin. In
preliminary trials using cobalt-chloride, glycerol and cobalt

thiocyanate papers, strips of the 3 types ol paper~were
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joined together with adhesive paper to form 'triple strips.'
They were discarded in favour of the 'double strips' because
it was found that the thin tissue thiocyanate papers usually
curled up by the time they wefe removed from fleeces, 80 that
the exact distance of the ends of the strip from the sheep's
dkin was variable. In subsequent field work the thiocyanate
papers were inserted into the fleeces separately in the form
of small pieces about 1 cm. square, which were pushed into
fleeces uptil they lay on the skin or approximately 2 cm.
off the skin. The preliminary field trial of the three
types of paper was carried out on sheép in July. Where
the sensitive range of the. cobalt-chloride and ‘glycerol’
papers tended to overlap (45-55% R.H.) the R.H. reading
given by the two papers 1n a double strip usually coincided
to within 2¢. In this field trial, the humidities 1n the
éheep fleeces happened to be too low for accurate reauings
by the thiocyanate papers. . ,

Readings given by cobalt-chloride papers were classgified
as already described (pagélOO). jhen reacings by glycerol
papers were above the upper iimit of their sensitive ranre

(55% R.H.) they were classified as 'over 553 R.H.' and are

given as '55+' in Tables .

(i1) Survival of egg batches of species other than I.sericata
in sheep leeces

Between 8 July and 3 Sept. 1948, 143 egg batches laid
by laboratory cultufes of the undermentioned species were
placed in the fleeces of 17 lambs (sheep nos. 43-56/60-62)
at Houghall Farm, Durham. They were made up as follows:-
25 L.caesar egg batches . L7 C.vomitofia egg batches
26 L.illustris egg batches 2 C.erythrocephala egg batches
43 Phormia egg batches
The batches were usually.placed in the fleeces some

30-45 min after laying, during which period they were kept
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as cool &8 possible, at 12—1790. At these temperaturss
blowfly eggs develop very slowly (Wardle 1931) so that the
amount of development that the eggs had undergone was
negligible by the time they were placed at higher tempera-
tures within fleeces. A number of eggs were set aslide as
controls in saturated air in the laboratory. The batches
were transfiorted to the sheep in separate 3 x 17 tubes,
within which was a small piece of sheep wool on which the
eggs lay. When pﬁtting eggs into the fleeces, the fleece
at the site chosen was glightly parted and the eggs shaken
off the piece of wool and pushed with the finger until
they lay at the distance chosen from the skin, A 'double
etrip' was placed beside the batch, with the end of the
strips against the skin, at the same time, and the fleece
closed over them, and tied at the wool tips with string.
The double strips were removed after 30 min. quickly trans-
fefred by forceps to a bottle of liquid paraffin and taken
to the laboratory for comparison with standards. After
removal of the double strip from the site of the batch,
the fleece tips were tied up again., The batches were
removed after 19-26 hrs in the fleeces, placed in tubes
and taken to the laboratory for examination. Second
humidity readings at the egg sites were made at the time
of their removal.

The sheep were kept in a series of paddocks about
20x10‘yards in size. A thermohygrograph was kept at about
. 3' above the ground in a screen, in one of the paddocks,
throdghout the period of thé experiments. The thermo-

' hygrograph records were used to obtain some idea of the
wéather conditions prevailing during the period that each
particular batch was in a fleece, while rainfall and hours
of sunshine were recorded at o stationabout a mile from the

paddocks. The amount of rainfall during the period that
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.8 batch remained in a fleece might give a guide to the fleece
humidities and their fluctuations during that period, since
it has been shown that rainfall causes fluctuations in
fleece R.H: (PartIII page 107). It has been noted previously
(page 37) and by Macleod (1940) that fleece temperastures
can be considerably higher when the sheep are exposed to
sunshine, owing to absorbtion of radiant energy by their
fleeces so that sunshine affects the precise temperatures
to which eggs may be subjected during de#elopment.

The resuits obtained are given in Tables 22 -~ 25 (pags l24-b,
128), and are discussed below under the various species
to which they appertain, '

L.caesar eggé (Table 22 page 124), Of 25 batches

placed in fleeces, in 12 all the eggs failled to complete

development. In the remaining 13 batches, in 3 only did
more than 507 of the eggs complete development, In 5 of
the 13 batches some eggs succeeded in hatching but as

seen in the table the percentage batch in each case was
lows It has been shown (Part II page5), Toble8) that the
minimum humidity for successful development of L.caesar
eggs lies between 60 and 65% at 37°C. From the results

in Table 22 it is not possible to correlate the humidities
found at the beginning and end of the incubation period

of fhe various batches with the percentage development of
the eggs. This ies very likely due to the fact that
nothing is known gbout the R.H. to which the eggs were
subjected between the humidity readings taken at the begin-
ning and end of the period in the fleece. 1In addition, the
absence of temgerature records at the egg sites constitutes
a serious gap in the work. Another difficulty is that
the,humber of egg batches employed was small, and this
‘applies tb alitexpériments. In consequence, no general

conclusions about the suiltability or otherwise of different

parts of sheep fleeces under varlous weather conditions,
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for blowfly egg survival, can be drawn. The results are
intended only as a record of the fate of specific blowfly eggs

in particular fleeces at the time that the experiments were

carried out.

L.illustris eges (Table 23 page 125). As with the

L.caesar eggs employed, the fertility of some of the
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TABLE 2 L.ILLUSTRIS FEGGS
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L.illustris batches was low so that some ofAthe resulte are

valueless. OFf 26 L.illustris egg batches placed in fleeces, in

13 of them all eggs failed to complete development, while in
the other 13 abme eggs did survive, in 6 of which batches,
50% or moré of the eggs completed development., In 3 batches
only did e small percentage of the eggs succeed in hatching
(those in the fleece of sheep 55 during the period 14.00,

3 sept.'— 09.30 4 Sept.). This period was one of continuous
heavy rain - ebout 2.0 inches of rain fell (Table 23 ). The

eggs wéfe therefore in the fleeces at a time of high humidity,
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TABLE 2l  PHORMIA TERRANOVAE EGGS
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|53 RC O 55+ 80+ - =~ 50 0 O
10.30,31 July-{55 M O 55+ 67 ~ « 0,BL.S530 0 O
12,00, 1 Aug. |55 RC O 55+ 68 - = | 30 0 O0
- 56 W O 55+ 80+ - =~ 95 0 O
(56 RC O 55+ 68 - =~ .50 0 ©
: iLk6 M O 41 LO| - = 80 0 ©
14,10,23 Auge~| 46 M .2 4l 4O - - % 0 O
14.00,2l Aug. *;us M O 42 40| - - 0.0'9.08 0 O
us M O 42 4O, - - v 195 0 0
RC O 50 | - = 70 0 O
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when it was unlikely that naturally laid eggs would be présent
in fleeces, since wild flieé éré probably inactive during
continuous rain, It may thus be concluded that in the flesces
of the sheep used humidities high enougy for hatehing of - ;
L.illustris eggs were not encountered, although humidities }

suitable for completion of development were fairly frequently ‘i
found, 4 |

P,terranovac _eggs (Table 24 page 126). Of 43 eng

bat¢hes placed in 28 all the eggs died through deeiccation
at an early stage., Of the remaining 15 batches, in 9 more
than half the eggs completed development. Hatching occurred
in only 7 of these batches, and the percentage hatch was
always low. |

C.vomitoria eggs (Table 25 page 128). Of 47 batches

used, in only 9 did some eggs complete development. Conditions

suitable for C.vomitoria eggs were thus rarely found at the

time of the experiments, in the fleeces of the sheep used,

It is noteworthy that of the 9 batches which were partially
successful, 7 had been placed 2 cm. off the skin of the sheep,
where temperatures are lower than at the gkin surface. It

has been shown in the present work that maximum temperature

for the development of C.vomitoria eggs is about 3600 (page 52 ).
The average temperature at the skin surface of sheep was '
assuméd to be 37°C by Davies.& Hobson (1935), and this
temperature has been adopted as a guide in the present work.

It is therefore probable that the very low number of batches
sudcessfully completing develeopment at the skin surface of

the above sheepwis due to the fact that temperatures prevailing
thérevwere usually too high. (A total of 28 c.vomitoria egg

batcﬁes were placed near the skin), In this case humidity
is not itself the limiting factor for blowfly egg survival,
The'tﬁo batches whieh completed development at the skin
surface were on sheep L4 (Téble 25,page 128) during a cool
peripd (14.20, 26 Aug. - 11.00, 27 Aug.) with some rain




TABLE 25 C.VOMITORIA EGGS
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17.50, 4 Aug. M 257 57 55+ 65 900390 o0 5
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(L7 ¥ 0 .50 50 55+ 69 45 0 0
L7 RF O . 55+ 67 554+ 804+ 65 0 O
: L7 RF 2 55+ 67. 55+ 80+ 20 15 25
4,20,26 Aug.~ 47 RC O L2 41 55 55 8 10 0 O
11,00,27 Aug. |44 ' T © 50 50 55 54 0052.065 o o
: - by M O 55+ 58 554+ 58 g0 0 50
.' Uy M 2 55+ 66 55+ 58 80 10 90
LWt ; W O 55+ 75 554 75 65 0 60
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11.00,27 Aug- {47 T . 2 L4 4O - 47 00060 O O
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11.00,29 Auge |47 RF O = 69 =~ = “*77°7100 0 O
S (47 'RF 2 - 60 =~ = 100 & O
fu8lm 0 .~ 60 38 40 10 0 0O
f |48 . 7 2 =~ 8 Lo 4O 60 0 O
' 48 M O - 61 LO 140 50 0 O
: ‘L8 ' M 2 - 53 LO 4O 7% 0 O
B W 0 =~ 65 =~ 56 80 0 O
LW - w 2 <« 75 « 54 60 0 O
48 RC O - 53 = 4o 90 0 O
48 RC 2 - 66 - U5 60 0 10
53 W 0 = 60 - 50 7 o0 0
53 : W 2 - 67 = 50 : 9% 0 O
: : 5 RF O - 65 = 59 | % 0 O
10.30,29 A,ug.-{ 53 RF 2 = 65 =~ 62 0.03.895 0 O
15.40,30 Aug. |53 RC O = 60 = = 100 0 O
, 55 ' RC 2 - 60 - - | 70 5 50
, 53 L6 0 - 60 =~ 47 70 0 O
: 5% LC 2 - 66 - 47 90 0 O
L3 T 0 =~ 56 - 47 70 0 O
43 T 2 - 80 - 50 5 0 0
| 47 T O =~ 55 =~ ko 5 0 0
: b7 T 2 - 62 - 43 65 0 O
i ' 49 M O 55+ 66 -~ 47 100 0 O
o 49 R O 554 68 - 53 5 0 0
[ Lu9 R 2 55+ 68 =~ 53 0 o0 o
14.40,30 Aug.- - 52 M O 41 4O 46 46 0.0 1,020 O O
"1'4. 15’31 Aug‘ N :
5 M- 2 = 60 554 61 60 0 10
- 56 M O ~ 50 55 55 70 0 0
13.20,31 Aug.~-§ 60 RC 0 50 52 51 50 4 53,060 O O
10,15, 1 Septs | 61 W O 55+ 66 55 55 % 0 0
61 W 2 554 80+ 55 55 95 10 80
61 RF O 55+ 80 55+ 58 9 0 O
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(0.08 inches) and only 2 hr. sun, so that fleece temperatures
would tend to be low. The thermbgraph record showed that the
period was & cool one, being 10-1500 during the day and 5-1000
dur;ng the night. Further experiments on the development of

C.vomitoria eggs in fleeces are described later (page 129-130)

C.erythrocephala eggs. Owing to various difficulties,

only 2 batches of this species were placed in fleeces. Since

thé'maximum temperature for the development of O.érythrooephala

eggs is lower (3500) that that of C.vomitoria eggs (36°C)

(page 52) it is to be expected that temperatures low enough
for the eggs of the former specles to complete development

will rarely be obtained in view of the results with C.vomitoria

egge (pagel??if.

"~ Attempts were made to estimate the a#erage temperatures
in the fleeces of the sheep used, utilizing information
previously obtained on the maximum constant temperatures at
which the eggs of.various species could complete development,
and the duration of incubation at constant temperatures kpageS&Q.

The eggs of C.vomitoria (max, const. temp. for development

- 36%¢), and of L.sericata, which hatch in 7.6 = 7.9 hr. at

5700,”wére used.

Thirteen batches of C.vomitoria eggs vere placed under

small'cotton wool pads moist with water, at varigus positions
in the fleeces of B sheep (nos. 52, 57-61) during the

period 30 Aug, ~ 2 Sept.,1948. The eggs were thus subjected
to saturated air to eliminate the effects of low R.H., 80
that the temperatures in the fleeces were the important
factors, Of 11 batches placed diréctly on the skin of the
gheep under the wet pads, in 7, all the eggs failed.to
cbmpiéte development. Control eggs showed high fertility.

In the other 4, many eggs hatched, but. in these cases the
wet‘péd and the eggs héd worked themselves loose so that the

egg léy sbout 1-2 cm. off the skin by the time they were
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remqved for examination: They had not completed development

at the skin surface. The failure of the other 7 batches at the
skin surface can be accounted for only as due to the fact

that temperatures there were lethal to them., No wool grease
had spread over them (see pagel’05), A further 2 batches
placed. in contact with cotton wool pads in the fleeces of
sheep, so that they lay 2 cm, off the skin, successfully
developed and hatched. The average temperatures near the

gkin at the positions used on these sheep at the time of the
experiments must therefore have been above 36°c, and so

lethal to C,vomitoria eggs, while temperatures at 1-2 cm.

off the skin were low enough to permit their development. The
weather during these experiments was rather cool and cloudy,

' shéde temperatures during the day time being 15-20°C, and

5-120 during the night. - |

On 1 Sept. 3 L.sericata egg batches were treated in the same

way as those of C.vomitoria above. One was placed under a

small wet pad directly on the skin, of each of sheep 57-59,

at 07.30 hrs. These batches Were.removed.from the fleeces

at 15.30 =~ 15.&0 hr. on the same day and were foﬁnd to be

in process of hatching at that time i.e. after 8.0-8.2 hr.

in the fleeces. 8Since the incubation period of L.sericats eggs
at 37°C (constant) is 7.6-7.9 hr., the above duration of
8,0-8.2 hr. in the field shows that the average temperatures

near the skin of the 3 sheep used must have been very near

to 37°~ probably between 36 and 3800.

(iii)'Effect of wool 'yolk' on blowfly egg survival in
pheep fleeces

It will be noticed in Tables 22 -25 (pages 124-8) that
geveral egg batches of all four species failed to complete
deveiopment in fleeces when humdiity measurements at the
start gnd finish of the experiment indicated humidities

high bﬁough for egg development, at the sites used. The
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eXplanation.f;f some of these cases of unexplained failure may
well have been that the R.H. at the sites fell to a low level
between the taking of the two readings. It was however .
noticed in several such cases of failure that the eggs on
removal from fleeces had aquired the golden yellow colour of \
wool 'yolk'. Examination of such eggs in the laboratory
showed that they were covered with a thin film of wool yolk,
rendering the chérion transparent. Yolk occurred in the
fleeces in the form of irregularly shaped, greasy yellow
blobs, varying from about a half to 3 mm. in dismeter, and
which adhered to groupd of wool fibres, or were strung at
intervals along individual fibres. In some sheep these blobs
seemed more RAUMErous than in others, but were observed on
sheep used in all 3 of the seasons over which work extended
(1946-48)., Wool yolk or grease is well known to be composed
of & ﬁixture of the oily secretion of the sebaceous glands,
and of varying amounts of 'suint' which has been consideréd
to be derived from the 'sudoriferous' sweat glands (Freney
1940, Bonsma & Starke 1924). The suint fraction is known
to act as a wetting agent (Hobson 1941) owing tq its content
of soaps, and to be hygroscdpic (Freney 1940; Hambrock et al,
1934).

Laboratory experiments were carfied out on the
spreading powers of raw wool yolk over blowfly eggs, and
its effects on their survival observed. Blobs of yolk as
described above were obtained from & sheared fleece, by
‘picking them with needles off locks of wool partly separated
undep a binocuiar microscope. The yolk 80 obtained was
unchanged from its natural mixed condition., Small pieces
of yolk were separated ffom these blobs and used to'treat
blonly eggs 1in various ways.

’Ii was found that raw wool yolk so obtained had Wery

littlé spreading power over the outer surface of the blowfly
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egg chorion, which is known to be hydrophilic (see page 72).

A plece of yoik placed half way along an egg on the outside
of_the intact chorion usually failed to spread at 37°c, and
eggs 80 treated completed development at appropriate humidities.
on ﬁhe other hand, if the yolk was placed at the anterior end
of the egg so that the micropyle was covered, it penetrated

fhg chorionic'mibropyle and spread over the egg as a thin

Afilﬁ between the inner surface of the chorion aﬁd the outer
surface of.the.c.v. membrane (see page!l15), A high proportion
of eggs 8o treated failed to complete development, being |
almost certainly asphyxiated by the co%ering £ilm of yolk. {i
This film appeared to fill the air spaces in the chorioh .
(page 75 ) eas shown by the fact that wherever spreading had
occurred via the chorionic micropyle, the area of spread

was indicated by the transparency of the chorion. The

amount of spread was therefore judged by the area of the
transparency. It was plain in all the expériments that

there existed a high correlation between the amount of

yolk sbread over the egg, and its survivael or non survival.

Téble 26 illustretes the above features. In this table, of

TABIE 26

The effect of wool yolk on L.sericata egg survival,
70% R. H., 377C.

} % reaching various stages

! No. of Hatching{Prehatching Early
|_Position of wool yolk ~ eggs used Stage
‘ '

J

Half way along eggs 38 65 | 0 35
on micropyle | 39 1 0 80
Untreated controls ' 3 . 100 0 0

the eggs which were treated with volk on the micropyle, those
that were able to hatch (15¢%) were those in which for some

reason -the yolk had failed to spread over a 1arge area. In

the 80% of the eggs which had died at an early stage yolk



had spread over most of their surface area in each case,
‘BExperiments on the spreading powers of raw wool yolk
-over eggs at vgrious humidities at 37°C showed that spreading
readily occurred at 70 R.H, less readily at 80¢;, and hardly
at all at 90%., This differential spreéd at different
humidities is reflected in the percentages of treated eggs
completing development at three humidities (Table 27). It

will be seen that few treated eggs survived at 70% R.H.,

TABLE __ 27

Effect of wool yolk on L.sericata ege survival at 70, 80
and 902 R.H. 35/°C.

(Wool yolk placed on micropyle of each egg) .

v % reaching various stages

"% ReH, | No.of eges used HatchingjPréhatching‘Eagigge
70 36 11 I 5 8ls
80 L9 L3 ; L 53
90 | 17 - 6

while nearly half (43%) did survive at 80% R.H., and o4s; at
90% R.H. It was very clear in the experiments that at 80%
R.H. those eggs that did survive were those over which
hardly any spreading of yolk had occurred. The explanation
ol the failure of yolk to spread between the chorion and
c.V.membrane of blowfly eggs at 909 R.H. appears to be that
at this humidity, hjgroscopic substances (presumably part
of.the 'suint' fraction) in the yolk absorbed sufricient
Watér to make an emulsion, so that it was unable to spread.
Such yolk blobs at 90% R.H. assumed a slightly white opaque
appearance, rathér like vaseline after prolonged contact
with water, while yolk at 70% R:H. had a translucent
greasy appearance, preéumably because it contained less
absorbed water., At 80% R.H. the yolk blobs had an

intermediate appearance} and had intermediate gpreading.
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properties, (Table 27). Very high humidities in sheep
fleeces therefore not only provide suitable conditions
for eggs to complete developmént, but would also emanci-
pate thém from the risk of asphyxiation by spreading of
wool yolk,

It was noticed that more egg batches became coversd
‘with yolk when placed on the gkin of the sheep than when
placed 2 cm, off the skin. This may have been due in
some cases to the presence of relatively more yolk in the
basal part of the fleece than further out., It may also
have been due to the higher temperatures near the gkin
causing more rapid spread of yolk over eggs. Burtt (léus)
states tﬁat wool grease extracted from fleece became
liquid at about 35°C, The raw unchanged wool yolk used
in the present work was observed at various temperatures,
through a horizontal microscope, in a melting point
apparatus. Wool yolk that had been dried for several
days over sulphuric acid was used. o sharply defined
melting point was observed, as would be expected from its
mixed character, but a gradual melting was obsarved which
was not complete until about 5500 was reached. It appears
therefore that the raw yolk was more liquid at,37°c, than
at 25°c, an average temperature for the outer parts of
the fleecs. Thus more rapid spreading would be expected
to occur near the skin (about 37°¢) than at points further
out in the fleece. It was found in experiments at 70%
R;Ha 2&00,‘that spreading of the yolk over blowfly eggs
did occur at that temperature, but it was too slow to
prevent them from hatching, since it took about 30-50 hp.
for extensive spreading to occur, while at that temperature
development was completed in 16~18 hr,

It appears therefore that at least some of the cases
of uﬂexpected failure of eggs to complete development,

and of low percentagé development in batches, mentioned on
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paéel50were due to the asph&xiation of eggs through spreading

of wool yolk over them. In blowfly eggs naturally laid on

'sheep the spread of grease may kill them and prevent myiasis
beihg subéequently-set up. No information is available as to
wheﬁher this factﬁr is of any practical.importance, and the {
present work merely points'to its existence as a feature in

the‘ecology of blowfly eggs laid in sheep fleeces.

DISCUSSION

S8ince a proportion of L.scricata egns can complete
development at 509 R.H. 3700 (page 33 ) the present
observations on fleece atmosphere humidity show that
suitable humidities for the development of the egss of
this species occurred comparatively freguenily in the
fleeces of some of the sheep used. The existence of sheep
with more humid fleeces than others (page 108 ) wmay throw
1ight on the high susceptibility of some sheep to blowfly
myiasis, while other sheep of the same breed and‘kept in
the same flock remain free from maggots. Such differences -
in susceptibility betwsen sheep are familiar to every
shepherd. In sheep with humid fleeces, suitable for L.sericata
egg development the crucial factor would appear to be the
extent and rapidity of rises in fleece R.H. which would
enable hatching to occur. The rise in basal fleece humidity,
ceused in some way by the presence of free water on the |
outside of the fleece, described by Macleod (1940) was also
foqbd in the present work., When the outside of the fleece
was wet, basal fleece humidities frequently rose to 60-80¢}
R.H. when somé hatching would occur. The fleece atmosphsre
near the skin did not however become saturated, agaln agreeing
wiﬁh Macleod's findings. Rain drops were observed to penetrate

within 1 cm. of the skin along the back, in short fleeced

gwaledsle x Border Leicester lambs, and also in short coarse
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fleeced Herdwick and Swaledale wethers., It can be visualized
that sudden heavy rain, or sunny showery weather, in addition -
to promoting fly activity could provide sudden rises in fleece
RaH; and enable eggs to hatch. Under such conditions, the
ability of the larvae to ﬁemain imprisoned within the shell
for 3 hf. at 37°C (page LO) is of potential importance, since;
especially in hill districts, heavy rain may ococur within
short periods during weather which is mainly sunny and
suitable for fly activity. Blowfliesgs are particularly
éctiVe during the eariy forenoon, and egzgs laid at suchAa
time would be reaching the hatching condition during a period
whenvdew was falling, 5r when the sheep might be lying in
dew-laden vegetation. The sudden rise in basal fleece R.H.
when the outside of the fleece is wet, might lead to hatching
of the eggs, especlally if they were not laid near the skin.
For example, in sheep 1, the basal humidities at the tailhead
énd right cruteh positions at O4.00 hr. on 9 July, 1946, a
cool morning with very heuvy dew, were 68 and 67 R.H. respec-
tively. At these positions at 14,00 hrs. on the same day when
the sheep were dry and the afternocon hot, the humidities had
fallen to 53 and 57%, respectively.

' Laboratory experiments (page L.|) have shown that about 50%

of L.sericata eggs survived in saturated air after exposure

for 7 - 8 hr, to air of 4O% R.H. 37°C,.provided the eggs
had'not previously been exposed to high humidities. Eggs
laid under dry fleece conditioﬁs in the field would therefore be
expected to survive if the humidity rose sharply during the
incubation perlod. The present work showed that such rapid
rises in humidity near the skin of the sheep, do occur,

It seems, however, that the transitory effect of rain in
raising the basal fleece R.H. would rarely cause strike to
develop, since first instar larvae of L.sericata survive for
only about 1 hr. at 50% R.H. 37°C (Davies & Hobson, 1935) -
the iarvae would be killed as the R.H. fell again as the rain
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drops evaporated from the outsides of the fleeces. The
possibility that numerous newly hatched first instar
larvae closely congregated on a small patch of skin are
able to cause a rise in R,H, in their immediate vicinity
by causing serous exudate to be poured out due to skin
irritation, cannot however be neglected,

It was also shown (page [}-3) that L.sericata eggs,
if incubated in saturated air at 37°C for a few minutes,
could ﬁithatand very little desidcation when subsequently
incubated at a iow R.H., This property of the eggs may be of
importance in preventing myiasis development in the fielqd,
particularly when eggs are laid immediately after raih,
gince water present on the outside of the fleece raises the
R.ﬁ. near the skin for so short a time,

A shade air temperature of 16°C and a humidity of 70%
R.H. may be considered to be fairly average conditions in
British summer weather. This represents a vapour pressure of
9.5 mm. Hg. A basal fleece R.H. of 4Of and above may be
considered to be common in the sheep used in the present work.
Assuming that the femperature of the air at the base of a
fleece is 36°C a humidity of 4O« R.H. there represents a
vapour pressure of 17.8 mm. Hg, which is considerably in
excess of that typically found in the external alr. Both
Davies & Hobson (1935) and Macleod (1940) also noted the
higher vapour pressure near the skin of sheep, even in 4ry
summer weather. They considered the excegs to be due to
evapofation from the skin. It appears from the f{leece R.H.
readings given by Macleod (1940) that in the sheep he used,
evaporation of water from the skin as measured by the positive
balance of vapour pressure near the skin was much less rapid
than was found in some of'the sheep used in the presgnt
investigatioh; Among the latter the high R.H. of the basal

fleece, due presumably to active sweating, showed marked
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variations in intensity and in distribution over the body.
0f the 28 sheep of various breeds investigatad in detail in
1946, 5 were Down cross lembs of which 2, studied in detail,
showed continuous sweating in warm weather to such an extent
that their fleeces were humid enough near the skin for strike
to develop. 1In these sheep during one period, the usual
descending R.H. gracient towards the skin (owin; to the
higher temperatures near the latter) was not preseht.
Instead, a gradient in the reverse direction occurred with
humidities of 70 -90¢ R.H. near the skin with 50 - 70% R.H.
in the outer fleece. In none of the other sheep used
(various Herdwicks and Swaledales) was such continuous
general sweating'found over large areas of the body. 1In
the latter sheep sweating over more restricted areas and
for shorter periods sometimes occurred,

Many farmers consider Down breeds and their crosszs to
sweat more especially when fat than other classes of
British breeds and in addition they are considerad to be
more.suscaptible to blowfly myiasis, In 2 Down cross
lambs (page 10) sweating was found for considerable periods
to be more rapid at the withers, a region where strikes occur
comparatively frequently (Macleod 1943).

1t appzars probable that some parﬁ of the suint fraction
(Frénéy 1940) of the living fleece represents the dried
resiﬁue of the watery skin secretions which, in the prescnt
work ‘was found at times to raise the R.H. near the skin of
'some éheep. That rapid changes may occur in the rate of this
secrétqry activity is suggested by R.ll. changes, in the
basai{fleece atmosphere which can occur (page 4 ). 1In view
of‘tﬁésc observations the work of Hobson (1936) appears in
a néﬁ?light. He carried out suint analyses on wool samples
from{syfuck.and unstruck sheep and concluded that strike

couldloccﬁr when the suint content was low. This result does
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not preclude the possibility that susceptibility to strike
may sometimes be linked with rapid sweating, leading to high
basél.fleece humidities. Such activity might render a region
sultable for strike developmsnt, before any appreciable local
rise in the suint content of that particular part of the fleece
" could occur. Hobson (1936) also found that in jelsh Mountein
sheep, flank and belly wool contained more suint than wool
from other parts of the body. In sheep studicd in the present
work, 2 Down cross lambs (page W-?) showed sweating restricted
to the flanks for a considerable period, and one Swaledals -
ram (sheep 10 ) not included in tﬁe text figures, was also
found to sweat continuously on the flanks alone for a period
of 3 weeks. These obgervations tend to confirm the belief
that the suint fractlon does have some connexion with
sweating. Freney (1940) has already suggested that-suint
may be a constituent of true sweat, utilized to regulate body
temperature, |

The subject of sweating in sheep is.dﬁnsidered further
in part 1V (pagelLBﬂSL). | |

Although the gtudy ofAthe fate of iaboratory laid
blowfly egz batches, placed in sheep fleeces in congunction
with R.H. readings at the sites at which they were placed,
was not carried out on as large & scale as would bs desired,
1t confirmed in general the evidence obtained in the deteiled
study of fleece R.H. and the laboratory experiments on the
humidities required by the egas of the various species to
complete development. 'A total of 185 egr batches 6f the 6 tlow-
£ly species studied were placed at various positions in the
fleeces of 27 sheep. The results showed that humid;ty
conditions in 1946 were frequgntly maintained at levels

sufficient for L.sericata eggs to complete development,

The results obtained with the eggs of the varlous species

in fleeces, are not comparable with each other, for various
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reasons. It was Bound that conditions for the successful

development of L.caesar, L.illustris, P.terranovae and

C.vomitoria egpgs were more rarely found., =Zxperiments

showed that temperatures near the skin of 7 of the sheep

used, were too high for C.vomitoria eggs to develop, and

must therefore have been too high for C.eprythrocephala eggs

as well (page BL). Measurements of the length of incubation

of L.sericata dggs under wet peds on 3 of the above 7 sheep at

the saﬁe time, showed that the ‘temperatures near their skin
surface must have averaged about 37°C.

| Field work and laboratory experiments suggested that
blowfly eggs in sheep fleeces may sometimes be ésphyxiated
by becoming covered with a film of wool grease. Thié
spreading of grease was found to be more rapidé and common
at temperatures of about 3700 hnd humidities of below 70%
R.H.

In conclusion, 1t may be stated tﬂat the present work
shows that'blowfly eggs 18id in sheep fleeces face 3 main
hazards. These are - to0 low & humidity leauving to death by
‘desiccation; too high a temperature leadine to heat death;
and the danger of wool grease spread causing death by
.asphyxiation. A consideration of these sources of mortality
plainly indicate that the outer parts of sheep fleeces are
far more suitable for blowfly egg survival than the inner parts
close to the skin. In the outer parts the temperatures are
iower, and thus humidities tend to be higher, and the risk
of wool grease spreszd is reduced. Near the skin of sheep,
the temperatures are higher and humidities lower, and the
risk'of wool grease causing'death of eggs is increased. The
occurrence of rapid sweating, already discussed tends to

reversé the above relationships.
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SUMMARY

lj,comparative determinations of fleece atmosphere R.H.,
using cobalt chloride papers and paper hygrometers showed
that the former were reliable,. although their use was
subject to a limited humidity range (LO-70% P,H.). Cobalt
thiocyanate and cobalt chloride papers containing- glycerol,

. exteénding the range of reliable readings to 25-95% R.H. were
also used., Determinations made by means of wool samples
were found to be subjesoct to large positive errors, since
the wool near the skin of‘sheep did not appear to be in
with the fleece atmosphere.

2) Measurements of fleece R.H. by cobalt-chloride papers on

28 sheep of various breeds showed that the R.H. varied
eonsiderably from day to day in individual sheep, and. in
.different sheep at the same time, The considerably more
humid conditions found in the fleeces of some sheep is
suggested as one of the contrivutory factors to the
differential susceptibility to blowfly myiasis of the
individual sheep in a flock. The common condition in most
of the sheep was one of Jow R.H. unsuitable for blowfly eggs
to devslop.

3) R.H. measufements and a study of the fate of L.sericata
egg batches placed in fleeces showed, however, that
conditions suitable for development were relatively
freguently experienced in the sheep used. Humidities
high enough for hatching were more rarely found.'

4) observations on L.caesar, L.illustris and P.terranovae

eggs placed in fleeces showed that conditions suitable for
their development were sometimes found.

5) Evidence is produced that C.erythrocephala and C.vomitoria

‘eggs are unable to develop near the ekin in fleeces because
the high temperatures occurring there are lethal for them.,

6) It was found that blowfly eggs may sometimes be killed in



fleeces by the spreading of wool grease over them,
Laboratory experiments showed that when small quantities
of raw wool yolk were placed on the micropylee of eggs,
spreading of grease between the chorioﬁ and the underlying
c.v. membrane, via the micropyle, readily occurred under
certain conditions causing asphyxiation of the embryos.
Repid secretion of watery material by the skin (i.e.
sweating) leading to suitable humidity conditions for
blowfly eges, was detected. The various sheep used showed
great differences in sweating rates, the most rapld
sweating being found in 2 Down cross lambs, where at one
period, the limiting factor for the development of mylasis
on them must have been that bléwflies were not attracted

» o them.



PART IV

SWEATING IN SHEEP IN RELATION PO BLOWFLY EGG SUR¥IWAL

It has been generaliy held that sheep de not preduce
'watéfy sweat over the gemeral bedy surface in erder te
regulate body tewmperature, and that the cell glanﬁs that
are numerous and well distributed ever the bedy (@a@ﬁeyg,lﬂggj
were malnly suderiferous glands eof the apéerine type;
prbdu@img mainly solid or semi salid secretions with
neglipible amognts of water from the point of view of
temperature regulstien. guech sudoriferous glands &Pe~ﬁ@l1
developed on eertain parts of the bedy, such as the axilla@
and grwins; Evaperatioen of moistﬁpe from ﬁhe'skiygwasyf@ﬁﬁd
by Davies & Hobsen (1935) and Maclesd (1940), simee the
vapour pressure of the alr next to the skin was usually
considerably in exeess_ef that of the external air. The
molsture responsible for this exzecess when the basal fleece
R.H. is 30-40% R.H. can be accounted for as 'imsensible
perspiration’, (Kuno, 193u;page 46) rather than te evaperatien
of rapldly produced watery secretions. Readings of fleece
R.H. in the present work (ﬁagelﬂﬁ) showed that in seme cheep
at certain times evaperation of moisture from the skin
proceeded on a sufficient scale to maintain humidities of
7@—90? R.H. near the skin for c@nsiderable periods., This
suggested that 'semsible perspiratien' or sweating was
eceurring. The work of Lee and Robinsen (1941) en the effects
of hot atmospheres on Merino sheep_pr@éueed ineenclusive
evidence that th@y-sweated considerably,. They féund thatfin
ne{ther a hot dry mor in a hot wet atmosphers could respiratery

evaporation aeccount for more than ome third of the observed



 J
weight less,of experimental sheep, and suggested that the

skin sweating may help to account for the differmnce, L€

and his ce-workers in addition experimented with the rabbit,

-

pig, cat and dog (Lee, Robinson & Hines, 1941) Robinsen élﬁe@w
194la, b, ¢), and found that the sheep showed the greatest
toleranee to hot atmospheres of &ll speecies studisd,;
Freney(1940) attempted to detect sweating in shesa<@£@@§
maseular exertion, He made moisturs content determinations
on hasal fleece weol samples from Merino sheep, bef@?e‘ﬁmﬁ
after they had been made to run for seversl minuteg, p@g@@a@
by men en horsebsck, en a hot sunmy dey. Fremey failed %o
find any signifieant increase in the moisture ecentent of @L@
samples after the sheep had been mo exerted, and eoncluded that
sheep probably did‘n@t.sweat. He id not however alaim to
have settled the problem conelusively,
It wes decided %o reinvestigste the proklem of swoating
in sheep, since humdd@dity readings taken irdiedted that in
gsome sheep, it might produce eonditions suitable for bleowfly
eggs to develop and hateh. A case has already been cited
(page 10 ) of one sheep on which & strike was indueed merely
by ?laeimg eggs near the skin, withéat any artifieial additien
of water. 9The humid conditions en this sheep and on othews
used during the work appeared to be due to reapld sweatlng.
More sensitive methods were employed in the detecting
of sweatiﬁg in sheep; than the wéol gample meisture determin-
ations of Freney (1940). The use of cobalt-chloride paper stripe
enabled determinations of the humidity gradiente in sheep '
fleeces, from the skin surface outwards, to be earrlied out,
The use of eobalt@ehlaride paper is basically gsimilar to the
use of the célaur changes of cobalt salts in the detection

of sweat areas, employed in medlcal research (for references

see Darrow, 1943).

1_THE EFFECT OF MUSCULAR EXERTION ON SWEATING

Experiments oen the effects of running on fleece R.H. were




carried out on 2 sheep (mos. L4 and 10) at Crag Farm,

Ravenglass, Cumberland during cool weather im Aggust, 1946s

Method. Cobalt-chleride strips were placed at gtandard
positions in the fleeece of the shéep to be run, remeved
after 30 min, and stored immediately in liquid paraffin a&s
in routine fleece readings (page 100), A seeond set of
strips was pleced in the geme positiens and tied seeurely
in position, and the sheep, accompanied by dthere were then
caused to run rapidly areund a field for some 10-15 minutes

by means of dogs. At the end of this period opewn-meuthed

panting generelly occurred in the sheep which were then

I P Ty

penned and about 15 mins. allowed te pass before the secend
set of papers was removed. A third set ol papers was

sometimes placed in the fleece to measure poseible changes

e e L

in fleeee R.H. taking place some time after cesestion of
running. As in the c¢ase of routine readings, ¢are was
taken not to disturb the fleese strueture.

Results, The information gained in the L experiments earried @uﬂ
is given in Tab1e28(pageih&7). Readings were taken at the :
two ends of each 2 em. strip, so that readings given in
Table 28 refer to the skin surface and to & peint 2 cm. off

the skin in each case. The position symbols are the same

as those previously used (see Appendix page 1719 ) It will
be seen from the table, by comparing the readings obtained at
the various positions % min before the sheep was run, with
the corresponding readings 20-30 min. after running, that
increases in flesce R.H., especially near the sgkin,

occurred et some pesitienyin all four experiments. 1In some
cases these were small, but sometimes the inereases were big,
for example in Expt. U4 (Table?28(d)) the R.H., at the skin at
the withers position of Sheep U ingreased frem below 4O% R,H.
5 min. before running to 60% R.H. 20 min. after running;

Thege .inereages in.fle@ce R.H. produced by exertion of the
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TABLE 28
Effect of muscular exertion on fleece R.li.

o ' . % R.i, in fleece =

t SMln.bzfjg renning 30. mia. APEER svamin i | he.after ronning

. - e SELLLLLT N Ll W

Pogition skin surface 2 cul. 8xin surface 2 cm skin surfsce 2 cm
| ' ’ '

\
v

(a) %gg%g%;eiéeéugégég.12715.00 nr, A}r tempaléoo. sunny with
N | :
w below uOIbelow L0 43 ; L3 Ly L8
M belw 0 ;v B0 bwlo beowh)  bewlO  belw 40
S 1o ’ « 40 Wy L - -
R+ ko i . w0 k2 L5 T
RB | - 40 ¢« Lo - - - -
R M0 o« ko 52 - - -
—— - - Srmwbefore somnemg — — — — 10.m AEERsmimg— — — -he-abher siamng— ~ —

(b) Bxpt.2. 13 Aug, 13.30-15.30 hr. Alr temp.16°C. Heavy rain
previous night. 3Sheep dry by 13.00. ghesp 4.

W bdwly0  bdewlO 55 48 bdwlho w0
M¥ 57 . 100 70 - - 4o 75
T below 1,0 40 57 - « 40 -
RF | “« B0 bewl0 - - ~ 40 L1
RB 1O - - - 40 -
RC " 40 50 62 62 15 -
— e e e e = e Semearhefoe TOMET I e i, M 90.am gt rudmng— — =

(¢) Bx t.:. 15 Aug. 13,00-14,30 hr, Alr tempt.13°G. sunng.
Sheep kept in doors overnight. sheep 4.

w belw LO beow 140 46 beowjy0  below 40 40
M ~ 4O « B0 bedewli0 eeeliO © B0 beow 4O
T “ 40 40 50 Ll v 40 45
RF. Lo TS Lk L4l v 40 45
RB 40 49 - L6 - ) 45
RC L3 59 u5 48 " 40 45

an  sme s ey mme - v e e e

previous night, end had not yet completely evaporated frow
within the flecce by 13.30 hr,
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TABLE 28 (continued)

o ” . % R.H. in Fleece = v N
‘ 5 min.before, running 20 min, after running {
Position | skin surface 2 cm, skin surface 2 cm |
|
|

(d)vE t.l4., 20 Aug. 12.30413.30 hr, |Air temp., 18°C. sunny,
weg’a"s ~

reeze, gheep A,and 10.

(1) sheep 4. !

l

W | Tbelow 40 below 40 60 below 40
M | below 4O below 40, below 40 below uo:
T below 4O below 4O 45 below 40
RF . below 4O below 4O 41 41
RB % below 4O Lo 55 50
RC ' below 40 Iyl 55 52
(2) gheeg 10.
W below 40 below LO below 4O below 4O
M ~ below 40 below 40 below L4O below 40
T ; below 40 helow 4O L3 below 4O
RF below 4O below 40 below 4O below 40
RB below 40 L5 below 40 L5
"RC below 40 45 50 51

sheep suggest strongly that sweating was caused by the exertion.

Details of the two sheep used will be found in the Appendix

(pege 180), and both throughout the experiments were normal

healthy animals as far as could be judged by fleece condition,

fatness, colour of the inner membrance of the eyelids, and.

general sppearance,

Thus the results were not obtained on

sick animals, and the sweating cannot have been a pathological

phenomenon. Sheep 4 was first selected for the running

experiments because routine fleece readings had shown that

its fleece atmosphere was usually considerable drier than

meny of the other sheep msed (see Fig.20 , page 107).
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Comparison of readings taken 20 min. after running,
with those taken 1-2 hr. after running (Table‘ZS , BExpt.1,2,

& 3) shows that by the latter time the R.H. near the skin at
many positions had'falienAégéin to their original low level,

In E#pt.S (Table?28) carried out on a cool day (air temp.lBoc),
réadings taken only 50 min. after the end of running showed
that the fleece R.H's of sheep 4 had already fallen to their
original values. The effect of a running period of 10-15 mins.
on the basal fleece R.H's was thus very transitory.

A constant feature of Expt. 1, 3 and 4 (Table 23) is the
complete absence of any detectable rise in R.H. at the midback
position of sheep 4 after running (Expt. 2 is invalidated
in this respect, .owing to the chance penetration of rain to
the skin at the midback position, during heavy rain on the
previous night).: This constant absence of sweating at the
midback of sheep 4, while positions quite close to it (e.g.
withers and tailhead) showed sweating in all 4 experiments,
is interesting. The distance between the midback and the
withers position in sheep L4 was only about 30 cm. This
shows that sweating rates in sheep can vary conaiderably ,
between points fairly close togethsr on the body. Macleod
(1943) has drawn attention to the existence of highly
susceptible émall areas on some sheep, where myiasis may
become established in successive seasons, to the exclusion
of others. These susceptibie areas méy be due to the
occurrence of rapid sweating on them, rendering them in some
way suitable for'myiasis development,

| The running ekperiments described above can be considered
only as preliminary experiments on the subject of sweating
in exerted.sheep.- Since only 2 sheep were used information on
the possible variatién in sweating between individual sheep

whén gsimilarly exerted is not available from these results,
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II THE EFFECT OF HIGH EXTERNAL TEMPERATURES OF _SWEATING

Method. In Auguet 19&8 experiments on the effects of

high temperatures on fleece R.H. were carried out on 2 sheep
(nos. u and 53) High temperatures were obtained in an
ineectary fitted with electric heatere. A wooden crate

(7'0" long x 3 6" wide) was built into the insectary to

hold the sheep. With 2 sheep within it, some movement of the
eheep was pmeeible - they could walk about twice their own
length before having to turn around; complete inactivity was
not 1mposed on them. Soiling of fleeces was prevented by
covering the floor with straw. They were fed on freehly cut
grass of the species paletable to sheep, and were given in
addition about é 1b. crushed oats daily to reduce the effects
of the close confinement on their condition, After completion
of the series of experimente it was estimated that the sheep
used were in better condition than before, so that the
1nformation on the effecte of high temperaturses was not
obteined on sheep in declining condition. Since the
dimensions of the insectary were small, the great heat out-
put of the heaters enabled temperatures of 35-38°C to be
atteined within it, in as short a time as 90 min. The
effects of sudden large temperatﬁre increases on fleece .
humidity could then be studied. ®Prermestes Temperature
reeords in the insectary were kept by means of a 24 hr. thermo-
hygrograph and a mercury thermometer. The thermohygrograph
was situated close to one side of the crate, at 2' above the
floor, i.e. about the same height as the back of the sheep.
The temperature reudings it gave during an experiment were
checked against the mercury thermometer. It was found that
when the temperature within the insectary was changing, the
thermograph showed a time-lag of 15-30 min. In the temperature

curves for experiments in figs. £6-28 the time-lag in the
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thermograph records has been corrected. It.was found that
the maximum temperature recorded bn the thermograph record |
coincided to ﬁithin g loc of the temperature recorded by the
mercuiy thermometer., | :

Readingé of fleece R.H. were carried out on the sheep
by means of 2 cm. double strips (pagelZO) in a ménner already

described (page 99-100),

Results. The results of two preliminary experiménts were
unsatisfactobﬁ because the fleece R.,H's of the 2 sheep were
found to be élready high (meinly over 60%) without their
heving been subjeéted to hot atmospheres. (These initially
high fleece humidities may have been due to 'psycholgical'
sweating on the part of the sheep, owing to.disturbance and
strénge surroundings). The sheep were allowed 2 days to
_become accustomed to the insectary conditions and frequent
handling.

Five separate experiments ﬁere carried out. The
procedure in each was the same. Successive fleece R.H.

readings were taken at standard points on the sheep commencing



before the insectary temperature was raised and continuing at
intervals of 0.5 or 1.0 hr. during the period of high
temperature and ending after the temperature had been alléwed
to drop'again. Insectary R.H. (measured by thermohygrograph)
fluctuated in a similar manner during all experiments, being
70-80¢ during low temperatureé and falling to 45-55% by the
time the temperature rose to 33-3700. The humidity record
during high temperatures is probably not accurate owing to
the long temperature range.

Some records pf fleece K, H. from selected positions
during expts. 2, B\and 5 are given in figs. 2628  (pags 150-1)
together with the corrected thermograph records in each case,
The full results will be found in the Appendix (page 229{231‘).

Fig. 26 shows pronounced changes in skkn surface R.H. at
one position in each of sheep 43 and 53. @Great increases
in R,H. near the skin occurred ag the insectary temperature
rose, These high humidities were maintained at 70-80% R.H.
from 11.45 until abdut 13.30 hr,, while the temperature
remained at 33-37°C. From 13.30 to 16,30 hr. the insectary
temperature fell from 37° to 20°c, and during the same
period fleece R.H. af the 2 positions fell to the region
of 55—65%. Changes of the same type ocourred during the
eXperiment in R.H. at 7 other positions on these 2 sheep.

‘The rapid rise and fall in R.H. near the skin correlated
with rise and fall in external temperature, suggest strongly
that rapid sweating was induced in the sheep during the period
of high temperature, In Fig.26 is included the graph of R.H.
at 2 em., off the skin at the withers position of sheep 53.

It indicates that R.H. changes at this point were much less
thah at the skin surface. This shows that during the period X
of high temperature the main R.H. changes occurred in the

basal bosition of the fleece next to the skin, and confirms

the hypothesis that the changes were due to sweating, and
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TABLE 29

Proportion of cobalt-chloride papers showing sweating in hot
atmosphere experiments

(— l When heaters were QFF ' When heaters were ON
' . ~— S —_ ! p —P —
Expt.No, __No sweating Sweating ' No sweating Sweating

1 12 0 ; 7 11

2 30 1l # 16 20

3 25 0 10 5

L 30 0 5 2

5 23 o 4 8
S U deetm oo +
Totals | 120 1 42 46

not primérily to changes which occurred in the R.H. of the

insectary. The latter factor may have had some effect on fleece
R.Hfs,‘particularly at 2 cm, off the skin,

| In Expts3 (Fig. 28 ) during the period 09.15 - 14.30 hr,
when the insectary temperéture rose very slowly from 16° to
about 22°c, fleece R.H's fluctuated in an indeterminate

manner, From 14J5 to 16.30 hr. the temperature rose from

22 to 38°C and simultaneously the fleece R.H. at all 5 of the
positions'used (3 only are graphed in Fig. 23 ) rose sharply

to the region 65-75% and fell later ay the temperature dropped
to 22°C. The R.H's in Expt. 5 (Fig.2] ) and in Expts. 1 and 4
undérwent compérable changes, and bear out the suggestion that
sweating occurred in the sheep during high temperatures.

An analysis waé made of the proportion Qf cobalt-chlofide
paper strips used@ which showed rapid sweating. The critefion
adopted was the occurfence of a higher R.H. next to the skin
thah at 2 em, off 1t,.as was done with pepers used in field
work (page W7 ). The results are given in Table 29 (page 153 ),
It will be seen from this table that while the insectary

heaters were switched on i.e, when the temperature was high,
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or rising, 46 readings showed sweating by the above criterion,
while 42 did not. When the heaters were off, i.,e. .when the
temperature was low or rapidly falling, only 1 reading showsd
sweating while 120 did not, This shows fairly conclusively
that sweating was induced by the high temperatures, and
disproves the possible objection to the work that the sheep
would have sweated in any case without their subjection to
high temperatures., Table 29 and the fleece R.H. curves
given in figs. 26-28 also show that sweating commenced in the
sheep almost simultaneously on raising the temperature, and
ceased promptly as soon as the temperatures fell, It should
of course be pointed out that the temperature fluctuations

" to which the'sheep were subjected were very large comparsd

with those encountered in the field 1nlth'as country.

, DISCUSSION
- The resultsﬁgunning and hot atmosphere experiments on
sheep described above leave little doubt that some sheep at
least do sweat to some extent in order to rsgulate body
tempefature. gince the experiments were carried out on such
emall numbers of sheep detailed discussion of the possible
role of sweating in the development of sheep blowfly mylasis
is not at présenf warranted. The detection of rapid and
continuous swestdng on sheep earlier in the work (page 111 )
and the demonstration that humidities high enough for blowfly
egg survival and myiasis development were maintained in their
fleeces, indicates the possible importance of sweating in
this respect.
The hot atmosphere experiments fit in with those of
Lee and Robinson (1941) on weight losses from Merino sheep at

high temperatures. .
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SUMMARY

1) Four experiments on 2 dry-fleeced sheep in cpol weather

2)

3)

showed thet muscular exertion caused their fleece R.H's
to rise for a per16d, and then to drop to their former
low levels. This is interpreted as evidence for sweating
in these sheep, caused by muscular exertion.

Inl sheép, sweating at the withers position but not at

the midback was detected in 3 experiments. This suggests

“that sweating may vary markedly between various points

fairly close together.

Increases in fleece R.H. near the skin were also detected
in sheep when subjected to hot atmosphsres (25-3700). The
synchronization of fleece R.H. changes with those of
temperature indicate that sheep sweat in hot atmospheres

in order to regulate body temperature,

L) The results are regarded as being purely preliminary in

nature.
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GENERAL SUMMARY OF WORE

Of the blowflies whose eggs were studied, those of
L.sericata were found to be the most desiccation resistant.

Those of L.caesar, L.illustris and P.terranovae were found

to need rather higher humidities, while those of C.erythrocephal

and C.vomitoria needed both higher humidities and lower

temperatures to survive, .

o Experiments 1ndicated that blowfly eggs are water-
precofed by a lipoid layer, situatéd between the chorion and
the chorionic vitelline membrane, in a manner fundamentally
gimilar to the egg of Rhodnius and to insect cuticle as
elucidated by other workers., |

- The sensitivity of the hatching of blowfly eggs to R.H.,
so well demonstrated by Davies & Hobson by transferring eggs
from saturated air shortly before hatching into 50% R.H. and
thué preventing hatching, is amplified by the observation
of humidity-dependent shape shanges in the egg shell in the
course of the ﬁresent work,

Fleece R.H, observationéAbore out the frequent occurrence
of low R.H.'s there, stressed by previous investigators.

The fluctuations of fleece R.H, due to rain or dew were
prominent features of the preéent study, and their possible
roie in genesis of strike has been pointed out,

The desirabiiity of a biological study of the flesce
microclimate, by studying the fate of blowfly eggs in
fleeces is indicated by the results of prelimimary experimnents
on these lines described in this thesis.

The occurrence of high R.H's clése to the skin in sheep
under certain conditions led to the detection of sweating,
whiCh'Was subsequently demonstrated by means of muscular
exertibn of the animals and subjecting them to hot atmospheres,
Experiments showed that sweating might provide suitable

conditions in fleeces for blowfly eggs, a state of afiairs

not reéognized hitherto.
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- LAEORATORY RESULTS

WATER~BATE EXPERIMENTS
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EXPLANATORY NOTE ON CLASSIPICATION OF . THE VARIOUS
STAGES REACHED BY ‘Eaas IN WATER-BATH HUMIDITY
EXPERIMENTS

‘In the following tables giving the results of the above
experiments, and in various Tables in the text giving the
proportion of the egps used reaching various stages of devel-

opment, the columns are headed as followa:=

H = Hatched; PH = Prehatching stage; IMH = Late Mouth~
Hook stage; EMH = Early Mouth-Hook stage; and E or Early
= Early stage.

Thls claseification is to a large extent arbitrary, 1In
tables where only an 'EMH' or 'MH' column is given and 'LMH'
is omitted, the eggs in that column reprgsent those reaching
the 'Ema' stage plus those reaching the 'IMH' stage. The
diqtinétions between eggs reaching 'IMH' stage and 'EMH'
stage were not well defined and their separation is perhaps
too arbitrary to warrant classification into these two categor- -
es. o | ' ‘.

A descriptioﬂ of the appearance of the various stages is
now giveng=- :

TCHED - 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,

REHATCHING ST%Q@ ~ A fully developed larva was present in
"a contracted state in the shell, indicating that

' it had moved within it before succumbing, The
tracheal system was full of gas.

LgTE MOUTH~HOOK _ STAGE - The bucco-pharyngeal armature was
visible together with the dark circles of minute
cuticular spines near the Junctions of the body
segments. The cuticdl was distinct but had not
adopted its final semi-opaque white character of
the fully developed larva. The 'larva' at this
stage died without visible evidence of any of the
prehatching movements,

- EARLY lOQQﬂ-BO%K STA%E - The only larval organs visible
were sclerites of the bucco=-pharyngeal
apparatus, No larval cuticle could be detected
with cursory examination under a binocular
microscope.

EARLY STAGE -~ No larval organs were distinguishable under
& binocular mieroscope (30 xy - .
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~ An exemination of L.sericata eggs at 1005 R.He 35%%,
showeci that the above stages were reached in the following
'time‘as after 1ncubafion immediately on laying:- Early Mouthe
hook ptage in 7.0-7,5 hr; Late Mouth-hook stage in 7,5-8.0 hr;
Prehatching stage in 8,0-9.0 hr; Hatching in 9.0-9.5 hr.
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|

LUCILIA SSRICATA
‘ % Stages reasched by eggs
| E;:g:s. ng?. e W R L‘;* EMH garly | e?i Remarks
30 00| 87.5 0.0 0.0 17.9 1.6 | 56
57 65) 13.0 38,9 1.9 0.0 4.2 . 5i
95 37 60| 14,0 28,1 0.0 3.5 Shk 57
37 55! 0.0 L8,0 6,0 12,0 34.0 . 50
37 50| 0.0 5.6 0.0 27.8 66,6 36
37 U450 0.0 0.0 0,0 12,4 87.6 ., Ll
30 100| 92,5 0.0 0.0 2.8 5.7 1k
37 65| 38,8 35,9 2,9 8.7 12.7 103
37 60| 12,6 57.3 1.8 0.9 234 111
e 37 55, 1.5 52,7 18 11,7 2.3 95
37 50| 0.0 6.9 6.9 37.9 48.3 50
37 45 0.0 6,3 10,1 29.2 35,4 © 79
30 100} 795 0.0 00 0.0 20,5 39
37 70§ 8408 9.1 0.0 0.0 61 33
37 65! 48,3 29,6 0.0 0.0 22,1 27
30 37 60? 3548 35.8 0.0 3.6 25.8 28
37 55, 3.7 8.5 0.0 0,0 4,8 27
37 50 0.0 69.7 0.0 3,3 27.0 33
30 1oof1oo.o 0.0 0.0 0.0 0.0 | 57
38 1000 18,2 5.5 0.0 32,7 43.6 55
9 38 95 784 SuA 2,7 Sib 8. 37
38 90 21.4 W3 0.0 5.3 52,0 @ 56
38 .85 94.0 0.0 2,0 2.0 2,0 @ 51
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LUCILIA SE:1CATA - (continued)

% stages reached by eggs

Y 7’@_ H PH LM EMd ) of
Nos Cs f o e $grly e, Romarks
30 100 |59.2 0.0 0.0 4.5 36.3 22 N.B. Low
- fertility
38 100 | 77.8 ©.0 0.0 5.6 15,6 18 of

_ 4 controls
10 38 90 | 73.4 0.0 0.0 0,0 26,6 15

38 85 | 75,0 L2 be2 b2 124 @ 24
3880|583 16,6 8.3 16.8 0.0 . 12

[

I

30 100875 0.0 0.0 4.2 8.3 f 48
38,8 100 %22.0 2.0 €,0 8.0 62.0 ; 50
38,8 95| 11,0 L4 13,7 6.8 67.1 | T3
33,8, 90 %62;5 6.2 0.0 9.4 219 | G

38.8 85 43,3 W) L4 &7 337 T

28,8 80 7.8 €.5 26 11,7 7L 77

16 -

4 . -

30 100946 0,0 0.0 18 3.6 - 57
39 100 |

Lol 3,7 5.6 2,7 79.6 ' 54
30 95! 5.7 22,7 11,6 32.0 32,0 ' 53
n ! . {
39 30 !2:,0 18,0 1O 10,0 40 § 50
| f
30 100 (81,6 0.6 1.3 3.8 12.7 157
40 100 E 9.9 1.0 10.8 13,7 6.6 | 102
40 95, 0.0 0,0 0.0 0.0100.0 : 160
- 33 . - ( :

40 90 0.0 L5 0.0 10.2 385.3 ;157
40 85 0.0 5.5 2.2 10.3 8.0 | 126
40 80 0,0 0.9 0.0 7.5 9.6 . 106

e




TUCILIA SERICATA

(continued)

% Stages reached by eggs

165.

Eﬁgf. ng?‘ ALl M PH  Lww ' EMH Barly :‘};ES Remarks
30 100 |73.2 4.6 0,0 3.5 18,7 | 131
LO 100 | 0,0 0.0 0,0 0,0 100,0 | 132
5O 95 | La2 0.6 1.2 40 93,0 | 171
3t Lo 90 | 040 0,0 0,0 1,2 95,8 97
40 85 | 0,0 0.0 0,0 1,0 99,0 | 106
4 80 0.0 0,0 0.0 100,0 | 138

0.0

X

Yo




LUCILIA CAESAR

166,

expts Temp. | L r? Stages rfif?ed by eggs } |

Noe P L PH Lmi  EmH  Early cg;is Remarks
30 100 | 76s7 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 | 10
37 60| 0,0 1.8 0.0 7.1 92.1 g 112
37 55| 0,0 0.0 0.0 1.0 99.0 | W0
30 100 |69.2 0.0 0,0 1.7 29.1 | 120

37 65! 0.0 12 00 51 937 %8

s e | 0.0 0.0 0.0 0.0 100,0 ' 100

37 551 0,0 0.0 0.0 0,0 00,0 110
| -
30 1oo§,33.3 0.0 0.0° 0.0 66,7 | 33 Low
38 80| 0,0 0,0 0.0 0.0100,0 | 35 or Y
| 38 75 0,0 0.0 0.0 0,0100,0 @ 39 controte

® 3 1 . 0.0 0.0 0.0 0.0 100.0 f L6
38 651 0,0 0.0 0,0 0,0100.0 ' 40
38 60 0.0 0,0 0.0 0.0 100,0 L 25
30 100 388.8 0.0 0,0 5.6 5.6, 18
38 100 ? 0,0 9.5 33.3 19.1 381! 21
36 95.59.3 0.0 3.7 0.0 37.0 27

B 8 90.58.7 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 15.7 3.1 0.0 40,6 32

-




LUCILIA CAESAR (continued)

167.

LO=}40.5

!

- 0.0 100.0

BXpb, Tetmp, ‘;% Stages rgﬁgyed by eggs"
No. ©9C. WM | W ey Lm €W Early 2:; 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
41 39 ©95|°0.0 ‘0.0 ‘0,0 0,0100,0 | 60
©'39 © 85 |°0.0 ‘0,0 0,0 0.,0100,0 | 40
39 80| 0,0 0,0 0.0 0,000,060 | 59
T30 °100 [86.3 ‘1.3 ‘L2 0,0 11.2 | 80
40405 100 | ‘0.0 ‘0.0 ‘0.0 0.0 100,0 | 69
4OU0,5 ~ 95 | 100 0.0 ‘0,0 0.0 100.0 § 65
H210:40.5 * 90 | 0.0 ‘0,0 0.0 0.0 100.0 | u8
" 85| 0.0 ‘0.0 ‘0.0 | 63
| ‘




IOCILIA ILLUSTRIS

o5 steges reached by eggs

168,

Eggff ng? * ke [ PH L e Early :Es Remarks
. 30100 | 2249 0.9 1.2 6.1 69.9 212 ,ggziility
37 701 1.6 9.8 0.0 7.1 81,5 j 184 4in control
31 65| 00 5.5 0.0 9.8 847 !:163 §§?§;é§::p'
28 3? 60 O.Q 0;9. 0.0 2,5 97.5 ! 162 :ﬁ: ::geg£.
37 55| 0.0 0.0 0.0 0.,0100.0 | 178 ment.
37 50| 0,0 0,0 0.0 0.,0100.0 | 93
30 100 |445 0.0 0,0 7.0 4“8*5, 128 ?g;tility
37 70 | 28,2 14,5 0.0 8.1 49,2 |12, ;gmg?ngggz&
37 65| 3.8 b4 0.0 3.8 78,0 | 104 §§ 2}7125::3&
29 37 60| 0,0 9.4 0.9 5.7 84,0 | 106 of the
57 55| 0.0 0.0 0.0 0.0100,0 110 o
37, 50| 0,0 0,0 0.0 0.,0100,0 97
30 100 |38 1. 0,0 4ol 56.1 f g, Low
37 70 | 3.5 21,9 1.2 5.8 61,6 | 86 of
37 65 i 0,0 46 0.0 5,7 89,7 f 87
30 37 60 i 0.0 2.0 0,0 9.0 89,0 f 100
37 55} 0,0 0.0 0,0 2,4 97,6 | 84
37 50 z 0.0 0.0 0.0 0.0 100.0 3 90
f f
30 100 ,39.1 0.0 0.7 0.7 59.5 é 138 gB.Tow
37 70 3,1 8.1 0,0 1.9 86.9 | 160 of
35 37 65 0.9 25,0 0.0 16,6 57.5 | 108 controls.
37 60 ' 0.0 1L.5 . 0,0 1.5 77.0 | 78
37 55 0.0 0.0 00 2.8 9.2 68




LCCILIA ILLUSTRIS (continued)

9 Stages reached by eggs

169,

Bxpt. Temp. ~ =
Fo. - %. gH.| H PH L Enw Berly | Remarks
30 00| 68.0 1.2 1.2 9.0 20.6 120
37 65! 0.0 26,5 1.7 12.8 5.0 117
3T 57 Gl 00 o0 0.0 k2 95.8 1
57 85 0,0 0.0 0.0 1.0 95,0 1308
30 100 9.8 0.0 0.0 3.3 859 | 61 Low
38 100 5.0 0.0 0.0 3,3 91.7 % 60 5?’23%%251
9 38 95 5.6 2.8 Lk 124 TIE (72 oo
38 90 2.9 5.9 0.0 7.4 83.8 | 68
38 85 10,1 8.7 0.0 13.0 68.2 69
36 100 €5.3 0.8 0.0 0.0 33.9 121
38 80 0.0 5.5 2.8 1.7 80,0 128
| 38 75 0,0 0,0 0.0 85 9.5 118 :
3 38 70, 0.0 0,0 .o.o he3 95.7 41&1
38 65. 0,0 0.0 0.0 0,0100,0 ‘136
38 60 0,0 0.0 0.0 0.0 100.0 134
35 30 100 32.0 4.0 0.0 8.0 56.0 25 N.B, Low
: . S : fE?%ility
39 100 0.0 0.0 22,2 T 704 27 of controls
32 35 90% 0.0 10.5 10.5 31,6 U7.h4 19
39 85..0,0 9.5 0.0 33.3 57.2 21
39 80, 0,0 0.0 0.0 0.0 100.05 23
!
30 100; 32,6~ 0.0 0,0 11.2 56,2 - 89
P e . 0.0 0.0 0.0 0.,0100,0 &9

100 .
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LUCTLIA ILLUSTRIS (comtimued)

% Stages reached by eggs

Expts Temp. — —— —
No. ©c. JRM. | W e4  ivu e Barly | fe Remarks

e84s

39 4o 95 | 0.0 0.0 0.0 0.0100,0 | 112
(continued) - :

| 50" - 90 | 0.0 0.0 0.0 0,0100.0 | 109
40 8 | 0,0 0,0 0,0 0,0 100.0 73
40 80 | 0,0 0,0 0,0 0,0100,0 | 83




PHORMIA TERRA-NOVAE

¢

171,

¢ 8tages reached by eggs
Eﬁgf‘ Tgmpo TRH| w PH L:“T €t E&rl?y ’ '1;" Remarks
o | - - . ey
30 100) 86,9 0,0 241 1.3 9.7 }ms
37 65) 0,0 15 1k 187 T84 139
22‘ 37 60, 0.0 0.0 059 549 Su.l ;118
- 37 55! 0.0 0,0 040 0.0 100.0 ;112'
37 50| 040 0.0 040 0:0100,0 ' 62
37 45| 0.0 0.0 0,0 0.0100,0 ' 98
30 100) 785 0.0 50 0.0 17.5 1o
37 65 65 65 3.2 323 525 31
P L 60 2.9 29 2.8 20,0 b 35
? 37 551 0.0 0.0 040 . 0:0100,0 = 50
37 50 0i0 0,0 0.0 0.0 100,0 s
37 hsf 0:0 040 0,0 0.0 100.0 ° 33
30 100200.0 0.0 0.0 0,0 0.0° 72
BO 100 0,0 T7e2 189 5.8 691 | 69
40 95 Lul 82 812 16,5 63,0 73
Y 90 0.0 0.0 5.0 12.5 82.5 & 80
4O 85 0,0 0.0 1.8 18,2 80,0 ' 55
4o ao; 00 0.0 0,0 6.0 W0 50
n gﬂﬁh 85,0 1.2 0.0 L1 12,7 86
38,8 100 13.8 64 13.8 13.8 52,2 109
o B8 95 k32 31 121 62 35k 6
T 38,8 90 473 228 2,6 0,8 26,5 1l
38,8 85 276 92 0,0 1.2 62,0 87
38,6 80 395 29 5.7 29.6 139

. 2203




| CALLIPHORA ERYTHROCEPHALA
¢ Stages reached by eggs 1
Bxpt. Temp. , — : A : — | q
No. . 9C. LRH, H PH LMH EmH  Early | o« Remarks
) . . i eqqs
30 100 [41.,0 12,4 8,6 22,2 16,8 | 81
%0 65 |49l 21.6 0.0 2.5 26,5 79
o P 60156 266 94 125 159 64
30 55 | W5 23,9 164 119 43,3 - 67
30 50 |° 0.0 5.6 19.6 374 37.4 72
30 l&5 0.0 298. 1-‘# 260“ 690“ : 72
. 30 100 i&OeO 10,0 0,0 5,0 5,0 - 20 Temperature
25 ; ' - rose to
- 30 45| 0.0 0,0 0.0 0.0 100.0 ' 30 31,5°C for
' ' short time
l ' during expt.
30 100 /59,2 4.5 0.0 4,6 317 22
. '26 3 55| 0.0 71.5 0,0 0.0 28,5 22
| 4 |
' 3 50 0,0 30,0 0.0 5,0 65,0 20
30 45 0.0 13,6 0.0 22,8 63,6 1
!
30 65 13,3 134 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. BEggs
. : accident-
27 30 55! 0.8 13.9 0.8 6,5 77.7 122 ally
. ! ‘ killed,
30 50 : 0.9 8-5 342 6.L|, 8109 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 L3.2 Lk
43 - 30 55 L.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 1000 13




| Expt. Temp.

CALLIPHORA DRYT:IMOCOTHALA

(continued)

% Stages reached by eggs l

(=
o

Ho,. %,  IRH. % ’H PH ;«r EMA Earl? 33‘; Remarks
30 100 |61 2.8 22.2 0.0 13.9 | 36
34 100 f 6,1 3.0 33,1 33,1 24,7 ' 66
L * P f 2,0 5.6 15,1 547 22.4 f 53
| 34 90 0,0 18,6 18,5 Lu5 184 5k
3% 851 0.0 7.8 94 563 26.5 64
3, 80 0.0 3.3 0,0 13.3 83,4 . 60
30 100 73.8 2,3 11,9 L4.8 7.2 . L2
34 100 3,1 0.0 49,0 47.0 - L9 47
A¢13f_ 3 90 § 1.9 115 17.3 34.6 347 52
3% 85 0.0 11,5 154 500 23.1 52
3 801 0,0 3.7 5.6 463 Wil 5h
30 200 66,6 7.9 9.5 9.5 6.5 63
3 80 ! 0,0 0.0 0,0 25,0 75,0 - 48
18 3 75 % 0.0 0.0 0,0 0.0 100,0 53
3 70, 0,0 0,0 0,0 0.0100.,0 5h
6 % 0,0 0.0 0,0 £ 0.0100,0 5
3 60 0,0 0,0 0.0 0,0100,0 3

|

30 100 is&.s 5.6 3.7 0.0 22,1 54
35 100 5.1;0 1.0 13.0 15.0 70.0 100
Yo e 0.0 1.0 8.6 220 634 104
3 90 } 0,0 0.0 1.1 9.2 89,7 87
— I — .
30 100  77.3 5.7 0,0 0.0 17.0 35
2 35 100 0,0 U7 5.9 11,8 67.6 3
35 950 0.0 12.9 19:5 9.6 56,0 31



174,

CALLIPHORA GRYTIROCESIIALA (continmed)
| ¢ gtages reached by eggs
ExptO Tgmpb o/ ! ~ —A ™~ ' o
Nes “o¢ ARHL H PH il i Barly = of Remarks
; . ) ‘ _ e i
2 35 90! 0,0 0.0 50 5.0 90.0 ' 40
(continued) | 1
' ! '
, » 200 | 74i3 13.6 341 0i0 9.0 | 66
35 85! 0,0 0.0 0,0 0.0100,0 246
30 100 63:2 0.0 5:3 5.3 26,2 | 19
35 100! 0.0 k.5 181 9.1 68,3 @ 22
i 35 95§ 0.0 0.0 318 18,2 50,0 & 22
35 90, 0.0 0.0 00 L.5 955 22
35 85 0,0 0,0 0,0 0,0100,0 20
50 100 910 3.7 0.0 3.7 1,6 ' 54
35 100 0,0 0.0 9ubi 24,1 6645 | 5k
5 35 95, 00 0.0 0.0 5.7 %3 | 0
35 90 0.0 0,0 0.0 2.9 97.1 | 68
35 85 0,0 040 0,0 0.0100,0 | 80
L 30 00687 20 9.8 13.6 5.9 © 51
35 200] 0,0 0.0 0.0 21.0 79.0 100
| | ,
30 100 95.0 0.0 0.0 2.0 0.0 L2
36 100] 0.0 0.0 0,0 0,0100.0 4B
6 36 95 0,0 0,0 0.0 0.0100,0 = L2
36 90, 0,0 0,0 0.0 0.0100.0 42
36 ' 0.0 0.0 0,0 0.0100,0 U6

85 .
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CALLIPHORA ERYTHROCEPHALA (continued)

% Stages reached by eggs

Expt, Tomp, —~ A . \
Nos o0, %RA H PH LMH e Barly ro}r' Remarks
R , o €445 ,

s

30 100 |38.1 1.2 U448 3.6 52,3 f& N.B. Low
' ‘ fertility
36 100 0.0 0,0 0.0 0.0100.0 ' 88 of controls
7 36 95| 0,0 0.0 0.0 0,0100.,0 ; 70

36 90| 0.0 0.0 0.0 0.0 109,0 ' 80

3 85| 0,0 0,0 0,0 0.0100.0 : 74 .




CALLIPHORA VOMITORIA

Expt. Temp, ) ) % Stages reaihed by eggs )
No. 9c. TRY | H PH tmi enmy Early Ej’{s Remarks
30 100 [86.4 L1 34 be6  LE5 | 68
30 65 |11,0 61,0 9.4 6.2 12:4 " 6l
-2'1" 30 60| 1.5 73.6 8.8 1.5 14.6 68
30 55| 0,0 21,3 21,3 30.8 26.6 | 65
30 50| 0,0 11.2 11.2 38,8 36,8 | 72
30 45| 0.0 . 1.4 1. 34,3 62,9 | 70
_
30 100 58.6 6.9 12,2 0.0 24.3 58
3% 100 :78‘9' 5,8 5.8 1.2 7.6 | 52
10 3 9% 290.0 2,9 W3 0.0 2.8 | 70
‘ 34 90 /53,8 35.4 3.8 1.5 6.5 ! 65
3 85 23.2 U3.5 2.9 8.7 21.7 | 69
35 B0 7.2 85,5 0.0 2.9 Lk | 69
el b
31 100 943 2,9 0,0 0.0 2.8 5‘68
3 80 42,5 57.5 0.0 0.0 0.0 = 66
3 751 0.0 61,2 1.9 129 2.0 ' 54
B 70 0.0 1.8 7.9 36.8 3.5 ' 76
3 . 65 . 0.0 1.3 2.7 440 52,0 75
3 60 é'OaO 0.0 0,0 0.0 100,0 : T3
30 00 68,0 5.7 0.0 1.9 24l 53
35 100 39,2 7.8 9.8 5.9 B7.3 . 51
5 35 95 .30. 12.2 9.1 13.6 3L.7 | 66
33 90 1.4 14,8 8.2 36.5 39.1 § i
35 85 f 0.0 0.0 82 9.8 82,0 E 61
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CALLIPHORA VOMITORIA (continued)

| 7, 8tages reached by eggs

Expt.»Tgmp¢n o p - -~ fo.

No.. Ce ZRH| H PH Len  emn Early of Remarks
- egss

30 1001000 0.0 0,0 0.0 0.C | 13
8 35 100[ 90,0 6.0 L,0 0,0 0,0 ! 50

35 90| 65,5 20.7 13,8 0.0 0.0 ? 29
S—— _- S

30 100| 35.8 4.3 4,8 0,0 45,1 | 42

35 1000 8B40 2.3 2,3 Le5 6.9 | hk

11 35 90| 47,5 1L.9 15,2 3,4 22,0 | 59

35 85 25.0- W43 9.6 9.6 13,5 | 52

35 ao§ 314 1,5 ' 75 8.9 50,7 | 67

30 100 893 3.8 0.9 0,0 6,0 , 104
35 80 0.0 67.0 7.2 219 3.9 128
35 75, 0.0 L2 10.0 63,3 225 120
35 701040 0.0 2,0 44,0 54.0 | 50
35 65; 0,0 00 0,0 0,0 100.0 ? 76

35 60 0.0 0.0 0.0 0.0100,0 : 68

20

30 100 10050 0.0 0.0 0.0 0.0
36 100 6.0 400 42,0 12,0 0.0
6 36 95 0.0 45.3 2L 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 | 48

3 ¥

30 100 712 9.6 5.8 3.8 9.6 52
36,8 100 0,0 0.0 0.0 0.01C0.0 64
36,8 95 0.0 0.0 0.0 0.0100.0 66
36.8 90_5 0,0 0.0 0.0 0.0100.0 - 63

15
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APPERDIX

KEY TO POSITION SYHBOLS IN TABLES OF FLEECE R.H,

_Egéglﬂﬁﬁ_ F
W = {ithers LCU = Upper left crutch
= Midback | 1CL % Lower left crutch
R = BRump | RB = Right belly '
T = Tailnead LB = L&ft belly
R¢ = Right cruteh - RF = Right flank
Rcﬁ = Upper ﬁight crutch pA = Left flank
‘RCL = Lower.Righﬁ crupeh " CH = Quarter back
IC = ‘Left erutch | TM = Thresquarter back.

These position aymbols are used in all tables in the
text, re;ating to fleece hum;dities, in the tabulated results
‘of rleeég'R.H‘a and in the'reéults of hot atmosphere experi-
ments given in the Appendix, | _
‘Diagram 5f'Location'of ebove positions. Sheep viewsd from

left side only. 'Right' positions correspond to 'leit', but

are on the ather'side of the body.

TM M O R T
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Notes on sheep used for fleece humidity readings. 19u6,

Sheep 1. 'Mule' x Suffolk Lamb, Female, Age 6 - 7 months.
_ : Close compact fleece of suffolk Type, with fine
wiry wool, Staple length about & cm,

- Sheep 2. Swaledale x Border lLeicester Lamb. Pemale. Age
‘ 3 = I months, Short fleece, close in comparison
with sheep 3, but very open compared with sheep 1,
No 'shed' in the wool along the back, Wool falls
;nto6sma11 crimped locks, Staple length about

- Clile '

sheep 3. Swaledale x Border Leicester Lemb, Female. Age

T '3 « 4 months. Very slack fleece, long course fibres,
with a marked 'shed' in the fleece along the back,
Staple length about 5 - 6 cm, '

gheep Ls Swaledale x Herdwick wether, Age 18 months. Fleece
' entirely brown, short, and <fairly close, Staple
length about.5 - 6 cm,

- gheep 5. ~ Herdwick (some Swaledale blood) wather, Age 18
months, Fleece shorter than sheep 4. Staple length
only L4 - 5 ems Fleece fairly close, Wool fibres
coarse and atiff,

gheep 6. Swaledale x Border Leicester Lamb, Mele. Age

‘ ‘ 3 - 4 months., =Fleece. similar to sheep 2.

gheep 7. 'Half-Bred'x Oxford Lamb, Male, Age 6 = 7 months.,
' Close fine fleece, Wool less wiry than in sheep 1,
gleece of '0xford' type, Length of staple about
931119

gheep 8. Swaledale X Herdwick wether. Age 18 - 19 months.
. Coarse fleece rather open in character,

- Sheep 9.  gwaledale x Herdwick wetﬁer. Age 18 months. Finer
fleece than sheep 8 but even more open.

gheep 10. Pure Swaledale Ram (possible some Herdwick blood),
Age 18 months. Good thick close fleece, character-
istic of best Swaledale sheep. No sheds in the
fleece, Staple length about 3 cm.

z'Sheep 11, Herdwick wether'(some Swaledale blood)., Age 18 ~
’ 19 months. Fleece similar to sheep 8,

Sheep 12, Suffolk x ? Lamb. Eemale. Age 11 months, Fleece
gimilar to sheep 1, but by now longer in staple.

gheep 13, Ha1f~Bfed X Oxford. Male., Age 1l months. Fleece
’ similar to sheep 7, but by now longer in staple.

Sheep 15, Half-Bred X oxford Lamb, Sex not recorded. Age
6 - 7 months. Fleece similar te sheep 7.

sheep 16, Half-Bred X Suffolk Lamb. Sex not recorded. Age
T 6 -~ 7 months., Fleece similar to sheep 1.

gheep 17. Half-Bred x Suffolk Lamb. Sex not recorded. Age
‘ _ 6 - 7 months, ' Fleece similar to sheep 1.
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gheep 18. Half-Bred x OxTord Lanb. Female, Age 6 = 7
‘ months. Fleece similar to sheep 7.

Sheep 19, Half-Bred % Oxford Lemb, Male. Age 6 - 7
. , months. Fleece similar to sheep 7. .

gheep 20, Swaledale x Border Leicester Lamb. Age 3 - L4 months,
o sex not recorded. Moderately dense fleece, with
fairly fine wool but with some sign of a 'shed'
in ‘the fleece along the midback. Fleece therefore
1ntegmediateAbetween sheep 2 and 3, Staple length
5 = CHl ,

. gheep 21, Herdwick ram, Age 2 or 3 years. Fleece coarse
T but fairly close, Staple length 5 - 6 cm.

gheep 22, Herdwick wether. Age 2 or 3 years, Entirely
' unshorn. Very large thick fleece, and densely
matted giving a thicknees of fleece of about

13 - 16 Cllle

. Sheep 23. swaledsle Lamb. Female, Age 4 - 5 months,
o Fleece similar to sheep 10, but staple length
shorter - about 6 -cm.

.Sheeg gg. Eepdwick Ram, Simiiar to sheep 21.

éheep'éé; gwaledale lamb. Details as for sheep 23,

Sheep 26, Swaledale X Border Leicester Lamb. Male. Age
‘ 5 - 6 months. Fleece similar to sheep 2.

Sheeg 27 Herdwick Lambs. §ex mnot recorded. Age 4 - 5
& . - months old. Good close fleeces,

D S D U S S W W e i TS G B T i S St S

' Note on sheep used for fleece humidity readimgs. 1947

eep 2 These were & mixed batch of oross bred lambs, all
e ] elther Border Leicester x "Mule! er Oxford x 'Muls',
T and were 5-6 months old when used in experiments.

Ve

e ey " - e i

Note on sheep used for eggeriments in 1948

'_All were lambs born in the perlod Dec. 1947 - Jan, 1948.
Shegi hé Theéé were Suffolic x 'Half-Bred' crosses.

§§3e§ %T-M?Thése were Oxford X 'Half-Bred' crosses.-
& D)0, ’

: -46These were Border Lelcester x'Half-Bred' crosses.
) 902 9 D4, -
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g@ E cf".: Ei -« H L3 REA DINGS ] 1 2&6

SHEEP AT HOUGHALL FAR!, DURHAM



Relative Humidity ¢

Date etc, Sheep No.fPosition ;&zc 12%:“
3 July. 11.45 hrs.: 1 RC 45 -
2200060% R.H. Bright
Sun, Light westerly 15 T 51 -
breecze, ‘ '
15 RF 65 -
16 W 47 -
16 M  below 40 -
17 RC below 40 -
4 July. 10.15 hrs. T 10 65 -
200C, rapidly rising.
85% R.H, Stiff wester- .7 T 65 -
1y breeze.
16 R 45 70
16 M 63 63
5 July. 10,15 hrs. 1 T 47 -
1500, 75% R.H.
Cloudy, still. 1 1CU 45 -
| 1 LCL 48 -
1l RC L6 -
1l T™ 67 -
1l W 65 -
7 1F 67 -
7 RC 50 -
7 LCU 50 | -
7 LCL 53 -
7 T 50 62
7 M 55, 60
7 ™ 55 -
7 RF

60 -

6 July. 15,30 hrs. RC below 4O -
19.8°C. 58% R.H.
sunny Periods.
Fresh Westerly

Breeze,

LCU belo# 40 -
ICL belo# 4O -

S

T - below 4O



Date etec, Sheep No. Position

18,

Relative Humid%ty %

s»rfue l.km
?cg:%zauggsso nre.' 1 M 65 Il
| 1 W 63 45
1 ™ 70 45
1 RF 48 -
1 LF 50 -
19 T 45 -
19 10 below 40 -
19 RC below 40 -
19 W 51 below 40
19 LF 62 50
19 M 65 -
‘8 July. 09 45 hrs, 1 JAG above 80 -
3 Tl
morning. No dew
1eft.@ 9.0 a.m, 1 T 52 -
| 1 W above 80 -
1l 1c 63 -
1 RC 67 -
1 RF above 80 . -
7 T 67 -
7 M above 80 -
7 W above 80 above 80
4 LF above 80 -
7 RF above 80 @ -
16 T 67 48
16 ic 63 -
16 RC above 80 -
16 M 72 63
16 77 -




Relative Humidity ¢

Date etc. sheep No. Position  ~in Zem. of
9 July. 06.:30 hrs. - i‘ - TV | 70 -
Good misty morming, 1 M 16 -
gngy dew. Sheep 1 w above 80 -
1 RF &0 T
1 IC 65 -
1 RC 67 -
7 T 65  above 80
7 M 80 -
7 RF above 80 -
7 LF 68 above 80
7 W 75 100
7 LC 68 75
° 7 RC 75 -
| 15 ' ?  above 80 =
18 RC 68 -
16 PR SR
9 July. 16.40 hrs. 1 T 53 -
21,89C. 52% R.H.
Warm, dull., Slight 1 - 58 -
breeze. Sheep dry, L o 58 )
1l M 100 70
1 W 100 »
1 mF 62 -
1 LP 6l -
7 T 63 -
S 4 RC 62 -
7 IC 57 -
7 M 70 -
7 W above 80 -
7 RF . 67 -
7 LF 70 -
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Relative Humid%fy a

‘pate-gﬁca_ Sheep No.. Position o B
9 July. 16,40 hrs.. 15" W 95-100 75
{continued)

- R 16 w 5 66
10 July. 14.45 hr, 1 T 56 45
2‘4-'9’5906 56% ReHe )

Close and sunny. 1 70 -
Slight westerly
breeze, 1l W 100 68
1 RC 60 -
1l 10 62 -
1 LF 58 -
7 T 70 -
7. M above 80 below 40
7 w 80  below 4O
7 1C 68 -
7 RC 68 -
7 RF 3 -
7 LF 68 53
11 July. 14,30 hre, 1 T 60 4O
26,5°C, .43% ReHe Very
bright sun, no cloud, 1 M above 80 below 4O
no breeze, ,
: 1. RF 712 -
1. LF 70 63
1 w 100 75
1. RC 63 -
1l RB 63 -
7 T 50 below 4O
7 ¥ 3 b5
7 w - 80 L0
7 LF 70 el
7 RF 72 65 -
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Relative Humidity b

Shan

(MD

nate et - Sheep Nog Positian  surkue. skom.
11 July. 14.30 hrs. 7 RC 68 -
26,5°C. (continued)
Ic 66 -
16 RB 55 -
12 July. 10. 30 hrs. . 1l T 65 L6
2’4 Ce 53% Rcﬁo Clear,
bright sun, Dew in 1 M above 80 above 80
early morning,
1l RF 77 -
1l W above 80 75
1 RC 66 -
1 1C 67 -
1l r | 77 -
7 T 63 -
7 M above 80 below 40
7 W 73 43
7 1C 63 -
7 RC 65 -
7 RF 70 -
7 70 -
13 July; 11.00 hra. ' 1 T 70 70
23 Ce 72% R.H, Very
. elose, thick haze, 1 u above 380 -
thunker expected, ‘
1 W 80 -
1 RF 75 -
1 RC 67 -
7 T above 80 -
7 M 100 70
7 w 5 -
7 LC above 80 -
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Relative Humidtty 5o

% This position austed with Derris at 10.U45 a.m.13 July.

| Date ete, - Sheep No. Position DB 2o ok
15 july, 0,30 br. 1 T e 100
%, 84 R.He : ' ,
‘Showery, Sheep wet 1 M 80 100
on outsides of flee- '
ceBs 1 W 70 100
X LF .above.BO -
1 Rc':' 62 -
1 LC 65 100
7 7 66  above
7 N 68 100
7 W 67 100
7 10 55 63
7 RO 55 65
7 RF 67 80
7 ¢ 67 -
16 July. 11.00 hr. 1 T 67 -
%2ogog;ezzé,négéudy Il ¥ abové 80 -
but dbright perlods. '
Ssheep very wet. 1 W 66% -
1 BF 73 -
1 LF 78 -
1 RC 57 -
1 e . 6l -
7 T 65 -
7 M 68 -
7 W 76 -
7 e - 62 -
1 RO 56 -
7 LF 78 -
7 RF 78 -
16 T 43 -
16 M 68 -
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Relative Humidity 73

skin

Date etc. Sheep Ro. Posztion suuse ﬁ;;
16 Jul}j 11.00 hr. | 16 ¥ 65 -
(continued) . |
' . 16 Lr 77 s
19, July. 11 00 hr, 2 T L7 65
m C¢ 9% Rqu
Cloudy, Heavy rain 2 R 55 60
during last 5 _
nights. Sheet wet, 2 M 64 75
2 W 75 80
2 RB 50 58
2 RC L2 -
3 50 72
3 52 68
3 58 70
3 68 73
3 RC 47 65
3 RP . 66 76
20 T - 63
20 R 67 -
20 M 63 -
20 ¥ 67 -
20 RC 50 -
20 " RF 68 -
20 July. 09:50 hr. 2 L5 60
16°C. 81% R.i.
Cloudy but some 2 65 - 65
sun, Sheep d4ry.
No rain during night. 2 154 55 65
2 RC L7 -
2 LF 55 -
2 LC 60 -
3 L7 50
3 42 L7
3 W - 145 -
3 RC L3 -
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Relative Humidity p

Date etc, Sheep No., Position sortate “;,:.;

20 July. 09,50 hr. 3 R 50 -

(continued) - -
3 RB 45 54
5 W 50 60
5 u 45 50
5 RC L7 67
20 T 45 52
20 i M 45 -
20 W 17 -
20 RO 5 -
20 RP - 57
20 RB U5 -

22 July. 11,30 hr. 2 T 55 62

16°C. 90% R.H.

Heavy rain .during 2 M above 80 -

g:%?ﬁ ~ gheep very 5 " 7 -
2 RR 69 above 80
2 RC ] -
3 T 65 -
3 M 75 -
3 W 70 80
3 RE 69 -
3 RC 55 62
20 T 55 62
20 i 68 -
20 W 67 -
20 RF 55 65
20 RC 50 56
20 RB L5 50

‘22 July» 20,00 hre. 2 T W7 60

70°c. 90% R.H. All »

day good drying 2 M - 67

breeze., Sheep dry.
2 68
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Relative Hunidity ¢

Dpate ate, ghecp No. Position e 2am o

22 July. .00 e, 2 @ -
2 iy 65 72

2 RB 55 60

3 50 56

3 h 67 67

3 W 63 68

'3 RO u6 53

20 46 50

20 1 56 -

20 W 55 )

20 RC 52 -

20 RF 50 56

20 B3 45 50

23 guly, 11.10 hr, 2 ? Wl -
ggigi gsygiﬁénéeather. 2 U 6l -
Sheep dry, ” . 55 65
2 RO 50 -

2 RY 65 -

2 RB 45 -

3 P 55 -

3 65 -

3 67 -

3 RC 47 -

3 ‘RP 65 ~

3 B3 L5 -

20 ? 45 -

20 11 51 -

20 W 58 -

20 RG 48 -

20 RF 59 -

20 RB 66 -
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Relative Humldity ¢

Date etc, Sheeb No., Position 24, Lim o
%—Eﬁae&%‘; 10 hr.. 1 ¢ 50 55
: 1 M 66 -

1 W 66 66

1 LF 72 -

1 RC 50 -

1 RB 55 67

B, P
1 H 65 69

1 | 65 67

1 RF 67 70

1 RC 49 6

7 T 67 67

7 M 56 3

7 ¥ 66 67

7 RC .56 -

7 LF 70 -

7 LB 50 -

2hqduly. 11,30 hr, 1 51 -
égwoaugﬁgaﬁéhigm 1 u L9 -
Duils 1w 55 50
1 RC u8 -

1 RF 67 -

1 RB L5 -

2 T 50 50

2 u 61 55

2 ) 50 -

2 RC 50 55

2 RF .55 -

2 . BB 45 -

N
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Relative Humidity ¢

Daté ‘ete,” Sheep No, Position  sdte Lo oK

o July. 11.30 be. 3 © b2 16

(continued) ‘ : .

_ > H below 40 -

3 43 -

3 RC L2 -

3 RF 54 -

3 RB below L4O -

7 T 47 56

7 N L7 -

7 W 52 52

7 RC 55 -

7 RF 70 -

7 :1:] o - -

20° T u5 50

20 u s 50

20 W 49 -

20 RC 55 -

20 RF 53 -

20 RB below 40 -

ggog?;%a% 1135:3?: hrs. 42 42
Fresh beeeze, Sheep 40 below 4O
arge | W 4O  belo¥ 40

RC 40 Lk
RF 65  below 4O

below 40 below 4O

‘M below 4O below 40

W below LO below 4O
RC Lo -

below 4O below 4O
below 40 -

(ST SIS R S ST R T S O

&



Date ete.

Sheep No‘ Position

194%.

Relative Humidity %

SKin Lem, o

Surhur_ skin,

3

25 July,ll 30 hrs. 3 T below uo -
(eontinued) A
3 M below 40 -
3 W 43 below 40
3 RC .below 40 -
7 T below 40 below 40
7 40 below 40
7 W  below 40 below 40
7 40  below 40
7 RC 40 45
7 RF 53 L5
20 iy 45 below 40
20 M L5 below 40
20 q 55 45
20 RF L6 L6
20 RC L5 -
20 RB below 40 -
26 oJuly. 12.00 hr. 1 T U5 below 4O
21%c. 60% R.H,
Cloudy and close. 1 L5 below 40
-31ighf.breeze only. 1 . hﬁ below 4O
1 RC 52 -
1 cu Ll below 40
1 RP 65 50
2 T below LO below 4O
2 M 45 below 4O
2 W L, below 4O
2 RC below 4O -
2 RB below 40 -
2 RF . 55 below 40
5

below 4O below L4O
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Relative Humidity EIE

. ‘*Date ete, sheep No, Position il oy
26 guly. 12,00 he. 3 1 below 4O below 4O
(continued)
3 W 45 below 4O
3 RC  below 4O -
3 RF U6 46
3 RB  below 4o -
7 h2 below 4O
7 i below 4O below 4O
7 v 50 below 40
7 RC 55 55
7 RF 60 L7
7 RB 46 -
20 T below 4O below 4O
20 u below 4O below 4O
20 W L2 below 40
20 RC below 40 -
20 RF 7%
20 RB below 4O -
27 July. 11,30 hrs. 1 T 6l 70
15+5°C. 9Ug R.H. é
S e were o
taken, sSheep wet. 1 72 100
1 RC 60 60
1 RF 72 75
1 RB 56 - 15
2 T 52 -
2 I above 80 -
2 W 65 70
2 RC 53 68
2 RPF 75 above 80
2 RB w63
3 T

W7 65
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Pelative Furr'idity 2

Date ete. Sheep No, Position e Zem. o
27 July. 11 30 hr.--—--~~ ‘3_””?“7 M T iuﬁ : ~ -
(continued)
: 3 " 50 - 66
3 rE b5 60
3 RF 55 67
3 RB b2 -
7 T 55 70
7 41 70 100
-7 RF 60 )]
7 RB 46 -
7 W 65 100
20 T 51 67
20 M - 55 75
20 Y| 70 100
- 20 RC 50 63
20 RE 50 60
29 _July. 09450 hrs. 1 7 be,iow 40 -
17°c, €8% R.H. Cool
gg ::;n%ga oisil.xeep all 1 M below 40 -
: 1 el below 40 -
1 RF 45 below 40
1 R3 below 4O -
1 RC  below 40 -
2 T below 4O -
2 et below 40 -
o2 b below 40 -
2 RC . - below 40 -
2 RF 43  below 4O
2 RB below 4O -
3 P Dbelow 40 below 40
3 below 40 below 4O
3 W below 40 below 4O
3 RO  below 40 -
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Relative Humidity %

Date ete, Sheep No., Position 5" 2om.of
29 July. 09.50 nre. 3 kS ,wbelow B -
3 RB below 4O -
7 T below 40 L2
7 U below 4O below 40
7 W below 4O below 4O
7 RC Le 48
7 RF below 40 below 4O
20 T h2 L2
20 N below 40 -
20 w below 40 -
20 RE below 4O below 4O
20 RB below 40 -
30 _July., 12,45 hr, 1l T L6 L2
100G 0% RiH. Rein 1 4 55 48
shower 3 hrs, before
readings, 1 v .50 bk
1 RF 60 68
1 RB 46 -
a2 T below 40 L7
2 5} 45 - 50
2 T belowho 50
2 RB below 40 -
2 RF £ -
2 RC 65 48
3 T 55 -
3 it 67 67
3 v 70 -
3 RP 66 -
3 RB 45 -
3 RC .55 -
7 T 50 -
f 7 M b7 L2



Bate | etc,‘
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Relative Humidity %

SKin 2em. ofd

. | Sheep Nos Position e o
LRy A5 T e w s

7 RC 50 -

7 RF 67 67

7 RB Ly 50

20 T 46 52

20 M 46 50

20 W 46 -

20 RC 53 -

20 45 50

20 'RB b2 -
31 July. 10,30 am. x1 belo¥ 4O below 4O

- 1543
- . Céol, strong breeze.
- gheep a4ry.

C. 7155 ResHe

S e R SO T T U Y T I I O I oL o o o

= s BERaxnBB8cnaBBE

below 40 below 40

. below 4O below 40
‘below 4O -

50 - bo
below 4O -
below ud -
below 40 below 4O
below 4O below 4O

b3 -

L5 below 4O
below 40 -

~ below 40 -

u3 below 40

60 140
55 40
L6 46
42 -
b2 k2

45 below 4O
L5 below 4O
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Relative Humidity %

Date etcs Sheep No. Position % Zom. off
51 July. 1030 am, 7  RF 50 U5
" (continued)
RC below 40O -
RB Ly -
20 T below 40 -
20 M 4O below 40
20 1} Lly below 40
20 RP Lh h2
20 RB below 40 -
20 RC 41 -
1 Aug. 10,30 hr. T  below 40 -
oady, taane M 45  below 4O
breeze, Sheep -
dry to touch, W 45 below 40O
o R 58 45
RB  below 40 -
RC L2 -
below 4O below 4O
M 45 -
W below 40 -
48 -
RC 42 -

below 4O -
below 4O -

L5 below 40
40 -
RC ‘below 4O -

RB
T
M below 4O -
w

RF

NN~ W WU W W W NN DN e e e e e

RB below 40 -
T 4o -
" h2 -
W u2 -



200,

Relative Hmilidél‘ty %

Date ete,  Sheep No, -Position il i,
1 Aug. 10,30 hr,’ 7 RF 66 50
(continued)
RC L5 -
20 T below 40O -
20 M below 40O -
20 ] below 4O -
20 RC below 40 -
20 RF below 4O -
20 RB below 40 -
2 Aug. 11,45 hre. 1 T  below 4O -
189¢. 784 R.H. '
Strong breeze., No 1l ). below 40O below 4O
rain, Sheep 4rys
o 1 RB u2 -
1 RC 45 55
1 RF 50 -
2 T 45 55
2 '} .60 55
2 W 48 -
2 RF 57 “
2 RC 50 -
2 RB u6 -
' 3 T 45 50
3 ] 57 57
3 RP 5l -
3 RC Ly -
3 RB 41 -
7 T below 40 -
7 M below 40 -
7 W below L0 L5
7 RF 50 60
7 RC 50 -
4 RB 49 -



201,

Relative Humidity A

Date ete. sheep No. Pesition e Zow o

2 Augs 11, 45 hree 20 T 45 50
(continued)

20 M below 4O 50

20 W belew 40 -

20 RF below 40 55

20 RB below 40 -
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EE ., _READINGS, 1946

SHEEP AT CORAG FAR!N, RAVENGLASS, OUMBERLAND
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Relative Humidity §

Date ete, sheep No. Position ‘¢ Yo oft
6 éug;fi&:lS hrs, 8 W  over 80 -
Heavy rain over—- 8 M 7 -
night, Cloudy. Sheep
dry on outside, feel 8 T 75 -
moist near skin.
8 RF over 80 -
9 W  over 80 -
9 .. M .. 60 67
9 T 51 65
REF over 80 -
9 RB 53 -
11 W 100 -
11 M 100 100
11 T 65 75
11 RF over 80 -
11 RB 67 -
6 éug‘ 16,15 hrs. b | 6l -
16°C. 85¢% R.H.
Cloudy. No rain during &4 M 50 63
day. Sheep feel dry
to touch. L 60 -
by RC 55 65
4L RF 60 -
5 | w 73 -
5 13 -
5 T 70 -
5 RC 100 -
5 RF 100 -
5 RB over 80 -
3 W 73 -
8 i Th -
8 T 61 -
8 RF over 80 -
. 8 RC 60 68
8 RB 68 -
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Relative Humidity %

Date etcs Sheep Ho. Position ,;5-;“ z,:;.:‘«
6 Augs 16.15 hrs. 9 W L7 -
(continued).
9 ) Lk -
9 T 55 -
9 RF 76 -
11 W 100 100
11 M over 80 -
11 T 100 100
11 RC 60 -
11 " RF 73 -
11 RB 76 -
21 W below 40 51
21 H below 50 -
21 L7 -
21 RF 52 -
21 50 73
7 Aﬁg. m.éo ‘hrs, L W below 40 below 40
15°C, 80% R.H, No
rain during night. L M below 40 below_ho,
Sheep dry. 4 T below 4O below 40
L RC below 4O -
Iy RF below 4O -
4 RB below 4O -
5 W | 50 below 40
5 M 64 Lk
5 50 below 40
5 RC 6l -
5 RB 68 -
8 W 47 Lk
8 65 45
8 T below 40 -
8 RG 50 50
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Relative Humidity %
Date etce sheep No. Position &l v
T g, 1s.20 nrer 8 ® 56 56
(continued) ' .
9 W below 40 below 40
9 M below 4O below 4O
9 below 4O below 4O
9 RC h2 146
2 RF 59 -
9 RB 55 55
10 ] below 4O below 4O
10 ¥  below 4O below 4O
10 T below 40 45
10 | RC below 4O -
10 RF €0 -
10 RB L2 -
22 M below 4O -
22 r 63 -
22 IC 68 -
22 RB 73 -
23 W 61 61
23 45 b
23 RC 45 -
23 RF 67 65
23 RB 50 62
8 Aug. 12.30 hrs. L W 65 75
FUCTRE P i u M 52 65
gheep wet. .14_ . 60 66
[ RF 66 73
4 RB ol -
5 ] 68 75
5 M 65 78
5 T 68 -



206,

Relative Humidity %

‘Qm_‘;xﬁnate ete.  Sheep No. Position e 2m. of
' 8 Aug. 12.30 hre, 5 RC 70  over 80
- (continued)

- 5. RB over 60 =~ -
8 - 70
8 3 73
8 65 69
8 RC . 68 68
3 RF over 80 over 80
8 RB - 73
9 W below 4O 68
9 I 6l 5
9 T 60 66
9 RC €3 -
9 RF over 80 over 80
9 RB 45 -

10 W 67 - 72
10 u 50 60
10 T 50 67
10 RC 60 -
10 RF 55 63
10 ' RB 60 -
22 M 56 60
22 IC - 73

8 Aug. 18,00 hrs,. W below 40 below LO

i
15°C. 80% ReH.
sunny. Strong Breeze. L N below 40 below 4O
Sheep by now dry to
touch. L below 4O below 4O
b RO below 40 -
I RF below 4O below 4O
Iy RB below 4O below 4O
5 | - 51 45
5. M 50 50
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Relative Humidity %

Date et gsheep No. Position S Zum o
8 Aug, 18,00 hr;. ‘ .-5 | T- —‘aﬁf- | 55
(continued)
5 RC 45 50
5 REF 56 50
5 RB 63 -
8 W 45 below 40
8 M 54 5k
8 T 40 Ly
8 RC Ly -
8 RF 66 66
8 RB below 40 -
9 below 40 43
9 below 40 -
9 RC below 40 -
9 RB below 40 -
10 W  Dbelow 40 44
10 below 40 L2
10 | T below 40 b3
10 "RC  below 40 50
10 RPF below L4O 45
10 RB  below 40 -
9 Aug. 11,40 hrs. 4 below 40 below 40
11«1; 2ein gﬁiﬁé}h 4 velow 4O below LO
Bight, Sheep dr¥s 4 below 4O below 40
4 RC Lo -
b RF - below 40 below 40
i RB below 40 -
5 W 69 66
5 u 40 U5
3 T 51 45
5 RF 51 60
5 RC 146 60
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Relative Humidity &

Date ete, sheep Wo. Positfon %I Aem. ok
o rug. 1m0 tee. 5 e 56 e
(continued)
8 W 63 63
8 M 70 .6
8 T L8 45
8 RC- 45 55
8 RF- 76 80
9. W below 40 L3
9 by 50
9 RC below 40 55
9 RP 60 69
9 RB 43 -
10 W Ly below 4O
10 ;] below 40 below 4O
10 T below 4O below 4O
10 RF 45 U5
10 ‘RB below 40 -
22 Lo 49 60
22 RB W3 56
10 Aug. 11,00 hrs. 8 w 75 over 80'
14,99C. 90% R.He RO
wind, Heavy dew 8 i | 78 over 80
et 8 T 65 60
8 RC 76 -
8 RF 73 80
8 RB 62 -
10 Aug. 15+35 hrs. L Y] below 4O below 4O
éﬁéﬁpcargf’% Rl N M below 4O =
| L T below 4O L5
4 RF L5 50
b RG 52 -
L RB 40 -
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Relative Humidity %

Date ete. Sheep Hos position il o
Comfuyy® ™ 2 v 2B
5 H - 53 56
5 T 55 60
8 W 68 75
8 M over 80 over 80
8 T 56 66
8 RC L8 -
9 W below 4O 50
9 : below 4O 43
9 T below 40 48
9 RC below 40 -
9 LC L3 -
9  EF - 57
\ 9 B 42 -
10 W 56 58
10 M 50. -
10 T 45 50
10 RF 51 57
10 RC - 55 -
10 RB L5 55
11 Aug. 16,00 hrs. L W below 40 below 4O
16%c. 71% R.B. Wo .
rain during night, L M below 40 below 4O
Sheep dry. b T  below 4O below LO
i RB below 40 -
L RF below 4O below 40
4 RC below L4LO below 40
- 5 w50 50
5 i 49 49
5 T k7 -
5 RC B5 57
5 RF 60 60
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Relative Humidity %

Date ete. Sheep No., Position & 2am.off
11.aug. 16,00 bre. 5 RB 58 -
(continued)

| 8 W 55 . 60
8 M 63 63
8 T 52 52
8 RC 50 -
8 RF 76 over 80
8 RB below 40 -
9 w below LO -
2 M below LO -
9 7 below LO below 40
9 RC below 40 -
9 R® L1 49
9 RB below 40 -
10 ¥ below 0 U5
10 41 -
10 T below 40 below 4O
10 RC L7 55
10 RF L7 L47
10 below LO -
12 Aug. Sheep 27 & 27 ﬁ 50 69
28 when fleece = : :
K W
o R 27 T 50 70
27 RF - over 80
27 RC 67 70
27 RB 67 -
28 W 67 100
28 M G8 over 80
/ 28 €5 72
28 RF - 75
28 RC 67 '.73



Date ete, Sheep No. Position
12 ‘Auz. 28 RB

(continued)

211,

Relative Hunidity &

skin 2em, ot
o Sebee o okin,
€0 75

13°Aug. 15.30 hrs,
16°C. 80% R.H.

.L—

below 4O below 40

morning Bt * i moo
dry to touch by I g below 4O L0
e 4 RF  below 4O below 4O
4 RB below 4O -
4 RC below 4O 50
5 5t over 80 -
5 T 63 63
> RF €l 70
5 RC 65 over 80
8 63 63
8 over 80 -
8 - 68 63
3 RC 60 69
8 RB 65 -
8 éF bver 80 -
j 8 LF over 80 -
-9 W below 40 below 4O
9 u below 4O below 40
9 below 40 below 40
9 RF 41 55
9 RC L5 63
9 RB L5 -
%ﬁ‘gggz %g%&gogfs, h' W bvelow 40 L5
Heavy rain overnight. L M belcw LO L2
gg:?p feel dry oY e wo U5
RF = below 4O U5
RB L2 50
M RC b5 66
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Relative Humidity
Date ete,  Sheep No. Position il R’
1 Aug, 1540 hre. 5 W R
(continued}
5 " 50 65
5 T 49 55
5 RF 57 66
5 60 70
5 RC L6 66
8 W b6 56
8 T L5 us
8 LF over 80 100
8 RF 65 65
8 RB 55 68
8 RC biy 55
9 W below 4O below 40
9 Mo 4o 45
9 T 42 50
9 RF 45 52
9 RB below 4O 45
9 RC y2 57
15 Aug. 10.00 hrs. b W 40 55
12.5°C. 89% R.H.
sheep slightly wet. 8 h over 80
| 8 RF 6l 70
15 Aug. 15.40 hrs. b W Iz;elow 40 below 4O
Sheep arye L M belovw 4O below 40 |
L T below 40 Lo
oy RF . 40  below 4O
b RC 43 59
b RB 4o L9
5 W 45 45
5 M L7 47
5 T 50 53
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Relative Humidity ¢

Date ete, B gheep No. Position  J¥ Zom. of
15 Aug. 15,40 hre, 5 RF 5“75 | 57
(continued)
‘ 5 RC U5 60
5 RB 60 6l
8 | 45 55
\ 8 58 58
8 below 40 L3
8 RC 45 50
8 LR 70  over 80
8 RF 76 76
9 W below 40 below 40
9 4 below 4O below 4O
2 P below 40 42
9 ~ . RF below 4O L2
) RC 40 50
9 RB Wl 50
16 Aug. 15.30 hrs. b W below 4O below 4O
géggcér;?%sﬁﬁggr. L il below 4O below 40
i) T below 4O 43
b RF  below 40 42
4 RC L3 50
b 'RB below 40 50
5 w bl 43
5 M 45 45
5 50 50
5 RF 50 56
5 RO L2 55
5 RB 53 66
8 W b3 50
8 M 55 55
8 T below 4O below 4O
8 RF 58 65



Relative }mmid%tty %

___ Date etc, gheep No. Position 5%, Ram.oft
16 Aug. 15,30 hrs. . 8 w65 69
(continued)
8 RC u5 55
8 RB U5 62
9 W below 4O below 4O
9 M  below 40 below 40
9 T belowlso 4l
9 RF below 40 o 40
9 RC 42 57
. 9 RB below 4O below 40
17 Augs 10.30 hrs. L - W Lo bslow L4O
15.69C. 81% R.He .
gome sheep feel L M Lo below 4O
gé&%}l}fly moist to . L T below LO beiqw Lo
b RF - 63
b RC 50 66
4 RB 50 68
5 W 43 below 4O
5 M 50 50
5 7 L7 42
5 RF 60 4]
» RO 50 65
5 RB 58 72
8 | 69 69
8 M ' 76
8 T 50 50
8 LF 69 77
8 RF- 70 78
8 RB 55 70
8 RC 55 63
9 W below 4O below 40
9 M - below 4O below 40
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Relative Humldity

Date ete. Sheep Fo. Position e “;ﬂk;
17 aug. 10,30 hres 9 T  below 4O below uo
(continued)
v9 RF 52 - 62
RO 8 63
RB . 65 72
10 W 56 below 4O
10 T . 55 48
10 * RF 50 57
10 RC 63 63
18 Aug. 15.00 hre. " W belowh40 55
Sheep dr}'. 10 W €0 72
10 RC 50 55
10 " 45 &
10 RF 49 )
sge paa b b
gheep dry except L ¥ U5 45
for Sheep 5. L 7 40 40
b RF h2 42
L RC 50 60
4 RB 47 58
5 w 46 42 |
5 M 58 6
5 . by 60 60
5 RF 64 70
5 RC 46 64
5 RB 54 65
8 72 72
8 2 0B
8 58 68
8 RC 60 66
- 8 RF 68 72
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Relative Humidity %

_ar'_l_)_a}:o etc.  Sheep No. Position s;}‘;:c Zom.of
:(lgo%%%ﬁugtlifo hrs. 8 LF '_ .67 ‘72
8 RB 65 68
2% W 64 64
24 M 53 Ly
2 - RF 65 65
2 RC 65 65
20 Aug. 11.00 hrs. N W' below 40 below 4O
15°C. 765 R.H. | '
- gg?g %gwioucszgfep . M below 4O below 40
4 T below 4O below 4O
Ty RF below 4O 45
4 RB 40 65
4 RC B 4o
5 W 50 b5
5 L2 below 40
5 T ., 50 50
5 RF 58 65
5 RC 40 68
5 BB . 57 68
8 - W 68 - 68
8 ¥ 62 40
8 4l 45
8 " RP 57 67
8 RC below 40 45
8 RB below 4O 55
8 LF 46 46
10 W 60 below 4O
10 '} 60 below 40
10 T. 50  below LO
10 RC 50 50
10 RB below 4O 16




Relative Humidity

217,

/9

70 - n

~ Date etc. Sheep No, Position ,u’,;j"c “;‘h;
ggeéggér;tfao h?-éf 4 W below 40 below 4O
b M below 4O below 40
4 T below 4O below 4O
I RF  below 4O below 40
L RC below 40 L
b _.RB below 4O 40
8 RF 55 55
8 LF 68 68
10 W below 40 belc'm Lo
10 ¥ below 40 below 4O
10 T  below 40 below 40
10 RF below 4O below 40
10 RC below 4O ~ 45
10 RB below 40 45
21 Aug. 12,15 hrs,. i w below 4O below 4O
15.3%C. 4% R.H
‘gg?;ing?wbig gg:ég : Lt 4 ~ below 40 below 4O
e irenien b 1 Wb
the touch, b RF below 4O below 4O
| 4 RO 50 61
4 RB . 50 66
5 W 63 below 4O
5 M 65 43
5 T - 69 69
5 RF - 68 56
5 RC 52 67
5 RB 60 67
8 W 70 68
! 8 1 77 " 68
8 T 63 66
8 RF 72 72
& ¥ 2
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Relative Humidity %

" Date ete. sheep No. Position  jur, 2om. off
2lst Aug. 12,15 hrs. FY 'z'zc' 68 ‘ 66 |
(continued)
| | RB 67 67
21 Augs 15.00 hrs. 8 RF 68 68
Sheep 4ry.

LF 57 62
25 W below 4O below 40
25 ¥ below 4O below 40
25 T 45 W7
25 RF 40 40
25 RC  - 43 49
25 RB 50 58
22 Aug. 11.15 hre. 4 W 00 * 100
15%C. 95% R.H. | '
Bight. Sheep wet. : W
. o [ 'RB . 65 over 80
4 by 55 69
L RC 64 -
5 W 100 100
5 100 100
5 70 over 80
5 RF 65 70
5 RC - 65 69
5 RB 69 75
8 73 over 80
8 M over 80 100
8 ] - 70
8 RB 55 66
8 RF over 80 -
8 LF 72 (4]
8

RC 65 -




.Pate etc,.

219.

Relative Humidity %

2em. 086

~ Sheep Fo. Position S Bemy
22 mpe. 1830 mrs. . 8 r s 60
15407Cs 76% ReHe
gg?gg.aghggtgh?tin 8 | over 80 over 80
‘ 8 RB 42 76
8 IF 50 57
8 R 65 65
8 W - L6 52
8 RC . 66 70
' ZB_OAug. 11.30 hrs. L W L6 below 4O
§2a3£r Zgzé g;g;night. b .M below 40 below LO
Some sheep moist to :
touch. L 7 L3 L3
5 RF below 40 below 40
b RC 62 65
4 RB 50 68
5 W 67  below 4O
5 ¥ 55 55
5 T - 59 L3
5 RF 55 - 68
5 RC 45 €6
5 RB by 60
8 W 75  over 80
8 N 76 over 80
8 T 65 65
8 RF 75 78
8 LF | 68 68
8 RC 59 66
8 RB 55 66
— 9 W 49  below 40
9 M 40 below 4O
9 by 54 below 4O
9 RF below 4O u7
9 RC 55 55
9 - 60




MADE IN CONJUNCTION WITH R.H. READIRG BY
| WOOL SAMPLE METHOR

SHEEP AT SCIENCE LABORATORIES, DURHAM
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Relative Bumidity &

Date etc. - Sheep No. Position sf:?ﬂe hm‘
2 gep;:: 10,30 hrs. 1 w6 -
16°C. 81% R.H.
e SoTine P ! . & -
" touch. & 1 T 60 -
1 RF - 68 -
26 W 60 67
26 M 50 62
26 P 55 -
26 RF 55 -
26 RO 55 62
gept. 17.30 hrs. 1 W 55 -
heavy ﬁﬁgﬁiﬁ 1l 4 43 .lﬂ
Sheep very wet. , - 6o .
1 RF 100 100
6 ¢} 65 -
- 6 ~ RP 67 -
26 W 68 -
26 o 50 55
26 .. T 146 -
26 . RPF o 5 -
26 RO 40 48
3 Sept. 12,30 hrs. 1 W 62 67
sheep wet, 1 . 55 .
1 iy 60 68
1 RF 48 62
6 w 58 6
6 - n 55 55
) RP 45 -
26 W 62 66
26 u b5 63



Relative Humidity &
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Date ete, - sheep No. Position 'j‘:;g“e 26;(;;?
3 Sept. 12,30 hrs. %6 7 50 =
(continued), o
26 RF 45 52
26 RC - bl -
3 gept. 17-'40'hrs. 1 W 50 -
Ahoner. Sheep wet. 1 u 65 -
1 T 65 65
1 RF 60 -
6 W 67 -
6 M 62 -
6 RF 62. 68
) 26 W 100 -
26 M 61 -
26 RO - L3 -
26 RF 50 -
4 sept. 11.30 hrs. 1 W  over 80 100
Heavy rain all night,
Sheep wet. 1 '} over 80 100
1 T 65 68
1 RPF 67 70
6 W 100 100
6 '} 6§ 68
-6 RF 59 59
26 W 100 100
26 M 50 .72
26 T 55 68
26 RF 47 60
26 RC 51 53
4 sept. 19.45 hrs. | M 100 100
Boaoy wot. it P 70 70
‘ 1 RF 72 72
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Relative Humidity ¢

. Date etc. sheep No. Position K hx;ﬁ
I ept. 19.45 hrs. 6 w100 100
~ (continued) '
o M 70 70
"RPF 62 . 3
26 *RF 55 75
5 Sept¢,12,oo hrs, 1 M 100 100
Rain up t1ll 09.00
hrs, Sheep wet, o1 by 67 73
1l RPF 67 7
6 ] 100 100
6 M 58 4 ]
6 T 50 65
6 RF 55 67
26 RP 55 67
5 sept. 16,45 hrs. RF 65 68
Sheep almost
dry by, now. u 25 -
| 7 56 63
26 RF 55 - 65
6 sept. 17.30 hrs. 6 T Lo L5
No rain since
6 8ept.09.00 hra, 26 7 42 L2
Sheep d4dry. .
26 RF 43 43
9 gept. 10.15 hrs. 1l RF L2 52
Noxain., Sheep dry. : :
™ 4o 45
™ below 40 Lo
26 ™ below 40 below 4O
26 10 L6 L4'8




SHEEP AT HOUGHALL FARM, DURHAM

R A
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| {7:Fu;ERH. 7 Flecce R,
Sheeh skia Yem ot | Shech | " s 2emoff
Mo ostien  surfue skan “‘L Mo Fossfion Surkace skin

lﬂ_l.Tz
36 W 58 58 | 38 W 50 48
36 o 60 60 ' 38 50 -
36 T 60 60 . 38 RC 48 52
36 & 58 60 | 38 w52 22
3 w0 6 | 3% w6 6l
37 T 65 & | 39 T 56 51
37 "LC 63 70 39 Lr 53 58
37 ¥ 67 o
20 Jnl?ae
29 50 50 35 W 48 5l
© 30 M 60 62 35 T 50 55
30 60 6 35 - L 58 56
30 RC balow 40 - 60 37 7
32 T 53 60 37 61 61
33 M 60 & 31w 67 -
33 RC 50 54 38 M 45 45
1 W 52 60 38 ¥  below 4O U5
31 - RF 50 55 39 W 5l 58
oW 5 39 55 57
3l ™ 39 LF 60 6l
34 'RC 58 64 |
B 2 Juhe
29 W 52 52 = 31 53 55
29 M 56 56 31 M. 52 52
29 7 50 56 - 31 T 52 52
30 w . 55 52 31 RC 45 u5
30 T 52 52 . 32 W 57 59
30 Re 55 53 32 w57 €0



226.

Q, .
’ 7o Fleece RH. Y, Fleece R.H.
- r - —
Sheck skin 2m off 5‘12:} : skin 2em. of f
flo. ”'Igslflpr‘lm' ~surface _skin e _FOS|h0q ~ Surbace skin

. o . 23 June (continued)
32 K 50 50 1 37 M 75 55

33 w55 6 | 37 T 6 64
33 » 4 5 37 ®RF 66 66
35 mo 535 62 - 38 W 45 S
33 RF - 55 ' 38 M 12 b2
34 w 80 over 80 38 RF 43 . 43
34 T 68 68 ' 39 W 60 52
34 RO 66 60 39 M 60 56
35 W below 40 45 40 W 48 u5
35 M 50 52 4o ' 57 54
. 35 T 45 56 . - 4O RF 45 15
37 W |

75 84 ' 4O - RC 47 55

25 June. Sheep moist

31 W 50 48 38 W 45 us5
31 T 65 B39 W 55 60
32 W - u 60 49
32 T 52 below 40 39 T 52 45
33 W 0 51 39 50 50
33 LF - 3 4o q 55 58
3h W 73 55. | Lo u 57 - 61
3 7 66 . 65 4o 7 50 50
34 LF 6l 80 41 W 60 60
37 M  over 80 over,80 ; 4l T 66 66
37 T 69 69 | w1 5 "y
I N
| ‘ ~26tgube. Sheep dry
29 W w5 ke | 3 W 63 57
29 T below 4Obelow 4O 31 T 55 51

¥

29 - &P 54 54 i 31 RF 67 63



Sheeh’
et

Posifion

Y Fleece RH.

sk -
suface

Lem. of€
skin

Shee
ﬂo,\,

fasiion

2%

p——

sk
Sv r(’ace,

9 Flecqe RH. B

 2em oﬁ ; ﬂ
skin '

32
32

32

33
33

Mo oRp

35
35
35

37

37

s 2B u==8nslEasdaa

80
* 80

55
52

3 R S

51
60
60
59

80

26 Ju*n ne (continued)

80
Vi)
80
48
52

59

63
IE]

51
60
60
62

68

37
38

38
39

39

39
50
4o
40

RS

41
b1
h2
42

42

gﬂi-gﬁﬁgﬁ'igwﬁﬁi‘ﬂf%

80

80

below LOBelow 4O

47

60

45

hs

50

u5

65

55
959

50



HOT ATMOSPHERE EXPERIMENTS
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(17%) -

| EXPERIMENT I
11sA1;gf. gheep 53 used% .R.H; | % -
Time (447 ~ skin Time (415 skin
ok fmb.  position surface 2 cm.| o'~ Position surface 2 cm,
| w62 - 64 w 68 65
| M Sk 57 M- 68 65
13.45 ¢ 61 61 |16.30 T 68 6
(20°%) ®mp 66 68 |(38%) ® 5 70
B¢ 57 60 RO 70 65
B 6 70 RB 70 68
W 66 66 W 70 70
e 62 s 66
b0 P 63 63 !17:20 T 67 67
(%) ®rF T 70 (22%) RF 70 above 80
RO 62 60 RC 60 62
B 66 66 BB 56 70
W - 66 64
Boo& 6
15,30 @ 75 67
(36%c) ®® T T
" R 67 60
R 6. 70
EXPERIMENT 2
13.Aug. Sheep 43 and 43 used. |
(1) SHEER 43 o
09,00 T 54 66 |
RP 52 60 :




| 230.
'EXPERIMENT 2 (continued)
Tme (41T | Bkigl; ReHe fine (447 8k1§ R.He
ant fmp- _position surface 2 em.| 4 “~- pogition surface 2 cm.

W .57 60 W 76 76
. M55 61 M 68 62
09.30 . T 55 66 |1085 - T 60 67
(18%) REF 54 60 (25°¢)  RP 67 67
| RO 50 B4 | R 55 57
RB 56 64 ! RB 68 70
|
W 68 66 | W 65 60
3 M 61 50 : | M 64 55
11,45 T 72 72 13,00 T 3T
(2°) ®¢ 72 72 (37%) RF T35 T3
RC 53 55 ., RC 58 58
RB 60 67 BB 5 75
| W 66 63 W 58 58
M 65 59 M 60 60
13,30 T 70 70 1430 T 65 68
(38%) mr 8 80 (2%) ® 0 T
' RO 60 58 RO 51 55
RB 70 70 RB 60 66
¥ 55 60
M 50 56
16,30 T 56 63
(20°¢) RF 57 63
| RC 46 50
RB 50 55
(2) SHEEP 53 S W 75 68
09,00 ¥ 58 15 13.00 M T2 65
(Tempss , o . 70 6

as above) RF 67 75

L



e g T e o) i TR
w58 66

T 52 60

. 8 w| W 6 e
045 & M 75 65 | 14,30 ¥ 66 65
75 65 | T 60

7568 W 6366
11.45 ¥ 68 52 | 16,30 | 63 66

wimios - i b

16.Aug. Sheep 43 and 53-used.

(1) SEEER 43
0915 w55 6 w30 w6 68
(16%) w51 62 |(21%) w48 56

105 Yw 55 65 [15.30 W 66 66
(7.0%) u 52 61 | (36%) ¥ 63 60

11.15 W ; 7
. (17.0%) 47 62 |(36%) w66 &

13,05 ¥ 60 _ 64
(20%) 56 62

09+15 RC 56 66 RS 55 62
(Temps. ; 1c 53 | 62 W30 - LE 52 58_.
as above) M 60 66 o N
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EXPERIMENT 3 (continued)

. ' ReHe - - o ReHe.
fime (¢11) skig * Time (41.7) akig i
aiYowp.  Position surfage 2 cm, a4 b Position surface 2 cm,

. RC 50 6l ] " RC 63 63

. 205 16 51 64 15,30 10 66 62
¥ 55 63 | M 65 60
| RC 55 62 . RC 7 70
!
11,15 LC 55 64 16,30 1C 68 68
u 60 63 ! M. 72 68
g 55 66 . Re 6 65
13,15 14 55 & 17,35 Lo 6 64
M 58 64 M 65 65
ERIMENT
17 Augs Sheep 43 and 53 ueds
(1) SHEEP L3 3
09,15 T 52 65 11,15 T 50 54

(16°) &P 48 61  (1°%c)  EF 50 53
10,15 ® W 53 1345 T 50 62
(18%) &P w1 52 (22%)  mF 60 60
b5 T 6 68 1645 T 42 53
(27°c).  BF . 62 62 (18%) RF 61 61
15.45 T 47 60
(%) w51 60
(2) SHEEP 53 |

| L] 51 66 | L] 70 65
09.15- RF 60 67 Lhl5 RF 5 80

(Tempﬂ . ) ) . : .
as above) RC - 42 62 RC 61

2




wkfemp.  Dogid

Time (QNT)
rn | and femb. o

ot aaa e

.

13,30 ¥

Positionu

.gﬁ'

s,

% ReHs
SEERT L

URnace. .2, G




~Tme (G107

10.30 T - = [16:30 T 68




