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Til. TEtF. DISTRIBUTION OF THK EGGS OF DAMALINIA OVIS (L.) OX THE SHEEP 

By M. D. MURRAY* 
[Manuscript received Voveriiber 27, I956J 

SuDi/t’ary 

The eggs of Dumalima ovis (L.) are attached to the wool and hair fibres of 
the sheep and have a, vortical and lateral distribution, i.e. they may be laid nt 
different’, distances from the skin and their distribution over the body of the sheep 
may vary. 

The vertical distribution of the newly laid eggs of D. ovis is determmed by the 
di-rtitiico to which the tfinperatitre zone suitable for ovipoaition extends from the 
ckin. This is reguiated mainly by skin temperature, skin topography, the depth 
of the air blanket trapped within the fleece, and atmospheric temperature. Usually 
the eggs are laid within ^ in. of the skin. The factor-s whirh milucnce the lateral diatribucion are the presence of suitable 
fibred and tempera Hires for oviposition. Eggs are iioc iaid on the bare areas of tho 
body because fibres are ab.icnt. There ar.?. however, few bare areas on the sheep, 
The bases of certain hair.-i on the face. leg.-, and axilla and inguinal regions are coo 
large in diameter for oviposition but mingi-?d with them are many fibres which are 
suitable. As there are no areas on the sheep which are entirety covered with hairs of 
unsuitable diameter for oviposinon. fibre diameter lias little influence on the lateral 
dL-itrihution of the egg-s of D. o’-is. When .sheep are exposed to low atmospheric 
temperatures, the skin temperature of the extremitie;; falls below that BE which 
D. or;-s can oviposit. Skin temperature is rha main facTor which determines tlie 
lateral dist.ri button of the eggs of D. ovis on the sheep. 

,� . £. iNTfiODL’CTroX 

In Pcirt II of tliii .�icrie.-i (Murray 1957^) it was shown that tlie major external 
stimuli which influenced the oviposition beliftviour of DamaliitW. ori-s (L.) were the 
physical feature? of tlie environment. The re([uirements are temperatures between 
35 and 40’C, which enable stages ’2 and 3 of the behaviour pattern to proceed satis- 
factorily, and the presence of a fibre of .suitable diameter to supply a tactile stimulus 
just prior to egg laying "in stage 3. Tile absence of either of these necessities can 
prevent oviposition (Murray 19576). 

-, The eggs of lice are distributed in two ways. They .may be laid at different 
distances from the skin, hereafter referred to as the vertical distribution, and their 
distribution laterally over the- body of the host may also differ. 

Tins paper deals with tlie influence of variations of temperature aud fibre 
diameter on the distribution of the eggs of D. wi-^ on the sheep. 

H. r.)lSTRIE!L’TION OF THE E<;f;S IN THE NATURAL ENVIRONMENT 

Several very heavily infested sheep w -ere examined and eggs were found easily 
on the sides and back where the populations of lice. were densest. Elsewhere, eggs 

» 
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wore also found readily where lice were present, except on the ear-; and tegs, and none 
was fixmd on the bare area:? of the body. 

Because the eggs are attached to the wool fibres, they are gradually carried . -1’| I ’ 

away from the skin a.s the fibre? grow. It was necessary. therefore, to determine 11 Lam 
their age in order to locate tlie exact site of oviposition. ’j p^ 

^ P:^ (ft) Techmqnp for {lie Examination of a Lou-se Population ’.^ �"’i^lCs’. 
r ’’^.i’’’^, 

Tlie wool from areas of c. 1 sq. in. was dry-shaved from tlie skin with a sharp ’’� ^f^ 
scalpel, care being taken not to disturb tlie arrangement of the fibres. This gave a | ^-^P 
neat staple of wool of which ositv a small vertical section, removed with sham �’»’ .^’r"^ 

’ i 
�� ^T.T%, 

scissors. was examined at- a time. The section of tliu staple was soaked in xvlol and I ^^ squeezed between two glass slides, the upper one of which was ruled’ with parallel | a-"- 
lines at i-m. intervals so that the length of tlie staple and tlie position of the e^gs j &La-- 
could be determined. As xylol has about tlie same refractive ind&x as wool fibres, j 
tlie .-ample was .rendered transparent which enabled the lice and esas to be .seen I 
clearly. Furthermore, the living lice and eggs could be distinguished from tlie dead 5 
because the living appeared white and opaque but the dead were transparent. As J 
tlie embryo could be seen within the- egg it was possible to determine its sta^e of t 
development. In addition, an egg which had hatched could be distinguished from j 

an egg which had died because the egg cap of the de^id egg was undisturbed. In i 

some m-t;mc-es it was possible to dctennme the stage of development at the time of J 
death; not infrequently deatli occurred during hatching. I 

"\Vhen it wa^ inconvenient to examine tlie material on the day of collection, it. | 
was stored in a deep-freeze chamber in which it oou’d be kept in a satisfactory � 

� 

condition for .several months. . :) 

� 

(&) 7^.?«/^ | 
The distribution of all recently laid eggs was determined in fleeces of different | 

lengths. All tlie samples were collected in tile winter months from sheep which were | 
kept under cover. The results are presented in Figure-- l(tt) - }.{e) from which it mav be 1 
seen that over 70 per cent. of the recently laid eggs in each sample were laid within . ! 

:} in. of the -skin and that, as t.lie fieece became longer, they were found further from | 
.the-skin. � 

� 

i 

III. TJIR IXFLUEXCE OF VARIATIONS IN HAIK DIAMETER TN THE ENVIRON.MI-JNT J 
The principal bare areas on the sheep are under tlie tail, around the vulva: the i 

lips, inside the ears, and the hoofs. Elsewhere the body is covered with two types of 
* 

fibres: the wool fibres, which cover most of tlie body, and tile hair fibres which occur 
on the legs.. the face- the axilla, and the inguinal regions. The hair fibres vary consider- >v 

ably in the diameter at their base and tend to taper towards the tip; although many 3 

are as fine as wool fibres the diameter of others may be as much as 10 times greater. ^ ^Nk Aco!!eciionofiMflice was placed in a glass tube with hair from the leg of a sheep f 

and kept at 37-,’rC and 00 ,per cent. R.r[. which are the optimum conditions for ) 
ovipo-itinn (Murray 1957^). Aftei\4S hr 106 c’gg.-i had been attached to i-he fine hairs 
and two to tlie coarse hairs. Of the latter, one was attached to a tilpering tip and tlie J 
utiier to the base of;.. hair. | 
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Two other collection;? of lice were exposed to the same condition-; of temperature 
and humidity and hairs from the axilla were placed with one and hairs from. the 
inguinal region with the other. On tlie hairs from the axilla region, 194 lice attached 
21 eggs to the fine fibres, 21 to the thin ends of the course fibres, and four to the bases 
of the coarse fibres. On the hairs from the inguinal region, 191 lice attached 26 e^gs 
to the fine fibres and 41 to the thin ends of the coarse fibres. 

In two further experiments under the same conditions, fine fibres and the basal 
.portions of coarse fibres, from which the tapered tip." had been removed, were used. 
�After 48 hr 630 lice iiad attached 4o eggs to the fine fibres whereas no eggs were 
’ 

attached by another 510 lice to the bases of the coarse fibres. 
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Fig- 1.�Vertical cli:itribiition of ;hi? egg-’ ui’ /-’. ovi-i in il.c ilfe’-’i.o �.1 tin. -h’.-fp. Number of ̂ ,i:s 

cxamin-d in each fleerje is riho’.^. iii parentlie.si.s o;; c^ch fis-arc. i-"!’.’e’’o !.?ngths are iis foiiou-5: 

(a) 1^ in.;l’-) It in.; (c) 2^ in.; (’�/) 3 in.; (e) 4 in.; (/J 2^ iri., temperature 35’C; !’$) 1^ in., temper- 
ature 3d’C. 

It can be concluded from these several experiments that the diameter of the base 
of sonie of the hair fibre.s from the legs, face, axilla, and inguinal regions of the .-sheep 
was too great to permit D. ovis to attach its eggs. 

IV. THE lyFLL’EyCE OF VARIATIONS IX THE TEMPERATL’RE OF THE ENVIROX-MENT 

(«) The Diviribi.l.tion <>fthnEyj.-f<,fQ. ovis wwza Oomfanf Te-mpemlur^ v:a-s Maintained 
witfuii tfie Ffewe of a Sheep 

’ 

The temperature gradient in a sheep’s fiecce was eliminated !;y circulating water 
afc a controlled temperature through a copper tank v.-hich �was iti contact with the tips 
of the fleece (sec Fig. 2). A skin pedicle A which had been made on the side of the 
thorax of a sheep several months eariier wa~; shaved except for the experimental 
area K. The experimental area was about U by 3 in. in sixe. Around the pedicle 
was assembled a wooden framework C to support a copper tank /> at the tip of the 
fleece of the experimental area. ’-I’iiese two stmr-tufes formed a cylinder around the 
pedicle and each end was sealed with foam rubber E. Thermocouples F were placed 
at different levels in the fleece of the experimr-tital area. The whole apparatus was 
covered and secured by s’ r;ip.- around the sheep. The temperatun- at the tip of tlie 
fleece was kept at :i.s�f (’ ^i tlii- tempc-raturc gradient within the neece u-a-> 

eliminated. 
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of ears, and around the .nostrils were much lower; at the extremities of the limbs 
and tail the skin temperature approximated that of the atmosphere. When these 
sheep were placed in an atmospheric temperature ofSO^C, however, the skin tempera- 
tures of these regions approximated that of the body. 

(ii) Sf.’i/i Topography.�Sheep of certain breeds, such as the Merino, possess 
numerous skin folds. When adjacent folds were in very close promixity it was found, 
bv means of individual fine thermocouple.-;, that constant temperature zones existed 
between them and thus increased the area of the ^^o-SS^C temperature zone which 
favours oviposition. 

i-’in. 3.�Skin finpc-riititr’-’T- fin ’C) on various pai"t3 of a sheep when exposed 
to -ui «tnio-.!i[iri-ic t’;iTi!n.T;ituri’ of I’^C. («) Head; (h) fore leg; (c) hind leg 

and tail- 

"� �(iii) Thtr!:n^f-i of Uff: At/’ Blanket icif/un the Fleece.�Sheep with fleeces which 
maintainvd an air blanket from the skin to atmosphere of ̂ , li, 2}, and 4 in. thick 
were housed in a, climate room and exposed to constant temperatures of IT^O-o^C, 
^O^-O-^X’- and ^o^O-.^C for IS hr before the temperature gradients within the 
flec’cc were- recorded ’.vith either the thermistor bridge or thermocouple apparatus 
(Murray 10-’*7’-<). Five area.- over the body of each sheep were examined and the mean 
reading.., for each sheep when exposed to ̂ OX’ are shown in Figure 4. It may be seen 
that the u-niperature /one of 3o-3S’’C increased in extent as the thickness of the air 
blanket increased. 

The mean fleece-tip temperature of the -1-in. coat was IT^C in an atmosphere 
<tt n~’C. 2I"’C in an atmosphere at 20’:’C’, and 2o-5’’C in one-at ’Zo^C. That of the 

�^-in. fleece, hou-ever, was 2^’’C in an atmosphere at. l7°C, 22�ocC in an atmosphere 
at ^OX’, and 27-5X’ in one at ’2.~>’-C. Thus. the fleece-tip temperature of the shorter 
ffeeec wa- con.si.itentty higher than that of the longer fleece- 

in another experiment; in which two sheep were used, the hair covering on the 
face was found to be ’^ in- deep and the mean temperature at the tips of the fibres at 11 positions on the face, when they u-ere exposed to ’24:^0, was 30-2’C for one animal 
and ;il-5 C for the other. Thus the rise in temperature at ;he tip was even more 
pronounce’,! when the tliir-kness of the air blanket was only of this depth. 

(iv) .-Uiiio.-iphertf Tvtf^.falure.�In all the experiments described in Section 
IV(/;)liii) ir "’a-; fimii’i thiit, the fleece-tip temperature was always the lowest in the 



n-ed from the .skin and the distribution of the eggs determined. The 
e^ented in rL:nres l(/j and l(g) from u-hich it \\-iil l)e seen that cgg-s zvere 
)ut the whoie length of the Hoece. 

rtical distribution of the eggs is therefore determined by the distance 
temperature zone suitable for oviposit ion extend.-- from the skin. 

L’"ig. 2.-�.-\pi’it!’niu-. i.i=c-rl to eiiiniimte iliu teliiporitturft fe’raciicl.t 
11 the ficcc-f of a shwp. A. .-kin pmlicle; L’. wool fibres of experi- 
.ntiiita] arcit; (J, wooden frainc’.’.-o.-k; D, copj,».-r trtiik; K. fo;r.n rubber: 

F, t!i.-r;nocoi![>k’s. 

h’tf-.k. l)ifln(-.ii<:(. the E-xttrd of l/ie T<-.i’ii.p’’i-’dni~i: Z.nnf, Suitable fw Ofipo^ifi^n 
; TemF^ruturf.�Two ’sheep wc-re pinced in a cool room in which the 
\ra^ J.OX’. Aft&r i.S hr the skin temperaturc.s on corresponding part,- of 
f the sheep �u’ere recorded by means of .an apparatus embodying a 
ridge with a p.C- amplifier. Tilis apparatus was adjusted to record a 
iturc mn^e \vit;i ;iii accuracy of :’_0’-~>’(’. Tho -sivin tcniper’ftures on the 

sfieep iverc 3*l>-�’/:�:.! (.’. but, n.s may be seen in Figure ;i. tile skin teniijc’ra- 
ic elbo\r jfiint’, to the’ feet. -stiiles to fter, root to tip ofiait- bases to tips 
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gradient and invariably approached that of the atmosphere. Consequently, the area 
of the 35~3a"C zone incrca.-’cd a-s the atmospheric temperature rose. 

D1STANCS FROM SKiN (IN.) 

Pig. 4.�Temperature gradients witlifii fleeces of dtfTeretit iiTigt-hs ac an 
. . atmospheric teinp’’rrt,rui-" of^O’C. 

(’.’) SoUir Rad’wiwi.�Sheep u-ere exposed to solar radiation for I hr jn.-t before 
midday when the atmospheric temperature «-as ̂ --i^C. The noece-tip temperatures 

. . Fig. 5.�Fleece-tip temporarurc-s (in C’J recon.led on v<ir;oi)^ 

parta of" llm sheep after a 1-hr expasui-c to solar rrt(imtif)n. 

Ti’o attnospheric fimpamtn-’-fi v.-a.-, 4;J-4-iX’. 

reeordcd fror.i vrtriou’ parts o°f the Lody of one of thc.se .she’-r are pl.’e.-’ftited in 
Figure 5- These tc-rnp&ratures are representativ-. and, as may hf »(^n, tin: iii’^}icst 
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temperature’s were recorded on tin.1 back and pro^rrR.-Aivoiy lower ones down the ̂ ides 

to the belly, which was sheltered froin direct :iolar radiation. The highest temperature 
recorded on The back of any of the -sheep was 7I-o"C. 

[n Figure G are shown the temperature gradients which were recorded in the 
fleece on the back of the sheep referred to in Figure 5. One was obtained immediately 
after the 1-hr exposure to the sun. just before the sun was obscured by a cloud for 
15 min; another was obtained after the sun had been obscured for 5 mill; and the 
third gradient was recorded about 3 lir later during which period the sheep had been 
continuously exposed to the sun. [t will be seen how rapidly the normal gradient 
can be re-established when the sun is obscured. 
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Fig. 6.�TemperAture gradients racurdcd in the Heeco of a sheep after exposure to solar radiation. 
The iitmoaphcric temperature wa^i 44"’C (HPF). ^ Li-impd !;it"Iy after an exposure of I hr just before midday. ^ After exposure for 1 hr the sun was ob-iour^d !)y Hfloud. Thio gradient was 
recorded ;"* min later while thf; sun was still obscured. 0 Imnicdititcly after a further continuous 

exposure of 3 hr. 

V. DISCL’SSION 

Mosfc of the e^ga of D. ovi» were found within ^ in. of the skin but the thicker the fleece the greater was the ’/one; in which eggs v.’cre found. It may be -seen in, 

Figure 4, that as fleece thickness increased so did the- temperature zone of 35-38°C, 
�which is suitable for ovipo.sition fMurray 19.’j7/j}. A ri-e in the atmospheric tempera- 
ture had the same effect and when the temperature of the fleece tip was raised and 
ma.intaiiied so that tlie temperature zone suitable for oviposition extended from skin 
to fleece tip, ey^-s were laid throughout the area. Tins distribution was similar to that 
obtained when lice were f-xposedto a constant temper?..! ure in a cell with suitable fibres 
(Murray l^lb). 
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The typical vertical distribution, therefore, is usually the result of an attraction 
to warmth En ritage 1 of the behaviour pattern at tlie time ofovipo’ition. This leads 
the lou;-e to t!ic skin where a temperature zone suitable for tlie completion of stages 
2 and 3 is located. Wien the temperature gradient within the fleece is reversed, as 
can occur when sheep are exposed to tlie sun. suitable temperatures are again only to 
be found near tlie skin and the lice are driven into tins zone by the high temperatures 
in tlie outer fleece. 

Thus. the distance which the eggs of />. ovis may be found from the skin is 
determined by the. extent of the temperature zone suitable foroviposition. Variations 
in the topography of tlie skin can increase this area. Merino slieep possess skin folds, 
which if prominent and in close proximity to one another create a constant tempera- 
ture zone between them. Principally, however, it is determined by the temperature 
gradic-nt which in turn is influenced mainly by the depth of the.air blanket held 
between the fibres of the fleece and the temperature at the tip of the fleece. On many � 

�sheep the depth of the air blanket and the length of the fleece are tlie same but when 
the woo! or hair fibres tend to lie’parallel to the skin surface, as on the face and feet, 
the depth of the air blanket is the vertical distance from :skin to atmosphere. The 
factors which influence the temperarure of tlie tip are radiation fruin tlie skin. the 
thermal conc’-ictinty of the fibre-:, atmo-pheric temperature, and solar radiation. 
When tlie air blanket is greater than ^ in- in depth, tlie’two latter, in particular the atmospheric temperature, are more important. However, when the blanket is 

less than i in.. radiation from the skin and tlie thermal conductivity of tlie coat cause 
the i..,i,jA-i-ature at the tip to become considerably greater than that of the atmosphere. 
A con--e(iucnce of this is that even on the face and Jcgs where the air blanket is 
thumest. the depth of the suitable temperature zone next to tlie skin is adequate to 
accommodate a louse for oviposition. Thus. provided suitable fibres arc present, 
and provided skin temperature approximates body temperature. D. </vi-s could 

oviposit anywhere on the body of sheep. 

If no fibres are present, no egg- will be found, nor will eggs be laid if-the part 
of the fibre which is in the suitable temperature zone is too great in diameter (Murray 
19576). No eggs are found on the bare areas of the sheep because fibres are absent. 
There are, however, few bare areas on the sheep. The bases of certain hair fibres whk-h 
are plentiful on the legs, face, axilla, and inguinal region of sheep were shown to be 
too great in diameter, but mingled with these are many fibres which are of a suitable 
diameter for oviposition. Consequently, fibre diameter plays little part in determining 
the lateral distribution of this species on sheep. However, when sheep wore exposed 
to an atmospheric temperature of lO’C. the skin temperature in certain situations on 
the extremities approached tliat of the atmosphere and the suitable temperaturc 
zone of ovipo-ition next to the skin was eliminated. Skin temperature, therefor’-. 
determines the lateral distribution of the eggs. 

The mechanisms which regulate the skin temperature of the extremities have 
been studied on the ears of rabbits (Grant 1930) and cattle (Beaklcy and Findiay 
1955), ani"! the presence <if nrterio-venous anastomoses ha-s been demonstrated 

(Grant 1930; Findlay and Ciood.TH 1953}. The temper.iture to which an animal is 

expo-;ed determines whether these ana-tomoses dilate or contract and thus decrease 
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or increase tiw amount of blood circulating in the area distal to the anastomoses. 
Thus. the skin temperature of the ex t remit ie--; can vary according to the habitat of the 
animal, during the course of a day, and from one season to another.’ 

There is little information on seasonal variation in the distribution of the eggs 
of.£>. oris on the sheep but such variation.-; are well known to occur with Huemalopi.nus 
eiiryyfersnis (Xitz.) on cattle. During the summer months, breeding colonies of 
H. eun/.^e ?�/»;.? become established on the ears of cattle (Craufurd-Benson 1941; 
Matthysse 1946; Brinck 1948). Beakley and Findlay (1955) have shown that, as the 
atmospheric temperature rises from 15 to 20^C. the skin temperature of the ears 
of cattle rises from c. 17 to c. 36:C and remains constant if the atmospheric tempera- 
ture continues to be above 20’C. Atmospheric temperatures of tins order are 
common during the summer months. Consequently, as the oviposition behaviour of 
H. wy.-iternu.’, is basically simitar to I). CH-IR (Murray 19o7’-f), it is highly probable 
that oviposition by H. euryKternv.^ on the ears can only occur when tile temperatures 
are suitable. The establishment of breeding colonies of this louse or, the tail and feet 
of cnttle could be governed in a similar manner for it ha? been shown that at low 
atmospheric temperatures the skin temperature of these parts can drop to nearly 
that of the atmosphere (Thompson ei cil. 1954). 

Low skin temperature.-; on the extremities have been reported from mammals 
as varied as man (Burton and Edholm 1955), reindeer, porcupine, ground squirrel, 
Siellar’s sea lion.. dog (Irviiig and Krog 1955), and the marsupials Setonyx brachyiirus 
Quoy & Gaimard (Bartholomew 1956) and Peru)ii.e.hf> h^uf^i Geoffrey (Murray, 
unpublished data). It seems likely, therefore, that the skin temperature of the 
extremities of most mammals fails, in appropriate conditions, and thus governs the 
distribution of the eggs of many species of lice. 
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