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Summary

The eggs of Dumalinia oris (L.} are attached to the wool and hair fibres of‘
the sheep and have a vertical and lateral distribution, i.e. ther may be laid at
different distances from the skin and their dmtx.buuon over the body of the sheep
may vary. ' :

The vertieal dlatl"ll,‘llflf).l of the newly laid eggs of D. ovis is determined by 'the
distanee to which the teinperature zone wuitable for ovipoesition extends from the
skin. This is regulatert maindy by skin temperature, skin topography, the depth
of the air blanket trapped within the fleece, and atmospheric temperature Usually
the eges ave laid within 4 in. of the skin.

The factors which influence the lateral distriburion are the presenee of suitable
fibres and temperatires for oviposition. Ezzs are not laid on the bave areas of the
body because fibres are absent. There are, however, few bare areas on the sheep,
The bases of certain hairs on the face, legs. and axilla and inguinal regions are oo
large in diameter for oviposition but mingled with them are muny fibres which are
suitable. As there are ne arcas on the sheep whiéh are entirely covered with hairs of
unsuitable diameter for oviposition. fibre diameter has little influence on the lateral
distribution of the eggs of D). oris. When sheep are exposed to low atmospheric
ternperstures, the skin temperature of the extremities falls below that acr which
I). ovis can oviposit. Skin temperature i3 the main factor which determines the
lateral dmtnbutm 1 of the eggs of I. oris on the sheep.

I. I.\‘TRODUc:rrm:

In Part 1I of this series Murray 19575) it was shown that the major external
stimuli which influenced the oviposition behaviour of Damalinio ovis (L.) were the
physical features of the envirenment. The requirements are temperatures between
35 and 10°C, which erable 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 layiag'in stage 3. The ahsence of either of the~e necessities can
prevent oviposition (\Iun ay 19076) _

The eggs of lice are distributed in twoé ways. They may be laid at different
_ distances from the skin, heréafter referred to as the vertical distribution, and thelr
distribution laterally over the hody of the host may also differ.

This paper deals with the influence of variations of temperature and fibre
diameter on the distribution of the eggs of D, nris on the sheep.

IL DrstrInrcrioN ofF tHE BGGS IN THE NATCRAL ENVIRONMENT
Several very heavily infested sheep were examined and egys were found Ed')!.[y
on the sides and back where the populations of lice. were demeat Elsewhere, eggs
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were <nl-o found xeadrlv where lice were present., e\cept on the cars and legs, nnd note
was fuiind on the bare areas of the body.

Because the eggs are attached to the wool fibres, they are ‘graduaHv carried
away from the skin as the fibres grow. It was necessary, thelefore to determine
then age in ordex to lutatc the e\‘ict site of oviposition,

() T eclueeqaw Jor fhe Emmumf:on-of a Louse Population

The vivol from areas of ¢. 1 sq. in. was dry-shaved from the skin with a sharp
scalpel. care being taken not to disturh the arrangément of the fibves. This gave a
neat staple of wool of which only a small vertical section. removed with sharp
seissors. was examined at a time. The section of the staple was soaked in xylol and
aqus_eaed between two glass slides, the upper one of which was ruled with parallel
lines at }-in. intervals so that the Jength of the staple and the position of the egys
could be determined. As xylol has about the same refractive index as wool fibres,
the sample was rendered transparent which enabled the lice and eggs to he seen
clear]ly. Furthermore, the living lice and egzs could be distinguished from the dead
because the living appeared white and opaque but the dead were transparent. As
the embryo could be seen within the egy it was possible to determine its stage of
development. In addition, an egg which had hatched could be distinguished from
an egg which had died because the ege cap of the dead evg was nudisturbed. In
some instances it was possible to determine the stage of development at the time of
death; not infrequently death occurred during hatching,

When it was inconvenient to examine the material on the day of collectlun it
was stored in a deep-frecze chamber in which it couwld be kept in a satisfactory
condition for zeveral months. -

(&) Results

The distribution of all recently laid egys was determined in flecces of different
tengths. All the samples were colleeted in the winter months from sheep which were
kept under cover. The results are presented in Figures 1{u} - 1{e) from which it may be
seen that over 70 per cent. of the recently laid eggs in each sample were laid within
L in. of the skin and tha; as the ficece hecame longer, they were found further from
,the skin.

IIT. Tur INFLUENCE OF VAmiaTIONS 1X Hatk DIsAMETER IN THE ENVIRONMENT

The principal bare areas on the sheep are under the tail, around the vulva, the
lips, insido the ears, and the hoofs. Elsewhere the body is covered with two types of - -
fibres: the wool fibres, which cover most of the body, and the hair fibres which occur
on the legs, the face, the axilla, and the inguinal regions. The hair fibres vary eonsider-
ably in the diameter at their base and tend to taper towards the tip; although many
are as fine as wool fibres the diameter of others may be as much as 16 times greater.
- A eollection of V0O lice was placed in a glass tubs with hair from the leg of a sheep
and kept at 37-5°C and 60 per cent. R.H. which are the optimum conditions for
wvipusition (Murray 18576). After A8 hir 106 eggs had Leen attached to the finc hairs
and two to the coarse haivs, Of the fatter, one was :1ttc1ch£ Ftoa tapering tip and the
uther tu the base of « hair.
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Two other collections of lice were exposed to the same conditions of temperature
and humidity and hairs from the axilla were placed with one and hairs from the
inguinal region with the other. On the hairs from the axilla region, 194 lice attached
21 cgus to the fine fibres, 21 to the thin ends of the coarse fibres, and four to the bases

- of the coarse fibres. On the haivs from the inguinal vegion, 191 lice attached 26 eggs

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

' :i)QI‘tiOllS of coarse fibres, from which the tapered tips had been removed, were used.
-After 45 hr 630 lice had attached 435 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 disiribution of the eggs of L ovrs [n the flevce W0 il sheep, Number of eggs

examinarl in eaeh fleece is show., in parenthesis on cach figure.  Fleees }Pngths are as follows:

{e) 13 inesth) 13 iy (o) 2% i ¢4y 3 ing; f2) 4 in; () 2} in., temaperature 35°C; fg) 12 in., temper-
ature 33°C. -

Tt can be coneluded from these several experiments that the diameter of the base’
of sume of the hair fibres from the legs, face, axilla, and mmuna‘ regions of the sheep
was too great to permit L. ouxis to dttdch its eggs, :

. THE INFLEENCE OF VARIATIONS IN THE TEMPERATURE OF THE ENVIRONMENT

{t) The Distr zbuho:z ofﬁze Egqs of D ovis when a Constant Temperulare was Maintained
within the Fleece of a Sheep

" The temperature gracient in a sheep’s fleece was eliminated by éirculating water
at a controlled temperature through @ copper tank which was in contact with the tips
of the flecee (sce Tig, 2). A skin pedicle 4 which had been made on the side of the
thorax of a sheep several months earlier was shaved except for the experimental
area B. The experimental arca was about 13 by 3 in.in size. Around the pedicle
was assembled a wooden framework € to support a copper tauk [ at the tip of the
fleece of the cxperimental arca. These two steuctures formed a cvlinder around the
pedicle and each end was sealed with foam rabber E. Thermocouples F were placed
at different levels in the flecce of the experimental area. The whole apparatus was
eovered and sceured Ly straps around the shieep. The temperature at the tip of the
fleece was kept at 3821 ( so the temperature gradient within the fleece was
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 of 30°C. however, the skin tempem-
tures of these regions approximated that of the body.

(it) Skin Topography.—Sheep of certain breeds, such as the Merino, possess
numerous skin folds. When adjacent folds were in very close promixity it was found,
by means of individual fine thermoeouples, that ‘constant temperature zones existed
between them and thus increased the area of the 35~ 38 € temperature zone which
favours ovi pu-qtlon

{‘i:J-S ta-5h 3!35
12N Hé’ns w1

Fiy. 3.~-%kin temperatures {in “C) on various parts of a sheep when exposed
to an atinospnerie taperature of 10°C. (@) Head; (b} fore leg; (¢) hind leg
and tail. '

“ iy Thickaess of the Air Blanket within the Fleece.—Sheep with fleeces which
maintained an air blanket from the skin to atmosphere of 4, 13, 21 and 4 in. thick
were houszed in & climate room and exposed to constant temperatures of 17=0-3°C,
2040-5°C. and 25 =0+3°C for 18 hr before the temperature gradients within the
flecce were recorded with either the thermistor bridge or thermocouple apparatus
(Murray 19574). Five areas over the body of each sheep were examined and the mean
readings for cach sheep when exposed ta 20°C are shown in Figure 4. Tt may be seen
that the temperature zone of 33-38°C increased in extent as the thickness of the air
blanket increased. ' '

The mean fleece-tip temperature of the -in. codt was 17°C i in an atmasphere
at 17°C. 21°C in an atmosphere at 20°C, and 25-5°C in one-at 25°C. That of the
d-in. fleece. however, was 22°Ct in an atmosphere at. 17°C, 22-5°C in an atmosphere
at 20°C, and 27-5°C in one at 25°C. Thus. the fleece-tip tempemture of the shorber
flecee was consistently higher than that of the longer fleece.

In another experiment, in which two sheep were nsed, the hair covering on the
face sas found to be | in. deep and the mean temperature at the tips of the fibres
at 11 positions on the face, when they were exposed to 24°C, was 30-2°C for one animal
and 31-5°C for the other. Thus the rise in temperature at rhe tip was even more
pronvunced when the thickness of the air blanket was only of this depth.

(v} cAtmospheric Tenperature—In all the experiments described in Section
IV piiiy it was foaned that the fleece-tip temperature was always the lowest in the
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Lice were collected daily and placed in the wool in this region. After a week the
wool was shaved from the skin and the distribution of the eygs deterinined. The
results are presented in Fizures 1(f} and l{y) from w iuch it will he seen that eggs were |
laid throughout the whole length of the fleece. '

The vertical distribution of the eugs i3 therefoze determined by the distance
to which the temperature zone suitable for oviposition extends from the skin.

F

8 i

Fig. Zo—Appuaratus userl to eliminate the teraperature gradieut

in the fleece of a sheap. A, skin pedicle; B, wool fibres of experi-

muxt‘d area: C, wooden framework; 12, copper tank; £, foamn rubber:
F, thermocouplos.

(0) Faclors whickh, IJ:_,’fuéncf; the Extend of the Tempernture Zove Suitable for Oviposition

{1} Skin Temperature~Two sheep were placed in a cool room in which the
temperature was 10°C. After 18 hr the skin temperatures on corresponding parts of
the bodies of the sheep were recorded by means of an apparatus embodying a
thermistor bridge with a D.C. amplifier. This apparatus was adjusted to record a
farge temperature range with an accaracy of =0-5°C. The skin temperatures on the
hodics of the sheep were 36-5 . 1° £ bint, as may he seen in Figure 3. the skin temperd.
tures from the elbow joints to the feet, stifles to feet, root to tip of 1ail. bases to tips
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gradient and invariably approached that of the atmosphere. Cousequently. the area
of the 35-35°C zone increased as the atmospheric temperature rose.
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TFig. 4.-—Temperature Hrddlents within floeces of mf]‘exeut Ienfrth:. at an

atmo:phomc remperature of 2G°C.

{v) Solar Padmz‘a Gi.—Sheep were exposed to solar radiation for 1 hr just before
. midday when the atmospheric temperature was 43-44°C. The ﬂcece-tlp temperatures

Fig.  5.—Fleece-tip temporatures {(in ) recorded on varinous

g p P :

parts of the sheep after a I-hr exposure to solar radiation.
Tlee atmospheric temperature was $3-44°C.

recorded from various parts of the body of one of these sherp zre presented in
Figure 5. These temperatures are representative, and, as may be seen, the highest
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temperatures were recorded on the back and progressively lower ones down the sides
to the beily, which was sheltered from direct solur radiation. The highest temper‘\ture
recolded on the back of any of the sheep was 71-3°C.

In Figure 6 are shown the temperature gradients which were recorded in the
fieece on the back of the sheep referred to in Figure 5. One was obtalned immediately
after the 1-hr exposure to the sun. just before the sun was obseured by a eloud for
15 min; another wis obtained after the sun had been obscured for 3 min: and the
third gradient was recorded ahout 3 hr later during which peried the sheep had been
continuousty exposed to the sun. [t will be seen haw tapndlv the normal gmdlent
can be re-established when the sun is obscured.
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Fig. 6.~—Temperature gradients recorded in the flecee of & sheep after expdsur;: to solar radiation.

The atmospherie temperature was $4°C (11P°F). 2 Tmmedintely after an exposure of Uhr just

before midday. A After exposure for | hr the sun was obscurad by aelowd. This gradient was

recorded 3 min later while the sun was still ohseured. o} Immediately a.tm a further continuous
exposure of 3 hr,

V. Discusstox

Most of the eggs of D. o¥is were found within 3 in. of the skin but the thicker
the flecce the greater was the zone in which egys were 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 oviposition (Murray 19570). A rize in the atmospheric tempera-
ture had the same effect and when the temperature of the fleece tip was raised and
maintained so that the temperature zone suitable for oviposition extended from skin
to fleece tip, egas were laid thraughout the area. This distribution was similar to that
obtained when lice were m.posed to a constant temporat ure in a cell with smtah]n fibres
{(Murray 1957h). '
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The tvpical vertical distribution, therefore, is usnally the result of an attraction
to warmth in stage 1 of the behaviour pattern at the time of oviposition.  This leads
the louge to the skin where a temperature zone suitable for the completion of stages _

2 and 3 is Jocated. When the temperature gradient within the fieece is reversed.
can oceur when sheep are exposed to the sun, suitable temperatures arve again only to
be found near the skin and the lice are driven into this zone h\ the high tetnpu‘at1ue~,
in the outer fleece.

Thus. the distance which the eggs of D. oris may be found from the skin is
determined by the extent of the temperature zone suitable for oviposition. Variations
in the topography of the skin can increase this area. Merino sheep possess skin folds,

which if prominent and in close proximity to one another create a constant tempera.
" ture zone between them. Principaily. however, it is determined by the temperature
gradient which in twrn is influenced mainly by the depth of the air blanket held
hetween 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 the same but when
the wool 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
facrors which influence the temperature of the tip are radiation from the skin. the
thermal condnetivity of the fibres. atmospherie temperature, and solar radiation,
When the dir blanket is greater than % in. in depth, the two latter, in particular
the atmosphérie temperature, are more important. However, when the blanket is
less than # in., radiation from the skin and the thermal conductivity of the coat canse
the teasperature at the tip to become considerably greater than that of the atmaosphere.
A consequence of this is that even on the face and legs where the alr blanket s
thinnest, the depth of the suitable temperature zone next to the skin is adeguate to
accommodate a louse for oviposition. Thus, provided suitable fibres are present,
and provided skin temperature approximates hody temper utme D ooris could
oviposit anywhere on the body of sheep.

If no fibres are present, no eggs will be foand, nor will eggs he laid if the part
of tite 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 which
ave plentiful on the legs, face, axilla, and inguinal region of shecp 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 were exposed
to an atmospheric temperature of 10°C. the skin temperature in certain situations on
the extremities approached that of the atmosphere and the suitable temperaturc
zone of ovipnsition next to the skin was eliminated. Skin tempcmtme thciefnw'
determines the Iatem! distribution of the eggs. :

“The mechanisms which regulate the skin temperature of the extremitics have
been studied on the cars of rabbits (Grant 1930) and cattle (Beakley and Findlay
1953), and the presence &f arterio-venous anastomoses has heen demonstrated
{Grant 1930; Findlay and Goodall 1933). The temperatore to which an animal iz
exposed determines whether these anastomoses dilate or contract and thus decrease
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or increase the amount of blood circulating in the area distal to the anastomoses.
Thus. the skin temperature of the extremitics can vary according to the habitat of the
animal, during the course of a day, and from one season to another.”

There Ix little information on seasonal variation in the distribution of the eggs
of D. ovis on the sheep but suech variations are well known to occur with Huematopinus
eurysternus {Nitz.) on cattle, During the smmmer months, breeding colonies of
H. eurysiernus 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 ¢. 36°C and remains constant if the atmospherie tempera-
ture continues to be above 20°C. Atmospheric temperatures of this order are
common during the summer months. Consequently, as the oviposition hehaviour of
H. enrysternus is basically similar to DL ovis Qlurray 19574), it is highly probable
that oviposition by I, eurysternus on the ears ean only oceur when the temperatures
are suitable. The establishment of breeding colonies of this louse on the tail and feet
of cattle could be governed in a similar manner for it has been shown that at low
atmospheric temperatures the skin temperature of these parts can drop to nearly
that of the atmmphew (Thompson et al. 1954). ~

Low skin temperatares on the extremities have been reported from mammals
‘as varied as man (Burton and’ Edholm 1955), reindeer, porcupine, geound squirrel,
- Srellar's zea lion. dog (Trving and Irog 1933), and the marsupials Sefonyx brackyurus
Quoy & Gaimard (Bartholomew 1956) and Peraineles nasute Geoffroy (Murray,
unpublished data). It seems likely, therefore, that the skin temperature of the
extremities of most mammals falls, in appropriate conditions, and thus governs the
distribution of the eggs of many species of lice. :
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