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IITTRODUCT IO1 

(a) General Introduction 

Ixodes ricinus,known as the Sheep Tick, 'Grass Tick, or Castor bean 

Tick, is the tick which commonly affects sheep in Britain. Another 

species, Haemaphysalis punctata, also infests sheep in England, but, so 

far, there is no record of its occurence in Scotland, and it has not been 

observed during the course of the present investigation. Ixodes hexaJonus 

has been found on sheep in the Ettrick district, but only very rarely, 

and in isolated instances. 

The superfamily Ixodoidea, or Ticks, belongs to the class Lrachnida 

of the phylum Arthropoda. It is subdivided into two families, the 

Ixodidae and Argasidae, the species of which are all parasitic, attaching 

themselves by their mouth parts while they sack the blood of their verte- 

brate host. The family Ixodidae, or hard ticks, containsall the species 

found in Britain. 

Ticks of the genus Ixodes, such as the sheep tick, are "three -host- 

ticks," in that they require a:separat©.host.for eá.ch`st.age of their 

postembryonic life history. The gorged female tick drops from the host 

to the ground, where it lays some thousand or more eggs. These hatch 

into six - legged larvae. The l.rva attaches itself to a passing host, gorgea 

to several times its original size, and drops off to moult to the nymph. . 

This stage is eight legged, but immature. It possesses no genital pore. 

The nymph agPin attaches itself to a host, gorges, and drops off to moult 

to the adult male or female. The male does not feed for any length of 

time, and is incapable of any great distension, but the female on finding 

another host, feeds and swells to several times her original size. ^he 

is fertilized by the male, either on or off the host, and, after dropping 

off, begins to lay her eggs, from which the next generation arises, to 

repeat the cycle. 

Thus, with the exception of the adult male, which feeds intermittently, 

the tick has, for each stage of its life cycle, only one meal, which lasts 

for several days, and once it drops off, it is incapable of reattaching 

itself until it has undergone a moult. 

This/ 



This high degree of specialization in parasitism m,kes the chances 

of individual survival unusually uncertain, and the intrinsic factors which 

favour survival are correspondingly highly developed. Thus, the powers 

of resistance of the tick to adverse conditions are remarkably high; 
its 

viability in the fasting condition is practically unique; it is active under 

a wide range of weather conditions, and its reproductive capacity ,is such 

that as many as three thousand eggs are laid by a single female. 

(b) Previous Mork. 

Although different workers have studied the life history of the sheep 

tick, the ecological aspects of its biology have been very much neglected. 

In the following pages, the work of the various investigators on the life 

history of the tickf is summarized to provide a basis for comparison with 

the results of the present investigation, which are recorded immediately 

afterwards. The work dono on the bionomics of the tick does not lend itself 

to summarization, and is quoted throughout the text, under the discussion 

of the aspects concerned. 

Interval between engorgement and oviposition. 

The findings of different authors vary considerably regarding the timo r 

required for each stage of the life cycle. Thus, Meier (1899) gives 

22 days as the time between engorgement and oviposition, whilst Kossel, 

Schutz, Weber, and Messner, (quoted by Nuttall, 1911) give 8 days. 

Samson (1909) gives 14 days, and Nuttall (1911) gives 17 to 24 days. 

Oviposition to hatching. . 

Kossel, Schatz, 'Veber, and Lliessner, (ibid) give 6 weeks. 

lheler, (ibid) gives O weeks. - May to July. 

Ashworth (1909) gives 36 weeks. - September to June. 

Nuttall (ibid) gives 7 to 9 weeks, at 15° to 20 °C. 

Engorgement of Larvae 

Nuttall, (ibid) gives the time required for tie larva to engorge as 

3 to 6 days. His experiments were carried out in October. The greatest 

numbers dropped off on the fourth and fifth days. 

Samson 
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Samson (ibid) states that larvae remain attached to -pan for 

4 days. 

Time required for Metamorphosis to nymph 

Rossel, Schútz, "sober and Miessner (ibid) 1 month ( In summer) 
5 months ( In winter) 

Z`utta11 (1905) 3 months, (in :inter_ in a room). 

Engorgement of nymph. 

héler, (ibid) gives 4 days. 

Stockman (1948) gives 4 to 13 dais. 

Nuttall (ibid) gives 4 to 5 days. 

Time required for Metamorphosis to adult. 

SPheler (ibid) gives 11 weeks. 

Nuttall gives the shortest period as 3 weeks. 

Kosell, Schatz, Weber and Lliossner, (ibid) give 2 months. (In summer) 
7 months. (In winter) 

Wholer (ibid.) gives 2` months in summer. 

'?,héler (quoted by l uttall 1911) gives 12 months. (kept cool). 

Engorgement of r.du It female. 

Bertkau (quoted by isuttall 1311) 8 days on man. 

l:ossel and Colleagues (ibid) one week. 

Samson (ibid) 8 to 14 days. 

(c) Technique 

Special technique adopted for individual experiments is described 

in the accounts of the experiments concerned. The general methods of 

collection breeding, and manipulation of the tick were as follows. 

Collection 

For collecting unfed ticks, the blanket method was found the most 

satisfactory. Along one edge of an ordinary white woollen blanket 

a half -inch iron rod or a stout, fairly heavy pole was attache,, and a 

long piece of string tied to its ends. The blanket was dragged slowly 

by the string over the ground from which it was desired to collect ticks. 

At every fifty yards or so, the blanket was turned ;;vor, and the ticks 

adhering/ 
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adhering to it removed by fine forceps. This method was found very 

suitable for nymphs and larvae, which become entangled in the woollen 

fibres, but the loosely adhering adults are liable to be rubbed off again. 

(o1isininq' 

The ticks collected were lout in a glass bottle, w}4 moss or water, 
if wereusGd, 

It was found that, r .noss4 they very soon gathered under the cork, and 

the larvae especially swarned over the lip of the bottle every time the 

cork was removed. A bottle half fall of eater, where the ticks were 

held by surface tension, or sank, proved more effective. Temporary 

immersion does them no harm, as they are extraordinarily resistant to 

water. 

The best places for the collection of anfed stages in numbers are 

fairly swampy hollows, with rushes or rank grass. Dry hillocks, where 

the sheep lie resting, or the vicinity of feeding boxes, often yield quite 

a number of ticks. Adults can be collected from the wool of sheep, 

especially on a warm sunny da:', when the unattached adults roam on the 

outside of the fleece. 

Gorged females can usually be found during the tick season, at the 

corners of the ears, round the neck, at the junction of the wool with 

the hair of the head, and in the short wool on the outside of the Legs. 

on the bare parts of the body ticks do not remain attached dor any 

length of time after engorgement is complete, and therefore fully 

gorged females are sèldom found there. Gorged nymphs are found mostly 

on the ears, along the bridge of the nose, and under the chin; larvae 

on the other i.and occur round the mouth and on the Lower parts of the lags. 

Storage 

The collected material was usually stored in petri dishes containing 

some dampened silver sand. It was found necessary to ring the inside of the 

lid with a strip of plasticine, to prevent escape of the larvae. 

If the watei bottle was used for collection, the contents of the bottle 

were filtered through coarse filter paper, and the paper with the ticks 

then placed in f petri dish. This method was quite satisfactory and saved 

one the tedious effort of picking out each tick from the water with a brush 

or forceps4, 

Rearing/ 



.oaring 

The various stages were fed on hedgehogs of on shoe f. For hedgehogs 

the method used was that recommended by Langeron, 
(precis de Microscopie 

p. 753). 

The ticks are placed in a muslin bag, into which the hedgehog is dropped, 

and the beg tied with a draw -tape. The hedgehog is left in this for a fey 

hours and then removed. When the ticks are ready to drop off, the hedgehog 

is placed in a cage with a perforated bottom, which is placed over a water 

bath. The gorged ticks drop on to the floor of the gage and through the 

perforations into the water, from the surface of which they can be removed 

when convenient. 

For sheep, the only satisfactory method was the scrotum sac. Earsacs 

of various typos were used, With these it was found possible to get quite 

good infestations, but the recovery of the gorged material was unsatisfactory, 

as the sheep were inclined to rub the sacs off the ears, however securely 

they were tied. 

With tugs, however, the ticks may be put in a sac tied on the scrotum 

and recovered when gorged without there being a danger of some escaping. 

`"]here it was necessary to keep a tick ander observation during feecing, 

or to feed single ticks, the following method was used. L circular 

area behind the shoulder of a sheep was clipped bare, and on this a sleeve 

of cloth was stitched to the epidermis of the skin. The tick was 

placed inside, and the sleeve closed with a draw- tape. 

The gorged material was kept on moistened sand in petri dishes. The 

lids were sealed with plasticine to conserve the moisture. Vaseline was 

found unsatisfactory, as the ticks, even when gorged, display at first 

considerable activity, and are inclined to get stuck in the vaseline. 

If it was necessary to keep the material in isolated lots, small 

tubes were used containing a little moist sand, and plugged with cotton wool. 

These were stored in a large vessel, in the bottom of Which was a pad of 

cotton wool saturated with eater. The cover of the vessel was sealed with 

vaseline, and thus a moist atmosphere was provided inside the vessel. 

Water was added to the containing vessel periodically, to make up for loss 

by evaporation. 

Moulds/ 



Moulds may grow heavily on the outside of the tubes, with this 

method, but are seldom troublesome inside the tubes. It was found 

necessary, however, to put the labels with the data inside each tabe, as 

they rapidly become indecipherable with mould, if on the outside. 



BIONOLIICS 

SECTION I. LIFE HISTORY. 

Egg laying. 

The chief hosts of this tick are sheep and cattle, although it has 

many Less important or accidental hosts. Men the female tick has gorged 

itself on the blood of a. sheep or other host, and has been fertilized by 

the male, it drops to the ground and after a longer or shorter period 

proceeds to lay eggs. The pie -oviposition period varies with the season, 

and with the individual. 

In the following list, the gorged females were placed in tubes 

containing a pad of mo' st blotting paper, and kept in the laboratory. 

The room temperature ranged between 600 and 700F. 

Females gorged 28/3/30. Started egg laying 17/5/30. ::n interval of 52 days. 
It tt 7/4/30. It tt tt 23/4/30. ft tt tt 16 tt 

t et 7/4/30. tt tt TT 26/4/30. et tt Tt 19 

ft tt 8/4/30. tt te tt 23/4/30. tt n tt L5 ft 

tt n 4/5/30. tt et rt 24/5/30. H tt t 20 it 

tt n 23/S/30. tt tt ft 13/9/30. It n tt 21 tt 

II n 23j/4/29. tt tt ti 15/5/29. tt tt el 22 tt 

tt n 23/8/29. tt ft ei 12/9/23. tt It H 20 et 

Generally the period is from 15 to 22 days. 

Gorged females dropped on pasture were observed to lay their eggs in 

clusters at the roots of grass, and among vegetable debris. Each egg is 

covered with a viscid glistening secretion which prevents desiccation. 

As they approached the hatching stage their glistening appearance was lost, 

and the egg- clusters assumed a duller, more opaque look. 

The shell becrme very thin and transparent, and through it the 

embryo could be seen Lying with its capital= bent over the ventral surface, 

the limbs stretched out and arranged side by side, covering the venter fort 

the anterior two thirds. Over the anus was a white granular mass, the 

remains of the embryonic food supply, or granules of maylpighien secretions. 

These white masses gave the ripe egg clusters a characteristic spotted 

appearance. 

Hatching 

The/ 
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The rate of development of the embryo 
inside the egg depends very 

largely on environmental conditions. Thus eggs Laid on 15/5/29 onwards, 

and kept outside on a grass plot, began hatching on 20/7/29, 
that is, 

in from 9 to 10 weeks, after being, laid. 

In the laboratory, where the temperature ranged from about 50° to 60 °F 

in winter and 60° to 70 °F in summer, eggs Laid on 13/9/29 onwards began 

hatching on 28/5/30, that is 37 weeks; eggs laid on 4/6/30 onwards, 

began hatching on 2/7/30, that is, 4 weeks; eggs laid on 17/5/30 onwards, 

began hatching on 12/6/30, that is, 4 weeks. 

Under summer conditions of temperature, eggs develop and hatch in 

about 4 weeks, or the process-may be slowed down, under winter conditions 

of temperature and take as long as 37 weeks. 

Hatching of the larva was by a Longitudinal rupture of the egg 

shed along one side, possibly caused by flexing of the Legs. Come 

remained enclosed in the ruptured egg shell for an hoar or two before 

finally freeing themselves. 

The larva .e were at first pale and transparent, but in a few hours the 

chitin began to grow darker. 

Behaviour o$ the -host . 

The larvae were at first comparatively inactive and remained for several 

days, near the remains of the egg -cluster, hiding under grass roots and other 

debris. During this period they would not readily attach themselves to a 

passing object, and, if put on the skin, did not feed. Six newly hatched 

larvae were kept on the arm, by means of a cloth s leovo, for six hours, 

during which period none attached themselves. 

On the 24th July a cluster of eggs in process of hatching was placed 

at the roots of some grass in the open. On the 1st August, the larvae were 

still resting near the debris of the egg cluster, hiding in crevices. On 

the 15th August they were observed on the grass blades, wandering about, 

or waiting on the margins of the leaves with fore limbs outstretched in the 

air, in their characteristic posture when waiting for a host. They 

readily attached themselves to s hand brushed against the grass. 

The time that elapses before this active atago is reached varies. 

Mier,/ 



9 

Whaler, in calculating the theoretical times for a complete Life cycle, 

allowed LO days for the larva to harden. The above observation indicates 

a period of 22 days, but, In another experiment, larvae which hatched about 

the 22nd July attached themselves readily to a hedgehog on the 1st August. 

The period here was 9 days only. 

The behaviour of the larvae under artificial conditions of rearing 

did not agree with that found under natural conditions. Thus, a cluster 

which Wtched on the 24th July ir_ a.plugged tube were found to have 

climbed the tube walls, and were congregating at the neck of the tube on 

the 26th. As will be shown later, a negative geotropism is exhibited 

within a certain range of temperature, and, possibly, ander the constant 

conditions obtaining in laboratory culture, this reveals itself more 

quickly than under natural conditions. Larvae bred in tabus clustered 

together in a thick mass at the base of the cork, and, if undisturbed, re- 

mained there motionless, or, if the cluster became very dense, it dropped 

to the bottom of the tube and remained there. Some of these clusters 

wore over a centimetre long and nearly a centimetre deep. They could be 

rolled about in the tube without disintegrating. Some of them remained 

thus densely compacted for a year. 

Than the hardening period was over, the larva climbed the grass 

blades and there, in warm weather, awaited the passing of a host, hanging 

on by its last two pairs of legs; the first pai i in the tarsus of which 

is situated the sensory organ of Haller, was waved about in the air. 

Several larvae could be found in this position on the tip of each blade. 

Immediately an air current was set ups as, for example, by breathing on them, 

or the L_'rass disturbed, the 1- rva became excitedly alert, and, relaxing its 

hold with its middle pair of legs, raised its.body up from the blade tip on 

its last pair, ready to transfer itself to the disturbing object. This 

reaching out was so pronounced that several actually over -reached themselves 

and became detached from the leaves. 

Behaviour on the host 

The above manner of transferring themselves from the grass to a passing 

object was found to be common to all three stages of tho tick. Once on 

this/ 
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this object, they start travellin,_ over the surface bj means of their last 

two pairs of logs, or three pairs, in the case of nymphs and adults; 

the first pair is waved in front of them. 

The "Organ of HLaler" on each front leg apparently enables the tick to 

distinguish between animals and inanimate objects. (Hindle and Merriman 

1912) have shown that if these organs are removed, Argas persicus larvae 

will attach themselves to a membrane stretched oger fluid at body temperature) 

In the event of the object, on which they find themselves, turning 

out to be unsuitable, they drop off and await another opportunity. 

Then put on warm human skin, they wandered about for a time, but now, 

as if satisfied as to the nature of the object on which they were, they 

used all their legs for walking. The palps were kept exploring the skin, 

t«ks 
and finally, as if a suitable spot had been discovered they( proceeded each 

to attach itself. A nymph on the:`fcrrearm was observed, after walking for 

some time, to slow down, with occasional pauses. Then it turned in its 

first pair of legs, and drew them across the second pair, as if to clear 

or to stimulte the sense organs. After repeating this once or twice, it 

started off again, and soon begun to attach itself. 

The manner of attachment was observed an the case óf the nymph to be 

as follows;, The mouth parts were bent down at an angle of 45 °, the palpi 

lying close along each side. They were thus brought against the skin, 

always in a skin fold, and gradually entered, the palps separating outwards 

to allow of this. Entry was effected kry a kind of scissors action of the 

apophyses. 

That there was some pumping or sucking action during entry was evidenced 

by the bubbling of a drop of fluid which appeared occasionally at the pint 

of entry of the mouth parts. 

The body gradually tilted, so as to bring the mouth parts vertical, 

The palps were now bent out at right angles to the piercing organs, as these 

were forced into the skin. The hind legs of the nymph were now clear of the 

skin, and were curled up. For a time, during entry of the mouth carts, 

the curled legs were kept in a kind of circular motion. Ultimately, the 

mouth parts were completer imbedded, the palps lying along the skin at 

right angles to them. The tips of the first pair of legs and the tarsal 

joints/ 



11 

joints of the curled -in second j' it rested on-the skin. The two hind 

pairs were curled in, and clear of the skin, and the body of the tick 

projected from the surface at an angle of about 600. 

The whop; process lasted about fifteen minutes. 

Engorgement of larvae 

The time required for engorgement is not subject to much variation. 

The influence on this period of different air temperat ares wi l l be discussed 

later. 

In the following experiments hedgehogs were enclosed in muslin bags 

containing larvae, and left in them for some hours. 

Time required for enf;o rgement of larvae 

1=' rv .e recovered 
- 

_. ïîl) 68 hrs. 7t. hrs, 
! 

38 hrs. 96 hrs. 12Chrs, 144 hrs. Lvor 

{-- - 

I - 217 11; 

II - I.U. , 131 4 9 

III - _ ;C' 160 22'5 38 

E 1: L.7 lZ5 - 12C 

kverage 12 îC,, 142 151 ;;E 

.A dash means that no count was taken for that interval. i]xce_L-t, in the 

case of hedgehog IV, the majority of the larvae were recovered within 120 

hours. In the case of this hedgehog, no collection was made at the 120 hour 
interval. It is probable that of the 120 recovered at the next count, 

(144- hours) many if not all, had dropped off the hedgehog within 120 hhurs. 
It appears, than, that the majority of larvae complete their engorgement 
in froìi 88 to 120 hours after being put on a hedgehog host. The 

shortest period obtained was 672 hours from when the larvae were placed 
in contact with the hedgehog. / few larvae wore collected up to the 9th 
day. Larvae gorged on sheep beg&.n droy ,in off in 65 hours, 

-hen engorgement is complete the tick relaxes its anchoring moath 
parts, but makes no active effort to Leave the host; it gaits, passively, 
to be shaken or rubbed off. Thus it is that when sheep aro kept moving 
in a pen, many'_ticks drop_ off simultaneously, when normally these would 
have/ 
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have continued to drop off over a period of hours, as chance loosened them 

from the hairs or wool. 

The gorged larvae are usually a deep black colour, though an occasional 

larva is found with a transparent cuticle, which shows a reddish tinge due 

to the contained blood. The cuticle is quite hard and film, and does not 

yield when gripped with forceps. 

lloultin 

Tho Larvae, on being dropped on a grass tuft, crawled away among the 

roots into chinks of the soil, and in a short time none could be found 

without probing for them in the soil. Ticks kept on moist sand in the 

laboratory evinced the sane desire to crawl into crevices, either because 

of their negative phototropism, or because of that tropism which causes 

an organism to squeeze itself into a corner, where there is no free 

space round it - thigmotropism. 

As metamorphosis proceeded within the larval skin, the colour changed 

from a deep purple to a lighter blue. A characteristic banded effect 

appeared, due to the nymphal parts showing through the larval skin. 

the neighbourhood of the anus was a white patch of excretory granules. 

The legs were capable of movement unt i l the change from larva to nymph 

was well advanced. Lbout the fourth week, when the banding was conspicuous, 

the legs became' incapable of movement. The colour became gradually a more 

watery blue, and, about the 6th or 7th week, the moult occurred. 

Moulting occurred through rupture of the larval skin on the dorsal sur- 

face, behind the capitulum. The cast skins were colourless, but the newly 

emerged nymphs, as distinct from the young larvae, were dark blue coloured, 

only the legs being transparent at first, and darkening later. The body 

of the nymph in a few days became a brownish colour. 

Gorged larvae kept in glass tubes in the laboratory moulted as 

follows : - 

In 

arvae gorged on the 16/9/29 began moulting on the 28/5/30 that is,1'+37 weeks. 
n n n 8/8/80 n n n r 25/9/30 " r, 7 n 

r n n 24/8/30 " n n n 3/10/30 " ,, 6 r 
n n " 10/10/30 n n n n 7/5/31 er '28 - 31 weeks. 

The/ 
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The nymph requires some days to harden, daring which timo it ranains in 

the shelter of the surface soil. hon it hardens, and becomes a uniform 

broom colour, it climbs up on the grass blades, and boha!os in the manner 

described for the hungry larval stage. 

The time required by the nymph to co L Plato engorgement appears to be 

fairly constant. The following table shows the numbers of gorged nymphs 

recovered each day from each of 5 sheep infested. 

Time rocuired for engorgement 

Dato of infestation 

Gorged nymphs recovered 

6th dr,y 7th da r 4th day 5th day 

31/7/31 87 56 - 3 

13/8/31 2 43 11 11 

31/8/31 2 27 3 1 

3/9/31 7 62 1L ., 

6/9/31 28 57 24 7 

1verage 25 49 10 6 

That is, the time for engorgement was from 4 to 7 days. The greatest 

numbers dropped off on the 5th day. This is more marked if the First case 

is ignored. The average of the remaining 4 is LC for the 4th day, 3C for the 

5th, 10 for the 6th, and 7 for the 7th day. 

The gorged nymph, like the larva, f::11s to the ground and seeks a sheltered 

crevice where it undergoes metamorphosis to the adult stete. 

Under laboratory conditions, with a temperature range,in sun.ner, of from 

60o to 70oF, period is longer than for the larval metanorphosio under 

the same conditions. 

Piymphs gorged on the 31/3/30 moulted on the 13/6/30 that is, in 10 weeks. 
31/3/30 " R 12/8/30 19 

n n 8/5/30 i ., 26/C/4 , n 16 

The moult occurred by rupture of the nymphal skin_ along the anterior 

margin and down each side to the neighbourhood of the third coxao. Tho 

cuticle weakened along e band across the dorsum between the third pair of 

legs/ 
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The part of the dorsum anterior to this was 
pushed ap like a 

flap, by the escaping adult. 

The Adult. 

The Adult was dark bodied at first, with transparent legs, which darkened 

as did these of the nymph, in a day or two. The females developed a reddish 

tinge in the cuticle, whilst the males became 
a darm brown colour. 

The cuticle required more than a week to harden, 
and then the sexes were 

ready to seek a host. Their behaviour was similar to that described for 

the larvae. 

Attached females at all stages of engorgement wore ;found coupled with 

males. Males were occasionally found attached lightly to sheep, but they 

did not remain attached for more than a few hours. Their main function is 

to seek for and pair with the females. The sexes remain in copulá for 

several hours. One pair was observed to remain coupled for over twenty 

four hours. 

Sex ratio in adults. 

As the males have to seek the females, it might be expected that the 

former would predominate in numbers, at moulting. This, however, does not 

appear to be the case. Of several hundred gorged nymphs bred out in the 

laboratory, the sexes emerged in the numbers : - 353 females to 197 males, 

that is, a 9 :5 rntioN. If sex determination is genetic in the tick, and 

not governed by the conditions to which the gorged nymph is exposed, then 

the above tratio should approximate to the sex ratio found in the adults 

in nature. 

Engorgement of females 

The following table gives the numbers of gorged females recovered daily 

from each of four batches of 'infested sheep. 

Time required for engorgement of females 

&O 

2 
3 -/e 

Gorged females recovered 

Infestation 7t'r. darr 0th day 9thday 10th day 11th day Over 11 days 

/3l t //3/ 1 1 - - 1 -I, 24 days &3-1 13/e/3/ - z 3 2 - 1, 12 days 
x z/8/3) 12 6 - , 

/3l 31/'/31 - 1 1 1 - 

[Total 4 15 10 3 3 

Th e/ 
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T1 o female, therefore tL::kes usually from 7 to 11 nays to engorgo. 

An occasicnal one in-y take as long as 24 Gays. The ro tt at numbers drop 

off on the 8th and 9th day after attachment. 

The gorged feme le, droppin` off the host, procoods to lay eggs, and so 

the lifo cycle is renewed. The sijont and shrivelled females, after Laying 

their eggs, do not usurlly live long. Patton and Crags (Toktbook of 

Medical Entomology p. 641) suggest û period of as long as 10 days. This 

was found to be true for the majority. Or_è, however, was found to romain 

alive in the laboratory for E. months after completion of eg laying. 
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áECT I OIT II FIELD ECC LD GY 

Hosts 

(a) Mammalian and Lvian Hosts. 

The chief host of Ilodes ricinus in Scotland, is the sheep, but 

is found on a wide variety of other animals. Professor'Tilliams, (1883) 

discussing this species stated that "rabbits, ferrets, stoats, weasels, 

and more rarely, hares, aro attac'ped by ticks." In the Third ;report, 

1884, issues by the Special Commission appointed by the Ilihland and 

Agricultural Society to investigate "Louping ill," T.D. Gibson Carmichael 

in an appended note stated, "I have found Ixodos in considerable numbers 

on the bodies of rabbits, hares, mnd in one case on a roe doer." 

Iluttall, in his Monograph on Ticks, gives the following hosts fOr Britain - 

sheep, cattle, horse, deer, dog, cat, wildcat, stoat, squirrel, rat Ï_nd 

grouse. The following records are the result of a monthly examination 

of vermin from 1pril to Iugust in two successive years. By vermin is 

meant-such birds as the crows end their relatives, certain hawks, and 

such, smaller mamalia, such as haros and rabbits, stoats end their relatives, 

and foxes. The vermin were sent from two localities in the Borders, 

Hewcastleton and Hawick, enclosed in muslin bags, into which they had been 

dropped immediately on being killed. The following table shows the times 

of the occurrence of the tick on an the stages recovered from, certain of its 

mamalian and bird hosts. 
A 
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Hosts for Ixodes ricinus 

Posts District :ri 1 May 

Rat 

Fox 

Hedgehog 

Hare 

Rabbit 

Idewcast leton w1 !> 

(r) --- 

C) ^ 

(3) dry L 

rr) 

o er L 

0 art, L 

) Oj 4 L 

(r) --- Liole 

Stoat e) L 
Hawick 

Rat (v - Cl) -- 

Hedgehog (r1 - 
Hare 

(r) L 

Rabbit (U - 
Mole CU - 
'Teasel 

Newcastleton 

U -- 
B I 

ro -- 
1 D S. 

Hoodie Crow Cl) Or.4 L 

G) - 
Rook 

(?) Or ` L r1) Or l- L 
Jackdaw 

r2) Oft- L 
Starling 

Golden Plover Cr) -- 

Kestrel 

Sparrow Hawk 
(r) - 

Merlin Hawk 
G) L 

Hawick 

Hoodie (r) - Cr) - 
Golden Plover 

Peewit 

Earn Owl 

Pigeon 

Jane July August 

(r) f o,L 

f) or 9r L-. 

(i) 

r)- 

lt) Or cv L- 

Cr) 

0) O 

The figure in brackets refers to the number examined. 
- means no ticks found 

female 
0 " nymph . 

L larva. or larvae 

Ci) - 

CD - 

r) - 

lrJ - 

r) - 

i) - 



The writer has also found the tick on horses, collie dogs, and á cat. 

The identifications, particularly in the case of the ticks obtained from 

birds, were very carefully made, as it w,s thoughtthat other species would 

be more likely to be found. Incidentally, Ixodes caledonicus was found in 

May on a. jackdaw, a starling, and a kestrel, all three of -Which were sent 

from the ITewcast let on district. 

The sheep tick, therefore, may feed on the dog, pony, fox, hare, rabbit, 

hedgehog, stoat, hoodie,K crow, rook, jackdaw, starling, golden plover, barn- 

-owl, kestrel and merlin hawk. This, 

gives us the following extensive list 

can survive in the absence of sheep. 

along with the records of other workers 

of possible hosts, on which the tick 

The horse, cattle, doer, dog, fox, 

cat, hare, rabbit, hedgehog, rat, squirrel, stoat, weasel, ferret, hoodio, 

rook, jackdaw, golden plover, barn owl, grouse, kestrel, and merlin hawk. 

(b) Variations in susceptibility of sheep to Infestation. 

The susceptibility of a sheep to infestation appears to depend on 

(1) its breed, and (RI) on its physical condition. 

(1) Different breeds 

Chart I shows the difference in the infestation of cheviots and black - 

faces exposed on the same pastures for the same period. The figares 

represent the averages for several sheep. It will be seen that, when first 

exposed, the blackfaces became more heavily infested than the cheviots, 

and remained so until Mey, when the numbers of ticks on both varieties 

gradually decreased. 

(II) Effect of varying the physical condition of sheep 

There is often, in the same herd, a marked variation in the liability 

of individual sheep to infestation, and this variation appears to be 

correlated with the condition of the sheep. It is said by shepherds that 

ewes weakened by lambing are often more heavily infested than the better 

conditioned barren ewes. Actual figures of the relative infestations of 

barren and "lambed" ewes have been obtained in one instance. Two black - 

face and one cheviot ewe, running on the same pastare, were examined in 

,Tay. One blackface was barren, the other, and the cheviot, were with lamb, 
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Li1d blackface 
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Comparative infestations of barren and lambed ewes 

Females Nymphs Larvae 

7 58 a few 

Blackface with lamb 20 

Cheviot with lamb. 27 

70 numerous 

72 numerous 

Non- acclimatized sheep, when first exposed on certain farms, lose 

condition at first, and remain poor for same time. Chart II shows the 

average infestation of a number of non -acclimatized sheep exposed for the 

first time on a tick -infested faun, as compared with the average infestation 

of the acclimatized native stock. The non acclimatized sheep were put on 

the farm on the 2nd of rpri 1, and the counts began on the 14th. The native 

stock showed at first a low degree of infestati :,n, which increased as the 

tick season wore on. The number of ticks on both lots decreased towards 

the end of May. 

The non -acclimatized sheep rapidly lost condition during the first two 

weeks of their exposure on the farm. Their body weight decreased, and they 

were generally dull and in poor health. Then_ examined on the 14th, they 

were found to have a much heavier degree of infestation than the native stock. 

As the sheep began to recover condition, the degree of the two infestations 

approximated, until by the middle of :Tay, the experimental sheep were no 

more heavily infested than the native stock. 

Explanations of the above phenomena offered by shepherds are (1) that 

poorly thriving sheep graze more closely and collect more ticks, whereas 

well conditioned sheep graze more superficially, and (2) ill- conditioned sheep 

lie down more often than thriving sheep. 

It is probable that the amount of grease in the wool affects the degree of 

infestation, dry skinned unhealthy sheep offering more favourable conditions to 

ticks seeking attachment than sheep with a Well- nourished, greasy skin and 

fleece. A vicious cycle is here involved, the ticks bringing down the condi- 

tion of the sheep, which therefore becomes the more susceptible to further 

infestation. 

Some shepherds hold that the degree of pianentation of the skin is 

correlated with the liability to infestation. '7ith a view to testing this 

opinion a nthnber of sheep, examined for ticks at different times of the year, 

were classified according to whether the skin was dark or light, and the counts 

cQnpared/ 
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compared. The evidence obtáínod did not suggest any correlation. 

(c) Site of attachment to sheep 

On the sheep the larval staffes found a ;,tached to the lower 

parts of the 1es, often just above the hoof, round the mouth and nostrils, 

unter the chin, and tti a less extent on the face end ears. T11,: SZv tiliDll 

attaches. itself chieflz% to the face and ears, and under tige chin. They are 

sometimes found attached to the Lwor parts Of t3Ye les. The adult female 

is found chiefly around the nec', -boat the case .f the ears, under tho chin, 

and in the exillae of the foreleEs. 

Distribut ion 

17utt11 (1916) gives records of the distribution of the sheep tick 

throu: ~bout the world. Senevet and Rossi (1926) have shown from the 

records of 

The following 

farmers in 

were sent 

its distribution that it is a tick of cold or temperate climate. 

records for Scotland represent information supplied by sheep 

the different localiti os. An asterisk indicates that no specimens 

in for determination. 

Distribution of the Sheep Tick in Scotland. 

Co unt tr District Lleco rd s Info rmat ion 

Caithness Duízboath 1 Lbsent 

'^atten 1 Absent 

Sutherland T oga rt 1 Present 

Loth 1 Absent 

Lochinver 1 Present 

Ross -shire E Poolowe L Present 

Elgin Elgin 1 Absent 

Central Pit lochry 1 Present 
Highlands 

Aberfeldy 2 Present 

Absent. "None in d ist riot, " 

Ra;-noch Station 1 Present 

Orloff 1 Present 

Cowrie 1 Present 

Auchterarder 1 Absent 

Stirling 1 Absent 

Y_i1syth / 
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County District Tecords Information 

* Kilsyth L Present, vory raro 

Ba.lghiddor 2 
P",s 

='t , 

;?rgy 11 Clonaara el 1 ..-'1:C: 3 .;11, v,r; L. _13.B.: CO .7- 

.:t_ . ,1 r .cl_ 1 Ireso?.t 

ï'_'ii ,, ,f' ;,.. c-1 
;; 

1 ;bsent, "only ono or two 
in 1cst 1. yoµrs." 

Taynailt 2 Present. 

Lochü7. 1;?hea.d :_2 Present, v e r;ÿ numC31'ouS 

Ca?npbeltowls I Present 

'^ostern Islos Canna 1 Absent 

Jura 2 Present 

Islay 1 Prosont 

Ulva 1 Present 

* Aros. :"all L Present, but raro. 

Y 
Portroo. Skye 1 -resent 

Central Lanark 1 Present, not very orovnl_ 

Lothians. ent. 

Innerleithen 2 rbsent, nono north of 
Tweed. 

Traquair 1 Presont, south of Tweed, 
but not on north side. 

Clovenfords - 

(a) South bank of Tweed 2 Present 

(b) Porth bank of Tweed 1 Absont . 

rest Linton 1 Absont. 

Biggar 1 ..Absent, "one oLcasionally 
ears of isolated c<ses." 

Cobbinshaw 1 Absent, or at least very 
rare. 

Southwest Sa.nquhar 1 Present, on all farms 
Scotland along i.ith. 

ç Yirkcudbri -- t 1 Present. 

7ew Luco 2 Preso -n ,veyy numerous 
,, Ivory hill fnrn in County 

infested" 
Lochwinnoch '1 ñbsont 

Borders rewcast Toton 2 Present. 

Moffat 1 Present 

Fe lso 1 hbsont 

Yotho lrn L Present 

Ett ri ck/ 



County District 

Ettrick 

Hawick 

22 

Reco rds Information 

8 Present. 

4 Present. 

In addition to the above information for actual Localities, the 

following general information has been supplied, mostly by veterinary 

practitioners. 

District Information 

O id.me ldrum Absent. 

Keith Absent. 

Lower Banff Absent in Lower Banffshire 

Arbroath Absent. Very few sheep. 

Dundee Absent. Only feeding sheep. 

Ayrshire Parishes of Barr, Ballantrac, and Colmonell 

infested. 

Berwickshire No ticks from Lauderdale along Lanmormairs 
to the sea. 

S@esOn?1 r".cti.vitv.s 

Two hill farms, one in the Ettrick valley and one in Taynuilt, Argyll, 

were visited at fortnightly or monthly intervals during a period of 15 months, 

and dounts were made of the number of ticks on representative samples of the 

sheep stock. Several sheep were examined in the course of each visit. 

4-ht 
The counts, which began in :larch, showed a sharp increase ini,numbers 

of ticks during April and May. In Juno the numbers began to decrease and 

steadily diminished until late August, when there was.a slight increase. 

This autumn rise was of short duration, lasting; only until the and of 

September, after which, the numbers of ticks on the sheep decreased rapidly 

until, by the middle of November, the sheep were free of ticks. In the 

middle of March the ticks first bogan to appear, and their numbers rose 

sharply through April as had happened in the previous year. By the 

middle of May, the numbers began to decline, and the ticks were comparatively 

scarce by June. 

The adults were the first to appear, females attaching thaaselves to 

the/ 
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the sheep early in March. Malos were found in numbers almost equal to 

those of the females, and coupled with the latter, or wandering on the 

wool of the sheep'. The nymphs began to appear towards tho end of March, 

and rapidly oat- numbered the adults. Their numbers remained greater until 

June, when the adults again became predominant. In the autumn increase 

in activity, the nymphs were the more numerous. Larvae wore found at 

any time during the course of the tick season, but appeased to be most 

numerous in May and Jane. 

The autumn recrudescence of activity was common to both districts, but 

was moro pronounced in Argyll than in Selkirk. This is of interest, in 

view of the assertion that there is autumn oatbreak of loaping ill 

in Argyll, which is not found, . or, at least, is not so marked, in the 

Border district. 

Influence of Rainfall and Temperature on appearance on Sheep in Nature. 

Rainfall 

In the year there a distinct variation in tick 

activity. The curve of the weekly averages for rainfall for that year 

is represented on Chart IV. During the summer there was a high average 

rainfall. The monthly averages for March, April and May wore GO mms 

10 mms., and l32 ms./ rainfall as against averages of 33mms., 33 mms., 

and 442 mms., for June, July, and August. September, October, and 

November averaged 31 mms., 63:nms., and 44mms.' rainfall. Thus, there was 

tick activity when the averages th ro ughoat the month were LO mms., and 132 

ma., (April and May), and when they were 31 mms., and 63 ra s., (September and 

October.) 

The graph of the weekly rainfall -average, plotted against the variations 

in tick numbers, does not suggest that rainfall is the factor controlling the 

appearance of the tick. 

Temperature 

Chart V shows the weekly averages for temperature over the period March 

to November, 1930, and the appearance of ticks on sheep throughout the same 

period. 

Dùting thm first incroaso in tick activity, from tho middle of March 
to/ 
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to the middle of May, the temperature ranged between 40 °F and 60 °F 

approximately. From the latter end of May until the first .calf of August, 

when there was little tick activity, the range was approximately 60 °F to 

700F. During the latter 1 if of August, September, and the first half 

of October, when there was a second increase of activity of ticks, the 

temperature ranged between 60 °F and 50 °F, being under 60 °F except for 

the last week òf August. 

This seems to indicate a correlation between tmmperataro and activity. 

It might be inferred from the chart that the favourable range for activity 

is between 45 °F and 60 °P, whilst with temperatures of over 60 °F there is 

less activity on the part of the tick. There is not, however, sufficient 

evidence on which to base definite conclusions. 

That the air temperature does inflaence the appearance of ticks in 

nature is evident from a study of daily infestations of sheep. Chart 

VI shows the average daily infestation of nymphs on a number of sheep 

during April and early LIay, 1931, plotted against the daily temperature 

for that period. The figures are only approximate, being based on the 

daily collection of gorged nymphs from the head and ears of a number of 

sheep. Five days have been allowed for the period of engorgement, in the 

calculation of the daily infestation. 

It will be seen that when the temperature was under 42 °F there was 

no infestation, and the lowest average infestations occurred approximately 

when the temperature was below 50 °F. 

The fluctuations in the numbers of ticks occur within too short a 

period to be explained in terns of variations in the physical condition of 

the sheep. 

Itmay be tentatively inferred from these charts that the Lower critical 

temperature for tick activity under natural conditions lies between 40 °F and 

45 °F, the optimum temperature between 45 °F and 60 °F, and the higher critical 

temperature between 60 °P and 70 °F. This inference cannot be held to be 

established, however, since the influence of other environmental variables 

on the activity of ticks is not known. 

Enemies 

Practically nothing is knòwn about the natural enemies of the sheep tick. 

Ixodiphagus/ 
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Ixodiphagus caucurtei du B., a chalcidid fly, has been recorded by Brumpt 

as parasitising the nymphal stage of Ixodes ricinus, in Franco, - (Da 

Buys son, 1912) . 

This parasite has since been recorded as parasitising other species of 

ticks, end attempts have been made within recent years to colonize it in 

America as a possible means of control of the wood tick Dormacentor andorsoni 

Stiles. There is, however, no record of the presence of the parasite 

in this country, and none have boon found parasitising the ticks used in the 

present investigation. Over six hundred gorged nymphs, and many larvae, 

collected from sheep in the Ettrick valLey in the Spring of 1931, have been 

bred in the Laboratory, and carefully observed for evidence of )arasitism. 

Not one was found to have been parasitised by this or any other insect - 

hyperparasite. 

Longevity of the unfed stages 

One of the most remarkable features of ticks in general is their extraor- 

dinary fasting powers, and the sheep tick is no exception. Ctockman, (1916) 

recorded having kept unfed larvae of Ixodes ricinas on moist sand for 3 gears. 

Unfed females and males, collected on 2nd May, 1929 and kept in the 

laboratory in a moist atmosphere, lived without a meal until January 1931, 

that is, for L months. One of these males is still alive, (October 1931) 

that is, after a period of at least 30 months. Larvae which had hatched in 

July, 1929, lived until July 1931, a period of 2 years. Larvae hatched in 

Juno 1930 were able to engorge in Doptember 1931, that is, after a period of 

15 months. Nymphs which had moulted in July 1930 lived until August 1931, 

a period of 13 months, after which period they were put on a sheep and were 

able to engorge. 

It is possible that, under natural conditions, where their energy is 

expended more rapidly owing to changes in weather conditions which may induce 

sporadic bursts of activity, the ticks not survive so long as they do 

under the equable conditions of a Laboratory. Even in nature, however, their 

powers of survival without a meal are remarkably high. 

A 10 acre piece of ground on a hill fax in the 2ttrick valley was 

enclosed in May of 1929 with a game -proof fonce of woven wire netting with a 

mesh/ 
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mesh of under two inches. The 1,=.sture of the ordinary typo for 

that f -rm, which was badly infested ruith ticks. In Depternbor, 1930, a 

blanket was dragged over the h.erbado in the enclosed area and on examination 

active males, females and nymphs wore found adherins to the under surface. 

Tho same method of examination applied in May L9Z1, d iscovorod 2 nymphs. 

If we exclude the possibility of their havin: fed in the intery -,L on 

woo 
birds,lkthe smaller forms of vermin, theso ticks must h vo dropped from 

sheep on to the pasture not later than May 1929. That is, aithor as 

hun{;Ty ticks or partly as active and partly as the prece din& sorgod stases 

thoy may have survived for 24 months. 

Meier (1902) cave records of unfod larva() surviving for 19 months, 

nymphs for.l8,months and adults for 15 to 27 months. 7uttall (1905) 

records a period of survival of 5 to 7 months for unfod nymphs. 
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SaT IO1: III Ll_EORATO:cY STUDY OF 2 3T?Tr.I:T CLI:JLLT I C iCTOI?i. 

Effect of moderately low temperatures on life processes. 

Preoviposition period 

It has been shown in the section on life history that, tinder laboratory 

conditions, with a temperature varying from 60° to 65 °F an interval of 

about 20 days occurs between engorgement of the female and oviposition of 

eggs. During this period, the blood meal is boing converted into egg; -yolk. 

To test the effect of low temperatures on this process, two females 

gored on 9th "ley, were placed in a freezing chamber at 32 °F on the 16th. 

They were removed on the 22nd, and placed at laboratory temperature 

(60- 6507 That is, for 6 days they are subjected to conditions of 

low temperature. Oviposition started on the 28th, that is, 19 days after 

engorgement. 

It appears, then, thet the digestive processes preceding egg laying 

are not delayed by exposure bf the gorged female to a moderately low 

temperature. 

Oviposit ion 

Females gorged on the 11th :. :ey were put in a freezing chamber at 

a temperature of 33 -36 °F on the 17th ..ay. On the 12th August, that is, 

3 months later, they were removed to laboratory conditions. WO F). Egg- 

laying started on the 22nd August. 

A female which had commenced egg- laying was exposed to a temperature 

of 33- 36 °l+' for a period of 3 months. Egg-laying ceased on exposure of 

the female to this temperature and recommenced a few days after the female 

was removed to room conditions of temperature. (60 °F). 

It appears, then, that the process of oviposition is dependent on 

temperature, being totally inhibited at a temperature slightly above 

freezing paint. 

Hatching of Eggs. 

On the 1st August, three batches of eggs, all showing the characteristic 

appearance of ripe egg- clusters, were subjected to a temperature of 37 0F, 

and removed after different intervals. 

A simil,,r batch was kept as a control at a temperature of 60 °F. 



Effect of low temperatures on hatching. 

Period of exposure Date of removal Date of cor-inonceent o "' hatching 

17 days 

32 days 
48 days 

Controls 

18th August 
2nd September 
18th September 

3rd august onwards. 

20th August 
8th September 
20th September 

It appears. therefore, that hatching of the ripe eggs will not 

occur when these are exposed to conditions of moderately low temperature. 

Metamorphosis 

That low degrees of temperature inhibit the moulting process is 

suggested by the life - history records, (vide supra) which show that the 

period between feeding and moulting varies according to the time of year 

in which the feeding occu,red. 

Ticks gorged in late autumn will not moult, under outdoor conditions, 

until the following spring. 

To test whether the suspension of this process is due to the low 

' temperature or to a physiological aimythm necessitating a diapause, as 

suggested by Roubaud for mosquitoes, nymphal ticks gorged in May were 

placed in a freezing chamber at 330 ̂, and left at that temperature through- 

out the summer. In August, over three months after engorgement, the 

nymphs wore still active and showed no signe of the beginning of metamorphose 

Apparently, therefore, the inhibition of moulting is due to the low 

temperature, rather than to an inherited seasonal diapause. 

It appears, then, that exposure of the tick to moderately low tempera 

tures affects oviposition, hatchin, and metamorphosis, but does not 

influence the "digestion" of the blood meal, or the time requireù for 

engorgement. 

Feeding 

Ticks feeding on a warn blooded host are more or less protected from 

external conditions of tenperature by radiation of heat f,om the skin. It 

may be of interest, however, to compare the times required for completion 

of a meal under different conditions of air temperature. 

Larvae 
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Larvae fed on a hedgehog in October, the temperature being 560F, 

dropped off on the 4th day. 

Larvae fed on a sheep in October, the temperature being 45 °P, gorged 

in 4 days. 

Pour days is the average period for engorgement of larvae, under 

summer conditions of temperature (60- 7O0F). 

Apparently, then, air temperature does not affect the period 

required by the tick to complete engorgement on a warm blooded host. 

B. Optimum Temperature for Life Processes 

Larvae 

The following method was used for finding the temperature ät which 

gorged larvae moulted most readily under experimental conditions. 

A copper plate 3G" x 9" was placed on trestles, and under one end 

was placed a row of tiny gas jets. The plate thus gave a range of 

temperature along its length. The jets could be regulated to vary the 

limit the temperature range. Along the plate small glass 

vessels containing water were set, and from them the temperature of similar 

vessels containing ticks could be obtained for any position on the plate. 

A number of larvae were gorged on the 7th October. On the 22nd 

LO of those larvae were placed in each of a number of small petri dishes, 

on moist sand. Three of these vessels were sot on the plate at each 

of four different positions as regards temperature, as follows : - 

Three vessels were placed in Row 1, where the temperature was 65 ° -75 °F 
t, n 2, " r, " " 70 ° -80 °F 

r, rr 3. r, 750-85 °F 
It 4. f, ,t 80 ° -90 °F 

Lloulting began on the 24th November. 

By the 4th of December, when the experiment was discontinued, all 

the ticks in rows 3 and 4 had moulted and there were no signs of moulting 

in the other two rows. The times of moulting were as follows : - 
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Optimum temperature for moulting. or gorged larvae 

rov embe r December 

Row Temperature range 
24 ET 2G 27 28 29 30 1 2 3 4 

1 650 - 750F 

2 70° - 80 °F 

75° - 85°F 1 4 1 1 1 

4 60° - 90 °F 1 2 2 2 1 

. 

2 

kt a temperature rango of 80 °F - 90 °F the majority moulted between 

the 33td and 36th dey after exposure to this temerataco ran °o. At a. 

temperature range of 75 °F - 65 °F, the majority moulted between the 40th 

and 43rd day after exposure. At a temperature of 70 °F - 80 °F, there was 

no moulting by the 43rd day of exposure. 

In another experiment, gorged larvae were submitted to a temperature 

of 86 °F and a control batch loft at room temperature (58 °7 - 60 °F). 

The larvae at 86 °F began moulting after 4 weeks, those at 60 °F after 

5 weeks. 

TTymph s 

Gorged nymphs, collected from the host on the 5th August, were submitted 

to temperatures of 99 °F, 86 °F, 77oí and 60 °F. 

The nymphs at 990F died 

The nymphs at 86 °F moulted between the 1st and 11th September. 

The nymphs at 77 °F moulted between the 18th and 24th September. 

had 

The nymphs at 60 °F¡Anotmoult by October 20th. 

(ht 86 °F there were 2 moults on the 5th September, bat no more 

occurred until the 16th.) 

Females 

Gorged females were put at different degrees of temperature, and 

started egg laying as follows:- 
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Optimum temperature for oviposition 

emner, t ure Yo. Engorgement. Egg laying Interval 

99 0F 30th August died - 

66 °F '_: Ist September - - 

77 °F 30th August 18th September 19 days 
° - 65 °F 1( Ist September Advanced by 20th Under 20 days 

- 65 °F ii: 15th September 29th September 14 days 

It appears, therefore, that, for the ovipositing female, tempera.t tires 

of 600 - 65 °F are more favourable than higher temperatares. 99°F is 

definitely unfavourable. 

These results suggest that the optimum temperatures,ander experi- 

mental conditions 
, 
for moulting and egg - laying are as follows: - 

Optimum temperature for moulting of gorged larvae. 80 °F - 90 °F 

II !t te It tt tf 

te tt "ovi.Losition,for " 

nymphs, 86 °F 

females.60 °1 - 65 °F 

C. ttPreferendum" Temperatures for Unfed Stages. 

The following method was adopted for finding the temperatures pre- 

ferred by the unfed stages of the tick - the "preferendumttofil Tilliams. 

A copper strip 30" x 3" was placed so that one end supported a 

block of ice, while the other was warmed by a bunsen jet below it. There 

was thus a range of temperature along the coppestrip, and the limits of 

this range could be varied 1y altering the size, of tho jet. A. raised 

flange of vaselined paper, to confine the ticks to the plate, was first 

tried, but it was found that the complicating factor of "thignotropism" 

was introduced, and the ticks romaine, in the corners made by the paper 

flange. 

The plate was then bordered by a strip of vaseline impregnated with 

clove oil, to which the ticks showed a marked repulsion. The enclosed 

area of the copper plate was marked off into sections, which were 

numbered from the colder end. The temperature of each section was 

obtained in each experiment by placing a small pool of water on the 

individuLl sections. After half an hour, the bulb of a:thsrnometer was 

waree- 
placed in the 4ret, and the temperature road. 

The/ 
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The ticks were distributed evenly along the plate, and left to choeso 

whichever section proved suitable. 

Larvae 

Unfod larvae were exposed to a range of 50 0F - 100 °F. Jfter two hours, 

they were found to have gathered mainly in Section I - (50 °F - 56 °F). 

The experiment was repeated, with a range of 550F - 100 °F. The 

result was the sell % in that the ticks collected in the coldest section (55 °F) 

The experiment was agáin repeated, the range being 50 °F - 60 °F. The 

larvae gathered in section I, where the temperature was 50° - 52 °F. 

Bodonhoimer and Schenkin (quoted by Uvarov 1931) hava, shown that the 

preferred temperature in Light and in darkness may differ by several 

degrees. The experiment was repeated, with the apparatus roofed over with 

black cloth, to exclude light. A range of 53 °F - 100 °F was established. 

After an hour, the l rvae were found to be most densely congregated in section 

main. 
III (65 °F - 70 °F). The experiment was repeated with a temperature range of 

50 °F - 120 °F. After in hour, the larvae wore found to have gathered mainly 

in section II (60 °F - 65 °F), and to a lesser extent in section III, 

(65 °F - 70 °F). 

The results of these experiments may be tabulated as below. 

Preferred temperature f unfed l.:rvae 

No. of Experiment. Daylight Preferred 't ompe rat ur : 

L 

2 
admitted 

It 

50 °F to 56 °F 
8501, 

3 t, 50 °F to 52 °F 
4 excluded 65 °F to 70 0F 

5 " 60 °F to 70 °F 

For the experiments with nymphs and females, the response of the tick 

to heat along, that is, their responso in darkness, was tested. 

Nymphs 

A range of 45 °F - 92 °F was established. The nymphs were found 

to ether in the different sections as follows;- 
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Experiment ITo . 1. Nymphs 

Section 1 2 3. 4 5 6 7 6 

Temperature 45 54 56 63 69 75 02 92 

Numbers 10 4 9 4 3 1 1 C 

. The nymphs in section I were probably inactivated by the low temperature 

and remained motionless, without attempting to retreat. 

3 
The gathering cf the nymphs in section III-probably represent®à in 

this case, their choice of a suitable temperature. 

This experiment was repeated, the tickethbeing put on the plate first, 

and the temperature rango afterwards induced, by the addition of the ice 

block to the copper strip. 

After exposure for an hour, the nymphs in each section Were counted, 

and the temperatures of the sections were then found. The results were 

as follows. ' 

Experiment ITo . 2 Nymphs 

Suction 1 2 3 4 5 ú 

Temperature 46 53 56 56 59 6C 

Numbers 2 9 2 1 2 5 

The preferred temperature for the unfed nymph appears to be from 

530F to 58oF. 

In the two following experiments, the temperature range was set up 

after the adult ticks were put on the plate 

Experiment No. i Adults 

Section 1 2 3 4 5 6 7 

Temperature 52 62 68 73 77 81 85 

Numbers 1 3 7 0 0 1 0 

The/ 
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The ticks were mostly on the border line between sections . "2 and 3. 

Experiment No. 2. Ldults. 

Section 1 2 3 4 5 6 

Temperature 52. 56 62 65 66 67 

Numbers 2 5 4 1 2 1 

The preferred temperature for adults appears to lie between 58 0P and 

66op. 

Inference 

It appears, therefore, that under experimental conditions larval ticks 

are negatively thermotropic when the temperature is over 70 0F, and positively 

thermotropic to temperatures of ander 60 0F. Under the influence of light, 

their response to heat stimulus is modified, the larvae showing a negative 

thermotropism to temperatures of over 56 °P. 

Unfed nymphs appear to be positively thermotropic at ternreratures of 

below 50 0F, and negatively thermotropic at temperatures of over 60 °P. 

Adults are positively thermotropic temperatures of below 53 °F, and nega- 

tively thermotropic at temperatures of over 68 0r. 

D reaction of unfed Ticks to Light Stimulus at Different Temperatures and 

Humidities. 

Hindle and ilerriman, (1912) showed that all stages of irgas porsicus 

were negatively phototropic. The same appors to be the case with 

Ixodes ricinus. The following method was Used to determine the reaction 

of the nymphal and adult ticks to the stimulus of light at different 

combinations of temperature and relative humidity. 1, water -jacketed c °.biiot, 

with a glass pane in one side, was used for obtaininÿ the different do reos 

or temperature. The water jacket allowed the inside temperature of the 

cabinet to be kept constant for a considerable time at any desired degree. 

Different degrees of humidity were obtained by the use of different 

concentrations of potash solutions. The data used ws that given by 

Paranjpo/ 
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F<Lranjpe (quoted by Buxton, 1931 :. A. solution of the rewired concentration 

was -placed in e. large petri dish, over which was then stretched a piece 

of fine muslin gauze, held taut by a rubber band. On this the ticks were 

placed. 

Another glass dish of the sane diameter was inverted over the first, 

and thus the ticks were enclosed in a c1.:sod air space over a definite 

concentration of potash solution. TLo whole; was then placed in the cabinet, 

the temperature of which had been brought up to the required degree, and 

-left for an hour, so that the temperature and humidity might attain to 

equilibrium. Light from a lamp or window was then directed through the 

glass pane into the cabinet, and the reaction of the ticks observed through 

an opening in the roof of the cabinet. 

The ticks were tested at each of a series of temporatares,and with 

relative humidities of 100% (pure water) 90', 70 %, 50, and 307, r.H., for 

many of these tcn eratures. 

The different combinations of relative humidity and temperature at 

es 
which they were tested are indicated by X, cross in the table. 

reaction to light at di ferent temperatures and humidities 
Temperature (Fahrenheit) 

6C° 63° 71° 770 82° 8G° 91° 95° 100° 104° 100 °112° ' 116° 
lOC% 

t f f -{ + + -í' 

90Z + -r + -f- +- + ' -j- -f -I- 

70X -f- ,i- + -}- -f- -{- -I- 

50Z + + + 
-1- 

T + -I- 

--i- -f- 3070 -I- 
-I- + I í' 

Unfed nymphs and adults were tested in each case. At'all the combina- 

tions of temperature and relative humidity, at which they were tested, 

both. stages were found to be negatively phototropic. 

E Reaction of unfed Ticks to Gravity Stimulus at Different Temperatures 

to / 
The following method was used for studyin the reactions of the tick 
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to gravity at different degrees of temyerature. L glass cylinder of one 

inch diameter, was stood upright in a copper water -bath, so that it j ro jectod 

about nine inches above the level of the bath. This, and the bath, were 

filled with water, the temperature of 4hiich could be kept at any desired 

degree-by the regulating mech- nis_n of the bath. L number of special 

tubes were prepared by removing the flanges from test tabes, and holding 

each couple together, mouth to mouth, by a strong, narrow, rubber band. 

71acr tube thus obtained was therefore domeù at either end, and this elimina- 

ted the possibility of complications from thignotropic stimuli modifying the 

result. 

By placing. one of these tubes, containing i.r:s in the exposed part of 

the glass cylinder, it was possible to expose the ticks to any desired temp- 

erature, in daylight. a weight attached to the lower end of the tube kept 

it submerged in the water. The narrow diameter of the cylinder prevented 

the tube from leaving the upright position. Similarly, to expose tic:s 

in da -kness to any desired tem eratare, the containing tube was placed 

in an upright position inside the copper water -bath, with an attached weight 

to keen it submerged. 

The results are tabulated below. 
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In the foLlo'.vin c t?ble - stands for stFinds for 

indefinite negative,± for indifferent,-17 for indefinite. positive, and 

-f for positive. 

Geotropic response at different tempostures 

Temaerarwre. Larvee tn*hh r. w 

F Dayh;-41: Dark Say hrid' .jjark. 
45" 4- 

47' 

4ß' 

.7b' -t- + 7 -t- ? 

Jz' 1... -f-_ 

5'4' _ 
5S' + ? , -? ± -+ -I- i -t ? 

re _.7 

51 ' _ , + fi - . 

63' - -, -r -4- ? - 7 t 
61' - , -, t fi 

66' - 
itY _ -. -. 
1 -, , . ; ; - 

7 _F 

-- 
72 _-, . -^ 1 . 
14' --- , 7 - . . _-1- ? 

9e _7 -? 7 --f- _ -i- 

7y r -% +? +? +? -+ ? + +? 

9!' + 7 -I- 
el' 

_ 

S3' +7 -? 
S4' t. -1. t. 
g6' --1- ._ + 2 t 
S,t -t, +, -? 
ID' --I- 

4 
_ -1-- -A- 4- ? t 

9$' 

9i. 

97' . -t- . -1- . 

79' `h 
¡DO' 

102e 
-_ 

I 106' I- -4- 
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Inference 

At a temperature range of abort OF °:e' - 74°7, and *nossibiy 58°F - 85°F, 

unfee Larvae are negatively geotropic. -hen oxposed to temperatures beyond 

these limits they are positively geotropic. Under the influence of daylight, 

this r nge is more sharhl;; limited. The larvae ire negatively geotropic 

at temperatures of from 60F - 76 °F. Unfed nymphs react similarly, within 

approximately the sane limits of temperature. 

Translating this into terns of behaviour in nature, one would expect 

the ticks to climb the grass blades, under the influence of gravity and 

daylight when the air temperature is within a range of 67 °F - 76 °F. kt 

higher, as at lower, temperature, they would be expected to remain at the 

roots of the grass. 

Actually, this reaction is dependent on the consta_;cy of other 

climatic factors. Mat effects changes in humidity or the presence of 

air currents would have on these limits of negative geotropism have not 

been determined. 

It might be suggested, however, from these reults, that geotropic 

responses ateone of the :neans by which tempera are affects the tick are 

partly responsible for the seasonal variation in tick activity, - the 

spring and autumn activity, and the summer and winter quiescence. 

SECTION IV RESISTANCE TO I'.IGHLY UNFAVOURABLE CONDITIONS 

One of the distinctive features of ticks is their extraordinary powers 

of survival under the most adverse conditions. Gibson Carmichael (1884) 

stated that he had kept females of Ixodes ricinus under water from 2 to 13 

days and that the ticks did not show any weakness on being removed. The 

writer has repeated this experiment, with the same result. The females, 

on being removed after 14 days immersion in water at a tanperature of about 

600F, were qhite active, and apparently unaffected by this prolonged immersion. 

Nymphs survived immersion for a perigd of 12 days at room temperature, 

Capproximately 60°F.) Larvae survived immersion for 17 days at room tempera- 

ture, and eggs submerged for 4 days and then removed, hatched out normally. 

The extraordinary vitality of the Larval stage was instanced in the 

following/ 
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following accidental manner. Some nowly- batchc» larvae were drolipoC, alive, 

into 101 formalin, in preparation for a musewn exhibit. On examination 

30 minutes later, the submerged larvae were found to be straggling actively, 

and at the end of 50 minutes sane were still alive. 

In an attempt to find if an arsenic spray would have any affect on eggs 

laid in pasture, some eggs were i_rnnersed for about 5 seconds in a solution 

contr ining 0.15% A2 03; another batch was placed under filter paper on 

which dip was poured, in an endeavour to reproduce the conditions where 

dip is sprayed on pasture. Both batches of eggs hatched out normally. 

Resistance to low Temperatures. 

To test their resistance to exposure to low degrees of temperature, 

the various unfed stages were placed in small vessels on dampened sand, 

and the vessels left in a. freezin chamber for varying' periods. The 

results are tabulated below. 

Resistance to low Temperatures 

3ta1; T; Temperature Duration of Exposure Result. 

Larvae 37 °1' 45 days survived 

1 -7 days f 16 °F - 26 °F 3 days killed 

weeks old 320:' 7 days survived 

16 °1 - 2602 2 days killed 

7 weeks old 12 °F - 16 °F 5 days some survived 

12 °F - 16 °F 6 days. killed 

5 °F 1 day killed 

50F 2 hours survived 

2 °F 2 hours killed 

Nymphs 10 °F 3 hears killed 

10 °F 2 hours killed 

8 °F 32 hours killed 

5 °F 2 hours some survived 

Females 4 °F 1 day killed. 

In rature, it is improbable that the ticks experience a sudden 

decrease/ 
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decrease from normal air temperatures to extremes of low temperature. 

Tests were therefore arranged where the decrease was gradual, extending 

over several days. The temperature of the vaccine tank used was lowered 

a few degrees each successive day. ;imila.rly, after being exposed for 

the required period, the ticks were gradually brought up through daily 

higher temperatures to room temperature, and then examined for death or 

survival. 

Resistance to gradually reduced temperatures 

Commencing 
temperature 

Reduced 
during 

Final 
Temperature 

exposed 
for 

Raised 
during 

Result 

Larvae 

60 °F 3 days 23 ° -26 °F 3 days survive 
" 3 180E 4 " '' 
t, 
tt 

3 " 

0 't 

10 °F 
7 ° -10 °F 

3 hours 
2 days 

2 days 
4 " 

It 

some survivoú 
It e 1 40- 1C °F 1 day G " " " 
It 7 t, 4 °F 1" 6" killed 

Nymphs 

600E 3 days 230-26 °F 3 days survived 
t, 3 t, 18oF 4 , ,: 

't 3 " 100F 3 hoars 2 days " 
" 3 tt 7 ° -10 °F 2 days 4 killed 
It 8 it 40 -10 °P 1 day 6 "- 't 
tt 7 rr 4O] 1 ,t G it " 

Females 

°F 
o o 

60 3 days u3 -26 F 3 days survived 
" 3 t' 18 °F 4 " " 

++ 3 100F 3 hours 2 days " 

It 3 " 7 ° -10 °F 2 days 4 killed 
11 8 t' 4° 10 °F 1 day 6 

t, 7 ii 4 °F 1 6 t, tt 

Inactive Stages 

Eggs and gorged larvae were exposed to abrupt reductions of temperature, 

and left at low temperature for varying periods, Wey were then removed to room 

temperature, and left to hatch or moult, if still alive. The results 

are tabulated below. 
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Resistance of Inactive stages to Low Tenrature 

Stage Temperature Duration of :;xjo sure 

Eggs 37°F 
300n 1 

16°F - 26°n 

48 days 
64 days 
11 days 

survived 
survived 
killed 

Gorged larvae 

13 days old 2005, 
1 day survived 

20°F 2 days survived 
8°F - 100F 3 days killed 

40 days old 10 °F 1 day survived 

10 °F 2 days survived 

10 °F 3 days killed 

100F 4 days killed 

Comparative resistance of gorged and anfed larvae 

Larvae newly gorged, and some unfed Larvae of the same stock, were 

exposed to a gradually reduced temperature. The results were as follows. 

Comparative resistance of gorged and anfed larvae 

Commencing 
temperature 

Reduced 
during 

Final 
temperature 

]:]posed 

for 
Tì-.ß ised 
during 

Result 

58 °F 5 days 

5 days 

200F 

20°F-25°2 

2, dL.s 

6 days 

2 days 

2 days 

(Gorged survived 
(Unfed survived 

(Gorged survived 
( Unfed kirlinv_, 

Inference 

From the above results, it appears that unfed larvae can survive 

exposure to a temperature of about 32° to 40 °F for a prolonged period. A 

temperature of about 20 °F, or below, kills them but their resistance is 

greater after they have become hardened than when recently hatched. .Fewly- 

hatched larvae did not survive exposure for 3 days to a temperature of 16 
o 
- 

26 
c).7. 

. Larvae over 1 month old did not survive more than 5 days exposure 

to this temperature. 

".7th lower temperatures than the above, it was found that the resistance 

of the larvae was greater if the reduction of temperature was gradual, and 

loss with an abrupt change. Then the temperature was gradually decreased, 

some larvae:wore foundtp :survive exposure for 2 days to. a temperature of 

70F/ 
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7 °F - 10 °F and exposure for L bey to a temperature of 4 °F - 10áF. 

Nymphs and adults appear to be less resistant to extreme low 

temperature than larvae, being killed by 1 day's exposure to a temperature 

of 7 °F - 10 °F. 

Eggs survived exposure for 64 days at 30 °F. They were killed by an 

exposure of 11 days at 16 °P - 26 °F. The gorged larvae were found to be 

more resistant than the unfed stage;, if they were gradually exposed to 

low temperature, and survived 6 days exposure to a temperature of 20 °F -25 °F, 

whereas the unfed larvae exposed to the same temperature were killed in 

.6 days. 

Resistance to High temperatures ./, Q.,ek 674- a,,., ... rrpasa(t.,tiGC 41,..,. ,-t( ̂  
rw+J e.w.dfltn:.i, -T4 rw,..-CCc Of Jv/loae.... dr_!ic'f k 1---r.[r a,ft- C4.G...Ga.Ca 

Resistance to i?liîl t3in:ratures 

Temperature Atmosphere. Lilled in I Average 

Exp. i Exp. II .t:7),I71 moist drj 

93 0F 

102 °i 

107 °1? 

112°.2 

115 °F 

122 °F 

moist 
dry 

moist 
dry 

moist 
dry 

moist 
dry 

moist 
dry 

18 days 
- 

18 days 

5 days 
2 days 

14- days 
23 hours 

9 da :;s 

36 hours 

. - 

17 hours 17 Lours 

23 hours 
8 hours 

23 hours 

6 hours 

- 

25 min. 
105 min. 
22 .Hin. ^: .:1i-n. 

1J5 min. 

34 min. 

moist 
dry 

47 min. 

23 min. 
. . 47 min. 

::3 rain. 

moist 
dry 

18 Hir. 

- 

14 min. 15 min. 

g :Hin. 

16 min. 
8 min. 

Nymphs and adults were exposed to a gradually increasing temperature, the 

relative humidity being keit at a constant 90% for all the temperatures 

involved, by the method described for the experiments on phototropism. 

o 
At a temperature of 105 F there was increased activity of both stages, 

and quickened sensitivity, that is, they reacted more t;uickly than normally, 

to light stimulus. The excitement shown by the ticks increased as the 

temperature rose, until a temperature of 115 °F was reached. At 116 °F a 

phase/ 
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phase of stupor began, the ticks becoming comatose, and on removal, most 

of them were found to have died. 

Inference 

Prolonged exposure to tempera ures of 93 °i and over kills the larval 

stage of the tick, the period of exposure necessary to cause death rapidly 

decreasing as the temperature rises. The presence of considerable 

moisture in the atmosphere pro longs. thr period appreciably. 

The rick becomes excited at temperatures of about 100 °F¡, the excitement 

increasing until temperatures of about 115 °F, aro reach, when stupor sots 

in. At a temperature of between 110 and 120°F death supervenes in a few 

minutes. 

Resistance to Dessication 

Ixode_s rácinus being a tick f temperate zones, is not likely to be 

subjected to extremes of drought, and, as might be expected, has no unusual 

powers of resistance do dessication. 

Gaiger, (1920) records having kept larvae in a perfectly dry btt le for 

eight months. This does not agree with the findings of the present writer, 

who has found that urfod larvae did not survive for moro than three days 

in a perfectly dry tube. Some gorged nymphs carried in a dry boll in the 

pocket, (the temperature would be near body temperature) were dead in 24 

hours. half- gorged femtlo, posted in a dry box on the 20th April, was 

still alive on the 23rd, on arrival. 

Resistance to light 

Although the unfed ticks evince a marked desire to escape from daylight, 

they cr.n' apparently survive prolonged exposure to it. Larvae kept in a 

test -tube on a smooth Layer of sand, where there was no shelter from the 

lightrays survived 2G days exposure in the window. 

SECTIOIT V. SOU GENERAL CONSID.Eï1aTI0NS. 

Duration of life cycle 

Wheler (1099) suggested that the average period for completion of one, 

generation was L to 2 years. :Tuttall (1911) calculated that the shortest 

period required for completion of the life cycle was 170 days, his calculation 

being based on laboratory findings efr: zhe time required for each phase of 

the cycle under the most favourable conditions. 

By/ 
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By considering the various new facts obtained on the bionomics of the 

tick,in their relation to each other, it should be possible to arrive at 

some understanding of what actually happens in nature. 

The following facts have emerged: - 

(1) The opti.un temperaturetf'or metamorphosis under experimental 

conditions Lies within a range of 76° - 90 °F. 

(2) Egg la =ying appears tc take place more readily at a temperature 

below this range. 

(3) The preferred temperature for =fed ticks is within a range of 

&0°F to 70 °F rather than within the higher range most favourable to moulting. 

(4) Ticks climb the grass blades under geotropic stimulus within the 

temperature range of 6$ °F - 76 °F. 

(5) Gorged larvae are more resistant to extreme low temperatures thsn 

anfed Larvae. 

Let us consider this experimental evidence in the relation of the facts 

to each other. The fact that the preferred temperature of the anfed stages, 

and the t em f ierature range within which they are negatively geotropic 

aro lower than the optimum range for moulting, suggest the principle that 

the hungry stages are active, and attack their hosts, daring the moderate 

temperatures of spring and autumn. In summer the ticks gorged in spring 

and autumn undergo metamorphosis, ander the stimulus of the higher temperatures. 

The ticks gorged in autumn pass the winter in the gorged state. (The gorged 

Larva has been shown to be more resistant than the unfed larva.) 

The fact that egg - Laying occurs at a lower temperature than that at 

which moulting occurs, allows females which have passed the winter in the 

gorged state to begin egg laying in spring. The larvae therefore, should 

appear about' the same time as the recently moulted nymphs and adults. 

The duration of the life -cycle, then, will ;depend, not so much on the 

time required for completion of each stage, as ondi the nature of the autumn 

weather. Thus, in the caso of a female which gorged in spring, the eggs 

would hatch in July. If the summer is moderate, the larvae gorgo by august, 

and in a mild autumn, moult soon afterwards. The resulting nymphs gorge be- 

fore the winter, and mouItto adults in the end of spring. In a cold 

autumn, on the other hand, the gorged larvae remain inactive until the 

following/ 
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following spring before moulting to nymphs. These gorge in sunnier 

or autumn and moult to adults b, the autumn or the following spring. 

That is, in nature, the life -cyc &e probably occupies five, six, or nine 

seasons, that is, 14, 1 -? or 24 years. 

SUT,f AßY 

Life- history 

(1) Under laboratory conditions, with a temperature of between 60 °F 

and 70 °F, the period between completion of engorgement of the female and 

the beginning of egg Laying ;pas foand to be usaslly between 15 and 22 days. 

(2) Eggs began hatching alter an interval of about 4 weeks, when the 

1`boratory temperature was between 60° and 70 °F, and after 37 weeks when 

the temperature was between 50 °F and 60 °F. 

eempe( -ed 

(3) It was found that the majority larvae oolod their engorgement on 

a hedgehog between 88 and 120 hours after being placed in contact with it. 

The shortest period after which gorged larvae were recovered from a hedgehog 

was 67? boars. Gorged larvae were recovered from a sh,,e2 65 hours after 

being placed in contact with its "skin. 

(4) Larvae gorged in August and kept in the laboratory moulted to 

nymphs 6 or 7 weeks after engorgement. Larvae gorged in September and 

October, moulted after a period of from 28 to 37 weeks. 

(5) The time required by the nymph for completion of engorgement 

was found to be from 4 to 7 days, the majority completing their engorgement 

in 5 days. 

(6) Nymphs gorged in Spring and Canner, and kept in the laboratory at 

a temperature of from 60° to 70 0F, moulted to adults in from 10 to 19 

weeks after engorgement. 

(7) The adults emerged from the moulte in the ratio of 9 females to 

5 males. 

(8) The period of engorgement of the female was found to be from 7 to 

11 days, the majority completing engorgement on the 8th or 9th day after 

attachment./ 
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Field Ecology 

(9) One or more stages of the tick has been found e the horse, the 

collie dog, the fay, hedgehog, 'rare, rabbit, and stoat, and on the hoodie 

crow, rook, jackdaw, starlinE;, golden plover, barn owl, kestrel hawk, 

and merlin hawk. 

(LO) It was found that of blackfcc ; and cheviot sheep on the same 

pastures in sprint, the former became more heavily infested with ticks 

than the latter. It is said by shepherds that ewes weakened by lambing 

are more liable to infestati::n than strong barren ewes. Comparative 

counts of the infestations of a barren eme and two ewes with lamb appear 

to confirm this observation. Non acclimatized sheep, when exposed on a 

tick infested farm, rapidly lost condition at first, and subsequently 

began to recover. It was found that when their health and general condition 

was low compered to the condition of the n-..t ive stock, their average 

infestation with ticks was higher than that of the latter. As the health 

and weight of the experimental sheep improved, the average infestations 

of these and of the native stock approximated. 

(L1) Reports of the presence or absence of the tick in various districts 

in Scotland have been received from sheep farmers and others, and lists of 

these records are E_ ivon. 

(12) It has been found that there is a distinct seasonal periodicity 

in the activity of the tick. It was found to appear on sheep early in 

March, and to become increasingly numexous during April and Llay. 

In June the numbers began to decrease, and steadily diminished until 

late August, when there occurred a slight increase in average infestation. 

This increase was of short duration, and by the middle of Novamber ticks 

had disappeared from the sheep. The same periodicity was found to a -_ply 

to their appearance the following spring and samer. 

The adults appeared first in early March. Nymphs appeared by the 

middle of March. Larvae were apparently most namerous in May and June. 

(L3) The incidence of the ticks on sheep during the year 1930 is 

compared with the weekly average rainfall for that year. The comparismnn: 

does/ 
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does not indicate that rainfall is tho factor controlling tho appearance 

of the tick in nature. 

(14) The average weekly tame nature for 1930 is comp.. red with the 

incidence of ticks on sheep for that year. The result seems to indicate 

that there is a correla ion between temperature and tick activity. 

The data obtained suggests that the optimum tomjeraturo at Which the 

,, tick infests sheo in the greatest numbers may lie between 450E and 60 °F. V 
h 0 

The lower critical temperature for tick activity in nature appears from the 

n u 

data to lie between 40 and 45oP, ?nd the higher critical temperature between 

60 0F and 70 °F. 

(15) Several hundred gorged nmphs and many larvae have been collected 

in the field and bred, and in cone of them has there boon any evidence of 

hyperpa.rasitism. 

(16) Unfed males and females, kept in the laboratory, survived without 

a meal for 21 months. One male survived for 30 months. Larvae kept in 

the laboratory survived 2 ,rears. Larvae wore found to be able to food 

after a starvation period of 15 months, and nymphs after a period of 13 

months. 

In the field, unfed males were fo znd on an enclosed poice of land two 

years after the latter had been fenced off from sheep. The netting used 

was of small mesh (under 2 inches) and would therefore exclude ground -game 

m 
and the majority of mam^ Lian verein. 

Laboratory Study of Certain Climatic Factors 

(17) The dis°estive processes in the tick which precede oviposition 

were not delayed by exposure of the Gorged females to a temperature of 32 °F. 

The process of oviposition was found to be totally inhibited at tempera- 

tures of 33 °:7 to 36 °F. 

hatching of ripe eggs would not occur when these were kept at a 

temperature of 37 °P. 

A temperature of 33 0P inhibits moulting of the gored tick. 

The time required by the larva to complete en orgoment was not influence° 

by the air t om erat are . 

(18) The optimum temperature, under experimental conditions, for 

moulting/ 
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moultin_c of the gorged larva was foand to be between 80°P and 90 °7. Por 

moulting of the gorged n'myh the optimum temperature was found to be in the 

neighbourhood of 86 °7. C'orge0 females wore found to oviposit more readily 

at temperatures of between 60 0P and 65 0P, than at higher temperatures. 

(19) uníc. larval tic's were foand to be negatively thermotropic at 

temperatures of over 70 01?, and positively thermotropic at temperatures of 

under 60 °P, Under the influence of light their response to heat stimulus 

was modified. In day liht, the larvae exhibited a. negative thermotropism 

at temperatures of 56°F and higher. .Tnfed /vm?phs exhibited a positive 

thermotropism at temperatures of telow 50 0P, and a negative thermotropism 

at temperatures of over 60 °P. Unfcd adults were positively thernotropic 

at temperatures of below 58 °P, and negatively thermotropic at temperatures 

of over 68 °P. 

(r0) The unfed adult and nymphal stages f the tick were tested for 

phototropic response at temperatures of from 6601? to 116 °P, and at various 

degrees of relf.tive humidity for the different degrees of temeerature. 

They were found to be negatively phototropic at all the combina -ions of 

temperature and relative humidity at which they were tested. 

(21) The unfed larvae were shown to be negative lj geotropic within an 

approximate range of 65 °P to 74°F. At temperatures beyond these limits, 

they exhibited a posit iye geotropism. 'hen the larvae were tested for 

geotropic response Pt Different temperatures in daylight, the limits of 

the rancce within which they were no tively geotropic were more sharply 

defined than when the experiments were carried out in the dark. 

The nymphs vesponded to geotropic stimuli similarly to the larvae, and 

the limits of temperature within which they were negatively geotropic were 

found to be approximately coincident with those obtained for the larvae. 

(22) Unfed. larvae were found to survive exposure to a temperature 

of 37 °P for 45 daps. Exposure for some days to a temperature of 20°F or 

below killed them but their resistance was greater if they were exposed 

when several weeks old than when redently hatched. Newly hatched larvae 

did not survive exposure for 3 days to a temperature of 16 °P - 26 °P. 

Larvae 7 weeks old did not survive exposure to this temperature for more 

than/ 
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than 5 days. Men lower temperatures than the -.,bove wore used, it was 

found that the resistance iff the larvae was greater if the reduction of 

the temperature to which they were exposed was gradual, and less when the 

reduction was abrupt. Men the temperature was gradually reJ.aced, 

some of the larvae were found to survive exposare for two days to a. 

temperature which fluctuated between 7° and 100F, and for 1 day to a tempera- 

tare between 4o and 10 °F. dnfed nym -ors and adults appeared to bo loss 

resistant to exposure to extremo low t eratare than larvae. They were killeu 

by exposure for 1 day to a temperature of 7 °F -10 °F. _ggs survived exposure 

for 64 days to a temperature of 300F. They were IdLled by exposure for 11 

days to a temperature fluctuating between l6oF and 26 °F. Gorged larvae were 

found to be more resistant than the unfed larvae, when both were exposed to 

a gradually decreasing temperature. They survived exposure for 6 days to 

a temperature df 200 -25 °1, whereas the unfed larvae wore killed by this 

exposure. 

Prolonged expósure to temperatures of 0301 and over was found to kill 

the Larvl stage of the tick, the foriod of exposure necessary to cause 

dea.4,rapidly decreasing when increasingly higher temperatures were'used. 

The presence of considerable moisture in the atmosphere prolonged apprecia- 

bly the period of exposare necessary to cause death. 
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ECO 'o-,. IC I:,TFORTirCE 

That Ixodes ricinas is of vory considerable economic importance 

cannot be denied. As well as boing a major scourge of sheep and cattle, 

both as a direct pest and as the carrier of pathogenic organisms, it 

has been known to cause serious effects in man by its bite. Mattall 

(1899) quotes as follows : - "Dulbroailh reports Ixodes ricinas as causing 

and being contained in a pustule situated in the mastoid region. - - - -. 

Johannssen describes the case of a boy attacked by an Ixodes ricinas. 

The body was torn from the head, which remained in the skin on one side at 

the back of the head. There followed headache, stiffness and cramp in 

the muscles of that side, polyaria, partial loss of memory, pupils widely 

F, 
dilated. The boy made a slow recovery. Pavlovski and Stein (1927) 

showed that the salivary secretion óf Ixodes ricinas is capable of producing 

papúles on the human skin. huttall (1914) records the penetration of a 

tick beneath the skin. 

The species is primarily, however, a pest of domestic animals, 

Marcenac (1921) describes a nwnber of cases of dermatitis in horses dae to 

Ixodes ricinas, where large slow -healing cutaneoas lesions were prodacod. 

To the cattle owner its chief significance lies in the fact that in 

England it transmits from beast to beast the micro -organism responsible 

for "Red Water," Babesia bovis. It is as a parasite of sheep, however, that 

it assumes major importance in Scotland. In the opinion of experienced 

stockowners, the direct losses duo to its presence on a sheep farm, place 

it among the ranks of major scoarges. It is responsible for an appreciable 

loss of wool; the irritation caased by eion a moderate infestation makes 

the sheep restless and unthrifty, causing them to scrape and scratch 

continually, and, primarily, its bite often causes a definito local reaction, 

abscesses quite commonly being formed at the site of the pancture. This 

effect is more markódiin lambs, and it is not uncommon to find that it is 

impossible to castrate lambs without the incision involving one or more of 

these purulent lesions and abscesses - the result of tick -bites. 

Again, it is generally admitted that the presence of the tick in any 

numbers/ 
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numbers will almost certainly cause the sheep to lose condition, 

Whether this is duo to the actual irritant properties of their salivary 

secretion or to a definite inoculation of pathogenic organisms has not 

previously been ascertained. 

In addition, it has long been suspected of being responsible for 

the transmission of the disease of sheep known as louring ill or trembling. 



THE RELATION OF THE TICK TO LOJPII:,I IìL, 

HISTORICAL REVILW OF EñPERI:dfENTL 

A committee appointed by the Teviotdale Farmers' Clab in 1879 

stated that they "found it difficult to believe that the effect of 

the ticks could be more than indirect, either as carriers of the 

poison, or as oxhaasting the stamina of the sheep and making them 

more liable to the disease." 

In 1883, the Special Committee appointed by the Highland and 

Agricultural Society to investigate the disease reported; "That 

there may be ticks without louping ill is confirmed by Mr. Brothorston, 

who visite - 
Kirknewton Tors, near Tooler in Northumberland, where there 

are ticks but no such disease." The report goes onto state, however, 

that there is "room for doubt whether it is as yet conclusively proved 

that the disease cannot exist without the agency or existence of ticks. 

In this report, Williams suggested that the disease was caused by a 

mould transmitted by the tick. 

Klein 71893) dismisse6 the possibility of the tic° bite being 

the cause of louping ill, but pointed oat that there was still the 

possibility of the tick "carrying the viras from the soil to the body 

of the sheep, which by its bite it inoculates, bat this theory is, it 

must be confessed, somewhat remote." He said that there exista 

among the farmers and shepherds..... ... a strong opinion that the 

disease is caused by the tick, this belief being founded on the 

following assertions:- 

(a) That the tick is present where the disease occurs, but, 

(b) Is absent where the disease is unknown. 

He casts doubt on the second assertion, suggesting it to be a case of 

post hoc propter hoc. 

MacFadyean (1894) also remarked on tluis general popular belief 

in the implication of the tick, and held that it was probably the 

carrier, but his belief was founded on the idea that soil organisms 

were/ 
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were responsible for the disease. 

77illiams (1897) carried out further experiments, including 

inoculations of sheep with cultures fro:n ticks. There are no 

details of the method of culture or the material. He attempted to 

feed, on sheep, ticks removed from cases of looping ill, but failed to 

persuade the ticks to attach themselves - the life history and habits 

of the ticks were not then generally known. In one experiment, 

twelve ticks "several of then being small ones" were obtained from an 

affected farm and placed on a sheep in April. The sheep developed 

louping ill on the tenth dar and died on the eighteenth. He exposed 

four sheep from a clean district on an infected farm in April. The 

sheep were muzzled through the day, and fed inside at night. On the 

eighth day, one was unwell, and died on the thirty- second day. There 

is considerable doubt as to whether his diagnosis of louping ill in 

this case was correct. Also, it is doubtful whether the sheep were 

kept muzzled for thirty -three days. Another similar experiment in May 

with ten sheep gave negative results. An identical experiment, in the 

same month, with fourteen sheep gave negative results. He did not 

provide for controls in these experiments. He concluded: "Where there 

are no ticks, there is no louping ill; that the ticks are in a state of 

activity but for a short period in early summer, is co- existent with 

louping ill." 

Meek and Greig Smith (1896 & 1397) believed they had incriminated 

soil organisms as the cause of louping ill, and that the tick was the 

carrier of these. They carried oat a muzzling and smearing experiment, 

with twenty sheep from a clean district. Seven were dressed with bad 

smelling oils, six were muzzled, and seven were Left untreated as 

controls. They were pat on an infected pasture in April, the muzzled 

sheep being fed on forage from a clean farm. Of the seven dressed 

sheep}c none died and none was noticed to have ticks, Of the seven 

controls, one was ill on the thirteenth day and died on the fifteenth, 

provably of louping ill. In the muzzled sheep, one died on the twenty- 

second/ 
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second day after an emaciating illness. There was apparently practice 

tally no supervision over this experiment, and the smeared sheep were 

redressed only once, at the end of a fortnight. No regular examination 

was made to find if the oil continued to repel ticks. 

In 1900 a Departmental Committee was sot up by the Board of 

Acr.iculture with Professor Hamilton in charge of the investigation. 

In its report, in 1906, Hamilton describes a muzzling experiment at 

Keilder, where four =muzzled sheep were put on an infected pasture 

on the 12th May, 1903, and three had contracted louping ill by the tenth 

day. One died on the fourteenth day, and one on the eighteenth day. 

On the 21st May, six muzzled sheep were exposed on the same pasture. 

They were fod in a fold (on forage grown on the same farm). Observations 

were maintained for twenty -one days. One died on the ninth day, 

apparently of looping ill. He carried out several inoculation experi; 

monts with emulsions made from ticks removed from leaping ill sheep. 

Apparently most of the stages used were adult ticks, more or less 

engorged with blood. The resulting emulsion gave severe septic and 

gangrenous symptoms at the site of inoculation, and some of the animals 

died. Feeding mashed up ticks per os had no effect on the sheep fed. 

The report concludes; "The conclusion which has been forced upon us 

by successful inoculation experiments made with the mashed up tick 

removed from looping ill animals is that the ticks become contaminated 

from the fleece." 

Wheler contributed an article to the report of the Departmental 

Committee in which he discussed the life history and habits of the tick. 

He concluded ".,..all things considered, therefore, it seems 

very unlikely that the tick bite is a common means of truiïsmitting 

the disease...... ". 

Taken on the whole, the Keilder experiments tended to discredit 

the tick theory. The arguments of the committee, however, were 

largely based on the assumption that the causal parasite was of vege- 

table origin. 

In/ 
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In an article criticising the adverso findings of the committee, 

Bishop (1911) recorded the discovery of a trypanosome in the blood 

ingested by a tick on a taso of looping ill. Only one more was found 

in fifty slides examined. He suggested that this trypanosome was 

the cause of looping ill, and that the tick carried it, but Iloare, 

(1923), showed it to be a non -pathogenic organism, commonly present in 

sheep, the sheep ked Meloohagus ovinas being the ordinary carrier. 

MacGowan (1915), in his Monograph on louping ill, hold the 

tick theory to be disproved, and was of the opinion that louping ill 

could be found where there were no ticks. 

Sir Stewart Stockman's Experiments. 

It was loft to Sir Stewart Stockman ¡1916) to make the first serious 

attempt to transmit looping ill by tick bite and other means. He 

pointed out that, whereas the infective agents of tick borne diseases 

are protozoan parasites, no bacterial disease having so far boon proved 

to be spread by ticks, there was no trace of any protozoan parasite 

which might be the cause of louping ill. 

Emulsion Experiments. 

He carried out three experiments where sheep were inoculated sub- 

cutaneously and intravenously with emulsions of eggs from ticks which 

had gorged on a louping ill case. The experiments gave negative results, 

except in one case, where death occurred from embolism of some of the 

spinal vessels, arising from the solid particles injected., 

An emulsion of larvae, bred from a female gorged on a looping ill 

caso, inoculated intravenously gave a negative result, as did two 

inoculations of mixed stages of ticks gorged on louping ill casos. 

In 191a, he repeated the experiments with emulsions of tick -eggs 

and also the larval tick- analsion experiment, both giving negativo 

results. 

Muzzling Experiments. 

Ho carried out two experiments with muzzled sheep, on infected 

pastures. In one, sixteen controls and six muzzled sheep were 

exposed, from a clean farm. Of the muzzled sheep one died of louping 
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ill, and one was suspected of boing ill, but was nornal on arrival 

at the laboratory. Of the controls, six died, apparently of looping 

ill, four showed symptoms, but recovered, and six remained healthy. 

In the other experiment, eighteen sheep from a clean farm were 

used. Six were muzzled, six were unmuzzled but dipped every five days 

in an arsenic bath, and six were left as controls. Of the muzzled 

sheep, one died from causes other than louping ill, the others remained 

healthy. Three of the dipped sheep contracted louping ill and died; 

one sickened, but recovered, and two remained healthy. Two of the 

controls were affected but recovered. The other four anilals remained 

unaffected. 

He summarises the controlled muzzling experiments of Meek and 

Greig Smith, of Hamilton, and those of his own, as follows: - 

"Thir.t r -nine control sheep were exposed without muzzles. Of 

these seventeen (45.5) became affected, and twelve (30.70 of the 

thirty -nine died of louping ill. The muzzled sheep numbered twenty - 

five, of which 2.8r! became affected and dieu. A much higher death 

rate amongst the unmuzzled sheep is evident. It does not, however, 

seem possible to draw firm conclusions in relation to the tick theory 

from the results." 

Infestation Experiments. 

He carried out, in 1916 and 1918, a series of experiments in which 

ho attempted to set up the disease by infesting sheep with ticks which 

had had a chance to acquire the infection. Of these, the 1916 experiments 

can be treated separately, as he confined himself to the observation of 

Locomotor symptoms, no temperatures being taken. They ere,'recorded 

below, and all gave uniformly negative results. 

Twelve sheep were infested with larvae bred from females gorged on 

louping ill cases. 

Two sheep were infested with second generation larvae from "infected" 

mothers. 

aline sheep were infested with nymphs from "infected" females. 

Three sheep were infested with adults from "infected" females. 

One sheep was infested with nymphs from "infected" larvae. 

Two/ 
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Two sheep wore infested with adults from "infected" nymphs. 

To test the possibility of recovered sheep remaining infective, 

he infested two sheep with nymphs and adults bred from larvae and 

nymphs gorged on recovered cases of louping ill, with negative results. 

He fed larvae on two chronic cases of louping ill. The resultant 

nymphs he fed on two sheep shortly after moulting, with negative 

results. He infested another sheep with more of these nymphs a year 

later, without result. I;ymphs fed on a chronic case moulted to 

adults. These were fed on sheep shortly after moulting, and a. year 

after moulting, and both sheep remained healthy. 

Ile collected all stages of ticks off louping i11 infected pastures, 

and fed them on four sheep, without result. 

He concluded: "Further experiments are being carried out, and 

until the results are available, it would be unwise, having regard 

to the strong circumstantial evidence, to conclude that louping i11 

is not a tick borne disease." 

These experiments involved the infestation of forty sheep with 

ticks which had been exposed to infection in a previous stage. 

Stage to stage transmission was tested for the three stages of the 

tick. The possibility of infection lying latent through one or two 

stages was tested. Experiments were carried out with ticks after 

intervals of up to a year after moulting, that is, the possibility 

was tested of there being an incubation period in the tick, before 

it becomes infective. In no case, out of the fortyr, did locomotor 

symptoms develop. 

In 1918 and 1919 he reported on a further series of experiments 

where the temperature curves of the experimental sheep were taken 

into consideration, and where gross infestations of ticks were resorted 

to. In one case, where larvae bred from females obtained off sheep 

affected in the field were fed on a, lamb, sym1otoms of illness and un- 

easiness were exhibited on the sixth day. No temperatures wore taken. 

The following day the lamb was unexpectedly found dead. 
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In another four experiments with larvae bred from "infected" 

females, one gave a temperature reaction after the fourth day, and 

showed general symptoms of uneasiness and illness, one gave an in- 

definite temperature react ; on, between 104° and 105.60, after the 

seventh day-, with slight uneasy symptoms, and two gave negative 

results. t.n inoculation of blood from the thermally reacting sheep, 

intramuscularly, produced an immediate rise of temperature in another 

sheep, this lasting for seven days, when the animal was killed. b 

subinoculation from this into another gave a negative result. (This 

immediate rise of temperature as a result of the blood inoculation 

tiav+1nr beer 
ctn only be regarded with suspicion, there being no incubation period.) 

In two experiments with adults bred from "infected" nymphs, one 

gave a marked temperature reaction after the twelfth day, with symptoms 

of uneasiness. L subinoculation of 80 c.c. blood from this case, 

caused a rise of temperature in another sheep, after the third day, with 

similar symptoms. The other gave a negative result. 

Nymphs and adults bred from larvae and nymphs which had been 

experimentally infected on a sheep reacting to a blood inoculation 

from a field case, when fed on a clean sheep gave a temperature rise 

after the seventh day, with symptoms of uneasiness. 

mother lot of adults, from nymphs which had gorged on a sheep 

reacting to a blood inoculation, were fed on a sheep ten months 

after moulting, and produced a temperature reaction after the eighth 

day. Subinoculation of blood caused a temperature reaction in another 

sheep after the third day. 

A number of nymphs were fed on a sheep reacting to an inoculation 

of blood. Of the adults bred from these, some were allowed to 

feed on a sheep immediately after moulting, with a nee; tive result; 

two lots were fed on sheep fifteen days after moulting, and both 

sheep remained healthy; some were fed on a sheep fifty -eight days 

after moulting. They produced a temperature reaction after the 

tenth day, with marked symptoms of illness. 
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In his discussion of his results he stated "... it follows from the 

later results obtained in Part II that larvae from females which as adults 

engorged on affected sheep can give rise.... to a highly febrile and 

sometimes fatal disease in other sheep, when put to feed upon them in 

very large numbers, and that adults fed as nynphs on affected sheep may 

have the same effect...." and concluded that this disease was louring ill. 

Because of the fact that the causal agent of louping ill was not 

known, and therefore the clinical picture could not be defined with 

certainty, Stockman's conclusions were not generally accepted as being 

justified by the experimental evidence. ;aiger (1920) in a general 

article, took up an attitude of doubt over the question. Stockman 

himself in an article detailing some further experiments on louping ill 

(Stockman 1925) assumed that the question of tick transmission had been 

settled, but the general opinion remained that no convincing evidence had 

been brought forward to prove that the tick was responsible for the trans- 

mission of louping ill. 

GENERF_1, CONSIDER.yTION OF rRE4I_-O: ','OIRK 

Only Stockman's results need be seriously considered. These are 

very suggestive, and there is little doubt that he produced a febrile 

condition by tick infestation. The fact that, out of all his infestations, 

no cases of typical paralytic louping ill arose, is not significant of the 

absence of any louping ill reactions, for the following two reasons : - 

(1) Stockman was not in a position to differentiate, as accurately 

as is now possible, between true loaping ill, and conditions bearing 

clinical resemblance to this disease. His material, therefore, may have 

been to a certain extent "non infective," that is, his ticks may have 

gorged in some instances on cases of other diseases than louping ill. 

(2) That the incidence of acute loping ill cases in a flock exposed 

to infection is low compared with the number of mild attacks not involving 

paralysis, is an opinion held by most practical men in louping ill districts. 

Stockman, (1918) put the mortality at from 17.6 per cent to 39.2 per cent. 

There/ 
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There are, however, several points in Stockman's conclusions which 

are open to discussion. His temperature reactions in some cases were 

unquestionable, but some of the temperature curves taken by him to indicato 

definite reactions could not be considered significant, for sheep. In 

the absence of controls, it can be argaed that the reactions were due to 

outside causes, as a sheep's temperature may rise, under handling or from 

other external causes to over 105 degrees?. Further, he did not sacceed 

in getting two or more successful passages in series from a reacting case, 

to prove definitely that the reaction was due to a living agent, and not 

merely to irritation from the tick bites, or handling in the pens, or rj 

such cause. In his aubinoculations from reacting case's, he used as 

much as 100 c.c. of blood at a. time. With these quantities there is, one 

would imagine, a danger of uncontrolled conditions, such as serum fever, 

supervening. He recorded no control infestations with "clean" ticks, nor 

controls of non infested sheep. Finally, if it be admitted that he 

showed that the tick is capable of causing a febrile condition in sheep, 

he did not establish the identity of this few): with louping ill. 

Circumstantial evidence 

The circumstantial evidence is mostly in favour of the theory that 

ticks transmit louping ill. It has been argued that there is no virus 

disease known to be transmitted by the tick. It is now known, however, 

that ticks do transmit virus diseases. Montgomery, (1917) records the 

transmission_ .(by Rhipicephalus appendiculatus) of "Nairobi Sheep Disease" 

caused by a virus. It has been. shown that Rhipicephalus sanguineus 

can harbour the agent of "Marseilles Fever" of man, a disease which appears 

to be due to a filtrable virus. (Brunpt 1930 and Durand 1931). 

The seasonal periodicity in the activity of the tick corresponds 

closely wi th the louping ill season. 

In Argyll there is a mild autumn outbreak of louping ill, which is not 

so marked in the Border country. Corresponding with this, there is a more 

distinct autumn increase in tick activity in 21.rgy11 than in the Borders. 

There is no authenticated record of the existence of louping ill in a 

tick free district. 
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EXPERIMENTAL WORK CURRIED OUT AT THE MOREDUN INSTITUTE 

Introduction 

It has been shown (Pool, Brownlee and 'ilson 1930) that an infection 

with louping ill causes in the experimental sheep a temperature reaction, 

which may or may not be followed by symptoms of nervous disturbance 

and by death. Greig, Brownlee, 7ilson and Gordon (1931) have shown 

the causal agent of louping ill to be a filtrable ultramicroscópic virus. 

They have shown that a. sheep which has reacted thermally to louping ill 

infection, and has recovered, will not react to a subsequent inoculation 

of virus into the brain. It has been shown by the latter workers that 

the blood of a sheep reacting to louping ill infection, if drawn during 

the period of high temperature, will cease louping ill in mice, when 

inoculated intracranially. 

There are, now, therefore, two methods by which a temperature reaction 

in sheep can, in.the absence of locomotor symptoms, be examined as regards 

its relation to louping ill. If the reaction is due to louping ill, the 

blood of the thermally reacting sheep; inoculated intracranially into 

mice, will cause leaping ill in these mico, and, secondly, the sheep, 

on recovery, will not react to an intracerebra.l inoculation of louping 

ill. virus. 

In the experiments recorded below, carried out to test the possibility 

of ticks transmitting louping ill infection, the main objectives kept in 

mine were : - (a) To test if ticks can cause a reaction, locomotor or 

thermal,. when allowed to feed on sheep, and, in the event of a reaction 

being obtained, to find whether the cause is inherent in the tick or an 

infection transmitted by the tick, and therefore only present in such 

ticks as have had an opportunity of acquiring infection in a previous stage. 

(b) If an infection in the tick can be demonstrated, to comparo 

this infection with louping ill. (c) To attempt to transmit louping ill 

from sheep to sheep by feeding ticks on cases of louping ill, and feeding 

them in their succeeding stage or stages on healthy sheen. 

The/ 



62 

The sheep used for the infestation experiments had been roared in 

districts whore the sheep tick was not found. A field was kept 

exclusively for the sheep under experiment, so that there was no contact 

between these and experimental cases of louping ill. Care was taken to 

make the handling of the sheep each day subject to as little variations 

as possible. In the subinoculations of blood from reacting cases, only 

small quantities of blood (LO c.cs o4 moro usually, 5 c.cs)were used., 

The inoculations of sheep and of laboratory animals were performed 

by Mr. Gordon, Mr. Brownlee, or Mr. 7i lson, experienced surgeons on 

the staff of the Institute. 

SECTION I CAN TICKS CAUSE A Pp.BI?ILL RITAcTIor Iid SIiEEPT 

If sheep on affected pastures contract disease from the bite of 

ticks, then, if a sufficient number of ticks are collected from these 

pastures, one may assume that a proportion of them will be infected, and, 

by feeding them on sheep in large numbers, it should be possible to 

reproduce the disease. 

fa.xm was chosen in the Ettrick valley, where louping ill is 

prevalent, and unfed ticks were collected from pastures on which casos 

occurred frequently. Considerable numbers of nymphs and larvae were 

obtained, and were infested on sheep at Moredun as follows: - 

Experiment I. Ewe 901 

Nymphs and larvae were collected from the pastures in May 1930, and 

brought to Moredun. On the 19th May they were put on to a Greyface 

ewe, No. 901, which had been brought from a district where louping ill 

is unknown. The ewe, along with a control sheep, had been kept in the 

experimental field since the 15th, their temperatures being taken daily, 

and both had shown normal temperature curves. The ticks were put on to 

the ears and forelegs, by means of earbags and cloth sleeves on the legs. 

About a dozen nymphs attached themselves, and numerous Larvae. 

On the 24th May, that is, five days after infestation, the temperature 

rose to 106.8° and was 107.8° the following day. At this stage, the 

ewe was distinctly uneasy. It was seen to Lie down frequently with head 

resting on the ground, and when it stood up, respiration was quick and 

panting/ 



63 

panting. During the next six days, its temperature remained over 

106°, and thon dropped to normal, It showed no locomotor symptoms, 

such as those found in typical louping ill cases. The temperature of 

the control sheep, subjected to exactly the same handling, remained 

below 1040. 

Ten days after recovery from its thermal reaction, this sheep 

was tested for immunit;, to louping ill by intracranial inoculation of 

louping'..ill virus, and died of typical louping i11. 

Experiment II. Ewes 908, 780 093 and 924. 

mbberr 
Some meve of the same lot of nymphs and larvae as were put on owe 

901 were placed on the ears and logs of a Oroyface ewe, 1,o. 908. This 

ewe, along with a control ewe, had been under observation for the. 

previous week. Their temperatures were taken daily. On the 4th day 

a to 
after infestation, the temperatare of 908 rose to 106.6 °, and was 108° 

the following day. The ewe showed the same symptoms of uneasiness as 

owe 901, but in a more exaggerated degree. On the 8th day, it was dis- 

tinctly ailing, lying apart from the rest, with its head on the ground. 

When disturbed, it walked with its lead nodding forward. For the next 

four days its temperature remained over 1060, and then dropped to normal, 

the ewe recovering its normal brightness. There was no paralysis. The 

control sheep remmined below 1040. 

That the temperature reactions in these two cases wore duo to the 

tick infestations is clearly shown by the controls. Up to, and for the 

first few days after, infestation, all four sheep, receiving the same 

treatment, reacted similarly in regard to temperature fluctuation. Thus, 

on the 17th, when some difficulty was experienced in penning them ?the 

temperatures of all four were over 105 °. Throughout the preliminary 

period of observation the four temperature curves corresponded closely. 

After infestation, the two infested sheep gave a thermal reaction similar 

in time and nature, while the two controls remained normal. (Chart I) 

On the 26th, that is, at the height of the reaction, 8 c,cs of 

blood we bedrawn from ewe 908 and imaediately inoculated subcutaneously, 
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into Do. 780. (This ewe was brought from a loupins ill district, and 

might be expected to have a certain degree of immunity.) 

On the third day after inoculation, its temperature rose to 105.2° 

and was 106.4° on the following day. It thon fell away through 105.8° 

to normal on the 6th day.. On the 30th, that i$, at the crisis of 

of 
the reaction, 10 cc.Ablood were drawn from 780, and inoculated subcutan- 

eously into a Greyface ewe, iTo. 893. This ewe developed a temperature 

of 105.6° on the 4th day after inoculat ioz. The following day, its 

temperature was 107.60 and the ewe was dull, with head hanging. It 

day 
remained dull the following day, after which the temperature dropped to 

below 105 °. There were no signs of locomotor disturbance. 

On the 11th June, that is, 9 days after ewe 908 had recovered 

from its thermal reaction, blood was drawn from it, and 10 cc. wore 

inoculated subcutaneously into ewe 924. On the 15th, this Oise 

showed a temperature of 106 .8 °. The temperature was 107° the following 

day, then dropped, during the next three days through 106.6° and L06.2° 

to 105.6 °. By the 20th the temperature was back to normal. 

Ewe 908 was tested for immunity to looping ill, 10 days after return 

to normal, by intracerebral inoculation of looping ill virus, and 

developed acute Toupin ill. Eves 780 and 393 were similarly tested 

8 and 3 days respoctiveLy after recovery, and both died of louping ill. 

Experiment III Ewes 939, 931 and 933. 

On the 11th June, ewe 903 was infested with nymphs which had been 

collected from the pastures already referred to. 2:nothor ewe was kept 

along with it as a non infested control. On the 16th, that is, 5 days 

after infestation, the temperature of the infested ewe rose to 105.8° 

and was 107° the following day. The ewe was listless and dull. The 

following day the temperature was 106.7 °, and then dropped to normal by 

the 21st. There was no paralysis. The control remained normal. 

On the 17th June, when its temperature was 107 °, blood was drawn 

from ewe 909, and allowed to coag. late. The serum was inoculated 

intracerebrally into each of the ewes 931 and 933. Eve 931 developed 

a temperature six to seven days later, without, however, showing any 

locomotor symptoms. The temperature was 107.2° on the 7th day and 

then 
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then dropped to normal four days later. we 933 remained normal. 

Ewe 931 was tested for immunity to louping ill a month Later, and develo- 

ped acute louping ill. 

Experiment IV 

On the 11th June larvae collected off the above pasturos were put on 

owe 911. The sheep rei'nained normal. 

Tho following experiment, although carried out for a different purpose, 

(see Expt. 24) serves as a control to the previous experiments, in that a 

sheep was infested with nymphs of known history. Ewe 907 was infested with 

nymphs bred from larvae gorged on a hedgehog. The larvae moulted to 

nymphs in May, and about 40 were infested on ewe 907 in June. The owe 

remained normal. 

Discussion 

None of the non -infested controls used in the above experiments 

showed an increase in temperature in any way comparable with the temperature 

reactions obtained in the experimental sheep. They were subjected to the 

same degree of handling, and the same environmental conditions. It can 

be assumed, therefore, that the reactions on the part of the experimental 

sheep were due to the fact that ticks were placed on them. AyTarently, 

then, ticks from pastures infected with 1) upin ill can cuaso a temperature 

reaction when allowed to feed on healthy sheep. The possible explanations 

of such a reaction are that it is due to:- 

(1) 

(2) 

(3) 

some irritant secretion introduced by the tick; 

the mechanical irritation of tick bites: 
an organism of which the tick is the carrier. 

The fact that no reaction followed on a massive infestation with nymph 

which had fed as larvae on a hedgehog discounts the first two possibilities 

and suggests an infection in the tick. This possibility is further strengthens 

by the fact that the causal agent of the reaction can be passaged to at least 

two generations by blood inoculation. The evidence, then, points to the 

reaction being due to an infective agent transmitted by the gorging nymphs. 

The reaction produced in the sheep no immunity to loaping ill when the virus 

of this disease was inoculated intracorebrally, whereas a reaction caused by 

louping ill has boon shown (Greig, Brownlee, '7i1son and Gordon 1931) definitely 

to protect the sheep against further infection by this route. 

The/ 
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The inference is that certain ticks can apparently causo in sheep 

a "tick-borne fever,',,' which is distinct from loupins ill. 

In the Spring of 1931, in the course of a field experiment on louping ill 
carried out by the Yore:un Institute, 25 sheep immunized against louping ill 
and 25 control susceptible sheep were placed on a farm where louping ill was 

prevalent, and kept under close observation, their temperatures being taken 

daily. All 50 developed a temperature reaction, shortly after being brought 

to the farn. The reactions developed a few days after the appearance of 

ticks on the sheep, and were maintained for several days. This temperature 

reaction was found to be capable of passage from sheep to sheep by blood 

inoculation. It w s not due to louping i11, as the sheep immune to ;.ouping 

ill reacted equally with the susceptible sheep. 

This field reaction was compared with the "tick -borne fever" produced 

in 1930, by the following experiments: - 

Experiment V Sheep 249,, 137 and 312 

Nymphs were collected in May from the pastures on which the field 

reactions were occurring. On the 31st July, some of those were put on 

to the scrotum of Tup lamb 249, a Blackface Tup brought from a district where 

ticks were not known. About 60 nymphs became attached. On the 5th day 

after infestation, the temperature of tup 249 rose to 106.1° and was 107.2° 

the following day. For the next 6 days its tan.perature fluctuated between 

105.4° and 106.7 °, being mostly over 106 °. On the 13th day, it drol)pod 

to 104.9° and subsequently remained under 105.5 °. 

During the reaction, that is, from the Gth to the 12th day, blood was 

drawn from this sheep daily, and 0.1 c. c. of a 1 in 5 dilution of the 

citrated blood was inoculated intracranially into mice. None of the 

mice developed louping ill during the next 21 days, whereas mico inoculated 

similarly with blood from a louping ill case, during its febrile reaction, 

develop louping ill, usually in about 6 days. 

As a control to the above Infestation experiment, tup 276 was infested 

with nymphs bred from larvae, which had gorged on a hedgehog. The sheep 

did not react. 

The/ 



The causal principle of the field reaction was transmitted in series 

from sheep to sheep at .bloredun, by blood inoculation, and, at the end of 

the field experiment, the sheep which had reacted in the field were tested 

with infective blood, and shown to have developed an immunity to the field 

reaction. One of these sheep, No, 137, after having been shown to be 

imnune to the field reaction, was inoculated subcutaneously with 5 c.c. blood 

obirhqr the 7a!-ter`s fhe?mal reacti.r. 
taken from tup 249A It did not react, whereas a control sheep ?:o. 312, 

inoculated with 5 c.c. blood from tup 249, developed the typical tick -borne 

fever reaction. 

Another of the sheep exposed in the field, No. 991, shown, on its return 

to have developed an immunity to the field reaction, was infested with some of 

the same lot of nymphs which produced tick -borne fever in Tup 249. PTo. 

991 did not react. 

In another experiment, (No. XXIX) designed for another purpose, the 

same evidence was obtained. Tap 45, infested with 70 nymphs of the same 

lot as were put on tup 249, developed a temperature reaction. blood 

drawn 'during °thts1 nèactiont caused a? temperature reaction in a normal sheep, 

when inoculated subcutaneously, and no reaction in a sheep immune to the field 

reaction.. 

Itmay be assumed, therefore, in the light of the above results from 

cross immunity tests, that tho reaction developed by the experimental sheep 

in the field was identical with the tick -borne fever produced experimentally 

by tick infestation of sheep. 

Numerous gorged ticks were collected from the various cases of tick - 

borne fever which occurred in the field. They were collected throughout the 

course of the reactions and accurate records were kept. This material 

was bred in the laboratory, and furnished ticks of which the histories of 

the hosts for the previous stage were accurately known. These ticks were 

placed on health, sheep at Moredun, and proved capable of reproducing the 

reaction thus: - 

Experiment VI Sheep 246, 293 and 85 

Gorged females and nymphs were collected from sheep 142 daring the course 

of its reaction in the field. These were bred in the laboratory and yielded 

larvae and adults by the end of June. On the 13th August, 1931, those ticks 

were/ 
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were put on the scrotum of tup Lamb 246. 9 females attached, and numerous 

larvae. On the 21st August, that is, 8 days after infestation, tho 

temperature of the experimental sheep rose to 1080. For the following 4 

days it fluctuated between 1C7° and 1080. For the next 6 days it remained 

over 106°, and then dropped in the next 2 days below 1050. (Chart II) 

5 c.c. of blood drawn from tup 246 on the 26th, when its temperature 

was 106.6° were inoculated subcutaneously into a normal sheep No. 293. 

This sheep developed a temperature reaction on the 4th day after inoculation 

which lasted for 9 days. 5 c.E. blood inoculated at the same time into 

sheep 85, which had been shown to be irrnnune to tick -borne fever, produced 

no reaction. 

Experiment VII Sheep 986 

Shopp No, 986, which had developed in the fielù an immunity to tick - 

borne fever, was infested with females and larvae. Those resulted from 

gorged nymphs and females collected from sheep 158 daring its reaction in 

the field. Sheep 986 did not react. 

Inference 

From the results of these two experiments, one can conclude that the 

reacti n caused by ticks which fed in their previous stage on tick -borne 

fever cases is in itself tick -borne fever. That is, ticks feeding on a 

tick -borne fever case acquire the infection and transmit it in the next 

stage. 

With the material colloctou from cases of tick -borne fever in the field, 

numerous infestation experiments were carried out and the results of some of 

those are recorded below. 

For the sake of brevity, the torn "infected" ticks will be ased to 

describe ticks which were exposed to infection, that is, ticks which fed 

on a sheep during the coarse of its reaction. 

Out of 9 susceptible sheep infested with both females and larvae, 

which in their previous stage had fed on tick -borne fever casos, 6 reacted 

severely, one ga é an indefinito reaction, and E did-not react. 

Three sheep, infested with females alone, from "infected" nymphs, all 

reacted. 

Of/ 



69 

Of five sheep infested with larvae alone, from "infected ". females, 

norm ro ctod. 

One sheep infested with nymphs from "infected" larvae gago a definite 

reaction. 

In the case of one at least of the two non -reacting sheep infested with 

combined females andlç.rva.e, there was a poor attachment of females, only 

two attaching, of which one only completed engorgement. 

The disease, then, appears to be capable of transmission by nymphal 

and adult ticks, which acquired the infection in their previous stage. It 

has not been possible to produce the disease with Larvil ticks bree from 

females which fed on cases of tick -borne fever, or with larvae collected 

from the pastures. 

Discussion 

There appears to be, in certain districts, a febrile condition Ahich 

is transmitted from sheep to sheep by ticks. This tick -borne fever 

has been shown to be distinct from louring ill, in that sheep which have 

reacted to it are not protected against lolping ill, nor, conversely, does 

immunity to louping ill protect the sheep against tick -borne fever. Further 

the blood of a sheep reacting to tick -borne fever does not produce clinical 

symptoms when inoculated into mice, whereas the blood of a sheep reacting 

thermally to louping ill causes symptoms of louping ill in this animal. 

The fever is transmitted by female and nymphal ticks. Attempts to transmit 

it by larvae have not succeeded. 

It is possible that the temperature roac:tions of sheep obtained by 

Sir Stewart Stockman from tick infestations, and claimed by him to 

represent louping ill infections, were, in sane instances, tick -borne fever 

react ions. 

Sheep farmers frequently maintain that ill the sheep on the farm pass 

through a mild attack of louping ill, and that, though no definito symptoms 

are seen in the majority of cases, the presence of the disease is revealed 

by the loss of condition of the sheep in question. Young lambs, especially 

are said to pass through a period of unthriftiness in the first few weeks or 

their life, Find this is attributed to a mild type of louping ill infection. 

It is ,-)ossiblo that many of these cases of so called mild louping ill are 

in reality cases of tick -borne fever 
infection. 
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SECTION II CAN TICKS TRANSMIT THE VIRUS OF IAUPING ILL? 

A Transmission by emulsions 

If the tick becomes infected by feeding on cases of louping ill, 

t virus should be demonstrable in' _the gorged ticks. If it can be shown 

in ticks, which have fed on infected hosts, it then remains to find whether 

the virus thus acquired will survive through a moult, or through the egg 

stage. 

Experiment VIII 

Sheep No. 140 kept under close observation in the field, in the Spring 

of 1931, developed Lo aping ill, and was destroyed on the 11th May, when 

moribund. Female and nymphal ticks, at various sta`es of engorgement, 

were removed from the sheep st death, and kept in a tube until the 4.04 June, 

that is, for 24 days. They were then washed and weighed. 0.6 grams of 

the ticks were emulsified in a sterile mortar, in 5.4 c.c. sterile saline, 

giving a 1 in 10 emulsion of gorged or semi -gorged ticks. The emulsion 

was centrifuged for 4 hour at about 2000 R.P.M. and the supernatant fluid 

inoculated into mice. Four mice received intracranially 0.1 c.c. each of 

the 1 in 10 emulsion. Two mice received intracranially 0.1 cc each of a 

Aid, -r-t-ea. w -4 1+, J loo da.o 

1 in 1CC omulsion. Both mice jt n LS lived. 
A 

Of the 4 mice which had received the 1 in 10 dilution, 1 lived, 1 died 

in 11 days of typical louping ill and 2 died in 13 days of typical louping 

ill. 

The subinoculations from the brains of the dead mice were carried out as 

follows: - 

(v 
means "lived + means "died." T.L.I. means typical louping 

4 mice received tick emulsion intracranially. 

Result + 11 days T. L. I.+ + 13 days T.L.I. , 

brains inoculated into 2 mice 

Result 4 + 6 days. 

Brains at Br ins inoculated into 4 mice e 

Result t (operations++ +6 days T.L.I. 

Experiment IX 

On/ 
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On May 5th, a lamb suftring from louping ill was brought in by a 

shepherd, and the ticks gorging on it were removed and stored for 7 days. 

They were then emulsified in saline and centrifuged. Mico were inoculated 

with 0.1 c.c. each of the emulsion, at dilation of 1 in 10, 1 in 100, and 1 

in 1000. No louping ill developed in the mico. 

Experiment X 

Sheep 178 died of a braxy -like disease in the field on the 13th April, 

1931, and the females and nymphs gorging on it were removed when the sheep 

died and kept for 15 days. On the 28th April they were washed, weighed, 

and ground up in sufficient saline to make a 1 in 10 emulsion. Mico were 

inoculated as before, two at each dilution of 1 in 10, 1 in IOC, 1 in 1000 

and 1 in 10,000. 

Cf the two receiving the 1 in 10 emulsion, 1 died in 9 days and 1 in 

18 days, both of typical louping ill. The other mice survived. The sub - 

inoculations carried out to confirm the diagnosis of louping ill in the two 

mico may be represented as follows. 

Mouse 9 days T.L.I. Mouse + 
18 

days T.L.I. 

3 mice 3 mice 
+ i-46 days T.L.I. + 3 days T.L.I. 

4-+5 days T. L. I . 

t 1 

2 mice Sheep 2 mice Sheep 
+ + 6 days T. L. I. .+ 5 days T.L.I. -1--4 days T. L. I. + 5 days 

+ E days T.L.I. T. L. I. 

(Sheep 178, therefore although the caaso of death was a braxy like 

disease, must have had the virus of louping ill circulating in its blood at 

the time of death.) 

It has been shown that the viras of louping ill may be ingested in the 

blood meal of ticks which feed on sheep reacting to louping ill. This is 

only to be expected, as it would be extremely improbable that the gorging 

ticks could exercise selection between the blood and the contained virus. 

The important point, however, emerges, that the virus can survive the digestive 

processes in the tick for a period of at least 24 days. It is now required 

to show whether virus thus acquired by the tick can survive through a moult 

and be demonstrated in the succeeding stage. 

Larvae bred from Females exposed to Infection 

' Experiment/ 



Experiment 71 I 

Gorged females were collected from a case of leaping ill in the field 

in April 1930. They laid eggs, which hatched by July. In October, 0.5 

ems of these larvae were emulsified in saline at a 1 in 10 dilation and 

centrifuged. Of the supernatant fluid 0.1 c.c. was inoculated intracranially 

into each of 4 mice. They all remained healthy. 

Experiment XII 

2 hedgehogs each received intracranially 0.1 c.c. of the emulsion of 

larvae used in the above experiment, and remained unaffected. It has 

subsequently been found that the hedgehog is refractory to infection with 

louping ill. 

Experiment XIII 

Of the ticks collected from sheep 178 at death, and shown to have 

ingested the virus, (Expt. °), one female which was filly gorged was set 

aside and allowed to lay eggs. These hatched into larvae by the end of 

June. On the 20th August, the larvae were weighed, and emulsified in saline, 

at a dilution of 1 in 10. This was centrifuged for 4 hoar at 2000 ß.P.óí., 

and C.1 c.c. of the supernatant fluid inoculated into each of three mice. 

One died of the operation. The other two remained healthy. 

TIymphs bred from larvae exposed to infection. 

Experiment XIV 

In October 1930 larvae bred from females collected from healthy sheep, 

that is, "clean" larvae, were infested on an experimental case of louping 

ill, (Tap 5), and fed durinl the the :nel reaction, which proceeded death 

from louping ill, They were collected when fully gorged and moulted to 

nymphs by the beginning of'June 1931. 

On the 20th August, some of these were incubated at 30 °0 for 24 hours. 

A 1 in 20 saline emulsion of the incubated nymphs was then nade. This 

was centrifuged and the supernatant fluid inoculated intracraniàllÿ, into 

3 mice. 

One died of typical louping ill on the 6th day, 1 on the 7th and 

1 on the 8th day. Subinoculations from the brains of two of these were 

made, and the presence of louping ill viras confirmed. The results 

may/ 
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may be represented as follows : - 

3 mice inoculated with tick emulsion 

1 Ir M 

+ 6 days T. L. I. 

into 6 mice 
+ + 5 days T. L. I. 
+ + 6 days T.L.I. 

+ 3 days T. L. I. + 7 days T.:.. I. 

into 2 mice 
+ + 6 days T. L. I. 

Adults bred from nymphs exposoù to infection. 

Experiment 17 

Sheep 153, under close observation in the field, died of leaping ill 
on the 14th May 1931. On the 7th, 9th, and 11th :lay, during the course 

of a temperature reaction which preceded the death of this sheep, 3 

gorged nymphs were collected. These moulted by the tend of June, yielding 

2 females and 1 male. 

On the 20th August, these were incubated for 24 hours at 30 °C, and 

then emulsified with saline, to a dilution of 1 in 30. This vir.s centrifuged 

and inoculated as before into 2 mico. 

They both remained healthy. 

Inference 

It appears then, that, for the l rvae at least, loaPing ill virus 

ingested by this stage can survive th.roa h a moult, and can be demonstrated 

in the bodies of the resulting nymphs. 

Discussion 

It has been shown that the viras survives the process of moulting in. 

the 1;,: rva, and is present in the tissues of the resulting nymph. It does 

not necossarily follow, however, that the nymph will be infective by biting, 

since the virus,thaugh present in some tissues of the tick, may be absent 

from the salivary glalids and their secretion. It is not inconceivable that 

an infective agent might survive in an accidental intermediate host, and 

yet be unable to escape from its body, ospeCially if the accidental host 

were structurally different from the normal intermediate host for this 

infective agent. Before it can be taken as proven that the tick is able 

to transmit louping ill by biting, it is necessary that cases of the disease 

be produced by the bite of ticks. In the following experiments, ticks, 

which/ 
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which in some previous stake of their life cycle were exposed to infection, 

were placed on healtIy sheep and allowed to become attached in order to 

test their infectivity. 

B Transmission by Infestation of ticks. 

Larvae from presumably infected females 

Experiment XVI Tups 1 to IV 

Gorged females were collected by :.fir. 'Vi lson from field cases of louping 

ill in the Spring of 1929. These laid e »gs which hatched by the middle of 

July. Unfortunately, temperatures were not taken until the 17th. On this 

day, one tup had a temperature of 104 °onl;,r, bat the other three had tempera- 

tures of 1060, 1060 and 107.20. In all three cases, the temperatures 

fell through the next two days, to normal temperatures cn the 20th, after 

which the sheep continued normal. The cause of louping ill had not then 

been determined, so it was not possible to test the nature of these reactions. 

] :perimen_t 711 Sheep 798, 799 and 801 

On the 19th September three sheep were infested with others of the 

same lot of larvae as those used in the previous experiment. Their 

temperatures were taken from the first day after infestation. There were 

no significant reactions. 

Experiment XV I I I Ewe 905 

On the 19th May, 193:, larvae were put on to a Greyface ewe No. 905. 

These larvae had hatched in August 1929 from ez,gs laid by females collected 

in May of that year by Mr. 7ilson from casos of louping ill in the field. 

The larvae, therefore, wer 9 months old when put on the sheep. There w -ss 

no reaction. 

Experiment XIX Ewe 906 

On the llth June some hundred or so of the same lot of larvae were put 

on ewe No. 906, that is, larvae 10 months old. The ewe remained normal. 

Experiment TX Ewe 99C 

On the 15th October, numemous larvae were put on Hogg 990. These larvae 

were the progeny of gorged females which had been collected from a prostrate 

louping ill case by Hr.'Vilson in April, 1330. They had hatched in early 

August/ 
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August, that is, they were 2 months old when put on the sheep. Only 11 

attached. Hogg 990 gave an erratic temperature curvo, which, however, 

did not rise above 104.60F. 

Experiment TI Ewe 997 

Because this infestation was so poor, the experiment was immediately 

repeated, hogg 997 boing infested with others of the same batch of larvae. 

Another hogg was kept as a non infested control. Iiogg 997 showed a slight 

temperature rise to 1060 on the 7th day after infestation. Tho uninfested 

control however, showed a temperature rise on that day to 105 °, so the 

significancy: of the rise in the case of hogg 997 was problematical. 

Experiment XXII Hogg 988 

On the 31st October, some others of the same larvae, now .bout 3 months 

old, were infested on hogg 988, which remained normal. 

,.l eriment "VIII 

A guinea pig was infested with others of the same lot of larvae, and 

remained normal. It has subsequently been shown, (Greig, Brownlee, Ali lson 

Gordon 1931) that the guinea pig is refractory to infection with the virus 

of louping iii. 

Nymphs from presumably infected females. 

There has to be considered the possibility that, although the larvae 

are non infective, the virus may nevertheless have passed through the egg, 

may lie latent in the larvae, and become infective.in the nymphal stage 

of the tick. 

Experiment XXIV Ewe 907 

Some of the larvae bred from females collected from cases of the disease 

in 1929 were fed on a hedgehog in September of that ;year. They moulted 

to nymphs in May 1930. On the 11th June these nymphs, now about a month 

old, were placed cn ewe 907. The ewe remained normal. 

Experiment XXV Tup 244 

Some of the larvae bred from females collected from the 1930 looping ill 

case were fed on a hedgehog in October of that year. They moulted to nymphs 

by June 1931. On the 31st July, these nymphs were placed on Tup 244. The 

Tup remained normal. 

Experiment/ 
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Experiment XXV I Tup 248 

Those larvae from females collected from louping ill cases, which 

had failed to produce a reaction in ewes 906 and 997 (Expts. XIX & XXI) 

were collected and bred. Tho.j moulted to nymphs by June 1931. 

In August 1931 they were placed on Tup 248. The tap did not react. 

Nymphs bred from larvae exposed to infection. 

Experiment XiVII 

Gorged females .ere collected from health;- sheep in 1930, and gave 

larvae by July. On the 1st October, 1930 these wore placed on Tup 5, 

which was then inoculated with louping ill virus. Tup 5 died on the 7th 

of acute louping ill. The gorged larvae were collected from the 4th to 

the 7th, and moulted to nymphs by June 1931. On the 31st July, they were 

placed on Tup 245. The tap did not react. That these nymphs contained 

the virus of louping ill in their bodies, was demonstrated by inoculation 

of the emulsified ticks into mico. (Expt. XIV). 

Females bred from nymphs exposed to infection. 

E_-periment XXVIII Tup 285 

Females were collected from healthy sheep and yielded larvae, which 

were fed on a hedgehog. These moulted to nymphs by October 1930. On 

the 14th October, the nymphs were fed on Tup 7, which was then inoculated 

with the virus of louping ill. It developed acate louping ill, and died 

on the 20th. The gorged nymphs were collected from this experimental 

louping ill case on the 19th and 20th. 

They moulted to adults by the end of June, 1931. On the 22nd 

August, 8 females of this material were placed on the scrotum of tup 285, 

Four females attached and became fully gorged. 

On the 4th day after infestation the temperature of tap 285 rose to 

105.7° and was 106.2° the following day. The next day it dropped to 

105.4 °. For the following 4 days the temperature remained below 105° then, 

on, the 11th -day rose :.gain to 106.3 °. For the following 2 days it w,,s 

105.8° and 105.7° respectively, then dropped to 104.1° and afterwards 

remained below 105? 

On the 28th, when the tenporature was 105.4° (first rise), blood was 

drawn, and inoculated intracerebrally into 4 mice, none of which developed 

louping ill. On the 3rd September, during the second rise, blood was 

inoculated/ 
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inoculated into 3 mice. No loiping ill developed. 

To test the nature of this reaction, blood drawn durir;; the 2nd rise 

was inoculated subcutaneously into two sheep, one normal, Ln6 ono imnuno 

to tick -borne fever. Neither reacted. 

On the 22nd, that is, 17 days after its return to normal, Sheep 285 

was inoculated with blood from a case of tick -borne fever, in order to test 

for the presence of immunity to this disease. 

It reacted on the 4th day, the reaction lasting 9 days. -n tho 5th 

October Sheep 285 was tested for looping ill immunity by intracerobral 

inoculation of infective brain, and did not react. 

This sheep showed a definite thermal reaction, which followed on 

infestation with female ticks bred from nymphs exposed to infection with 

lnuping ill. Blood from this sheep,, was not tested in mice until towards 

tho end of the first reaction, so the failure of the blood to cause 

looping ill in mice can not be regarded as proof that the reaction was not 

due to louping ill. Llore significant is the fact that blood from this case 

did not cause a tick-borne fever reaction in a normal. sheep, since it has 

been shown (see Txpt. II Ewe924) that the blood of a case of tick -borne 

fever is infective even after subsidence of the reaction. ;'arther, the 

sheep was not immune when subsequently tested with blood from a tick -borne 

fever caso. The evidence, then suggests that the reaction was not due to 

tick -borne fever. Finally, there is the important fact that the sheep, 

after recovery,,, from the thermal reaction was immune to looping ill virus 
r 

inoculated intracerebrally. 

The evidence, then, strongly suggests that the original reaction was 

due to louring ill infection. 

Discussion 

In the above experiments, 12 sheep were infested with larvae from 

"infected" females. Three sheep showed a definite thermal reaction, 2 

showed an indefinite reaction, and 7 did not react. The nature of the 

throe definite reactions suggests that they were due to an infection. The 

facts that the sheep developed temperatures of 1060 or oger and that these 

were sustained for three days before returning to normal, make it unlikely 

that/ 
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that the reactions were due to handling, or such adventitious causes. 

It was not possible to test these sheep for immunity, as the virus of 

louping ill had not then been discovered. 

Three sheep were infested with nymphs bred from females exposed to 

infection. In two casos, the intervening larval state had fed en a 

hedgehog (a host notsusceptiblo to louping ill infection; and in one caso 

the larval stage fed on a sheep. .111 three sheep infested with the 

nymphs remained normal. One sheep tas .infested with nymphs bred from 

"infected" larvae, and did not react. These negative results do not 

nedessariLy mean that nymphs are incapable of transmitting the disease. It 

Gs-e4 

is possible that, in the case of the nymphs,,from females exposed to infection 

the nymphs were not infective for the reason that the -virus 44;44 not pass 

through the egg, or that the females did not acquire the virus - the sheeps 

blood may have been non -infective at the time when the females were gorging. 

Lnother possibility which must be considered is that the tick is capable 

of infecting sheep for a limited period only, and is non4infective before 

and after the lianits of this period. 

One sheep was infested with females bred from nymphs exposed to 

infection, and developed a thermal reaction, from which it recovered. 

Immunity tests indicate that this reaction was due to looping ill infection. 

These results cannot be regarded as furnishing convincing evidence 

cif the biological transmission of looping ill by th ick. The experiments 

with larvae were carried out at intervals of 2,3, 9, and 10 months after 

hatching, so the possibility of a non infective incubation period in the 

tick being responsible for the negative nature of the results is rendered 

unlikely. It is possible, however, that there was no infection in the 

larvae, since the conditions of infection of the females were uncontrolled. 

possibility to be considered is that the ticks used were infective, 

but that sheep are normally capable of resisting infection from biting ticks, 

and only react to biological inoculation when their resistance is weakened 

in some way, such as by poorness of condition, or by the presence of disease. 

Infestation experiments were therefore repeated, in which tick -borne 

fever was induced in the sheep as an infection preceding, intercurrent with, 

or subsequent to their exposure to infection with looping ill by ticks. 

The/ 
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C The effect of tickborne 'fe/er on the susceptibility of sheep to 

louping i11 infection by ticks. 

Experiment XXIX Tup 245, Sheep 296, and 172 

Tup 245 was infested on the lath August with nymphs infected with leaping 

ill, and did not react. ( xpt . 

To test whether the virus may have remained latent after introduction 

and required the stimulas of a tick -borne fever reaction to activate it, this 

tap was infested a fortnight later with nymphs known to be capable of causing 

tick -borne fever. The sheep reacted on the 5th day and gave a typical tick - 

borne fever reaction which lasted over 15 gays. On the 6th day, when the 

temperature was 107.2 °, blood was drawn and inoculated intracraniáily into 

4 mice. No Lo aping ill developed in the mice. 

Two sheep, a normal, No. 296, and a. sheep immune to tick -borne fever, 

No. 172 were inoculated with blood from tap 245 on the 6th day of the 

reaction. The normal sheep developed tick -borne fever, and the immune sheep 

did not react. 

A tick -borne fever reaction, therefore, did not in this case activate any 

Latent virus which may have been previously introduced by infected ticks. 

Experiment XXX Tup 277 

On the 6th August, Tup 277 was infested with females and larvae, the 

progeny of nymphs .and females which had gorged on a case of tick -borne 

fever in the field. Typical tick -borne fever developed on the 14th. From 

the 14th to the 19th, the blood of this tap was tested daily for the presence 

of leaping i11 infection by inoculation into mice, All the mice thus inocu- 

lated remained health:,-. 

On the 22nd, when its temperature was 107.6 °, this sheep was infested 

with some of the nymphs infected with Looping ill as larvae, by feeding on 

Tup 5. (These nymphs were shown to be infected, by inoculation of an emulsion 

of some of them into mice, but had failed to produce a reaction when placed on 

Tup 245. Expt. XXVII). 

Tup 277 had a sustained high temperature for the 4 days following on 

this second infestation. On the 4th day, blood was drawn., and inoculated 

into 2 mice. Tho mice died of louping ill on the 5th and 7th day 
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respectively after inoculation. Subinoculations from their brains were 

made into mice in each case, and louping ill confirmed. 

On the 8th day, the sheep was seen to be weak on its Logs, and lay 

most of the time. On the following day it was unable to stand. The breath- 

ing was heavy, but there were no typical clinical symptoms of Louping i111 

such as trembling, or partial pa.ral:jsis. It died that evening. The 

postmortem revealed no gross lesions which might account for death, the 

organs being apparently normal. Emulsions of the brain and spinal cord were 

inoculated into mice andin both cases the mice developed louping ill on the 6t, 

or 7th day. 

Experiment X I Tup 248 

Tup 248 was infested on the 22nd August with females and larvae which 

in their previous stage had fed on a case of tick -borne fever in the field. 

At the same time, it was infested with some of the nymphs infected with 

Louping ill as larvae by feeding on Tup 5. 

On the 3rd day, the temperature of 243 was 106.8° and was 107° the 

fo lI day. It then fell to 105.9 °, and for the following 3 days was 

below 1050. On the 9th day it roso to 106.2 °, and for the next 3 days was 

over 106°. 

The sheep was dull, and lay apart from the others for most of the time. 

During the 13th and 14th days, its temperature dropped steadily and was 103° 

on the 15th day. (Chart III). On this day the sheep was observed to be 

trembling violently. It walked with difficulty, and showed occasionally 

a twitching of the lips. The following day it was unable to walk, and if 

put on its feet could only stand for a few seconds. It trembled violently 

all over the body. 

The next day it was unable to rise, the hind quarters being paralysed. 

Tt was killed by bleeding. 

Blood was drawn on the 26th, during the first period of high temperature, 

and inoculated into 2 mico, both of which developed louping ill on the7th day. 

Louping ill virus was demonstrated in the brain and spinal cord, by 

inoculation of preparations of these into mice. 

Towards the end of its second temperature reaction, blood from it was 
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inoculated into a sheep immune to tick -borne fever and a control normal 

sheep, to test' for the presence of tick -borne fever. The normal developed 

a temperature reaction. The immune sheep did not react. 

Experiment XXXII Tup 283. Sheep 314 and 91 

During the Spring Field experiment already referred to, sheep L1o. 167, 

exposed on pastures, where louping ill was prevalent, developed a typical 

tick -borne fever reaction. At the end of the reaction the sheep developed 

symptoms of louping ill and was killed. Presumably, thon, towards the end 

of the thermal reaction the sheep was ßafforing from both tick -borne fever and 

louping ill. 

Gorged ticks collected from this sheep during the reaction were brdd % the 
next stage, and yielded numerous larvae and 11 females. These were place: on 

Tup 283 on the 22nd »gust. 5 females Gorged, and numerous larvae. 6n the 

2nd day after infestation the temperature of this sheep rose to 106.4 °, and was 

107° the following da. It then fell to 105.6° and 104.5 °. It remained low 

for =nother day, and then rose to 106.2 °. For the following 6 days its 

temperature remained over 10E.8 °, boin mostly over 1060. It then dropped to 

about 1050, and afterwards remained normal. The sheep showed no clinical symptoms 

of louping i11, apart from a slight dullness, and a marked loss in condition. 

On the 26th, during the course of the first temperature reaction, blood 

was drawn from this sheep and inoculated into two mice. These developed 

louping ill on the 6th and 7th days respectively. Daring the second rise of 

temperature, blood was drawn and inoculated into a sheep immune to tick -borne 

fever, No 91,and a control normal sheep, 70. 314, in order to test for the presence 

of tick -borne fever. The normal sheep reacted thermally, whilst the immune sheep 

remained normal. 

On its recovery, sheep 203 was inoculated subcutaneously with 5 c.c. of blood 

from a caso of tick -borne fever and did not react, whereas a control normal sheep 

inoculated with blood from the same case re.-cted severely. The reaction in tup 

283, therefore, was due both to louping ill -ind tick -borne fever infections. 

Tup 283 was tested for immunity to louping ill on the 5th October, by 

intracerebral inoculation of infective brain material. It did not react during the 

following 8 days. On the 9th day it died of pneumonia. (The infective brain 

used/ 



used to test this sheep and sheep 286 (Expt. 7:VIII) was inocuL,.tec 

into two normal sheep as a control. Those sheep developed acute 

temperature reactions from the 3rd to the Gth day. "n the Gth day 

they developed typical symptoms of loapinE ill, and were ki1lec. when 

unable to stand) 

The reaction in sheep 283, therefore, was shown both by mice test 

and immunity test to have boon due to loapin ill. 

Discussion 

Sheep 245, which did not react to nymphs infected with 1 . u ping i l l 

virus, was infected 14 days 1 ;tor with tick -borne fever, by infestation 

with infected ticks. The tick -borne fev -3r rencti :n did not activate 

any virus which may have beer introduced by the first infestation and 

may have remained latent. 

Sheep 287 was infested, towards the end of n tick -borne fever reaction, 

with nymphs infected with to upinc ill virus. Loupin ill virus was 

present in the blood 4 days later, a.nc the sheep died on the Gth day. 

Tbere h:,d been no c lint chl syvaptoms of louping ill, bat the virus was 

shown t e be in the brain and spinal cord. It is possible that many sheep 

die of louping ill in the field, without havin- shown the clinical 

symptoms popularly accepted as beinE: characteristic of the disease, and 

that these deaths are attributed to other causes. 

Sheep 248 and 28Z were exposed to infection with tick -borne fever and 

louping ill simultaneously, by infestation wig i ticks i ?ct'od ':;ice'_ tLcse 

di soases. Both sheep reacted thermally, and one .ievelopeü typicäl 

louping ill and was killed when unable to stand. The virus of loupin_g 

ill was shown to be present in the blood of the other case, during its 

therm. ..1 reaction, and the sheep was subsequently found to be immune to 

the virus of louping ill when this was inocul =:tea intracorebrally. 

Of the 4 sheep, therefore, in which tick -borne fever was induced, 

those three in which the fever was present as nn intorcarrent or prece«iding 

condition developed louping ill when infested with infected ticks. 

It is possible that herein lies the explanation of laiping ill trans- 

mission. 'Veak sheep or sheep in poor health, whose powers of resistance 

are consequently lowered, are obviously more prone to infection than 

strong/ 



strong heùlthy shoep. "here ':?19,, io.;3ver, bo a .mo'e spocific rotation - 

shin between tick_ -borne favor and Toupin, ill infection. I' is not 

impossible thF:t the infoct vc L;ont of tick -borne foyer n ":-? inc'''oase trio 

virulence of the virus of loupinL ill, or render the shoe_) Li*blo to 

infection with Loupinc ill, in some; other w=,y than merely by reducing 

its pourers of resistF,nco throuLh omaciFtion. 
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GEPTERL L SUMMLRY AND DISCUSSION 

The following have been taken as criteria of a loping -i11 infection 

in sheep. (a) The sheep undergoes a febrile reaction, which may or may 

not be followed by symptoms of nervous disturbance and by death. (b) The 

blood of a reacting sheep, if drawn at the acme of the thermal reaction and 

inoculated intracerebrally into mice, prodaces in the mice symptoms of 

la.uping ill, followed by death. (c) 6 sheep which has recovered from a 

febrile reaction caused by louping -ill infection is subsequently immune to 

the virus when this is inoculated intracerebrally. 

Nymphs and females, collected from pastures in a district in which 

louping ill is prevalent, were found to cause an acute febrile reaction 

when allowed to feed on healthy sheep. This reaction was characterized 

by an incubation period of several days, a rapid rise in temperature to over 

106°F, a sustained high temperature for several dads, and a gradual subsidence 

to normal. It has been shown by controlled experi rents, that neither the 

handling of the sheep nor environmental conditions produce this reaction. 

Further, nymphs bred from larvaa,which had fed on hedgehogs or on normal 

sheep failed to produce a reaction,when allowed to feed on sheep in large 

numbers. The causal agent of the reaction was found to be capable of 

passage from sheep to sheep by blood inoculation. It is assumed, in the 

light of the above evidence, that the reaction is due to an infective agent 

possessed by certain ticks and transmitted by therm to the sheep. 

This febrile reaction differs from looping ill in the nature of the 

thermal reaction, in the absence of any symptoms of locomotor disturbance 

in the reacting sheep, in its non infectivity to mica, and in the fact that 

an attack of the fever confers no immunity to the virus of looping ill when 

this is inoculated intracerebrally. It has been provisionally named 

"tick -borne fever." 

Twenty -five sheep inmunized against looping ill and twenty- --five normal 

sheep were exposed, during the months of April and May, on pastures on which 

louping ill was prevalent. All these sheep, irrespective of whether they 

were immune to louping ill or not, developed temperature reactions similar 

tOAtick -borne fever reactions described above. These reactions, for 

the purpose of clarity, we shall term "field reactions." The reactions 
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began a few days after the sheep were put on the pastares. The causal 

agent of this reaction was found to be capable of passage from sheep to 

sheep, in series, by blood inoculation. The results of cross immunity 

tests indicate that the field reaction was identical with that obtained 

experimentally by tick infestations. In other words, the field reaction 

was identical immunologically with tick -borne fever. The identity of the 

two reactions establishes the further fact that immunity to louping ill 

confers no immunity to tick -borne fever, since 25 of the reacting sheep 

were known to be immune to louping ill. 

Tick -borne fever has been shown to be capable of transmission by 

females which had fed as nymphs on sheep reacting to the disease, and by 

nymphs which had fed as larvae. So far, experiments have failed to demons- 
. 

trate hereditary transmission in the tick. 

It is possible that the rapid loss of condition frequently found among 

sheep in certain districts, during the season when ticks are prevalent, 

and which is usually attribut d by the shepherds to a mild attack of louping 

ill, is in reality, tick -borne fever, It is also possible that this 

condition has been confused with louping ill by previous workers who have 

investigated the transmission of the latter disease. 

Females and nymphs which had fed on field cases of louping ill, when 

anulsified and inoculated intra.crlanially into mice, at intervals of 

up to 24 days after collection, caased in the mice typical louping ill, 

in two out of three experiments. by this method the presence of the 

virus was also demonstrated in nymphs,which had iEed as larvae on an experiment- 

al case of louping ill. In these experiments, the presence of leaping ill 

infection in the mice was confirmed by sabinoculetion of brain tissue from 

the reacting mice into normal mice and into sheep. Both the mice and the 

sheep developed louping ill. The virus, therefore, can survive a moult of 

the tick, at least from the Larval to the mympial stage. 

Two experiments in which emulsions of larvae bred from presamnblj 

infected females were inoculated into mice, and one experiment in which 

hedgehogs were inoculated with a similar emulsion yielded negative results. 

These larvae were not incubated before being emulsified, whereas the 
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ny.nihs in which the presence of the virus ws danonstrntel were incubated 

for 24 hours at 300C. Two females srd one °:laic, bred from nymphs which 

had been exposed to infection, wore incubated as above, e:nulsifiod, and the 

emulsion inoculated into mice. Tho mice did not react. This failure 

cannot be regarded as sit2nificnnt, because .; f the fact that the small amount 

of the Tnaterial necessitated the dilating of the emulsion to a lower concen- 

tration than that used for the nzy -mphal and larval emulsions. 2 arther, the 

infection of the nymphs from Which the adults were obtained was not controlled, 

tie material having been collected from a she which nus found suffering 

from louring-ill in the field. It is y,robable tha` caring the period of 

clinic- L Manifestation of the disease in naturally occurring cases, the viras 

is not present in the perlpem .1 blood, since, in oxporiilentcl cases of the 

di.soase the clinic=al symptoms do not afpear until after the to :erature reaction 
$ 

has subsided. It has been shown that the blood of a reacting sheep i, infective, 

during the acute febrile period only. 

Twelve normal shoe,) were infested with larvae lred from females which 

had fed on field cases .:f loupin` i 11. The larvae were placed on sheen at 

intervals of two, three, nine, and ton months after hatching. Three sheep 

showed thermal reactions, which. appeared to be due to a definite infection, 

two showed indefinite thermal reactions, and seven did not react. The nataro 

of the thermal reactions obtained has not been determined. They may have 

been due to louping ill or to some other infection introduced by the tick. The 

failure to cause definite louring ill by larval infestation may indicate that 

the Larvae of the tick cannot transmit the disease. On the other hand, it may 

have boon due to failure on the part of the females to acquire infection. 

Three sheep were infested with nymphs bred from females exposed to 

infection, and did not react. The material used in these experiments was 

unsatisfactor,:,r as it was collected from prostrate field cases, the history 

of the disease in which was not known. One sheep was infested with nymphs 

bred from larvae gorged on an experimental case of louping ill, and did not 

react. That these nymphs were infected was demonstrated by inoculation of an 

emulsion of some of the same lot into mice (vide supra.) Their failure to 

cause a reaction in the sheep by biting might be due to the virus not having 
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reached the salivary glands. In other words, it is possible that there is 

an incubation period in the tick, during which it is not infective. 

A sheep was infested with females bred from nymphs which had gorged 

on an experimental case of Louping ill. This sheep developed a temperature 

reaction, and recovered. The results of subsequent immunity tests indicate 

that this reaction was duo to Louping ill, since the sheep ws subsequently 

found to be immune to louping ill infection b., intracerobral inoculation, 

but reacted to an inoculation of blood from a case of tick -borne fever. 

Blood from this sheep during its reaction, however, did not cause louping ill 

in mice. This may have been due to the fact that the blood was drawn when 

the reaction was beginning to subside. 

I sheep, which did not react to an infestation of nymphs infected with 

Louping ill virus, was infected 14 days later with tick -borne fever, by 

infestation with infected ticks. The tick -borne fever reaction did not 

activate any latent virus introduced by the first infestation. 

Three experiments were carried out in which tick -borne fever was induced, 

previously to or simultaneously with, the infestation of the sheep with ticks 

presumably infected with Louping, ill. In one case, a sheep was infected with 

tick -borne fever by infestation with ticks. Throughout the early part of its 

thermal reaction its blood was tested daily in mice, and shown to be non 

infective. It was presumed, therefore, that the sheep was not infected with 

louping ill. Towards the end of the reaction, the sheep was infested with 

nymphs bred from larvae "infected" with louping ill. Four days later, its 

blood was tested in mice, and found to contain the virus of Louping ill. 

Although no clinical symptoms of Louping ill developed, the sheep died on 

the ninth day. The virus of louping ill was shown to be present in the brain 

and spinal cord, by inoculation of emulsions of these into mice. 

In another instance, a sheep was infested simultaneously with females bred 

from nymphs "infected" with tics. -borne fever, and nymphs bred from larvae 

"infected" with Louping ill. The sheep developed a thermal reaction, followed 

by clinical symptoms of Louping ill, ac,d was destroyed. During the thermal 

reaction, its blood was shown to be infective to mice, and after it was killed, 

the presence of the viras in the brain and cord was demonstrated by inoculation 

of prepar2 -ions of- these Onto mice. 
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In the third experiment, a sheep was infested with females and larvae 

bred from nymphs and females collected from a caso of louping ill in the 

field. (The field case wss apparently suffering both from tick -borne 

fever and from leaping ill, and it was therefore assumed that both infections 

were acquired by the gorging ticks.; The infested sheep developed a 

.r4 i chx 
temperature during the course of which the presence of the virus of louping 

ill in the blood was demonstrated by mice inoculation. On recovery, the 

sheep was tested by intracerebral inoculation of louping ill virus, and did 

not roF =ct. It was also tested with blood from a tick -borne fever case,, and 

found to be immune. Its reaction, therefore, probably consisted pf a. 

louping ill reaction with an intercarrent infection of tick -Borne fever. 

From the facts obtained the following tentative hypothesis is suggested 

to explain the róle of ticks in the transmission of leaping ill in nature. 

The tick acquires the virus by feeding on sheep suffering from louping ill 

during the course of the themmal reaction, when the virus is in the blood 

stream. The tick, thus infected', becomes infective after moulting to its 

next stage, and, on biting its host, transmits the virus. 3 sheep thus 

inoculated by tick -bite may or may not react to the infection. If it is a 

strong healthy sheep, it may overcome the introduced virus. A weak 0T_`.. 

ailing sheep, on the other hand, will be more liable to infection. 

If a sheep is reacting to an .acute attack of tick -borne fever when 

the tick inoculates the virus of louping ill, the latter invades the tissues 

and causes the disease, either because cf the lowered resistance of the sheep 

or because of an intimate relation between the infective agents of the two 

diseases, the causal agent of tick -borne fever activating or increasing the 

virulence of the virus of louping ill. 

This suggestion is put forward merely as a working hypothesis, and the 

results obtained up to date will require to be confirmed by controlled in- 

fection of different ticks with each of the two diseasep, and the testing 

of these ticks separately and jointly on sheep, in order to compare the 

effects 'produced. 

Conc lusion 

There occurs in sheep, in districts where louping ill is prevalent, a 

disease of unknown etiology, characterized by the appearance of an acute 
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febrile reaction in the affected sheep. The causal agent of the disease 

is transmitted by nymphal and female ticks, The larva appears to be 

unable to transmit the causal agent. This disease has been called tick - 

borne fever. It bears no immunological relationship to louping ill of 

sheep. 

The virus of louping ill has been recovered from ticks which fed on 

sheep reacting to the disease, and from nymphal ticks which resulted from 

larvae gorged on un experimentally induced case of Louring ill. 

Louping ill has been produced in three sheep by the agency of the 

tick. In one of these sheep, a thermal reaction developed, followed by 

trembling, partial paralysis, and prostration. The virus of leaping ill 

was recovered from its tissues. ñnothor sheep developed a thermal reaction 

followed by death, without the appearance of clinical symptoms. The virus 

was recovered from its tissues. The third developed a thermal reaction 

and recovered. The virus was recovered from its blood, and it was shown 

on recovery, to be imune to louping ill infection. 

In another sheep a thermal reaction was produced by the agency of 

ticks, and the evidence suggests that this reaction was due to a louping 

ill infection. Three sheep developed a thermal reaction when infested with 

ticks, but the relation of this reaction to louping ill was not determined. 

Of the reactions assumed to be iue to louping ill infection, the two 

which were followed by death were caused by nymphs, the two, from which the 

sheep recovered, by females in the one case, and by females and larvae in they 

other. The three reactions of an undetermined nature were caused by larvae. 

The possibility of biological transmission of louping ill by the tick 

may therefore be regarded as proven. 

In a number of experiments: ,with nymphs and larvae which were presumed to 

be infected, no reactions were obtained in the experimental sheep. The 

possible explanations of the negative nature of these resalts are discussed. 

From the evidence obtained, a tentative hypothesis is pat forward of the 

rale of the tick in the transmission of the disease in nature. 



90 

RErERENCES 

Ashworth, J.H., 1909. Some Recent Vork on Ticks. "Vet. News," 
Vol. 6., p. 133. 

Bishop, - ., 1911. Louping -Ill - Trypanosomiasis. "Vet. Jour." 
Vol. 67, p. 709. 

Brumpt, E., 1930. Transmission de la fièvre exanthématique de 
Marseille par la tique méridionale du chien, Rhipicephalus 
sanguineus. "C. R. Acad. Sci. Fr.," Vol. 191, p. 889. 

Carmichael, T.D. Gibson., 1884. Notes on Ixodes. Article 
appended to the Third Report by the Special Committee of 
the Highland and Agricultural Society to Investigate Louping- 
Ill. "Transactions of the Highland and Agricultural Society.," 
Vol. 16, p, 301. 

Du Buysson, R., 1912. Un Hymenoptere Parasite des Ixodets. 
"Arch. de Parasit., " Vol. 15, p. 246. 

Durand, P., 1931. Rhipicephalus sanguineus et virus de la 
fièvre boutonneuse de Tunisie. "C. R. Acad. Sci., Fr.," 
Vol. 192, p. 857. 

Gaiger, S.H., 1920. Trembling or Louping -Ill. "Glasgow Herald," 
1st - 2nd April, 1920. 

Greig, J.R., Brownlee A., and Wilson, D.R., 1931. The Nature of 
Louping -Ill. "Vet. Rec.," March 28th, 1931. 

Hamilton, -. 1906. Report of Departmental Committee appointed 
by the Board of Agriculture (1903) to investigate Louping- 
Ill and Braxy. 

Hindle, E. & Merriman, G., 1912. The Sensory Perceptions of 
Argas persicus Oken. "Parasitology," Vol. 5., p. 203. 

Hoare, C.A., 1923. On a Trypanosome occurring in British Sheep, 
and its Transmission by the Sheep Ked. "Vet. Jour.," Vol. 79, 
p. 271. "Rev. App. Ent.," Vol. 11, p. 160. 

Hoare, C.A., 1923. An Experimental Study of the Sheep Trypano- 
some (T- melophagium Flu. 1908) and its Transmission by 
the Sheep Ked (M. ovinus L). "Parasitology," Vol. 15, 
p. 365. "Rev. App. Ent.," Vol. 12, p. 17. 

Klein, -., 1893. Louping -Ill and Ticks. "Jour. Roy. Agric. 
Soc. of Eng.," Vol. 4, p.625. 

MacFadyean, J., 1894. Louping -Ill in Sheep. "Jour. Roy. Agric. 
Soc. of Eng.," Vol. 5, p.547. 

Marcenac, -., 1921. Dermatose par Ixodes ricinus. "Rec. Med. 
Vet. d'Alfort," Vol. 97, p. 58. "Rev. App. Ent.," Vol. 10 

p. 30. 

Meek, A. & Greig Smith, -. 1896. Report on an Investigation 
into the Cause of Louping -Ill. "Veterinarian," Vol. 69, 

pp. 269 & 363. 

Meek, A., 1897. On Louping -Ill and its Connection with the 

Tick. "Veterinarian," Vol. 70, p. 698. 



91 

Montgomery, E., 1917. Tick borne Gastro- enteritis of Sheep 
and Goats occurring in East Africa. "Jour. Comp. Path. 
& Ther.," Vol. 30, p. 28. 

Nuttall, G.H.F., 1899. On the Role of Insects, Arachnids and 
Myriapods as Carriers in the Spread of Bacterial and Para- 
sitic Diseases of Man and Animals. A critical and histo- 
rical study. "Johns. Hopkins Hospital Reports VIII." 
"Brit. Med. Jour.," Vol. 9. 

Nuttall, G.H.F., 1904 -5. Ticks and Tick Transmitted Diseases. 
"Trans. Epidekmio1. Soc. London." n.s. 24, p. 12 - 32. 

Nuttall, G.H.F., 1911. Notes on the Biology of Ixodes. 
Monograph "Ticks." Part II, 

Nuttall, G.H.F., 1914. Penetration of Ixodes beneath the 
Skin. "Parasitology." Vol. 7, pp. 258 - 259. 

Nuttall, G.H.F., 1916. Distribution of Ixodes ricinus. 
"Parasitology," Vol. 8, p. 331. 

Pawlowsky, E.N. & Stein, A.K., 1927. Experimentelle Unter- 
suchungen Liber die Wirkung von I. ricinus auf die Menschen 
haut. "Rev. App. Ent.," Vol. 16, p. 46. 

Pool, W.A., Brownlee, A., & Wilson, D.R., 1930. The Etiology 
of Loupin_g -Ill. "Jour. Comp. Path. & Ther." Vol.43, p.253. 

Report by Tvviotdale Farmers' Club. "Hawick Express, " March 8th, 
1879. 

Report (2nd) by the Special Committee on Louping -Ill and Braxy 
appointed by the Highland and Agricultural Society, 1881. 
"Trans. H. & A. Soc.," 1883, Vol. 15, p. 176. 

Samson, K., 1909. Zur Anatomy und Biology von I. ricinus L. 
"Zeit. f. wiss. Zool.," Vol. 93. 

Senevet, G., and Rossi, P., 1926. Ixodes ricinus tique des 
regiones froides ou temperees. "Bull. Soc. de Path. exot.," 
Vol. 19, p 558. 

Stockman, Sir S., 1916. Louping -Ill and the Sheep Tick. 
"Jour. Comp. Path. & Ther.," Vol. 29, p. 264. 

Stockman, Sir S., 1918. Louping -Ill and the Sheep Tick. 
"Jour. Comp. Path. & Ther.," Vol. 31, p. 137. 

Stockman, Sir S., 1919. Duration of Infectivity of Ticks. 
"Jour. Comp. Path. & Ther.," Vol. 32, p. 283. 

Stockman, Sir S., 1925, Further Observations on Louping -Ill. 

"Jour. Comp. Path. & Ther.," Vol. 38, p. 282. 

Uvarov, B.P., 1931. Insects and Climate. "Trans. Ent. Soc. 

Lond.," Vol. 79, part I. 

Wheler, E.G., 1899. Louping -Ill and Grass Ticks. "Prot. Royal 

Agr. Soc. of Eng.," Vol. 4, p.626. 

Wheler, E.G., 1902. Parasitically Inoculated Diseases. 

"Trans. H. & A. Soc.," Vol. 14, p. 16. 



92 

Williams, -., 1883. Louping -Ill or Trembling. 
Soc.," Vol. 15, p. 182. 

Williams, -., 1897. Louping -Ill and Ticks. 
of Scotland.," Vol. 9, p. 281. 

Buxton, P.A., 1931. The Measurement and Control of Atmospheric 
Humidity in Relation to Entomological Problems. 
"Bull. Ent. Res.," Vol. 22, p. 431. 

"Trans. H. & A. 

"Jour. H. & A. Soc. 


