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Results.

The data obtained are shown in Tables 17,
and 18, It seems that more ticks fell by day than
during the night as one would expect if the pattern
of tick-fall were similar to that observed in

B. microplus by Hitchcock (1955a). However it is

possible that the present data are biased by the fact
that fewer observations were made during the night

(see above).

Table 17 - Numbers of Female Ticks Recorded as Falling

by Night and during the Following Day.

Host Date Night Day
A L4 May 2 12
- L 5

6 " 1 9

B h " 3 17
5 1" a fg 6

6 M 0 8

Totals 22 57

Table I3 - Numbers of Ticks recorded as Attaining Full

Bngorgement and Falling at Different Times.,

Host| Dat a.,M, P,
o °16.30 | 8,30 ! 10.30| 12,30 2.30 | L.30| 6.30
A lywey| (7) 10[(5) ol(1) of(0) 1}(2) 1y(2)
E = (2 2](2) 1}(0) o}|(1) of(o) of(o) 2
& "} €6) 5((1) 3{(2) o|(o) o] - 1| = 0
B L May|(11) 12|(6) 2}(1) 1l(2) 1}(1) 1{(0) =
5 w | (&) 1{(2) 3|(0) o0(1) 1f(0) 1f(o) O
6 * ! (L) 6{(1) ol(1) oj(o) of - 2| - 0
Totals 1£35)  36{(17) 9)(5) A4y 31(2) 6i3) @
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During the day more ticks fell in the period 6.30-
8.30 a.m. than during any other two-hour period
(Table 18 ). Furthermore the numbers of ticks becoming
well-engorged, but not falling, during the night and
those dropping in the first two hours of the day were
very similar and this suggests that the same ticks were
involved. Thus it appears that most of the ticks
engorging during the night had fallen from the hoous
before 8,30 a.m.

Ticks continued to become well-engorged during the
day and the data in Table 18 would suggest that the
numbers of newly-engorged females decreased as
the day progressed, while the ticks falling during the
day provigei a different pattern. However the numbers
involved are small and thies may have encocuraged the
observer to record as well-engorged ticks which were
not really thus., In any event there does appear to be
minimum tick-fall during the period 10.30 a.m. - 12.30

Do,

Lest it be assumed that all ticks falling dropped
of their own accord it must be mentioned that some were
seen to be dislodged by the scratching activities of the
bullocks. The beasts were able to rudb or ta lick most
parts of their body surfaces. They scratched mainly
while they were standing idle and not feeding, and,
it seemed that they were more inclined to scratch when
the weather was warm than when conditions in the shed

were cool,

(ii) Host Activity and Tick-fall.

At Mount Pleasant on 17th and 18th April 1958, some

con‘binuous/.........-



continuous ovservations were made of the Tfalling of
ticks from a freely-ranging cow and notes were made on
the activities of the host. The cow was observed in the
morning when large numbers of ticks were available for
falling. During almost the whole of the observation
periods the host wandered in unshaded places and the
ticks fell on grass. The animal was observed from a

distance of about three metres.

Table 19 - Numbers of Ticks Seen to Drop from an

Untethered Host.

| Ticks

Date | Time.a.m. Period Cow's Activities fal-

ling

Apr, Mins,

17 7.50= 8,15 25 Moving about quietly. 2%
8.15- 9.00 25 Standing still or ly- 12

ing.
9,00~ 9,15 15 Cow milked. 07
9.30-10.30 60 Cow watered, driven 2L
into field where
actively walked and
fed.

18 9.00- 9.35 35 Grazing quietly. 2
9.35- 9.45 60 Milked 0%?
9.45-10,00 15 Actively feeding on 10

cut grass and

drinking.
10,00-10,10 10 Walking and feeding. L
10,10-10.30 20 do. 0
10.30-10.40 10 do. | 2

(? = doubtful observation)

The data is shown in Tablel1l9 and all the ticks
referred to there fell of their own accord, i.e. they
were not rubbed off by the host. Few ticks fell while
the host was lying down, standing still, or grazing

q_uietly/........-.-..




101

many

quietly. On the other handAticks dropped when the cow
drank water and fed voraciously on cut grass, or when it
wandered and fed 'actively' in the fields. It is note~-
worthy that the time of the morning when most ticks fell
was earlier at Fort Willshire, as was the first watering
and feeding of the day. Indeed there does seem to be a
correlation between tick-fall and host activity, but
whether the operative factors are mechanical or physio-

logical is another matter.

Some casual observations of scratching activity of
cattle were made at various times at lount Pleasant.
It was noticed that freely-ranging cows scratched while
in sunlight e.g. against fences, or in the shade e.g.
against trees or bushes. llost of the ticks rubbed off
were well-engorged but at least one half-engorged tick
was dislodged, which shows that it is not only the ticks

which are ready to drop which are rubbed off by the host.

(11ii) Climatic Conditions and Tick-fall,

Between 9,30 & 10.30am, on 17th April, while the cow
was in the sunshine, nineteen ticks fell from the sunny
side of the beast and only three were seen to fall from
a shady side. This was suggestive and on the following

day more detailed observations were made.

From 9,00 - 10,40 a.m., on 18th April the cow was
watched alternately from left and right sides for ten-
minute periods for each side. It was noted whether
ticks fell from sunny or shaded sides of the animal, or a
side which was shaded but had recently become sunny, or

vice versa. The following results were obtained:-

Bides/‘....OOCC...l.
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Sides sunny for more than a minute.seco... 6 ticks fell;

Sides sunny, but shaded less than
1l minute before #ePeesccecoce0e000CeCEOS 6 ticks fEJ.l;

Sides shaded, but sunny less than
1 minute DELOTE ,esveses soosseeresenwene 6 tlcks fell;
Sides shaded for more than a minute ...... No ticks seen
to fall,

It appears that the engorged lfemales fell mainly
from sunny sides, or from sides which had been recently
sunny. Clearly climatic factors do affect the issue, but
whether or not the effect is direct remains obscure. The

physiology of the host skin may be the ultimate factor,

(iv) Possible Effects of Tick-Fall on the Distribution

of Larval Clusters.

In a previous section it was suggested that engor-

ged females of B, decoloratus cannot wander more than

a few metres from the places where they initially fall
from their hosts and that in some circumstances the ticks
cannot move at all. Thus the distribution of the larval
clusters may be considerably affected by the distribu-
tion of hosts and the dropping behaviour of engorged
female ticks.

It appears that engorged females of B. decoloratus

drop from their hosts in relatively large numbers at
certain times of day. This could account for the patch-
iness of the distribution of larval clusters which was
noted at Trent (see II. 4). If there is a tendency for
many ticks to fall within a short period, a single well-
infested host could be the source of a patch of larval
clusters; also a gregariously-grazing herd of cattle
could provide a localized infestation of larval clusters.

The/..........
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The Mount Pleasant observations suggest that the
engorged female ticks may drop preferentially in the
more open situations, where the host is not shaded. On
the other hand it is evident that cattle can dis-
lodge well-engorged ticks in shade as well as in sun-
shine. Thus it is possible that hosts which are much
irritated by parasites drop considerable numbers irn

shady places as well as in the open situations,

The results of previous workers (see above) and
the data obtained in the present investigation suggest
that the most female ticks perform their final engorge-
ment during the night, and fall off when the hosts
become active the following morning. Observations at
Trent by the present author, and also by the owner of
that farm, indicate that the cattle there usually graze
in the open grassy pliaces in the first few hours of day-
light and only settle down in the shade of trees during
the mid-period of the day. If this is the case then
it is possible that at Trent most engorged females of

B, decoloratus fall in the unshaded grassy places, even

if the cattle do scratch while in the shade at midday,
since then there are probably few .wellw-engorged ticks
available for falling. The rarity of larval clusters
in well-shaded situations, as noted in the surveys,
may have been caused by such a combination of the

behaviour of female ticks and of their hosts,

5. CONCLUSIONS.

(i) Although larvae will often migrate vertically
as they move from their hatching site, and form a clus-
ter immediately above it, in some circumstances these
ticks will migrate horizontally before moving to the

vegﬂ‘tution/....“...u
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vegetation tips. Light seems to be an important
factor determining whether the larvae will move

vertically or horizontally.

(ii) Engorged female ticks may be unable to wander
because they have fallen on their dorsa and cannot

right themselves.

(iii) Usually engorged females are able to right
themselves, to walk, to orient, to burrow and
settle down i.e. they are able to choose a settling-
Place to some extent. In places where there are not
many obstructions to progress, the ticks may settle
a metre or more away from the spots where they fall.
It does not seem likely, however, that they are able
to travel more than about six metres from their

original positions.

(iv) Time spent in wandering is sometimes reduced
by night-time conditions and the relatively extreme

climate of the mid-period of the day.

(v) Normally settling occurs when the tick is in
the shade and the substratum is penetrable so that the
female can bury itself more or less completely. (Other
factors such as temperature probably also affect the
issue.) The presence of a rigid object such as a stone

may encourage burrowing or settling.

(vi) Wandering and normal settling may be impaired
by prolonged exposure to direct sunlight. A tick
'exhausted' by such exposure may settle down without

burying itself.

(vii) After burrowing and when a tick has remained
settled for several hours or days, it may continue

wandering/ . .. eicene
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wandering either before or after the onset of
oviposition. Exposure to free water or to very

high temperature appear to be possible disturbing
factors although perhaps.mechanical intcrferance also

causesticks to move from settled position.

(viii) Female ticks apparently engorge usually
during the night and fall from the host in the first
few hours of daylight, when the animal is active,

and preferably while it is exposed to direct surlight.

(ix) In some circumstances the host will scratch
or rub off some of the well-engorged female ticks, be-

fore they are ready to drop of their own accord.

(x) It appears that all the above-mentioned
acpects of the behaviour of larvae and engorged female
ticks may affect the /istribution or relative abundancs
of larval r~lusters in different types of field
situations, but the more important possibilities seem
to be the following:-

(a) The horizontal scat.ering of larvae away from
their hatching sites may mean that larval
clusters seldom form in certain types of
field situations although they develop there;

(b) The wandering of engorged female ticks from
areas where there is little obstruction to
movement and conditions are not well-suited
for settling may mean that females seldom
settle in certain places although conditions
there may be favoursble to survival,

(c) Frequent wandering of engorged female ticks
during their oviposition periods may mean that

there/ceceess
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there are few compact larval clusters in a
place which is climatically favourable to the
development of larvae even,.or particularlyﬁif

-the egrs wery lald iIn a single mass.

(d) Combination of a pattern of attainment of
full-engorgement and the distribution and
behaviour of the hosts (including their
scratching activities) at different times of
day may mean that engorged females seldom

fall in certain types of field situations.

Some of the above may account for the rarity of

larval clusters of B., decoloratus in places with sparse

vegetational cover or in well-shaded places, but further
investigations are needed to establish any of the sug-

gested relationships between the behaviour of ticks and
their distribution in micro-climatically different field

situations.



Chapter V - SUMMING-UP,
One of the most obvious features of the autumn
surveys was the patchy distribution of larval clusters

of B, decolorakus which was apparently unrelated to

micro-climatic differences. It is clear that cattle

are the main or only host of this speciecs in the areas
considered (see also Arthur, 1960) and that this patchy
distribution was partly because cattle had been ex-
cluded from certain camps for several months. On the
other hand the patchiness within camps appears tc be

due to the behaviour of the engorged female ticks as well
as the distribution of the hosts. At some times of the
day relatively large numbers of engorged females of

B, decoloratus fall more or less simultaneously., Thus

many ticks fall within a short distance of one another
in places where an infested cow or herd grazes at tue
times of maximum tick-fall, and subsequently patches of

larval clusters may appear in such places.

falling of female ticks follows a similar pattern
in all the species so far investigated which belong to
two very different genera, namely, Boophilus and
Ixodes (e.g. Balashov, 1954; Hitchcock, 1955a). Thus
one would expect that all the species considered in
the present investigation might show patchy distribution
of larval clusters. In fact no sucli patchiness was
observed in the cases of R, evertsi and A, hebraeum,
possibly because the adult females of these species
did not occur in large numbers on their hosts. They
were certainly not very numerous on cattle. The

distribution of larval clusters of I. pilosus was not

remarkably patchy perhaps because the infestation of
the one farm harbouring this species was so great that

AlmostS, ve eenwasis
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almost all the microclimatically favourable places

there had accumulations of the clusters.

The main hosts of I._ pilosus seemed to be other
than cattle probably 'bushbuck'. These buck are
reputed to be sometimes heavily-infested with adult
females of this species and spend much of their time
in well-shaded situations where the larval ticks were
so abundant. But the distribution of larvae of

I, pilosus was clearly not only determined by host

distribution but also by direct effects of micro-
climatic conditions on the survival of the engorged
female ticks and eggs. Observation of these 'pre=-
larval stages' in microclimatically distinct plots show
that the absence of the larval clusters from open
situations, for instancc in autumn, was probably because
in the previous weeks or months such places had been
mi~roclimatically unfavourable to the earlier stages.
After the cool winter months the clusters were found

in a wider range of situations.

Microclimatic conditions also had direct effects
on the three other species. A farm, where in autumn
a wide variety of field situations had been infested with

larval clusters of B, decoloratus, was found in the

following spring to be free of such ticks in all except
the warmest situations. The plot investigations made
in the same year confirmed the view that the restricted
spring distribution was because the cooler and damper
situations were microclimatically unfavourable to early

spring development of larvae,

It is possible that during some periods of drought
no larval clusters of any species will be found in

anshaded/ . ssevesanie



unshaded situations. The plot data show that in a
drought lasting several weeks during November/December
prelarval ticks survived only in the shady places,
and it is likely that in such circumstances larval

ticks would have a similarly limited distribution.

There appear to be come discrepancies when the
picture of larval cluster distribution obtained in the
surveys is compared with that emerging from the plot
investigations. One at least scems to be due to factors
other than the direct effects of climate on the survival
and development of prelarval stages, namely the fact
that well-shaded situations were favourable to the
development of larvae in the autumn of 1958 but no larval

clusters other than those cof I. pilosus were found in the

surveys of such plsces during the autumn of the previous
year, This state of affairs is particularly remarkable

in the case of B, decoloratus which had been guite

abundant in unshaded areas on one of the farms sur-
veyed. Some observations on the behaviour of engorged

females and larvae of B. decoloratus suggest possible

explanations.

After hatching and tanning the larvae migrate from
their hatching-sites. In open situations where there is
grass which is not short-crcpped they migrate to the
tops of grass more or less immediately above their
original positions. On the other hand it seems that
larvae hatching under bushes migrate horizontally until
beyond the shade of such vegetation. Thus perhaps
larvae in well-shaded situations such as tree clumps
or forests may tend to scatter away from their hatching

sites and so fail to form recognisable clusters.

The/.........-..o
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The behaviour data further suggest that, if

engorged females of B. decoloratus fall in shaded

places not many metres away from open situations,
these ticks may, under some conditions, be inclined
to walk until they eventually arrive at more exposed
areas., Even if the females do not manage to leave
the well-shaded places, no larval clusters will form
if the ticks continue frequently to wander dquring their
oviposition periods.
Perhaps the most probable explanation for the

dearth of larval clusters of B. decoloratus in well-

shaded places is that the engorged females of this
species seldom fall in such situations. It was found
that the females attained complete engorgement mainly
during the night, and that most dropped while their
hosts were actively feeding and exposed to direct
sunlight in the first few hours of daylight. Some
observations on behaviour of cattle suggest that the
dropping cf the female ticks would usually take place
while the hosts are in the open grassy areas because
this is where the cattle are wont to be in the first
part of the day. It seems that the beasts sometimes
move into shady places later in the day, but at that
time there are probably few fully-engorged female ticks
remaining attached, so that even if the hosts scratch
themselves, the numbers falling in such situations will

probably be small,

There is at least one factor not dealt with in the
present investigation which may considerably affect
the distribution of larval clusters, namely the

BeBIVItIBe/S: v
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activities of tick predators. During some periods
almost @ll the engorged female ticks in certain field
plots were removed by animals, probably rodents, but

it is likely chat learning on the part of the predators
was responsible for this high predation in places where
ticks were regularly introduced. Nevertheless the
effects of predation on the distribution of larval
clusters in microclimatically diffcrent field situations

may be worthy of investigation.

It is of interest to consider possible practical
applications of the type of information obtained in
the present study. In fact only one suggestion can be
made at this stage, - a suggestion relating to the
anmal proéram of cattle-dipping in the Eastern Cape
Province, In the vicinity of Grahamstown and the town
of Bathurst cattle are dipped or sprayed with acaricide
usually once a week during the warmer months of the
year when ticks are obviously numerous, and less fre-
quently during the winter when there are few ticks to
be seen on the beasts. The work of Snowball (1957) and
Norris (1957) on the ecology and control of B. micro-
plus in south Queensland suggests that control of

B. decoloratus may be more effective if the start of

more intensive dipping is timed to coincide with the
Tfirst appearance of larvae in spring rather than with
increased infestation of cattle with well-engorged
females,as is at present the case. The results
suggest that planning of the dipping program might be
assisted in the following way. A fence could be
erected around a relatively warm patch of ground, such
as on a north-facing slope with little vegetational

COVGI‘/..........
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cover, where there are places in which engorged

females of B. decoloratus might settle. (The presence

of stones would probably be useful in this latter
respect). During the winter the stock-inspector or
individual farmer could occasionally 'seed' this plot

with engorged females of B, decoloratus and as soon

as larvae appear therec at thc vegetation tips, intensive
dipping of cattle could be restarted since this would
be the time when the first spring larvae would app=ar

in the field.

No further practical suggestions can be made at
this stage. When the importance of the ranging
behaviour of cattle has been assessed, it may be pos-
sible to discuss further control mcasures for

B, decoloratus. For irstance one might suggest that

well-shaded situations in the Eastern Cape should be
sprayed with acaricides during periods of drought, when
the non-parasitic stages of this specics are only able
to survive in such situations, but such a measure might
be a waste of effort if hardly any ticks fall in the
shady situations because the cattle are in the open

at times of peak tick-fall. In the cases of the three

species other than B, decoloratus it is necessary to

investigate the ecology of non-parasitic nymphs and
adults before similar control measures can be intelli-

gently discussed.
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APPENDICES.,

A, Weekly maximum temperatures recorded in the surface

soil of the plots at Mount Fleasant and Hounslow.

B, Weekly maximum and minimum temperatures recorded in
the air about 5 cms above the plot soils, and also
those recorded on the thermohygrograph among the
farm buildings. - MOUNT PLEASANT.

Ce Weekly maximum and minimum air temperatures recorded

at HOUNSLOW,

D. Patterns of degree of scil saturation as calculated
from samples collected from the plots on a farm on

the same day, - at various times of the year,

E, Patterns of evaporation and wind in the plots on each

of the two farms (Mount Pleasant and Hounslow).

F. Comparison of soil temperatures in the 'corresponding
plots' of Mount Pleasant and Hounslow. Values which
on one farm are higher than those recorded on days soon
before and after on the other farm are underlined,
since these show that higher temperatures occurred
in the plot of the former farm during a comparable

period of a few days.

G. Comparison of percentage soil saturation in the

'corresponding plots' of Mount Pleasant and Hounslow,

H. Table to show that females of B, decoloratus. somctimes

renain attached to .the host for several hours after

becoming 'well-¢ngorged',

I. One afternoon's observations of the behaviour of

an engorged female of B, decq;pratus (Tick S), to

show that the tick tended to walk in a certain
direction ('with sun on the right') and that it may

have been orienting towards a tree a few metres away.
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Weekly Maximum APPENDIX T
454 Air Temperature
at Mount Pleasant.
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Rain collected in Bottle .Funnels at Mount Pleas nt.
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Between Farm Comparison.
Maximum Soil Temperatures.

Dates. | 1 {1 p o2 11 3| W 4 |V
5/1 : 1 60 Sholy
9/1 | 55425 60

12/1 32,0 50425 49.75
16/1 | |50.5 $ 55.8
19/1 33,6 3.0 | 415
23/1 L5.0 L8.4
26/1 31.5 50.5 | 54
2/2 29.8 60+ t 50.8
6/2 L3.6 75 I
9/2 28.L4 53.6 543
/2 39.5 . 56.6
16/2 30.1 61.0 Il 38
20/2 |31.8 55.5
23/2 28,0 48.9
27/2 (2443 48,6
2/3 2.0
6/3 504
9/3 2475 49.8
14/3  |L6.2 39.7 48.9 50.9
16/3 30 L5.75 U2 60+
21/3 149.75 39.2 L7.6 53.75
23/3 26,2 49.8 Ui.5
28/3  |47.8 29.0 39.4 jL5 ol
30/3 23.8 38,0 34.75 33+25
6/ 25,8 L3.25 40.75 38.5
11/4  [51.0 | 31.6 2.6 50,3
13/4 | 22,8 | 27.75 32,6 28,0
20/L 23,0 | 28.9 27.7
25/L4 44,0 2243 33.8 133.9
27/4 21,75 | 30.4 29.0 06,1
&5 | . BEL3 ) 28.8 27.5 6.5
"9/5 44,0 | 23,2 29,25 29.5
11/5 22,0 || | 20.6 19.0




Between~Farn’ Comparison,

Percentage Saturation of Soil Samples collected in the

Several Plots.

Dates| i | I | 2 | IIr 3 i BT
| g | N |
19/10 {' 33 | 53 16 5
23/10 | | 18 16 12 | |
26/10 | 17 n 19 :
30/10 | 10 5 {5 3 |
3/11 19 ,l | 10| 2
5/11 6 s 2 .
10/11 1 2 3 ' 17
13/11 5 L N > |
17/11 b 10 2 | &
20/11 g f 9 1 | |
24/11 7 | i ) | 7
29/11 6 | 3 1 1| |
2/12 8 | L 8 B
L/12 10 3 2 } 2 L \ !
8/12 2 | 2 | LO | | 49
11712 15 i 15 5 | 7 r
15/12 i AT T 5
19/12 7o 27 | 3 I 4 i
9/1 54| 23 | | 37 116 | |
12/1 12 | . 8 | o]
16/1 | Ly | 91 | | c13 b 15 | |
19/1 o 7 l 23 | |20 |
2l/1 1 | 29 | | 26 8 |
26/1 |15 | 28 | 21 t3s |
30/1 | 18 | 12 i 5 e |
6/2 10 | 7 (" oy f
70 BN ' I RN Y R
| 13/2 10 | 8 | 3 - |
1672 e 46 | {168 |
| 20/2 19 | |23 | 32 (T |
| 23/2 | 12 - 3 | '
|27/2 | 6 | I SN g . |
| 3/3 65 | [ B | 60 49
.’ J i ; ’ - i '- |
\ H i




Appendix H.

to a Host

Number of Marked Ticks Remaining Attached

after becoming well-engorged

at Different Times,

Date |Time Newly- Numbers of marked ticks found at
engorged
1958 ticks, Morn.Noon,Even- Night. Noon.Even-
ing. iﬂg.
1 Mayil.30 |(25 ticks
p.m. |removed)
5.30 6 9 8 e 08 ? ® 0 0 LF
2May 9a.m.J120 0'.0l1+ 003 0001 uail
lp.m, 13 sl s F
| Spom,| 2 sasie 1
3 May 9a.m. 60 LA B BN 27.'.19
Date |Time l‘Newly
sengorged
bicks Morn.Later . After-Even-Night ,Morn.Lae.
noon. ing.,
6May 6.30 1 oo.o.l LR 1-000
P.m,
10-30 8 ee s 00 8--11
7M6.'Y 6.30 12 oo.-a -...O
8.111.
10.30 L+ L L B ) 2 .l.20-O 2 . @ s 00 2
2.30 14 sssBons 8 wesen 7
pcmo
J 6.30 0
10.30 1 [ N ] l
8 May 8.00 15 oo 00 O?
a.m,
12130 5 I 2..- 2 S0 v e 2
pP.m.
6.30 l .n.2~ & a8 0 e 20--1
''9 May|12.30 0
! a.nm,
i 7.00 9 doose It




Appendix I. - Observations on the Behaviour of Tick(sg)

July Ist,
2,05

2,10

2,15

2,20

24,25

2.40

2,50

3,00

P,

n

n

Placed facing east; makes a half-turn left
tovards the sun and then right away from the
sunj now walking fast;

walking with sun on right but both ey~s in
the shade;

walking 'excitedly' with feet of left side
on a leaf; now trying to get undes the
leaf;

under the leaf and debris and then emerging
from the other side;

walking with the sun on right; movements
rather frantic;

sun on right; upward movement and facing
more towards the sun;

apparently accidentally comes upon a grass
tuft: makes slight movement to get under
it and then moves away;

sun on right back; appears to keep eyes just
in shade; walking now towards the sun
perhaps in response to slight shade provided
by dry grass;

tick on slope facing sun but does not walk
up the slope but along it with the sun on
right;y now walking ineffectually in loose
dust

tries to climb upwards but desicts and
continues along the slope with sun on right
backs;

in shade of a fairly large plant; still
walking with sun on right perhaps because
of the 'shape' of the substratum; burrow-
ing into dry debris aud tiny pebbles while
a spot of sunlight on posterior part

of the tick,

3010/.0.000



3.10 p.m, moving away from 'burrow’ with sun on
right although the tick is still in
shades

3.15 i attempting to burrow into a dry grass
tuft but soon moving aways;

335 " still with sun on right but in dappled
shade; substratum of dry debrisj; now
attempting to burrow;

3.50 * in full sunlight with sun on right;

4,05 " walking away from sun uphill; now
walking zigzag;

4,10 " zigzagging with sun on rightj turned
about so that sun on left backj;

4,15 " sun on right as tick walks uphillj

5«00 " moving slightly among crumbs of soil.

The movements with the sun on the right were probably
malnly directed towards the tree to the west of the
tick. .
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