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SLIMMAr~Y 

A study was conducted on the activity response of unfed 

adults of Rhipicephalus apoendicula,_!:~ to some :Jf the envirnnmentnl 

changes during the three main seasons here in East Africa. 

Ticks of b\lo di ff'erent ages were subjecterJ to varitJ11s treatmGnts 

in the laboratory to vary tneir physiological (hydration) states and 

thereafter exposed in the field. Observations ~ere made on the activity 

responses in relation ~o changes in temperature and relative humidity 

within ~he micro-habitat at two different sites. 

The results obtained showed that fully hydrated ticks were 

more active than the dehydrated ones. 

Similarly, six months old ticks were more active than the 

two months old ones. The fully hydrati:Jcl tick~; b8come act:iv8 :irrrn<::cHiltBly 

after release into the field plots, while the dehydrated ticks needed 

to replenish t he water lost during the dehyoration process before 

they showed any sign of activity. They, therefore, rernAined inactive 

for 1 - 2 days after reloase. 

Al though the dehydrated ticks were tak:tng up ~vater m.ore rapidly 

during the wet season, the fully hydrated did not show any significant 

changes in their degree of water uptake. The ticks weie generally losing 

more water during the day than they were abl8 to r eplenish at night 

during the hot dry seas.on, hence, progressive loss of wa t er . 

The vertical distribution of ticks in the habitat was vary 

much related to season, 1--d th mos t ticks fo~nd in tile upp2:-· part of 

the vegetat:i.on uring the rr:d.ny so.::i :o.un vJhiJ.rJ 11:u~;t o-f thc-;111 1.;fn-e found 

at the soil l ove l durin~~ tin:: hot dry ~·i:dson. 
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0 Temperature betwoen 20 C 30°c seemed to be the optimal range 

for activit;;.y of the fully hydrated tic!;., beloi-! or above wh:i.ch activity 

will oe markedly reduced . Temperature, therefore, seemed to be the 

triggering factor for activity . 

Ticks appeared to be indifferent to changes of darkness 

and light, but with the right hydration state, probably near full 

hydration, temperature and relative humidity of the microhabitat 

appear to be the cues for the daily pattern of tick activity which 

is also reflected in the seasona l pattern of activity. 

There was no significant difference in activtty between 

the sexes, and also between the two sites. 

Probably due to ttrn smell nurnt;er of tJcf;,s activr:, tho 

seasonsalso did not differ significantly. 



CHAPTU~ I 

INTROOUCTI ON 

1. CLASSIFICATION A1~D GENERAL FEATURES OF TICKS 

Although some people regard ticks as ins8cts, they 

are i nfact members of the phylum Arthropoda, in which insects 

are · ~eluded. Ticks are in the class Arachnida, order Acarina, 

the super-family Ixodoidea, Gank.s. The cl.:1ss /\rachnidd 

incluoe ticks, mites, spiders~corpions, harvestmen and 

related forms. It is one of the largest of the classes of 

Arthropoda and is exceeded only b~ the Hexapoda. The order 

Acarina ( ticks and mites) are air-breathing arthropods with 

no apparent antennae. They possess, as adults, six pairs of 

appendages (chelicerae, serIBory palps, representing the 

pedipalp~ and four pairs of legs). Externally the acari show 

very little resemblance to other Arachnida. Th9y lac!;. a border 

betwee n the gnoth8soma and the idiosoma and they possess a 

discrete head structure, the capitulum. The underlying 

organization of their anatomy reveals. howev8r, that they are 

properly placed within theArachnida and that they have evolvsd 

a highly specialised type ot structure correlated with their 

parasitic mode of life. 

The super family Ixccb1dea unites the representatives 

of three families: 

1 ) Ixodidae (hard ticks) 

2) Argasidae (soft ticks) 

3) Nut tal Hell idae ( i ntern:<.; cii. a ti~ form1~) 
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The ticks of the family /\rgasidae, with nearly 100 

species described . havG a leathery integument and the 

capi tulum in nymphs and adults :ls; either sub terminal or 

distant from the front margin of the body. The mouth parts 

are thus not visible from above. Generally,argasid ticks 

inhabit xeric habitats where the relative humidity is generally 

low. 

Members of the family Ixodidae1 or hard ticks, differ 

morphologically from argasids in that they have a dorsal 

shield or scutum at all stages of their lif~ histories, and 

the capitulum with its associated mouth parts is always 

anterior and visible from above . These ticks occur through

out the world where terrestrial vertebrates are found, 

attacking most land mammals 11.ihilst som8 of them parasi tize 

birds and rnptiles, Biologically ther·e is much unifDrmi ty of 

pattern in this family of ticks and their success in the 

difficult environment which they select is probably due to 

their high rate of reproduction. The ability of most genera 

to withstand a comparatively wide range of temperature and 

humidity fluctuations, compared with other arthropods , 

is also very good. These advantages are, however. offset 

by their aimless wandering and dropping from hosts. either 

after engorgement or due to the unsuitability o~ the host, 

ar~ also their indiscriminate egg-laying habits unlike 

other ari::hropods. This family, is represented tJy about 

700 described species. 

The third family of ticks.Nuttalliellidae,is 

represanted by only one f1iJGCies described and r-:ippears to 
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possess intermediate characters between the other two families 

of Argasj dae and Ixodidae. An outlj rte of the scutum is 

evident as in the Ixodidae but it is not structurally 

differentitated from the rest of the dorsum. The capitulum 

and mouthparts are a~teriorlly pl~ced as in Argasidee. The 

single species has been described from South West Africa 

(Namibia). 

Other di ffere11ces between the ixodids and argasids 

are that the latter are chiefly nest-bprrowing blood suckers. 

They are, therefore, mostly multihos t . As a result of the 

linear relationship betl>men the amount of blocid ingested and th3 

number of eggs laid, the argasids lay relatively fewer eggs 

after each plood meal. 

The Ixodidae on the other hand increase their 

survival under thehnrsh environment by increasing t heir 

feeding time and taking more b ood, thus, producing more 

eggs, at a time. Some hard ti c ks have also evolved 

tendencies to change from three- host to one-host.(see page 5) 

2. ECONOMIC IMPORTANCE OF TICKS 

The role o·f ticks in the human economy merits 

special consideration for not only are they annoying pests, 

but in the temperate and tropical countries they surpass 

all other ar~hropods in the number and variGty of diseases 

they transmit to man and his domestic stock. This together 

with blood- ucking Diatera are specific vectors of the chiGf 

groups of agents of t r a nsmissib le infec~ions of man and animals . 
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These include viruses. rickettsiae, bacteria, spirochetes. 

filariae, and the widespread protozoa. Ticks are l<. nown to 

transrrdt diseases like Rocky Mountain spotted fever, East Coast 

Fever. South African tick typhus. Colorado tick fever. red-

water, tularemia, heart water, gallsickness, Iouping ill of 

\ 

sheep . Nairobj sheep disease, encephalomyelitis , corridor disease, 

and many others . 

A single tick species may be capable of transmitting 

a number of diseases and similarly a single disease can be 

vectored by a nuntJe:r of tick species. The largest group of 

micro- organj. sms trcrnsrni tted by 1;j cks are . Protozoa Diseases 

caused by these organisms are the most widespread a nd are the 

major ki1Jers of Hvestock in many countries to-day. In Kfmya, 

for example, "51% of all cattle dying to-day do sa from t ick-

borne rliseases and 75% of these are due to East Coast Fever. 

a protozoan disease of cattle". (Ann.Rep.Vet.Dept.,1966). 

The dis ti net ecological, morphological and physiological 

properties of ticks (Ixodoidea) as paraaites of t errestrial 

vertebrates also determines the nature of their int£<r-rel.::itior.-

ship with disease agents . In contras~ to 1nGects, ticks have 

no peritrophic membrane j n the gut to act as a mechanical barrier 

to micro-organisms passj ng from the gut cells. and the exceptional 

pinocy totic ability of tick digestive cells assures passive 

transportation of agents into the cell 3 . Lonr;-feod:i.ng U.ck.s 

constantly inject fresh s aliva into the host body and discharge 

from the anus largo umounts of faeces encl sRmi-digcstnd blood; 

argasid·J8 e:1lso di~;chc:irgc coxal gland fluJcl, thus, pro 1
•
1 idi.r·g 

exceptionally favourable uonditlons for in~culativo an~ 
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contamj_nati ve, e.g. spiroct1aetes, trai1smissio;i of pathogens to 

suscF.?ptible. animals. Moult.irg also changes properties in the 

body and ovary structure provj des easy transstadj al and transovarial 

transndssion of the organism~. 

3. TICK LIFE CYCLES 

All ticks have very complex develop rrental cycles. In argasj.ch_; 

the life cycle consists of the folloi,Jing stages:-· egg , larva, 2-7 nymphal 

instars and adult. In ixodids, the nyrnphal stage is reduced to a 

single instar. 

Ticks usunlly feed once 111 eod1 ac:;tivc :i.nstar. Sarne Gj:'ecies 

of argasids, however, (e.g. Drnitho_EI~ moubata) have a 

non-feeding larval stage. The main di fferonces betl.-Jeen the three 

instars are both morphological anrl physiological. 

Larvae These are relatively smaller in size t:-ian either nyrr.phs 

or adults. They have three pairs of ler.;s, and c.re sexua1J.y imrnatLir'e. 

Nymphs - These are relatively smaller than adults and bigger than 

larvae. They possess four pairs of legs, resen~ble morphologica119 

the adult females but lack the "porose rjreas" vJhich arfJ found on 

the dorsal side o'f thG basis capi tuJ.i. They are also i:;exuolly immature . 
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Adults These are bigger than the other two stages, with 

four pairs o P legs. The male and female havo distinct 

morphological and physiological features. Sexual maturity 

in some ixodids is attained after a blood meal, while in 

others, sexual maturity is attained immediately after mo lting 

even before taking a blood meal, e.g. some of the members of 

the genus Ixod~. 

Blood feeding in l9rval, nymphal and adult stages 

results in very complex developmental cycles involving regular 

altYrations of free-living and parasitic existence toge ther 

with changing hosts. Tick life cycles are divided into four 

groups on the basis of the number of host changes and mc ults. 

These are multi-host, 3-,2-. and 1-host. 

Multi-host - This is mostly characteristic of most argasids. 

This is associated with irregular but nume rous feeding 

nymphal instars and several adult gonotrophic cycles • 

. Three-host_ - This cycle is characteristi.c of most hard ticks. 

Ticks with this Jife cycle remain on the host only while 

feeding . The Jarva hatching from the egg climbs up the 

nearest vegetation and waits for a passing hostto which if 

suitable, attaches and feed. After engorgement it drops 

to the ground and after getting a suitable place, it moults. 

The emerging nymph again climbs the vegetation and waits for 

a passing host. After it has fed and enr;orged, it drops to the 

ground and also moults. The adults also climb up the 

veg eta ti n and wa:!. t for a host to pass. After for~rHng on i tr; 

blood for some days tl1e two sexes meet <md copulate. The 

fertilized fnmalc 13fter. engr1X'p;cment i:Jrcr!s to tho [:;l'OU!ld anrJ 
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lc-lys a batch of 8ggs \•Jhi ch hatch into larvae. The feimf.lle soon 

dies after egg laying. The hatched lar~e then repeat the cycles . 

Two host - In a two-host cycle the larva after climbing the 

vegetation, finds a hast sno remains attac.hed to it even after 

engorgement and moulto to nymph. This detaches only after it 

has fed . The adults also look for a new host. 

One-host - lhis is a ~ycle where all the moults occur on the 

first host and only fertilized and engorged fr3male detact1es to 

lay eggs on the ground . 

Transition to 2 - and 1 - host development cycle is 

. regarded as one of th8 most important pcff·r:;si tic adaptations 

of tho relatively 7.mmobD.e f:l. old blood E~uc!',E:rs to lci:rge nr.;mad.i.c 

animals. 

For ixodj.ds the potential for finding a host are very much 

reduced and thus mortality is very high and, therefore , acquiring 

the abilj.ty to maul t on -c:he sc;ime host reduces a number of rrncessary 

encounters and thus increases chances for tick survival. Climatic 

and seasonal factors in the host's life have not affscted the 

feeding pattern so much as the duration and seasonal regulation of 

the tick's life cycles. 

The complexity of life cycleR of ticks made thsir control 

espec:iE1lly difficult. With this, and the economic importnr1cn o-f 

ticks as vectors of important diseases of man and livestock in m:tnd, 

soveral scientists have mountsd 1ntensi ve research on variouf; ,3sp2cts 

of their behaviour, physiology nnd occlagy. 
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Veterinarians and herdsmen tend to think of ticks 

pri marily i n association with cattle and other livestock hosts 

on which .they are to be f ound but. in fact t hey are:.mainly 

dwellers of the soil and vegetation. Some species like Ixodes 

~icinu~ speno only about 2 - 3% of its life on the vegetation 

tips (Lees and Milne , 1951). Rhipicephalus appendiculatus ------ -----·--
spends between 18 - 22 days, in total, on the host s while 

taking bloodmeals, (larvae 3 - 5 days, nymphs 5 - 7 days, 

f emales 7 - 10 days) (Nattall . 1913, quoted by Hoogstraal, 

1956; Tukahirwa, 1976). The rest of the t i ck' s life is spent 

on the ground. 

4. OBJECTIVE OF THE STUDY 

As the principal vector of Thoileria parva, the protozoan which 

causes East Coast Fever in cattle, Rhipicephalus apper;dicu~.atus is the 

most important U.ck species in Kenya. !:::ven in the absence of collections 

its presence may be suspected in areas where ECF is enzootic (Walker . 1974 ) . 

Seasonal occurrence of ~ appErndiculm::us is now fairly we l l 

established and documented. As will be seen f r om the next chapter 

on literature r eview very little work has been do11e to study the 

population behaviour of this economically important tick species, 

with the aim of trying to control it's number and subsequently 

the cont rol of thE: disenses it tr.ansmit to its hcst. 

Survival of the tick and its response to cha nges within 
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the micro - habitat are V8ry essential when one tries to understand 

the behaviour of the tick populatjon. 

Theiler (1959) referring to£:· appendicul_atus admitted, "What; 

the factor i s determining the seasonal tick activity we do 

not yet know". Twenty years later , we are Htill not in a 

positi on to explain the factors regulating activity of this 

tick sped.es in East Africa . 

It was, t herefore. the purpose of this study to 

investigate the response of ticks in different physiological 

states ( ater content, sex and age) to changes in the micro 

environmont at different I'3BBOnS of the year. 

It was hoped that these resu l ts will help in 

elucidating the factors regulating seasonal ancl daily tid;. 

activity under natural field conditions. 

For the purpose of this study, "Activity " was 

defined here to mean : that part or asoect of behaviour 

when the unfeci t ·ck l eaves its r es ti rig site on the ground 

or i n the vegetation and moves to the upper part of the 

vegetation in response to external stimuli from the 

mi croenvironment or its own internal stimuli, whether it 

is oassive or in questing posture. All aspects of behaviour 

with respect to the host were deliberately omitted. 
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CHAPTER II 

LITERATURE REVIEW 

1. GENERAL DISTRIBUTION OF TICKS 

Ticks are wideJy distributed in the world, The 

Argas~dae are found as far nor th as 50°, and the Jxodidae are 

even more widely distri buted and occur i n all natural and 

cl.imatic zones from thB equator almost to the poles. However, 

most species ~re found in ~r~pical and subtropical regions. 

In arid regions of the world, the ArgtJsidae and, 

the .!::fElomma and Rhipicephalus species of the Ixodidae • 

predominate. In more humid habitats . species of the genera 

and Dermaco ntur are commonly found. 

The distribution of each tick specj.es is determined 

mainly by such climatic factors as humidity, temperature. 

vegetation and the relationship bebrJBen the tick species 

with the host species, especially if the tjck is one with 

a restricted host preference, fo r ex~~ple the distribution of 

the tick species Ceratn~ide;s put us is associated wi tn the host 

distribution. It is a foeoer of the sea bird and· occurs beyond 

the arctic circle, {Balashov, 1972). 

2 . TI CK ACTIVITY 

2 . 1 . DISCUSSION OF "ACTIVITY» 

The end of thP. post-mouJ t:ing ph•:1<1c is shmai vJhen the 

tick acquir·;,!S thr:! ab:i.J :L 1:'f tn para:;;J.t:i.E.c a ho~.;i:: u:- ~·!hPn ti :r._· ~-:tel<. 
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develops "aggressiveness" (Balashov, 1972). 

Host-finding behaviour of oarasitic animals is 

generally passive in nature . Camin (1963) recognized three 

categories of parasitic Acarina: 

a) Those acarines which are transferred only by direct 

contact between hosts, e.g. Analgesoidea (-fec:1ther 

mites), Psornptoidea (mange mites), and Viyobiiciae 

(the fur mites). 

b) Nidicoles or nsst-parasites, such as the members 

of the Argasidae and some of the ixodid species. 

Most of the acarines in this group aro haomotopha

gous and are only found on the hosts when feeding. 

Thay feed less frequon tJy than the firs t group, tJut 

generaJly take rnoro blood at each feed. Members 

of this group have highly developed olfactory organs 

and crawl to the host in response to various stimuli 

from the host, like carbon dioxide. 

c) This group includes those acarines which find a 

vantage point in the environment where they await 

con~act with a passing host. Their host Finding 

is largely dependent on the activities of the host . 

This group includes the ixodidae and the chiggers, 

and are onl found on the host whilst feeding . They 

fe8d less frequently than the men~ers of the second 

group.. They also Jive much longpr than the mmnbr:>.r>-; 

of th ~: other two groups, and nrc able to s urvive much 

longor periods o·f' st.=irvc1tio.1. 



Since they spend a ftir greater propo1"tio11 of thr:dr 

time off the host compan~d to other f.JCarines, they art->. highly 

s ubject to changss f the physical environment and they must 

be able tG adjus1: if they are to survive until a host becomes 

available. Host to host contact, therefore, plays little or 

no part in the dissemination of such p~1·~sites. 

Newly hatch8d or moul ted ticks are unabJe to attack or 

attach to hosts for som Ume. For~· 5P.E§.!'"ldiculatus this 

period varies from 7-21 days for all stages (Branagan, 1970J 

Hoogstraal, 1956; Tukahirwa , 1976). This lack of activity 

is due to the following factcrs (BalAshov. 1972). 

a) Delay whilstcuticle hardens including the mo uth

parts which are necessary for penetration into the 

hos"C's skin. 

b) The lypertrophied gut cnlls of thH previous phase 

are being gradually replaced by the fla tened 

undjfferentiated epithelium. 

c) The malpighicn tubules continue to gradually 

discharge tho great quantity of uanine accumulated 

duri~g the previous period of intensive morphogenBsis. 

d) The saliv · ·y gland alveoli have not ye::t reached the 

fihal size and are not filled with sGcretion. 

e) Cell division co~1tinues in the gut and ovary 

ep:I. th el i a. 



Fig. 1. Ros ting positicin o·f FL ;:~;p_cnd:'.. cu::,::;tm; 

adults on the vegEtLltion. 
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When the Ume corm~s for the tick to look for· a host it 

usually clings vertically to the tops of leaves or shoots of the 

vegetation, ur applies itself on the upper or lower leaf surface. 

The tick assumes a passive posture with the ~ore l ags folded 

under ttie 'body or all the fol!::- pa:t.rs of J egs clasping the stalk . 

When the tick receives a stimulus f r om an approaching host it 

assumes a charac-ceris-cic "questing" posture. The forelegs, richly 

provided with sense organs, are extended ·f'orward ; the other pairs 

of legs continue clasping the substrate (fig 11. Their reaction 

to a particular stimulus or groups of stimuli varies not only 

according to nutritional state but also according to several 

other intrinsic factors such as developmental stage, \11ater balance, 

and even previous activity. 

Leas ( 194fl) div.lded host fincling belvw:i.our r:if ticf;.s into three 

phases:-

1) Tho tick moves to a vantage point 

in the environment where a host is likely to oontac-c it . 

2) _!~questt ng phas e - The tir.k i s al er-cerJ to the approach 

a~ the presence of a hast, orients to it , and moves towards 

it and then climbs on ~o i~. 

3) The host-discrimj nation phas e - The Ucl< probes the host and 

either attaches and foeds, or olse rejects it, drops to tho 

grou d and returns to phase one again . 

Macleod (1935) however, defined actJvity of I>~~:::~~~- _ric~.~~::~. ns tid. 

infeBtation on tne host. Activi~y has bs8n usnd in this ~snse by 

.I. ~ ,·- ',. ,~ 
._ .l t-> I'- .... 1 



Si::wsonal act5.v :i.ty i n a tick populai:ion can bE.1 mon:L tared ir1 two ways : 

(a) By sampling the ticks on the hosts at regular 

intervals. 

Cb) By sampling the ticks on the vegetation regularly 

using the blanket method of Macleod (1 9 32) and 

Milne (1943). A woollen cloth is dragged over 

the habitat and some of these ticl's wh i ch are up on 

the vegetation waiting for a host will cling to the 

blanket and they can be collected and counted . 

This method is especially useful in sampling the 

immature stages (Macleodr 1932) . 

The diurna l cyGle of tick activity is mainly the 

respo nse of individual ticks in the population to diurnal 

environmental changes and is supc:;rirnposed on any seasonal pattern. 

2 .2 SEASONAL ACTI\lf.TY 

In situations where there are marked seasonal differences 

t here may be long periods when ceri:ain species of i:icks are not to be 

found on their hosts. In tropical climates seasonal changes are 

far less marked although they do occ~r. In these circumstances the 

adults. in particular, of the various species of ticks are l ikely 

to be found en their hosts throughout the y8or. 

Seasonal incidences of some species of ticks are given 

below wfth t he factor suggesterl to control their activity patterns:-

1) Ixodes ric :5. nus 
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espocially in Britain duri 1 ~ the warm part uf the year. The first 

p~ase in spring (March-May) being the majo1 peak of activity 

and t he lesser peak of activity in autumn (September - October) 

(Macleod, 1932, 1939; Milne. 1945. 1947). During the hot part 

of summer there is a marked decline in activity. In northern 

Russia the -c;1ck is active in summe~ while in North Afri ca the 

tick is active in winter. 

Several ~actors, both physical anct biological, have 

been suggested. as factors governing the tick ' s activity . 

Macleod (1932) did not find any corrc;lation oP tick 

activity with rainfall, but observed that ticks were more 

active at temperatur~of 45° - B0 °F (7.0°- 15.5 °cJ, than ~hen 

so°F (15-S°C) is exceeded. In 1935, hs found that the most 

favourabl e te:imperature for tick. activity was between 14-24 °c 

and the same was also found by Toi.ze (1933). He therefore 

suggested temperature to be limiti ng in parasitization as 

opposed t;o that for survival. Al though To-c;ze ( 1933) had found 

ticks to be photopositive at this temperat~re range, Macleod 

(1935) found them to be photoregative and also negatively 

geotrophic. 

Macleod ( 1939) advanced thre8 t heories 40 account for 

the observed periodicity of ticks 011 sheep~-

(a) The "tv.10-~Jrood theory - This theory postulated 

the presence of separate broods of ticks, active 

in spring and aut:umn. It was believed that 

the sur:m1er drop H1 tick acti~:ity was du.-:; tc laL.;k 

of tick~~ as thn first brood bi:cr~ame e>~hw;~;t.erJ. No 



16 

further infestation was possib l e until these 

t:ad maul ted to infest agEJin in autumn . 

(b) Totze's theory This theory advocated that 

diapause occurred during the winteF,thus 

forming a ohysiological rhythm in the 

metabolism of ~he tick . 

( c) The temperatL.:re c.'?!1 ... !E.'..~L._!neory - This theory 

put forward by Macleod ( 1936) shovJed that there 

was correlation beh11een tick activity '"1nd 

atmospheric temperature with the maximum activity 

beb·1een 45° - so°F (70- 15.5°CJ . Since Ixodes 

rj.ci~ doss not d~_apause in fngland, ( MacLeod, 

1932, 1935) the diapa~se theory of Totze was, 

th8:::efore, ·(ound t u be invalid, but may only 

explain the winter inactivity of the ticks . In 

Russia, however, Ixodos ricinus does diapause. 

It was, therefore, suggested that physiological 

activity in tl1e speci es is a simple function of 

temperature irrespective of the season. Contrary 

to Macleod ' s -findtngs rlilne ( 1945 J showed that 

most of the annual activity occurred at temperatures 

abcve so°F (1S.5°C) and start ed· to wane in autumn 

when the temperatur£ went below the 60°F ·(15.s 0 cJ 

level. He then suggested that if rnacro - cUrnatic 

temperature is too h:igh and humldity too low for 

too long rluri ng day t:ime and suitable er nrU ti.a ns 

are occuring cleBp dovm i.n the v1:gntnt io n rnat thB 

ticks mir;h ·,: then tnncJ to remain ·:irr.rnobil8 i;, the 
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c:md expenditure of energy lnvo1ved in frequent 

ancents and dascBnts of the vegetation. On the 

other hand , wl ere micro-climatic gradient is steep, 

ticks may fi nd suitable conditions at a point not 

too far from the tips for them to remain active 

and ready to attack. 

Lees and Milne (1951) said that tick. activity is mainly 

a reflection of the "availability" of unfed ticks in t he 

vegetation. The avaHabU:!. ty of such a population at any given 

season will depend primarily upon t\..io factors. First, on 

the timing of the cycle of development. Secondly. on the 

behaviour and possible survival of unfed ticks from season 

to season . 

In Russia the sgasonCJJ -Jctivi ty regulation :is ensured 

by egg. larval ano nymph al d · apause (Bolashuv. 1972). In long 

day conditions (18-24 hcurs of light), engorged larvae moult 

into n.y·mphs without delay. but in short day conditions 

(9-14 hours) diapause appears in all larvae and metamorphosis 

extends for about 200 days . Lees (1948) showed that for unfed 

tick Ixoaes ri~im1s, light is of very little importance and is 

never attructed ta it and may be repelled by directed 

illumination. eBpecially for newly maul ted ti.c'ks. As the tick 

ages it becomes indifferent to such changes. 

Unless permanently sheltered by a humid environment 

the survival of the terrestrial arthropod will depeml to a 

considerable extend on its ability to limit ovaporAtion. This 

is t ruE' especially a:-; the fasting tjc k ~n:J:':l- o.f.to n soor1d a 
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taking up water from a humid environment or humid air. Similar ly. 

it is capable of losing its water t hrough e•1>.Jporation to dry 

environment (Lees. 1946) . 

As a result of this knowledge several people have tried 

to relate tick activity to the ~ater regulation. Balashov (1972) 

pointed out that behaviour of active unfed ticks is determined 

by many external factors of the environment and their physiological 

states . Tick climbing on the veget ation is ensured by their 

negative geotaxis but in unfavourable conditions of temperature 

and humidity, which reduce their normal water content. a positive 

geotaxis develops and the ticks return to the ground litter. 

Direct reactions to the humidity gradient in air layers above the 

soil are also important. 

Macleod (19 35) had recognized the effect of prolonged 

lo;w humidities on the ticks . He pointed out that changes in the 

moisture equilibrium of the air, within the narrow limits 

permissible for Ixodes ricinus,wauld not bE axpected to produce 

immediate responses, but rather ta take effect through their 

prolonged application altering the water content of the body . 

Earlier, Bu 'l< ton (1932) had pointed out that trach3ate species 

of arthropods appear to be mare resistant to drying than the 

non-tracheate species. It is possible that this may be the reason 

why nymphs and adults do survive better than larvae and under 

arid conditions they are able to conserve moisture probably by 

closing the spiracles. 

The equilibrium humidity fo r Ixodes ricin~ is about 

92% R. H. and Lees (1946) showed th~t if the humidity is near 

the point of equilibrium the exchanges of water are determined 
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by thE: relativs hurnidi ty and not saturation deficit , but below 

t hat then tho exchanges of water may be correletod with 

saturation deficit. After desiccation, some ticks that were 

exposed to humidities slightly below the equilibrium were able to ·• 

take up water very slowly while others conti~ued lo sing it to the 

atmosphere. Those that were exposed to higher humidities took 

up water at about the same rate as they lost i~. reaching tneir 

original weights after 2 - 3 days. Those ticks which were 

exposed to saturated atmosphere took up wa~er very rapidly 

with t he rate o~ increase djminishing as t he original weight is 

approached . Sometimes, however, uptake can be exaggerated And 

rather more water is gained then has been los~ during desiccation. 

He also indicated that as the tick ages ths ability to take 

up water and also to withstand dasicca~io n declines. This event 

of loss/uptake can be rapeated onG. In prolonged contact with 

wa-cer ticks BWBJ l up. f\ t times con1ph.: te im111Brsj.o n ~d 11 s • 

By relating water balance to tick activity, Lees 

[ 1948) showed that when their water balance is normal they 

avoided higher humidities bul this response disapoears after 

the tick is desiccated and the tick. is active in dry air unU1 

it comes 1D rest 1n humid air. On taking up water the water 

balance is restored and the first response reappears. He tnen 

concluded t hat with the April - June macro-atmospherj,ccondition · 

below 90% R.H. for about 18-19 hours a day it is logical to 

think that water gain would not compensate for water loss at the 

vegetatio n tips. The tick will then be able to take up water 

only from U1a upper mat of th e vegetation. 
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2) H ulorrma asiaU.cum 

The main adult seasonal incidence, mostly on camels. 

is obsArved :i.n March - May, al though all stages are found on 

hosts and in their principle bj.o tones througr1out the year, 

CBalash~v. 1972). 

During the low activity of June· August, most adults 

are greatly emaciated. Summer heat and increased saturation 

deficiency near the so]l surface undoubtedly lead to the 

death of most ticks that have been unable to find hosts. 

Spring engorged nymphs moult dud.ng summer into adults which 

rerna:i n in burrows until th& following spring. A few may become 

active and ottack domestic animals in the fall of the same 

year . Lato summer i:rngo::-ged nymphs pr::ibably m::iul t into adults 

during the same season . However, if they engorg in the fall; 

low teinpRratures may ciGiay 111ou1ting unt).l the next spring. 

Thus, seosonal in~idf-mCE> of H. asiaticum is under dfrect 

influenue of climate and the presence of active unfud tiLks 

depends on vertebrate host accessibility and on adult and 

immature survival for man months. Before sund.se ticks were 

inactive, remainirig motionless on soil surface or hid~ng 

cover. As air and scil surfece temperatures increasru at 

sunrise the ticks b8gan to move. Maximum acti ity was observGd 

when so:i.1 temperature rose to betwei=.n 30-40°C and re1atj.ve 

humidity was between 20-50% R.H. As the temperal:ure began 

t.o increase ticks again began hiding in various shelters. 

By 1800 hours when the soil temperature began to drop to 

35° - 4o 0c and 20% R. H. t he tic~s again began to he active. 

At night f a ll th8y ~nrf1 again motJ onl ess m:Gn when tht~ air and 

soil surface tempera(ures were Qgain h1gn. 
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3) Oermwc8ntor vatiabilis -------------

Ths American dog tick has one major peak of activity during 

summer (June ) . with the activity spreading from March - August (SmHh 

a nd Cole, 1941J Sonenshine et al, 1966). Smith a~d Cole (1941) found 

no relationship between tick activity with the air temperature 

but found that the length of daylight was tt1e significant factor. 

Sonenshine et al (1966) showed a significant relationship between 

daily adult questing and daily solar radiation received, but no 

significant relationship was seen between activity and air temperature . 

ong term weather trends were also found to influence the activity 

of the tick populations. 

More r8cently, ~lcEnroe and McEnroe ( 1973) showed that 

questing behaviour of the tick is regulated oy its water bala~ce. 

A l oss of 4-5% of the saturated equi librium weight reverses the 

questing behaviour. Darkness nad no immediate effect on qussting behaviour. 

4) Ambyomma americanum 

The adult s of the lone star ticks show a single peak 

of activity from late May to early June (Semtner and Hair. 1973). 

Adults after moulting do not become active during the 

first year untU aftE:r 2-3 years (Semt11m.' et al, 1973). The 

young tjcks were, however, able tc respond to human breath. 

As temperature decreased durtpg t hr:? evc n:L!1g the Licks returnee! 

to the soil li ttcr. They l h•: refore SUf.~ 'ishJd thc.i L t. urn;:Jerut~JrEJ 
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earl / seasonal behaviour of adult ticks. High tempGrature in 

combination with low humidities durjng day- time hours were 

suggested by Robertson,et al ( 1975) to cause a gradual decline 

in total numbers of active ticks from early to late summer. 

This is in response to an upper temperature limit. A. american1m 

body water loss of 10-15% of t he original weight is enough to 

elicit a response to the high humidities in a humidity gradient 

chamber . Thus, activity patterns off...: ~}.',!g~~ may be governed 

by body water content. Ticks kept in cages started an upward 

migration when the average daily temperatures \/Jere over 2s 0c. 

The percentage of ticks asce~ding the vegetation increased from 

ze~o i n mid-April to ninty (0-90) during late May and June. In 

early July a gradual movement of ticks back to the ground anci into 

the leaf litter at the base of the cages was observed. By late 

July a eecond movement up t e vegetation was notic ed, but much 

mora reduced (Semtner, et al, 1973). The author s concluded, 

therefore. that th8 vertical migration of adult lone star ticks 

appears to be regulated by a combination of factors, inr:luding 

relative humidity, temperai:ure and photo period . Increasing 

temperatures are very important in t he ini U.ation of early 

seasonal activity. The daily pa-r;tern showed two peaks o-f 

activity with fewest ticks found on the t,round in the evening 

and the most during the morning with movement of ticks to the 

ground during hottur part of the day . Since it was shown that 

the cri deal equilibrium hurnidi ty (CEH) for A. americanum is 

85% R.H. (Sauer and Hair , 1971) nll habitats of A. americanum 

have relati11e liurnic!i ties too low during much of t he day t o 

prevent we -r; er loss. The high temperatures encountered in the 

meadows are responsible for higher metabolic activity and 

excess· ve ~vater loss and that in many cases the r-Jater loss is 

in Bxcess of the amount that mJul t~; arp, abl8 to reabsorb during 
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the pen.ad when the relative humidity in ttBse habitats is above 

the critical equilibrium of the tiGk. 

5) AmblyoITTT1a variegatum 

This is essentially an A~rican species, occ~rring in 

East, Central, Western, and Southern Africa and also in 

southern S udan , ( lioogstraal, 1956; Theiler, 1962). It has 

bee:i i1nporb~d to the West Indies and t.he Cape Verde lt:.;lP111~~;. It 

is noted to have a very close association \·Jith Rhipicep~alu~ 

aopendiculatus in that they both show very distinct sBasonal 

activity patterns wherever they are found togetner (Wilson. 

1953; Yeoman. 1964, 1968; Yeoman an Walker. 1967). 

In Central f"\frica wJ th only o ne rainy season the 

species shows one peak of activity. (Wilson, 1946. 19SO; 

Macleod, 1970; Macleod Bt al, 1977), wh:Lle here in East Afrir:a 

where there are two rainy seasons they show two disti nc t 

peaks of activity (Wilson, 19S3; Smith, 1969) . The pea ks 

always fall in che rainy seasons of April-May and November . 

The tick species occurs at altitudes from sea level 

to at least 8,500 ft . (2, BOOm) (LevJis, 1932; Wiley. 1953, 1958). 

~ variegc;i~_um is more resistant to desiccation than 

its associ<3te ~ app~ndiculc:tu~, hence, a wider distritJution 

in Africa covering more dri.er parts. The factors govr~rning 

these rnarkeid seasonal i ncidences have not been elucidai::ed. / 
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3) P H 0 T 0 P E R I 0 0 I S M 

The natural rhythm of daylight and darkness provid8s 

a link betlvoen the organism and its environmem:; and throueh this 

link envircnmental information is e;ommunicated to th8 U.ving 

system. The daily photo~eriod supplies the temporal signals 

needed for the sy-chronization of internal functions and same 

of the information required for coping with the exigenciGs of .. 
the outside world. The ability to detect photoperiodic stimul i 

and to respond to th em ir. adaptive ways, has enabled organisms 

to exploit environmental and ecological niches that would 

otherwise remain inaccessible. The responses of organisms to 

photoperiod have been found to play essential roles in .phenomena 

as diverse as geographic distd.bution and programming of developmental 

patterns. 

On biological rhyth1ns in terrea rial arthropods Danilevsky 

e t al. (1970). sumrT'i'!I'ised by sayi ng that th ey involve all cyclic 

processes in living organisms and the frequency spectrum can be 

very wide, ranging from milliseconds ·w years. Physiological 

rhythms are characterized by rapid oscillation and thus ensure 

synchrony of all the internal processes in an organism, e.g. the 

enzyme-substrate systems. 

The possession of internal oscillator enables 

organisms to prepare in time for the changrm in ecological 

conditions during each day (daily rhythms~ month (lunar rhy thms) 

or year ( sGasonal rhy tilms). The adc~nti ve illlplication and the mocle 

of displayj ng the thro8 types of rhythms vm·L~s cons:i.dcrabJ y. 
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display a large variety of rhythms. Seasonal act:i vi ty is a 

phenomenon sho~m by almost all the Uck species except, perhcips, 

t he o ne host species which do not show marked seasonality 

in their rats of infestation. 

Diapause has been demonstrated in a number of species, 

such as Ixodes ricinus and Ixo~ per~~lcatus as delayed 

metamorphosis of engorged larvae and nymphs, or as interrupted 

oogs nesis in such species as DemacentC?r pictus and _Oermacentor. 

variab i lis has been shown (Smith and Cole, 1941). 

Although it is clear that adaptation to lunar and seasonal 

periodicity evolve by way of time measuring within a daily cycle (Oani 

lev.sky, et al 1970), little attention has been given to daily 

tick activity rhythrris, Mcst studies have been of the drop off 

of engorged ticks . Balas:-im:, (1954) studied tho diurnal rhythm 

of detachment of engorged females of Ixodes pc:irsulcatu~ . Ki tao~,a 

(1862 ) also studied diurnal and nocturn~l changes in feeding 

activi ty during the blood sucking process of Ha£!.!!~~.Pbysali~ 

bispi nosa. Hitchcock (1955) studied the rhythm of drop off 

in Boophilus microplus. While working on R. appendiculatus. 

Ki taoka ( 1862) observed no apparent diurnal rhythm of dropping. 

Same activity rhythms are controlled by external 

(exoge nous) and others by internal ( endogenous) factors . 

Exogenous rhyth~1s thcs~ are caus8d by external 

changes and the organism is only a high- sansitivo indicator 

of a dAily vari ation of the micro-climate. 



2G 

In thcs8 rhythms extrinsic 

conditions only syn~hronizs the phase of oscillations whic~ 

arise inside the organism. Any rhythm may be ri~htfully called 

endogenous if it displays at least one of the following properties: 

a) Initiation by a single short stimulus. 

bl Phase of the rnythm must be in advance of external 

synchronizing sighals. 

c) The rhythm pernints for some time in the absence 

of rhythmic light or temperature fluctuations, but 

may change to free-runmng oscillations gradually 

or suddenly. Distinctj.on between exogenous and 

endogenous rhythms in nature is often impossible 

since the deily rhythm can be conditione d by 

endogenous signal or internal oscillators which 

can b8 suppressed by ex~genous responses to 

favourable environmental conditions. In conditions 

which are constant in respect to light and temperature, 

and in the absence of any other entraining signals, 

endogenous rhythms always persist. The phase of 

a circadian rhythm i s synchronized by daily periodic 

changes of the environmental factors. The main 

entraining signal is pno~operiod, or the periodic 

repetition of light and darkness _in a dai ly cycle . 

Therrnoperiod entrains circadian rhythms of many 

arthropods as does photoperiod. ( DanilevskY, et al 1970) 

4 . RHIPICEPHALUS APPENDICULATUS _ 

4.1 DESCRIPTION 

Tir:kr; of this species aro very commonly referrea to as 

the "bro11rn ear tj.d~r;". Th:i.s name vJas g:i.ven to this species due to 
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the fact that the individuals are brown in colour and the 

rredilection site for t he adults is around the aar pinna. 

This name co:Jld just as appropriately be applied to a number of 

other species of this genus which also feed on the ears of their 

hosts and are just equally brown in colour, particularly 

Rhipicephalus ~~rtJ:., Rhfpicephalu~ j eanelli and Rhipicephalus 

pra~.· It should not, therefore, be assumed that all "brown 

ear ticks" are Rhipicephalus appendicul atus . Apart from the 

morphological differences ~hese species can to cetain ex tent 

be separted according to their locaii ties. R. hur-ci and B._.jea.12.el.li_ 

are commonl y found at higher altitudes than R. appendiculatus whHe 

.B_. pravus is a semi-arid species where condi Uons are again 

inimical to R. appendiculatus : (Walker, 1974). 

The overall leng1:h of the aduJ ts is from 1. 8 mm t o 

4.4 mm. Usually brownish or reddish-brown but may be very 

dark; l ege- always reddish-brown. For detail idE:mti fication of 

adult stages reference is made to Hoogstraal (1956). 

4 .2 LIFE CYCLE AND HOST SPECIFICITY 

The life cycle of !3_: ~p(rndi culatus is of a thres

host type. As described above (Sectio n 3 of chapter 1) each 

stage ( larva . ny ph, a~d adult) req~ire independent hos t s 

for their feeding and devel opment . 

Theiler, ( 1959) puts .f3..:. ~e~15;iic1:1_la:!:_un among the group 

host-speci fie for herbivores which also includes R. cornpoc:i tus ... 

R. ~~:ts:~... ~.'.' ~· ~ _r0'u~lens~~-· ~: supertri ~~ and 

R. tr:i .. E~:.fiiS. This has ber::n confirrn8d by YnornRn anc \.Jalf\.'.3r' 

(1 9L;') and WaJ. 1~:-;r ( 19/t;), v:ho give e,:t:cns:lve l1ost records. ·1 he 
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most important 1·1ost. :rn nevertflBless domeBtic cattlr.. 

It has not been col!ected from either birds ur reptiles. 

4.3 D I S T R I B U ; I 0 N 

The distribution of this species in Africa extends 

from.; ·outhern Sudan and som8where in Ethiopia, moves south-

wards to cover such countries like Kenya. Uganda, Ruanda, 

Burundi. Zaire , Tanzania. Malawi, Zambia , Rhodesia, Congo. 

Mozambique, Angola, Boswana,Namibi a (South West Africa),. 

Leso tho, Swaziland, and the coastal area of South Africa. 

(Hoogstraal, 1956; Theiler, 19 49 . 1962). 

The species distribution in Kenya is shown in 

Fig. 2 . It is restri.cted to vJs ~~tern. Nyanza, Rift Valley, and 

Central Provices, with tne exception of the northern arid 

districts of the Rift Valley. Eastern. North-Eastern and 

Coast pI'ovinces. The tj ck is present along southern coas tal 

areas. It is, hmmver, absent from the semi-arirl districts 

of Ki tui arid pa:-ts of Machc:1l~os in Eastern Province and it is 

also scatchy in the Kajiado district in southern Rift Velley 

province (Lewis. 1934 J Wiley, 1958; Tl.eiler, 1962; WaH,er. 

1974). 

The distribution i~ very much influenceJ by the micro-

climate of its habitat. The tic I' occurs from seo l evel to 

7,boo feet (2,300 m). Abov~ this altitude it dimirdshes in 

numbGrs. The t ick is only numerous j 11 t.i:f'eas •..vi ::ti an annual 
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well over 2, ;•oo metE:rs. The npecies ~LS gene1·ally absent from 

forests and extensive open grasslands ., (Theiler, 19 62; Lewis. 

1939; Theiler, 1949; WUey, 1953 , 1958; Hoogstraal. 195£3; 

Yeoman and Walker, 1967; Walksr, 1574). In South Africa, however, 

it can exist in areas with an annual rainfall of only about 15-20 

i nches ( 400 - SOOmm), where it is linked to a climate with a winter 

and diapaUsP may also be involved (Theiler, 1959). 

It has been suggested that the factor limitjng 

survival of R. ~ndiculatus is humidity with a good vegetation 

cover, (Lewis, 1939; Wilson, 1950; TheHer, 1959; Yeome;n, 

19671 and Branagan, 1970). Theiler (1949J had suggested that 

since the tick survives in tJ1e river valleys and in more isolated 

areas t ends to point to overgrazing as the limitin~ factor 

affecting the survival of~ :!P_e_endi::••l.atL1s_. 

As early as 1932 Lewis pointed out that there existed 

some small pockets which were j nfected with East Coast fever 

These small pockets were also known to the indigenous hardsmen 

espBcially among the Masai tribe and it was ass urned th~ t some 

facto r or factors exists .in the restricted areas which are not 

present outside the areas and which created a sui tau le environment 

for the development and propagaUon of tick life ana the mclintenance 

of the causal organism of the disease (East Coast fev8r). 

Yeoman ( 196 .C) described a Lake shore climate (L. Victoria) 

suited for the tick and th l< hinterland cHm"lt8 1'-lhich is unsui t1:1!Jle 

for R. ~ndiculatus , with a gradient beh<1eern tho h..io. As one 

proceeds Inland from the lake the rainfall Hnd humidity dacreas8s 

and tempE.lrnture rang8 increm·.c ~. . ThesB i.1 1 1t1t3 uosencH of any othnr 

factors, 1r1ould aet8J:ir1in3 th8 stc r.pn3,,s of U:e> fndeou·:- ;:,;'i-1dient of 
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Fig . 2. The distribution of B_. appendiculatus 

tick in Kenya. (Walker, 1974) 
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~ apoendicu]atus and set an absolute limit on its zone of 

infes tatjan. but with ths knowladgo of ~1e c~nJitions under which 

this tick survives in ether parts in its area of distribution, 

these would hardly be accepted as the facto rs responsible for the 

rather sudden transition from enzootic1ty to epizooticity. He 

then posLulated thdt if it ie not the geoclimatic then could it be 

variation in climate from year to year. While the potantial 

distribution of B_: ~enciculatus would be dictated by climatic 

factors, it is primarily dete ·mined by the physiognomic nature 

of the grass and the grazing cover. 

4 . 4 S E A S 0 N A L A C T I \I T T Y ---

Al though adults of R. appen_dicu.latus are actlve all 

the vear round , their numbers markedly increase during "Che rainy 

seasons. In countries with only cne rainy season cer yp;ar 

activity remains high throughout the rainy season. This pattern 

of seasonal occurence has been shrn>Jn i n such countries in Centr·al 

Africa like, Mal a1t1:!., Zambia, and Rhodesia ( \.<Jilson, 1946, 19 50 J 

Jo~ste , 1966; Macleod, 1970; Macleod et al, 1977). 

A similar picture has bnen obset:'ved in Tanzania (Yeoman. 

1964, 1966, 1968; McCulloch et al. 1968). The main period 

of activity in these countries l s betvrnen NovernbPr tc March F.rnch 

year with low numbers during the oi:har part of t he year which 

is generally hot and dry. 

In South Africa the adults of B.: app~!,"lrlic'~lat~ are 

active mostly betvnien summer and autumn (Theiler, ~,9 59 ) . 
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In Kenya and Uganda ths adult population of this 

ti.ck spEJcies shows two marked peaks of activity, with both 

coinciding with the two rainy seasons of March - May (long 

rains ) and October-November (short rains) C Wilson, 1953). 

Earlier, Lewis ( 1939) stated that R. append:!;_culat~~ adults 

increased in nurrbers between April nnd August 'n Kenya , while 

Smith (1968) summarized the picture in the Bugisu district 

of Uganda by stating that adults ro~e during periods of increased 

rainfall and fell during the dry season. He c.lso noted in 

one of his atations that following an unusual early start of 

the mai rains tick numbers started to increase immediately. 

He, however, cautionBd that fa~tors other than rainfall must 

be considered when attempting to interpret the overall level 

of activity et any particular site. The distribudon of 

ra:l.nfalJ throughout the year must also be taken int o account. 

He was, ho\.'Jf?ver, not uble to shovJ :01ny correlation between 

temperatura, humid:!. ty and tick :l.nfestation variation in numbers. 

He conc1uded that generally the most important factors affecting 

tick nu1nbm·s and the variation in populations and species are: 

a ) Rainfall distrib~tion, 

b) VegetaLion cover (tied with stocking rate), 

c) Total annual rainfall, 

d) Types of husbandry, crops and density o·f human 

populations. 
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C H A P T E R III 

MA"IERIALS AND METHC.JDS 

1. STORAGE AND HANDLING OF TICKS 

On y adult ticks of the species Rhipicephalus 

appendiculatus were used for this study. 

All the ticks were recefved from the tic.:k. colony 

of the East A Fri can Veterinary Research Organization, Muguga. 

This tick colony has been maintained since 195Z using the 

methods described by Bailey (1960) and modified by Branagan · 

(1870). 

The t i c.:ks were fed on rabbits as larvae and .nymphs 

and pJ.aced in an incubator to moult at a temperature of 28cC 

and 80% R .11. Afto.c moulting they were stored at approximately 

23°C and 85% R. H. until they were needed fo r experiments. The 

ticks were kept in glass tubes which were closed with a 

perforated stopper with a layer of muslin gauze to allow 

ventilation. They were then sorted on a white enamel tray 

and handled with soft forceps. 

2. TREATMENT OF TICKS BEFORE EXPOSURE 

In studying the response of adult RhipicBphalus 

appenrl~~ulatus ticks to environmental changes it was necessary 

to subject the m to various treatments in order to compare 

t he response of varj.ous groups of ticks to the changes in the 

same environment. The other naturally occuring v2riables 

like sex, and ag8 warn already accountsd for. In this respect 
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the two sexes were treated seporately . One month and six months 

old ticks ware also treated separately . Three levels of 

water content were compared, 100% (full hydration), 85% (loss 

of 15% of initial hydra tion weight) and 65% (loss of 35% of 

initial hydration weight) . The treated ticks were released 

in two different sites in the field, a tree shaded and an 

open site . 

The field observations were carried out during the three 

main seasons of the year here at Mugug9, Thes8 seasons are 

the hot dry season, the rainy season, and the cold dry season. 

These seasons are dis t inctively shown in Table 1, which 

summarizes the weather data for Muguga over the last 18-26 

years . The hot dry seasons falJ. between the rnonths o-r- December 

to March. The rainy seasons fall mainly behveen the months 

of April to May (long rains) and November (Short raina). The 

cool dry seasons 'fu l l within the months of June and fl.ueust. 

3. H Y D R A T I 0 N A N D D E H Y D R A T I 0 N 

In order to obtain ticks of various levels of hydration, 

and probably of different SLates of hunger by depletion of their 

food reserves, it was necessary to keep the ticks at various 

controlled relative humidities and subject them to dehydration 

by keeping at lm·J relative humidities using saturated salt 

solutions described by Winston and Bates ( 1960 ) and shown in 

Table 2: 

Potassium sulfate (K2 5014) givns a relative humidity 

chlorj_ cJc (KCl) givv. a .nla t J vc. hur:iid:ity '' :.• brnen £13% P .H. and 
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88% R.H. at temperatures below 35°c. Zinc chlorids (ZnC1 2 ) 

0 gives a constant 10% R.H. at all temperetures even above 35 C. 

The critical equilibrium humidity (CEHJ for 

R. fil!.12§.11.d iculq_tu.~ .. adults is abuut 85% R.H. at 23° (Mongi , 

personal communication ). 

Before the ticks 1'\lere pu"!: u11cier any treutment they 

were removed from the storage room, sexed and put i nto clean 

vials separately. The required number of vials containing ticks 

were then placed in a desiccator over KCl solution for a week 

at a constant tempera~~re of 23°C. Each vial contained a total 

of twenty five adult ticks , being the standard number in each 

sample. After o~e week all the ticks which will be dehydrated later , 

were transferred to anothar desiccator conteining potassium 

sulfate(K 2S04)at a humidity of over 96% R.H for a total of t hree 

days. All the ticks were then removed from ~hR glass vials and 

their hydrated weights taken. A Sartori us Analytical Balance 

(model 2472) with a measure of accurocy of 0 . 00001 gramme was used. 

An aluminium foil piece 4 x 4 cm in size, was first weighed, then 

the 25 ticks in the sample were wrapped in it and the ticks' 

weight was calculated. After their weights nad been taken . 

they were transferred to a nylo~ bag and the bag w9s then soaled 

with a hot i ron and the combi ned weight of the ticks with the 

nylon bag was again taken, The nylon bags (Fig 3) were produced 

from the nylon mesh ( "Nybol t". g-rade 70 GG wi '.;h mesh size 236p) 

and prepc:ired by taking a piece of a numbered nylon cloth 6 x 3 cm, 

folding and sealing along each side with a hot so ldering iron. 

A-fter sealin1:, the !Jags cont.r3ininr;, L·ir.:;f",s were p1!t i.nto a 
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desiccator over ZnC1 2 to give 10% R.H. and held at a constant 

27°C i.n an incutnn;or (Hotpack., model 352700). 

T e bags containing ticks were then weighed daily 

until the required percentagB weight losses of the ticks 

had accumulated. 

Preliminary tests showed that it took approximately 

three days for a loss of 15% in weight and nine days 

For a loss of 35%. The treatments were staggered so that ticks 

of approximately 100%. 85% . and 65% hydration would all be 

ready for exposure in the fiol~ on the same day. The exatt 

degree cf dehydration or hydration was determined by the final 

weighing of each bag on th8 last day. 

4. f'lARKINC:i /\ND l~L:LEASING TICKS IN T!<: FJF.LD 

After the final wo:i.ghing the ticks 1r19re transferred 

\l JI 

to a plastic bag and dusted with Day Glo fluorescent 

powder by shaking gently. Two colours \•mre avail able . The 

marked ticks were then immediately released in the field in 

0 . 25 m2 plots, each surrounded by a wooden frame with 15 cm 

above ground and 5 cm in the soil (Fig.4). A thick l ayer of 

"tanglefoot" was ap lied all around the top of the frame. 

This had been shown to stop the ticks from escaping by acting 

as a repellant. The grass i.ll!3ide the ol.ots was trimmed so that 

no bridges were loft for the tic~s ave· the tanglefoot . 

After release of thb tick c-: un thP. soJJ_, they were 
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in their original bags . were placed inside the vegetation. 

These were weighed twic8 daily in their bags. at 0830 hours 

' 
and 1830 hours. Each sample consis ted uf two bags of 25 ticks 

each. This was intended to give information on changes in water 

content of the "Created ticks held on the soil surface. 

5. MEASUf~EMENT OF TEMPERATURE AND HUMIDITY 

Temperature at t wo levels of the vegetation ( a) 5 mm 

belo_ the soil surface and (bl a t "Che level of the grass tips. 

were meas ured with a Yellow Springs Instrument Co. _TelethermomGter(mode1 

44)using the probes (serial No. 401). lhe probes were left in 

positiop•in a neighbouring plot with no ticks. Temperatures wore 

read at two .hour intervals. i.e . during each observation. The 

upper probe was shielded from direct sun light and rain. 

Humidity wa8 meAsured using co~alt thiocyana~e 

impregnated paper (Solomon, 1957). Pieces of the paper 3 x 3 ctn 

were pl aced beside the thermistor probes. One pier:e was buried 

at the 5 mm level and the othar was suspended at the level of 

the grass tips. They were exposed in the atmosphere for two 

hours after which U1ey were transferred with a paj_r of forceps 

into a viol of liquid paraffin to prevent any further colour 

change. They were removed into the labor atory for assessment 

against the permanent glass colour standards provi.dod in the 

LPvibond 1000 comparator discs calibru"Ced to relative humidity 

in steps of 5% from 60%-100% and 10% from 0% - 60%. 

6. 

During n;~:;h snn,;cr; !,fie folJ r1\i : •1::: ccrr>f1iH i :.-J·ri:> wer·o 
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made at an open and tree-shaded site: 

a) Old males v. Young males 

b) Old females v. Young females 

c) Young males v . Young females , 

using ticks of three level5 of hydration (100%, 85%, 

and 65%). 

Each series of observations was made to compare ticks of 

two types, distinctively hown as described above. The First 

observations were made 30 minutes after the ticks were released 

j n order to establish their imrnedi_a t e distribution. Temperature 

and humidity readings at the two levels of the vegetation were 

T.aken during each obsE-Jrvation . Humidity papers were replaced as 

the old ones were colle cted for asE;essmenl in the laboratory. 

At the er~ of each experiment the grass was sBarched in 

each plot thoroughly and as many as possible of the released ticks 

were recovered. Their posi tj.ons in the vegetation were recorded 

to give data on their vertical distribution. 

7. LABORATORY EXPERil"I:NTS 0 TICK ACTIVITY 

A known number of ticks was exposed to various 

treatments in the labora~ory. 

During the continuous darkness regime the ticks were 

kept in darkness in an incubator , housed in a darkened room . 

They were observed vJi th the help of an ul tra --violet lamp since 

the t:ici\S 111ere marknrl ~Jith a f:lu01 .. 8scent prn-1der. Six months 

old tic:f,::; 11Jcffe U!'F,:d th::nughnut tlw~;e expcrirwnts. 
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A glass aquarium tank measuring 30 x 20 x 20 cm was 

used, with a layer of dry sand on the floor 5 cm in depth 

(fj_g. 5 · ) • Twenty five oven-dried sections of stem of 

the grass Hyparr_henia . rufa, each 20 cm in length, were stuck 

into the sand in rows of 5 x 5. The stems were cut so as to 

leave a short piece of the base of a l eaf blade projecting 

out near the tip. Small pieces of filter paper were spread 

on the sand surface between the grass stems. Glass tubes, 

8 x 2 . 5 cm were placed at the corners of the aquarium and 

filled with the appropriate saturated salt solution to give the 

required relative humidity (Winston and Bates, 1960). The tubes 

were covered with a perforated plastic stopper and a piece of 

muslin gauze. Ticks were prevented from climbing the walls of 

the aquarium tank and the glass tubes . by applying a thick narrow 

line of "tanglefoot" all around the aquarium and the glass tubes. 

The tanl<. was covered with sheet of glass and sealed with 

adhesive tape. 

8. CONTINUOUS OR ALTERNATING DARKNESS AND LIGHT 

Prior to exposure of ticks to either continuous 

darkness or light, they were kept in a desiccator at 85% R.H. 

for a period of three days and left on the bench, to give 

them the natural day/night rhythm of approximately 12 hours 

light and 12 hours of darkness. They were then transferred 

into the aquarium on the bench and left undisturbed for another 

hour, still unreleased. At the star t of the na tural darkness, 

at around 1830 hours, the stopper of the tube was removed 

very slowly to minimize the disturbance and the aquarium was 

transferred with the ticks to the incubator. The light was 

swi tc tmd off immedialely for the ticks to start the night phnse 

of thn regime. 
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The type of incubetor used for these experiments was 

with a glass window for making the required observations with the 

minimum disturbance of the samples inside. These were fitted 

with f luorescent light bulbs giving an illumination of about 

7,000 lux. The incandescent lamps were not used in order to 

prevent any further temperature increase inside the chamber. The 

first observation was made ten minutes after release and thereafter 

at intervals of two hours. Similarly, extra observations were 

made every time a change of light or darkness occurred. 

9, TEMPERATURE AND HUMIDITY CHANGES IN THE CHAMBER 

For these experiments the aquaria were kept open and 

t he required temperature and humdity were set on the machine and 

checkec with ary ana wet.bulb thermometer. 

The required temperature and humidi~y were set twelve. 

hours earlier and allowed to stabilize before the ticks were 

i ntroduced a nd released. 

Temperature changes were effected \·Ji thout opening the 

chamber, and the tick response was observed through the glass window. 

All the ticks were rel eased in the aquarium on the sand surface and 

some eventually cam·· '.l fl and started climbing the stems. The number 

of ticks found on t 

observation . The 1 

~ f any grass stem was recorded during each 

~ observation was made ten minutes after 

release and after t ry change of temperature and humidity .. with 

the rest of the oL:;crvations at two hour int flrva l. 
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For the reduction of humidity , the control was firnt 

brought to zero, so as to let in dry air for some time until 

the humidity reading reached the required level before the knob 

was brought to the point of the required humidity. 

Each experiment lasted t~ree days. 
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CHAPTER IV 

RESULTS 

RESPONSES OF TICKS TO FACTORS 

IN THE ENVIRONMENT AND THE 

EFFECTS OF THE HYDRATION STATUS 

When treated ticks were released into the field plots. 

they showed immeaiate differences in their response to the environment 

according to their hydration states. 

During the hot dry season (Fig. 6., Table 3): the fully 

hydrated ticks started to climb up the vegetation immediately. 

but the 65% hydrated groups showed no activity until the following 

day when the males started to appear on the vegetation in appreciable 

numbers. The 85% hydrated groups behaved in a similar manner with 

the full hydrated groups. with considerable activity en the 

first day. On the second day. however. the two most active groups 

showed a reduction in activity. while the 65% hydrated mele ~roups 

showed an increase. On the third day activity increased i n al l 

groups except the 65% hydrated females. and by the fourth day there 

was no difference between them. 

In the wet season (Fig. ~Table 4) there was again no 

immediate activity by the 65% hydrated groups on the first day. 

while the 100% hydra ed groups were again active stra~.ght after 

release, and the 85% hydrated group sho11Jed an intermediate response 

with little or no activity on the first day by either ffi8le s or 

females. B)· the second day, ho1:1eve1·. there \·•"-.r·e appro><~. n·dt.e-;ly 
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TABLE 3 Oi:ii. l y act i v:i.ty of .B_: EEE,~ndiculatus 

males and females at the two different 

sites in relation to the i r water content. 

Mean number of t icks acti ve daily over 

four days during the hot dry season 

. 
SEX SITE WATER CONTENT D A Y 1 lJ A y 2 D A Y 3 D A Y 4 

Cl 65% a.a 2.1 3.a 5.7 
UJ ... ' . . . . . . . . . . . . . . 

Cl 
85% 5,0 3 .a 5.7 4 . 7 

< 
U) :c 

rn 100% 8.6 3 .3 4 .1 5.a 
UJ 

---. _. 
65% a.o 0 .4 2.7 5.7 

< 
2 

E 

UJ 85% 3.a 3.9 6.3 7.3 
a.. 

- -
0 

100% B.6 7.0 5.3 5.3 

0 

65% a .2 0. 6 0 .1 D.7 
UJ 

a --
85% 6.0 3,1 3.6 4.0 

rn < 

UJ :c 
100% 7.2 5.7 6.1 6.7 

-' CJJ 

··-~ -< 65% o.o 0 .1 0.3 o.o 
:E: z 

UJ - --w 
85% 1.4 0.4 1.1 0.7 

LL. a.. 

0 

100% s.o 5.4 6. 4 3.3 ' 

--- ""'-- -
_____ J 
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Daily activity of ~ appendiculabs 

males and females at the two different 

sites in relation to their water content. 

Mean number of tic s active daily over four days 

during the wet season 

i 
WATER CONTENTl D A y 1 D A Y 2 D A Y 3 D A Y 

65% o.o. 5.9 5 . 6 6.0 

85% 3Ai 7.7 6.3 4.3 

100% 113.4 4.9 6.4 5.3 

65% o.o 2.9 1. 4 3.0 

85% 6.0 4 . 7 6.1 8.3 

100% 6 . 2 1.7 3.3 4.0 

65% o.o 0 . 6 0.7 1.5 

85% o.o 5.1 3.4 3.0 

100% 9.8 5.0 5.3 3.0 

65% o.o 2.6 4.4 5.0 

85% 1.0 4.7 5.1 4 . 0 

100% 14 .4 5. 3 4.9 4.0 

4 1 
-~ 

J 
I 
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equaJ numbers o.f a~tive t :cks in all the groups as the number 

of active ticks in the fully hydrated group had decreased and 

those active in the dehydrated groups, on the other hand, had 

increased. 

During the cool dry season there was a similar picture 

(Fig. 8,Table 5). The 65% hydrated groups s howed no immediate 

activity on release. The females in this group, in fact, showed 

no activity throughout the period cf observation, while the 

males did not appear in ar.y appreciable numbers until the third 

and fourth days. The 85% hydrated groups also showed very little 

change in the number of active tiGks, except on one occassion 

when they increased on tho third day. The 100% hydrated groups 

were again immediately active on the first day and decreased 

stead1y in activity to almost the same level with the other 

groups by the fourth day. 

1.2 DAILY ACTIVITY PATTERNS TN RELATION TO TEMPERATURE 

AND RELATIVE HUMIDITY 

In general the t icks were active during the hours of 

daylight, with very few active at night, There was a regular daily 

increase of active numbers in the morning reaching a peak at a 

certain 1.:1.me of day followed by e steady decrease again towards 

eveni ng. 

For each season. all the data on the number of active 

tic s were pooled anc expressed an afrequency· distribution 

egBinst t~n~ of day vitt the obsnrvations of temperature and 

r.olative hurrnliity a}sr:i ·"-J.splayed :i.n a simil·n· form agatr.:3t each 
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Daily activity of Ji· appen2_!_cuJ.atus maJ.es 

and fernales at the two differen sites 

in relat ion to thei r water content. Mean 

number of ticks active daily over four days 

during the cool dry season 

WATER CONTENT D A y 1 D A Y 2 D A Y 3 

65% o.o o.o 3 . 4 

85% 0.4 1.1 6 . 1 

100% 14.8 11.8 14.1 

65% 0 . 2 0.4 D.9 

85% 0.2 2.9 2.~ 

DAY] 
4.3 

14.7 

----. 

13.7 

5.0 I 
---

2.7 

---
100% 16 . 2 4.7 6 .0 6 .0 

65% o.o o.o o.o o.o 

-
85% 0.2 0.4 1.6 1.7 

100% 4.0 5.6 2 . 9 2.7 

65% 0.4 0.6 0.3 0.7 j 
85% 0.6 D.6 . 0. 7 0.7 

100% 14.8 5.7 2.1 1.7 

-· I 
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value at each time of day was determined end plotted. · 

During the hot dry season (Fig. 9) the open site 

showed a rising activity from 0830 hours to J230 hours followed 

by a marked drop at 1436 hours. Althot~h there was an increase 

again at 1630 hours this was foll ~wed by a final drop at 1830 hours. 

The midday drop in activity coincided wi~h the maximum temperature 

0 (above 30 C) and the minimum relative humidity (as low as 30% R.H.). 

The s.haded site was different in that it showed a steady 

increase in activity reaching a peak at 1030 hours and remained 

at a high level through the hottest part of the day until 1430 

hours, then decreased steadily to a low level again at 1830 hours . 

The temperature at this site never exceeded 2s0c. 

During the wet season (fig.10), there were very steady 

changes of activity on both sites . The open site showed most 

activity bet ween 1230 hours and 1430 hours. The temperature 

increased steadily up to a maximum of 3o0 c. The shaded site 

showed a prolonged peak from 1230 hours to 1630 hours. Temperatures 

here were lower, reaching a maximum of 2s0 c at 1430 hours. On most 

marnints relative humidity remained high. Most tic:;k activity coincided 

with a drop from 95% R.H. to 70% R.H. between 1230 hours and 1630 

hours in tile shaded site. 
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In the cool dry season (Fig. 11) both sites showed 

inte~mediate patterns of activity. The open site had an activity 

peaK between 1030 hours and 1230 hours and a steady drop there after. 

Temperatures were l ower and rarely exceeded 2s0 c. The R.~. pattern 

was similar to that of the hot dry season. On the shaded si e 

there was high activit~ from 1030 hours to 1630 hours when temperatures 

were fairl y uniform and R.H. ranged from 50% - 80%. 

1.3 DISTRIBUTION OF ACTIVITY IN RELATION TO TEMPERATURE 

AND RELATIVE HUMIDITY 

All the air temperatures and relative humidities recorded 

during. the year were grouped into classes of three temperatures 

per group and ten points for R.H. Apart from a few instances when 

temperatures were below s0 c in the rrprnings and rarely exceeded 

0 35 C during the day, the most frequent temperatures recorded were 

between the two limits . 20% R.H. was a1s the lowest recorded relative 

humidity. 

The mid-poi nt for eac~ class of temperature and the lower 

point of each R.H. class were taken and the data plotted against the 

number of ticks ar,tive at each temperature or relative humidity class. 

For each parameter a median value of all the observatio~s in each class 

was determined and plotted (figs, 12, 13), 

There was a concurrent increase of tick activity with 

temperature up to th8 19.5°c clas s. followed by ~ plateau up to 28.S0 c 

0 
and then a decrease at 31.SC (Fig . 12) . 
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There were more positive activity observations. aJthough 

in small numbers of ticks. at temperature between 13.5°c and 25.5°c. 

Changes in relative humidities (fig. 13) did not produce 

gradednesponses in tick activity. There seemed to be a general 

preference for high humidities with little activity below 90% R.H. 

1.4 WEIGHT CHANGES IN TREATED TICKS AFTER RELEASE IN THE FIELD 

Although any weight loss by the ticks would obviously 

include small losses of food reserves . it was assumed here that much 

of the weight changes were due to the losses and gains of water to 

or from the atmosphere. 

In general, ticks gained weight at night and, unless 

the humidities were above the equilibrium, they los t weight during 

the day. 

During the hot dry season (Fig.14, Table 6) all the groups 

showed very ma~ked changes in weight. In the shaded site , fully 

hydrated males lost weight on the first day with some up-take 

at night and maintained an almost constant loss of about 1% of the 

original weight for the remaining two days. The other groups gained 

weight on the first day up to 5% of original weight. During the 

remaining two days there were marked gains and losses, leaving 

a net gain of 3-5% of the original weight. 
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Weight changes of treated .B.! fjppendicu l atus 

adult males (both ages combined) wnen exposed to 

the field dur~ng the Hot Dry Season. Weights 

expressed as mean percentage gains or losses of 

original weight 

D A Y 1 D A Y 2 D A Y 3 I T 0 T A L. 

! 

i 
SITE WATER CONTENT 1830 0830 1830 0830 1830 0830 T 0 T A L 

hrs · hrs hrs hrs hrs nrs 
: 

I 

65% +4.1 I -3 . 0 +1.1 -1.0 +0.7 +5.0 •+3 . 1 

0 
I 

w I 

CJ 85% +3.5 I : +1. 4 -2.2 +1.1 -0 . 9 +0.6 +3.5 
c( I 
:r:: I 

' en i 
100% +1.0 ' i-1,7 -2 .1 +1 : 0 - 0.7 +0.1 +1.1 

l 
I 
! 

I 
! 

\ 

I 65% 1+3.2 ;+4 , 2 -3.3 +3.7 -3.0 +2.2 +7 .0 

I l 
i , -I 

I 85% +2.3 +6 . 7 -5 .4 +4.4 - 2 .s +2 . 1 I +7. 5 
z ' 1 

UJ ; 

a_ 

~l.l 0 100% +3.6 -7.7 +3 . 2 -4.4 +1.5 -s.o 
; 

! 
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The ::iper. site showed some very big gains and losses by all the 

groups. The fully hydrated at each end of day were operating 

between 2% gains and more tha1 5% losses . The hydrated groups 

gained weights of almost 10% on the first day. For the remaining 

two days the changes were much less violent and they were having 

approximately 4% gain~ after ~he dayg losse~ by the end of day, 

and about 8% gains by the following morning after the night's 

µp-"':al<.e. 

A comparison between young males and females (Fig. 15, 

Table 7) showed that in the shaded site, the fully hydrated males 

tried t o maintain their w~ights with losses and gains of less than 

1% throughout. The dehyarated groups had night up-take and day 

losses,just to finish on the third day with 5% above their initial 

weights. In the open site, the fully t~drated and the 65% hydrated 

groups, after the day~ losses, dropped in weight to the i~itial 

level but with up-takes at night, gained up ~o about 3%. The , 

85% hydrated group also alternated between 3%, after the day~ losses, 

and 6% after the night gains, to reach a Final 6% gain on the 

third aay, 

All the females in the 65% hydradon group unfortunately 

died before exposure. The other groups, however, ga~ned between 

2 - 4%, for the f ully hydrated and the 85% hydrated respectively. 

by the third day. In the open site the two groups made small gains. 

of between 3% and about 7%. 

A comJarison between old and young females dur1ne this 

season (Fig.16 , Table 8) indicc.::ted that thnre ~Jas a goneral rlm·•rr .. 1;3 rd 

trend, 8specially hy t he old feilE'lleR, \'l>' :U :-, a11 the ['. !"fY.:ps on b--~i: 
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Weight changes of treated ~ ~pendicu~ 

adult m6les and females at two different 

sites during the hot dry season. Weights 

expressed as mean percentage gains or losses 

of original weight 

D A Y l D A Y 2 D A Y 

WATER CONTENT 1830 0830 1830 0830 1830 

65% +1.5 +2.4 -2.0 +2.1 -1.8 

85% +0 . 9 ·~2 .3 - 1.4 +2.2 -2.0 

100% - D.6 +1.7 - 1.7 +l.2 -1.6 

65% +1.0 +2,6 - 3.l +2 . 9 -3.2 

85% +1.8 +2 . l -l. 5 +3.5 -2.9 

100% - 0. 3 +2.0 -1.8 +2.3 -2.8 

85% +1.1 +2.l -1,6 +2.l -1.7 

100% +0.6 +l. 5 - 1.5 +1.5 -1.8 

85% +1. 2 +3.2 -1.7 +3.2 -2.8 

100% - 0.8 +2.3 - 2.l +2 . 7 - 2 . 7 

--····~ 

f 
3 T 0 T A L 

I 

0830 I -
I - i +2 . 7 +4 . 9 
I 
i 

+2.9 +4.9 I 

+1.7 +0.7 

--
+2,5 +2.7 

+3.4 +6.4 

+2 .5 +1.9 

+2.6 +4 . 6 

+2.3 +2 .6 I 

' 
+3.5 +6 . 6 I 

+2 . 9 +2 . 3 
) 
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Waight changes of treated .B_. appendicul~l-l~. 

adult females of different ages at d:f.fferent 

s ites, when exposed to the f ield during the 

hot dry s eason. Weight s expressed as mean 

~arcsntage gains or l os ses of origi na l weight 

D A Y 1 D A Y 2 D A Y 3 

WATER CONTENl l 1830 0830 1830 0830 1s30 I 0830 

I 

85% - 0 . 7 +2.8 -3 . 1 +0 . 7 - 1.3 - 0 . 5 

85% -3 . 4 +2.4 -2.1 -0 . 2 - 3 . 8 +1.4 

100% -3.3 +2 . 2 -2 . 8 1+1.2 - 2. 3 +2 , 6 

I 
85% -3.7 +3.2 -4.5 +1. 9 j - 2.5 +6 .7 

I l 
-6 . 71:;:-3 85% -4 . 6 +1.8 -2.6 +3 . 7 

100% - 3 . 4 +2. 6 - 4.2 +1.8 -3 .4 +3 . 5 

85% +0.4 I +2 . 8 -2.2 +1.0 - 1.9 +3 .3 

i 

85% -3 , 8 
I 
+2,8 - 2.9 +1.8 - 1. 7 +1. G 

I I 

100% -3. 4 +2 . 3 - 2 . 6 +0 . 7 l-.1. 2 
+l. 8 

85% -0 . 5 +3.6 - 3 .TI- 2 . 2 1·s.o 

85% -8.3 +3 , 5 LJ•2.B -2.4 ~- 3. 2 

I +3 . 0 1-3.2 +1.9 1-1. 8 +3 . 2 100% -3 . 4 

I I I -- -

T 0 T A L 1 
I 

I 
- J 

l 

- 2 . 3 I 

- 5 . 7 

- 2.4 

+1.1 

-
-6. l I 
-·--1 
- 3 .1 

-
~- 3 . 2 

-2 . 2 

.. 
I - 2 .4 . 

+4 . 8 

-5.5 

---;:-~1 

J 
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sites losing as much as 7-10% by the third day. As a rule. there 

was always uptake at night and loss during the day, but here. 

losses were higher tha n gains. The young females of 85% hydration 

and 100% hydration groups. had losses of almost 53 in the shaded 

site and between 5 - 8% in the open site. The 65% hydr ation groups 

on both sites . however. had very small gains. 

During this season out of a total of 114 recordings of 

relative humidities at the grass top height. (all times of day 

lumped toget~er,(Table 9)79 recordings had humidities below 85% 

R.H., 30 had humidities above 85% R.H., and only 5 recordings had 

humidities of 85% R.H. 

In the wet season (fig.17, Table 10) the dehydrated ma les 

in both groups (65% and 85%). gained between 5-15% weight by taking 

up more at night than they lost during the day. Even the fully 

hydrated groups took up an extra 2 - 4% with the exception of the 

old males in the open site. Although the 85% hyd r ation groups 

were able to regain up to 10% original weights in three out of 

four occasions, the 65% hydration groups were only able to recover 

up to 15%. The old and young females comparision (Fig.18, Table 11) 

showed a rapid uptake on the first day by the dehydrated groups . 

Tbe old females in ~he shaded site gaineo between 5-10% and almost 

15% in the open site. The young females were able, however, to 

regain between 10 - 17% of their original weights . Apart from the 

old females in the open site taking up an extra 5%, all the other 

groups of the fully hydrated ticks first lost some weight and 

by the third day had gained l ess than 2%. 



TABLE 9 . 

SEASON 

HOT DRY SEASON 

RAINY SEASON 

COOL DRY SEASON 

TOTAL 

67 

Seasonal variation in the frequency of 

R. H. readings at grass height level. 

Al l times l umoed together for the whole 

year 

~ 85% R.H. 85% R.H . ·>85% R.H. 

79 5 30 

40 3 82 

TOTAL NUMBER 

OF OBSERVATIONS 

11 4 
. . . . . . . . 

125 
. .. . . ........... 

~ 

44 2 40 86 

163 J O 152 325 
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Weight changes of treated !3_: ~pendiculatus 

adult meles of different ages wher. exposed 

to the fiald duI'ing the wet season. at the 

two different sites. Weights expressed as 

mean percentage gains or losses of original 

weight 

D A Y 1 D A Y 2 D A Y 3 

WATER CONTENT 1830 0030 1830 0830 1B30 I 0B30 

65% +2.7 1-9 . 4 -o.s +3.1 -3.41 +2.0 

! 

85% +1.4 +6.2 -0 .7 +4.0 -2 .1 +1.6 

100% - 0. 1 +3.6 -1.6 +l.5 -1. 61 +O . 7 

+4. 2 I 
i 

65% +2.8 +8 . 2 - 2.2 -·2 . 2 l +2.2 
I 
I 

85% +l.2 +4.9 -2.3 +2.B -1.5 
i I I +J . o 

I 
100% +0.9 +3.0 -2.3 +2.8 - 2.1 i +0.9 

I 
I 
i 

65% +2.0 +7.8 ·-1. 3 +2.5 - 2.9 I +i.7 

I 
I 

85% +l.2 +6 .6 +O. O 1-3.2 

._l 
-1.6 1+2 . 1 

100% -0 . 7 +3.2 -1.1 1•2 .5 -2.3 
I 
:+o . 9 

I 
65% +O . D +10 .1' -6.2 +3 . D -'2..7 

I 
1•1.4 

! -
.85% +l. 9 + 5.5 -2.2 +4 .• 3 -1.9 :+2. 5 

I -
1-1.4 ' 100% -1.4 + 3.1 - 2.2 +1.4 :+1.1 

__ ... ! -

-
T 0 T A L 

-
-

·-
.,. 13 .3 

..,. 10.4 

+ 2.5 
j 
I 

+13.0 I 
I 

+ 6. 1 

+ 3.2 

+ 8 .B 

+11.5 

··--·--· 
.. '2. 5 

--
+ 5.6 

+- 10.1 

+ D. 6 

_ ___.) 
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TABLE 11. 

AGE SITE 
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Weight changes of tre ted R. !:E,PBndiculatus 

adul tfemalei.•of different ages when exposed 

to t he field d ring the wet season. at the 

two different sites. Weights expressed as 

mean percentage gains or losses of original 

weight 

DAY 1 D A Y 2 f A y 3 

WATER CDNTENl 1830 0830 1830 0830 1830 0830 

65% +2.1 +5.4 -3 .B +5 . 4 -0. 8 I + l. 6 

85% - - -2.6 +5.0 -0.2 +2.0 

100% r3 · 7 +3.0 -2.6 +3 . 9 -,o .21 .,.0.3 

' 
65% +4.6 +5.9 -1.3 +2.4 -o.s I +2.3 

85% +4.7 +5.0 +O .O +1.7 -0.4 +1.5 

. 
100% -l.O +2 . 6 +0,0 +1.9 -0.1 +1.3 

65% .r.2,0 +7 . 7 -4.0 +6.9 +0,1 

iT 0 T A L 

I 

+10·; 1 

I 
+ 4.2 

+ 0.1 

I 

I +13.6 

+12 .5 

+4.7 

05% +14.0 +0.5 -1.9 +4.2 1-0.2 +O.B +17.4 

- -100% - - -2.2 +4.4 ·1-0 I 7 +0.8 + 2 . 3 

65% +3 , 5. +7 . 9 -2.0 +3.1 +0.1 +2.0 +13.7 

85% - ~1.6 +4.9 -0.2 ·1°2. 3 -0 . 2 +l.4 I + 9.8 

-
100% -0.6 +3.6 -2.1 +0.7 1- 0 . 4 +0.9 + 2.1 

- ·---·-
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J 
I 
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Males and females of the same age, when compared (fig. 19, 

Table 12) showed rapid weight gains in the dehydr aterl groups with 

final gai ns of 10% in the shaded site, for both sexes, and between 

10-15% jn the open site, with an exception f the 85% hydration 

group which took up Jess than 5%. The fully hydrated groups died 

befors exposur e during the preliminary laboratory t1·eatments. 

Out of a total of 125 humidity recordings from the vegetation 

tips during thi s season (Table 9), 82 ~ad humidities above 85% R.H., 

40 had humidities below 85% R.H. and only 3 recordings had humidities 

of 85% R.H. 

During the cool dry season (Fig. 20, Table 13) there was a 

general uptake of water by males in the dehydrated groups, sometimes 

even during the day, with final gains of B - 12%. None of the groups, 

however, managed to recover fully the weight lost during dehydration. 

As the young fully hydrated groups in t.he shaded and oper1 sites were 

gaining some weight, the old fully hydrated ~Jere losing. f\S a result, 

those in the open site were dead by the second day after losing almost 15%. 

The old and young fema l es (Fig. 21, Table 1C.) of thE fully 

hydr ated groups maintained their ori ginal weights with alternating 

gains and losses of about 2~. Although the 65% hydration groups 

in the shaded site had some fur~her losses those in the open site 

had gains, but generally less than 5% . The 85% groups had gains, 

but none had more than 5%. 

Eight - six recording of humidity at zrass-t~J height war e taken, 

40 had humidities above 8 5~,: R.H •• 44 had hurnidib. ::·:~ LH~low BS \ R.H .. 

and only 2 obscrvat:l.ons hod hurniditJe f.~ i:if OS% R.h. (Table '.J}. 
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Weight changes of treated B. appendiculat u!?_ young 

adult males and females at two different sites 

during the wet season. Weights expressed es 

mean percentage gains or losses of original 

weight 

·DAY 1 ID A y 2 D A y 3 T 0 T A L 

WATER CONTENT 1830 0830 1830 0830 1830 0830 -
. . . . . ' ... ... 

65% +2,7 ~ 5,6 -2 .3 +3.4 -2.0 +3.l +10.5 
. ... . . . . . . . 

85% +1.7 +4.6 -1.9 +2.9 -2. 7 +2.2 1 + 7 . 8 

l 
65% +4.3 +5.9 -1.2 +3.6 -2.4 +3.1 +1 3.3 

85% +2.3 +2,8 ! -3.9 +2 ·. 8 -3.2 +2.4 +3.2 

-
65% +3.1 +6. 3 -3.0 +3 .6 -2 .4 +2.9 +10. 5 

85% +1.4 +3.2 - 1.2 +3.0 -l.5. +3 . 7 +8 , 6 

65% +2.9 +6.8 I -2 .4 +2.5 ·1.2 +2.7 +11.3 

I 
I .. 

85% +3,9 I_ 
+3 . 9 I 1.0 +2.3 - 1.6 +1.9 + 9.4 

I 

-· 

'--' --·-· p---

I 
I 
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AGE SITE 
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Weight changes of treated !i_.appendiculatus 

adult males of differen~ ages at differ~n~ 

sites. when exposed to the field during 

t he cool dry season. Weight expressed as 

mean percentage gains or losses of original 

weight 

D A Y 1 0 A Y 2 D A Y '=> ..., 

j I 

WATER CONTENT 1830 0830 1830 083[J 1830 0830 

65% +3.D +2.4 - 1.4 +1. 6 +6.B -0. 5 

85% +2.0 +1.9 -D.7 +1. 5 +5.5 - 0 .4 

1-1.4 100% ·. . . 
-0.31 +2.9 I +o.s . 0 .9 -3.2 

_ _J_ ---
65% +3.4 +1.3 -l.O 

I 

+3.1 +6.1 - 2.5 

-
+1.1 ,+2.3 

I 

85% -0.9 +3 . 6 +3.8 +0 .3 

•i.21-4.1 I -s~ 100% - - -

65% +3.9 +2.2 -1.2 +lt3 +4.5 +O.O 

I 
I I +1.6 85% ..:J.+2.5 - 0.7 +3.3 - 0.2 

I •1.2 100% +0.2 -1. 8 -0.5 +3.3 -1.1 

' 
65% +3.8 I I +1.3 -1.3 

J 

!+2.7 +6.2 -3 . 7 

- ' l+2.9 ' 85% +3.6 -1. 0 !+0.8 +2.9 1-1. l 
I 
' --·-.---

100% +1.3 -0. 2 0 . 8 of-2 . B +2.9 
I 
1-0. 3 

I I I _____ . .._ _____ .. 
- ·· --

·-
T 0 T A L 

-

+11.9 

+9.8 

--
-2.0 

+10.4 

-
+10.2 

-11.8 

+10.7 

+8 . 6 

+1.3 

+9. D 

+B.1 

+5 5 
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AGE SITE 
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Weight changes of treated ~ ~P.P_Bndiculctus 

adult females of different ages at two different 

sites when exposed to t he field during the cool 

dry season. Weights expressed as mean percentage 

gains or lassos of original weight 

0 A V l 0 A V 2 0 A ¥ 3 T 0 r A L 

: 

WATER CONTENT 1830 0830 1830 0830 11830 Ll830 -

65% -0.3 +2.D -3.2 +1.3 - 1.6 +2 . 4 

I 
-0.4 

85% - - - - - - -

' 100% +0.1 +2.2 -2.41 ... i.3 -0.9 +1.3 +1.6 

65% .... 0. 2 +3.7 -3 . 3 *2.0 -2.1 +2.D +2.5 

-- I -i. s 85% +2.6 +l.3 -1.21 +1.7 +l.6 +4.5 

I 

100% +D . 7 +1.8 -2 .7, +0.8 -1.4 +1.2 ... o .4 

65% +0,5 +2.2 -:: .1 +1.D - 1.4 +1.5 +0.7 

. 
85% +1.5 +2.7 -3.D +1.4 -0 . 8 +1.6 +3.4 

100% -0.6 +1.B -2.4 +1.1 -1.0 +l. i: +0.6 

I 

65% +2.6 +5.G - 5 . 2 +2.5 -2 .o. +1.9 +5 . 4 

-
85% +3.6 -1.2 -1.9 +l. 8 -1.5 -: LO +1.8 

·-- -
::.00% ~-o . 3 +2 • .z -2.2 +i,5 -1.7 I + 1.9 +2.0 

I ! - -

I 
I 

I 

I 
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1. 5 TICK ACTIVITY IN RELATION TO AGE, . SEX, 

SITE, WATER CONTENT AND SEASON. ----

The whole year's data from the old males ' and females' 

observations were pooled and an anlysis of variance was carried 

out. It can be seen (Table 15) that, there was no significant 

difference between seasons. whereas water content of the ticks 

and age showed highly significant differences (P< 0.001) There 

was also some difference(P< C.05) between sites. There was also a 

just significant (P=0.05) interaction cf season and hydration state. 

but the interaction of season and site was not significant at all. 

The interaction of season and age was also not significant. Similarly. 

the i~teractions of water content and ages or sites were also not 

significant . 

An analysis of variance on the pooled data from the young 

males and females CTable 16) sho1tJed no significa11t difference between 

sexes. Apart from the water content showing high significant difference 

(P< 0 001), season and site showed no difference. Similarly, only 

the interaction of season and water content which showed high significance 

CP< 0.001) while the rest did not have any significant interation effect . 

Using the simple sign test (Sokal and Rohlf, 1969) a test was carried 

out on the difference within the three hydrat i~n states. It was 

found tha t the 100% hydration group was more active than the 85% 

hydration group by a factor of 111 (P< O.OD and the 85% hydration 

group was also 5 times more active than the 65% hydration group (P<0.01) . 

Similarly, it was shown that old tjcks were 8 times more ~ctive 

than the you~g ones (p <0.001). 



TABLE 15. 

- -

50 

Analysis of variance on the effect of 

four factors (season, water content, site 

and age) on the activ1 ty of ~oppendiculatus 

adult ticks in the field 

-- -
Source of variation df SS M~ 

Season 2 455.72 227.86 

Water Content 2 14,612.05 7,306.03 

Site 1 2,898.02 2,898.02 

Age 1 14,440.03 14,440.03 

Sea on x Water Conter.t 4 8,531.62 2,132.91 

Season x Site 2 2, 798.73 1,399.37 

Season X Age 2 172.72 86 . 36 

Water content X Site 2 590.74 295.37 

Water Com::ent X Age 2 3,804.06 1.902.03 

Site X Age 1 1, 236. 70 ],236.70 

Error MS = 

Residual MS ]6 10,591~25 681. 05 ··-----·- ------··. 

"'*"' = P(O .001 

** .p .P(.:0. 01 

• = .p<o.os 

NS = Not signiffoant 

F 

0.34 NS 

11 .04 ••• 
4.38 "' 

21.81 *** 

3.22 * 
2.11 NS 

0.13 NS 

0.45 NS 

2.87 NS 

1.87 NS 

.... _____ 
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TABLE 16 Analysie of var!ance on the effect of 

four factors c ~eason, water content, site and sex) 

on the activity of R. appendicul~ adult ticks 

in the field 

Source of variation df SS MS F 

Season ., 1 1,380.17 1. 380 .17 3.19 

Water Content 2 12,247.00 6,123.50 14 .15 

Site l 48.17 q8.17 0.11 

Saxe 1 192.67 192 .67 0.45 

Season x Water Content 2 9 032.33 4,516.17 10 .43 

Season x Site l 580.16 580.16 1.34 

Season x Saxe 1 112.66 112. 66 0.26 

Water Content· X Site 2 21.33 10.67 0.02 

Water Content x Sexe 2 221.58 110 .79 0 . 26 

Site X Saxe 1 BD.66 80.66 D.19 

Error MS = 

Residual MS 9 3895. 77 432.86 

••• = p < 0,0Q] 

•• = P <D.01 

* = p < 0.05 

NS = Not signi ficarn; 

NS 

..... 
NS 

NS 

••• 

NS 

w· ...;; 

NS 

NS 

NS 

• 
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1. 6 VERTICAL. DTSTfUBUTION' OF TICKS tN THE HABITAT 

At the end of each experiment the plots were oec:rched 

carefully.to recover as many of the released ticks as possible. 

I n the hot dry season 72.5% of the ticks were recovered 

(Table 17) with approximately one third (32.5%) of these on the upper 

part of the vegetation while the remaining t wo-thirds (67.5%) were 

at soil level. 

In the wet season 67.1% of the ticks were recovered, and 

of these 85% were on the upper part of the vegetation and only 

15% at soil level. 

In the cool dry season 75.4% were recoveredJ 59% were 

on the upper part of the vegetation and 41% were at soil l evel . 

A t-test was done on the mean numbers on and off the vegetetion 

at each season. There were significantly more ticks on the ground 

in the hot dry season and more ticks on the vegetation in the wet season 

while in the cool dry season there was no signi f:i.cant d5.fference 

between the ground and the grass levels (Table 17). 

The majority of the ticks found near the ground were either 

at the base of grnss stems o~ on the soil surface. mostly under 

the litter. Some icks, especially among the dehydratecl groups 

during the dry season. were found on the ~ oil·· surface openly 

exposed at ths site of release. They were Found 1ylng completely 

motionl ess with all their levs folded b~n~oth them . They co uld 

only be activated \•.f :.f_th gretrt L:lf-ficulty(!-y breathl···t; cm them or 



TABLE 17. 

H 0 T 

I I No. 
RELEASED 

792 

% 

' RECAPTURED -

No.of I 

i OBSERVATIOJ -
I 

MEAN 
PER ' 

OBS ERV/\ T IOf\l -
I 

t= I 
I 

*** = p <0.001 

NS = Not significant 

D R Y 

Vertical distribution of marked !3._~appendiculatus 

adults recapt ured on the vegetation during the 

three seasons of the year . Two habitat levels 

were compared (vegetation and soil levels)# with 

the two means tested 

S E A S 0 N R A I N Y S E A S 0 N le O 0 L 
I i 

No.RECAPTURED No. Ne. RECAPiU rtED !No. 

TOTAL 1 VEG. r sorL 
I 

VEG. ; SOIL !RELEASED RELEASED !TOTAL 

I 584 188 396 752 504 427 77 512 
I I I I 
l I 

I 

ls7 .1 
I 

72.5 132.51 67.5 - 84.7 1s~·3 I -
I 
I 

~ 18 I - - - i 18 - - -
i~ 

I I I 

I i 

~2.4 110. 41 22.0 - 27.3 23 . 6 3.7 -
; 

I 

\3.70 l I 
*** I J *** I 

' 
I 7. 57 

I i I 

D R Y S E A S O N 

l\lo. RECAPTURED 
I 

TOTAL VEG. SOIL 
I 

I 386 i 229 157 

I I 

75.41 59 .3 

I 
l 

40 .7 

12 - -
i 

32 . 2 19 .1 1 13.1 
I 

I 1.15 1 NS 

I 
I . 
I 
! 

OJ 
::,.} 
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by disturbing them). This slow response to disturbance and the 

camouflaged appearan6e could make unmarked ticks extremely difficult 

to detect on the soil. This foreseen problem was, howevor, overcome 

by marking the experimental ticks, which made it easier to detect 

even a motionless tick on the sOil surface. 

Ticks recovered from the upper part of the vegetation also 

showed very clear preferences in their choice of resting sites 

on the grass. During the active (rainy) season ticr,s were fo und 

on the flower heads of the common grasses, Pennisetum p..!:!£PUreum, 

Panicum maximum and Themeda triaod~aand were frequently in passive 

postures. In other plots where the dominant grass species was 

~yno£!.Q!J. dac_·~_lp_ri , especially under the trees in the stwded site, ticks 

were found under the leaf sheaths or at the basas of the leaf blaaes . 

It seems also that ticks prefer dry grass stems to green ones. Even 

on the green stems, ticks prefer the dry leaf sheaths or leaves 

to the green fresh shoots. Few ticks were seen resting on the middle 

part of the grass stems. 

Ticks in the upper part of the vegetation wero more easily 

activated than those found on the soil surface. During the hot part of 

the day, especially at the open site, many ticks were seen resting 

on the lower surfaces of the leaves. They could easily be activated, 

where-upon they moved to l:he upper surfaces. Semo climbed to the 
I 

tip of the nearest grass stem or blade where a few quested 

for a while. They soon climbed down the vegetation again and 

disappearert into the turf. 
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All the ticks were released at the centre of each plot and 

mo t of them were recovered within a radius of 10 cm. from the point 

of release. This indicates that there was very little horizontal 

movement. ~· appendiculatus, unlike Ixodes ricinus rests head 

downwards with the first pair of legs folded and the others holding 

the stalk (Fig. 1). 

2. LABORATORY EXPERIMENTS 

2.1 SPONTANEOUS ACTIVITY UNDER CONTINUOUS 

LIGHT OR DARKNESS 

Batches of 25 ticks were released in the observation chamber. 

Some never camo out of the containers. Of those whi~h emerged, sorae 

sought shelter under the pieces of filter paper and only a few climbed 

the stems. After reaching the tips, they made a number of questing 

movements, then either settJ.ed up there or climbed down again to the 

sand surface. Browning (1976) observed the same situation . 

When the ticks were exposed to continuous illumination at 1B0 c, 

23°C, and 28°C under 85% R.H. for 72 hours some ticks climbed to the 

tips of the stems during the first ten minutes after release . Most. 

however, remained in the tubes throughout the period of ooservation 

(Fig. 22 , Table lBa) with only minor changes . One or two individuals 

moved up or down after four hours of exposure. Under these conditions . 

no rhythm of activity wos demonstrated. 
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T.'\BLE 18. Activity of 25 .fL ~ppendiculetus adults at ie0 c. 23°C and 28cC in continuous (a) illumination 

and (bl darkness.exposec for 72 hours 
~ 
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A similar·batch of ticks was also subjected to c ntinacus 

da kness for 72 hours under the same conditions. Some activity 

was observed (Fig. 22, Table 18b) but again it t.Jas not rhythmic. 

0 At 18 C there was an increase i n activity from 5 ticks t o 10 ticks 

over the first 36 hours of exposure. This was followed by a slight 

decrease and that l evel was maintained throughout the remaining 

36 hours. At 23°C the observed small changes in activity (3-5 t icks) 

were also not rhythmic. At 2a0 c after some initial climbing there 

was a steady decrease i n numbers which was also arhythmic. It was 

later obser'Ved that although the stems had been oven dried, due to 

the high temperature (28°Cl and relative humidi ty (85% R.H.) 

they started becoming mouldy, whic~ coul d have been t he cause for this 

steady reduction . 

2.2 ACTIVITY UNDER VARYING CONDITIONS 

OF ALTERNAT ING LIGHT, TEMPERATURE 

AND RELATIVE HUMIDITY 

Ticks were exposeri to a n alternating regime of 12 hours 

darkness and 12 hours light to l ook for a ny entrained rhythm . It 

was observed (Fig . 22, Table 18) that at 18°C tick activity increased 

slightly (from 3-6 ticks) during the first 24 hours but the number 

of t ic ks on the s tems was almost constant for the rest of the period. 

There was a Dimilar incrsase in activity at 2e0 c during 

the first 24 hours of darkness and ~ few other changes lotor. None 

of these changes, however,occurrEd jn a way ~het suggestad that thGy 

might be reJat8d to tt.n changes of l:i.ght and c.r··t<.ness. 



TABLE 19. The effect of alternating 12 hours light /12 darkness on the activity of the 
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It was observed. however, on a number of occaseions . that 

some of the ticks resting on the stems starts. questing as soon as 

the lights were switched off , but none quested when the the lights were 

turned on . 

Ticks were exposed to alte~nating temperatures while the 

humidity was kept constant and under constant illumination. It was 

observed (Fig. 23. Table 20) tha~ under both increasing and decr easing 

temperatures there was an i ntial increase of tick activity. Although 

these changes were small for statisti cal analysis they definitely 

occured as a result of temperature changes. 

Humidity (Fig. 24. Table 21) provided a direct response 

on tick activity on the increasing regime only, with maximum 

activity at 85% R.H. On tne dncreasing r8gime ther8 was high activit y 

only at 100% R.H. followed by a steady decrease of activity, as humidity 

decreased, whi ch was not directly related to t he hwnidity changes. 
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C H A P T E __fi_.Y_ 

D I S C U S S J D N A N D C 0 N C L U S I 0 N S 
~~~~.~~~~~~~~~ 

Lees (1946. 1969) and Balashov (197~ indicatGd that when 

ticks need to rid their bodies of excess water. a negative geotaxis 

develoos. and they move up to the tips of ~he vegetation. A positive 

geotaxi reappears when the tick's water content is reduced and they 

then return to the ground. 

The results of this investigation confirmed to a g::-eat 

·extent these findings. It was shown tnat when the treated ticks 

were rele~sed in the field plots. the fully hydrated indiv1d~als 

\'\/ere ah1ays active immediately on the first day of release. Activity 

decreased later . probably as a result of the loss of excess water. 

The dehydrated groups. however crawled into the littor and remained 

inactive at soiJ. level for up to two dayr, during the hot dry season. 

The length of this period of inactivity at soi leve} appeared to 

depend or1 the rate of water up~ake by the ticks and the degree of 

previous dehydration. Water uptake in turn depended on temperature 

and relaUve humidity fluctuatfons experienced by the ticks during 

the exµosure period. 

Low humidities coupled with high temperatures ~bviously 

increase the rate of water loss from ticks through evaporation 

(LeBs1 1946). This high rate of water loss :Ln questing ticks would 

quickly bring the water contont of a fully hydratud tick below the 

equilibrium 11.1ejght. That is tha weisht below whish the tick tries 
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to avoid further desicciation and above which the tick tries to avoid 

further hydration • As a result, t~e tick is driven back into 

the vegetation . 

The ground was found to be genBrally ~he most favourable 

level of the habitat for water uptakeby ticks. During the year of 

investigation. 378 humidity recordings were taken at soil level during 

the hours of observation. Of thes~only 53 (14%) showed humidities 

below the tickd critical equilibium humidity (CEH ) of 85% R.H •• and 

most of these: low humidities were between 60-85% R.H. 

Critical Equilibiium Humidity (CEH) is the humidity at 

which ticks neither gain nor lose waterJ below it they lose and above 

it they gain water. At humidities nearing the CEH the rate of water 

loss would be relatively slow (Lees, 1946). It is almost certain 

that for much of thEl rest of the day not covered by the records 

(mostly night-time) the R. H. would have been abovs ths CEH, so 

that ticks could replace the water lost during the day-time. 

R. a_J:Jpendiculatus is certainly able to control its water 

conten t . Comparing the weight changes at the three levels of hydration 

during the three seasons. one can see (Figs. 25-30) that the 85% hydrated 

males. for example (Fig. 25), aJ.ways took up more water during th8 rainy 

season and a litt le less during the eccl dry season, while during the 

hot dry season they again took much less wster. The females (Fig . 26) 

were similar and, infact, the old females in the open site lost abo~t 

3% by the second day during the hot dry season. Gem:rally. it can 

be concluded that the 65% hydrated groups too~ up a srnall arrnunt !Jf 

water. irrespectivo of season. 
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The males of 85% hydration level lFig. 27) took up water 

in all hree seasons., with most in the rainy tieason. The females 

(Fig. 28) had a more characteristic response in the three seasons. 

As can be seen, there was always water loss during the hot dry 

season and uptak8 rJuring the wet season, while the cool dry season 

occupied an intormediate position with little change in weight 

(mostly uptake). Although the humidities were low during the cool 

dry season, the prevailing low temperatures also mada the rate of 

water loss very low. This shows the role played by tempsratu1·e 

on water l!Jss. 

The fluctuation in weight of ± 5% observed in fully ydrated 

ticks at all seasons (Fin, 29, 30) confirmed the degree of water 

regulaticin by the aaults of this tick species, with the maximum extra 

gain of 5% in weight even durin(l. tt.e rainy season when there is a let 

of free l-Jater in the atmospliero. Similarly, a maximum of 5% weight 

loss during the hot dry season sugges -ed the abiU ty by this species 

to resist desiccation by a certain dsgrRe. 

The vertical humidity gradient in the vegetation may not be 

uni form and pockets of higher humidities could occur at cmy level 

of the gradient. It is postulated that when an individual tick, 

depending on it~ level of dehydration, finds a suitable R.H. 

at a point along the gradient. it comas to rest while ·other, 

less fort~nate ticks may continue to be driven down towards the 

soil level. This may be especially so during the; dry seasons . 
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During the hot dry season grass top h3ight. F< . H. 

recordings lower than the critical equilibrium humidity (CEH) 

of 85% R.H. outnumbered those above the CEI-! by a ratio of 

3:1, while during the rainy season the situation was reversed and 

humidities above the CEH outnumbered those below it by 2:1. The 

proportions in the cool dry season were almost equal. 

This humidity relationship between the two habitat 

levels during the three seasons correlates well with the distri

bution of tick~ in t he two levels of the habitat during the 

three seasons (Table 17). As can be seen from the tnble, 

during the hot dry S8ason the soil level had m~re ticks than ths 

vegetation level by a ratio of 2.5:1 • and it was again the 

reverse situation during the wet season. where the vegetation 

level had more ticks than the soil level by a ratio of 6:1. 

The proportions of ticks in nach habitat level during the cool 

dry season were almost equal. with a 1 . 5: l ratio between the 

soil and vegetation levels. 

It would appear. therefore, that prolonged periods 

OT low day-time.humidities coupled with high temperatures at 

grass top height , have the effect of keeping most ticks down at 

soil level where conditions are more favourable. This suggestion 

is also supported by the fact thet there Wc3S more loss of water 

during the day at top soil level than gains at night by ticks. 

(Fig" .14, 16). During the wet season, ho•,,mver, thc;re o,.1as more 

uptake than loss (Figs. 17- 19) . ana ticks at soil level may be 



in danger of becoming over hydrated. They may, infact,nced to expose 

themselves to dGhydration :::s a matter of necessity. During the 

cool dry season gains and losses of water are balanced and,as 

has been observed. the ticks were evenly distributed between 

the vegetation and the soil. 

Tick activity was concentrated at high humidities 

(fig. 13) which also confirms the suggestions of Lees (1946. 1969 ) 

and Balashov (1972) that when there is excess water . in the tick 

there is correspondingly hig h activity. It was also clear that 

temperature plays a very important ro1e in the initiation of 

activity (Fig. 12). There seemed to e limits C20°c - 30°CJ 

outside of which the ticks responded negatively . This negative 

response is probably independent of the water content of the tick or 

the relative humidity of the environment. 

Responses to these limiting temperatur8 6 can be seen 

in the field results (Figs . 9-11). Daily tick activity was 

highest between 20°c - 30°c. When the temperature went above 

30°C there was a marked decrease in activity (Figs. 9. 10) which 

was particularly marked in the middle of the day during the hot dry 

season in the open site. As the temperature fell from the maximum 

towards the optimum,tick activity egein increased but then decreased 

once more as the lower limit was approached towards evening. If the 

upper limit is not exceeded . tick activity may romain high fo r proloneed 

periods during the day (figs. 9, 11) e.g. in the shaded site 

(Fig . 11) when there was continuous high activity from 1030-1630 hours. 

. ' 
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In the open site during the hot dry season (fig. 9) the optimum 

temperat ure was reached early in the day and there was correspondingly 

early activity starting at 0830 hours . This was soon reduced, 

however, when the higher limit was approached at 1230 hours. 

Hence, daily increase in activity may be delayed or 

hestened inparallel with the changes in temperature towards the 

optimum. 

It therefore, appears that although tornperature 

changes trigger activity, only fully hydra~ed ticks are responsive. 

Thus the observed failure of dehydrated ticks to climb the vegetation 

for 1-2 days after introduction to the experimental plots suggests 

that until the tick is approaching full hydration, it is indifferent 

to temperature changes and will remain at the botto1n of the vegetation. 

As mentioned earlier, during the hottest part of t he day, 

most ticks on the vegetation were seen on the lower surfaces of the leaves 

or grass blades. They could, however, be easily activated when 

they prompt_ly moved onto the upper leaf surfaces. Some, indeed, 

cl mbed rapidly as high as they could on the nearest stem and startod 

questing. However, after shor t intervals most of them returned to 

the protection of the thicker vegetation, in rssponse perhaps, to 

unfavourable high ambient temperature. 

Although there is at present no way to determine the age 

of a tick in the field it appears from ~he prosent experiments that 

most of the acU.ve t · cks r:re old. Th!:' f>ignifh;h·;t di ffer·c 1~ .:c shown 



107 

11 the analysis of variance (Table 15 ) bBtween the different 

water contents and age and the signi fj.cant interaction of 

seasons and water content. and similarly the significant · 

difference shown by the sign test between ages and bet\-Jeen 

hydration levels, all indicate that the wat€r content and 

the age f the tick are the critical factors in tick regulatory 

activity. This suggestion contrasts with that of Lees 0946) 

that as the tick ages it becomes less efficient in water upta ke 

and more susceptable to desiccation. Thus one would expect 

that the older ticks would not only be losing water more rapid1y 

but would be unable to recover so much during the night, and would 

thus be forced to remain at i:;he bottom of the vegetation for 

most of the time. The lack of significant di fferemce betwecrn the 

climbing activity of the two sexes (Table 16) suggests that they 

have a similar ability to regulate their water content • Indee~ 

in nature males and females appear on the vegetation in equal numbers. 

There is significant interaction of season and water 

content CTable 16)J during the wet season the rate of water uptake 

is faster and higher than during th3 dry seasons . 

Although the number of active ticks was only just significantly 

different (P=D.05) when the two sites were compared1 it µhould be noted 

that activity in the open site tended to be in brief high peaks 

compared with lower and more extended periods of activity in the 

shaded site (figs. 9-11). 
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The following general conclusions can be drawn:-

The distinct seasonal activity patterr. of ~ appendicuiatus 

adults, with a well marked peak during the rainy season, 

may be attributed to the following:-

i] Most ticks are Found on the upper part of the vegetation 

and are thus readily available, and easily activated by 

a passing host, during the rainy season . 

ii) Most ticks are found at soil leve during the hot dry 

season conserving or replenishing their water content, 

and are very reluctant to become active when they have 

a low water content. Hence low activity in natural 

populations during tho hot dry season. 

iii) The intermediate picture shown in natural field 

populations for activity in the cool dry season 

agrees with the intermediate level of water regulation, 

with not so much loss nor so much gain. 

b) The regular d~ily activity patterns appear to . be produced 

by the interaction of the water content of the ticks with 

the daily cycle of temperature and humidity. Ticks that 

are fully hydrated respono to incr8ose in temperature from 

the lower thresholds to the optimum. If this optimum is 

exceeded and the higher threshold is reach8d there is a 
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decrease i n the number of active ticks. Otherwise. 

a high level of activity continues until the temperature 

starts to drop towards the Jower threshold. when activity 

also decreases and the night level of activity is reached. 

When the ambient temperature starts to increase, the 

temperature deep down in the vegetation increases more 

slowly and thus the response of the ticks, and their 

appea rance on the tips of the vegetation would also be 

delayed. However. ticks that are already in the upper 

part of the vegetation would be stimulated sooner since 

the increase in temperature would reach them more quickly. 

It is possibly true that the activated ticks from the 

soil level may not evRn r8ach the tips of the vegetation 

before they find high temperatures at the middle of the 

vegetation which drive them back down again. 

Although R~ ~ppendicul~us adults did not respond to 

light or darkness changas by moving, the questing behaviour 

shown by the ticks when the lights were turned off was 

similar to that reported in Ixodes ricinus by Lees (1948). 

This may be similar to the response show~ by a tick to the 

shadow cast by a large host. 
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