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1. INTRODUCTIO!l 

Southern Africa has a laq; e number of ccono:nically import rln t 

tick species. The eastern Cape Province is particularly rich in 

ticks, 47 b e ing listed by Arthur (unpub) ished data) f " llowing a 

survey of the taxonomic liter ature on South African Ixodoi-dea. 

Of these /f 7 speci es only a relatively fel" appear to be of any real 

concern to livestock farmers. Ailong these nre Boophi lus deco loratus 

(Koch, 1844), knblyon.ma hebra~~ Koch 1844, Rhi.picephalus evertsi 

Neumann 1897, Rhipicephalus .£I?l?!·!lldi.culat_~ Newnann 1901, HyalOl,om a 

rtl fipes Koch 181+4 , Ixodes ru bi(;undus Neum ann 1904 and Margaropus 

Hinthe'ni Karsch 1879. These species may transmit pathogenic oreanisms, 

cause paralysis or danag e l eather . The high ccsts of acaricides, 

coupled with the evolution of resistant tick populations, has made 

it imperativ e that biological and ecological work be unde.rtaken on 

all known economically important tick sp ec ies in an attempt to devise 

alternative methods of control. Despite t~le recognized significance 

of ticks as an economic problem in S0uth Africa ther e is a lac.k of 

biological and ecologital data of a quantitative n a ture . Apart from 

the work of Stampa (1959, 1969), Goldsmid (1967" Kraft (1961, 1971), 

Londt (1.970), Londt and Whitehead ~1972)1, BezuidenllC>ut and Schneider 

(1972) and Arthur and Londt (1973) there has been little progress 

since the work of C.P. Loun,bury just before the tuen of the century 

(eg. 1899) . Theiler and her associates at Ondcrst ep oort have 

produced extens ive ~'ork on the taxonomy of a number of species and 

her Zoological Survey of ticks in the Republic of South Africa has 

formed an excellent basis for further ecological investigations. 

1. A copy of tbis paper, whic.h result e d from the work of the author 
suumitted for the M.Sc. deGr ee at Rhode.s Univer s ity, has been 
included wit11 this thesis ( sec insi,dc back cover). 



2 • 

It is hm-7evcr qualitaLive and based largely on r e cords trom veterino.ry 

officers and there is an obvious need for adopting a quantitative 

approach to the many problems raised by this excellent study. 

~.decoloratus, the Blue Tick, \'las sel ected for stl dy f:or a 

number of reasons 0 B.decoloratus is one of the chief transmitters - -------
of piroplasms, Gall sickness (Anaplasmosi:.), Spirochae tosis and Tick 

Bite Fever in South Af rica. D,:.rnage to lC2ther caused by the scars 

following their bites is also of considerable importance to the. 

leather industry . This tick compl.etes its parasitic life cycle on 

a single host and is consequently an easy species to breed for 

experimental purpos es . Being a ' one host spec:ies' implies, in 

theory, that it may be readily controller'. by reg'llar application of 

acaricides but this 'virtue' has been cancelled by the rapid evolution 

of acaricidal resist ance. A feature paralleled by a similar 

phenomenon in the closely al.lied s pecies Boophilus microplus 

(Canestrini, 1888) particularly in Australia. 'Strains' of 

B .decoloratus are nm.] knmvn which ar:; resistant to arsenicals, 

chlorinated hydrocarbons and a number of the more recently used 

organophosphorus acaricides. Although the spe·:ies can still be 

adequately kept under control by e»isting chemical cr.ntrolling agents 

the threat of resistance is ahvays present. 

Studies on the eGg stage were initiall.y undertaken as an 

extension of previous work (Londt 1970, Londt and Whitehead 1972). 

Previously it was found that larvae of a number of different species 

including ~.decoloratus were able to survive under laboratory 

conditions ~oJhich were far more 'unfavourable' than the microclimatic. 

conditions experienced in the field. This suggested that the 

distribution of larvae in the field was not dependent entirely on 

their m ... TJl tolerance levels to environmental vicissitudes but thClt 
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microclimatic conditiolls mi.ght exercise significant limito.tions on 

the survival of egg laying females, the ir capabi.lities to produce 

eggs or on the csgs themse lves . The prp.sent study Has therefore 

largely concerned with the tolerances of these stages to the physical 

or abiotic factors of tempe.rature and huuidity . Apart from the 

n on-parasitic larval stage, the egg stage and the peri.od during 

which the engoreed female tick produces egg s, all the stages in 

the life cycle of ~.decoloratus occur in direct association with 

the h os t. Accordingly it was thought desirable to consider 

bri e fly certain aspects of the parasi.tic cycle to place the non­

parasitic phases in perspective. 



PART ONE 

THE Pf.RASITlC LIFE CYCLE OF 

BOOPJIILUS DECOLORATUS (KOCh) 
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2 . TilE PARASITIC LIFE 
1 CYCLE 

Detailed studies of the morpholo!W of the immature 
stages of ~.decoloratus are sp Q.r£c. The prese.lt ,\:"ork, 
using scanni.ng electron micro s copy, aims at clearing 
up lnisconceptions and considers homologi es bct\"een 
larvae, nymphs and adul ts. ·1'11e bioloBical activ; ti e s 
of this tick duri ng its parasitic oycle on the host 
are examined '{.,ith special reference to the course of 
feeding of all stages, and to the influence of the 
condition of the pharate nymph and pharate adul t in 
accelerating the completion of the life cycle. The 
p attern of dropping of replete females is considered 
in relation to theh- we ight and their time of drop-off. 

2 .1 INTRODUCTION 

A number of workers (Minning 1934, bedford 1934, Theiler 1943, 

Hoogstraa l 1956, Arthur 1960, Gothe 1967a) have described and 

illustrated the adul ts and irrnnature stag es of ~ . decoloratu3 using 

conventional light microscopy. From experience gained by using 

s c anning microscope techniques on the imr.1ature stages of the Bont Tick, 

A. hebraeum, (Arthur, 1973) and on representatives from other ixodid 

genera (Arthur, unpublished) it was considered exp edient to apply 

them to studying all s tages of ~.decoloratus. These techniques are 

valuable in tick taxonomy in that the necessity for clearing and 

mounting specimens is eliminated and they reduce distortions- which 

occurs when either the whole or parts of the body are flattened. The 

need for this approach was emphasized ",hen attempting to us e the 

descriptions and illustrations prepared by Gothe (1967a) to separate 

1. Written in collaboration '''ith Pro f essor D.R. Arthur, who kindly 
agreed to assist in describing all the stages of ~.decoloratus 
for inclusi on in this thesis. The biological work was that 
of the author. This chapter has b e en publi s hed (Arthur and 
Londt, 1973), in an almost identi ca l form, and a copy of thi.s 
publication has been bound into this volume at the end of this 
chapter. 

I"'~r 1: ~ le r-:cnn.d11~, (·lp'c ·tr~H·l lio:r .... J[, ra::'lls URP(; in ·r.ll J;~ c1l?ftiJ)'i ~""i:i")n of' 
nIl ;"tA{'(,S of ~'. tlr:c")l · r·r, -h.~~ (in. Pit~ 1, 2, ,'~ , 7, C, 5', In , 11 
PHd 12) n(>t? rc~ri!·lt .• 
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the i llnnat ure stages of ~.deco lor iltus from those of ~.microTJ1.us, 

particularly ClS the distributions of these two species overlaps in 

p3rts of South Africa . 

Information on the bi ology of ~.c1ecolor<:.~ durin~: its parasitic 

phase is sparse ~ Previous au t hors hav e shown that, except for 

digestion of the ' blood me.al l by the [cma ·ve , the maturation of her 

eon ads and egg layin], the life cycle is completed entirely on the 

host. The times given for this period on the host ranges frmn three 

Heeks (Theil_cr , 1911) , to a month (Le",is , 1939). Lounsbury (1905 -

cited by Theiler, 1943) reported that the larva moults after 7 days on 

th e host and the succeeding nymph moults after 1\ further 7 days. The 

fully fed fCf.wle leaves the host at abou l : 23 days from the time of its 

attachment as " larva. Theiler (1 943) re.pcats this information. 

There are neither data on the feeding period nor qualitative or 

qllantitative assessments cor,relating size and age during the peri ads 

fo r which the various stages are feeding, ,,:; there is for ~.microplus 

(Legg 1930, as ~.austr ~lis; Hitchco ~k, 1955a; Kitaoka and Yajima 

1958, as ~.caudatus; Roberts , 1968). The use of ti ck length as a 

measure of size change in relation to age has b,en advocated by 

Rober ts (1968 ), althour;h he recogn~zed that engorginr; and engorged 

nymphs ,.,ere substantially affected by fixation and processing in hot 

alkali • Nore importantly, hmv8.ver, ti.ck length dc~s not take into 

account the periods of time durine which the nymphs and the adu l ts are 

in a pharatc. condition. To detcDnine this requires more exact 

infonnation on moulting periods . 

2.2 HATERI ALS AND HETHODS 

All the stages of .!!..decolor a tus, u sed for description, were 

obtained [rom a culture in the Tick Research Unit of Rhodes University. 
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The sp ecimens Here preserved in 70% ethanol, dried in air :md fixed 

to the specimen stubs either by colloidal si l.ver paint or by 

'S ellotape' di.ssolved in chloroform. No additional adhesives were 

necessary . A layer of gold (100-150 R) was plated onto specimens in 

a Hitachi IIUS 3B v a cuum evaporator. The specimens were examined in 

a JEOL JSH U3 (Japan Electron Optics Ltd.) sc anning electron 

microsc ope . Accelera ting voltages of 15kV and 25kV were used, and 

the cathode ray tub e im ages were record e d in a Graflex 2~" x 2%:" 

c amera using Ilford F'P4 negative film an d developed in Hicrophen 

devclop pr. The nomenc lature of the body setae adopted follm,'s that 

of Clifford and Anas tos (1960) and the palpal setae that of Arthur 

(1973) • 

For biological studies, larvae Here reared from fully·-fed females 

o 
maintained in the laboratory at 26 C and about 9070 relative humidity 

(R.H.) • The larvae wer e kept under these condit ions for about a month 

before bei.ng used to infest a Guernsey calf . Each infestatim. of the 

calf involved the use of about twenty thousand larvae, and thes e 

Ivere distributed as uniformly as pos sible along the length of the 

calf's spine f r om b ehind the head to just above the base of the tail. 

Daily observations were made Oil the l ength of time taken for each 

parasitic st"8 e to moult on six occasions from Harch to October 1972. 

Before the fourth infes tation a r andom sample of fifty l arvae were 

weighed to ascer tain the weight of unfed larvae. After the initial 

infestation a variable number of ticks lvere removed daily from the 

neck r egion of the calf, weighed, inser ted in appropriate vials and 

placed in an incubator at 26°C and about 90~~ R .H. Daily collections 

of tides were made up to the time when the first engorged females 

dropped from the calf. Thereafter only the dropped females were 

coliectcd. Ticks, removed from the host, lVere placed in an 
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incub .:J.t or and examined 10 days later. The numbers of moulte.d 

larv c.e and moulted nymph; were counted. For weighing larvae, 

nymphs and adult me.les a Calm G-2 electro-balance was used and for 

adult females a Sartorius single pan bal ance. Temp er atures and 

relative h umidities in the stable, housing the calf, were r ecorded 

on a thcrmohygrograph throughout the investigation. 

For determining the pharate condition, daily saOlples of the 

nymphs and adults ",ere taken from the calf and cleared in lactic acid. 

Pharate n)~phs and adults were r ecognized when their legs and coxae 

were r eadily discernible and when separation of the n)~phal or 

adult cutic l e fr o'll the preceeding stage '''as cledrly defined under a 

light microscope. 

2.3 OBSERVATIo)'S AND RESULTS 

2.31 Descript i on of larva 

Unfed ~pecimens rounded, about one and a third times as long as 
maximum breadth at about level of trird pair of coxae (Fig. 1( 1)) . 

Capitulum - dorsal. (Fig. 1(1)). Basis length (as meas u red 
from base of external cheliceral sheath to posterior margin) to 
maximum vlidth ratio about 1 :2; posterior margiTl of "basis, behind 
level of basis scnsilla, as a flatt ene,d bm,-shape, thence straight for 
a very short distance becoming inde.nted, at ' origin of I palpiger I • 

Surface generally flattened ' except' for an antero-lat~ral triangular 
elevation immediately behind palpal insertion; t,w \>'idely separated 
sensilla at about one third of length of basis. 

Palri. (Fig. 2(1)). Short, from 0,084- 0,OSl rnm long, 
t endency to be bulbous. No suture line betl>'een segments 1 and 2. 
Ratio of length of segment 2, measured along dorsal surface from its 
postero-mesial protuberance to 'suture l v.rith seJrnent 3, to maximum 
width about 0,9 :1 ,0; that of segment 3 1,2:1,0. Lateral profile of 
c ombined segments 1 and 2 sinuous, mesia l profile of 2 mildly convex; 
both lateral and mesial profiles of segment 3 almost straight and 
converging to broadly rounded apex. Surface of segment 2 strong ly 
tumescent , protuberant meso-posteriorly, this continued Obliquely 
antero-Iaterally and mesial of the hasal lateral seta of segment 1 and 
terminating baso-laterally of anterior l ateral seta of same segml2nt; 
surface of segment 3 smooth, evenly and gently curved to the midline 
and laterally, but more steeply to its junction '-rith segme nt 1," 
Setae arranged in three longitudinal series: mesial series (M) 
consisting of two setae, Hi on segment 2 barbed on outer face, sub­
par.allel and shorter than similarly barbed M2 s e ta on segment 3: 
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dorsal sub -me dian series CD) of four setBe, D1 (vertical in 
posi,tion and accordingly much foreshorten ed in Fig. 2(1»on 
segment 2, an d D2 and D3 on sC 2ment 3 are multi-barbed, D4 of 
'fine' tapered type; lateral series (L) of three setae, all single 
barbed, of " hieh t \W (Ll and L2) located on se[\ment 2 2nd one (L3) 
on segment 3 . 

~itu.Ium .. ,,<:ntral. (Fig . 2(2)) . Basis transversely 
ovate ; sur f a c e curved, sloping gently to hypostomal base and 
dipping more strong ly to shal1oh', bro o.d oblj.que depres.sions antero­
lat erally, beyon d uhieh the surface becomes slightly elevated to 
straieht lateral rn zlrgins. 

PalpL (F ig . 2(2)) . No clear sutures b8tHcen palpal s" gments 
1 to 3 ; lateral profile of palps broadly a rcua te, mesiaL profile 
only slightly so, Surface ' of palp with shallow irregular furrmvs 
basally; distal margin of segment 3 thickened and broader laterally 
than ventrally where it is flan;;e - like; relative to the long axis 
this margin obliqu. e an d flang e lacks any distinctive s pur; extensive 
area of intcrsegment nl membrane on mesial and distal face of segnwn.t 
3 on which palp a l. s e gment 4 is mounted . Two setae on segment 2 of 
which ventral -me sial (YM) is I feather - like I under light microscope, 
under scanning electron micros cope consists of a stout base from 
which succes sive. layers of barbs arise, deepest layer (i .8 .. the most 
dorsal) tapering to setal ap ex, and strorgly ser.ated margina lly 
(Fig. 2(3)); mid- ventral seta (HV) on ~his segment single barbed 
with bifid or tri f id apex; tllird ventral seta ~ies on mid-ventral 
line adj acent to the distal thickening of segment 3, and is of the 
'fine' type .. Column of segment 4 bears three tapering setae, apex 
carries 1 dorsal, 3 sub-dorsal, 3 supra- ventral and 1 ventral setae, 
all rounde d "pic ally • 

According to Gothe (1967a) the segments, other than the fourth, 
have "eight setae dorsally and four se.tae ventrally" and in this he 
is, doubtless, folloHing the classifj cation of Clifford and Anastos 
(1960). The reasons for the present palpul nanenclature are 
discussed elsel,'here (Arthur, 1973). 

!!ypostome . (Fig. 2(2)). Length 0,082-0,090 mm , spatulate, 
apex broadly rounded extending beyond palpal apices; dentition behind 
small s ub-apical corona 2/2 files with 6 denticles per file, distal 
three rows sharply pointed, proxima.l three rows rounced; two basal 
medial depressions, in line with two widely separated post - hypostomal 
setae .. 

.§xtrascutal reB..io~ (Fig. 1.(1.)) . One pair 0" sensilla 
sagittifonnia (S) peripherally on post ero-lateral m,'rgin; seven or 
eight pairs of marginal-dorsal setaB (Mdl - 7 or 8) of which Hd1 to 
Hd3 in a sub-margi nal linear series, Hd4-Hd7 (or Nd8 ",hen present) 
in a progreSSively marginal series, Mdl·~Md5 in front of sensilluffi; 
two pairs of centro-dorsal setae (Cdl, 2) of which posterior pair 
significantly longer than anterior pair, and Hhose intersegmental 
distance is greater. 

Scutum. (Fig. 1(1)). 1 ,26-1 ,28 times as broad as long, 
great~st "idth across level of eyes, latter bulging, protruding 
beyond edge and s urrouncled by well defIn e d orbit; posterior margin 
narrmvly rounded, postcro-lateral margins very we.akly concave or 
sometimes straight, ant ero - ] ateral mn:t:gins convex, scapulae broad; 
emargination "ell defined. Surface reticulately patterned; 
cervical groove s short, shallOW, parall.cl sided with two circular 
depressions mesial of each, surface between grooves mildly elevated 
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and beyond them slop ing gradually to periphery. Scutal setae in 
three pairs (Sc1-3), Sc1 located anteriorly and laterRlly of 
ccrvic~l grooves, Sc3 in medinn field at abou t 01: slightly bellind 
level of eyes, Sc2 at about t::o thirds the length of antero-l"teral 
mRrgin and a short distance im-lard s from it, in leng th ScI> Sc3 > Sc2. 
Two pairs of depressions, one pair in angle formed by scapular 
margi.ns, the other more medianly placed in a line connecting eye 
and Sc2. 

VentrRl surface. (Fig. 1(2». Surface, with fine epicuticular 
folds, longitudinal depression dorsal "to coxal insertions and 
extending back to one third the distance from posterior ed[:e. First 
pai r of sterna l setae (St1) on a level with first i ntercoxal space, 
second pair (St2) level with second intercoxal space, third pair 
(St3) posterior to third p air of coxae; r elative le,gths being 
St3> St2 >Stl, distance between s"tae of each pair increasing from 
St1 to St3. 1'1,0 pairs of preanal setae (Pal, 2), distance bet.,een 
anterior pair (Pal) greater than that bet\: e en posterior pair (Pa2). 
Pre-marginal setae (Pm) arranged in two groups, more anterior pairs 
(Pm1 and Prn2) about level with pre-anal setae, more posterior pai.r~ 
(Pm3 and Pm4) located pastero-Iaterally of anus and a l most in line 
with fourth and fi fth ventral marginal setae. Five pairs of 
ventrfll morginal setae (Vm1 .• VmS), Vm1 in line wi th lateral groove 
and slightly behind level of Pm2, thence successive setae (Vm2-Vm5 ) 
more marginally located. One pair of alaI setae (An). 

Le g s. (Fi g. 1(1) and (2» . Tar sus I frC>'.n 0,160-0,168 mm 
long, somewhat Sl .. rol l cn in front of pseudo-articulation thence 
tapering gradually ta apex; cia,,'s slightly l on[:er than pulvilli. 
Dorsal setal alignment on Tarsus I as a single seta on the declivity, 
one pre-ha lleral, and single pairs of halleral, post-halleral, 
antero-dors a l and postero-d6rsal setae. Trough of Haller I s organ 
(Fig. 2(5» contains One long, curved Geta, two moderately long 
setae "'7ith narrm-l ly rounded apices, t'va setae t(lperi.ng to sharp 
points; capsule apertures triadiat e with transverse section more 
widely open than short longitudinal sectio,1. 

Coxae. (Fig. 1(2». Coxae I sub-triangular, mesial margin 
salient, extending to postero-internal face (not £s figured by 
Gothe (1 967a ) Fig. 14), not protruding over its posterior margin 
but following the contour of coxal margin for a short distance. 
Follm. ing the nomenclature of Clifford and Anastos (l960) three 
coxal setae, C1.al. with single face barbed, C1.mm and C1.pl fine 
and tapered. Coxa II elongate, sub-rectangular, mesial margin 
broadly rounded, setae C2.al and C2.pl present, as 'ell as coxal 
sense or~an on it s anterior distal angle, posterior TIlar g in bearing 
a l ong n ar rOlV' salience. Coxa III s ub-·tr iangular '\-lith mesial marg in 
narr m"ly rounded and continued into posterior divergent margin; no 
salience or spur.. Three pairs of sensi 11a sagittiformia present, 
the first dorsal to insertion of coxa I, the second and third in 
line with the postero-external angles of coxae II and III respectively. 

2.32 Larval feeding and nymphal r.mergence 

Larv al fecdinz. The average weight of unfed larvae of 

B.c1ecoloratus was 0,024 mg and, on the basis of their cumulative 
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iV"eight increases over time, the feeding period ex tended over about 

five days (Fig. 3) . Initially, the increase in body weight was 

rel a tively 510 .< ; on the fiJ:st doy after attachment this shm,ed 

oni a slj,ght increase over that of the unfed larva, on the second 

day' it almost doubled and on the third day Has nearly trebled. 

The greatest increase occurred bet~\reen the third and fourth days 

when imbibition of 'blood' and tissue fluids
1 

was between t(,TQ and 

three-fold, and averag e max imum int ake of 0,225 mg was attained 

t"enty-f our hours later. In other \Jords, the fully engorged 

l ClrvCl l..ras abOut ten times the weight of the unfed stage . Cleared 

specir:lens of larvae almost up to the fifth day of larval attachment 

(fig. 4a) sho.,·cd no evidence of visible developmental ch anges. 

Phar at e nYTTlDh. Larvae retained thc::'r ext\~rnal form for a 

further t HO or three days after compl e tion of f e eding i.e. from 

about the sixth to the ei£hth day after larval attachment. The 

mean weight of these 'larvae' during this p.criod decreased (Fig. 3). 

Such larvae, when cleared, showed substantial n)~nphal development 

"ithin their cuticle (Fig. 2(4» over three days (fig. 4a). Thus, 

it' would appear that larvae are capable of rapi.l digestion of the 

'blood meal' and of almost immedia"e utilization of roetabolic 

resources .. It can also be inferred that histolysis (e . g. of larval 

body musclcs) and histogencsis (e.g. the developmen" of the n)~phal 

spiracle and of the fourth pair of legs) occur concomitantly 

during the lattef phases of feeding. 

Nymphal e~ergence. The periods of nymphal metamorphosis and 

of moulting extended over three days and were nonnally co.npleted by 

L The actual constitu cnts of the 'blood meal' are not knmm and 
the words 'blood! or Iblood 11lcal' have been used extensively 
to denote the nutritive matter imbibed by tl.cks during their 
feeding phases. 
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the e.ighth day after i.nfestation "'ith larvae. Reference to Fig. 5 

s how"S th at over six runs, extending from March t o October, l arvae 

and nymphs occurred t oe cthel" on the hosts on the sixth day in t wo 

runs, on the seven th day in three and on the ei.ghth day in one. 

On days previous to, and succeeding these days only 1 arvae and 

nymphs respectively « ere present. 

The series of infes t at ions ranged throu gh from summer to winter, 

and though th ere t.J'as variation i.n the diurnal and mean environmental 

factors of the ambient environment in the stable, there "laS l ittle 

evidence of these fluctuations interfering ,,,ith the pattern of the 

parasitic cy c l e . This "as probably attributable to the fact that 

maintenance. of watc.;r balance in the ticks was dA-rived from the 

'blood' i"t a"e fr r .. l l th2 ho s t, and that the temp erature of the host's 

body probaLly flu c tu ated l e ss than the macroclimatic conditions in 

the stable . 

Larvae removed from the host between the fifth and seventh 

days after the original infestati on and tr ansferred to an incubator 

o 
(26 C, abou t 907. R.H.) for ten days, gave a perc entage moult of 

nearly 8 07. (Fig . 3). ' Of thos e removed from the host on the fourth 

day less th~n 257. moulted. No moulting of larvae occurred when 

they were removed from the hosts ,·,ithin the first three days of 

attachment. This indicated tha t a threshol.d quantity of 'b lood ' 

intake was r equired, not only for cuticle synthes is to be complet e d, 

but also to allow for the 'stimulation' of developmental c h ang es. 

Larvae fed for three days do not moult. Since a smaller 

proportion of those fe eding for four days and a substantially 

l arger proportion of those feeding for five days do, then the 

minimum ' blood' intake to effect moultine i s about 0,176 mg . As 
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only about one-third of the four-day attached ticks moulted, the 

chances arc that those larvae "hich did so after four days "ere 

those which had fed faster. 

Unfed specimens elone;ate oval (Fir.. 6 (1)), about tl,ice as long 
as maximum 1;·T1.dth; fully fed specimens broader anteriorly at about 
level of scutum, where margins strongly undulate, thence narrm.,ring 
to sharply rounded posterior margin. 

Capitulum - _dorsal. (Fig. 7(1)). Posterior margin straight 
or slightly indented in the middle, merging by \olay of strongly 
divereent, postero-lateral ' angles' with mildly sinuous posterior­
lateral margins to maximum Iolidth, thence through about a right angle 
to straight, convergent antero-latcrnl margins to furrm.,rcd region, 
adjacent to insertion of palps. Surface smooth and curving gently 
to the periphery, except antero-latcral.ly "here it is el~vated and 
longitudinally furrol-led; a pair of widely separated basis sensi lla 
slightly behind level of greatest «idth, 

Pale.!:. . (Fie. 7(1)). Palpal segIl'cnt 1 nct separated from 
s egment 2, ccmbined length of both meacured along mid-longi.tudinal 
axis fr,om 0,077-0,081 mm (mean 0,0 79 m:n), "ith ,;reates t breadth from 
0,061-0,065 mm (me an 0,063 mm) at about half way along segment 2; 
palpal segment 3 meaSures from 0,040- 0,045 mm (mean 0,042 mm) long 
and greatest «idth from 0,056-0,059 mm (mean 0,057mm) just beyond 
its bQse. L(lter ~ l profile .concave in vicinity of the presumptive 
segment 1 thence, beyond a Slight dilatation, straight to suture 
between segments 2 and 3, mesial profile of segment 2 arcuate with 
greatest Hidth about mid-length; mesial profile of segment 3 convex 
b ecoming sharply rounded sub-apicallv, thence to a somewhat flattened 
apex «hich pas ses into lateral profile by a broadly curved margin. 
Segment 2 tumescent, gently curved except baso-laterally, Hhere it 
curves steeply do .vnwards; at two-thirds the distG'.nce fr om base a 
transverse irregular crevice-like groove, segme1t 3 curves gently 
from mid-dorsal line. Setae absent on segment 1, setal pattern and 
numbers on segments 2 and 3 as in 1m'va, but morpholog ical form of 
setae different, al l approximate to straight 'fine' type. One 
palpal sensilla betl<een M1 and D1 and a second posterior of M2. 

Capitulum - ventral. (Fig. 7(2)). Posterio.- and postero-
lateral margins of hasis markedly convex converging to greatest 
width, thence sharply angled to s hort, straigh t:, convergent antero­
lateral margins; interrupted only by a shallow depression 
associated \.,rit.h short, transverse furrm-l; region subtending palpal 
insertion bears short, shallo« depr ess ions. At greatest width 
surface sharply ridged for a shor t distance transversely, at this 
level a pair of widely separated basis setae; a pair of close ly 
set post-hypos tomal setae of simi l ar length, with two deep pits 
between th em at hypostomal base. Pair of setae on declivitous 
posterior face of basis. 

PaJpi. (Fig. 7(2)). No separation bellwen palpal segments 1 
and 2; nO setae arise from the presume d site of former; lateral 
profile of combine.d segments 1 and 2 biconcave, being separated by 
an intervening transver se , elevated ridge continuous across most 
of ventral surface of segment , mesial profile of combined segmellts 
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1 and ~ concave; later2.1 profile of 3 short anel arcuat c ~ mesial 
pr ofile shorter and straight, dist il l marg in as a f langed and 
cushion-like thickening, but not c1r £l."Tll out into a pronounced spur; 
pl Clccd obliquely to long axis of s esmen t. Segment 4 cone-like 
and borne on .:n extensive area of intersE'[;lnental membrane . Presumed 
scerucnt 1 l ? ck ing setae; se[,'lnent 2 \"ith three s etae, of ~\rhich two 
are prob ably homolog ous pith larval 'feathered' ventral-mesial (V1'1) 
and "nh mid-vcntrd setae (11V); the third mor ~ later 'lly located 
on ridge; t He setae on segment 3 one being the counterpart 0f 
the larval mid-ventral and the other is short and ventral-mesial; 
segment 4 with one dorsal, three sub-dorsal, three supra-ventral 
IDld one ventral setae with rounded tips a)ically, and thr ee finer 
tapered setae on column . 

liY.e.ostome. (Fig. 7(2». Length from post- hypostomal setae 
t o brondl, and shal101"ly indented apex from 0,1 1,. - 0,15 tmn; 
spatul c< te, t"per i ng only g radually for about t"o-thirds it s length 
from apex, bro.J. del1ing basally; toothed f or more than two-thirds of 
leng th, dentition behind ap ex of 2 rows of 5/5 very small t ee th 
with some havins bifid tips, 1 r01-1 of 4/4 teeth (thi s may be variable 
and irregular), succeeded by three files on either side of Inidline 
of " hich lat eral one bears 8 teeth, intermediate one "I te eth and 
mesial one 6 teeth, distal rows of t e eth sharply pointed becoming 
more rounded proximally and merginG i.mperceptibJy into crenulations. 

Post -scut a l area. (Fig. 6( 1). Surface with few, small, 
decp punctations. Setae arrallged in two pair s in position of 
larva l ed1 and 2; other setae pr es ent &s shown in Fig. 6(1), but 
He ar e ul1<ib le to correlate these \vith the larval condition. 

Scutum. (Fig. 6(1». In unfed nymphs length, measured fro: .l 
tips of scapulae to posterior margin 0,45-0,47 ~n; greatest width 
0,41+-U ,4·5 non across eyes , i.e. slightly l on~er tha n broad; eyes 
oval, pro tuberant over scutal margin. Posterior margin narro\vly 
rounded, post ero·- lateral margin r ecti.linear, or 't'leakly concave, 
thL.nc e mildly undulate and convergent to Fromincnt scapulae with 
rounde d api ces; emargination deep. Cervical g rooves very shallow, 
convergent at first then divergent and reaching back to postero-
lateral marg ins. Setae present in c omparable situations to Sci , 
Sc2 and Sc3 of larva, supplemented by further p o.Irs on scapulae , 
adjacent to Sc2 and betl{een Sc2 and Sc1. Surface smooth with few, 
small shallow punctations. 

Ventral - surface. (Fig. 6(2» . In nearly moulted nymphs 
long itudinal divergent grooves extend from level of first intercoxal 
sp ace almos t to posterior margin. Surface with widely disp ersed 
sh all ow pit s ; supra- coxal groove) seen in other ixodid nymphs, 
absent.. Some vari ation involving reduction or duplication of setae 
but follm"ing broad p3tterll of setal distribution emerges: Sternal 
setae (St) - one- pair at level of first intercoxal space, one pair 
at level '''ith second intercoxal space, one pair at l eve l of third 
coxae and t vlO pairs arranged transversely at level of fourth coxae; 
pre- anal s e tae (Pa) - an anterior p air of Hidely separated setae 
succeeded by t,,,o groups of three setae in pos ition of second pair 
of larval pre-anal setae (Pa2); lateral anal setae - 2 pairs; 
pr e-marginal setae (Pm) - a group of set.ae 0 -5 pairs usually) 
positionally equivalent to fir s t tl"O pa irs of larval pre-margin31s 
(Pmt, 2), and r e tention of two pairs of larval pr e-marginals 

·postero-lateral of the anus (l~n3, 4); ventral marginals (Vm) - five 
pairs as in l arva, c ir cum-spi.racul£lr setae - variable in number. 



.Spiracul!'.E._E.la!.£.. (Fig.6(t.)) . Circular in surface view, 
elcv.:tted above body surface, raar:;:tns steep sided and not sunk into 
cuticle; surface produced into about t\\renty protubcrs.nces, each 
having an apical apperture. 

LesE. ' (Fig. 6(2)). Tarsus I short and stll1.PY fre'll 0,128-
o ,it:. 7 mffi long, tapering rapidly to a blunt poj.nt, clm-ls longer 
then pulvi1.1u.:;, Haller's organ ",vith six n(~nsillae in :rough and 
aperture of capsule as figured (Fig. 6(3)). Tarsus IV short and 
stumpy from 0 ,132-0 ,141 rom tapcring rapidly towClrds distal end. 
Coxa I sub-triangular ,dth setae Cl d, C1 en and Cl pl of about 
equal lellgth; i.nternal spur broad, origi.,::!ting from the antero-mesial 
mar gin extend:i.ng back to overlap the posterior edge for about a 
third of its length, postero- internal ar<gle sha rp ly rounded; 
external spur narrouer tapered apically, not overlapping posterior 
edge of coxae; II elongate v-rith antero-TI18sial angle more broadly 
convex than pos tcro ... mesio.l angle, distal half of edge of posterior 
margin very much bro.J.de!.- than proximal half due to pronounced 
salient ridge, Setae C2,r.m and c2 1'1 of about: equa l length; III 
shorter than II, but as broa.d or even slightly broader, postero­
external salience less clearly defined than in II, setae C3 mm and 
C2 pl of about equal l ength; IV sub··triangular with only C4 pl 
pr esent and lacking spurs. Sensilla sagittiforrnia lacking. 

2. 34 ltt!'P.h 31 f"ed~ and adu It emcrcence 

During the period of mou 1 ting the average "eight of 

the fully engorl.,ed larva was reduced from 0,249 mg to 0,161 mg for 

the emergent nymph. This in part, was due to the loss of the larval 

cuticle, the release of guanine and possibly of ,\:\tater. The feeding 

pattern of the nymphs (Fig. 8) p aralleled ·that of the larva and, 

as judged by continued t\tcight increases to a maximum, takes five 

days. Over the first two days the average uptake of 'blood' was 

0,12 mg, ",hich was less than the average body ",eight of an unfed 

nymph. On the third day the average amount of ' blood' taken in 

was 0,404 mg. This was followed by rarid uptake on the fourth day 

when the ticks weighed ten times the ir original weight and the 

average quantity of 'blood' ingested was 1 ,L~4 mg. On the fifth 

day, feeding slo;,cd do.m and the average weight of eneorged nymphs 

The apparent mean weicht increase in nymphs fourteen 

days after the original larval infestation was not real as moulting 

had already occurr ed in part of the tick population. If the 1I'3an 
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weiGhts of all the ti.cks, nymphs and adults, \l7as to be calculated 

for the fifteenth and sixteenth days, the values would be lower 

than that recorded for nymphs on the fourteef!th day • 

. Emeq, encc o f adults. Analysis of six successive. runs of 

infestation of the calf by .~ • .9~~atus beg inning on 22 ~larch 1972 

and ce,,5 ing on 8 October 1972 (Fig . 5) Sb01~ "d that nymphs alone, 

as judged by their external form, ;,ere present on hosts for 6, 6, 

7, 6, 6 and 6 days giving an average of 6,2 days. After the 

ultimate day of occurrence of only nymphs on the hosts, nymphs and 

adults were r ecorded in five runs for two days, and in one for four 

clays following which only adults were collected. 

The resu 1 ts pres ented in Fig. 4b show the component s of random 

samples of the population on the host, on a daily basis a f ter 

clearing the nymphs in lactic acid. From the seventh to the 

twelfth day after the original infestation by larvae the treated 

nymphs s h owed no evi dence of differentiation into adults. On the 

thirteenth day 0, 710 of the nymphal population sample yielded pharate 

adults, this percentage increased to 20% on the fourteenth day, to 

a maximum of 59-60"/. on the fifteenth day and thereafter declined 

to 13% a nd n on the sixteenth and seventeenth days. Only 

occasionally >lere pharate specimens collected on th~ eighteenth 

and nineteenth days. 

Nymphs co ll ected from cattle after feeding for one, two or 

thr ee clays, and placed in an incubator failed to mou lt (Fig. 8) . 

Those removed on the fOl1rth and fifth days of feeding and similarly 

treated yielded subst~ntial numbers of adults. Correlating 

sLlccessful moultine of nymphs to aclults with mean 'blood' uptake 

on successive days, indicat es that about 1 ,5 mg of 'blood' is a 
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necessary pr er equisite for compl ete development . 

The first ~.ergence of adults wa s on the fifteenth day, i.e. 

On the sane day as the maximum occurrence of pharate adul ts. 

Initially, the males outnumbered the f c"males by about 5:1, but 

on the two succeeding days the r a tio altered to 2 : l, and within 

a further tyTO days males and females 'hTer,~ present in equal numbers 

in samples of the population (Fig. 4b). 

Since (0 the first appearance of pharate nymphs in the 

populat ion occurred tHO days before the first emergence of adults 

and (if) the period of greCltest pharate incidence "as up to four 

days it appears likely that the 'blood meal' is rapidly metabolised, 

and that this i s accompanied by rapid! concurrent development to 

the succeeding stage. 

Elongate oval (Fig . 9 (1) about 4 ,8 m •. ' long, about twice as 
long as broad with greatest width of about 2,4 mIll, at about the 
level of spiracles, Hhen engorged b~uish in colour and measuring 
appro"imately 12,0 IllIll long and 8,0 mm Hide. 

Capitulum .• dorsal. (Fig. 10(1». Posterior margin of 
basis straight· Ylith median indentation, in most. sp(~cimens cornua 
absent, if present only faintly indicated, posLero-lateral angles 
broadly rounded, straight or mildly concave postero- lateral margins, 
strongly divergent to greatest width, thence sharply angled and 
convergent to palpiger. Length (measured from bifurcation of 
external cheliceral sheaths to posterior margin) to breadth ratio 
1:2,5. Porese areas elevated, oval, oblique to lrng axis, 
separated by an interval either equal to, or greatL:i::' than maximum 
length of one of them. From elevated region around porase areas, 
surface slopes almost declivitously to irregular postero-lateral 
surface, and mo~e gradually to an anterior median depressed region; 
two or three pairs of hairs antero·-laterally. 

Ralpi. (Fig. 9(3». Length of cOI!lbined segments 1 to 3, 
when measur e d mid-dorsally betw'een 0,23 and 0,25 mm; segment 1 
broader than long, with straight mesial margin, lateral profile 
concave, setae absent; segment? with mildly arcuate mesial 
profile, longer than straight converging lateral profile; mesial 
profile of segment 3 mildly convex t ~rminates in sharply rounded 
ap ex, thence continuous with mildly curved lateral profile to 

. near or~g~n of segment, where it is seen dorsally as a lateral spur; 
seen end-on thi s spur is a flange continuous with ventra l ridge 
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of segment 3 (Fig . 9(4». Surface curves gently from mesial 
margin l aterally, except for declivitous proximal edge of the basal 
Interal spur on s egment 3, and along base of segn1cnt 2. Setae 
arranged in four seri(!s, mesial series of 2 on s(~gment 2 and 2 on 
segment 3; dorsal sub-nedfan ~·l5.th 2 on setiment 2, 4 on segment 3; 
dorsal sub-lateral series of 2 on segment 2, 2 on segment 3; the 
lateral s ~rie" of 2 on segre.ent 2, ° on segment 3; all of fine 
setal type. 

~il.'.!!b!'n - ventraL (Fig. 10(2». Post erior edge declivitous 
with groups of short, stU::lpy setae l aterally; oster ior and postero ... 
lateral margins broadly curved t o greC',t es t ",idth, thence by ",eakly 
concave antero-lateral oargins to palpal insertions. Surfac e 
generally flattcl1ctl except for t\" O semi-lunar elevations, with 
steep posterior f a ces adjacent to regions of greatest width , a 
sharp s lop e to hypostomal bClse between palps, l ongitudinally oblique 
furro>ls antero- L :tera lly. Three or [our setae at about l evel of 
greatest width and in pr o}:imity \'l'ith ant ero- lat eral margins, 5 or 
6 shor t er setae adjacent to semt-lun :lr elevations. 

Palpi. (Fig. 9(4». Segment 1 with concave lateral profile, 
mesial profile with basal half weakly de:ni .· concave, then angled to 
straight distal edge, separ a ted from segment 2 mesially by 
trans ve r se V-shaped cleft; one pair of fi.ne setae antero-laterally, 
a single short, mi.d-ventral, apically serrated seta, one or t\vO 
pairs of stout bifid, multi-pointed setae (Fig. 9(5» on distal 
straight margin. Segment 2 "lith strong irregular transverse 
elevation lateral of median flattened spur, posterior face 
declivitous; lateral profile sharply angled and projecting beyond 
mar£in of segment 1, mesi.al profile arcuate, convergent distally; 
surface very irregular; one basal lateral seta, a transverse rmV' 
of setae on anterior face of ridge, two or three stout, multipoint ed 
setae on lmesial margin as shown i.n Fig. 9(4). Segment 3 with 
declivitous posterior face bearing two or three fine · setae, which 
are separated sub-apically; tmifards the midline posterior margin 
extended into a triangular flange, before straightening to strongly 
projecting bosal-Iateral extremity, beyond which lateral profile 
gently arcuate; mesial profile short, broadly rounded with tlvO or 
thr ee shoLt, broad, tapered setae interposed betlleen it and 
triangular flange (Fig. 9(4» , distal margin obliquely curved, 
with extensive area of int ersegmental membrane between it and base 
of sef,'Tllent I". Segment 4 cone-like, with fine tapered setae on 
column and eight round tipped setae on the apex, arranged a5 in 
nymph. 

Hypostome. (Fig. 10(2». Length from single pair of pos t-
hypostomal setae to apex 0,27-0,29 nun; spatulate I,ith broad, 
shallow indentation mid-apically; pronounced sub-apical corona of 
minute denticles follOl-led by either one row of 5/5 or 4/4 teeth, 
then by up to nine or t en ro<<5 of 3/3 teeth; may becom e irregular 
basally where teeth merge imperceptibly "'ith crenulations. 

Post·· seutal area. (Fig. 9(1» . With dense covering of setae 
of modcrat ;;- leneth, except in the depressions of the posterior 
median and pClrwnedicm grooves; punctations small and shallow. 

Scutum. (Fig. 9(1». Length, measured from tips of scapulae 
to posterior margin 0,91, ... 1,10 mm, greatest breadth in front of 
mid-length across the eyes ° ,82-1,03 111m; J ength/breadth ratio 
about 1,1 5: 1,0. Posterior margin narrowly rounded, postero-Iateral 
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margins almos t rectilinear and diverg ent to level of eyes, 
latter mildly protuberant, ante-r o - l ateral margins arcuate to 
sharply rounded apices, emargination well de tined ~ Cervical 
grooves broad, shallow, convergent at first, then divergent to 
end at about mi d ... ,ay along postero- lat eral marg ir..s. Setae of 
moderate leni) th, arranged along the antero-lateral margins, 
betwe en c ervi c al grooves anteriorly and as a postero-median group. 

Y.O:.:!.!:2:" Cl l s u rfac e . (Fig. 9(2)). Setae of moderace length "ell 
distributed over v e ntral surface, abs ent only f rom coxal and inter ·· 
coxa l regions of I, around genital ori.fice, along genita l grooves 
and post erior to anus. Genital opening on level with second 
inter- cox.:::l space . A.TlCll groove obs o lete. 

Legs . (Fig . 9(2)) • . Pale yeUm<, longer but not as stout as 
in male. Coxa I sub-triangular, wi. th two ",ell defined apically 
rounded spurs, outer spur br.-oader and shorter, discernibly separat ed 
by narrow bu t deep inverted V-shaped cleft, do not usually protrude 
beyond coxal margin, coxa II sub- rectangular, \oJith broadly rounded 
external spur ~ coxa III sub- rectangular lacking external spur but 
slight sali ence may be present, coxa IV broad, sub-triangular, 
usually lacking salience postero- extrrnal l y, all supplied with fine 
setae most of " hich are longer t han those on th~ ventral int egument. 
Tarsus I short, from 0,11.0- 0,1..3 mm long, tapers rapidly to rounded 
apex, I<ith ventr al sub-apical spur; t a rous IV from 0,37- 0,39 rnrn, 
tapering fairly gradually tmvards roundeu apex with tv·ro ventral 
retrograde spurs. Insertion of pulvii.lus apic'll. Haller ' s 
organ as figured (Fig . 10(4) ) . 

Spiracular alate . (Fig. 10(3)) . Almost circular in surface 
view, periph eral walls v ertical ~ not sunk into surrounding cuticle; 
macula elevated , ant ero- basally placed in relation to long axis cf 
body , surrounded by about 50-60 aperture be~ring protuberances on 
surface . 

2.36 Descrip tion of male 

An examination of samples of males of ~.d e'2.o1oratus during 
biological investigations makes it clear that there is a 
particularly ~-lide range of sizes and that within a single 
population there may be two discrete peaks in size . Concomitant 
with this, certain morphological characters may be reduce d or 
enhanc e d . As a consequ ence assigning a dimension, or a range 
of dimensions, to particular features in the males 'Jf this species 
is fraught with r i sk. 

Capitulum - dorsal.. (Fig. 12(1)). Posterior margin concave 
v-rith variably developed cornua, lateral mar gins arcuate or 
undulate to level of palpiger, "here they are indented. Surface ' 
flattened mid- dorsally, sli.ghtly elevated, curving downwards 
peripherally; slightly behind mid-length a transverse arc of 
eight or nine conspi.cu ous setae leading to a group of about four 
peripheral setae . 

Palpi . (fig. 11 (3)). Short, broad, suture lacking between 
segments J and 2; lateral profi l e of presumed segment 1 straight 
except distally where it contributes to proxima l ridge of segment 2, 
mesial profi.le shorter a nd curved ; mesial profile of segment 2 
undulate, almost stratght, lateral profile either rectilinear, or 
may be undu l ate and irregular, shorter than mesial margin; dista l 
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edge straieht and hori~ontal in resting palp, proximal margi.n 
b r oadly curved at postero- i.nternal angle whence slightly obliquely 
and anter o- l aterally to palp <t l m:lrBin; pos t C? rior face s hort, 
declivitous, bears UvO setae; segment 3 with straight posterior 
margin and steep face 3 t junction \-lith segment 2, esp e ci.111y at 
its proj ection beyond distal lateral edg e of segment 2 to spur­
like extensi. on, mesial profile Bently conv ex to broadly rounded 
apex, thence to ,·traight lateral profile to bas a l spur- like 
extension. Setae in four lin e ar s eries, me sial series of t,.;o 
s e tae on eac h of seements 2 and 3; dorsal sub-median s eries of 
tlvO s e tae on segment 2, 4 on segment 3, dorsal sub- lat eru.l series 
of t wo setae on segment 2, and tlvO on segment 3, and a lateral 
series of t.\10 on segment 2. 

~i.tulum - ventral. (Fi.g. 12(2)). Posterior margin 
broadly curve d, postel:o- lateral angles rounded, diverg ent lateral 
margins curved to great es t width s light ly behind palpal insertion, 
thenc e convergent gradu a lly to latter. Surface strongly down-
curved later a lly, othert'lise gently convex. Mesial of antero-
lateral group of setae, longitudinal rows of setae. 

Palpi. (Fig. 11(4)). Lateral margin of segment 1 short, 
straight, mesial margin angled and longer than lateral margins 
(Fig. 11 (4)); dorsal-median surface thickened to form salient 
curved fl ange po s teriorly (Fig. 12(3)); One fin e seta on median 
edge of thickened area, either one or tl;Q stout, multi-pointed 
setae arise from distctl mesial face. Segment 2 broad e r than long, 
posterior edge salient; at junction with segment 1 face of segment 
2 steep; prox i mal margin arcuate and approximately parallel with, 
but longer than distal margin, lateral profile straight, mesial 
mar.gin irregular; transverse rm· .. of three setae at about mid-length, 
one fine seta on steep posterior face, two or three stout, milti':' 
pointed s(!tac on mesial face; mesial face of segment 3 forming 
a triangular spur overlapping distal margin of 2 (Fig. 12(3)), beyond 
this curved laterally, flattened and extended into dorsal ridge 0: 
3, projects beyond l ateral margin of 2 (Fig. 11(4)); lateral margin 
sinuous or arcuate to apex; two setae on steep posterior [ace, one 
of which at outer base of spur and three stout mesial setae 
subtending inner base of spur. Segment 4 columnar IIith apical 
setal distribution as in female. 

Hypostome. (Fig . 12(2)). Single pair of closely-set, 
short post-hypostomal setae, with two shallOlo, depressions betIVeen 
them . Length from post - hypostomal setae to rounded apex 0,1 7-0,20 mm, 
spatulate shaped; corOna of small denticles occupying up to one 
quarter length of toothed re.g ion, folloCTed by one row of 4//". , then 
6 rows of 3/3, with occasionally some rows of 3 ,5/3,5. 

porsal surface. (Fig. 11 (1)). Body widest about level of 
fourth coxae, yellow to brOlm, weakly sclerotized, gut caecae as 
dark outlines through translucent cuticle . Small triangular caudal 
appendage on posterior margin. 

Scutun,. (Fig. 11(1)). Broadly rounded behind, IVith irregular 
outline at caudal base, indented at spiracular level thence 
broadens to level with fourth coxae, before narrmving gradually 
by undulating margins to sub-triangular scapulae, emargination deep; 
eyes large, yellm;, circular, at level of coxae II, not overlapping 
scutal margin. Cervical grooves shallow, di.verging posteriorly and 
reaching back beyond eye-level. Pair of shallow depressions at 
third intercoxal space and coxae IV; pair of posterior- lateral 
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grooves in line vlith depressions 51 shallmoJ, broad and reaching 
pos te ri. or margin; pos tcro- mcdian groov8 extending [rom in front 
of spir ... , cul ar level to caudal base. Se t ae absent from grooves and 
depressions ~ eiving setnl pattern as sho~'ln in Fie. 11 (1 ). 

Ventral surface. (Fig. 11(2)) . Genital aperture level with 
second pai.r of coxae. Surface uniformly and abund .1ntly setose 
except hct'\vecn first pair of co:\:ae, b et\'H~ cn the ad'Mana1 shields 
behind anus, on caudal appendage and posterior to g~nj tal groov es . 
Cons iderable variation in size and deve lopment cf ad· .. anal and 
acce ssor y shields (Fi g. 10 ( 5 ) and (6)); ad- an al shields e long ate 
and , \d l. l... ll well develop ed, i nternal spur strong , sub ... tr iangular 
s epari1ted e ither by shallm~ concavity or a cl eft from smaller 
external spur) latter may be obsolesc ent; in l arge spec i mens 
internal spur m<:y project beyond post er ior margin, i 01 small speci mens 
fr equently fails to reach margin; acces sory shi e lds dr aHn out to 
sin[l le po i nts, c.'h e t he r they protrude beyond post erior margin or not 
depends on overall size of the male; both shields sparsely punctate. 

Sp_~r acu 1 aT -1!.l- a te. 
"ith f ewer goblcots. 

(Hg. 12(6)) . Similar to fema l e, Lut 

Legs . (Fig. 11(1) and (2)). Stout. Coxae large, with 
dense c ov ering of set ae ; I sub-triangular, draNn out postero­
int ernally into nar:cmvly rounded spur , ext ernal :>pur triangul ar, 
pr otruding beyond coxal margin; I I SUb"'1-8ctangu l ar with ant ero­
internal angle broadly curved, postcro~ int ernal angle salient, 
ext ernal spur sh ort and broadly rounded; III similar in shape to 
II, but bro~der, external spur shorter; IV broader than either II 
or III, sub-trianzu lar tvith postero ... ex ternal corner drat-Tn ·)ut but 
l acking external spur, Tar sus I from 0 ,33~0 , 36 nun long, t apering 
fai.rly r ap i dly to rounded ap'ex , small. sub .. apical spur, tar sus IV 
from 0 ,35-0 , 36 mm l ong, two retrogr ade sub- :.pical spurs; . i nsertion 
of pul.villus apical. Haller's organ as illustr a ted (Fig . 12(5)). 

2.37 Adult feedin~ and female drop 

Emergent males and females were light er in "eight than the 

gorged nymphs from which they dev eioped, probab ly fo , ' the same 

r easons that emergent nymphs wer e lighter than gor ged l a r v a e . 

Emerging mal es wer e l ighter than emerging females; males weighed 

an average of ab ou t 0,98 mg and f ema l es 1,37 mg. Both mal e s and 

fem ales attached immediately after moulting. This is in contras t 

to the infonnation given by Legg (1 930 ), for the closely allied 

Il.australis Fu ll er (= ~.microplus Canestrini), "here male ticks were 

r eported not to attach but search ed for unfertilized females. 

Over the first three days ( days 16,17, 18 in Fig . 13) of 

I 
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attachm ent the weight increases of males <lnd females werE! almost 

in par"Ucl and up to the sixth day (day 21 in Fig. 13) of feeding 

there W.-'S a relatively insignificant incre ase in the \"reight of males. 

The ,,,eight of fem::les began to increase on the fourth day of feeding 

(d3Y 19 in Fig . 13) at which time, too, m&ting was first observed. 

By the sixth day (day 21) the quantity of 'blood' imbibed "'as a 

mean of 23,9 mg per fe:uale. The first satiated females dropped 

from the host on the seventh d:ty after adul t emergence, having 

attaine d weights of four to eight times greater than those of the 

average Height3 of the sixth day. Fully fed fema l es continued to 

drop off for up to tHelve days after this, \Vith the majority 

detaching within tl, O to five days (Fig. 11,·d ). Comparison of Fig. 14c 

and d for weights of engorged females Lno their dropp;.ng-off times 

ShOI\15 no definite relationship, except that in infestations 1, 2 snd 

I, there is a tend, ncy for heavier female s to fall at the ptlak period 

of drop-off. 

2.38 Adult male population sLructur} 

Adult mal es \Vere collected from the host in large numbers on :: 

single day prior to the beginning of the female drop period on 

three different occasions. This \Vas done by locating engorging 

female ticks on the host and male ticks found beneath them col lected. 

By this means any bias relating to the se l ection of males was 

el i.minated. Each male so removed "as \Veighed and the weights of 

the population r ecorded as a histogrrun. Fronl Fig . 15, which is 

indicative of replicated results, two siz e groups are seen to exist 

\VUltin the male population. The t\Vo, slightly overlapping, Height 

classes have means of approximately 2 , 0 mg and 0,9 mg respectively. 

1. Not included in publica tion by Arthur and Landt (1973). 
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Probit analysis of the percentage males falline Hithin each 

"'eight group (Fi.g. 16) shOl"s that tHO distinct types of males are 

pr esent . The biolocical significance of this is not understood 

CI t present but is Horthy of further e lucidation . It is hm-lever 

clear th flt taxonomically it emphasizes the nec e ssity for exa'TIi ning 

the whole range of male organization der iv ed from the products of 

a single female and from an extensive range of f emales from restricted 

geographical locations and .from ,.idely dispersed areas. The 

genetical approach to this should also be employed. Hhnt is clear 

fr om this preliminary investigation is that certain morphological 

features m"ly be enhanced in large ticks and r e duced in small ticks . 

For example the anal plntes in large males project beyond the hind 

margin of the idiosoma (Fig. 10(6)) an" uardly reach it in small 

males (F ig . 10(5)). A more detai l ed examination of the variation 

i n morphological features in the males of ~ . dccolot'atus is currently 

being undertaken by Londt arid Arthur . 

2.4 DISCUSSION 

One of the features of the lif e cycle of one-host ticks, such 

as ~.decolor atus , when compared with three-host ticks, in particular, 

is the rapidi.ty Hit h which the parnsitic life cycle, from larval 

attacbment to the fully engorged female, is completed. In 

~.decoloratus, up to the time of the first drop-off of females 

ready for egg-lay ing, this is between 21 and 23 clays, in .!!..australis 

(= ~ .mic:.roplus) it is generally 20-21 days (more exceptionally 23 

or 25 days) according to Legg (1930), and for the same species is 

approximately 18 days, according to Roberts (1968). 

No attempt has been made to account (or the differences in the 

length of time taken for one-host and three-bost ticks to complete 
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their parasi.ti c cycles . One reason for this hClS been the lack of 

information on the length s of the fceding times of larvae and of 

nyrr:p hs of one- host ticl~s in relation t o the metu."J.orphic changes 

Hhi ch occur, ,;hen th ese st ages remain att .1.ched in situ, after 

ce ss.:lt ion of feedillg. 

Roberts (1968) selected length as a -neans of analysing age 

structure in the different stages of tick populations. This is 

inad equate because it fails to distinguish between the feedine larval 

and nymphal sta(;es in ~~ stricto from those in which pharate 

n}'11'phs and phar C!t e adults are developing rapidly. These later 

stages arc more truly refel-able to the succeedi '.lg ins tars rather 

than to those in ,·;thich their developruent is taking place. This 

becomes clear by reference to Figs 4 Clnd 5. f r om t.his point of 

view tick weights, coupled 1;·rith clearing techniques, are not only 

2. be tter indication of Iblood T intake but also of visible developmental 

changes taking plnce in the attached immatu r:e stages. 

To analyse changes bct,]cen the leneths of the life cycles of 

one-host and three-host ticks, concurrent investi?ations were 

carried out by Norval (unpublished data) on the life history of the 

three host tick, A: • .!1ebr_~, under the same macroenvironmental 

condition. as those used for B.decoloratus. The h .rva of A.hebraeum 

feeds on rabbits for 4-10 days, ;rith most of the larvae becoming 

fully engorged bet,,,een the sixth and the eighth day. In an 

incubator at 26 0 C and ca. 90% R.H. the period between detachment 

of the larvae and moulting ranged from 14 to 21 days with the 

maj ority mOll 1 ting on the fi fteenth day. Nymphs of ~. hebracuffi 

fcd for 5-13 dClyS on rabbits and 6-9 days on sheep to become replete. 

It is thus possible that the larval feeding period may be shorter 

on some host s than on others . Again in the incubator the pre-reoulting 
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p eriod of adults o.xtended from 21-29 days «ith most nymphs moulting 

on or about the t,.,enty-third day. 

Moulting time is influ enced by temper ature within the survival 

limits imposed on the ticks by r elativ(~ humidity. In one-host 

ticks, such as !~decoloratus, and two - host ticks, like ! .evertsi, 

the temperature regime during the moulting periods approximates to 

that prevai ling during feeding by the in.mature stages. The various 

instar s of three··host ticks on satiation and det achment from the 

hosts are, hot-lcver, subject to considerably more variable 

temperC!tures in the vegetation co:nplex into which they drop . The 

body temperature s of cattle range fro;n 101
0

F to 103
0

F with skin 

t emperatures varying from 9S
o

F to 10SoF (Rippon: pers .co:nmun.). 

Landt and Whitehead (1972) have shown that the larva e of ~.heb~ 

are found predominantly in me dium protected vegetation, and it may 

be that all stages in the life hi s tory are found here. The 

temperatures recorded in these situations in th e eastern Cape 

Province are on average Im·;rer and mar€' variable than those used iT. 

our incubator experiments. The experiments on the e:nergence of 

nymphs fro:n larvae and of adults from nymphs of A.hebraeum and 

a a 
B.decoloratus were carried out at 26 C (= 78,8 F) . Under these 

circumstances it is likely that B .decoloratus would take l onger t o 

emerge than they do on cattle, and th a t the immatures of the bont 

ti ck (~.hebraeum) proc eed to their subsequent stages in a shorter 

time than t hey ';QuId have done under field conditions. Under 

natural conditions it is likely then that the life history of a one-

host tick will be shorter than that of a three-h os t tick and to a 

lesser extent that of a two-hos t tick. 

There is, however , a more fundamental conSideration. In the 

li fe history of one-host ti cks the fully fed larval stage is s u cceeded 
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i lnmecli2.t:cly by the imm obile ph .:lrat e nymphal stc.gs, ~, ... hich gives 

rise ,.,ithin three days to the active nymph. Thi s nymph is ready 

to feed almost inrrnediately. Similarly, the inrrnobile pharilte 

adult appeo.rs \Y'ithin t~·]O or three days of cessation of fe e ding of 

the nymph and is capable of attaching to the host on emergen<ce. 

These considerations also apply to the transformation which occurs 

b etween the l arva and the nymph in such t'·lO-hos t ticks as ~.evertsi . 

In three-host ticks, however, when the fully f ed larva or the fully 

fed nymph detach from the host they are extremely mobile for two or 

three days (Arthur, 1962 ) before entering a quiescent phase which 

may last for two or three weeks, prior to emergence. This is also 

so in the nymph-adult metamorphosis of the two - host ticks. 

During the transformation to the pharate s;:ate the appendages 

of the succeeding stage of any ixodid tick, whether it be nymph or 

adult, do not develop internally to those of the preceeding stages, 

but appear de ~. In such three-host ticks as A.hebraeum the 

rudiments of the appendages of the mrmph and the adult are visible 

through the larval and nymph a l integuments respectively even before 

detachment from the host and there are indicati.)ns of the pharate 

condi tion. But the musculature and nervous system ·)f the larva 

and the nymph remain operative for two or three days after the ticks 

drop off. Thus the change from the larval to the ~ymphal stages 

and from the nymphal to the adult stages in three-host ticks is 

extended when compared to what occurs in one-host ticks. This 

may be attributed in part to a delay in hi sto lysis of tissues in 

three-host ticks or an acceleration in these processes in one-host 

ticks. A question ",hich is probably answerable only when we learn 

which is the primitive condition. 

On the evidence available from life-history studies it appr.ars 
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that the meal is more rCipidly digested and metabolized in one-host 

ticks than it is in three-host ticks. Thi s may account for the 

apparent delay in the development of the embryological precursors 

for the succeeding stages in the latt er. The fact that such a 

three-hos t tick as A.hebraeum may feed concurrently on the same host 

as the one-host B.decoloratus and for the same length of time and 

under similar conditions \V'ithout alt erati.on of the onc- or three-

host pattern indicntes that each of these species may employ 

different biochemical or hormon a l pathways to a ttain th e same ends. 

Tht> evidence from the lit erature that the two- and three-host 

tick patterns are interchangeable in relation to different hos ts 

has been applied to B.rufipes. The minimum time for this tick 

.to complete its life history is between four and five months, but 

this may be doubled under local conditions, according to Hoogstr&al 

(1956). HOI,ard (1908) considered B.rufipes to be a tlw-host tick 

in South Africa; Jack (1928) reported that it had a tl<o-host and a 

three-host cycle in Rhodesia; Brassey-Ed,·,ards (1932) that it behp"Jes 

as a tlw-host tick on hares and a three-host tick on sheep, cattle 

and domestic fOl,ls. Theiler's (1943) data suggest three-host 

behaviour although stating without qualification that they are "as 

a rule tONo-host ticks; the larvae may drop-off". Preliminary 

results (Arthur, unpublished) shm., that larval ticks of this species 

bred on rabbits have a pharate nymphal condition at the end of 

feeding; this being similar to that observed in ".decoloratus. 

Biological studies on the life-historics of ,!:!.rufipes (Arthur, 

Norval and Knight, unpublished) 5hOl' that a proportion of the ticks 

",hich drop-off do so as partially fed larvae, fully fed larvae, and 

partially fed. nymphs, but that the vast bulk of the population remains 

on the host and there undergo the change from larvae to nymphs. 

The removal from the host of immature ticks in va~iou5 stages of 
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engorgement suggest an active de-t icking process by the host. 

To accept interchangeability of tick-host pattern implies possible 

changes in the bioche-nical pathways leading to met amorphosis and, 

in the case of li.rufipes, the replacement of an inullobile pharate 

nymphal condition with an active larval state on complet ion of 

feeding . Although not impossible it is unlikely, and has not 

hitherto been observed in other ticks having a catholic choice of 

hosts. Like B.decoloratus- and .!!.rufi.pe~, -the cuticle of fully fed 

l.arvae of !:S..~rtsi also enshrouds a pharate nymph and on detachment 

in this condition remains immobile. 

According to Legg (1930) the development or the tick .!!..australis 

(= .!!..microplus) during its parasitic lif" shm" considerable 

uniformity in timing in December, January ~ May ~2 runs), July 

(1 run) and August. This is supported by the present results 

extending from 9 February 1972 to 8 October 1972, and these data 

are sum~arized in Fig. S . Reference to th.> plotted temperatures 

and relative humidities of the macre-environment of the host for 

one run (Figs 3, 8 , 13, 14a, b) shows that thes e factors vary quite 

widely. Macro-climate conditions thus do not _'ppear to affect the 

l ength of the various phases of the life cyc l e of B.~ecoloratus on 

the host. 

These data may be of value in approaching the problem of 

acaricidal treatment of blue tick populat ions on stock because of 

the constancy of timing, and the effects of acaricides applied to 

stock when the ticks are in the pharate condition migh t bear further 

examination. 
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The parasitic cycle of Boophilus decoloratus (Koch 1844) 

(Acarina: Ixodidae) 
by 

DON R. ARTHUR" and]. G. H. LONDT 
Tick Research Unit, Rhodes University, Grahamstownt 

Detailed studies on the morphology of the immature stages of Boophilus 
decoloratus are sparse. The present work, using scanning electron microscopy, 
aims at clearing up existing misconceptions and considers homologies between 
larvae and nymphs. The biological activities of this tick during its parasitic 
cycle on the host are examined with special reference to the course of feeding 
of all stages, and to the influence of the condition of the pharate nymph and 
the pllarate adult in accelerating the completion of the life cycle. The pattern 
of dropping of replete females is considered in relation to their weight and 
to their time of drop*off. 

INTRODUCTION 
A number of workers (Minning, 1934; Bedford, 1934; Theiler, 1943 ; Hoogstraal , 

1956; Arthur~ 1960; Gothe, 1967) have described and illustrated the adults and immature 
stages of Boophilus decoloratus (Koch) using conventional light microscopy. From ex­
perience gained by using scanning electron microscope techniques on the immature 
stages of the Bont tick, Amblyomma hehraeum Koch (Arthur, 1973) and on representatives 
from other ixodid genera (Arthur, unpublished) it \\ as considered expedient to apply 
them to studying all stages of B. deco[oralus. These techniques are valuable in tick 
taxonomy in that the necessity for clearing and mounting specimens is eliminated and 
they reduce distortion, which occurs when either the whole or parts of the body are 
flattened. The need for this approach was emphasized when attempting to use the 
descriptions and illustrations prepared by Gothe (1967) to separate the immature stages 
of B. decoloratus from those of B. microplus (Canestrini, 1887), particularly as the distribu­
t ion of these two species overlaps in parts of South Africa. 

Information on the biology of B. decoloratus during its parasitic phase on the 
host is sparse. Previous authors have shown that, except for digestion of the blood meal 
by the female, the maturation of her gonads and egg laying, the life cycle is completed 
entirely on the host. The times given for this period on the host ranges from three weeks 
(Theiler, 1911 ), to a month (Lewis, 1939). Lounsbury (1905- cited by Theiler, 1943) 
reported that the larva moults after 7 days on the host and the succeeding nymph 
moults after a further 7 days. The fully fed female leaves the host at about 23 days from 
the time of its attachment as a larva. Theiler (1943) repeats this information. There 
are neither data on the feeding period nor qualitative or quantitative assessments 
correlating size and age during the periods for which the various stages are feeding, as 
there are for B. microplus (Legg, 1930, as B. australis; Hitchcock, 1955; Kitaoka and 

* Permanent address: Department of Zoology, University of London King's College, Strand, 
London w.e. 2, U.K. 

t Grant in support of publication received from Tick Research Unit, Rhodes University. 



88 ]. ent. Soc. 5th. Afr. Vol . 36, No.1, 1973 

Yajima, 1958, as B. caudatus; Roberts, 1968}. The use of tick length as a measure of 
size change in relation to age has been advocated by Roberts (1968), although he 
recogn ized that engorging and engorged nymphs are substantially affected by fixat ion 
and processing in hot alkali. More importantly, however, tick length does not take 
into account the periods of time during which the nymphs and the adults are in a 
pharate condition. To determine this requires morc exact information on moulting 
periods. 

MATERIALS AND METHODS 
All the stages of B. decoloralus, used for description, were obtained [loom a 

breeding culture in the Tick Research U nit of Rhodes University. The specimens were 
preserved in 70% ethanol , dried in air and fixed to the specimen stubs either by colloidal 
si lver paint or by "Sellotapc" dissolved in chloroform. No additional adhesives were 
necessary. A layer of gold ( 100-150 A) was evaporated onto specimens in a Hitachi 
H US 38 vacuum evaporator. The specimens were examined in a J EOL JSM U3 
(Japan Electron Optics Laboratory Ltd.) scanning electron microscope. Accelerating 
voltages of 15 kV and 25 kV were used, and the cathode ray tube images were recorded 
in a Graflex 2·!''' >: 2:1-'" camera using Ilford FP4 negative film and developed in Micro­
phen developer. T he nomenclature of the body setae adopted follows that of Clifford 
& Anastos (1960) and the pal pal setae that of Arthur (1973) . 

For biological studies, larvae were reared from fully-fed females maintained 
in the laboratory at 26°C and about 90~o relative humidity. The larvae were kept under 
these conditions for about a month before bcing used to infest a Guernsey calf. Each 
infestation of the calf involved the use of about twenty thousand larvae, and these were 
d istributed as uniformly as possible along the length of the calf's sp ine from behind the 
head to just above the base of the tail. 

Daily observations were made on the length of time taken for each parasi te 
stage to moult on six occasions from March to October 1972. Before the fourth infesta­
tion a random sample of fifty larvae were weighed to ascertain the weight of unfed 
larvae. After the initial infestation a variable number of ticks were removed from the 
neck region of the calf daily, weighed, inserted in appropriate vials and placed in an 
incubator at 26°C and 90% R .H . Daily collections of ticks were made up to the time 
when the first engorged females dropped from the calf. Thereafter only the dropped 
females were collected. Ticks, removed from the host, were placed in the incubator 
and examined ten days later. T he numbers of moulted larvae or moulted nymphs were 
counted. For ;veighing larvae, nymphs and males a Cahn G-2 electro-balance was 
used and for females a Sar torius single pan balance. Temperatures and relative 
humidities in the stable, housing the calf, were recorded th roughout the investigation 
by a thermohygrograph. 

For determining the pharate condition of the nymphs and of the adults daily 
samples, taken from the calf, were cleared in lactic acid. Pharate nymphs and adults 
were recognized as such when their legs and coxae were readily discernible and wh en 
separation of the nymphal or adult cuticle from the preceding stage was clearly defined. 

OBSERVATIONS AND RESULTS 
Description of larva 

Unfed specimens rounded, about one and a third times as long as maximum 
breadth at about level of third pair of coxae (fig. I ( I)) . 
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Fig. 1. Boophilus dec%ra/us larva. ( I). Dorsal aspect. (2) . Ventral aspect. (Scale lines = 0,25 mm). 



Fig. 2. Booph ilus decoloratus larva. (1) . Dorsal aspect of capitulum. (2). Ventral aspect of capi. 
tulum. (3). Ventral medial seta. (4) . Ventral aspect of seventh day larva showing 
pharate nymph. (5). Haller's organ. (Scale Jines : 1- 2 = 0,05 mm, 3 and 5 = 0,01 
mm, 4 = 0,5 mm). 
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CAPITULUM- DORSAL. (fig. I (I ») . Basis length (as measured from base of 
external cheliceral sheath to posterior margin) to maximum width ratio about 1:2; 
posterior margin of basis, behind level of basis sensilla, as a flattened bow-shape, thence 
straight for a very short distance becoming indented, at origin of 'palpiger'. Surface 
generally flattened except for an antero-Iateral triangular elevation immediately 
behind palpal insertion; two widely separated sensilla at about one third of length 
of basis. 

PALPI. (fig. 2 (1)) . Short, from 0,084 to 0,091 mm long, tendency to be bul­
bous. No suture line between segments 1 and 2. Ralio oflength of segment 2, measured 
a long dorsal surface from its postero-mesial protuberance to 'suture' with segment 3, 
to maximum width about 0,9 : I,Oj that of segment 3 1,2 : 1,0. Lateral profile of 
combined segments I and 2 sinuous, mesial profile of 2 mildly convex j both lateral and 
mesia l profiles of segment 3 almost stJ:aight and converging to broadly rounded apex. 
SurJace of segment 2 strongly tumescent, protuberant meso-posteriorly, this continued 
obliquely antero-Iatcrally and mesial of the basal lateral seta of segment 1 and termi­
nating baso-Iaterally of anterior lateral seta of same segment; surface of segment 3 
smooth, evenly and gently curved to the mid line and laterally, but more steeply to its 
junction with segment 4. Setae arranged in three longitudinal series: mesial series (M ) 
consisting of two setae, M I on segment 2 barbed on outer face, sub-parallel and shorter 
than similarly barbed M2 seta on segment 3; dorsal sub~median series (D) of four 
setae, DI (vertical in position and accordingly much foreshortened in fig. 2 (1)) on 
segment 2, and D2 and D3 on segment 3 are multi-barbed, D4 of "fine" tapered type; 
lateral series (L) of three setae, all single barbed; of which two (LI and L2 ) located on 
segment 2 and one (L3) on segment 3. 

CAPITULUM- VENTRAL. (fig. 2 (2)). Basis transversely ovate; surface curved, 
sloping gently to hypostomal base and dipping more strongly to shallow, broad oblique 
depressions antero~laterally, beyond which the surface becomes slightly elevated to 
straight lateral margins. 

PALPI. (fig. 2 (2)) . No clear sutures between palpal segments I to 3; lateral 
profile of palps broadly arcuate, mesial profile only slightly so. Surface of palp with 
shallow irregular furrows basally; distal margin of segment 3 thickened and broader 
laterally than ventrally where it is flange-like; relative to the long axis this margin 
oblique and flange lacks any distinctive spur; extensive area ofinter~segmental membrane 
on mesial and distal face of segment 3 on which palpal segment 4 is mounted. Two setae 
on segment 2 of which ventral-mesial (VM) is 'feather' like under light microscope, 
under scanning electron microscope consists of a stout base from which successive 
layers of barbs arise, deepest layer (i.e. the most dorsal) tapering to setal apex, and 
strongly serrated marginally (fig. 2 (3)) ; mid-ventral seta (MV) on this segment singly 
barbed with bifid or trifid apex; third ventral seta lies on mid-ventral line adjacent to 
the distal thickening of segment 3, and is of the 'fine' type. Column of segment 4 bears 
three tapering setae, apex carries 1 dorsal, 3 sub-dorsal, 3 supra-ventral and I ventral 
setae, all rounded apically. 

According to Gothe (1967) the segments, other than the fourth, have "eight 
setae dorsally and four setac ventrally" and in this he is, doubtless, following the 
classification of Clifford & Anastos (1960). The reasons for the present palpal nomen­
clature are discussed elsewhere (Arthur, 1973). 

HYPOSTOME. (fig. 2 (2)) . Length 0,082- 0,090 mm, spatulate, apex broadly 
rounded extending beyond palpal apicesj dcntition behind small sub-apical corona 

• 
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2/2 files with six denticles per file, distal three rows sharply pointed, proximal three 
rows rounded; two basal medial depressions, in line with two widely separated post­
hypostomal setae. 

EXTRASCUTAL REGION. (fig. 1 (I)). One pair of sensilla sagittiformia (S) 
peripherally on pastera-lateral margin; seven or eight pairs of marginal dorsal setae 
(Mdl -7 or 8) of which Mdt to Md3 in a sub-marginal linear series, Md4 to Md7 (or 
Md8, when prescnt) in a progressively marginal series, Mdl- MdS in front orsensilIum; 
two pairs of central-dorsal setae (Cdl, 2) of which posterior pair significantly longer 
than anterior pair, and whose intersetal distance is greater. 

SCUTUM. (fig. 1 (1)) . 1,26- 1,28 times as broad as long, greatest width across 
level of eyes, latter bulging, protruding beyond edge and surrounded by well defined 
orbit; posterior margin narrowly rounded, postero-Iateral margins very weakly concave 
or sometimes sU'aight, antero-lateral margins convex, scapulae broad; emargination 
well defined. Surface reticulately patterned; cervical grooves short, shallow, parallel 
sided with two circular depressions mesial of each, surface between grooves mildly 
elevated and beyond them sloping gradually to periphery. Scutal setae in three pairs 
(Sel- 3), Sel located anteriorly and laterally of cervical grooves, Sc3 in median field at 
about or slightly behind level of eyes, Sc2 at about two-thirds the length of antero­
lateral margin and a short distance inwards from it, in length Sel > Sc3 > Sc2. Two 
pairs of depressions, one pair in angle formed by scapular margins, the other more 
medianly placed of a line connecting eye and Sc2. 

VENTRAL SURFACE. (fig. I (2}) . Surface, with fine epicuticular folds, longitu­
dinal depression dorsal to coxal insertions and extending back to one third the distance 
from posterior edge. First pair of sternal setae (S tl ) on a level with first intercoxal space, 
second pair (St2 ) level with second intercoxal space, third pair (St3) posterior to third 
pair of coxae; relative lengths being St3 > St2 > Stl, distance between setae of each 
pair increasing from Stl to St3. Two pairs of pre-anal setae (Pal, 2), distance between 
anterior pair (Pal ) greater than that between posterior pair (Pa2 ). Pre-marginal setae 
(Pm) arranged in two groups, more anterior pairs (Pml and Pm2 ) about level with 
pre-anal setae, more posterior pairs (Pm3 and Pm4) located postero-Iatcrally of anus 
and almost in line with fourth and fifth ventral marginal setae. Five pairs of ventral­
marginal setae (Vml- VmS), Vml in line with lateral groove and slightly behind level 
of Pm2, thence successive setae (Vm2- VmS) more marginally located. One pair of 
anal setae (An). 

LEGS. (fig. 1 (1) & (2» . Tarsus I from 0,16- 0,168 mm long, somewhat 
swollen in front of pseudo-articulation thence tapering gradually to apex; claws slightly 
longer than pulvilli_ Dorsal setal alignment on tarsus I as a single seta on the declivity, 
one pre-halleral, and single pairs of halleral, post-halleral, antero-dorsal and postero­
dorsal setae. Trough of Haller's organ {fig.2 (5)) contains one long, curved seta, two 
moderately long setae with narrowly rounded apices, two setae tapering to sharp 
points; capsule aperture triadiate with transverse section more widely open than short 
longitudinal section. 

COXAE, (fig. 1 (2» . Coxa I sub-triangular, mesial margin salient, extending 
to postero-internal face (not as figured by Gothe (1 967) fig. 14), not protruding over 
its posterior margin but following the contour of coxal margin for a short distance. 
Following the nomenclature of Clifford & Anastos (1 960) three coxal setae, eLal 
with single face barbed, C1.mm and Cr.pl fine and tapered. Coxa II elongate, sub­
rectangular, mesial margin broadly rounded, setae C2.al and C2.pI present, as well 
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Fig, 3, The changes in weight of feeding and moulting Boophilus dec%Totus larvae in relation to 
time, and the percentage number of larvae moulting after removal from the host on 
each successive day of the larval parasitic cycle, Daily maximum and minimum 
temperatures and relative humidities as recorded in the stable are shown separately 
above, 
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(a). The percentage of larvae, pharate nymphs and emergent nymphs of Boophilus 
deco[Qratus present on each successive day of the paras itic cycle between the first and 
the twelfth days after the original larval infestation of the host. (b) The percentage of 
nymph,>, pharate adults and emergent adults of B. decoloratus present on each successive 
day of the parasitic cycle between the tenth and the nineteenth day after the original 
larval infestation of the host . 
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as coxal sense organ on its anterior distal angle, posterior margin bearing a long narrow 
sal icnce. Coxa I II sub-triangular with mesial margin narrowly rounded and continued 
into posterior divergent margin; no salience or spur. Three pairs of sensilla sagitti­
formia present, the first dorsal to insertion of coxa I, the second and third in line with 
the postero-external angles of coxae II and III respectively. 

Larval feeding and nym.phal e:rnergence 

LARVAL FEEDING. The average weight of unfed larvae of B. decoioralus was 
0,024 mg and, on the basis of their cumulative weight increases over time, the feeding 
period extended over about five days (fig. 3) . Initially, the increase in body weight was 
relatively slow; on the first day after attachment this showed only a slight increase 
over that of the unfed larva, on the second day it almost doubled and on the third day 
was nearly trebled. The greatest increase occurred between the third and fourth days 
when imbibition of blood and tissue fluids was between two and three-fold, and average 
maximum intake of 0,225 mg was attained twenty-four hours later. In other words, the 
fully engorged larva was about ten times the weight of the unfed stage. Cleared speci­
mens of larvae almost up to the fifth day of larval attachment (fig. 4a) showed no 
evidence of visible developmental changes. 

PHARATE NYMPH. Larvae retained their external form for a further two or 
three days after completion of feeding i.e. from about the six th to the eighth day after 
larval attachment. The mean weight of these ' larvae' during this period decreased 
(fig. 3). Such larvae, when cleared, showed substantial nymphal development within 
their cuticle (fig. 2 (4)) over three days (fig. 4a). Thus, it would appear that larvae are 
capable of rapid digestion of the blood meal and of a lmost immediate utilization of 
metabolic resources. It can also be inferred that histolysis (e.g. of larva l body muscles) 
and histogenesis (e.g. the development of the nymphal spi racle and of the fourth pair 
of legs) occur concomitantly during the latter phases of feeding. 

NYMPHAL EMERGENCE. The periods of metamorphosis and of moulting ex­
tended over three days and were normally completed by the eighth day after infestation 
with larvae. Reference to fig. 5 shows that over six runs, extending from March to 
October, larvae and nymphs occurred together on the hosts on the sixth day in two 
' runs' , on the seventh day in three and on the eighth day in one. On days previous to, 
and succeeding these days only larvae and nymphs respectively were present. 

The series of infestations ranged through from summer to winter, and though 
there was variation in the diurnal and mean environmental factors of the ambient en­
vironment in the stable, there was little evidence of these fluctuations interfering with 
the pattern of the parasitic cycle. This was possibly attributable to the fact that main­
tenance of water balance in the ticks was derived from the blood intake from the host, 
and that the temperature of the host's body probably fluc tuated less than the macro­
climatic conditions in the stable. 

Larvae removed from the host between the fifth and seventh days after the 
original infestation and transferred to an incubator (26°C, about 90% R.B.) for ten 
days gave a percentage moult of neady 80% (fig. 3) . Of those removed from the host 
on the fourth day less than 35% moulted. No moulting of larvae occurred when they 
were removed from the hosts within the first three days of attachment. This indicated 
that a threshold value of blood intake was required, not only for cuticle synthesis to be 
completed, but also to allow for the 'stimulation' of developmental changes. 
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Date of PARASITIC PHASES Date of last 
Run· larval A female droped < 
No. L PN A dro hase from host 

22.1Il.72 18.IV. 72 

2 20.IV.72 19.Y.72 

3 30.V.72 l.VII .72 

4 3.VIl.72 2.YIII.72 

5 8.VIIl .72 9.IX.72 

6 8.IX.72 8.X.72 

0 5 10 15 20 25 30 35 
TIME ( DAYS) 

Fig. 5. The duration of each successive phase of the parasitic cycle of Boophilus decoloratus in 
six successive runs on the same host. L-Larval phase, PN-Pharate nymph phase. 
N-Nymphal phase, PA-Pharate adult phase. A-Adult phase. 

Larvae fed for three days do not moult. Since a smaller proportion of those 
feeding for four days and a substantially larger proportion of those feeding for five days 
do , then the minimum blood intake to effect moulting is about 0,176 mg. As only about 
one-third of the four-day attached ticks moulted, the chances are that those larvae 
which did so after four days were those which had fed faster. 

Description of nyDlph 
Unfed specimens elongate oval (fig. 6 ( I)), about twice as long as maximum 

width j fully fed specimens broader anteriorly at about level of scutum, where margins 
strongly undulate, thence narrowing to sharply rounded posterior margin. 

CAPITULUM-DORSAL. (fig. 7 ( I)) . Posterior margin straight or slightly indented 
in the middle, merging by way of strongly divergent, postero-Iateral "angles" with 
mildly sinuous posterior-lateral margins to maximum width, thence through almost 
a right angle to straight, convergent antero-lateral margins to furrowed region , adjacent 
to insertion ofpalps. Surface smooth and curving gently to the periphery, except antero­
laterally where it is elevated and longitudinally furrowed; a pair of widely separated 
basis sensilla slightly behind level of greatest width. 

PALPI. (fig. 7 (1)) . Palpal segment I not separated from segment 2, combined 
lengths of both measured along mid-longitudinal axis from 0,077- 0,081 mm (mean 
0,079 mm), with greatest breadth from 0,061-0,065 mm (mean 0,063 mm) at about 
halfway along segment 2 j pal pal segment 3 measures from 0,040- 0,045 mm (mean 
0,042 mm) long and greatest width from 0,056-0,059 mm (mean 0,057 mm) just beyond 
its basco Lateral profile concave in vicinity of the presumptive segment t thence, beyond 
a slight dilatation, straight to suture between segments 2 and 3, mesial profile of segment 
2 arcuate with greatest width about mid-length; mesial profile of segment 3 convex 
becoming sharply rounded sub-apically, thence to a somewhat flattened apex which 
passes into lateral profile by a broadly curved margin. Segment 2 tumescent, gently 
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Fig. 7. Boophilus decoloralus nymph. (1 ). Dorsal aspect of capitulum. (2 ). Ventral aspect of 
capitulum. (Scale lines = 0,1 mm). 

\ 
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curved except baso-Iaterally, where it curves steeply downwards, at two-thirds the 
distance from base a t ransverse irregular crevice-like groove j segment 3 curves gently 
from mid-dorsal line. Setae absent on segment 1, setal pattern and numbers on seg­
ments 2 and 3 as in larva, but morphological form of setae different, all approximate to 
stra ight "fine" type. One palpal sensilla between Ml and Dl and a second posterior 
ofM2. 

CAPITULUM-VENTRAL. (fig. 7 (2)) . Posterior and postero-Iateral margins of 
basis markedly convex diverging to greatest width, thence sharply angled to short, 
straight, convergent antero-Iateral margins, interrupted only by a shallow depression 
associated with short, transverse furrow; region subtending palpal insertion bears 
short, shallow depressions. At greatest width surface sharply ridged for short distance 
transversely, at this level a pair of widely separated basis setae; a pair of closely set 
post-hypostomal setae of similar length, with two deep pits between them at hypostomal 
base. Pair of setae on declivitous posterior face of basis. 

PALPI. (fig. 7 (2)) . No separation between palpaJ segments I and 2; no setae 
arise from the presumed site of former; lateral profile of combined segments I and 2 
biconcave, being separated by an intervening transverse, elevated ridge con tinuous 
across most of ventral surface of segment, mesial profile of combined segments 1 and 2 
concave; lateral profile of 3 short and arcuate, mesial profile shorter and stra ight, 
distal margin as a ventra l fl anged and cushion-like thickening, but not drawn out into 
a pronounced spur j placed obliquely to long axis of segment. Segment 4 cone- like and 
borne on an extensive area of intersegmental membrane. Presumed segment 1 lacking 
setae; segment 2 with three setae, of which two afe probably homologous with la rval 
"feathered" ventral-mesial (VM) and with mid-ventral setae (MV); the third more 
laterally located on ridge j two setae on segment 3 one being the counterpart of the 
larval mid-ventral and the other is short and ventra l-mesial; segment 4 with one dorsal, 
three sub-dorsal, three supra-ventral and one ventral setae with rounded tips apically, 
and three finer tapered setae on column. 

HYPOS'fOME. (fig. 7 (2» . Length from post-hypostomal setae to broadly and 
shallowly indented apex from 0,14--0,15 mm j spatulate, tapering only gradually for 
about two-thirds its length from apex, broadening basally; toothed for more than 
two-thirds of length, dentition behind apex of 2 rows of 5/5 very small teeth with some 
having bifid tips, I row of 4/4 teeth (this may be variable and irregular), succeeded by 
three files on either side of midline of which lateral one bears 8 teeth, intermediate 
one 7 teeth and mesial one 6 teeth, distal rows of teeth sharply pointed becoming more 
rounded proximally and merging imperceptibly into crenulations. 

POST-SCUTAL AREA. (fig. 6 (I» ) . Surface with few, small , deep punctuations. 
Setae arranged as two pairs in position of larval Cd 1 and 2; other setae present as 
shown in fig. 6 (I ), but we are unable to correlate these with the larval condition. 

SCUTUM. (fig. 6 (I ») . I n unfed nymphs length, measured from tips of scapulae 
to posterior margin, 0,45- 0,47 mm; greatest width 0)44-0,45 mm across eyes, i.e. 
slightly longer than broad j eyes oval, protuberant over scutal margin. Posterior margin 
na rrowly rounded, postero-lateral margins rectilinear, or weakly concave, thence mildly 
undulate and convergent to prominent scapulae with rounded apices; emargination 
deep. Cervical grooves very shallow, convergent at first then divergent and reaching 
back to postero-Iateral margins. Setae present in comparable situations to Sci, Sc2 and 
Sc3 of larva, supplemented b y fur ther pairs on scapulae, adjacent to Sc2 and between 
Sc2 and Sci. Surface smooth with few, small shallow punctuations. 
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VENTRAL SURFACE. (fig. 6 (2) ). I n newly moulted nymphs longitudinal 
divergent grooves extend from level of first intcrcoxal space almost to posterior margin. 
Surface with widely dispersed shallow pitsj supra-coxal groove, seen in other ixodid 
nymphs, absent. Some variation involving reduction or duplication of setae but following 
broad pattern of setal distribution emerges: Sternal setae (St)-one pair at level of 
first intercoxal space, one pair at level of second intercoxal space, one pair at level of 
third coxae and two pai rs arranged transversely at level of fourth coxaej pre-anal 
setae (Pa)-an anterior pair of widely separated setae succeeded by two groups of 
three setae in position of second pair of larval pre-anal setae (Pa2) j lateral anal setae­
two pairs; pre-marginal setae (Pm)-a group of setae (3-5 pairs usually) positionally 
equivalent to first two pairs of larval pre-marginals (Pml, 2), and retention of two 
pairs of larval pre-marginals postero-Iateral of the anus (Pm3, 4) j ventral marginals 
(Vm)-five pairs as in larva~ circum-spiracular setae- variable in number. 

SPlRACULAR PLATE. (fig. 6 (4)) . Circular in surface view, elevated above 
body surface, margins steep sided and not sunk into cuticle; surface produced into 
about twenty protuberances, each having an apical aperture. 

L EGS. (fig. 6 (2)) . Tarsus { short and stumpy from 0, 138- 0,147 mm long, 
tapering rapidly to a blunt point, claws longer than pulvillus; Haller 's organ with six 
sensillae in trough and aperture of the capsule as figured (fig. 6 (3)). Tarsus I V short 
and stumpy from 0,132-0,141 mm tapering rapidly towards distal end. Coxa I sub­
triangular with setae CI ai, Cl mm and Cl pi of about equal length; internal spur 
broad, originating from the antero-mesial margin extending back to overlap the posterior 
edge for about a third of its length, postero-internal angle sharply rounded ; external 
spur narrower tapered apically, not overlapping posterior edge of coxa; II elongate 
wi th antero-mcsial angle more broadly convex than postero-mesia l angle, d istal half 
of edge of posterior margin very much broader than proximal half due to pronounced 
salient ridge, setae C2 mm and C2 pi of about equal length; III shorter than II, but 
as broad or even slightly broader, postero-external salience less clearly defined than in II , 
setae C3 mm and C2 p i of about equal length ; IV sub-triangular with only C4 pi 
present and lacking spurs. Sensilla sagittiformia lacking. 

Nytnphal feeding and adult em.ergence 

FEEDlNG. D uring the process of moulting the average weight of the fully 
engorged larva was reduced from 0,249 mg to 0,161 mg for the emergent nymph. This 
in part, was due to the loss of the larval cuticle, the release of guanine and possibly of 
water. The feeding pattern of the nymphs (fig. 8) paralleled that of the larva and, as 
judged by continued weight increases to a maximum, takes five days. Over the first 
two days the average uptake of blood was 0,1 2 mg, which was less than the average 
body weight of an unfed nymph. On the third day the average amount of blood taken 
in was 0,404 mg. This was followed by rapid uptake on the fourth day when the ticks 
weighed ten times the original weight and the average quantity of blood ingested 
was 1,44 mg. On the fi fth day, feeding slowed down and the average weight of gorged 
nymphs was 1,90 mg. The apparent mean weight increase in nymphs four teen days 
after the original larval infestation was not real as moulting had already occurred in 
part of the tick population. If the mean weights for all the ticks, nymphs and adults, 
was to be calculated for the fifteenth and sixteenth days, the values would be lower 
than that recorded for nymphs on the fourteenth day. 



Arthur & Londt: Parasitic cycle if Boophilus decoloratus 

2,0 

Ls 
<n 

'" OJ 
;::: 
lL.. 1,0 
o 
.... 
I 
~ 
W 

" z 0,5 

'" w 

'" 

80 

101 

Fig, 8, The changes in weight of feeding and moulting Boophilus decoloratus nymphs in relation 
to time, and the percentage number of nymphs moulting after removal from the host 
on each successive day of the nymphal parasitic cycle. Daily maximum and minimum 
temperatures and relative humidities as recorded in the stable are shown separately 
above. 
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EMERGENCE OF ADULTS. Analysis of six successive runs of infestation of cattle 
by B. decoloratus beginning on 22 March 1972 and ceasing on 8 October 1972 (fig. 5) 
showed that nymphs a lone, as judged by their external form, were present on hosts 
for 6, 6, 7, 6, 6 and 6 days giving ao average of 6,2 days. After the ultimate day of 
occurrence of only nymphs on the hosts, nymphs and adults were recorded in five 
"runs" for two days, and in one for four days following which only adults were collected. 

The results presented in fig. 4b show the components of random samples of 
the population on the host, on a daily basis after clearing the nymphs in lactic acid. 
From the seventh to the twelfth day after the original infestation by larvae the treated 
n ymph s showed no evidence of differentiation into adults. On the thirteenth day 0,7% 
of the nymphal population sample yielded pharate adults, this percentage increased to 
20% on the fourteenth day, to a maximum of 59-60~~ on the fifteenth day and there­
after declined to 13~~ and 7~~ on the sixteenth and seventeenth days. Only occasional 
pharate specimens were collected on the eighteenth and nineteenth days. 

Nymphs collected from cattle after feeding for one, two or three days, and 
placed in an incubator failed to moult (fig. 8). Those removed on the fourth and fifth 
days of feeding and similarly treated yielded substantial numbers of adults. Correlating 
successful moulting of nymphs to adults with mean blood uptake on successive days 
indicates that about 1,5 mg of blood is a necessary pre-requisite for complete develop-
ment. 

The first emergence of adults was on the fifteenth day, i.e. on the same day 
as the maximum occurrence ofpharate adults. lnitially, the males outnumbered females 
by about 5 : 1, but on the two succeeding days the ratio altered to 2 : 1, and within 
a further two days males and females were present in equal numbers in samples of the 
population (fig. 4b). 

Since (i) the first appearance of pharate nymphs in the population occurred 
two days before the first emergence of adults and (ii) the period of greatest pharate 
incidence was up to four days it appears likely that the blood meal is rapidly metabolised, 
and that this is accompanied by rapid , concurrent development to the succeeding stage. 

Description of fem.ale 
Elongate oval (fig.9 ( I» about 4,8 mm long, about twice as long as broad with 

greatest width of about 2,4 mm, at about the level of spiracles, when engorged bluish 
in colour and measuring approximately 12,0 mm long and 8,0 mm wide. 

CAPITULUM- DORSAL. (fig. 10 ( I)) . Posterior margin of basis straight with 
median indentation, in most specimens cornua absent, if present only faintly indica ted, 
postero-Iateral angles broadly rounded, straight or mildly concave postero-lateral 
margins, strongly divergent to greatest width , thence sharply angled and convergent 
to palpiger. Length (measured from bifurcation of external cheliceral sheaths to 
posterior margin ) to breadth ratio 1 : 2,5. Porose areas elevated, oval, oblique to long 
axis, separated by an interval either equal to, or grea ter than maximum length of one 
of them. From elevated region around the porose areas, surface slopes almost decJ ivi­
tously to irregular postero-Iateral surface, and more gradually to an anterior median 
depressed region; two or three pairs of hairs antero-laterally. 

PALPI. (fig. 9 (3)) . Length of combined segments I to 3, when measured mid­
dorsally, between 0,23 and 0,25 mm; segment I broader than long, with straight mesial 
margin, lateral profile concave, setae absent; segment 2 with mildly arcuate mesial 
profile, longer than straight converging lateral profile; mesial profile of segment 3 



Fig. 9. Bo"p"ilus (1). Dorsal aspect. (2). Ventral aspect. (3). Dorsal aspect of 
(4). Ventral aspect ofpalp. (5). Muhi-pointed ventral medial seta. (Scale lines: 

= 1,0 rnm, 3-4 = 0,1 mm, 5 = 0,01 lOrn). 



Fig. ll~f~;~:j:~'i~U; aspect of capitulum in female. (2). Ventral aspect 
in female. Spiracular plate of female . (4) Haller's organ of female . 

. Ventral aspects of anal areas of a small and a large male. (Scale lines; 
mm, 4 = 0, I mm, 5-5 = 0,5 mm). 
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mildly convex terminates in sharply rounded apex, thence continuous with mildly 
curved lateral profile to ncar origin of segment, where it is seen dorsally as a lateral 
spur; seen end-on this spur is a flange continuous with ventral ridge of segment 3 (fig. 
9 (4) ) . Surface curves gently from mesial margin laterally, except for declivitow proximal 
edge of the basal lateral spur on segment 3, and along base of segment 2. Setae arranged 
in four series, mesial series of 2 on segment 2 and 2 on segment 3; dorsal sub-median 
with 2 on segment 2, 4 on segment 3; dorsal sub-lateral series of 2 on segment 2, 2 on 
segment 3; the lateral series of 2 on segment 2, ° on segment 3; all of 'fine' setal type. 

CAPITULUM-VENTRAL. (fig. 10 (2)) . Posterior edge declivitous with groups 
of short , stumpy setae laterally; posterior and postero-Iateral margins broadly curved 
to greatest width, thence by weakly concave antero-Iateral margins to palpal insertions. 
Surface generally flattened except for two semi-lunar elevations, with steep posterior 
faces adjacent to regions of greatest width, a sharp slope to hypostomal base between 
palps, longitudinally oblique furrows antero-Iaterally. Three or four pairs of setae 
at about level of greatest width and in proximity with antero-Iateral margins, 5 or 6 
shorter setae adjacent to semi-lunar elevations. 

PALPI. (fig. 9 (4)) . Segment I wi th concave lateral profile, mesial profile 
with basal half weakly demi-concave, then angled to straight distal edge, separated 
from segment 2 mesially by transverse V-shaped cleft; one pair of fine setae antero­
laterally, a single short, mid-ventral, apically serrated seta, one or two pairs of stout 
bifid, multi-pointed setae (fig. 9 (5)) on distal straight margin. Segment 2 with strong 
irregular t ransverse elevation lateral of large median flattened spur. posterior face 
dec1ivitous; lateral profile sharply angled and projecting beyond margin of segment 1, 
mesial profile arcuate, convergent distally; surface very irregular; one basal lateral 
seta, a transverse row of setae on anterior face of ridge, two or three stout, multi­
pointed setae on mesial margin as shown in fig. 9 (4). Segment 3 with dec1ivitous posterior 
face bearing two or three fine setae, which are serrated sub-apically j towards the mid­
line posterior margin extended into a triangular flange, before straightening to strongly 
projecting basal-Iat.eral extremity, beyond which lateral profile gently arcuate; mesial 
profile short, broadly rounded with two or three short, broad, tapered setae interposed 
between it and triangular flange (fig. 9 (4)) , distal margin obliquely curved, with 
extensive area of intersegmental membrane between it and base of segment 4. Segment 
4 cone-like, with fine tapered setae on column and eight round tipped setae on the 
apex, arranged as in nymph. 

HYPOSTOME. (fig. 10 (2)). Length from single pair of post-hypostomal setae · 
to apex 0,27- 0,29 mm; spatulate with broad, shallow indentation mid-apically; pro­
nounced sub-apical corona of minute dentic1es followed either by one row of 5/5 or 4/4 
teeth, then by up to nine or ten rows of 3/3 teeth; may become irregular basally where 
teeth merge imperceptibly with crenulations. 

POST-SCUTAL AREA. (fig. 9 ( I)). With dense covering of setae of moderate 
length, except in the depressions of the posterior median and paramedian grooves; 
punctations small and shallow. 

SCUTUM. (fig. 9 (1)). Length, measured from tips of scapulae to posterior 
margin 0,94-1, 1 mm, greatest breadth in front of mid-length across the eyes 0,82- 1,03 
mm; length/breadth ratio about 1,15: 1,0. Posterior margin narrowly rounded, postero­
lateral margins almost rectilinear and divergent to level of eyes, latter mildly protu· 
berant, antero-Iateral margins arcuate to sharply rounded apices, emargination well 
defined. Cervical grooves broad, shallow, convergent at first, then divergent to end at 
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about midway along postero-lateral margins. Setae of moderate length, arranged 
along the arrtera-Iateral margins, between cervical grooves anteriorly and as a postero­
median group. 

VENTRAL SURFACE. (fig. 9 (2)). Setae of moderate length well distributed 
over ventral surface, absent only from coxal and intercoxal regions of I, around genital 
orifice, along genital grooves and posterior to anus. Genital opening on level with 
second intercoxal space. Anal groove obsolete. 

LEGS. (fig. 9 (2)). Pale yellow, longer but not as stout as in male. Coxa I 
sub-triangular, with two well defined apically rounded spurs, outer spur broader and 
shorter, discernibly separated by narrow but deep inverted V -shaped cleft, do not 
usually protrude beyond coxal margin, coxa II sub-rectangular, with broadly rounded 
external spur, coxa III sub-rectangular lacking external spur but slight salience may be 
present, coxa IV broad, sub-triangular, usually lacking salience postero-externally, 
all supplied with fine setae most of which are longer than those on the ventral inte­
gument. Tarsus I short, from 0,40 to 0,43 mm long, tapers rapidly to rounded apex, 
with ventral sub-apical spur ; tarsus IV from 0,37 to 0,39 mm, tapering fairly gradually 
towards rounded apex with two ventral retrograde spurs. Insertion of pulvillus apical. 
Haller's organ as figured (fig. IO (4)) . 

SPJRACUl.AR PLATE. (fig. 10 (3)) . Almost circular in surface view, peripheral 
walls vertical, not sunk into surrounding cuticle; macula elevated, antero-basally 
placed in relation to long axis of body, surrounded by about 50 to 60 aperture bearing 
protuberances on surface. 

Description of tnale 

An examination of samples of males of B . decoloratus during biological investi­
gations makes it clear that there is a particularly wide range of sizes and that within a 
single population there may be two discrete peaks in size. Concomitant with this, certain 
morphological characters may be reduced or enhanced. As a consequence assigning a 
dimension, or a range of dimensions, to particular features in the males of this species 
is fraught with risk. 

CAPITULUM-DORSAL. (fig. 12 (1)) . Posterior margin concave with variably 
developed cornua, lateral margins arcuate or undulate to level of palpiger, where they 
are indented. Surface flattened mid-dorsally, slightly elevated, curving downwards 
peripherally j slightly behind mid-length a transverse arc of eight or nine conspicuous 
setae leading to a group of about four peripheral setae. 

PALPI. (fig. II (3)). Short, broad, suture lacking between segments 1 and 2; 
lateral profile of presumed segment 1 straight except distally where it contributes to 
proximal ridge of segment 2, mesial profile shorter and curved j mesial profile of seg­
ment 2 undulate, almost straight, lateral profile either rectilinear, or may be undulate 
and irregular, shorter than mesial margin; distal edge straight and horizontal in resting 
palp, proximal margin broadly curved at postero-internal angle whence slightly obliquely 
and antero-Iaterally to palpal margin; posterior lace short, declivitous, bears two setae; 
segment 3 with straight posterior margin and steep face at junction with segment 2, 
especially at its projection beyond distal lateral edge of segment 2 to spur-like extension, 
mesial profile gently convex to broadly rounded apex , thence to straight lateral profile 
to basal spur-like extension. Setae in four linear series, mesial series of two setae on each 
of segments 2 and 3; dorsal sub-median series of two setae on segment 2, 4 on segment 3, 



Fig. 11. Boophilu$ decoloratus male. (l ) . 
palp. (4) . Vent.al aspect of palp. 



Fig. d:~'~;~:':o'7~~:;,\ aspect ~~~;~~::~:~~. 3 ~ aspect of palps and r. 
medial setae. or~an. (6). Spiracular plate. 
3 and 6 = 0,1 mm, 4-5 = 0,05 mm.) 
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dorsal sub~lateral series of two setae on segment 2, and two on segment 3, and a lateral 
series of two on segment 2. 

CAPITULUM-VENTRAL. (fig. 12 (2)) . Posterior margin broadly curved, 
postero-lateral angles rounded, divergent lateral margins curved to greatest width 
slightly behind palpal insertion, thence convergent gradually to latter. Surface strongly 
down~curved laterally, otherwise gently convex. Mesial of antero-Iateral group of setae, 
longitudinal rows of shor ter setae. 

PALPI. (fig. 11 (4)) . Lateral margin of segment 1 short, straight, mesial margin 
angled and longer than lateral margins (fig. 11 (4)) ; dorsal-median surface thickened to 
form salient curved flange posteriorly (fig. 12 (3 )) ; one fine seta on median edge of 
thickened area, either one or two stout , multi-pointed setae arise from distal mesial 
face. Segment 2 broader than long, posterior edge salient; at junction with segment 1 
face of segment 2 steep; proximal margin arcuate and approximately parallel with, 
but longer than distal margin, lateral profile straigh t, mesial margin irregular; trans­
verse row of three setae at about mid-length, one fine seta on steep posterior face, two 
or three stout, multi-pointed setae on mesial face; median face of segment 3 fo rming 
a triangular spur overlapping distal margin of2 (fig. 12 (3)) , beyond this curved laterally, 
flattened and extended into dorsal ridge of 3, projects beyond lateral margin of 2 (fig. 
11 (4) ) ; lateral margin sinuous or arcuate to apex; two setae on steep posterior face, 
one of which at outer base of spur and three stout mesial setae subtending inner base 
of spur. Segment 4 columnar with apical setal distribution as in female. 

HVPOSTOME. (fig. 12 (2)) . Single pair of closely-set, short post-hypostomal 
setae, with two shallow depressions between them. Length from post-hypostomal setae 
to rounded apex 0,17 to 0,20 mm, spatulate shaped; corona of small denticles occupying 
up to one quarter length of toothed region, followed by one row of 4/4, then 6 rows of 
3/3, with occasionally some rows of 3,5/3,5. 

DORSAL SURFACE. (fig. 11 ( I)) . Body widest about level of fourth coxae, yellow 
to brown, weakly sclerotized, gut caecae as dark outli.1es through translucent cuticle. 
Small triangular caudal appendage on posterior margin. 

SCUTUM . (fig. I I ( 1)) . Broadly rounded behind, " .. :ith irregular outline at 
caudal base, indented at spiracular level thence broadens to level of fourth coxae, before 
narrowing gradually by undulating margins to sub-triangular s:::a:)Ulae, emargination 
deep; eyes large, yellow, circular, at level of coxae II , not overlap?ing scutal margin. 
Cervical grooves shallow, diverging posteriorly and reaching back beyond eye-level. 
Pair of shallow depressions at level of th ird intercoxal space and coxae IV; pair of 
posterior-lateral grooves in line with dep ressions, shallow, broad and reaching posterior 
margin; postero-median groove extending from in front of spiracular level to caudal 
base. Setae absent from grooves and depressions, giving setal pattern as shown in fig. 
11 (1). 

VENTRAL SURFACE. (fig. 11 (2) ) . Genital aperture level with second pair of 
coxae. Surface uniformly and abundantly setose except between first pair of coxae, 
between the ad-anal shields behind anus , on caudal appendage and posterior of geni tal 
grooves. Considerable variation in size and development of ad~anal and accessory 
shields (fig. 10 (5) & (6)) ; ad~anal shields elongate and, when well developed, internal 
spur strong, sub-triangular separated either by shallow concavity or a cleft from 
smaller external spur, latter may be obsolescent; in large specimens internal spur may 
project beyond posterior margin, in small specimens frequently fails to reach margin; 
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accessory shields drawn out to single points, whether they protrude beyond posterior 
margin or not depends on overall size of the male; both shields sparsely punctate. 

SPIRACULAR PLATE. (fig. 12 (6)) . Similar to female, but with fewer goblets. 
LEGS. (fig. 11 (1) & (2)). Stout. Coxae large, with dense covering of setae; 

I sub-triangular, drawn out postero-internally into narrowly rounded spur, external 
spur triangular, protruding beyond coxal margin; II sub-rectangular with antcro­
internal angle broadly curved, postero-internal angle salient, external spur short and 
broadly rounded; III simila r in shape lO II , but broader, external spur shorter; IV 
broader than either II or III , sub-triangula r with postero·external corner drawn out 
but lacking external spur. Tarsus I from 0,33 to 0,36 mm long, tapering fairly rapidly 
to rounded apex, small sub·apical spur, tarsus IV from 0,35 to 0,36 mm long, two 
retrograde sub·apical spurs; insertion of pulvi llus apical. Haller's organ as illustrated 
(fig. 12 (5)) . 

Adult feeding and fenlale drop 
Emergent males and females were lighter in weight than the gorged nymphs 

from which they developed, probably for the same reasons that emergent nymphs 
were lighter than gorged larvae. Emerging males were lighter than emerging females; 
males weighed an average about 0,98 mg and females 1,37 mg. Both males and females 
attached immediately after moulting. This is in contrast to the information given by 
Legg (1930), for the closely a ll ied B. aUJlralis Fuller (= B. mi.croplm Canestrini), where 
male ticks were reported not to attach but searched for unfertilized females. 

Over the first three days (days 16, 17, 18 in fig. 13) of attachment the weight 
increases of males and females were a lmost in parallel and up to the sixth day (day 2 1 
in fig. 13) of feeding there was a relatively insignificant increase in the weight of males. 
The weight of females began to increase on the fourth day of feeding (d ay 19 in fig. 13) 
at which time, too, mating was first observed. By the sixth day (day 21) the quantity 
of blood imbibed avcraged 23,9 mg per female. The first satiated females dropped 
from the host on the seventh day after adult emergence, having attained weights of 
four to eight times greater than those of the average weights of the sixth day. Fully. fed 
females continued to drop off for up to twelve days after this, with the majority detaching 
within two to five days (fig. 14d). Comparison of fig. 14c and d for weights of engorged 
females and their d ropping-off times shows no definite relationship, except that in 
infestations 1, 2 and 4 there is a tendency for heavier females to fall at the peak period 
of drop.off. 

DISCUSSION 
One of the features of the life cycle of one·host ticks, such as B. decoloratus, 

when compared with three-host ticks, in particular, is the rapidity with which the 
parasitic life cycle, from larval attachment to the fully engorged female, is completed. 
I n B . decoloralm, up to the time of the first drop.off of females ready for egg.laying, this 
is between 21 and 23 days, in B. aUJtralis (= B. micropluJ) it is generally 20- 21 days 
(more exceptionally 23 or 25 days) according to Legg ( 1930), and for the same species 
is approximately 18 days, according to R oberts (1968). 

No attempt has been m ade to account for the differences in the length of time 
taken for one-host and three-host ticks to complete their parasitic cycles. One reason 
for this has been the lack of information on the length of the feeding times of larvae and 
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Fig. 13. The changes in weight of feeding Boophilu.s decoloratu.s adults in relation to time, up until 
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above. 
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Fig. 14. (a- b). Daily maximum and minimum temperatures (a) and relative humidities (b) 
recorded in the stable during the fourth run which represents a continuation of the 
cycle shown in figs 3, 8 and 13 (c) . The mean weight of engorged adult females of 
Boophilus decoloratus on each successive day of the female drop phase. The results of 
five runs are shown, the fourth of which represents a continuation of the cycle shown 
in figs 3, 8 and 13 (d). The percentage number of females dropped from the host on 
each successive day of the female drop phase. The results of five runs are shown, the 
fourth of which represents a continuation of the cycle shown in figs 3, 8 and 13. 
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of nymphs of one-host ticks in relation to the metamorphic changes which occur, whcn 
thesc stages remain attached in situ, after cessation of feeding. 

R oberts (1968) selected length as a means of analysing age structure in the 
different stages of tick populations. This is inadequate because it fails to distinguish 
between the feeding larval and nymphal stages in sensu strictu from those in which 
pharate nymphs and pharate adults are developing rapidly. These later stages are more 
tru ly referable to the succeeding instars rather than to those in which their development 
is taking place. This becomes clear by reference to figs 4 and 5. From th is point of view 
tick weights, coupled with clearing techniques, are not only a better indication of blood 
intake but also of visible developmental changes taking place in the attached immature 
stages. 

To analyse changes between the lengths of the life cycles of one-host and three­
host ticks, concurrent investigations were carried out by Norval (unpublished data) on 
the life history of the three-host tick Amblyomma hebraeum K och 1844, under the same 
macro-environmental conditions as those used for B. decoloralus. The larva of A. hebraeum 
feeds on rabbits for 4-10 days, with most of the larvae becoming fully engorged between 
the sixth and the eighth day. In an incubator at 26eC and 90% R.H. the period between 
detachment of the larvae and moulting ranged from 14 to 21 days with the majority 
moulting on the fifteenth day. Nymphs of A. hebraeum fed for 5- 13 days on rabbits and 
for 6-9 days on sheep to become replete. I t is thus possible that the larval feeding period 
may be shorter on some hosts than on others. Again in the incubator the pre-moulting 
period of adults extended from 2 1 to 29 days with most nymphs moulting on or about the 
twen ty-third day. 

Moulting time is influenced by temperature within the survival limits imposed 
on the ticks by relative humidity. In onc-host ticks, such as B. decoloraluJ, and two-host 
ticks, like R hipicephalus euertsi Neumann IB97, the temperature regime during the 
moulting periods approximates to that prevailing during feeding by the immature 
stages. The various instars of three-host ticks on satiation and detachment from the 
hosts are, however, subject to considerably more variable temperatures in the vegetation 
complex into which they drop. The body t('mperatures of cattle range from 10 I OF to 
103eF wi th skin temperatures varying from 95 eF to 105°F (Rippon: pers. commun.). 
Londt & Whitehead ( 1972) have shown that the larvae of A. hebraeum are found pre­
dominantly in medium protected vegetation, and it may be that all stages in the l ife 
history a re found here . T he temperatures recorded in these situations in the Eastern 
Cape Province arc on average lower and more variable than those used in ou r incubator 
experiments. The experiments on the emergence of nymphs from larvae and of adults 
from nymphs of A. hebraeum and B. decoloratus were carried out at 26 ~C (= 78,BeF). 
Under these circumstances it is likely that B. decoloraluJ would take longer to emerge 
than they do on cattle, and that the immatures of the bont t ick (A. hebraeum) proceed 
to their subsequent stages in a shorter time than they would have done under field 
conditions. Under natural conditions it is likely then that the life history of a one-host 
tick will be shorter than that of a three-host tick and to a lesser extent than that of a 
two-host tick. 

T here is, however, a more fundamental considera tion. In the li fe history of 
one-host ticks the fu lly fed larval stage is succeeded immediately by the immobile 
pharate nymphal stage, which gives rise within three days to the active nymph. This 
nymph is ready to feed a lmost immediately. Similarly, the immobi le pharate adult 
appears within two or three days of cessation of fceding of the nymph and is capable 
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of attaching to the host on emergence. These considerations also apply to the trans­
formation which occurs between the larva and the nymph in such two-host ticks as 
R. evtrtsi. In three-host ticks, however, when the fully fed larva or the fully fed nymph 
detach from the host they arc extremely mobile for two or three days (Arthur, 1962) 
before entering a quiescent phase which may last for two or three weeks, prior to 
emergence. This is also so in the nymph-adult metamorphosis of the two-host ticks. 

During the transition to the pharate state the appendages of the succeeding 
stage of any ixodid tick, whether it be nymph or adult, do not develop internally to 
those of the preceding stages, but appear de novo. In such three-host ticks as A. hebraeum 
the rudiments of the appendages of the nymph and the adult are visible through the 
larval and nymphal integuments respectively even before detachment from the host 
and there are indications of the pharate condition. But the musculature and nervous 
system of the larva and the nymph remain operative for two or three days after the ticks 
drop off. Thus the change from the larval to the nymphal stages and from the nymphal 
to the adult stages in three-host ticks is extended when compared with what occurs in 
one-host ticks. This may be attributed in part to a delay in histolysis of tissues in three­
host ticks or an acceleration in these processes in one-host ticks. A question which is 
probably answerable only when we learn which is the primitive condition. 

On the evidence available from life-history studies it appears that the meal is 
more rapidly digested and metabolized in one-host ticks than it is in three-host ticks. 
This may account for the apparent delay in the development of the embryological 
precursors for the succeeding stages in the latter. The fact that such a three-host tick as 
A. hebraeum may feed concurren tly on the same host as the one-host B. decoloratus and 
for the same length of time and under similar conditions without alteration of the onc­
or three-host pattern indicates that each of these species may employ different bio­
chemical or hormonal pathways to attain the same ends. 

The evidence from the literature that the two- and three-host tick patterns 
are interchangeable in relation to different hosts has been applied to Hyalomma rufipes 
(Koch 1844). The minimum time for this tick to complete its life history is between 
four and five months, but this may be doubled under local conditions, according to 
Hoogstraal (1956). Howard (1908) considered H. rofipes to be a two-host tick in South 
Africa; Jack (1928) reported that it had a two~host and a three-host cycle in Rhodesia; 
Brassey-Edwards ( 1955) that it behaves as a two-host tick on hares and a three-host 
tick on sheep, cattle and domestic fowls. Theiler's (1943) data suggest three-host tick 
behaviour although stati ng without qualification that they are "as a rule two-host ticks; 
the larvae may drop-off". ])reiiminary results (Arthur, unpublished) show that larval 
ticks of this species bred on rabbits have an immobile pharate nymphal condition at the 
end of feeding j this being similar to that observed in B. decoloralus. Biological studies on 
the life histories of H. rufipes (Arthur, Norval & Knight, unpublished) show that a pro­
portion of the ticks which drop-off do so as partially fed larvae, fully fed larvae, and 
partially fed nymphs, but that the vast bulk of the population remain on the host and 
there undergo the change from larvae to nymphs. The removal from the host of imma­
ture ticks in various stages of engorgement suggests an active de-ticking process by the 
host. To accept interchangeability of the tick-host pattern implies possible changes in the 
biochemical pathways leading to metamorphosis and, in the case of H. rofipes, the 
replacement of an immobile pharate nymphal condition with an active larval state on 
completion of feeding. Though not impossible it is unlikely, and has not hitherto been 
observed in other ticks having a catholic choice of hosts. Like B. decoloratus and H. 
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nijipes, the cuticle of fully fed larvae of R. euertsi also enshrouds a pharate nymph and on 
detachment in this condition remains immobile. 

According to Legg ( 1930) the development of the tick B. australis (= B. 
microplus ) during its parasitic life shows considerable uniformity in timing in December, 
January, May (2 runs), July (1 run) and August. This is supported by the present 
results extending from 9 February 1972 to 8 October 1972, and these data are sum­
marized in fig. 5. Reference to the plotted temperatures and relative humidities of the 
macro-environment of the host for one run (fig . 3, 8, 13, 14a, b) shows that these 
factors vary quite widely. Macro-climate conditions thus do not appear to affect the 
leng th of the various phases of the life cycle of B. decoloratus on the host. 

These data may be of value in approaching the problem of acaricidal treatment 
of blue tick populations on stock because of the constancy of timing, and the effects of 
acaricides applied to stock when the ticks are in the pharate condition might bear 
further examination. 
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PART TWO 

THE PREHATCH Pf.RlOD OF 

BOOPHILUS pECOLORA:D!:~ (KOCH) 
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3. THE PREOVIPOSITIO~ PERIOD 

.§Y.nopsis 

The preoviposition period of ~.iecol~orll_tus "las 
studied Ullt~Cr laboratory and field conditions a'i. :d 
found to be temperature dependent. Effects of 
humidity on the duration of the preoviposition 
period '-laS found to be negligible. Female ticks 
placed in a Stephenson's screen in the field 
demonstrated very long pr eoviposi ti.on periods and 
th e biologlcal implications are discussed. 

3.1 INTRODUCTION 

The preovipo c; ition period of any ixodid tick is biologically 

Significant in that i.t is this period during which the engorged 

female tick must find a suitable habit;,t in "'hich to lay eggs. 

Milne (1950) has shown that Ixodes ricinus L. i s capable of 

' burrov.,Ting ' a fe~y centimetres below the surface in arE.aS where leaf 

litter and other ~ebris is present. Hunter and Hooker (1907) have 

shmvn similar behaviour patterns in Hargaropus annulatus Say 

(= ~.annulatus). This behavioural pattern places the fem ale tick 

in an environment suitable for oviposition and sut.sequent incubation 

of the eggs . 

Most of the pUblished work on the pr.eoviposition phase of ixodid 

ticks has beer, concerned primarily with some of th~ factors influenci"g 

the dural:ion of the period under laboratory or field conditions. 

These data are summarised in tabular fonn in Tabl e 1. One of the 

earliest references to the preoviposition period Has that of 

Lounsbury (1899) "ho recorded that the preoviposition period of 

k.hebraeum was longer in I cold I weather than in 'warm' weather, 

thus impl.ying temperature dependence. Since thi s ear ly observation 

other workers have found th at the preoviposition period is directly 
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TAll LE 1 . 

Factors i.nfluencing the du ration of the preov i position period i n 
ixodid ticks. 

Species 

11m b 1 Y 0!1'."Tl a 
americanum (L) 

Factor s inv estigated 

H T PEHNI 

1-
- -

Refere.nce 

Lancaster and McMi 11 an 
Sac t o r et a1 (1 948 ) 

(1955) 

- + Gl adney and Drummond (1970 ) 

Arnbly rnnn~ + Lounsbury (1 899 ) 
hebracum Koch I 

Amb ly onnnn - Dr ummon d and Whe t stone ( 1970 ) 
mncu latum Koch 

Boophilus + Hunter and Hooker (1 907 ) 
annulatus (Say ) + Gr aybill ( 191 1 ) 

Boophil.us - + + Th i s study 
decolorat'..ls (Koch) 

Booph i l us - + Hit chcock (1 955b ) 
microElu~ + Legg (1 930 ) 

(Canestrini ) + Hall and Wilkinson (1960 ) 

+ Sutherst (1 971 ) 

Dermacentor + Bel ozerov and Kvikto (1 965 ) 
man!inat.us S '.lz • 

Dermacentor 1. + Smith et a 1 (1946 ) -
-'7ari abilis ( Say ) 

1-- 2 
Hyalomma - + Sweatman (1 968 ) 

aegYEtium (L . ) 

Ixodes + + Ar t hur (1 951) 
hexagonus Leach 

Ixodes + + Mac l eod (1 93 5 ) ---ric i nus L. - -

RhiE i. ce12halus + + - Sweatman (196 7) 
sanguineus Lat r ei 11 e 

Abbrev iations: + = positiv e corre l ation; - = negat i ve cor re l ation ; 
H = hlunidity ; T = temperature ; P = photoperiod; 

1 = 
2 = 

E = engor gement time of adu l t female; W = initia l 
weight of engorged f~nale ; N = number of eggs 
produce.d; I = immer sion i n wa t er . 

Inferred from gener al statements made by author . 
Tendency seen but not sta t ist i ca l ly Signi ficant ; 
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dependent on the pr eva iling temperature conditions (Table 1.) . 

There appears to be some I di sagr('lcment I as to \.;hcthe.r atr.1ospheric 

humi di ty has D.ny direct influ ence on the duration of the prcQviposition 

period . ~l acl"od ( 935), Arthur (1951) and Sweatman (19 67), working 

on the speci e s indicated in Table 1 , consid.ered humidi ty to b e of 

i mport .:ncc in that dry conditions \\lould cause an extension of the. 

prcQvipos iti on period . Smith ct al . (1946) and Hitchcock (1955b), 

h m.;rev er, Here unab le to show positive correlations with humtdity 

( Tab l e 1) . S"leatman (196 8) de:nonstrated a slight corr e l at i on 

using HyalOi""',! ,!'eEyp tium (L.) but th;.s "'as fou nd t o be statistically 

not si8nificant . 

A?art fre:, s tudies involving t emperature and humidity only 

a feu other envir',nmental fac tors hav e been investigated in r e lation 

to their influence on the duration of the preoviposition p eri od . 

Bclozcrov and Kvikto (1965), for exmnple , demonstrat ed that the 

dU1~ation of t:l ~e pre.oviposition period in Dennaccntor marg~~..::.. Sul z. 

shm,s ~ positive corr e l ation "ith photoper iod while both Hall and 

Wilkinson (1960 ) and Suther s t (1971) report a positive effect of 

irrunersion in \\72,t e .: (such a s might be exp e.c ted during rain or heavy 

d",<) on the length of ':he preoviposition period of 1?,.microplus. 

The present i'lveetigation was concerned chiefly with the 

effects of femellc size (s c,,, i and fully eng orged), t emperature and 

humidity on the duration of the preoviposition period of 

B .deco l ora tus ~ 

3.2 MATERIALS AND METHODS 

To ass es s the effec t of f~lale s ize, as pres ume d by their 

weights , on the duration of the preoviposition period of 1?,.decoloratu s , 
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t.,,, cnty one female ticks, se l ected to have a ,\ride l'ange of . ,·;reights: 

were rem oved fro!:l the host (a Guernsey calf) and placed in an 

o 
incubator at 26 c. The tubes in which the ticks "ere kept !;ere 

placed in an atmosphere of approximately 95% r elative humidi.ty 

(Le. conditions of approximately 1,30 nun Hg saturation defi::it) 

which \vas ma:lntained in a glass container by using the appropriate 

concentration of potassiwn hydroxide solution (Peterson 1953). This, 

and other relative hwniditY. levels used in other expzriments reported 

in this ",ork, .Jas checked at weekly int ervals using coba lt thiocyanate 

pap"" indicators in the manner discussed by Solomon (1957). 

In deterr:dning the effects of differ ent constant temperatures 

and relative humidities, and therefore c:.nstant saturation deficits, l 

six different tl?:nperatures and three dif£~rent -elative humidit ies were 

used. In Table 2 the combinations of temperature and relative humidity 

used and the corresponding saturation deficit values are shown. 

Table 2 also shmrs the number of females st ldied in e.ach temperature 

and relative humidity combination as well as the means employed in 

the maintenance of the. temperatures llsed. The three different relative 

humidity levels (90%, 7O'J., and 50% R.H.) were selected on the basis of 

work done on both egg (discussed l pter in this thesi.) and larv al 

tol erance levels (Londt and l~hitehead 1972:). 90?o Relative humidity 

was cons idered as a I favourable' envirorunental atmrsphere for 

~.~..9loratus because both larvae and eggs of this species were able 

to survive and develop norma lly in this enviromnent. 501'. Relative 

humidity was, by the same token) considered 'unfavourable' as larvae, 

when exposed to this atmosphere for more than five days died from 

desiccation and eggs failed to hatch. 70% Relative humidity \Jas 

selected as it represents the approximate ' cr itica l humidity,2 or 

1. See section 6.2 headed: Assessment of the effec t s of climatic 
conditi.ons on ticks. 

2. See section 5.23 in dlich this tcnn is de.fined. 
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'equiliurium humidity' (Lees, 191,·6) of eggs and larvClc respect i vely . 

TABLE 2 . 

Combinations of temperature, relative humidity, and saturation 
deficit used in the study of these parameters on the durat i ons of 
the preoviposition, oviposition and incubation periods, the mass 
of eggs produced by females and the percentage hatch of eggs of 
Boophilu~_ .i.eEolor:::pl~. 

Temperoture (oe ) Relat iv e Humidity 
(7.) 

Satur ation Deficit 
( rnmHg) 

Means by wh i ch 
Temp . achieved 

No. ticks 
u sed 

-----
10 90 0 ,91 waterbath 4 
10 70 2,74 kept in c ol d 4 

50 4,57 0 4 10 room (4 C) 
- -

15 90 1 , 26 "aterbath 4 
15 70 3 ,80 kept in cold 4 

50 6,33 
0 4 15 r oom (4 C) . 

20 90 1 , 73 waterbath 1+ 

20 7C 5,21 kept. in cold 4 
50 8,68 0 

1+ 20 r oom (4 C) 
1---

26 90 2 , 55 incubator 3 
26 70 7, 53 kept in 3 
26 50 12,51 l aboratory 3 

32 90 3,61+ i nc ubator 3 
32 7(J 10,68 kept in 3 
32 50 17,72 l aboratory 3 

38 90 8,07 incubator 3 
38 70 14 , n9 k e p t in 3 
38 50 24 , 71 laboratory 3 

The effects of macr ocl i mat i c fluctuations i n t emperat ure , 

re l ative humid i ty and satur ation deficit were studied by placing 

t ubes of female t i cks i n a Steph enson 's screen , t ogether wi t h a 

thermohyg r ograph. The S t ephenson ' s screen was p l aced a t g r ound l eve l 

s o t h at the closest approx i mation of microclimatic conditions lvou ld 

be achieved. Detailed observations of the micr oc l imate were not 

possible as t he necessary recordi ng equipment [or such wor k was 

n o t availab l e. 
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3.3 RESl]T,l'S -_._-

The duration of the prcoviposition periods of twenty one 

engorged female tiel:s of different ",cights ranging from 10,0-

151,0 mg Dre shm:11 in Fig. 17. All fema les u eighing l'10re than 

40 mg displayed a preoviposition period of four days under the 

experimental conditions (26°C; ca. 95'); R.H.; 1 ,3 mm.Hg . ). One 

female (29,0 mg) had a prcoviposition period of [ivc days while 

another (20,5 mg) took six days before commencing oviposition. 

Four [('THa I es, all less than 20 mg in ,.,,,if;ht , fai led to lay. As 

the mean "eight of co:npletely unengorged femal e ticks was approx ilnately 

1,4 m3 it is suggested that the minimum ~-leight 'Jf 'blood' uptake 

necessary to maintain basic metabolism i:. therefore in the order of 

approxi.mnt~ly 19 mg . 

1 
Fig . 18, a contour diagram , shows the relationships which 

exist bct~Teen t.elnper.:1ture, saturation deficit and the duration of 

the preoviposition period. As the lin es o~ equal preoviposition 

period lie' almost parallel to the .,,"uration deficit axis, it is 

suggested that humidity does not have any effect on the duration of 

the preoviposition period. Temperature, hm,ever, is clearly of 

importanc e in that the duration of. the prcovipositio-.l period is 

shortened lvith temperature increase. This marked temperature 

effect is shmm more dearly in Fig. 19 in '"hich tl-e effects of 

saturation deficit have been ignored. The relationship bet<1een 

preovipos ition p-eriod duration and saturation deficit is shown in 

Fig. 20. It appears that there is a defillite correlation between 

these parameters in that the length of the preoviposition period 

is increased with decrease in saturation deficit. This apparent 

1. The use of contour diagrams in assessine the effec ts of physical 
factors of the environment on ticks is discussed later (Section 
6.2) • 
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rc.:lationship is however du e to the overridi.Ilg ef.fects of tC·dlpE .... cature, 

\'lhich is used in t he calcula tion of saturation deficit. If the 

data at eAch different temperAtur e level arc studi ed separately it 

becomes app:<rent that there is httle or no effect of saturation 

deficit on the duration of the prc0viposition period. 

The mean duration of the prcoviposit ion period in t",lO batches 

of female ticks placed in a Stephenson's screen under naturally 

fluctuating macroclimatic condi.tions was 36,6 days and 1'1,6 days 

respectively. In order to get an e s tir.late of the mean daily 

t("" pera ture experienced by these f emales, daily hour degrees were 

calcul ~ted (above a baseline of 10
0

C as no l aboratory held female 

produced f',::g " at this t lmperature.) for P3ch day of the preoviposition 

periods of e nch batch. The m"an dai ly number of h our degrees was 

o 
calcu lated f or both batches of females and found to be 69,4 h C 

and 104,5 hOC for batch one (26 July - 1 Sept ember 1972) and batch 

tlW (5 Augtl r, t - 21 September 1972) respectively. These values, if 

plotted On a standard curve of the ',umber of hour degrees per day 

relative to constant ternpernture (Fig. 21), show that t h" mean daily 

temperature values experienced by th e two batches 'Jf f emale ticks 

were approximately 13,OoC and 14,5.
o

C respective ly. These values 

fall between the temperAtures 10
0

C and ls
o

C used in the laborat ory 

work and 'by referring to Fig. 19 the preovipositio'l period which 

,..,oul d have been expected at these t wo t(>mpcrCl.tures und er laboratory 

conditions would have b~en app roximately 42 and 39 days respectively. 

These values approximate fairly closely to thos e actually rec orded 

in the field (i.e. 36,6 and 41,6 days). 

3 . 4 DISCuSSION 

The cool winter condit ions under which the field ""ark was done 
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resulted in long preoviposition periods as uas ('.j~pl~ct c. d fram the. 

results of the laboratory work and the findinns of previous workers 

in this fi.old ( rable 1) . At lO De fem,,18 Licks in the laboratory 

d;.ed without laying eres. This s"geests that protracted periods of 

cold weathe~ may inhibit ovj.pos ition long enough to result in the 

death of the ticks b efore oviposition takes place. Unfortunately 

it was not possible t o study the duration of the preoviposition of 

12..E~co l or.l?!.~~. under microci-imatic conditions because of the 

unavai labil.ity of sufficiently accur~tc instrumentat ion fo·r continuous 

recording of temperatures and rcl.:1tive humiditi.e.s at a microclirnatic 

l eve l. This .,ork will obviously have to be undertaken before 

relat i onships betvl(:.en microclimatic conditions and the dur.:!tion of 

the preoviposit i on p eriod are elu cidated . The r esu lts of l aboratory 

",ork indicate that female ticks detaching from the host at regular 

interva l s over " lone period of cold weather might be expected to 

conll11cnce oviposition &t approximate ly the same time. This 

suggestion is supported by t h e twrk of Snot-lball (1957), on .!? .micropills, 

and Kraft (1961) on various ixodid ticks including .!?.decolor~. 

Kraf t (1 961) demonstrated that fema l es placed in t~1e f i eld during 

the " int er not only tended to commence egg l aying at about th", srune 

time but also tended to be 1",s5 s ucc essfu l in producing viable egg~ 

than females placed in the field during the summer month s. The 

work of Kraft (1 96 1) and th e results r eported in this inves t igation 

help to explain the greater incidence of B .decoloratus during the 

sum:ner months (The il e r 1969) . 

The situat ion concerning the effects of atmospheric humidity 

on the duration of the preovipositirnl period needs clarification . 

An examination of past: fi nd ings (Table 1) reveals t h at there i.s some 

' di5agreem~nt I regarding the influpnce of tld.s physical factor. 
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The reasons for this may be quite vari e d nnd therefore nct d further 

consideration. Workers ",;ho have rep or ted a posit.ive correlation 

between pr e Dviposi. tion period duration Lmd humidity include-- Lancast e r 

and Mdlillan (1955), Arthur (1951), Mncleod (1 935) and more recently 

S\Jeatr:tan (196")). S\leatman (19 68) demonstrated a tendency towards 

a sa,tur at ion defi ci t dependent preovi pos i tion period in .!:!.ac~;YE!:..illm, 

but this wa s 5ho\o;n to be statistically not significant. SHeatman 

(1967) critically examined ·all previous ,;ark in this field and came 

to the conclusion that the findings of Lanc&stcr and McMillan (1955) 

nee el rcaffinnation. S"eatman demonstrated that Arthur's (19 51) 

data, pertaining to Ixode s hcxagonus Leach, wh en subjected to 

statistical analysis show a significant correlation. This correlation 

may h ot.ever have been affected by the !'act that Arthur's dat a "'ere 

obt ained from ticks in vari ous states of semi- engorgement . Hacleod 

(1 935 ) presented scanty infonoat ion on the preovip os ition period of 

.!..ric. imls and states that "all that can be safely inferred .• , .is 

that at the extreme limits of t emperature and humidity •. • • the period 

i s longer than at median t emperatures and high hwnidities . At 

many of the extremes, parti cularly of humidity, o"iposition was 

abortive, only some f ew dozen eggs being laid". This means that 

further work on !ari c inus is necessary before a positive correlation 

b etween humidity and preovipositi.on p eriod duration can be finally 

a ccepted. It appears, the refore, that the work preceeding 

Sweatman (1967 , 1968) is not particularly conclusive with the 

possible exc eption o[ that o[ Arthur (1951) who demon s trated that 

the preoviposition period duration increases with increase in 

saturation deficit. S" eatman's (1967) analysis of Arthur's 

work is reproduced as Fig. 22a . Thi s finding, h owever, is at varianc e 

with thos e of Sweatman (1967, 1968) "ho demons trnted that in both 

l! . aegyptium ( results nnt statistically signific ant ) and Rhipice;.ohal.us 
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sallp::.':::2'~~ Latreille the pr coviposi.tion period (~urc.;tjcln l e nds to 

decrease. vJith i ncrease i.n saturation deficit. Sw':atman subj ectetl. 

all his rc-ults to rigorolls statistical analyses and, a t 1.east in 

the case of ~.~~uineu~ , has dononstratcd th:lt increase in satu r ation 

deficit decrea~cs the duration of the preoviposition period at 

000 
temp eralures of 20 C, 25 C and 30 C. 

The results presenled in this chapter (Figs 18 . 19 and 20) 

suggest that the type of positive correlation t'lhieh S;;.;reatman (1967, 

1968) proposes between saturation deficit and preoviposition period 

duration is not real. Temperature h ns a very pmverful influence 

over preoviposit ion period duration and as ten;p0~'ature condit ions 

are taken into account l,7hen determining .:iaturat ton deficit it is 

very probable th at the positive correlati011 be!:.leen. saturation 

deficit @Id the preoviposition period is a direct rcsul.t of a 

temp erature. effect ~ It has been sho·.m in Fi.g. 20 that even thol'eh 

the preoviposition period is longer at Im'7 saturation deficit values; 

thes e values were all derived from conditions of 10\·,. temperature. 

If Slleatman's (1967) data (His Fig. 9 reproduced here as Fig. 22b) 

are examined it v]ill be noti.ced that his data {emoTlstrate the same 

overri di.ng effects of temperature but not as cl early as is seen in 

~.decolor2t~ (Fig. 20). This obs ervat ion implies that saturation 

deficit doe s not have a clearly positive correlatil ln with preoviposition 

perIod duration and as lhe actual effects of saturation deficit on 

ticks is c onc"ni~d with water loss it is suggested that fully 

engoreed fe:nale ticks, clearly possessing large \-1atQr reServes and 

possibly means of taking up \va ter vapour from moist air, are unlikely 

to be influenced by a very wide range of saturation deficit levels. 

It i s therefore s uggested that atmospberic humidity does not have any 

effect on the preoviposition period of ~.de~olcratus (Table 1) . 
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Hitch cock (195Sb) s Harking orl l!..microp]us, supports tllis content',i.on 

in a singl e statement: "Within , the range tested (45-90 per.cent.), 

relative l:Ul~' idity had no influence on the dnration of the pre-

oviposi tiOl"! period". Smith et a1. (1946). ,)Qrking on De~3!.c8nt()r 

variabili§. (Say). although not actually presenting any evidence 

state: "Hoist ure is essential to the survival of al l stages .... 

neither relative humidity nor prcc~pitation shmvs any correlation 

with activity or lengti, of developmenta l pcriods ll • 

Fro:n this discu 3sion it becomes evident that previously 

publish e d information on the effects of hu",idity on the duration of 

the preovipositior. period of ixodid ticks should be viewed I{ith 

caution an r : due reDard taken of the marked e.ffer:t of temperature 

Qade on thiE per i0d. 

, 
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4. THE OVIPOS ITIO;' PER10D 
--------.-~--... -.--

The duration o f the oviposition per iod of B .decolori':tus 
and the number (or t-!cight) of eggs produced ·du-;'::·i..ng"-·-­
this period were studied under laboratory and fi e ld 
conditions. Both these par 6Rcter s we]~c fOllnd to be 
t emperatur.e depend ent and uu i nflucnced by humidity. 
The min ilm.nn amount of 'blood meal' required by 
laboratory maintained fana l es for e~g product ion 
Has approximately 16" mg. The oviposition bf'haviour 
of f emale tick s has ·b c en br iefly described . Th e 
significance of t rnnp ~raturc dependent oviposition, 
and th ~ oviposition period of i xodj.d ticks in general, 
i s di scuF-sed . 

4.1 INTRODUCTION 

Apar t from the publishcd observat~ons of Lounsbury (1 899 ) on 

the behaviour o[ ~ .. h ebrac \Jm during oviposition) little more has b'2 en 

adde d t o the if! forma tion for southern African Ix odid tick spe.cics. 

Informati on concerning species occurring elseuh cre in the v!or ld is 

more abundant. The two major aspec l s which have received attention 

are the factors influencing the duration of the oviposition pLriod 

and the f act ors influencing the number (or weight
1

) of e ggs produced 

during the oviposition per iod. A survey of the literature and 

th e main findings reported arc summa riz e d in Tables 3 and 4. The 

general conc lu .5 1.ons resulting from this survey are ':hat there i s a 

positive cor'r e.lation bett']een temperature, photoperiod, female 

disturbance and the duration of the oviposition period. Delay in 

mating, phY Sical environmental conditions during the preoviposition 

period and the initial weight of the female ti ck, on the othe r h and, 

do not appeRr to inf lu ence the dur a tion of the ovipos iti on period. 

Similarly there is evidence that such factors as the i nitial weight 

of the fE.:11a l c tick, disturbance of ovipositing females and submersion 

1. The relationship between numh~r and t,;reight of B .d ccoloratus e.ggs 
is linear as i s th(~ case in all previ ously stuciie~-C:-:odids-:-
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TMlLE 3. -----
Factors influencing the duration of the oviposition period in ixodid 
ticks. 

Species Factors inve stigated References 

H T P D N N Pr VI 

-. - -1 I Lancaste; ~1!hlyomma + o.nrJ t>1cMi llan (1955) 
a;ncric nnum (L) - Son en shin e and Tigner (1969 ) 

-.- --- - - _ ._- - f-- ---
L~n bl..x onn" a + + Lounsbury (1 899 ) 

hebraeull1 Ko ch 
--.-.----
l.'J !1~~lyomm2 + I 

I - Drummond and Hhetsl:one (19 70 ) 
r.l(lCU l ntum f.(och 

f--. -- -- --
lloonbilus + Hunter and Hooker (1907) 
- ------

( S "y) (191 1 ) <'lnnu 1 atu.; 
, + + Graybill .. ~~--......... -- ,-

+- - 1--- --
Boocbilus . __ . .4--__ - + + + This study 

decoloratus (Kach) I 
- - - - -- - .----

B 0..'2r..h ilOl..'!. + ! LC8lZ (l93CJ) 

!?j <7E~P-.l~::? (C anestrini) - + Hitc....hcock (1955b) 
1--- - -_. -- ----- -
D~l."Tnacentor + Belo'Z.erov and Kvikta (1965 ) 
------- -
~iL~"QE~:~': Suh. 

_. . __ . 
Dc>rmacentor - Sonenshine (1967) 
-.-~-------.-

vnri abilis (S uy) - Sonenshine [md Tigner 
-- -

1 
H:t a 1 OlTlm a - - . .. S'l-leatman (1968 ) 

_~y p t i u2!l. (L) 
-- - -

Hy alolTlm~ + + + - Snov! and Arthur (1966 ) 
ClTlatolicum (Koch) - - -
~des - + Arthur (1951) 

hexago~ Leach 
-

Ixodes - + Macleod ;1935 ) 

ricinus L. 
-

RhiEiceeh alus 

I 
+ + - -- S~'Jeatman (1967) 

sanguinE=us Latr. 
--

Abbreviations: + = positive correlation; - = negative corr e lation ; 
II = humidity; T;:~ t<:>mperaturc; p:...= photoperiod; 
D = di.~t:urbancc of ovipositing femalc; M = delay in 
mating ; N = number of eggs produced; Pr = conditions 
during preoviposition period; W = ini.ti al engorged 
weight of female. 

1 = A tendency observed but found to be statistic-ally nat significan':. 

(1969 ) 

--

---

--

-
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TABLE 4 . 

Factors influencing the numbe r ( or mass) of e.gf,s P J: OdllCe.d by 
ixodid ticks. 

Spec i es Factors i nvestigated References 

HTDC I H --. - .- --

pm b 1 Y w"!"3 + Gl adney and Drummond (1 970 ) 
arnericlInum Koch -----.-- .- -- - -- - -

knblyo.r.:n rt + Lounsbury (1899 ) 
hcbrL.eu:n Koch ----- _. -

-'''n b lr.£:T~ - + Dru:r,mond and Hhctstone (1 970 ) 
mncu] attml Koch 

-- --- ------ -
An oc('ntor - + DrlllTID10fld et a1 (1969 a) ----...,.-
}litens (l~ eumann ) - Tho-,pson (1970) 

- '---
liooj2hil'-!1 + Huntcr and Hooker (1907) 

annulatus (Say ) 
!-.- - I 

Boo!'hi.lus - + ;- 1- Thi s study 
decoloratus ( Koch ) ------------- 1--1-- - f-- --_. 

Booph i l:l5. + + Suther st (1971 ) 
rniSS_oyJ.us (Carlcs trini) - ;- Hitchcock (1955b ) 

-- - ---I--
De rmacentor + + PruIIllnond e t al (1 969b ) 
----~---

albip.l.ctu~ (Packard) 
f.---. 

Dennacentor -------var i abilis ( Say ) - + Sonenshine and Tigner 

Hzalorrnna - - + Swcat~ilai1 (1 968 ) 
~tiu~ (L) 

Hyalo!~ + SnOt" and hr t hur (1 966 ) 
anat olicum ( Koch) ------

I x odes + - Ar t hu r (1 )5 1) 
hexa~onus Leach 

Ix odes + - Macl eod (1 935) 
ricinus L. ----

Rhipice!,halus - + + Sweatman (1967 ) 
san~uineu5 Latrei ll e 

Abbrevi a t ions : H = hum i dity; T = temperatu r e; D = dis t u r bance of 
fema l e ; C::;;: crowd i ng of females; 1= i rmn c rsion in 
water ; H =: in it ial engorgement \.,rcight of female; 
+ = posi t ive cor re l at i on; - = negative corre l at i on . 

-

. __ .-

(1 969 ) 



of females in ' .... .;:tcr directly influence the numbers of: eegs produced. 

Relative humidity [mel crowding of females during oviposition, 

hm·/ever, do not appear to be of any importance. There is disagreement 

over Fhcther a correlation b e t~<leen temperature and the number of 

eggs produced exists. These 'disagreelnents' do not necessar ily 

reflect the quality or validity of the conc lusions a rrived at by the 

diffe ren t workers involved but may be the result of species specific 

respons(.s. The inv e stigations reported in this stuJy J;<lere primarily 

design e d to determine the rel at ion ships bet:,:een some of the factors 

con s idered in earlier reports by other wor kers in relat ion to the 

ovi.pcs ition period of B.decol.oratus. The wo rk h as , for convenience, 

b ee,; reported under the folloHing main headings: 

i . Prelimin~E.l ~~eriments. Includill£ a de,'cription of 

Qvipositj.on; the general pattern of oviposition 

under constant l aboratory condit.ions; the weight 

changes H!1i.ch take place during OV: position; the 

effects of handling females during oviposition . 

ii. The influence of constant temperature and humidity on 

the o~osition perio~. 

iii. The inflllencc of naturally fluctuating temperatures and 

hu~idities on oviposition . 

4 .2 MATER IALS AND METHODS 

The ticks used were cu l tured on young Guernsey calves. 1\<0 

different 1 strD.ins ,1 were used; one originally fr om Lesotho, the 

1. Dr G .13 . Whitehead (pers .commun.) has shown differences i.n the 
degree to which these ' strains ' are resistant to various 
insecticides. Morphologically, rhys iol.ogically and behavioura lly 
the ' strains' have been considered to he identical. 
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other from East Lon don (Cape Province of South Africa). Larvae 

1<ere placed on the c a lves and allOl-lcd to develep through to the 

adult stage. Engorged f emale ticks were then collected either by 

hand picking them from the host or alloHing them to fall from the 

host natur a lly. These semi-engorce d or fully engorged fem:lles \,'''re 

plac2d in glass tubes enclosed in air-tight containers in 'tvhich 

particular huuidity level s, if requi~ed , could be maintained. 

Different relative humidity values were obtained by using potassium 

hydroxide solutions of different concentrations (Peterson, 1953). 

The air-tight glass containers were placed ei ther in incubators in 

the laboratory or in water-baths kept in a cold room (4
0

C) depending 

on the temperature requirements of the experiments undertaken 

(sec Table 2). J'urther technical details of special requirements 

arc discussed under the relevant sections. 

4.3 OIlSERVATIONS A!l:l) RESULTS 

4.31 Preliminary experiments 

4.311 Ovipos ition behaviour 

The oviposition hehaviour of .!!..decoloratus females, with clean 

mouth-parts, was observed and photographed. 

in this behaviour are as follows:-

The important stages 

( i) Towards the end of the preovipos i tion period the fema l e 

tick appears to have a ,slightly concave appearance in the reg i on 

betHeen the forelegs. The capitulum, tvhich lies near the centre 

of this region, appears slightly withdrawn. 

(ii) The first sign of egg laying involves a dmolnward movement 

of the capitulum aga;nst the anterior end of the body (Fig. 23a), 

wher~ i t carnes to lie in a small depression. The dorsal surface of 
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the capitulum t.hen is either f:l ush "'-'ith or s li SJ ltly belm: the 

inlcgumcnt. 

(i ii) Gene's organ, only sliehtly visible when the capitulum 

is so pos itioned, then becomes I inflated I fr.::,rn the ntemLra~lous 

region bet,;·;recn the SCUt1..inl and capl tuium until it overlie s the 

depressed capitulum. Concomitantly the "lliva distends, presumably 

because of the bulk of the egg in the genital tract (Fig , 23b). 

The eeg, on emerging from the geni tal orifice, is elTbraced by the 

l ateral horns of Gene's organ, and at this stage, thou8h visible 

through the translucent organ, is not exposed to the atmosphere. 

(iv) Tl te vulva then assumes its nonnal app(~arance s rnenm.,rhile 

the tHO horns of Gene's organ recede slo',ly ovel' the surface of the 

egg (Fig . 23c) until complete l y retracted" 0" completion of these 

movements the egg is left adhering to the dorsal surface of the 

capitullIDl (Fig. 23d), presumably due to the 'sticky' nature of the 

soft 'wax I covering. 

(v) The capitulum is then sl"",ly elevated and the egg is 

carried on to the front edge of the scutum, to "'hich it usually 

adheres. This process is repeated in respect of each egg and after 

some time an egg cluster accumulates antero-dorsally and in front of 

the capi tu lum. 

This pattern parallels the observations of Hunter and Hooker 

(1907) for He,rga.opll~ annulatus (= Boophilus annulatus ) and Lees 

and Beament (1948) for Ornithodorlls mOllbata ~jurray, an argasid tick . 

The rate of laying individual eggs was not determined but since 

a female tick may produce about /.100 eggs t,d.thin a single twenty-four 

hour period, and assumin[j a constant rate of production, each egg 

probably takes about four minutes to be produced. Hunter and Hooker · 
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(1907) record that, in ~. "n!l~llatu s (= l'.._, nnulatlls), "the actual 

time consumed uy the tick in laying a sineL egg is about 30 

seconds, while the removal of the egg :md the res ting period.consume. 

from one to sever al minutes, a much longer resting perj.od being 

taken at intervals bet'veen lots of from 10 to 50 eggs". It is 

probable that B .d cco loratu s possesses very similar behaviour. 

Periodically some female 'ti c k s ,'ere c oll ec t ed ettller ',ith 

dam aged mouth parts or «ith t is sue or ce:nent adhe ring to the base of 

the hypos tome. Observations were made on the ovipositi.on 

behav iour of such specimens .. Females with tissu e adhering to the 

hyposto;ne were un ab le t o fully depress the capitulum Hhich resulted 

in the eggs not receiving a 'wax t coatin~.; from G~ne 1 s organ. Such 

eggs invariably b ecom e desiccated within ,. shorL tir.le of being laid. 

Fern:'!les "'ith artificially d3r:Jaged mouth- parts, produced by crushing 

them between the tips of a p .. :dr of fine forcep s , produced eggs in 

the normal manner . Th e efficiency of forclng the eggs back onto 

the scutum may have been affected bue this was not substantiated 

from the observations. 

4.312 :rhe pattern of oviposition under constant t emperature and 

humidity condi.tions 

The genera l pattern of oviposition in f u lly an'l partially fed 

~.decoloratus females was studied by r o noving and by either counting 

or weighing daily collections of eggs. 1'01: this purpose ten fully 

engorged females, Hhich had dropped from the host naturally, and 

ten semi-engorGe d females, Hhich were hand picked off the host, 

were used. All these fameles po sse ssed clean, undamaged mouth-

parts. 
o 

The r e sults, at constant temperature of 26 C and constant 

relative humidity of 95% R.H. (I.e. Saturation deficit conditions 
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of 1,3 mm Hg):I are illustrated in Fi g . 2L~a. Th e graphs shm·, that 

t.here is an initial and rapid increase in the numbers of eggs 

produced by both s ets of females producing a 'peak' on 3pproxirnately 

the second or third day of the oviposition p eriod. This peak, 

.. hich Has higher for n,,·turally fallen [emal es, Has foll o..r e~ by a 

gradual d ecrease in egg production until, by the last few days 

of the oviposition period, very fe\\f eggs were laid . The mean 

duration 0;: the oviposition. period '-las s lighl:~y shori.:er for females 

which had fallen from the host naturally (i.e. mean: 17 days) than 

for 'h and pickLd' femCll.es (mean: 21 days). This di fference in the 

duration of the o·vi.position periods is prouably of littl e significance 

and is undoubtedly related to the weight differences of the two groups 

of females, as is c lear from the next paIagraph. 

Femal e s pulled off the host were light.er (mean weight: 172,5 mg ) 

than those ,,,hich had be en allowed to fall naturally (mean weight: 

277,5mg). The smaller females also produ(.ed fewer eggs (mean 

number: 2033) than did the 1 arger on'Os (mean number: 3739) . As 

the reslll. ts obtained for females 1-1hich had fallen naturally from 

the h ost (Fig. 24a) demonstrated tlv O peaks in e[~g production 

(i.e. on the 3rd and 7th days) , a ~urther six natllraJ.ly fallen 

females VoTer e examined in order to clarify thi.s observation . The 

results ( Fi r; . 24b) indicate that only a single peak exists (on day 4), 

as was the case with the hand picked females (peak on day 2). 

The relationship between the number s of eggs pr oduced and the 

initia l weights of the female ticks studied above is sh01vn in Fig. 25a. 

Thj.s is a linear relationshi.p similar t o that now known to occur in 

other i x odid species (Table 4). The numbers of eggs produced i s 

directly rdated to the weight of the engorged adult female and 

thercf or e to the amollnt of I blood meal' i.nges ted. 
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In order to ascertain the minitTIUiH hTeight of 'blood meal ' 

which must be imbibed by a ferr,ale tick before e;:;g productioll is 

possible, t\Venty-onQ semi~· engorged fernales, se10cted to show· a wide 

range in size, ere pulled off the 110St, weighed, and all~ 7 ed to 

oviposit 
o 

in an incubator held at 26 C and 95% R.H. (saturation 

deficit 1,3 r:nnHg ). The relationship bc.tv-Teen initial fc..'Tl<J.le weight 

and mass of eggs produced is shown in Fig . 250. The minimum \\reight 

at which a female will produce eggs '"as appro::imate ly 17 mg which 

impl ies that, as unengorged females poss e.55 a mean ,<[eight of 

approx imately 1,4 mg, a ' blood meal' of approximately 16 mg is 

required for egg production . The relationsh:i.p bet';oJeen the initial 

weisht of the female tick and the duration of t he ovipositicn period 

was also asc.crtainzd (Fig. 26) and although there '''as some spread 

of the data points, there appears to be a relationship, which has 

been indicated by a dotted line. Ticks weighing less thm; 20 mg 

did not produce eggs. Bet1ieen weights of 20 mg and 152,0 mg (i.e. 

the heaviest female) the relationship is exponential. Hhen the 

individual oviposition patterns of all the females Her e examined 

it tvas found that a series of curves were obtained~ Six of these 

curves are illustrated in Fig. 27. Females between the weights of 

40 mg and 140 ing demonstrated only slight differences in length of 

oviposition period but marked differences in the magnitude of the 

peak weight of eggs produced. This implies that the rate of egg 

production is de.pendent on the amount of 'blood' imbibed by the 

tick and that the actual period required to produced the eggs is 

not dependent on the amount of food taken in. 

4.313 Height changes taking place durinf, the preovi.position and 

oviposition peri.ods. 

By dai·ly weighing each of the twenty - one female ticks mentioned 
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"bove (4.312), t03ether \,ith any eggs Hhich they may have produced 

over each t\,1enLy-four hour period, information 't>U!S gained concerning 

the wciEht changes of both ovi.positing and non-ovipositing ticks. 

Fig . 28:-l shows the changes in mean weight recorded [or egg producing 

females during thei.r preoviposition and oviposition periods. The 

actual liberation of eggs accounted for most of the weight lost by 

females once they had entered the oviposition period (i.e. the 4th 

day aft e r removal from host·), as would be expected, ehe balance, 

hC';·,TE'.vcr, mu s t be due to s ane other factor. The followi.ng suggestions 

could be made La account for this weight loss:­

(i) Height loss from the female ticks. 

(ii) Weight loss from the egg masses produced ev ery 24 hours . 

l'lhile ;leight 10s5 from the eggs could ('nl.y be due to ",ater loss 

through evopor ation, there are many avenues through which weight 

could be. lost by the engorged female tick. Some of these are, 

water 10s5 (through cuticle 'or fram the main body openings such as 

anus, genital opening, spiracles and mouth) and the release of 

excretory products such as guanine or undiges ted 'b lood ' . The 

",eight changes of non-ovipositing females and ovipositing females, 

over and above the losses sustained through egg liberation, follOl,ed 

the sam!.' general. pattern (Fig. 28b). This implies that the actual 

process of ovipositi.on does not result in any increase in ,,,eight 

loss. Such ",eight loss would be expected in laying f<-males as there 

is probably an increase in the metabolic rate, coupled with an 

increase in respiration, which suggests a possible increase in water 

loss from the spiracles, and an increase in the rate of water loss 

from the genital opening and the membranous Gene's organ. This 

implies that female ticks must possess various meanS of compensating 

for these various different avenues resulting in ",eight loss during 

the ovipos i tion period. Certainly the behaviour of covering tn3 
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v]ho lc. egg ulld genital ope.ning T..;rith Cenc' s organ during egg 

li beration cou ld be such a compensating device. The fact that 

non-lay ing fema les dernonstr2ted a greeter rate of T.vcight loss than 

lay i ng [emalos (not taking into account the loss due to egg 

liberation ) (Fi g. 28h), can be explained by the e reater surface 

to volume r a tio of the non-l aying female s , all of "hich "ci6hed 

le ss than 20 mg. 

4 . 31 4 The effects of handl ing on total egg output 

Previous workers (Lounsbury, 1899; Drummond et al 1969a; 

Sonenshine and Tigner , 1969 ) , have shOlm a positive correlation 

bet-;.;een egg output and mechanical. disturbance of the female tick 

during oviposi~ion. Other "orker s (DcUlrunond and Whetstone, 1970; 

Drum:nond et al. 1969b) have shown the eff ects of handling female 

ticks to be insignificant on e.gg production. As experimE..nts 

involving egg production o f ·!~decoloratu s frequently entailed 

handling females in order to remove their eggs at various intervals 

during the ovipos ition peri od it was thought advi s able to attempt 

to assess the effects of 'handling ' on tot al egg output. It is 

fully appr eciated t hat this t ype of study is lik e ly to be subjective 

and therefore an attempt was made to handle each female in a similar 

manner. 

To ass es s the effects of daily removal of eggs from ~.decoloratus 

females, si.x females were >leighed and allOl.ed to lay their eggs without 

any disturbance. A comparison was then made of the total egg output 

of these f ema les "ith six fema les which "ere handled daily when 

their eggs were be ing removed (T able 5) . Although there appears to be 

only a slight dIfference b e tween the egg outputs of disturbed and 

undi sturbed fema l es this difference is statistically significant 
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Wllich rne~nS thnt the daily handlinG of f0nales doe~ i.n[luence egg 

output in that fewer eggs are produced by disturbed f cmnles. 

TABLE 5 . 

A compari.sen of the eg3 output of disturb ed and undisturbed 
B~hil.':!.2 decolorfltus females. 

Disturbed f~nales Undisturbed females 

Initial "t­
of female. 

(mg ) 

222,9 
205,8 
21 1',0 
227,2 
21.8,3 
219,3 

Total 110, 
eggs pro·, 
duced. 

2627 
2309 
2466 
2957 
2465 
2381 

No. eggs 
per 'rag of 
tick 

11 ,79 
11 ,22 
11 ,52 
13,02 

Initinl \<It. 

of female. 
(rrog) 

233,7 
21,3 ,2 
205,1 
264,6 

10,86 216 , 7 

Tot a l No. 
eggs pro­
duced. 

30~,5 

2781, 
2511 
3348 
3007 
2761, 

No . eggs 
per m0 of 
tick. 

13 ,03 
11/+5 
12,24 
12,67 
13,06 
12,76 

Heans t -+--
H~"'3 

-----1-----1'--·---
1. 2,53 I 217,9 2531, 11,62 232,2 

It' test on No . eggs/mg tick: 

----
I t' = 2,31 * 
p =>0,025 - <0 ,050 '" 

2910 

4.32 The influence of constant tl?ITlperature and humidity" on the 

oviposition period 

The influence of different constant temperatures and humidities 

on the oviposition period of 1? .dec.o lor.atus was studi.,d. Six 

different t~mperature and three different relative humidity 

000 
conditions were used (see Table 2) , these were 10 e, 15 e, 20 e, 

26°C, 32°e and 38
o
e; 90% R .H., 70% R.H. and 50% R.H. Three 

engorged females were studied at each relative humidity level at 

each of the three highest temperatures while four were studied at 

the three 10'''81." levels. The results of weighing daily collections 

of eggs from all the females studied are shown in Fie. 29a-e. 

No ovipositi.on took place at 10oe . 

The fonn of the graphs seen in Fig. 29a-e obtained at the three 
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different rel [:t ive humidity levels "Tere ~~imiJ.ar at each to.:lp erature. 

Th e conclusiou's dra,'ln from these dat a indicate that relative humidity, 

at any of the l Cj"peraturcs studied had no ef[C':ct in lClls thening or 

sho:;.tenine, the period or fa:r:m of the ovipos ition pattern . 

Fig. 30, a contour (u.a~ram shu,ling the rcl ntionships ex isting 

bet.\·,Tecn tempera t.ur e, saturation defic i.t c:.r.d th e d;..lration of the 

oviposition p~riod suppor t this suggestion in that the lin es of 

equal ovipositi on period duration lie almost p arallel to the 

saturation defic it axis. 

o 
and 38 e Me a result of sma ll variations in the slight differences 

v7hi ch occur in the duration of th8 ovipor.ition period between thes e 

temperatures. Tetnperature is the dcminC:-:1t factdr in Fig. 30 as is 

evident in Fi e . 31 ~<1her(~ humidity E',ffect s are i?:lorc::1. If the 

r e lationship between saturation def icit and the duration of the 

oviposition period are examined ignoring temperatur ,~ ef.fects (Fig ~ 32), 

an err oneous s2turation de ficit effect is seen (as in the case oE 

the preoviposi tion period work r e por '.ed in section 3 . 3). The 

overriding effects of temperature give this apparent positive 

correlat.ion ( see dis cu s si on in section 4.4), 

The occurrence of definite peaks in daily egg production (on 

the third day l1sl'ally) is a feature of the oviposition patterns at 

26 0 e, 32°e a n d 3Soe, but with the extension of t he oviposition 

period that takes place at lower t emperatures this peak becomes 

l ess defined. At 20
0

C the peak in egg production probably occurs 

somewhere bet \lcen th e fifth and tenth day of the oviposition per i od 

while at lSoe the curves are so 'flattened' that it i s difficult to 

suggest where the pe ak occurs although it is pJ:obably in the region 

of the tenth day, 
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In ord'2r to asses s the total egg output of females at the six 

different tcc'lperature and three different relative humidi.ty l evels, 

the 'Height of eggs per mil.ligramme of initial fem a le Height Has 

calculated [or each tick so as to eliminate any effects of female 

s b '-c or degree of enl1orgcmcnt. A positive cor.:cclation between 

t8mperature an.d egg output (i.e. mg eggs/mg female "eight) is shown 

in Fig. 33 (plac e d belm, Fig. 30) end although the lines of equal 

egg output undulate con.ide~ably it is sugges t ed that there ' is 

little effec t of humidity on egg output. In Fig. 34 the t emperature 

cor rel ation \,,11(:'.11 humidity effects are ignored are shown and, although 

there ar e no ::;tatis t:ical1y significant differences between the mean 

• 
egg outputs of females held a t each of the follO'" ing temperature 

o 0 rOO 
pairs, 15 + 20 C; 20 + 26 C; 26° 3°" + /. C; 32

0 + 38
0

C, a significant 

differ ence ... V' nn f('lund y,;rh cn the means at 15°C and 38
De were examined 

statistically. 'i'his means that the tendency which i s app<:rent in 

Fig. 34 is r"nl. The relationship bet"een egg output and humidi ty 

(Fig . 35), is difficult to interpret, but it is suggested that 

the apparent, although not very obvious, relationship is a result 

of ;:m overriding temperature effect. Thus although the data in 

Figs 33-35 are ' spread ' it is suggest e d that increased temperature 

has a direct e ffect on egg output by increasing the number of eggs 

produced . Humidity hm<ever does not have any miirkeo effect on egg 

output. 

4.33 The influence of naturally fluctuating temperatures and 

humidit.ies on oviposition 

Two batches of fully fed .l?.c1ecoloratus fema l es were placed in 

open ended plastic tubes (6, 5 em long; 3,0 cms diam.) in a 

Stephenson's screen standing on the ground in a cattle camp on 

the farm Upper Glet'''Yn ncar Grahmnstmm. B.dccoloratus l arvae ~ad 



0,8 . 

" OJ 
~ 

rQ 0,6 -E 
Ci, ...... 
0) 

E 
"-
Vl 
0) 
Ol 
OJ 

E 0 ,4-· 
j 

\J 

I~ I-
:::::> I 
CL 

1r I-
:::::> 

~ 0 

(.!) 
0,2 (.!) 

w 

o 
10 

PAl r-<E D 
TEMPS. 

15°C - 20°C 
20°C - 26°C 
26°C - 32°C 
32'C - 38°C 
15°C - 38°C 

A 

X 

I 
? 

J 

20 

"t" DEG. P 
FREEOOM 

2,620 21 ( 0,025 
0,315 17 )0,500 
0,400 15 ) 0,500 
1,637 16 -( 0,200 
8,068 19 ( 0,001 

! 

'J 

25 30 
TEMPERATURE COC) 

35 40 

Fig. 34. The relati.ons hip between t emperature and egg ou t put by 
Bo_ophilu5 decoloratus ignoring any effects of humidity. 
e = data collect ed at 90% R.H ., A = data co llected at 
707. R.II., !'l = data collected at 5070 R.H. The 
horizontal lines indicate th e means, the open boxes, one 
standard deviation about the mean and the vertical lines 
the range at each temperature level . 



RELATIVE HUMIDITY % 
u 50 70 90 
° 
w 15° 0 L::,. 0 
0:: 

220° [] .<t, €> 

0,8 c? 26° ill &. Cll 
W 
0.. 320 
2 

8 fA 0 

;;,. ~ 38° A e 
& 

" 
&l ~ 

0) o b (I 

~ 0 6 · - b iii E ) ID 
(\) a l'ii 

">--

(J) 0(l) 
[I 

E [J ....... 
0 !& (f) &. 8 

t:I'> 
en B 
(\) 0 
(J) 8 
E 0,4 - ~ [ll 

8 

W 
D 

l- t;. 
:::> 0 
a.. (]) 

I-
:::> 0 fS 0 

0 0 

<.9 0 

<.9 0,2 I:; 0 Il 

W 

A 

o+---~--~----~--~I----~--~ 
o 10 20 30 

SATURATION DEFICIT CmmHg) 

Fig. 35. The relationship betHeen saturation deficit and egg output 
by Boophi lus decoloratu~ ignoring any effects of temperature. 



53. 

prev iously been collected in the c a..-up using the convcTltional 

dr e.gg ing technique (Londt and \Ihiteh c ad, 1972). The femal e ticks 

were ex [.rn ined daily and all eggs laid Here removed and weighed . 

The daily fluctuations in the mean ",cip;ht of eges laid per female, 

of both batches, over the oviposition periods are presented in Fig. 36. 

In one batch oviposition corranenccd on 29 August 1972 and persisted until 

8 October 1972. Egg laying . in the second batc.h began on 16 September 

1972 and ceas e d on 28 October 1972. The duration fur oviposition 

in each batch "as 40 im d 43 days respec.tively. Details of the 

oviposi.ti.on period of each female and the mean length of the egg-

l aying per.iods are given in Table 6. 

TABLE 6. 

ThQ oviposition periods, in days, of females of Boophilus decoloratus 
in each of two batches laying und er fluctuating macroclimatic conditioI!s. 

Duration of oviposition period (day,,) 

No. of female. Batch 1 Batch 2 

1 38 37 
2 ~6 25 
3 34 37 
4 /f 1 
5 41 
6 29 
7 37 
8 32 
9 36 

Mean 36 35 

The means of both batches approximate closely to one another. The 

patterns of oviposi.tion demonstrated by field studied females fluctuated 

fr om day to day throughout the oviposi tion per iod s (Fig . 36). The 

type of pattern which was seeI! under constant t emperature conditions 

in the laboratory appeared to be completely masked by these 

fluctuations. I t is however evident that t he fl uctuations in egg 

production folloh'ed, very closely) the fluctuations in daily h our 
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o 
de c r ees (calculated above 10 C). In order to assess the possible 

effects of r e lat i ve humidity and snt.uration deficit fluctuations, 

'''hich took pl,:,:,c8 concomit nntly .. ~ith these of t E' .nperature, the 

numbers of hour % R.H. (above 50% R.!!,) and hour Tn..1Hgl (ahove zero) 

were cal culated and plott ed together wi th the fluctuations in daily 

hour degrees (Fig. 37). loDe was selected as the baseline for the 

calculation of hour DC as it was found that no oviposition took 

place at loDe in laboratory experir.Hmts. 50% R .II. was selected 

in th e calculation of hour % R.H. :1S the therrnohygrogn:ph did not 

frequently register levels lower than this. All three physical 

parametres followed the s~e pattern of fluctuations (Fig. 37) 

except that those of relative humidity '-Jere convers e to those of 

temperature and saturation deficit as , ;rould be expecte.d. Oviposition 

studies undertaken in the laboratory (section 4.32) demonstrated 

th o. t the du ration of the oviposition period and the total. mass of 

egg s produeed arc independent of humidi ty. It is therefore 

suggested that the fluctuations in egg production observed in Fig. 36 

are a direct consequence of temperature fluctuations and remain 

uninfluenced by fluctuations in relative humidity or saturation 

deficit, within the limits necessary for the survival of the female 

ticks. 

If the mean number of temperature unit s (hour degrees above 10°e) 

are calcul a ted for the entire period during which females in the 

second batch produced eggs, a mean value of approximately 145 hOC 

wou l d result for each day. This value would be equivalent to a 

constant t emperature, or mean daily temperature, of approximately 

16°C (see Fig. 21). This means that it was generally cold over the 

1. i.e. Saturation deficit units (S.D.U's). 
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period of the investigation and th at it would be expected that the 

general shape of the ovi position curve would most closely resemble 

that found a t 15
0

C in tho laboratory (i.e. Fig . 2ge). If a visual 

co:nparison o[ t h e two curves is maue it r2.vcals that both curves 

are 'long and fLot ' which suggests that the field l ayin:; fema les 

respond in a very similar ,,,ay to temperature as do the 1 aboratory 

ones. 

The present investig ation has been primarily concern ed with the 

effects of temperature and moisture differences and their influence 

on the duration of the oviposition perioe and the output of eggs 

during this period. All previous workers (Tab1." 3) have shown that 

there is a positive correlation b etween the length of the oviposition 

period and temperature. The only possible exception was Sweat man 

(1968) working on !i .. aegyptium. The results of Sweatman's (1968) 

investigations demonstrated a tendcnr,y for the oviposition period 

to become shorter with increase in tEmperature but this was not a 

statistically Significant relationship. Sweatr, an (1968) however, 

combined the results of females fed . on three differel' c hosts and there 

is a possibili ty that this had an effec t on his results. Norval 

(per s .commun . ) has shmvn that !!.!tebraeum has differ('nt feeding 

patterns on different hosts. Sweatman (1 968) also stated that there 

was "sorne unrecognized factor causing mortality which occurs at all 

temperatures and humidities" as he also suggested that this mortality 

occurr ed during the oviposition period Sweatman's r esults pertaining 

to oviposition must be viewed with caution. Apart from Sweatman ' s 

(1 968) results there is unanimous ag reement that the l.eng th of the 

oviposition period of ixodid ticks is decreased with an increase in 

temperature wi thin the lethal limits set by this parameter. A 
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characteristic of this temperature rel at ionship \·.'hich nppe:al~s to 

have be en overlooked by previous workers, but is evident from the 

results rCl")rtcd in this investiE.:ltion (Fi. ~~ 31) and p2i."tly from 

the results of both Snoll and Arthu r (1966, Fig. Lt), ,;orking on 

Hyal ~3'E.,! ar::-, tolicum ([(och), and S'""atrnan (1968, F'ig. 12), wo,king on 

.!:! • .§!~£y' p !:.iu:;;. , is that the oviposition peri'Jd appears to reach a 

minimum length at a certain t:empcrature. value (approximately 25°C 

Little dcvi ntion fi..:OIT!. this minimum oviposition period duration takes 

place at higher, but .s ublethal, temperatures 0 Tbe reasons for tllj.S 

cbaractcr:Cstic are not kno,ln but several sugf,estions cCJuld be offered. 

One is that once this specific temperature. is reached it becomes 

physically or phYSiologically impossib13 for the female ticks to 

further increase the rate at which eggs arc produced. Since the 

amount of i mbibed food, as implied by engorged H"eight, is (me or the 

most i mportant f ac tors responsible for deternrining the potential 

egg output ('rable If) and the lenGth of the oviposition period (Fig. 26) 

it stands to reason that, if the above suggestion is valid, the 

oviposition periods of ticks producing eggs at the greatest rates 

possible, ';QuId largely be determined by the quantity of food imbibed 

by them. The results of the pr esent investigation concerned Hith 

the effects of temperature on the total egg output b" ~.de. coloratus 

(Fig. 31+) indicate that the potential egg production of females is 

directly dependent on temper ature in that more eggs arc produced per 

milligrmn of female weight with increase in temperature. The 

mean weight of eggs produced per milligrwo of female weight at 38 0 e 
o 

was almost double that at 15 C. This evidence implies that the 

rate of egg production in ~~Ecco1.c:ratl!s docs not reach a maximum as 

suggest e d above, but that it continues to increase above 25°C and 

that, due to the increased egg output potential of females at hisher 
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tc'mperatUrf::· g $ more eggs are beine pr oduced \.,rh.ich results in similar 

ovipositicll period duratiolls above 25
0

C (Fig. 31) . 

The situation regarding the e ffects of atmospheric humidity 

on ovip~siti on is less clear. t. number of Horbors iI clu0ing 

Lancaster and HacHillan (19~5), SnoH and Arthur (1966) ar,d SHeatrnan 

(1967) all sho'd positive correlations beLwcen the duration of the 

oviposition period and humidity. Lancaster and Madlill.an's (1955) 

r esults n eed veri.ficati.on (Sweatman 196 7). The only c omment mad e 

by Snow and Ar.thur (1966) was IIln our ex!)crimcnts at relative 

humidities belo'" 50% the only difference observed is that with 

increa sed relative humidity , at constant temperature, e gg laying is 

extended from about 16 days at 25% R.Il. ::0 20-2~ days at 40 .. 50% R . Il.", 

As relative humidities of 25% R.Il. are not frer:uently encountered 

in th e microclimate of most tick species it is possible that this 

very dry condition caus ed ll.anatolicum to lose a great deal of 

its water r eserves and this coul d have ser' ously limited the 

oviposition period. More detailed work is necessary on H.anatolicum 

over a wide r ~nge of humidities before a realistic apprais a l of 

the effects of humidity on the duration of the oviposition period 

can be made . 

Sweatman (1967), "orking on ~.sanguineus, states that "an 

increased saturation deficit shortened the oviposition period at 

o 0 0 0 
t emperatures betHeen 20 and 30 C and at 35 C, but not at 15 or at 

40
0

C" (llis Fig. 12 - r epeated h ere as Fig . 38a). Thi s statement 

is partly unjustified as Sweatman (1967) does not take into account 

o 0 
the effects of temperature b etwep.n 20 and 30 C. If hi s data 

at any single temperature level is examined only a slight corre l ation 

may be likely at 20
0

C but certainly not at 25
0

C and 30
0

C. On the 

o 
other hand he does show a slight correlation at 35 C, but with so 
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f c\v rep l i c.ations this may be coinci dence. If th B data given in 

the present i.nvcotigation ere stud ie d (Fig . 32) it is p oss ible to 

sugg0.st t!1 nt the r e may be a very slight correlation bet~vecn 

satll r <:ti on de ficit and oviposition peried durati on at 38
0 e but 

this relationship does not appear at any other t C'mperature level. 

Another explanation for SHe a tman ' s (196 7) result s is that at the 

very l ow R . Il. valu es used by him (0% an d 18% R .Il. ) the female 

ti cks los t a lot of ,·rater ,. hi ch could h ov" seriousl; reduced thei r 

egg pr oducing potent ial by r educing their effective oviposition 

period duration or loneevity. This supgestion i s supported by 

the information giv en by S",eat:man (1967) in his Fig . 5 (repeated 

here 3 S Fig. 38b). Sweatman shm·rs that there is a positive 

corr dation bet"e en saturation defic it and femal e longevity betHeen 

o 0 < 20 and 30 e (P = 0,001). Apart fro", the fac t that S«eatman (1967) 

disr egard s any effect of temperatu re his data taken at OX. R.H. appear 

to be the reason for this c·orrelation. It is suggested that i f he 

h ad used relative humidity valu es less ' dmnaging ' the posit i.ve 

corr elation may not have r esu l t e d. Even if Swe atman (1967) is 

corr ec t in suggesting t h at saturation deficit docs inf l uence the 

duration of the oviposition period in g osangu ineu s the effects 

are so insignific an t when compared to the 'powerful' influence of 

temperature that for all practical purposes it can be ignored . 

An important consideration becomes evident from the present s tudy 

and the «ork of· Sweatman (1967 ) . It is c l ear ly quite unrea l istic 

to attempt to ass ess the influence of saturation deficit, when 

t hese are calculat e d from different temperature conditions, on the 

dur at ion of ai1Y deve l opmental period in the life cycle of a tick 

speei es as the ov erriding effects of temperature makes any 

st atistical analysis meaning less. 
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'1\-10 mein [2.ctors appear to be of prime impcrt.1nce in 

determining the output of eggs by female ~.deco l oT"t.us (Table 4). 

Thes e are temperature and the, wn ount of food ingested by the fema le 

tick ( as implied by t he initi a l engorged weight of the female ). 

Other factors such as disturbance (or handling) of t he femal e tick 

durin3 oviposition and immersion in water are unlikely t o be of 

any significance. und er natu,ral conditions. Humidity, on the other 

hand, does not appear to be at a ll impe.rtant in det ermining the 

t otal egg outpuL in ~.~~le,.c a~. 

St<eatman (1967) demonstrated that by summi ng the total number 

of eggs produced "nd the en;;orgpd weights of f ';mal es there was a 

direct r elationship betl'leen temperatur e and egg p roduction in 

g,.s anguineus (his Fig. 7) . Sweatman (1 368 ), .\rth:;r (1 951) and 

Macleod (1 935 ) , ho·.] e.ver, reported negative correlations for the 

species they studied. The, I"o rk of SIJeatman (1968) on !!.'~..E.tium 

may be suspect as he s tat es that there was s ome factor which caused 

mortality in some of his ticks duri ng the ovipos i tion p eriod. 

Arthur (19 51) and tlacleod (1935) neg l ected to take the engorged 

weights of their females into account and th er~for e erroneous 

Both 

resul ts may have been r eported. .!loth Hitchcock (1'155b), t<orking 

on ~.micropll1s and Sweatman (1967), working on g,.sanguineus, 

demonstrated a t. f'rnperatur e relationship tvith egg C1Jtput in that, 

at a par t icular t emperatur e value, femal es would produce a max i mum 

number of eggs .' Above and be l ow this temperature valu e total egg 

production decreased. Although Hit chcock (1955b) also i gnored the 

effects of female ",eight hi s result s support those of Sweatman (1967) 

who took t his into account. Thi s type of relationship between 

t emperature and t otal egg ou tput was not seen in B .decolor atus 

which appear s to produce more eggs with increase in t~nperatur e i n 
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a llear lillcar response . 'this aspect needs fUl.-thcr cxrrnination. 

• \ 5 regards the effects of atmospheric hu",idi ty on total egg 

output there i s Rlmost complete ncreement that there is no 

correlation betl;een these parametres (Table 4). Nac . eod (1. 935 ) 

and Arthu r (1951) are, however, exceptions in that they r eport 

positive correlations. Both these ,,,ork ,rs shm" that in the 

Ixode~ species studied by ,chern more eggs are produc0d with increase 
~. ' 

in relatjve hur:-idity. This is a seemingly sensible relationship 

ns eGg output is direct ly related to the a'llount of ingested food 

and this is largely composed of Hater. In a dry atmosph ere the 

female ticks ,; ould probably los e water and thb might be expected 

to reduce the total egg output. Sweat·"an ( 1967) suggests that as 

f"male ticks >lre usually large (implying copicl.s supplies of water ) 

and are probably able to take up wa ter vapour fro.n damp atmospheres, 

that dry air, even when pre,sent for lonB periods, does not 

significantly effect them. Sweatman's (1 -.'67) suggestion appears 

to be reasonable but it may not necessarily apply to the genus 

~des the species of "'hich are generally smaller than those of 

other genera, produce fewer eggs and appear to be limited to habitats 

experiencing almost continuous high humidity . 
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5. THE I NCilllATI ON PERIOD 

During preliminary experiments it "ras found tha.­
the vi ability of ~'octecolor.EtL1s e;ogs laid during 
the first h alf of the ovipooition pp.riod Has 
greater than for eggs laid in the second ha lf of 
the period. The crit~cal te"llpera :ure or eggs was 
found to be 42°C ;Thi~e the critical humid.ity 
(at 26°C) Has approxi~ately 70,; R .l-l. (I.e. 7,53 

!lml!!;; ). The devclop\'lE!l1 t of eggs, traced t hroughout 
the incubation period by monitoring the build.oup 
of ni.trogcno1l5 excretory product (guanine ) spectro­
phot o:netrically, i.l as s tudi ed under different 
humidity con iticns. It l\Tas found that the 
success ful develor'n~nt of egfs \.;as dependent on 
the «ate1' content of the eggs at the time of 
laying. This suee estion "",s supported "hen it 
was found that eegs could not t ake up water 
vapour from damp r't.rnospheres. 
From work Gl.t constant, alternat:". n~ and naturally 
fluctuatine, tempcrutures and humid::..tics :t Wf,.S 
found that the duration of the incubation period 
was tcr!lpcrat.ure dependent and humidity independent 
"·7ith i.n the tolerance limits set by these par ame ter s . 
Egg vinbility was hot>l,o.!ver h~lmidity dependent and 
temperature independent. The implications of 
these findings are di3cussed. 

5.1 INTRODUCTION 

THo main aspects of the egg stage have been studied by past 

"orkers (Tabl es 7 and 8); the first being concerned ',ith the effects 

of various factors, including temp erature and humid i ty, On the 

duration of the i.ncubation period, the second being concerned with 

the effects of similar factors on the percentage hatch, or 

1 
'viability ' , of tick eggs. The r e sults sho,,, that the incubation 

period duration is related directly to temperature, l,hercby 

increases in this par. amet er shortcn1 the period . Humidity does 

net appear to affect the duration of the incubation period of 
__ 0 ___ _ 

1. The term 'viability' has be"n used as a lsynonym' of 'percentage 
hatch 1 • 
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the f emale within the limi ts of survival il .tposed by t llis p ar ~meter. 

Both temperature and humidi t y do hm-l8VC r influence the hat ch of 

tick eggs (Tab le 8). 

Th e present investigation has been divided i nto frur main 

sections and for convenience materials mId methods have been 

ou t lined in eAch sect i on . 

TABLE 7. 

Fact ors i nfluencing the duration of thc incubati on period in ixodid 
tic.ks. 

Species Factors investi gated Referenc e 

H T TOL 
..--- -

!:rdJ 1 yormaa + Lounsbury (1 899) 
h E.·bracum Koch 
r~_·' ____ · 

- .-
!f:\b~yomma + Drummond and Ivhets tone (1 970 ) . 

rnaculatum Koch ----
BooEhilus + Hunter and Hooker (1907) 

annulatus (Say) - + Graybill (1911) 
---

BOOf~hilus - + This s tudy 
dccoloratus (Koch ) -----

Boophilus - .+ - Hitchcock (1955b) 
microElu s (Canestrini) + Legg (1930 ) 

Dcrm=:tcentor - Smith et al (1946) --- - ---v ar i.abili s (Say) 

Ixodes - + Arthur (1951) ----
hcxa!l.£.~ Leach 

----
Abbreviations: + = positive correlation; - = negative correlation; 

H = humidity; T = temperature; TOL = time of laying . 
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TABLE 8. 

Fnctors influencing the hatch of ixodid ti ck eggs. 

Species Factors investigate d References 

H T OH OT I 011 C TL D --
.Ambl vo:rma + Lup..cnst c!:' and McMillan (1955 ) ------

arner i ccnurn Koch + Gladney and Drul'1I11ond (1970 ) ------ + + Sonenshine and Tigner (1969 ) 
1-. ------ ---

Pmblyo:T% a + + Lounsbury (1899 ) 
hebrannn Koch 

1--- --

Boophil~ + + Hunter and Hooker (1907) 
annul ? L LlS (Say) + + - Gr aybill (1911) ------ --

BO'PJ}illlS + Gothe (1967b ) 
decoloratus (Koch) + + Thi.s study 
---~~-----

Booj2hilus + + + Legg (1930 ) 

~~pf~s (Can.) + + + Hitchcock (1955b) 

+ Gothe (1967b) 

+ Sutherst (1971) 

Dcnnaccntor + + I Smith et al (1%6) 
v ari ahilis (Say) - S0nnenshine (1967) - + + Sonenshine and Tigner (1969) 

Ixod es -----
hcxa.P" £"l!~~ Leach 

Ixodes 
ricinus L . 

Nargar~ 

vJinth em i Karsch 

Abbreviations: 

-

+ + 1- + Arthur (1951) 

f--
+ + ft - + + Hacleod (1935 ) 

+ Gothe (196 7b) 

+ = positive correlation; - = negative correlation; 
H = humidity; T = temperature; Oll = humidity conditions 
during oviposition period ; OT = temperature conditions 
dur i ng oviposition period; I = inh-ners'~on in water; 
DM = delay in mating; C = clustering vf eggs; TL = 
time of laying; D = disturbance. 

5.2 PRELIMINARY EXPERUIENTS 

Preliminary exp e riments were chiefly undertaken to provide 

infonnation for the design of exper~nerits to ascertain the effects 

of humi"dity and temperature on the incubation period and viability 

of B.decoloratus eggs . 
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5.21 The viability of eg~prod\lccd on diffee-2Et dazs of the 

oviposition period 

~.!"isr0plus eggs laid towards the end of the oviposition pC!riod 

yielded a lo;,: er percent age hatch the.n those produced du::ing the first 

few days (Hit chcock, 1955b). Accordingly it was considered expedient 

to detennine the viability of eggs lai.d on s ucces sive days throughout 

the egg laying period of B.deco10ratus. Eggs were collected daily 

from ten fully engorged, an'd naturally de t ached, females and ten 

semi-engorged females removed by h~nd a few hours prior to natural 

drop-off. These eggs were placed in separ a te g l ass tubes, sealed 

with fine nylon mesh, Hhich were in turn placed in a container in 

which a relative humidity of 95% R.H . was maintained . All eggs were 

kept at 26
0

C in an incubator until hatching ceased; the numbers of 

hatched larvae and unhatched eggs being then detennined. 

Of the eggs laid by ticks dropping naturally from the host 

those produced during the first thirteen days of the oviposition 

period gave a percentage hatch of a~proximately 95% (Fig. 39) , after 

which there was a rapid decrease to 10"1. hatch over the succeeding 

six days. Eggs produced by females r emoved pr1 0r to natural drop-off 

(Fig. 39) responded similarly to those produced by f"'llales which 

had fallen naturally. The percentage hatch over the first thirteen 

days was less constant and lower than eggs produced 9y naturally fallen 

females and the decrease after this period was l ess marked and more 

complete. These resul t s support the findings of Hi tchcock (1955b) 

working on !?,.microplus; accordingly only eggs collected from a Sing le 

day (2nd, 3rd or 4th day of OViposition) were llsed in subsequent 

experimental work. 

Reasons for t he decrease in viability of eggs produced during the 

latter part of the oviposition period have not been estab lished , but 
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may be contribu ted to by the follO'hTing possiLilitlcs. 

1.6 A decrease in the supply of sperl.tatozoa for fertilization of eggs. 

Ii. A decre.ase ill the ability of the fena l e tick to s upply each egg 

with spc.n1J.atozo3 . 
-I 

iii. A decrease in the quality of quantity of nutrients supplied t o 

th e eggs during their fonuat ion in the ovaries Hnd oviducts. 

iv . A decrease in the effi ci ency of wat~rproofing eggs by Gene's organ. 

The maj ority of eggs Hhich d id not hat ch shOl"ed no s igns of 

embryologic?.l development and in surface characters Here similar to 

those which did hat ch an d were not desiccated at thc end of the 

experirllcnt al period. Thus it i s likely that the cau sal factor h ere 

may be an inadequacy or breakdo" n of the fe.rtilization mechanism. 

5.22 Critical tenpcraturc of cuticular ' h 3X' l ~yer 

The only work ,,,hich has been see n on the critical t emperature of 

tick eggs was that of Lees and Beffinent (1948 ). They demonstr ated that 

at a certain temp erature l evel, the so called critical temperatur e, the 

wax mol ecules of the protective covering of the cuticle are reori entated 

,';;.th cons e quent loss of water from the tick. This temperature may vary 

from one species to another but for anyone s pecies is constant. They 

° report that for ,!..ricinus this critical temperatur e is 35 C, for Ixodes 

canisu p,.§'. 42,SoC, De rmacentor andersoni 43
0

C, Hyalorrun..!'. savignyi 44
0

C, 

Q.moubata 45
0

C and Ornithodorus dclanoci a c inus 46
0

C. 

Tne critical t empe r ature of .!!..decoloratus Has determined as follows. 

Batches of ~.Eecol oratlls eggs, collected on the third day of egg laying, 

Here placed in smal l glass vials sealed at both ends with nylon mesh 

secured "ith nylon thread: nylon was used as it did not absorb water-

vapour (Londt and Whitehead 19 72). S eparate vials of eggs were placed 

, 'd' 'd 1 t t t b d t t b tl t t of 3So 40 0 
l.n In l.V~ ua es u es, expose 0 we. er a . 1 -empera ures " 

45°, 50 0
, and 55

0
C for one hour in each in s t ance. Each vial containi ng 

1 
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eggs was weighed before and after exposure to ascertain the amount of 

weight lost by the eggs, and this Has repeated four times at each 

temperature Ie-vela After primary evaluatj on of these results further 

o 0 0 0 
int ermediate values of 40 , 42 ,1,3 and 41f C \Vere investigated. The 

results are d8picted in Fig. 40 and show a critical temperature of !'.2
oe 

The biolo~ical significance of the critical temperature is 

" 0 
questionable as tempcr.:ttures of the order of 42 C probably nevej:' occur in 

the mic.ro~abitat occupied by ~ . clecolor atus e GBs. Landt and Whitehe:ad 

(1972) have measured microclimatie temperatures and humidities in a 

range of microhabitats and have shown that in some habitats, namely 

situations lvhere vegetation coveT is limited and .!JroteGtion afforded by 

neighbouring trees and bushes was minimc:.l, microh ;.'Lbitats could have 

midday temperatures of over 42°C. 
1 

No larvae of B.decoloratus were 

collected frem such areas and it is likely that eggs in the event of 

being deposited in such situations would not survive. 

5.23 Critical humidity affecting egg survival 

The term 'critical humidity I as used in the pres ent context is 

defined as that humidity, at a particular temperature. which "'ill allow 

a hatch of fifty percent of the eggs. 

For the purpose of examining this parameter, baL"hes of B .decoloratus 

eggs in small glass vials sealed with nylon mesh were placed in six 

different relative humidity levels (50%, 60%, 70%, 80%, 90% and 100% R.H.) 

o 
at 26 C. The relative humidity values were obtained with the appropriate 

potassium hydroxide solutions (Peterson 1953). The vials (4 in each of 

the six humidities) were weighed initially and subsequently at five 

day intervals until hatching occurred. The percentage hatch was 

1. No larvae of any of the species collected at Barville Park ",ere 
found in these situations (Londt and Whitehead, 1972). 
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detennined t\vO weeks after hRtching \.ras observe d so that an adequate time 

Has a11m,ed fo r co,"pletion of hatching. The critical humidity at 26°C 

and at lO"l R.IL intervals (Fig. 41a) wa~ found to b e approximately 70% 

R.H. (;. . e. 7,53 n;mHg - saturation deficit). In order to obtc.in a more 

quanti.tative estimate of this value an exp eriment was conductec! in \-Thich 

5% R.H. intervals in the region of 70% R.ll. were u sed. The values 

selected were 60%, 65%, 70%, 75% and 80% respectively. The res ults 

of this experiment (Fig. 41b) Here slightly different from those obtCiined 

earlier (Fig. 41a) in that the relative humidity valu e resulting in a 

fifty percent hatch of eggs \·,as approxima tely 69% R . H. "hereas it was 

approximately n·/. R . ll. ,·,hen 10% R.ll. intervals were used. This differe nce 

is due to experimental variation and although an exact value of the 

critical humidity can not be given this v"lue probably lies bet'leen 69% 

and 12% R.H. (i.e. approxim tely 70'10 R.ll. or 7,5) mmHg saturation deficit 

The changes in weight of egg batches hel d at 10'Yo R.H. interva l s at 

o 
constant temperature (26 C) are shm,n in Fig. 42, and suggest that 

l\..decoloratus eges are able to lose up to approximately 35'Yo of their 

initial Height before showing decreased viabilit~·. This loss in weight 

is probably due to loss of water through evaporation and therefore the 

actual percentage loss of >later is likely to be in excess of 35% . I t 

must be stressed that the critica l humidity alters w'.th temperature as 

temperature effects the rate at which eggs deve l op (see section 5.3). 

The critical humi~ity can be expressed eith er in terms of saturation 

deficit or relative humidity but in each instance the temperature at 

which the work is done must be stated. 

5 . 21+ Hater loss and its effect on lnrval development 

Duri.ng the investigation into the critical humidity of !?.deco l oratus, 

eggs held at relative humidities of 70%, and belm" showed the rectal. 
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sac filled Vlith excretory matter and, in some instance s, the fully 

dev e lop ed larvae "ere vis i ble through the egg shells. 1'he se eggs 

frequently failed to hatch . A day- by-day monitoring of the development 

of larvae W,"J.S needed for comparing chanees j,n eggs placed in various 

humidity conditions. As the nitrogenous end product 01 metabo li sm is 

s l ol! ly built - up in the r ectal sac of the developing larva, it was 

thought that a method of evaluating its accumulation might provide an 

assessment of egg develop.ll ent under different envirorrnental conditions. 

Guanine, a purine base , is the principal nitrogenous component of th L 

excreta of certain spiders, scorpions, arnblypygids, uropygids and 

solifugids (S ch,nidt et al, 1955; Ro a and Gop a lakrishnareddy, 1.962; HOlne, 

1965). A chilopod, hm,ever, possessed non- detectable amounts of guanine 

(Horne, 1965). Arthur (1962, pers . comme n.) and Balashov (1.967) have 

repo;: ted that Guanine is a lso the chief component of tick excrement. 

To ascertain whether this is so in ~.decoloratus, a sample of pure 

guanine, a s ample of deposited larval excretvry matter and a samp l e of 

egg1. h omogenate were studied using p ll;:er chromatography. In each 

i nstance guanine, larval excreta and eggs were homogenized in a 0,1 N 

solution of H
2

S0
4 

(Visher and Chargaff (1948) shuwed that guanine i s only 

slightly so lubl e at neutrality). Using a solvent sy:;tem of 95% ethanol: 

0,4. N NaOH (3: 1), the Rl' values for the two pOSSible sources of guanine 

(larval excreta .and egg homogenate) and of the pure .::',anin e standard 

were determined (Table 9) . Paper chromatographs studied under UV light 

ShOl, guanine as a' black spot (Os er, 1965) . All three RF values were 

similar which suggests that larval excreta and egg homogenate contain 

guanine . Centri fuged solutions of pure guanine, larval excreta and egg 

homogenate '-Jere also studied spectrophotometrically, using a Beckmans 

spectrophotometer, between the wave-lengths of 220-320 nanometre5 

1. Eggs which had almost completed the incubation period were l .sed as 
these t.;ould possess the greatest amounts of stored excretory produc t. 
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(i .s. i.n the UV range ). The curves, recorded on a 10 inch (75,i. cms ) 

pen recorder c.oupled \<lit h the slJcctrophotorneter arc shown in Fig. 43. 

T~I2:l' c. is a genCr 1. L simi larity in the shape of th{! curves between 246 )..1ffi 

and 320 pm, this beinG highly suggestive of compatibility betucen 

s:r1Lples RS r egards their purine content. The possibilities of greater 

precision on a c o:np arative basis for es timating guanine in deve loping 

egz s folle-Hed. 

TABLE 9. 

RF value s obtained ch romato£ raph ically for pur l) [luanine, larval "xcreta 
und ebB homo[jcnate using an ethanol :sodium hydroxide solvent system. 

RF value - - -,.---_._-
Rep :~c ate n 0_, _fl _ _ p_u_r_e_g_u_a_n_-i_n_-e_-. _+-_L_a_r _v __ a_l_e_x_' __ r_"_t a Egg homog en ate 

1 0,46 0,~9 0,44 
2 0,49 0,1.6 0,44 
3 0,48 0,46 0,43 
4 0,i.6 0,47 0,4> 
5 0,48 0,46 0,43 
6 0,47 0/.8 0,44 

C~~~--- ----- ° 47 .:::.t..:._ 

Visher and Chargaff (1948) developed a technique whereby minute 

amounts of purines and pyriraidines could be separated and quantitatively 

examined; this incorporated the use of chromatography al:d ultra-violet 

spectrophotometry. As the technique described by Visher and Chargaff 

(1948) proved to be time consuming in practical tenns, n~ attempt was 

made to extract the guani.ne from tick eggs prior to examination 

spectrorhot~netrically. As guanine has a very specific absorption 

wavelength the possIbility of detecting guanine proved feasible, though 

its limi tations in terns of cri t ical quant i tative work is recognised. 

Large numbers of freshly laid ~.decoloratus eggs wer e placed in 

six chambers containing atmospheres of 50Yo, 6070, 70%, 80% , 90% and 

100% R .ll. respectively, and all si.x chambers placed i n an incubator at 
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Three batches, each of 100 eggs, Here removed from e ach hUDidity 

chamber, at thr ee day intervals, homogenized ii1 5 ml of 0,1 N H
2
S0

4
, 

centrifuged and pX'-'ll1i.ned spcctrophotometri cally against aD, 1 N H
2

S0
4 

refer ence so llItion. Curves of the percentage light transmission 

were recorded by means of the pen r ecorde r and, to compare successive 

curves, the differences betweC:=Il the percentage transmission at 2 l~6 pm 

and 320 pm ",ere calculated. A wavelength of 246 }Jm Has selec ted as 

one of the r eference points as' this appeared to be at the absorption 

maximum for guanine. Vi.sher and Chargaff (1948 ) gave thi.s va l ue as 

249 pm. The other reference p oint (320 I.tm ) l'las selected for 

convenience . The transitional changes of the transmission curves as 

development of eggs proceeded towards hatching is shOlm in Figs 41+, 45 

and 46. In these figures only the curves of eggs held at 100% R.H., 

70% R.H. and 5070 R.I-!. are 'g iven as these adequately illustrate the 

nature of the changes observed in all six humidity conditions. Eggs 

held at 10070 R.I-!. di s played a more or less continuous increase in the 

differenc e betl,een percentage light transmi ss ion at 246 pm and 320 pm . 

Eggs held at 70'1. R.H. demonstrated a similar but l. ess marked increase 

"'hile eggs at 50% R.H. did not show any marked incrense after approximately 

the sixth day of development. The relationships bet;]een the mean 

change in percentag e transmission and development of eggs (in days) at 

the six different humidities (fig. 47) ShOHS that eggs developed at 

similar rates for the first six days of the incubation period 

irrespective of the humidity values in which they were placed . After 

the sixth day the rate of devciopment remained almost constant for the 

eggs held at 90% and 100% R.H. while at lower humidity values the 

rates gradually decreased. At 50% R.H. the rate of development declined 

to almost zero after the sixth day and there was little further 

accumulation of guanine. 
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Fig. 44. The change in form of spectrophotometric transmission curves produced, at 
three day intervals, by egg homogenates during the incubation of Boophilus 
decoloratus eggs held at 26 0 C and 100% relative humidity. All the curves 
have been adjusted such that transmission at 320 pm equalled 100% for 
comparative purposes. 
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The change in form of spectrophotometric transmission curves produced, at 
three day intervals, by egg homogenates during the incubation of Boophilus 
decoloratus eggs held at 26

0
C and 70% relative humidity. All the curves 

have been adjusted such that transmission at 320 ~m equalled 100% for 
comparative purposes. 
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WAVELENGTH IN U.Y. RANGE ( pm) 

The changes in form of spectrophotometric transmission curves produced, at 
three day intervals, by egg homogenates during the incubation of Boophilus 
decoloratus eggs he ld at 26°C and 50% relative humidity. All curves have 
been adjusted such that transmission at 320 pm equalled 100% for 
comparative purposes. 
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Eggs held at 50% R.H. and 26
0

C (Le . 12,51 mmHg saturation deficit) 

(Fig. 1>2) lost almos t 35'/, of their initial weight by the sixth day; 

th i s is in excC'. ~..; s of the criti ca l amoun t which may be l ost i n order 

that a hatch of a t least 50% may resul t . The i mplicat ion i s that 

de.velopment ceases once 3Y'1o of the init ia l weight of the eggs has bee.n 

l ost through evaporat i on of Hater . The i mportant fac t that emerges 

is that the rate of embryonic develop:nent is humidity independant but 

t h at eggs 105in8 a criti.cd quantity of ,,,ater in the early stages of 

development f " il to hatch. 
o 

Eg gs held a t 70% R.ll. and 26 C (i.e. 

7,53 mmHg s a turnt i on deficit) g ive a hatch of approximately 50% a s 

they will just have l os t the criti c al 35% of their initial we ight by 

t he time deve l opmen t is comp let e . 

5.25 Water upt <lke br eggs from a d amp atmosphe r e 

o 
Since tick e8gs los e "'e i ghc in dry air at 26 C and only g ive 50% 

hatch at 70')'0 R.H. (I. e . 7, 53 mmHg saturation deficit) it i s imp urtant 

to consider the possibility of eggs taking up wateo from damp atmosph eres 

in the same way shown by Londt arid li'hitehead (1972) for lar v ae of a 

number of south ern African tick species inclu ding ~.dec o l oratus . If 

water cannot be taken up by the egg s then the wa t er content o f the 

eggs on being laid is very important to their survival . If water 

vapour can be actively t a', en up thr ough the egg shell then clearly 

the supply of water originally built into the egg can b e added to during 

the course of development provided favourable conditions for water 

uptake are available. 

To assess the ability of water vapour upt ake fr om damp atmospheres 

by B.decoloratus eggs , fou r batches of eggs ( 3 vials in each batch) 

were we ighed and placed in four different humidity chambers held at 

26 0C and 95% (1,30 mruHg ), 80% ( 5 , 04 mmHg ), 60% (1 0,02 mmHg) and 40')'0 

(15,00 ~nHg ) respectively. After 24 hours u~d er thes e c onditions all 
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th e tubes ~.;rere again weighed and pl.nccd into tbe 95% R . H. c.h .::nnber. 

The tubes Here then "eighed Ilt 21., hour intervals up until 96 hOllr s 

after the st art of the experiment. The entire expcriacnt was 

a 
perfollned at 26 C. The results (Fig. 1+8) sho<' that during the 

first 24 hOllr period eggs lost weight in accordance with the 

humidity conditions into l.hich they had been placed. Eggs at 407. 

R.R. lost more weight t h an egg s at 60:c R.H., those at 60% R.R. lost 

more tha n those at 807. R.R. · The ec "s held at 95% R.R. throughout 

actually demonstr a ted a small weight increase after the first 24 

hour period. On being pl:oced into the atmosphere of 95% R .R. 

eggs he ld at 407. and 60% R.H. increas Ld slight ly in weight; the 

weights of eggs held at 807. R.H. did not alter a ppreciab ly afte r 

being placeu in the damper atmosphere. In subsequent weighings the 

eggs did not sho:., any marked increase in weight as is knoH11 to occur 

in l arvae similarly treated (Landt and Whitehead, 19 72) . The 

implication here i s that eLgs do not h ave the capacity to take lip 

water vapour to any marked deeree from the atmosphe r e . 

thu s seem that the s ucc essful development of eggs depends on the 

water content of the eggs at the time of lay ing and that, in the 

event of a loss of 35% or more of the initial weight of the eggs, 

development is inhibited and at best will yield a 50% hatch. The 

unpublished work of Norval (1971 and pers . commun. ) has shown that 

the habit of laying eggs in cl.usters is of survival value in that 

the outer layer of eggs is more prone to de siccation than the inne r 

layers • . This factor may also b e important in the survival of eggs 

during adverse microclimntic conditions. 

5.3 THE EFFECTS OF DIFFERENT CONSTANT HUHIDI TY AND TEHPERATURE 

CONDITIONS ON EGG DEVELOPHENT AND HATCH 

To assess the influence of different combi.nations of temperature 
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and huoidity on the incubation period and larval yield of 

B.decoloratus egg", batches of eBgs were placed in glass vials and 

exposed to 18 different c ombinations of temperature, r.el ative 

humidity and satllr"tion deficit (Table 2). Three separate batches 

of eggs were placed in each of the 18 different environmental, 

situations. All vials were examined daily and the length of t h e 

incubation period recorded when the fir s t larvae hatched. Individual 

vials i-lere removed UvO weeks after the hp.tch of the r irst lal-vae in 

each batch >!as observed and the percentRge hatch established. 

The relationship bet>!een temperature, saturation defi cIt and 

the duration of the incubation period of batche" of B.decoloratus 

eBgs i s given in Fig. 49a while Fig. 49b is a Cu',ltour diagram 

showing the interactions of temperature, [aturalion defici.t and 

egg viability of the same batches of cegs. As eggs placed in 13 

of the 18 different combinations of environmental conditions failed 

to hatch the contour diagrams (Figs 49a and b) give only a generalized 

visual impression of the r elationshi:)s involved. Both figures 

h h h h I 1 1 t t only , 200C, 260C s m 'l t at atc tOO( p ace at t lree empera ures 

and 32°C respectively. 
o 

At 20 C only the eggs held at 90'10 R.H. 

(i .e. 1,73 mmHg saturation deficin hatched while at 26
0

C and 32
0

C 

eggs hatched at both 70% and 90% R.H. In no instance did eggs 

hatch when held at 50% R .H . The duration of the i lcubation period 

is temperature dependent (F ig . 50) within the tolerance limits set 

by both temperature and saturation deficit. 

From the information contained in Fig. 51 it could be suggested 

that saturation deficit has a direct effec t on the duration of the 

incubation period of ~.decoloratus eggs but on c los e examination it 

b ecomes evident that the data points are group ed according to the 

t emperatures at which the particular data were obtained. Thi s 
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ther efore sug e; csts an overr iding effect of tempe rat ure . If the 

d:>ta obtained at 32°C (Fig. 51) are examined it can be seen that, 

over a wide rang e of saturation deficit, virtually no difference 

in incube.tion period duration i"as registered. The same i s true 

It is ther ef or e evident that t emperature is the most 

importan t p.::ramet«r influ encing t h e l engt h of the incubati.on period 

and that s J. turation deficit doe s not have any direct effect . 

\oJhile considering th e effects of temperature and saturation 

deficit on the viability of eggs (Fi gs 52 and 53) it is evident that 

there i s a definit e saturation deficit dependence and an apparent 

t c.mperature dependence. It wa s suspected, hm'ever , that as there 

was a greater 'd egree of viabil i ty' with i nCr Cc1S2: in temperature and 

saturation deficit betv7een 20°C and 32
C

C 1 the r 'c lationship is a 

rather 'indirect' one . As tenp e r ature influences the duration of 

the incubati.on period eggs held at low t emp eratures will have longer 

pe riods during "'hi ch to lose water through ,·vaporation. Therefore 

at similar saturation deficit levels eggs tvhich would give rise to 

o 
larvae at 32 C may not necessarily be able to complete deve l opment 

at 20
0

C due to the difference in the lengths of the incubation 

periods at these t \<D temperatures . . It is quite posr.ible that the 

results shown in Figs :50-53 ar e reflecting, to some extent, a 

limiting factor s uch as the water content of the eg,~ s. 

5.4 THE EFFECTS OF ALTERNATING CONSTANT HUHIDITY AND 

TEI1PERATURE CONDITIONS ON EGG DEVELOPI1ENT AND HATCH 

The assessment of biologica l phenomena at constant environmental 

conditions is unrealistic in terms of explaining what h ap pens under 

natur a l conditions apart from establ ishing possible tolerance levels. 

Accordingly experiments were designed to determine the effects c>f 
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alternating c onditions of te.:np eraturc and satur ation de ficit on 

the durati.on of the incubation period and viability of E..~loratus 

eggs . Fo !'" t he se purposes a constant enviroruncnt room was employ e d, 

wl1ercin tIle conditions were adjusted so as to give twelve hours of 

light ('day') and t",elve hours of darkness ('night'). The light 

"'as produced by eight, six foot long, neon tubes. The temp er ature 

conditions in the room \'lcre .adjusted to give a higher temperature 

during the day than during the night . Three different temperature 

r. egimes 'tV'er c us ed during the investig ation and, as t here ~,;r as only 

a sing le environmental room available~ thi s necessitated the runnin; 

of three separate tests in "hich eggs frem different batches of 

females wer e used. At e[!ch of the three temperature reg i.mes t<olO 

different humidity values were used during hours of darkness <"hile 

five differ ent levels were used during ' day' periods in two of the 

t hree regir,lcs and 5 i x in one . The various combinations or. temperature, 

relative humidity and saturation deficit to »hich batches of eggs 

were exposed are presented in Table 10. Two batches of eggs we r e 

placed in each environmental c·ombination in the first temperature 

regime while three batches were used in the second and third regimes. 

To assess the ef. fe cts of both .temperature and s":tturation 

defic it on the duration of the incubation period and viability 

of ~.decol oy. atus eggs under alternating environrnen t'=ll conditions 

temperature and saturation defic it are expressed in terms of hour 

degrees centigrade (hour degrees or hOC) and hour millimetres of 

mercury (here referred to as Saturation deficit units or SDU's). 

The total number of hour degrees and SDU' s daily experi enced by 

egg batches held under the various temperature and saturat i on 

deficit combinations (Table 10) are shown in Table 11. 

Hour degrees were calculated above B base-line of 15
0

C as co 
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TABLE 10. 

Combi n nt i Dns of t emperatur e , rel ative humidity and saturati.on deficit used in 
tIte study of the effects of changing physical fact ors on the tluration of the 
incuhation period and viabili ty of B(Jop}~)us dccoloriJ.tus eggs. 

Regime 1. Regime 2. Reg'ime 3. 
Temperature (oC) Temperature (oC) Temp erature ( oC ) 

D N " T.hoC D N T . hoC D N T . hoC 

26 15 160,6 30 20 238,4 30 15 1.95,3 

% R . H. Sat.def. % R.H. Sat.def. 'Y, R.II . Sat.def. 

D N D N D N D N D N D N 

90 90 2,55 1,26 90 90 3 , 15 1 ,73 90 90 3,15 1,26 
80 90 5,04 1,26 80 90 6,30 1. ,73 80 90 6,30 1,26 
70 90 7,53 1,26 70 90 9,1,5 1 ,73 70 90 9,45 1,26 
60 90 10 , 00 1,26 60 90 12,60 1,73 60 90 12,60 1,26 
50 90 12,51 1,26 50 90 15,75 1 , 73 50 90 15,75 1, 26 
80 70 5,04 3,80 80 70 6,30 5,21 40 90 18,91 1 ,26 
70 70 7,53 3,80 70 70 9,45 5,21 90 70 3,15 3,80 
60 70 10,00 3,80 60 70 12,60 5,21 80 70 6,30 3,80 
50 70 12,51 3,80 50 70 15,75 5,2 1 70 70 9,45 3,80 

60 70 12,60 3,80 
50 70 15, 75 3,80 
40 70 18,91 3,80 

Abbreviations: ° D = Day; N = Night; T.h c = Total I.our degrees centigrade 
every t wenty-four hours; % R.H. = Percentag e relative humidity ; 
Sat . def. = Saturation deficit . 

TABLE 11. 

The total number of hour degrees and SDU ' s daily experienced by Boophilus 
decoloratus egg batches held under various temp erature and saturati on 
deficit combinations (Table 10). 

Regime 1 . Reg im e 2 . Regime 3 . 
Temperature (oC) Temperatur e (oC) Temperature (oC) 

D N T .hoC D ' N T. hoC D N l' .hoC 

26 15 160,6 30 20' 238,4 30 15 195,3 

Saturation deficit Saturation defic i t Saturation deficit 
(mmHg) 

D N 

2,55 1,26 
5 , 04 1,26 
7, 53 1, 26 

10,00 1 ,26 
12,51 1 ,26 

5 , 04 3 ,80 
7 53 , 3,80 

10,00 3 ,80 
12,51 3 , 80 
- - -
---
---

Abbrev iat i ons : 

(mmHg) (mmHg) 

Total SDU ' s D N Total SDU 's L N Total SDU's 

47, 1 3 ,1 5 1 ,73 58,9 3,15 1,26 56,6 
77 ,1 6,30 1,73 95,0 6 , 30 1 ,26 95,9 

107 ,8 9,45 1,73 131,4 9,45 1,26 136,7 
138,0 12 ,60 1,73 168,9 12,60 1 ,26 175 ,7 
1 70 ,6 15,75 1,73 206,5 15,75 1,26 217,3 
109,2 6 ,30 5,21 139,9 18,91 1,26 256 ,9 
140,0 9 ,45 5,21 177 ,5 3,15 3 ,80 87,8 
169,1 12 ,60 5 ,21 215,1, 6 ,30 3 , 80 127,4 
200 , 2 15,75 5 , 21 253 ,1 9 ,45 3,80 167 ,9 

--- 12,60 3,80 207,5 
--- 15,75 3 ,80 247 ,7 
--- 18,91 3,80 288 ,3 

D = Day ; N = Ni ght; T.hoC = Total hour degr ees cent i grade 
° above 15 C every 24 hours; Total SDU 's = Tota l h our mill i me t res 

of mercury above zero every 24 hours. 
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hatch was reported at this or lower temperatures (see section 5.3), 

and no temperature 10', er than 15
0

C was used in any of the combinations 

employed in this experi.,ent. SDU's were calculated above zero. 

The calculation of the total hour deg rees and SDU's was done by 

graphically recording the hour by hour ch"nges in temperature and 

s a tur a tion de ficit for each environmental comLination (Table 11); 

these were cut out "ith a pair of scissors and weighed together with 

square pieces of the same graph paper (each repr esen~ing 10 hour 

degrees or 10 SDU's). This method proved to be rapid and reliable 

in gaining an assessment of the total number of hour degrees and 

SDU's experi e nced daily by tick eggs in each of the temperature and 

saturation de ficit combinations. 

The relationships between the total number of hour degrees and 

the total number of SDU's experienced within each 24 h our period, in 

relation to the duration of the i ncub ation peri.od of .!!..decoloratus 

eggs a r e shown in Fig. 54. The lines of e"ual incubation period 

duration li e parallel to the saturatcon deficit axis and ther efore 

suggests that humidity has no effect on the incubation period. 

Temperature, on the other hand, has a very defi"lite influence in 

that the duration of the incubatio'! period is short el, ed with temperature 

increase. 

An assessment of the effects of alternating temperatures and 

saturation deficits on the viability of eggs was attempted by 

drawing another contour diagram " (Fig . 55) in which these three 

parameters are considered. Here the relationship between the total 

number of hour degrees and SDU's experienced by eggs throughout 

their incubation periods were used so that the direct effect of 

temperature on the snortening of the incuhation period was considered. 

The data shOlm in Fig. 55 was used to produce a smoothed out contour 
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diagram (Fig. 56) in the manner described by Shelford (1930). 

Eggs give a greater percentage hatch Hhen the number of SDU's 

experienced by the developing eggs is low (Fig. 56): that is the 

v i abi.lity of egss is saturation deficit depcndent~ There is .also 

an indication that percentage hatch of eggs is greatest when the 

number of hour degrees was in the region of about: 5700 hOC (Fig . 56). 

Above and belo:< this value the percentage hatch, or viability, 

decreased. The fairly rapid decr ease at values lou er than 5700 

hOC is probably attributable to the longer incubation periods of 

eggs at low t empera t ures, Hith their consec:uent longer period in 

,.hich water i s lost by evaporat ion. The decrease in viability w<.s 

ther efore probably due to the water content of the eggs beco:ning 

a limiting factor . The gradual decreese in viability at h our degrees 

o 
greater than 5700 h C Has probably due to the first signs of 

temperature becoming limiting. It is suggested that percentage hatch 

is ind ependent of a direct temperature influence but that the direct 

temper a ture dependence of the period of incubation modifies the 

percentage hatch of eggs by indirectly affecting the amount of 

water lost from the eggs during their development. From Fig. 56 

it can be postulat"d that the optimal conditions for egg viability 

o . 
are approximately 5700 h C and as feH SDU ' s as possible (i. e . high 

humidity) during the incubation period. 

5.5 THE EFFECTS OF NATURALLY FLUCTUATING Y~CROCLIMATIC 

TEMPERATURES, RELATIVE HUMIDITIES fu~D SATURATION DEFICITS 

.ON EGG DEVELOPHENT AND HATCH 

B.decoloratus eggs placed in a Stephenson's screen on Upper 

Gletwyn farm, near Grahamstown, during the months of August and 

September 1972 did not hatch and became desiccated within a few 

days . As has a l ready been shown (sec tion 4.33) the mean daily 
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temperature over this period was approximately 16°C. As eggs 

gave only a Im-.r percentage h atch at a constant temperature of 

20°C (section 5.3) and nO hatch at all at 15°C the results obtained 

in the Stephenson IS screen 'tv-ere to be ex pe cted. As the conditions 

recorded by the thermohygrograph in the screen are likely to have 

been very different from the microclimatic conditions in the 

vegetation next to the screen l ittle can be said concerning the 

possihle responses of eggs which may have been present in these 

microclimates. As B.decoloratus larvae were found in the vicinity 

of the Stephenson's screen it must be concluded that microclimatic 

conditions in the vegetation were favourable for egg development and 

hatch. 

5.6 DISCUSSION 

The effects of temperature and moisture on the duration of 

the incubation period report ed in this chapLer support the previous 

findings (Table 7). The direct infLuence of temperature increases 

on shortening the length of the incubati on peri od , within the tolerance 

limi ts of this parameter, probably operates by lccelerating the 

overal l metabolic rate of the deve ~ op ing embryo. T),e incubation 

period is not successful ly completed at constant temperatures 

l ower than 20°C or higher than 32
0

C. As 20°C is hLgher than the 

minimum temperature for egg production by fenale ticks (i.e. 

approximat ely 15
0

C) it implies that eggs which may be produced by 

ticks during cold weather may not necessarily hatch if the cold 

weather pers ists. This ·contention is supported by the results 

obtained in the Stephenson's screen (Section 5.5). Females held 

under these macroclimatic conditions produced eggs over long oviposition 

periods but eggs held under the smne conditions failed t o hatch. 

The implications of this observation are fully discussed in section 6 . 3. 
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The highest t e;nperature at which successful embryol ogica l 

development take s place is difficu lt to assess. Under constant 

temperature condi.l:ions, 42
0 e is the crit i cal temperature of the 

.1 
twax 1 layer covering th e eggs. At constant 1m.., saturat ion 

deficit (i.e. h igh humidity) h m-lever eggs held at 3S
oe f ailed to 

hatch . A high egg viability was recorded at 32
0

C when saturation 

deficits were 3,61, a nd 10 ,68 mmHg respectively. As weight l oss, 

probably due to ;rater loss ,:. \,'as only s lightly high e r at 40
0 e than 

a t 35 0 C it was not to be expected that the degree of egg viability 

of eggs held at 32
0

C and 38
0 e s hould be 50 different. As this w"as; 

o 
however, the c ase, prolonged temperatur es o f 38 e must be cons idered 

as 'unfavourable ' for egg developmen t . As temperatures under 

nat ura l conditions ar e never constant a~a are h ardly ever as high 

as 3S oe it i s unlikely that temperature \<1Quld ever b ecom e a limiting 

fact or in the field. 

Saturation deficit does not have any d , rect inf l u ence on the 

duration of the incubation period of ~.decoloratus eggs although 

eggs h e ld at high saturation deficit levels (i.e. dry conditions ) 

do not hatch or give poor hatches due to desiccltion effects. The 

percentage hatch is therefore dire~tly dependent on '.he conditions 

of saturation deficit. It is impossible to state what the tolerance 

limits are for the e f fects of saturation deficit on egg viability 

as temperature does have an indirect effec t on hatch by its c ontrolling 

influence over the duration of the incubation p eriod. As the water 

cont ent of the egg appears to be a v e ry i mportant limiting factol', 

long incubation p eriods, experienced wh en t emperatures are l ow , allow 

eggs a long er per iod in which to los e water and this may r e sult in a 

l ow egg viability. It therefore becomes clear that it is unrealistic, 

and quite impossi.ble, to s eparate the parame ter of ' egg viability' 

from the parameter of 'incubation period duration' and that it is 

necessary to examine both these factors simultaneously . 
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6. DISCUS SION 

Some of the probl ",ns associated with the assessment 
of climatic effects on ticks are discussed vlith 
special reference to the use of saturation deficit 
and relative humidity as inciicatol.-s of atmospheric 
humi.dity. The problems associated with assessing 
the effects of three different varLables (e.g. 
temperature, saturation deficit and oviposition 
period duration) are also discussed. A model is 
presented Hhich sho,,,s the rei l't i onships between 
the main physical factors of the environment and 
the v&rious biological phenClr.lena studied during 
the course of this investigation. Fina lly the 
effects of climatic conditions On the life cycle 
and distribution of ~.decoloratus are discussed . 

6.1 INTRODUCTION 

The r esults of work on the parasitic cycle, preoviposition 

period, oviposition period and incubation period have been fully 

discussed at the ends of the relevant sections dealing with these 

phases of the life cycle of B.decoloratus. This discussion is 

therefore confined to some of the more fundamental aspects which 

have emerged from the work as a whole. There are three main 

aspects which need consideration. Firstly the difficulties 

encountered when a realistic asses sment of the effects of climatic 

conditions, such as temperature and humidity, on tick populations 

is made . Secondly it is necessary to bring the relationships 

established during the work on the preoviposition, oviposition and 

incubation periods together in som e way so as to put the whole 

' prehatch period,l into perspective . Although it has been convenient 

to deal with the prehatch period in three parts, the successful 

competion of each of these phases is directly dependent On the 

1. The prehatch period is the period between female fall and the 
emergence of larvae from the eggs produced by the fema l es i . . e. 
i t includes the preoviposition, oviposition and incubation 
periods. 
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successfu l completion of the preceeding phase, and therefore thes e 

t hree phases in the non-parasitic lif e cycle of !?.decol.oratll s must 

not be considered as di stinct within th~,selves . A model of the 

i nteracti ons of the two main abiotic f2.ctors (t Gllperature and · 

humidity) and the vari ous factors of the prehatch period deal.t 

with during thi s investigation is therefore presented. The third 

aspect r equiring attention is the way in " hich the findings reported 

in this study have contributed t o our knDl'ledge of tile li fe cycle and 

distribution of B.decoloratus in South Africa. 

6.2 ASSESS11ENT OF THE EFFECTS OF CLHlATIC CONDITIONS ON TICKS 

The physical, or abiotic, fact ors 0 ' the er,lironment in the 

pr esent context have been limited to t empe'r atur" and humidity. When 

attempting to aSsess the effects of such parameters on any stage in 

the life cycle of a tick, or for that matter any terrestrial 

poikilothermic animal, it is important to dostingu i sh between tolerance 

ranges and preferenda. The tol eran"e rang e of any species may be 

established fairly simply but the ecological significance of this 

range must b e vi ewed with caution. As most an .mals di sp lay certain 

pr eferences , they will not necessar,ily be encounterer~ in some 

environments in which the prevailing conditions are within the 

tolerance range . Thus, although all s t ages of !? • .!ecoloratus are 

a 
probably able to survive t emperatur es of 30 C they are unlikely to be 

commonly found where microclimatic t emperatures of this order 

fr equently occur. The es tablishment of prefer enda is highly 

desirable and experimentally can only be determined by continuous 

gradient experiments in which each physical fac tor is not treated in 

isol ation. Further complicating such a study is the fact that the 

resistance on animals is likely to vary with change in any particular 

environmental factor or change in the combination of all the important 
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factors involved. Factors such as 'physiological state', 

'behavioural ztate' and the recent history of the animals are all 

likely to cause variability in response to physical factors of the 

environment. As Macfadyen (1957) states "Acclimatization is · the 

rule rather than the exception" and "ignorance of such effects have 

caused much confusion among not very physiologically minded eco logists 

and even among physiologists who shou l d have known better". It 

is th erefore clear that the assessment of the effects of climatic 

conditions on ticks is highly canplex. 

The survival of the variou s stages of 2? .decoloratus has b een 

shown to be primarily dependant on water balance. ,ihilst ticks 

have evolved efficient behavioural responses, feeding techniques 

and v ar iou s other physiological adaptations these developments have 

taken place ,;ithin the framework set by the physical environment. 

Of th ese physical factors temperature and humi.dity are undoubtedly 

the two most important. Other factors such as Wind, rainfall, 

degree and type of vegetational cover are undoubt e dly significant. 

but only in the way in which they influence or modify tempe:::ature 

or humidity at the microclimatic l eve l. 

In many ecological studies workers have dealt with relative 

humidity as the parameter indicative of atmospheric humidity. 

This has probably been due to a lack of underst anding of the interactions 

between animals and their envirorunents. Relative humidity, simply 

defined as the amount of water vapour in a definite volume of air at 

a specified temperature, is expressed as a percentage of the total 

amount of moisture that the same volume of ai r is able to carry at 

the same specified temperature. If the volume of air is kep t 

constant and the temp erature altered the number of water molecules 

r eql.'.ired t o fully saturate the air is altered. Thus if we consider 
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the meaning of such a parameter in the biology of a tick species 

very little reliance can be placed on it. If, for example, two 

batches of ticks t; .... ere to be placed in t <hTO different environments, 

A and B (Table 12), where the relative humidity levels are 

identical ( i.e. 707. R.H.) but the temperature values different 

(i. e. 20°C and 40°C respectively) their "ater relations are likely 

to be different due to temperature effects. 

TABLE 12. 

The valu e s of various abiotic . fD.ctors in tt.,TO different environments 
used as an eX3iTlple in illustrating the relative merits of using 
relRtive hu:nidity and saturation def i cit as indicators of atmospheric 
humi dity in biological studi es. 

Physical factor Enviromnent A Environment 13 

Temperature (oC) 20 40 ~ 
Relative humidity ('7. ) 70 70 

Absolute humiclity 
. +) (mg H20/litre dry a~r 13 43 

-
Vapour pressure (mmHg) 12,2 38,4 

Saturation vapour pressure 
(mmHg ) 17,4 54,9 

Saturation deficit (nnnHg) 5,2 16,5 

+ = readings obtained from Platt and Griffitsh (1 964) . 

Environment B would possess an atmosphere which actually carries more 

water vapour (i.e. absolute humidity) than A; this is reflected 

by the higher value of vapour pressure in environment B. With 

increase in temperature the saturation vapour pressure and vapour 

pressure increase exponential ly (Fig. 57) and are higher at 40°C 

o than at 20 C. Saturation deficit (i. e. the difference between 

th e saturation vapour pressure and the vapour pressure) is therefore 

relatively greater in envirorunent B than in A due to the fact that 

the air i s not fully saturated and therefore the difference bet_een 

--
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th e saturation vapour pressure and vapour pressure incre2ses 't-Ji th 

increase in temperature . It might b e expected therefore, that the 

ti cks held in envir OTUllent B ,,,i 11 lose more wat.er to the environment 

through evaporation than the ticks in envirorunent A. For this 

reason it i s be lieved that saturation de f i cit is a better indicat or 

of th e effects of atmospher i.c humidity when changes in temperature 

occur. In l aboratory exper,ime.nt5 at constant temperature it is 

immaterial \'lhethcr relative. humidity or saturation C: e ficit is used 

as a simpl e conver s ion i s possible. For this reason s.:1turati on 

deficit values have, in many instances, been gi~en in parentheses 

after the relative humidity values selec ted in the pres ent study, 

and s aturation deficit used in all instances where different, or 

fluctuating, temperature conditions were i nvo lved . 

In the assessment of biological r esponses in ter r es trial 

?nimals, including ticks , to diff er en t or f l uctuating cl imatic 

conditions there is the problElll of having ao least thr ee variables 

( e . g . period of incubation; tempercture; saturation deficit) . 

The problems of analysis of such a situation appear to have been 

handled in three di f f erent ways. Some workers have chosen to 

be blind t o the problem and have a~tempted to assess the biological 

responses of animals to their physical envirorunent by visually 

studying curves of the changes in t emperature and Lumidity and the 

changes observed in the animals concerned . Thes e curves are oft en 

simplified by taking max i mum and minimum values on a daily, weekly 

or even mon thly bas is, or by the calculation of mean conditions. 

This typ e of analysis is clearly subjective and it is debatable 

whether it serves any useful purpose at all. Only the most 

generalized relationships emerge. Another .JaY of tackling the 

problem is to attempt to assess the effects of each physical fact or 

separat e ly. This is unrealistic . The work of Sweatman (1967, 1968) 

\ 
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and the present study shows that temperature may have an overriding 

ef fect and any analysis of the effects of saturation deficit on 

ticks may he meaningless without taking temperature into account. 

The point often missed by workers is that, although the parameter 

'saturation deficit' takes into account the effects of temperature 

on t he moisture content of the air, as can be seen from the general 

f 1 d ·· 11. 1 1 hI' ormu a use ~n ~ts ca Cll at10n , temperature a so as a I leat1ng I 

effect which, through its effects on the metabolic rate of the 

animals, may have a profound effect on biological responses. It 

may be suggested that a multi-variant analysis would prove to be the 

answer to the problem of having three, or more, variables. This 

is hotvever not true in this case as a multi-var i ant analysis can 

only be employed when each variable is quite uninfluenced by the 

others. Humidity is very dependent On temperature. The third 

apjOroach to the problem is the one proposed in this investigation. 

Shelford (1930) outlined the use of ' contour diagrams' in "hich 

lines of human mortality were drawn against tonperature and relative 

. 2 
humidity in the example discussed by h~m By plotting, for 

example, lines of equal incubation period duration against temperature 

and saturation deficit, it was possible to obtain a 'three dimensional' 

picture of the relationships involved. Although these contour 

di agrams are difficult to analyse and to int erpret and require much 

data, their use makes a more objective analysis possible. When 

naturally occurring fluctuations in t emperature and humidity occur 

a means of simplifying the information is necessary. In the present 

investigation this was done by calculating total daily hour degrees 

1. SD = VPxlOO 
% R.H. 

- VP where SD = saturation deficit; VP = 
Vapour pr essure (dependent on temperature): 
R.H. = r e lative humidity. 

2. The work of Huntington (1919). 

1 
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, d 1 ' d f " , 1 centl.gra e anc saturat~on e l.Cl.t unl.ts 0 Saturation def icit 

units(SDU's) have not been used in previous work but the concept 

i s id entical to that involving t emperature. 

6.3 TI~)~Xf~T~ Of TEMPERATURE AND HllllIDlTY ON THE 

!'BEOVI,~qSITION, OVIPOSITION AND INCUBATION PERIODS OF 

1l.DECOLORATUS 
c' == 

The effects of temperature and humidity on the various aspects 

of the non-paras itic life cycle of !,decoloratus studied during the 

present investigation may be simply and conveniently summarized in a 

model (Fig . 58). This model takes a similar f 'orm t o that described 

by Macleod (1 962 ) for the dynamic CaTh~uP.~ty relations in which 

I.ricinus participates. Each disc repre,ents .~ measurable parameter. 

A clockwise rotation of any disc means an increase in the effect of 

the parameter involved. It is important to note that the main 

drive for the model is through the physical factors of the environment 

i. e. the discs label.led temperature and saturation deficit. This 

means that an increase in temperature increases the metabolic rate of 

the ticks but that the reverse is not possibl.e i.e. an increase in 

the metabolic rate cannot increase, the temperature . Discs in 

direct contact indicate direct relationships established in the 

present study while discs linked by belts (straight lines joining 

the discs) indicate suggested relationships assumed from the r esu l ts 

gained during the investigations . Thus it can be seen that with 

t~perature increase, relative humidity decreases and saturation 

deficit increases. This causes both the metabolic r ate of the t icks 

and the amount of water los t to the environment to increase . An 

increase in water loss causes a decrease in the percentage hatch of 

1. Defined earlier (sec t ion 5.4). 



Fig. 58. A model of t he interactions between the physical factors of 
the env i ronmen t (temperature, relative humidity and saturat i on 
deficit) and a number of parameters investigated during a 
study of the biology of Boophilu~ decol oratus. (S ee text 
f or explanat i on). 



88. 

eggs but does not have any direct effect on any of the other 

para~ etcrs studied. Increase in metabo lic r ate causes a 

short f:::ning of the preoviposition, oviposition and incubat ior.. periods 

as ""veIl as indirectly c ausing un increas e in total egg production. 

This increase in tot al egg production is prob,lbly du e to an increase 

in the effi ciency of food utilization dUl'ing th e fonnat ion of eggs. 

The most important thing to note 'about the model is that chang ~ s 

in the physi,cal factors of the envi ronment work through the effects 

of "vater loss and metabolic rate on the various par ameters studied 

in the pr esent investigation. 

6.4 THE EFFECTS OF CLIMATIC CONDITIONS ON THE LIFE CYCLE 

AND DISTRIBUT I ON OF B.DECOLORATUS --'_"'_-'--. = .... 

It has been shm.;rn that temperature is the most imp ortant 

physi ca l factor regulating the durations of the various developmental 

periods in the li fe cycle of ! .~ecoloratus. The parasitic phase 

has been shown to be primar i ly dependen t on the hosts surface 

temp erature and accordingly !.decoloratus proceeds through its 

parasitic cyc le at the same rate throughout the year. This was 

shown to be t he c ase between March and October 1972. Thi s parasitic 

phase is us u ally completed wi thin app r oximately 25 days (i.e. from 

larval infestation to the peak period of drop-off of the engorged 

femal es) • Once the engorged female ticks have fallen to the 

ground the non-parasitic cyc l e crnnmences. The duration of this 

becomes more variable in response t o the variabili t y of microclimatic 

temp eratures . Using the r esu lts of this investigation it may be 

postul a t ed that dur ing co l d weather (i. e . mean dai ly t emperatures 

in t he region of 15
0 

_20
0

C) the prehatch period may be as long as 

120 J ays wh en temperatur es remain cons i s t ent ly low . The prehatch 

period sh ortens during wanner weather . At mean dai ly temperatures 
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of 25°C larvae may appear some 3S··i<0 days after f emale det ac hmen t 

from the host. The iuplications of thi s se<:sonal difference in 

the rate at wh ich the non-parasitic cycl e i.s completed probably 

has a direct effect on the ' success ' of ticks in different regions 

of South Africa. In the warmer parts of the country where 

humidities are sufficiently high t o provide eggs and non-parasitic 

larvae wi th ' favourable ' mi ~roc limates, more gene rat ions are 

1i.kely to occ.ur annu ally, ~hich probably al so caus es a greater 

sUllmer peak of abundance in these regions. Such areas mi ght be 

th e coas t al r egions of the east ern Cape Province" Transkei, Natal 

1 
and the eastern regions of the Tr ansv aal • The il er (191+9) has 

sh own that ~.dcco10ratus has its highest populati on density in 

these areas and has suggested that the al,tribution is related 

to annual rainfall. The apparent initiation and rapid development 

of acaricidal resistance associat e d with some of these regi ons " 

notably the eas tern Cape Province (Whitnall, 1969), is probab ly 

directly attributable to this t empera tu r.e relationship . 

As larva l distribution was found to be associated with 

particular vegetational categories (Landt , 197(,; Landt and 

Whitehead, 1972), and laboratory w?rk sugges ted thar larvae 

wer e able to survive in a wider range of habitats than those in 

which they were found, one of the original aims of ehe present 

investigati on was to establish if the egg stage was more 

susceptible to desiccat ion than the larva l s tage. If thi s were 

found to be the case then it might explain why larvae are found 

in some habitats and not in other s . As microclirnatic work was 

not undertak en, bec.ause of the non-avail ab ility of the necessary 

1. As indi c ated by the maps of mean January and July temperatures 
and annua l rainfa ll data supplied by Talbot and Talbot (1960) . 



90. 

instrumentatio:1
1

, it is only possible to call upon the conclusions 

derived from laboratory studies. It has been found that both 

larvae (Londt and White.head, 1972) and eggs require approximate ly 

the same conditions for survival. Larvae held at a constant 

o 
humidity of 70% R.H. and temperature of 26 C would lose water 

to the atmos phere and eventually succuO'.b (Londt and Whitehead, 

1972) • Similarly eggs held unde r the same conditions would just 

give a hatch of 50%. Larvae are, hm'lever, able to actively take 

up 'vater vapour from the atmosphere whe n the humidity is greatICr 

that 70% R.ll. and therefore are able to recoup any water lost 

during periods of unfavourable environO'ental conditions (Londt 

and Whitehead, 1972). Eggs, on the othe r hand, have been shown 

to not possess thi s attribute and cannot recoup any water lost through 

desiccation. Eggs are therefore ent irely dependent on the amount 

of water I buil t into I them at the time of their productioE by the 

female tick. This important difference between larvae and eggs 

is probably the only concrete piece of evidence to suggest that it 

i s the effect of microclimatic conditions on the egg stage which 

determines the subsequent distribution of l arvae in the field. 

1 . An extensive search for contipuous recording eq,:liprnent to record 
m:tcroclimatic temperatures and hlUllidities prooved unsuccessful. 
The difficulty appears to be the production of a reliable 
humidity sensor which is small and does not rely on extensive 
air movement. Various sensors based on the IJrinciple of the 
wet and dry bulb hygrometer were encountered but there were 
problems attached to all these sensors. More recently a 
commercially available instrument has been found. This 
fairly expensive piece of instrumentation is being investigated 
and it is hoped that some of the necessary microclimatic work 
will be undertaken in the future. 
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7. SUHl-lARY 

1. The external morphology of all stages in the life cycle of 

.!!. • .£5:.~E-'!.~ is described with the aid of scanning electron 

micrographs . 

2. The biological activities of .!!..decoloratus during its parasitic 

cycle are exrunined with special reference to the course of 

feeding of all stages, and to the influence of the pharate 

nymph end adult conditions in accelerating the completion of 

the cycle. 

3. The pattern of dropping of replete females is considered in 

relation to their weight and their time of drop-off. 

4. The adult male population structure is described. Two 

distinct weight groups are reported and the taxonomic-

significance of these is discussed. 

5. The preoviposition period duration of B .decoloratus was studied 

under laboratory conditions and found to be temperature 

dependent and humidity independent. Female size, as implied 

by their engoq;ed weights, influenced the duration of the 

oviposition period: ticks weighing less than 20 mg possessed 

longer preoviposition periods. 

6. The preovipositi0n period of B.decoloratus females under 

fluctuating macroclimatic conditions was studied and found 

to -be long in duration. The implications of this are discussed 

in relation to laboratory findings and the summer build-up of 

this species in nature. 

7. The duration of the oviposition period of .!!..decoloratus and 

the number of eggs produced during this period were studied 

under laboratory and field conditions. Both these parameters 

were found to be temperature dependent and uninfluenced by 

humidity. The significance of a temperature dependent 

oviposition period is discussed. 
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8. ·The minimum amount of 'blood' required by female ticks for 

oviposition of eggs was found to be approximately 16 mg. under 

laboratory conditions . 

9. The oviposition behaviour of ~.decoloratus females has been 

described and the water relations of ovipositing and noa­

ovipositing females were examined and discussed . 

10. The effects of handling female ticks during their oviposition 

period was studied and. females which were handled "ere found 

to produce significant ly fewer eggs. 

this is discussed. 

The s i gnificance of 

11. During preliminary experiments on the incubation period of 

B.decoloratus it was found that the viability of eggs laid 

during the first half of the oviposlting period was greater 

than for eggs laid in the second half of the period. The 

critical temperature of the 'wax' coating of eggs was found 

to be 42
0

C while the critical hll'llidity was approximately 

70% R.H. (7,53 mmHg) at 26°C. The implications of these 

findings are discussed . 

12. The development of eggs, traced throughout the incubation 

period by monitoring the buil d-up of guanine spectrophotometrically, 

was studied under different humidity conditions . Successful 

development was found to be dependent on the w~ter content 

of the eggs a t the time of laying. As eggs were also found 

to be unable to take up water vapour from the atmosphere 

this finding is important evidence to support the suggestion 

that the surviva l of the egg stage largely determines the 

spacial distribution of larvae in the field. 

13. Results of work done at constant , alternating and naturally 

fluctuating temp eratures and humidities demonstrated that the 

duration of the incubation period of ~.decoloratus is 
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temp erature dependent and humidity independent. The 

significance of this is discussed in relation to the findings 

of previous "orkers and to the biology of the species. 

14. Egg viability (percentage hatch) "as found to be humidity 

dependent and temper ature independent. 

these findings are discussed . 

Th e implications of 

15. Some of the problems associated with the assessment of the 

effects of climatic conditions on ticks are discussed. 

Special reference has been made to the advocation of using 

saturation deficit instead of relative humidity as the 

parameter indicative of environmental humidity in any 

biological study involving fluctuating humidity conditio.1S. 

16. The problems associated with having three variables (e.g. 

temperature, saturation deficit and incubation period duration) 

are discussed and reasons given for why contour diagrams 

have been used i n this investiga tion. 

1 7. A mode l of the interactions between the main abiotic factors 

of the environment (temperature and humidity) and the 

biological parameters studied during the second part of 

this investigation is presented . 

18 . The effects of climatic conditions on the life cycle and 

distribution of B.decoloratus are discussed . Special 

reference has been made to the available evidence explaining 

the summer build-up in tick numbers known to occur in 

nature and the way in which the present findings have helped 

in an understanding of the spacial distribution of 

~.decoloratus in the field. 

) 
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The work of Stampa (1959, 1969) on the Karoo Paralysis Tick, Ixodes rubi­
cundus Neumann, has shown how an ecological study may lead to more efficient 
chemical control of a tick species as well as contribute to the possibility of a 
practical means of biological control. Stampa (1969) suggested that by a process of 
'alteration of environment' the density of I. rubicundus populations could be 
suppressed. As a number of ixodid tick species are a matter of concern to cattle, 
sheep and angora goat farmers in the Eastern Cape Province of South Mrica, 
ecological work on these ticks is of considerable importance. The continual threat 
of acaricidal resistance and the ever increasing prices of these compounds are 
further factors which stimulate a concerted effort in the study of tick ecology. The 
early work of Lounsbury (1899) on the Bont Tick, Amblyomma hebraeum Koch, 
laid the foundations for ecological work on cattle ticks in the Eastern Cape and 
Stampa (1959, 1969) and Kraft (1961) have further developed this type of research. 
This paper deals, in part, with a distributional survey oflarval ticks on two coastal 
farms in the Port Alfred district, Cape Province, in relation to the micro climates 
in various vegetation types. During the course of the investigation it became 
evident that larvae were confined to certain microhabitats which were classified 
according to the height of the grass and their situation in relation to neighhouring 
trees and bushes. A study of the possible importance of grass height in the behaviour 
of climbing larvae was therefore undertaken and is reported in the second part of 
this p·aper. Finally, a laboratory study of the water relations of larvae of some 
tick species was undertaken in an attempt to correlate larval survival with larval 
incidence in microclimatically different habitats in the field. 

LARVAL DISTRIBUTION 

Methods 

The work was carried out on two farms, Barville Park and Faithful Fountain, 
approximately 13 km S.W. of Port Alfred and 4 km from the sea. The vegetation 
on both farms was divided into eight convenient categories based on the height of 
the sward and its relationship to adjoining bushes and trees. Thus, short vegetation 
was defined as being 5- 30 cm high, medium 31- 50 cm and tall in excess of 51 cm. 
Positionally open vegetation refers to vegetation not in the immediate vicinity of 

30-2 
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trees and bushes; protected refers to vegetation sheltered or incompletely covered 
by neighbouring trees and bushes; aud covered refers to vegetation under a com­
plete canopy of trees and bushes. The vegetation was categorized as follows: 
(i) short open vegetation, (ii) medium open vegetation, (iii) tall open vegetation, 
(iv) short protected vegetation, (v) medium protected vegetation, (vi) tall pro­
tected vegetation, (vii) short covered vegetation, (viii) medium covered vegetation. 

Larvae were collected using a modified version of the apparatus described by 
Stampa (1959) and Kraft (1961). Ten flannelette strips were attached at equal 
intervals along a broom handle of 1 m length. The strips were dragged over the 
vegetation and provided an effective substrate to which larval ticks clung. Samples 
were usually taken over a distance of 50 m and the results expressed in terms of 
the number of larvae collected per 50 m. When trees or bushes made sampling 
difficult, shorter distances were traversed and the results adjusted so that they 
were expressed in terms of larvae per 50 m to allow comparisons. Samples were 
taken between 10 a.m. and 3 p.m. over the period 17 March 1969 to 7 March 1970. 

Microclimatic temperatures were measured with a 'thermistor thermometer' 
at three different levels in selected examples of the vegetation categories. These 
positions corresponded to the bottom, middle and top of each vegetation type. 
Relative humidities were determined with cobalt thiocyanate paper indicators 
as described by Solomon (1957) at the same three vertical levels at which the 
temperature was measured. As an exposure time of 2 h was required for the cobalt 
thiocyanate papers to equilibrate they were suspended in small metal mesh 
cylinders attached to wooden rods placed vertically in the vegetation. The same 
sites were re-used on each occasion when measurements were taken. In order to 
establish the range of variation within the categories a number of short open, short 
protected and short covered sites were compared. All microclimatic measurements 
were converted to units of saturation deficit to facilitate comparisons. As a result 
of the long time required for cobalt thiocyanate papers to equilibrate (Solomon, 
1957), relative humidity measurements were confined to periods when the macro­
climatic conditions were reasonably static. Times at which macro climatic condi­
tions varied least were between 12 noon and 2 p.m. and between 3.30 a.m. and 
5.30 a.m. These periods were established by studying daily thermohygrograph 
records and were found to be convenient as they represented the periods at which 
maximum and minimum climatic conditions could be expected. :Micro climatic air 
currents were measured with an anemometer (Casella Air Metre). 

Results 

The macro climatic conditions over the duration of the field survey appear in 
Fig. 1. The results of the survey at Barville Park and Faithful Fountain are sum­
marized in Tables 1 and 2 respectively. In the more extensive survey undertaken 
at Barville Park four tick species were found, Ixodes pilo8us Koch, Haemaphysalis 
silacea Robinson, A. hebraeum and Boophilus decoloratus (Koch). The results show 
that both I. pilosus and H. 8ilacea were found predominantely in short covered 
vegetation while A. hebraeum was associated with medium and tall protected 
vegetation. As very few B. decoloratus larvae were collected at Barville Park no 
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meaningful conclusions could be drawn about their distribution. The brief survey 
undertaken at Faithful Fountain yielded the foregoing four species and Rhipi­
cephalus evertsi Neumann. The Faithful Fountain data suggest that B. decoloratus 
may be associated with short and medium protected vegetation. R. evertsi was 
collected in one sample only and consequently could not be associated with any 
vegetation type. The population fluctuations of the two most common species at 
Barville Park, I. pilosus and H. silacea, throughout the sampling period are shown 
in Fig. 2. Both species have their greatest incidence in the cooler months of the 
year. 1. pilo8U8 was found to be most active during the months of May, June and 
July, after which activity decreased to almost zero between October and Marcil. 
H. silacea activity increased between April and August and was highest in August 
and the beginning of October. Thereafter activity decreased to almost zero. 

The micro climatic conditions recorded at Barville Park are shown in Tables 3 
and 4. These results show that conditions of saturation deficit approach zero on 
most evenings in all vegetation categories throughout the year. At midday open 
habitats were generally warmer and drier than protected and covered ones. 
During the warm summer months ground level conditions in open habitats were 
hotter and drier than those higher in the vegetation. In winter, however, the 
opposite was the case on a number of occasions. As tick eggs are laid at ground 
level t his observation suggests that winter months might be more suitable for egg 
development and survival. Microclimatic air current speeds indicated that open 
habitats are far windier than protected and covered ones. Ground level air speeds 
were in all cases lower than those measured at the tops of the vegetation. The 
effects of wind on atmospheric saturation deficits is one of drying (Schutte & King, 
1965) and therefore it would be expected that open habitats would usually be 
drier than protected and covered ones. The microclimatic information together 
with the survey data suggested that larval ticks are not normally collected in 
habitats which experience midday saturation deficits in excess of approximately 
10 mm Hg. In most instances habitats which did experience values higher than 
10 mm Hg, and yielded larvae, possessed at least one level in the vegetation which 
had a saturation deficit in the region of 10 mm Hg. The implication is that larvae 
are able to migrate to more suitable microclimatic levels to enhance their chances 
of survival. Migrations of this type have been reported for Ixodes ricinus L. (Lees 
& Milne, 1951) and this suggestion requires further consideration. 

The study of variation in microclimatic conditions in short vegetation sites, the 
results of which appear in Table 5, show that short open and short covered sites 
have similar micro climatic conditions. Short protected sites, however, differ 
greatly, depending on the position of the site with respect to the neighbouring 
trees and bushes. Sites facing north (i.e . bushes and trees on the south side of the 
site) were much hotter and drier than other sites . East-facing sites appeared to be 
similar to west-facing sites but were slightly warmer and drier, probably because 
dew was often retained for longer periods in sites protected from the morning sun 
(i.e. west-facing sites). The short protected site used throughout the microclimatic 
study (reported in Table 3) appeared to be approximately midway between the 
hottest and coldest sites as regards midday conditions. 
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Table 1. The average number of larvae of the four species collected 
per 50 m at Barville Park, from eight vegetation categories 

(Figures expressed to the nearest whole number. Based on the 
results of 23 sampling days,) 

Tick species 

Vegetation category 1. pilO8U8 H. silacea A. hebraeum B. decoloratus 

Short open 0 0 0 0 
Medium open 0 0 1 0 
Tall open 0 0 0 0 
Short protected 8 10 0 0 
Medium protected 10 0 15 0 
Tall protected 6 1 10 0 
Short covered 118 57 2 1 
Medium covered 7 7 0 0 

Total 149 75 27 1 

Table 2. The average number of la.·vae of the five species collected per 
50 m at Faithful Fountain, from eight vegetation categories 

(Figures expressed to the nearest whole number. Based on the results 
of five sampling days.) 

Tick species 
Vegetation 

category I. pilo8U8 H. silacea A. hebrac.um B. decoloratus R. evertsi 

Short open 0 0 0 0 
Medium open 0 0 0 2 
Tall open 
Short protected 0 1 5 34 
11edium protected 0 0 2 11 
Tall protected 
Short covered 7 11 1 0 
Medium covered 

Total 7 12 7 47 

-, No samples taken. 

VEGETATION HEIGHT, DISTRIBUTION AND BEHAVIOUR 
OF LARVAL TICKS 

Methods 

0 
0 

1 
0 

0 

1 

Larvae of A. hebraeum, B . decolorat,tS, I. pilosus, R. evertsi and Rhipicephalus 
appendiculatus Neumann were reared and maintained in an incubator at 26°C 
and approximately 95 % relative humidity (R.H.) for use in the experiments 
reported in this section. The movements of individual A. hebraeum larvae 
presented with glass rods of six different lengths on which to climb, to simulate 
grass stems, were observed and recorded in the manner described by Lees (1948). 
The rods used were 10, 15, 30, 40, 50 and 90 em in length and approximately 
0·4 em in diameter, with one end drawn into a pointed tip approximately 0·5mm 
in diameter. Each rod was marked at 1 em intervals to facilitate observations and 
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Table 3. Microclimatic conditions at Barvi!!e Park, exp"essed as saturation deficits 
(mm Hg), measured in eight sites representing eight vegetation categories 

Date P SO MO TO SP MP TP SO MO T /H 

Day conditions (measured between 11 a.m. and 1 p.m.) 

8. v. 69 Top 20·44 16·06 9·95 7·44 9·06 7·44 10'57l Mid 21·06 12·69 13·09 9·95 7·21 8·52 5·61 9·71 18·13 
Bot. 11·67 1·00 0·00 3·26 1·36 2·42 2·88 3·36) 

26. v. 69 Top 15·09 10·35 13·81 7·68 7·45 4·91 6'16l Mid 14·66 10·06 13·01 6·54 6·54 4·75 6·16 10·32 
Bot. 12·02 6·39 7·36 3·26 2·12 2·00 1,99) 

12. vi. 69 Top 8·16 7·01 5·52 5,79 6·79 7·68 5·97 6'79l Mid 8·16 7·01 5·52 5·79 6'79 7·68 5·97 6·79 7·65 
Bot. 8·41 0·77 4·05 1·61 2·56 3·26 2,56 1.99) 

18. vi. 69 Top 19·25 15·58 19·04 15·58 15,58 12·31 9·95 12'69} 
Mid 16·03 15·11 18·47 15·58 12·31 12·31 9·95 12·69 18·74 
Bot. 8,40 11·04 0·91 8·1 6 3·16 0·94 7·92 9·95 

23. vii. 69 Top 20·44 13·91 12·69 8·36 7·68 7·68 5·61 5'61l Mid 20·44 13·49 12·69 7·21 6·79 7-21 4·21 5·44 12·94 
Bot. 13·81 7·68 7·92 2·40 3·16 4·21 2·97 4,08) 

18. viii. 69 Top 13·41 8·67 9·75 9·95 6·15 6·15 7·92 
H2} Mid 11·32 8·67 9·75 9·92 6·1 5 6·15 7·68 7·68 9·95 

Bot. 11·67 10·57 9·75 6·15 6·15 4·34 7·68 7·92 

16. ix. 69 Top 13·09 9·35 10·88 8·52 6·08 7·62 8·52 8'25l Mid 29'45 10·42 10·88 8·52 6·08 7·62 8·52 8·25 11 ·57 
Bot. 30·26 13·09 10·42 6·78 5·37 5·27 10·55 8.25) 

14. x . 69 Top 22·34 20·24 12·25 17·55 12·25 17·36 12·31 16'06} 
Mid 22·23 20·24 20·24 21-69 12·25 11·57 12·31 16·06 18·50 
Bot. 71·44 20·24 20·24 26,50 18,13 17·36 18·47 13·09 

1. xii. 69 Top 18·60 13·13 19·14 14·66 8·40 10·66 10·66 8'92} 
Mid 17·10 15·66 21·41 12·02 9·27 8·40 10·66 8·92 40·79 
Bot. + 26·43 16·71 12·02 10·66 13·01 10·66 10·08 

6. i . 70 Top 46·42 24·97 14·32 39·84 15·63 22·24 15·22 24-26l Mid 54·45 24·97 22·24 39·84 12·54 22·24 15·22 24·26 ,5· 15 
Bot. + 24·97 15·33 + 7·68 22·24 22·24 24,26) 

Night conditions (measured between 3 a.m. and 5 a.m.) 

31. v. 69 Top 0·13 0·13 0·13 0·13 0·13 0·13 0·55 0'55} 
Mid 0·13 0·13 0·13 0·13 0·13 0·13 0·55 0·55 0·34 
Bot. 0·00 0·00 0·00 0·00 0·00 0·55 0·55 0·55 

18. vi. 69 Top 0·13 0·13 0·13 0·13 0·13 0·13 0·55 0'55l Mid 0·13 0·13 0·13 0·13 0·13 0·13 0·55 0·55 0·34 
Bot. 0·00 0·00 0·00 0·00 0·00 0·00 0·55 0,55) 

24. i. 70 Top 0·00 0·00 0·00 0·00 0·00 0·00 0·00 O'OOl 
Mid 0·00 0·00 0·00 0·00 0·00 0·00 0·00 0·00 0·83 
Bot. 0·00 0·00 0·00 0·00 0·00 0·00 0·00 0.00) 

KEY. P, Position in vegetation (top, middle and bottom); -. spoilt readings; T/R. thermo-
hygrograph readings; +, value higher than the limits ofthe method; SO, short open vegetation; 
MO, medium open vegetation; TO, tall open vegetation; SP, short protected vegetation; 
MP, medium protected vegetation; TP, tall protected vegetation; se. short covered 
vegetation; Me. medium covered vegetation. 
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Table 4. M icroclimatic air speeds recorded on two fairly 
windy days at Barville Park 

Air speed and direction (m/min) 

Position in 30 June 29 September 
Vegetation category vegetation 1969 1969 

Short open Top ofveg . 239·5 W 217·0 W 
Ground level 66·5W 2S'OW 

Medium open Top ofveg. 23S'OW 13S'OW 
Ground level 4·0W 22·0W 

Tall open Top ofveg. 283'5W 153·0W 
Ground level 0·0 - 0·0 -

Short protected Top ofveg. S'5W 25'OW 
Gro1llld level 0·0 - 0·0-

Medium protected Top ofveg. 60'OW 40·0W 
Ground level 0·0 - 0·0 -

Ta.ll protected Top ofveg. 17·5W lS0'OW 
Ground level 0·0 - 0·0-

Short covered Top ofveg. 0·5 E 0·0 -
Ground level 0·0- 0·0 -

Medium covered Top ofveg. 13·0W 32·0W 
Ground level 0·0- 0,0-

E = east; W = west; - = no direction indicated. 

recording. The procedure used in all experiments was as follows. An individual 
larva was placed, by means of a fine paintbrush, on to a vertical glass rod at a level 
of known distance from the tip (i .e. 10, 15, 30, 40, 50 or 90 cm respectively). The 
larva was then observed as it climbed up the rod . If the larva climbed downwards, 
below the point of release, it was removed and replaced by another. This happened 
very infrequently. The movements of the larva were recorded in the manner used 
by Lees (1948) . Once a larva had commenced its first 'trip' up the rod it was left 
undisturbed until it either passed the point of release or came to rest on the rod 
for a period of at least 30 min. The larva was then considered to have completed 
the requirements of the test. Larvae which returned past the point of release were 
removed as it was apparent that under field conditions such larvae would have 
the opportunity of selecting another grass stem up which to climb. Those larvae 
which came to rest were considered t o have achieved the position most preferable 
for encountering a passing host. On completion of the test the larva was destroyed 
so as to ensure that no larva was used more than once. 

A brief study of the behaviour of the other four species mentioned above was 
also undertaken. In this work only a 40 em rod was used and the behaviour of the 
species compared with that of A . hebraeum on the same length of rod. 

Results 

Table 6 summarizes the results obtained for A. hebraeum larvae climbing on six 
different rod lengths. All observations were made in the laboratory at 20-22 °C and 
approximately 60-65 % R.H. A further analysis of the movements of the individual 
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Table 5. Saturation deficits recorded in seven short open,~short 
protected and short covered vegetation sites (mm Hg) 

Vegetation category 

Site Position of Short Short 
no. measurement open protected 

1 Top 19·04 7·68 
Middle 19·63 8·67 (NE) 
Bottom 16·06 9·75 

2 Top 19·04 6·16 
Middle 19·63 6·16 (E) 
Bottom 16·06 4·62 

3 Top 19·04 6·19 
Middle 19·63 5·44 (8) 
Bottom 16·06 4·08 

4 Top 19·04 9·64 
Middle 19·63 9·35 (8W) 
Bottom 19·63 4·35 

5 Top 19·04 19·25 
Middle 19·63 20·40 (N) 
Bottom 16·06 40·72 

6 Top 19·04 7·68 
Middle 19·63 6·75 (NE and SW) 
Bottom 16·06 5·06 

7 Top 19·04 9·06 
Middle 19·63 6·06 (SW) 
Bottom 16·06 5·61 

T{H 18·47 16·37 

Da.te of measurement 2. v. 69 2.x.69 

Directions in which short protected sites faced a.re indicated in parentheses. 
Site 6 was situated between two bushes. 

Short 
covered 

10·47 
10·47 
10·74 

9·64 
9·64 
9·46 

9·64 
9·64 
7·68 

8·62 
8·62 
8·62 

9·64 
9·64 
7·68 

8·62 
8·62 
7·68 

9·64 
9·64 
9·64 

18·12 

22. ix. 69 

Abbreviations: N = north; S = south; E = east; W = west; TfH = thermohygrograph 
reading; site 7 = site used in microclimatic study (Table 3). 

larvae was undertaken in order to get an indication of larval activity in various 
regions of each rod length. In Fig. 3 a diagrammatic representation of the activity 
of larvae in relation to the region of rod is shown. This graphic representation was 
produced in the following way: 

(i) Each rod was demarcated into a number of 5 cm lengths (regions) numbered 
from the lowest to the highest. 

(ii) The total number of centimetres through which the larvae moved, in both 
upward and downward directions, in each region was calculated for each rod 
length. Means were obtained by dividing by the number oflarvae tested . The value 
obtained represented the mean number of centimetres moved by each larva in each 
region of each rod length. 

(iii) Curves of activity were plotted (i.e . the average number of centimetres 
traversed by each larva) against the region of rod. 

(iv) Finally a line was drawn parallel to the X axis and passing through the 
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10 em mark of the Y axis. The significance of this line is that if a larva walked up a 
rod through a region and then returned downwards through the same region, 
without any turning movements, it would have moved through a total of 10 em 
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F ig . 1. Mean weekly ma.ximum and minimum saturation deficits recorded at 
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Table 6. An analysis of the movements of Amblyomma hebraeum 
larvae climbing on six different lengths of glass rod 

Rod height (em) 

10 15 30 40 50 90 

Average height of first trip up the rod 9·8 14·6 26·5 36·4 45·2 45·0 
(em) 

% of maximum height possible on 98·0 97·3 88·3 91-0 90-4 50·0 
first trip 
~~ larvae roaching tip of rod on first 80-0 90·0 60·0 80·0 70-0 0·0 
trip 

Average maximum height achieved on 9·8 15-0 29·2 38-4 47·9 58·3 
any trip (em) 
% of maximum height possible on 98·0 100·0 97·3 96·0 95-8 64·8 
any trip 
% larvae reaehing t ip of rod on any 80·0 100-0 90·0 90·0 80·0 0·0 
trip 

Average duration of movement on rod 8 13 21 34 58 48 
(to nearest min) 

% larvae actually coming to rest at 10·0 0·0 20·0 35-0 30·0 0·0 
the tip of the rod 

Number of larvae tested 10 10 10 20 10 10 

Table 7. An analysis of the movements of five species of ixodid 
tick larvae climbing on a glass rod 40 cm high 

B. deco- R . apporuii-
I. pilo8U8 loratus culatus R. evertsi A. hebracum 

Average height of first 12-7 19·1 18·6 20·2 36-4 
trip up the rod (em) 
% of maximum height 31·7 47-7 46·5 50·5 91·0 
possible on :first trip 
% larvae reaching tip of 20·0 0·0 10·0 20·0 80·0 
rod on first trip 

Avera.ge maximum height 17·1 20·3 23·3 24·8 38·3 
achieved on any trip (em) 
% of maximum height 42·7 50·7 58·2 62·0 96·0 
possible on any trip 

% larvae reaching tip 20·0 0·0 10·0 20·0 90·0 
of rod on any trip 

Avera.ge duration of 14 13 14 9 34 
movement on rod (to 
nearest min) 

% larvae actually coming 0-0 0·0 0·0 0·0 35·0 
to rest at the tip of the 
rod 

Number of larvae tested 10 10 10 10 20 

A. Mbraeum data repeated from Table 1 for comparison. 
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Fig. 3. The activity (average number of centimetres moved through by each larva) 
of Amblyomma hebraeum larvae for each region of six. different rod lengths (for full 
explanation see text) . 

in that region. This means that should any part of the six curves in Fig. 3 lie below 
this line, it would be an indication that larvae were, on the average, not passing 
up and dO\vn the region in a simple manner but that larvae were either passing 
through the region in one direction only or passing through only part of the region. 
Should any part of a curve lie above the line, it indicates that larvae were either 
walking np and down a region more than once or moving about within a region 
with many turning movements. 

Table 6 and Fig. 3 show that, on the average, larvae walk to the tip of a rod on 
the first upward trip, except in the case of the 90 em rod where larvae only walked 
approximat ely half-way up the rod before descending. Larvae usually eventually 
reached the tip during the time spent on the rod, even if not on the first upward 
trip; the exception again being the 90 cm rod. The average duration of movement 
was greatest for the 50 cm rod. The short times spent on the 10, 15 and 30 cm rods 
were attributed to the fact that larvae frequently passed the point of release after 
the first trip up the rod. The time spent on the 90 cm rod was less than that on 
50 cm rod as larvae would climb fairly high on the rod before returning to the base. 
The relatively long periods spent on the 40 and 50 cm rods were due to larvae 
making many short trips to and from the tip. The numbers of larvae coming to 
rest at the tips of the shorter rods were relatively low, while the number of larvae 
which came to rest at the tips of the 40 and 50 cm rods was higher. Larval activity 
appeared to increase with rod length up to approximately 40-50 cm. Larv"" 
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climbing on the 90 cm rod were uniformly active over the first 10 regions but 
beyond this point activity decreased rapidly. From these results it appears that 
A. hebraeum larvae tend to make successful trips, in which they achieve a position 
of rest on the rod, on rods 40 and 50 cm high. This is consistent with field obser­
vations at Barville Park where this species was found to be associated with medium 
and tall vegetation (see Table 1). 

In Table 7 a summary of findings resulting from a comparison of the behaviour 
of four other species of ticks, B. decoloratus, I. pilosus, R. everts; and R. appendi­
culatus, walking on 40 cm rods is shown. The data for A. hebraeum larvae on the 
same rod length have been repeated in Table 7 for comparison. From the data in 
Table 7 it appears that the 40 cm rod was too tall for the four species studied when 
compared with A. hebraeum. If the average maximum height attained by larvae 
in any trip up the rod is taken as an indication of the' optimal vegetation height' 
of each species, as is apparently indicated for A. hebraeum, then the other species 
may be listed in the following order with respect to their optimal vegetation 
heights: I. pil08us 15-20 cm, B. decoloratus 20 cm, R. appendiculatus 20--25 cm, 
R. evertsi 25 cm. The values for both 1. pilosus and B. decoloratus fall into the range 
of vegetation heights in which these species were collected in the field survey 
reported earlier. The other two species were collected only in small numbers so 
their optimal vegetation heights could not be correlated with field data. 

WATER BALAl~CE IN LARVAL TICKS 

Methods 
Water loss 

Larvae of A. hebraeum, B. decolm'atus, R. evertsi , R. appendiculatu8 and Rhipice­
phalus simus Koch were maintained in an incubator at 26 °0 and approximately 
95 % R.H. In addition, I. pilosus larvae, which were found to be difficult to main­
tain in an incubator, were brought into the laboratory from the field. Relative 
humidities of 30,40,50,60,70,80, 90 and 100 %, obtained by means of potassium 
hydroxide solutions of appropriate concentrations (Petersen, 1953), were main­
tained in glass desiccators. All the work was undertaken at 26 °0 unless otherwise 
stated. 

Small glass vials were filled with batches of larvae and stoppered with cotton­
wool. Eight vials of larvae, of each species, were placed in the eight different 
humidities referred to above. A single vial of each species was then removed daily 
from each desiccator and the number of dead and living larvae counted. Since 
difficulty was encountered in determining the point of death the following criteria 
of mortality were adopted. Death was presumed to have taken place when larvae 
did not move after stimulation by pressure from a needle or when larvae floated 
(due to air trapped in their limbs and bodies) in the weak soap solution used to 
facilitate counting. As relatively few larvae of 1. pilosus were obtained, only a 
single vial of larvae was placed in each of the eight different humidity conditions. 
This involved daily counting of larvae without disposing of them. The criterion of 
death adopted for I. pil08us differed from that in other species and here larvae 
which could not be induced to move by gently warming the vials (by rubbing 
between the hands) were assumed to be dead. 
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Fig. 4. The survival of Amblyomma hebraeum larvae under various 
conditions of relative humidity at 26 °c. 

The results shown graphically in Fig. 4 relate to A. hebraeum. All six species 
studied reacted similarly to the different relative humidities and therefore it is 
unnecessary to include the individual results obtained for the five other species. 
Survival was fairly constant when larvae were held at relative humidity levels in 
excess of 70 % (i.e. 7·53 mm Hg saturation deficit) . At 70 % R.H. and less, the 
survival rate decreased with the lowering of relative humidity. Probits of the per­
centage survival against time for the larvae held at 70 % R.H. (Fig. 5) show four 
types of reactions in the six species studied: 

(1) An initial resistance to desiccation followed by a gradual increase in mortality, 
e.g. A. hebraeum. 

(2) An initial resistance to desiccation followed by a fairly rapid increase in 
mortality, e.g. R. evert8i. 

(3) A gradual increase in mortality not preceded by a period of apparent resist­
ance, e.g. R. simu8 and B. decoloratus. 

(4) A fairly rapid increase in mortality not preceded by a period of apparent 
resistance, e.g. 1. pilo8us and R. appendiculatu8. 

Comparing the six species with respect to their abilities to resist desiccation was 
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Fig. 5. Probits of the percentage survival of tick larvae in an atmosphere of 70 % 
R.H. and 26 DC, plotted against time in days. Survival at the 25 %. 50 % and 75% 
quartiles are indicated. 
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difficult. At the 50 % quartile the species may be listed in the following order of 
decreasing resistance: R. simus, A. hebraeum, R. evertsi, B. decoloratus, R. appendi­
culatu8, I. piloaus. It should be noted, however, that if t he comparison is made at 
the 75 % quartile a slightly different order would result. 

To provide quantitative evidence that death at low relative humidities is due to 
desiccation, large numbers of R . appendiculat1U1 larvae were placed in six small 
glass tubes closed at both ends with fine nylon mesh (which was found not to 
absorb water vapour) and placed in an atmosphere of 40 % R.H. A similar number 
of tubes was placed in an atmosphere of 95 % R .H. All the tubes were weighed 
initially and at intervals over a period of 9 days so as to assess the weight lost by 
larvae due to water loss. The resnlts are presented in Fig. 6 and show that death is 
probably due to water loss. Larvae kept at 40 % R .H. also demonstrated visible 
signs of desiccation in the flattening of the idiosoma and this concurs with the 
observations on Boophilus microplus (Canestrim) (Wilkinson & Wilson, 1959). 
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F ig. 6. The effects of low relative humidity on the weight of 
Rhipicephalus appendicuZatus larva.e. 

The effects of temperature on water loss were studied in R. evertsi, B. deco­
loratus and A. hebraeum. Larvae were placed in small glass tubes similar to those 
described above, weighed, and enclosed in test tubes which were placed in a water­
b"tli "t 20° C. Mte1' '" pe1'iou. of 30 min the tubes were again weighed and the 
temperature of the bath increased by 5 °C. This procedure was repeated until there 
was no further weight loss. The results are shown in Fig. 7. In order to establish the 
effects of death, which usually occurred at about 50 °C, dead and living R. evertsi 
larvae were compared in the same way. The results of the comparison demon­
strated that both dead and living larvae responded similarly. The rate of water 
loss by evaporation (Fig. 7) was only slightly affected by temperatures below 
approximately 40°C. Above this value the rate of water loss increased rapidly. At 
approximately 55 °C the maximum rate of water loss was recorded and at approxi­
mately 65-70 °C the rate decreased to zero. The sudden increase in water loss in 
the region of 40- 45 °C was probably due to reorientation of the wax components 
of the cuticle as is known to occur in many insects (Wigglesworth, 1965) and other 
arthropods, including ticks (Beament, 1959). 
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Fig. 7. The percentage weight lost or gained by tick la.rvae when exposed for t h 
periods to increasing tempera.ture values. 
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R . appendiculatuslarvae were used to study the uptake of water vapour from the 
atmosphere. Lees (1946) and Hitchcock (1955) demonstrated that I. ricinus and 
B . microplus respectively were able actively to absorb water vapour from the 
atmosphere through the cuticle. R. appendiculatus larvae were placed in 24 glass 
tubes closed at both ends with nylon mesh. These tubes, after having been placed 
for an initial period of 12 h in an atmosphere of 95 % R.n. (at 26 °e), were weighed 
and transferred to a desiccator containing dry air, produced by the use of silica gel, 
for 24 h. The tubes were then reweighed and distributed equally among eight 
desiccators containing atmospheres of 30, 40, 50, 60, 70, 80, 90 and 100 % R.n. 
respectively. The tubes were subsequently weighed at intervals over a period of 
96 h. 
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Fig. 8. Water uptake by Rhipicephalus apperuiiculatus larvae from various 
atmospheric relative humidities at 26 °0. 

The results appear in Fig. 8 and show that larvae were able to take up water 
vapour from atmospheres above 70 % R.H. Below this level water was lost to the 
atmosphere. This suggests that the ' equilibrium humidity' of R . appendiculatu8 
is about 70 % R.H. at 26 °0 (i.e. 7·53 mm Hg saturation deficit). As R . appendi­
aulatus reacted in a very similar way to the five other species in the survival experi­
ments reported earlier, it seems likely that all have equilibrium humidities in the 
region of approximately 70 % R .H. 

The effect of different periods of desiccation on water vapour uptake were deter­
mined using R . appendiculatu8 larvae. Twelve tubes of larvae were placed for an 
initial period of 12 h in an atmosphere of 95 % R.H. and then weighed. Three tubes 
were then placed in an atmosphere of 90 % R .H. as a control. The remaining nine 
tubes were then subjected, in groups of three, for periods of 12, 24 and 36 h respec­
tively, to a dry atmosphere before being weighed and placed together with the 
control tubes in the atmosphere of 90 % R.H. All 12 tubes were then weighed at 
12 h intervals over a period of 10 days. The results appear in Fig. 9 and show that 
the length of the period of desiccation had no effect on the rate of water vapour 
uptake from damp air. Fig. 9 shows a gradual but steady decrease in weight in 
both the control and experimental tubes. The reasons for this are not known. 

R. evertsi, R. appendiculatus, B. decoloratus and A. hebraeum larvae were used to 
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Fig. 9. The effects of different degrees of desiccation on the uptake of atmospheric 
water during subsequent exposure to high humidity by Rhipicephalus appendi­
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Fig. 11. The importance of free water to the survival of some ixodid 
tick larva.e under envirorunent room conditions. 

study the phenomenon of drinking. All these species were observed to imbibe water 
through the mouthparts. The behaviour pattern was observed in the laboratory 
when larvae were placed in the centre of a Petri dish and encircled with moist 
filter paper. Under these circumstances the following sequence of events was 
observed. A larva would walk in a direct path towards the moist filter paper; on 
arriving within about 5 mm of the paper the larva showed an 'avoiding' reaction. 
As the moist filter paper formed a 'barrier' around the tick, radial movement of 
any distance would have resulted in it coming into contact with the paper. The 
avoidance reaction was performed on a number of occasions before contact with 
the paper was established. The larva, on encountering the moist filter paper, thrust 
the mouthparts into the water at the edge of the filter paper and even between the 
fibres of the paper. The pedipalps were always splayed outwards during this action 
in the same way as described by Arthur (1962) in feeding ticks. The larvae then 
remained motionless, except for active movements of the foregut as observed 
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through the translucent scutum. Allowing larvae to drink from paper impregnated 
with methylene-blue water resulted in them having a blue coloration of the gut. 
Later, the larva would suddeuly become active again, remove its mouthparts, and 
either withdraw from the paper or walk directly on to its surface. Some of the 
larvae which were observed walking over the surface of the moist filter paper 
demonstrated a further behaviour pattern in that they would 'squat' on the 
surface of the moist paper. It is possible that when the ventral surface of the larva 
rested on the damp filter paper a further means of water uptake was provided. 
Some larvae demonstrated this' squatting' behaviour without having previously 
imbibed water through the mouthparts. 

In order to evaluate the role of drinking as a survival mechanism four species of 
larvae, R. evertsi, R . appendiculatus, R. deeoloratus and A. hebraeum, were placed 
in Petri dishes and confined within them by means of a ring of Vaselin applied to 
the edges of each dish. Four dishes of each species were prepared. Into each dish 
was placed a piece of filter paper (4 x 4 cm). All the dishes were placed in a constant­
environment room which was set to a regime in respect of light, temperature and 
relative humidity as shown in Fig. 10. Two Petri dishes of each species were sup­
plied with a few drops of water every 12 h. The number of dead and living larvae 
were counted daily. The results (Fig. 11) show that larve in the presence of free 
water survive for longer periods than do those deprived of water. 

DISCUSSION 

Larval ticks are associated with definite microolimatic conditions. Very few 
larvae were collected from habitats which experienced saturation deficit values 
in excess of approximately 10 mm Hg over the midday period. Larvae were pre­
dominantly collected from habitats protected or covered by neighbouring trees 
and bushes. These findings support the observations of Kraft (1961) on a coastal 
farm in the Alexandria district. Survey data show that at least two species, I. 
pilosus and H. silaeea, have activity peaks during the winter months. Theiler (1969) 
states that, with the exceptions of 1. rubieundus and Margaropus winthemi Karsch, 
adult ixodids have their maximum peaks of activity during the summer months . 
The present findings therefore suggest that each stage in the life-cycle of ixodid 
ticks in South Africa may exhibit their greatest activity at different times of the 
year. As the difference in population density relative to the seasons is important 
in the management of dipping programmes this aspect should be investigated in 
an attempt to plan more efficient control. 

Observations on the behaviour of larval ticks suggest that grass of an optimal 
height is required in order that they may be ' picked up' by a passing host. This 
'optimal vegetation height ' in the species studied seems to be species-specific, but 
the means of detecting such a parameter by larvae is not understood. The optimal 
vegetation height might, for example, be related to the host size. Theiler (1962) 
lists numerous hosts of the larval stages of the tick species collected at Barville 
Park and Faithful Fountain. 1. pilosus, H. silacea and B. deeoloratus could be 
'picked up' by any sized host from the short vegetation with which the larvae are 
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associated. The larva of A. hebraeum, however, would probably be unlikely to 
attach to hosts much shorter than about 40 cm, because of its tendency to climb to 
the top oftall vegetation. Theiler (1962), however, lists many small species of birds 
from which A. hebraeum immatures have been collected, but it is not understood 
how larvae of this species are able to encounter these hosts from their vantage 
points approximately 40 cm above the ground. 

Stamp a (1969) has suggested that I. rubicundus could be kept at a low popu­
lation density by altering the environment. The findings reported here indicate 
that the physical nature of the vegetation in respect to grass height and of con­
comitant humidity effects has a direct effect on larval distribution in the field by 
modifying their behaviour in the respective microclimates. It could be suggested 
that by reducing the vegetation height fewer larvae would successfully attain pre­
ferred resting sites at the tips of grass stems. In the case of A. hebraeum larvae, 
mowing or intensive grazing may have a direct effect on the number of larvae 
successfully encountering host animals and could be a means of reducing the 
population density. 

Observations on water balance indicated that larvae of the species discussed 
survive in moist habitats. Laboratory tests demonstrated that larvae held at 
26 °0 were able to take up water vapour from the atmosphere in relative humidities 
of approximately 70 % R.H. (i.e. 7·53 mm Hg saturation deficit) or higher. Uptake 
appears to be fairly rapid and larvae in the field which lose water during the day 
would be able to replenish water in the high night relative humidities. Larvae are 
also able to imbibe free water and this behaviour is doubtless of survival value as 
dew is frequently available. As most habitats, with the possible exception of a few 
open sites, did not experience midday temperatures higher than the critical tem­
perature of between 40 and 45 °0, and as all habitats experienced very high night 
relative humidities it is probable that micro climatic conditions are not the main 
delineating factors for larval distribution. It is suggested that one of the more 
important delimiting factors could be the effects of microclimate on the develop­
ment of the egg stage. Habitats favouring egg development could be habitats in 
which larvae would be expected to occur. Lewis (1970) has shown that larval ticks 
are able to migrate over fairly large distances under the influence of wind. As air­
current speeds were found to be negligible in most of the habitats in which larvae 
were found at Barville Park, it is uuIikely that migrations of this type would 
normally occur in the species studied in the present investigation with the possible 
exception of A. hebraeum. 

SUMMARY 

The distribution of larval ticks in relation to vegetation cover was studied on 
two coastal farms in the Port Alfred district of the Oape Province. The following 
five species were found: Boophilus decoloratus (Koch), Amblyomma hebraeum Koch, 
Ixodes pilosus Koch, Haemaphysalis silacea Robinson and Rhipicephalus evertsi 
Neumann. B. decoloratus predominated in short protected vegetation, 1. pilosus 
and H. silacea in short covered vegetation and A. hebraeum in medium-to-tall 
protected vegetation. R. evertsi was collected in too small numbers to allow any 
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correlation to be established. Both I. pilasus and H. silacea demonstrated activity 
peaks during the winter months. Microclimatic measurements indicated that larval 
ticks were not usually collected in microhabitats which experienced midday 
saturation deficits in excess of approximately 10 mm Hg. Behavioural studies on 
larval ticks climbing glass rods demonstrated the possible association oflarvae with 
a definite vegetation height. The optimal vegetation heights were correlated with 
field data. The water balance of some tick species was studied and it was found 
that at 26 °C a relative humidity of70% or more (i.e. above 7·53 mm Hg saturation 
deficit) was required by these larvae. Larvae lost water to the atmosphere at 
humidities lower than this value and took up water vapour from the atmosphere 
at values higher than 70 % R.H. They were shown to be able to imbibe water 
through the mouthparts, and this possibly has survival value. 
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help was given by the Sir Percy FitzPatrick Trust (1970) and the Department of 
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