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Ott three occasiins durin- tix sulmer Of 
1987 the arrracti'erness to unied adults of A. 
htcir0orl oft'i" ( , jesland steers infested
with pherolnonC-enliting male ticks (group 

A) was compared %%iththat of tN% similaro 
uninfested sitrs (group B) at Zimh.bwe'sPheromone-M ediation of Host-Selection in Bont 	 %lbizi Quaantine area inthe southeasternTicks (Amblyomma hebraeuin Koch) 	 loss eld GroL1 , Bsteers had been treated at 
weekh' intervals for at least 2 months with 
an organophosphate acaricide (dioxathionlR. A. 1. NORVAL,* HOWARD R. ANDREW I E. YUNKER'" mtil 7 days before each experiment. The 
observed residual effect of the acaricide was 

The bont dc.1-Amblyommo hebraeum, is the principal vector to southern African 2 to 3 days and, as males must feed for 
rnitminants of heartwater (Coudria rurninanitturn infection). The role of feeding male approximatch 7 days before emitting phero
ticks, which cmit an aggregation-attachment pheromone, in attracting unfcd ticks to mone (8), the treatment regime ensured that
catde was investigated. Calves infested with f:=ding male ticks were more attractive to the treated steers \%,ere pheromone-free. All 
urfed adui! - ticks than were uninfested calves. The presence of the pheromone on experiments werc carried out in the late 
previousiv infested cattle apparently allows unfed ticks to discriminate between hosts afternoon when soil temperatures had 
on which these parasites have fed successfully (suitable hosts) and those on which they dropped below 30'C and there was steady
h-'.,. not (potenially unsuitable hosts). The use of acaricides is thus unlikely to reduce gentle breeze blowing from the southeast. 
bont tick .,,,,iIarnns is areas where adequate numbers of alternate (wild) hosts are The steers were sedated be intravenous in
present. Also, cattlC Ls treated may lose their resistance to heartwater through lessened jection of Rompun (0.5 mL! J kg c.1 body
expo(w.re to infe't:d t,,:ks. weight) and brought co lateral rccumbanei' 

vith ropes.
uIt soTrr-IERN AFRICAN itoN-rTICK. tion process that ensures that tricks attach The two group A steers were tested 100

l Arnhlympirta tebiraen Koch, is an inm- preferrnrt;.2A to host' on which tes are m away from tle twso group B steers. Two
 
portant pest of ':.estock and a major likel- to feed successfilly. Cattle on wslhich hundred pairs of untied, laboratos'-rcared
 

vector oif hearrwater disease, caused by Cu • pheromone-emitring male ticks are attached 
 adult males and females of .4. hrIl.tirm,,
dna nismir .-',, in domestic ruminants (1). were found to be significantly more artrac- which had been marked with fluorescent 
This disease, scterized by high mortalitY tire to unfe atiult ticks than are uninfested dusts oftwo different colors, were released 3 
of susceptible mals in enzootic areas, has cattle. This host-selection mechanism ma,' m downwind from each group. The number 
long been considered one of the most in- iimit dse effectiveness ofacaricides in reduc- ofattached males (urnarked were ciur,'ed 
porrant livestock diseases of Africa (2). In ing bont tick populations in areas where before the s:. of the experiments At
addition, its establishment in Guadeloupe untreated aherative hosts occur. It may also tached. unmarked males and marked males
 
Island and subsequent spread to several oth- compound the adverse effect that the inrten-
 and females wiere counted at the end ofeach 
er islands pXises a threat to domestic and suve use of' acaricides has on the immune experimert, 1 hour after release ofth c unfed 
wild ruminants of the Americas. especialis" stants of hearwater in dome'ic herds tiks. The experiments wvere not run for 
because of tile presence there iof acrua! or 
pxitential tick vectors and thci. propensity to 
use migraton birds as hosts for immature Taule 1. Number of iA,ly ,..ita lcb. 'im adults atra ;_' and attaching to parasitized and urwarasit
stages 13, 4 . ized steers I hotr aft,% rcleasc in three triai%. 

Stales of .4 Ithr,sn are known to remain 
on hosts for sscral months 1Si and to mate T -at- Mal' ticks attached at the start "Markcd" ticks attached after I hour 
with multiple temales (6, . The attachment of mcnt I 3 1 2 3 
unf'ed tbrms imales, fermales, and n-mph, is Group A 
stimulated be an aggregation-attachment Steer 1 149 200 125 47 86 15 
pheromone (AAPi that is emitted b.- male; Steer 2 140 250 135 87 184 22 
after a period of tccdini j7. S'i. As a result. Group B 
ticks tend to accumulate otn suitable hosts in Steer 3 2 14 1 0 
clusters formed at sties such asthe bcll' or Stecr4 0 If 4 0 0 
genitalia) %%shere hosts groom least cfflctise 
Is 0,. It is known 'hat ittled adults of i 
irer, trim, are attracted to th- sour,c of AAI' Table 2. Number ot .'rly'':;.: u, r adult, attracted and attaching to pheromone-tr4'ated and 
atter stiitulation br linh ci ctcutttatit, st untreated stiver 30 minuties aftr releasc 01 100lmarked males and 100 marked frmales. 
((. as occurs it tite breath oft Largo nam, 
nial hosts (14-121. Tihe rcspttrses to both Pheruminc-trated Untreated steer 
CO and AaI' appear to betipart f a sclcc- Trea-ment steer F ma 

.\Iale Female Male Female 

Unri:rsrt o! F oia and L 5sAecnet lifr rrtirtir 'ial Marked. released tick, attiched 24 12 0 2Declrpimn Z i rrha t eaor! atcr : " .5. erhc Wild ticks attached%%.tcr nnr" RsC%rdT 1. 	 6 5 0 0, Lit-rti.a%.Z lh'harc I o" S 101 ( ' , ,tarked. released tick, on steer orin nimedlate [4 43 3 0 
vi_cinito < 0.5m 

'Presentaddress ILI.AI. I') I!- 317(19. NaI. N Wild ticks on steer or t imnediate sicitin 3 .( 00
hirna !<0.5 ,ts; 
,i irhrni etirtcrnmdrld r SCll NCc VOldr.2d 
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longer periods of time in view of the dangers 
of prolonged lateral recunbancv in rumi-
nants. 

The behavior of the ticks released down-
wind of group A steers was markedly differ-
ent from that of the ticks released downwind 
of group B. The latter ticks initiall- re-
mained fairv morionl,'e -,or niear the site 
of release and then gradually uLpersed in all 
directions: man ' disappeared in o the litter 
on the surface of the soil. Tick, of group A. 

untra~t. immediately %ta-,edto move cni 
masse ro.ward the steers. rne group A steers 
also atraed wild. unfcj adults bo-h males 
and temaes of .I. hebr:,;on from distances 
o 	.orc than 3 m. Wild aduIs that were in 

unmediare vicinin- within 0.5 mi of 
ner uroup ofsteers moved to the animals. 
Large numbers of he marked adults at-

rached to group A steers and fesw, ans-,it' 

attached to group B steers 'Table I. Males 
and females were attracted in almost equal 
numbers to the steers of group A. The 
majorit- of the marked ticks attached in the
immediate sicintrv of the males that \%ere 
already on the animals, thus increasing the 
sizes of existing clusters of ticks. 

To show that the group B stern did not 
repel ticks, at the end of the second and 
third replicates, 20 prefed .1. hebraeuimale 
ticks were placed on each animal. The ticks 
attached without delay. Twenty'unfed ticks 
i10 male and 10 femalei were then released 

onto each of die steers in the proximity of
these ticks. Within 5 minutes morz than 
90 % of the unfed ticks had begun to attach. 

Finally, an experiment was performed to 

determine whether or not AAP alone was

responsible for the attraction of the ticks to 
the steers. Two tick-free steers that had been 
lipped in dioxathion 3 weeks beforc the 
Nperiment and were manually freed of ticks 

on alternate days, thereafter were sedated as 
'bove and brought to li:eral recumbancv 1 
m apart. An extract ofAAP was prepared by 
shaking 200 fed males of.A. hebraesm in 200 
ml of diethyl ethet. This was poured on 
selected sites (escutcheon, posterior ofabdo
men, hind feet) of one steer, and the other 
steer was left untreated. Alter the ether had 
evaporated 100 male and 100 female A. 
hebracsm marked with fluorescent dust were 
rcleacd 3 m downwind of the twro steers, 
After 30 minutes the number ofticks attract-
ed and attaching to either steer was counted, 

Nearly half(41 male and 57 female) ofthe 
marked ticks responded with host-seeking 

havior and t.ost were attracted to the 
hcromone-treated steer (Table 2). The re-

.iLainder burrowed into the upper layers of 
the soil.
Some wild ticks in the vicinity of 
the experiment were also attracted to the 
treated steer. Some of these climbed onto 
the steer within 13 minutes after first being 
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sigtised 9 m awav. %lostmale ticks, released 
or wild. attached to the treated steer within 
minutes of making ccntact with it. Both 
released and wild females were slower to 
attach and most were found moving about 
the animal or in its inrne-diate vicinity, 
indicating that an additional factor, possibly 
clasping by fed males (5), stimulates their 
rapid attachment. Approximately half the 
ticks attaching to the treated steer did so on 
areas where pheromone had been applied. 

Hess and de Castro speculated that phero-
mone-emirtin males of a related species of 
tick. A. :,,sriain, may "'bat a host or a 
herd" 13). That this istrue, at least in part.
fur A. ltibrain is shown by our results. 
Further. our findings confirm that the pres-
ence of phaerumone-emittng males allows 
the unfed ticks to discriminate between 
hosts on which adults have fed successfully 
(that is. suitable hostsi and hosts on which 
the.' have not 'that is. porentiall' unsuitable 
hosts). The effect is apparently to reduce 

mortaliy in populations ,ifA. hebraium
caused b' unfed ricks attaching to unsuitable 
hosts. These findings also lias-c economic
and epidemiological impiications. Cattle 
regularly neated with acaric:des may pick up 
feswer unfed adults (7) and ymphs (8 than 
untreated cattle or wild hosts. The host-
selection mechanism therefore minimizes 
the effectiseness of acaricides in reducing 
bont tick populations when large numbers 

of suitable wild hosts are available. It will
also reduce the frequency of transmission of
heartwater to acaricide-treated cattle and s 

may' adversely affect immunirs within cattle 

herds.Exposure to heartaatr isparticularly
important in young cattle, which gradually 

lose their resistance to the disease beyond 
the age ofabout I month (14). Immunity to 
heamvater in cattleis thougnc to be tran. 
sicnt unless reintorced by repeated exposure 
(1). The chances of young calves acquiring 
immunity to hearvater nught be increased 
by treating them with AAP or infisting 
them with male ticks, thus making them 
attractive to infected unfed nymphs and 
adults. 

pr. 

o 	 R. A. 1.Norva ,tal.-,.Appl..4ran).. inpres. 
I. F. Butier. 
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11.R. A.I. Nor'al. C. E. Yunker. d..3. 

12.UnLke many threehost Lsodidticks. '%huchrestonvegetation while awaiing contact 'ith a suitable 
host. Msks seekout theirpost-larval bont actively 

hosts.Upon sensingthepresence
he emerge from subsurtacc testing places and run 
rripttlitoILu 

ofahost nearb. 

13. E. Hessand J.J.deCatro. I)Sp .4;;i. itir2. 
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The Perception of Intention 

VERENA DASSER, 1B ULBAEi, DAVID PREMACK* 

Classical work on the perception of causality in humans is extended to the perepqtion
of intention. Two experiments explored the sensitivity of preschool children to 
intentional events that can be stated in terms oftime and distance only. In habituation
dishabituation of attention tests, preschool children differentiated between intentional 
movement patterns of two balls and the nonintentional control events where the 
movements were desynchronized. Also, reversal of the roles of the balls produced more 
recovery of attention in the intentional case than it did in the noointentional case. 

VENTS THAT LEAD TO THE PEtCE1-
tion of causality can be stated in 
terms of place and time. For exam

pIe, Michotre (1) showed that when two 
objects collide, provided the launchingSsof 
one coincides temporally and spatially with 
contact by the other, the hunan adult per-
ceives the relation as causal. Thus, contrary 

to Hume (2), perception of causality can be 
produced by even a single instance of the 

V. Dasser and D Premads, Deparent of Pschologs
 

Univerity of Pennsvlvania, Phdadelphia, PA 19104.
I. Ulbaek. DepaIent of Applied and Computational
LinguisticstJnisenirv of )puhjgen. Copenhagen. 
Denmark.
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Pheromone-Mediation of Host-Selection in Bont
Ticks (Amblyomna hebraeum Koch) 

R. A. I. NORVAL,* HOWARD R. ANDREW, C. E. YUNKERt 

The bont tick, Amblyomma hebraeum, is the principal vector to southcrn African 
ruminants of heartwater (Cowdria ruminantium infection). The role of fceding male 
ticks, which emit an aggregation-aatztcament pheromone, in attracting unfed ticks to 
cattie was investigated. Calves infested with feedih.g made ticks were more attractive to 
unfed adult ticks than vere uninfested calves. The presence of the pheromone on 
previously infested cattle apparently allows unfed ticks to discriminate between hosts 
on which these parasites have fed successfulfly (suitable hosts) and those on which they
have not (potentially unsuitable hosts). The use of acaricides is thus unlikely to reduce 
bont tick populations in areas where adequate numbers of alternate (wild) hosts are 
present. Also, cattle so treated may lose their resistance to heartwater through lessened 
exposure to infected ticks. 

HE SOUrMiERN AFRICAN BONTTICK. 
AmIblympina hlai, n Koch. is an im-
portant pest of lisestock and a rnajo, 

VeCtor ofheamarer disease, caused by Cowv-
drianniinaisin, in domestic ruminants (1). 
This disease, characterized by high mortaliy 
of susceptible animals in enzootic areas, has 
long been considered one of the most im-
pottant livestock diseases of Africa (2). In 
addition, its establishment in Guadeloupe 
Island and subsequent spread to several oth-
er islands poses a threat to domeatic and 
wild ruminants of the Americas, especially 
because of the presence there of actual or 
potential tick vectors and their propensity to 
use migrato n ' birds as hosts for immature 
stages .13.4;. 

,lales ofA hebracimi are known to remain 
on hosts for seseral months (51and to mate 
ssith multiple females, 6,.The attachment of 
unfed forms Imales. females, and nymphs) is 
stimulated by an aggregation-attachrrrnt 
pheromne .LAP, that is emitted by male5 
aftera period of fecding (7... As a result, 
ticks tend t,accumulate on suitable hosts in 
chsters formed at site, such as the bell\ or 
gciit.,ha\%here hs! groom leastl effcctisc
i, *,. adults o- A.It is known tha,utnfe'd 

i r,e t, the source i f AAI'attractd 
afterstinula:oi b'.Ingihcincnt ratior,of' 

.):aXoc ur, in ti"hreatli iflarge mnam
mal itists I lP12 The resplmes to both 
("O. and AAP appear to le pan of a selec-

andii. rus ,I ~ia ' ', Acin, irIntrniainal 
r1mcn:. !a,- ire Rlrc 

',r:, R-..a .lh,,C llarked. 
io i, Zin. atc, ( iii t','ct 

r . 

Iusen add-.t.' II.L 3-i 9 \a,u .D. Pi ti Ni 
krma 


•I ll mi orso ,ijdcnr sitiiht I'N rt ,LM 
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tion process that ensures that ticks attach 
preferentially to hosts on which they are 
likels to feed successfully. Cattle on swhich 
pheromone-emitting male ticks are attached 
were found to be significantly more attra-
tiveto unfed adult ticks than are unintested 
cattle. This host-selection mechanism ma' 
limit the effe:tiveiess ofacaricides in rcduc-
ing bont tick populations in areas sshere 
untreated alteinative hosts occur. It may also 
compound the adverse effect that the inten-
sise use of acaricidcs has on the immune 
status of hearrivater in domestic her: 

O1 three occasiolns durin- [he sunmer o!1987 the attractivenessto int'd adults of A.
Reportshebwimiof t\ix Friesland steers infested 
with pheriontonc-entitting male ticks (group 
A) Was compared wite that of two similar 
uninfested steers (group B) at Zimbabwe's 
Mibizi Quarantine area in tne southeastern 
lo,,eld. Group Bsteers had been treated at 
weekly inter'als for ai least 2 months with 
an organophosphate acaricide (dioxathion) 
until 7 days before each experiment. The 
obserned residual effect of t.e acaricide was 
2 to 3 days and, as males must feed for 
approximately 7days I-,,rire emitting phero 
mone (8), the treatment regime ensured that 
the treated steers were pheromone-free. All 
experiments w%'erecarried out in the late 
afternoon when soil temperatures ha.j 
dropped below 30'C nd tner.,was asteady 
gentle breeze blowing from the southeast . 

The steers %%-ere sedaed bs intravenous in
jection of Rompun (0.3 m' 00 kg of body 
weight) and brought to lateral recumbancv 
with ropes. 

The two grup A steers %\'eretested 100 
m away from the two group B steers. Two 
hundred pairs of unlid, !aboratorv-rcared 
adult males and fermales of A. helsitin, 
which, had been marked with fluorescent 
dusts ofrs-:) different colois, wsere released 3 
imdownwind from each goup. rhe number 
of attached males (unmarked) were counted 
before the start of the experiments. At
tached, unmarked males and marked males 
and females w%,erecounted at the end of each 
experiment, 1 hour after release ofthe unfed 
ticks The experiments weere not run for 

Table 1.Number of.Iml, aei-m4..:.i hl, adults attractcd and attaching to parasined and unvarasi:
ied steersI hour after relcasein three trials. 

Treat• 1\rMIalticks anached at the stan 

mcnt 1 2 3 
G A 

Steer 1 149 200 123 
Steer2 140 250 135 

Group It 
Stert 3 2 4 
Steer4 

,atked ticks attached 1hour 

1 2 3 

47 86 I5 
87 184 22 

1 1 0 

Table 2. Number olIAmilylm.: iiliiim adults attracted and attaching it,plieromone-tr eared and 
untreated steers 30 minutes after release of 10( niar; .dmales and I(10marked females. 

Triernmt-treated 

Treatment 

Marked. released ticks aradicd 
Wild ticks attache I 

released ticks oe steer lr in immediate 

sicints" ,<(1.5 In; 
Wild ticks utsteer irinimmediate liiV

{<(1.3 m. 

Untr:.iecd steer 

\laic Female Male Female 

24 
6 

14 

12 
5 

43 

0 
0 
3 

2 
0 
0 

.3 5 ( 
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longer periods of time in view of the dangers
of prolonged limtra! recumbancv in rumi-
nanis. 

The behavior of the ticks released down-
wind of group A ste:rs was markedly differ-
ent from that of the ticks released downwind 
of group B. The latter ticks initially re-
mained fairly motionless a: or near the site 
of release and then gradually dispersed in all 
directions; m.ns disappeared into the litter 
on the surface of the soil. Ticks ofgroup A.
in :ontrast. immediately starred to move en 
masse tov.ard the steers. The group A steers 
also atracted wild. untd adults (both males 
and tenialies of .4. hri eun from distances 
of nore than 3 m. Wild adults that were in 
the mamediate vicinin'swithin 0.5 mi of 
either ,roup o steers moved to the animals. 

Large numbers or' the marked adults ar-
tached to group A steers and fiew, it any
attached to group B steers (Table 1I. dales 
and females were attracted in almost equal
numbers to the steers of group A. The 
maiority of the marked ticks attached in the 
immediate vicinit- of the males that were 
already on the animals, thus increasing the 
517se existing clusters of ticks,O 

To show that the group B steers did nor 
repel nicks, at the end of the second and 
third replicates, 20 prefed A. hebraeum male 
ricks were placed on each animal. The ticks 
attached withoit delay. Twenty unfld ticks 
(101male and 10 female) swere then released 
onto each of the steers in the proximity of 
these ticks. Within 5 minutes more than 
90% of the unfed ticks had begun to attach. 

l
Finally, an experiment was performed todetermine whtther or not AAP alone Was 

responsible for the attraction of tie ticks to 
the steers. Two tick-free steers that had been 
,ipped in dioxathion 3 weeks before the 
experiment and were manually freed of ticks 
on alternate days, thereafter were sedated as
above and brought to lateral recumbancy 1 
m apart. An extract of AAP was prepared 'by
shaking 200 fed males ofA. hebraeum in 200
ml of diethyl ether. This was poured on 
selected sites (escutcheon, posterior ofabdomen, hind feet) of one steer, and the other 
steer was left untreated. After the ether had 
evaporated 100 male and 100 female A. 
hebraiunmarked with fluorescent dust were 
released 3 m downwind of the two steers, 
After 30 minutes the number ofticks attract-
ed and attaching to either steer was counted, 

Nearly half (41 male and 57 female) of the
marked ticks respondcd with host-seeking 
behavior and most were attracted to the 
vheromone-trcated steer (Table 2). The rc-
mainder burrowed into the upper layers of 
the soil. Some wild ticks in the vicinity of 
the ,.xperiment were also attracted to the 
treated sterr Sortie of these climbed onto 
the steer within 13 minutes after first being 

sighted 9 m awav. \lost male ticks, released 
or wild, attached to the treated steer within 
minute., or making contact with it. Both 
released and wild fermales were slower to 
attach and most were round moving about 
the animal or in its immediate vicinity,
indicating that an additional factor, possibly 
clasping by fed males (j), stimulates their 
rapiu attachme:it. Approximately half the 
ticks attaching to the treated steer did so on 
areas where pheromone had been applied.

Hess and LieCastro speculated that phero-
mone-tmimting males ,f a related species of 
rick .4. ',iriqr, may "bait a host or a
herd" 13. That this is true, at least in part. 
for .4. .-'brinrum is shown by our results. 
Further, our findings confirm that the pres-
ence of pheromone-emitting males allows
the unfcd rucks to discriminate beneen 
iiosts on which adults have fed successfully
(that is. suitable hostsi and hosts on which 
the, have not ,that is. potentially unsuitable 
busts. The effect is apparently to reduce 
rmortalit- in populations or .4. hebracii 
caused by unted ticks arrachin to unsuitable 
hosts. These tindings also iave economic 

-and epidemiologieal implic:tions. Cattle 
7eUlarlv treated with acaric:.c:s may pick up
fewer untd adults 7) and r.%mphs (8) than 
untreated cattle or hosts. Thewild host-
selection mechanism therefore minimizes 
the effectiveness of acaricides in reducing
bont tick populations when large numbers 
of suitable wild hosts are available. It will 
also reduce the frequency oftransmission of 
hea"twater to acaricide-treated cattle and so 

may adversely affect immunity within cattleherds. Exposure to heartsvater is particularly
impottant in young cattle, which gradually 

lose their resistance to the disease beyond
the age ofabout I month (14). immunity to 
hearrwater in cattle is thought to be tran
sient unless reinforced by repeated exposure
(1). The chances of young calves acquiring 
immunitv to hcarrwater might be increased 
by treating them with AAP or infesting
 
them with male ticks, thus making them
 
attractive to infected unfed nvnsohs and
 
adults. 
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The Perception of Intention 

VERENA DASSER, IB ULBAEK, DAVID PILEMACK* 

Classical work on the perception of causality in humans is extended to the perceptionof intention. Two experiments explored the sensitivity of preschool thildren tointentonal events that can be stated in terms oftime and distance only. Inhabituation
dishabituation of attention tests, preschool children differentiated between intentionalmovement patterns of two balls and the nonintentional control events where themovements were desynchronized. Also, reversal of the roles of the balls produced morerecovery of attention in the intentional case than it did in the ncnintentional case. 

VENTS THAT LEAD TO TH- PERCEP-
* tion of causality can be stated in 

. terms of place and time. For exam
pIe, Michotte (1) showed that when rwso 

oaobjects collide, provided the launchino of 
one coincides temporally and spatially with 
contact by die other, the human adult per-
ceives the relation as causal. Thus, contrar, 

to Hume (2), perception of causalit' can be 
produced by even a single instance of the 
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