FOLIA PARASITOLOGICA (PRAHA) 29:61—67, 1982,

PHEROMONE-REGULATED AGGREGATION IN LARVAE,
NYMPHS AND ADULTS OF IXODES RICINUS (L.)
(ACARINA: IXODIDAE)

Z. HATJKOVA and M. G. LEAHY

Institute of Paraéitology, Czechoslovak Academy of Sciences, Prague, and Mount St. Mary’s College.
Los Angeles

DEDICATED TO ACADEMICIAN B. ROSICKY ON THE OCCASION OF HIS
60TH BIRTHDAY -

Abstract. In the species Izodes ricinus (L.) aggregation of various developmental stages to their own
pheromones and to those produced by other stages is demonstrated by the Petri-dish method. Male
pheromone clicited the strongest response from larvae, nymphs, males and females. It is soluble in
saline but not in ether, benzene or acetone and is relatively stable. Both sexes responded to phero-
mone from nymphal exuviae and in each sex the greater response was to exuviae of males rather
than of females. Date of feeding experiments is considered in relation to aggregation pheromones
and host location.

Graf (1975) was first to demonstrate pheromone activity in ticks of the genus Izodes.
He reported that female I. ricinus (L.) produces a sex pheromone to which males and
females are attracted. Treverrow et al. (1977) found evidence of pheromone activity
in I. holocyclus Neumann. They referred to the agent as an aggregation pheromone
since the activity occurred not only between but within the sexes. Uspensky and
Emelyanova (1980) demonstrated aggregation within and between the sexes of
1. ricinus and I. persulcatus Schulze.

The few known characteristics of these pheromones of the genus Izodes are more like
those of argasid ticks than like the majority of pheromones reported for other ixodid
ticks. The argasid pheromone is released by unfed adults, is relatively stable lasting
for weeks and id aqueous soluble. The first two characters occur in the 3 species of
Txodes studied. Solubility was investigated only for the female pheromone of I. ricinus
and it was aqueous.

On the other hand with only two exceptions (see Discussion) pheromones reported
for other ixodids are released by feeding females (Berger et al. 1971, Sonenshine et
al. 1974, Chow et al. 1975, Wood et al. 1975) or feeding males (Gladney et al. 1974,
Rechav et al. 1976, 1977, Obenchain et al. 1977). These pheromones are organic
soluble and the ones identified are phenolic compounds. Since the argasid assembly
pheromones are produced not only by females but also by males our first interest was
further investigation of male-induced assembly behaviour in I. ricinus. It has been
reported recently that pheromone-regulated activity is present not only in the adult
argasid tick Argas persicus Oken but also in its larvae and nymphs, and, in addition,
between its various developmental stages (Leahy 1979). Hence our second aim was to
extend the study of pheromone-regulated assembly to all stages of the life-cycle of
1. ricinus.
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MATERIALS AND METHODS

Adult ticks were field collected in the area of Sirka (near Prague) or provided by Institut de
Zoologie, Université de Neuchétel, Suisse. Adults were fed in a sack on the back of g rabbit. Larvae
and nymphs of the experiments were from the F; generation of these females and were fod on mice.
Assembly tests were performed using the Petri-dish method (Leahy et al. 1873) with modifications
for this tick which is quite minute and has extremely high humidity requirements. We harvested
the presumed pheromone in centrifuge tubes 12 x 150 mm with water in the bottom. About 15—20 mm
from the top of the tube was a cork with a hole in the centre and with fine nylon mesh on the top
of it. A filtre paper disc (Whatman 1) was placed on the cork and sufficient number of ticks to cover
it, (about 200 larvae, 50 nymphs, 30 males and 25 females unfed and 50 larvae, 30 nymphs and
2 fernales fed), then another disc and ticks, ete. Ticks for production and testing of pheromone were
a month or more old and were maintained at 22 °C and 80—100 %, RH. The assembly test dishes
(60 mm) were divided into 4 sectors containing filtre paper dises (10 mm diameter). Strips of adhesive
tape were wound around the outside wall of the bottom plate to prevent escape of ticks.

At bioassay we placed 10 ticks in the centre of the dish containing 3 clean discs and a challenge
disc in the sector 4. We transferred the dishes to a dark incubator 22 °C and 80% RH and after 1 hr
recorded tick distribution.In control tests we used clean discs in all 4 sectors or 3 clean dises and 1
with solvent. Each experimental and control test was performed with a minimum of 50 ticks (5 repli-
cates with 10 ticks each) and we analyzed data by Chi square method. When we employed specific
methods the details are given with the particular experiment.

RESULTS

1. EFFECT OF FEEDING ON PHEROMONAL ACTIVITY

In order to decide whether to use as a standard source of pheromone hungry or fed
ticks, we investigated the effect of feeding on pheromone activity. There are two factors
which may be influenced by feeding: a) amounts of released pheromone and its compo-
sition may change after feeding, b) responsiveness of ticks to pheromone may change
after feeding.

To test this in I. ricinus, unfed ticks were challenged with material from both fe:d
and unfed ticks (Fig. 1). There is no question but that in these experiments with males,
females and nymphs a significantly higher percentage aggregate near discs fromn fed
than unfed ticks (P < 0.01). Whether there was quantitative or qualitative change
in the pheromone on discs obtained from fed ticks is not known.

In the next experiment we tested the response of unfed and fed larvae and nymphs
to material from fed ticks of the same stage in comparison to the expected distribution
in a dish of equivalent sectors (Fig. 2). Tae unfed ticks of both stages responded signifi-
cantly (P < 0.01) and the fed ones did not.

Thus the results of the release and response cxperiments determined our procedures
in subsequent experiments. When harvesting pheromone we obtained it from fed ticks,
whereas unfed ticks were used for testing. One exception to this procedure was intro-
duced. We did not feed males before testing their pheromone production since it has
been reported that they seldom foed in nature (Cerny, pers. comm.).

2. MALE PHEROMONE

To determine whether males produce pheromone we held them in a harvest vial
for 6 or more days and then challenged ticks with a disc from the vial. Both males and
females responded to dises with male material (P < 0.01, Fig. 3). In aldition both
larvac and nymphs also responded to male pheromone (P < 0.01).

We investigated the solubility of the male pheromone by washing the active dises
in 0.2 ml of ether, benzene, acctone and saline for 5 min and then transferred the
washings to clean dises and air dried and tosted the dises. Resnlts were negative except
for saline washings. In these tests males were challenged in dishes with 3 clean dises
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and 1 with saline washings. The control dishes had
saline. After 1 hr the response to saline was not
was highly significant (P < 0.01).
retained activity.

had 3 clean discs and 1 with 0.2 ml
' significant whereas response to extract
These pheromone discs held at 4° C for 6 weeks

3. PHEROMONE-REGULATED BEHAVIOUR I

N LARVAE, NYM
ADULTS OF I. RICINUS NYMPHS AND

Observations of I. ricinus indicate the presence of pheromone-induced hehaviour
.that_ls both homologous and heterologous in character. Homologous assembly is seen
in ¥ig. 3 where larvae aggregate to larval material, nymphs to nymphal, males to male
and females to female material, each at P < 0.01. o

Heterologous assembly hehaviour is demonstrated in most tests of larvae, nymphs
a.{)ld a,dlfilt_s to pheromone material of other stages (Fig. 3). The most striking response
observed 1n any stage is to male pheromone (larvae 54 © 4 0 ales
Cemates 76 o1 P (larvae Y0» nymphs 70 9, males 78 %

Females, males and nymphs respond significantly (P << 0.05
test without exception. Larvae also respond heterolo
female material within the hr pe
cant, 2 were not.

) in each heterologous

. gously but not to nymphal or
riod. In summary: 10 heterologous tests were signifi-

4. RESPONSE OF ADULTS TO NYMPHAL EXUVIARE

To determine if pheromonal mate
challenged males and females with
thesc exuviae are of 2 kinds i.e. th
whether males respond more stron
we put fed nymphs into individu
harvest vials containing exuviac

rial is in some way connected with exuviae we
discs which had contacted nymphal exuviae. Since
os¢ produced by the two sexes we tried to determine
gly to exuviae of the male or the female. To do this
a_l vials and then after emergence of adults prepared
from females and from males. These containers did
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not have water in them as in the case of the live ticks. This oversight did not prevent
pheromone transfer to the dises since both unfed males and females responded signifi-
canlly (P < 0.01) when challenged with dises from these vials (Fig. 4). However, the
response is somewhat less to exuvial than to adult pheromones. It is interesting that
hoth female and male response to exuvial pheromones is higher towards that of males
than females and that the sex preference is the same as in the tests with adults.

DISCUSSIGN

Where tested, pheromone release and response in I. ricinus was significantly affected
by the feeding condition of the tick (Figs. 1, 2). These data are in agreement with earlier
findings on argasid ticks,demonstrating that dises frou fed ticks eiicited a higherassembly
response than did those from unfed ones, and that unfed ticks responded more rapidly
than fed ones (Leahy et al. 1975). Our data indicated that this pattern of pheromone
release and response in relation to feeding was present also in immature stages of
1. ricinus. The only situation in which the effect of feeding was untested was in males
and this was for two reasons. We already had cvidence that pheromonal activity from
unfed males was adequate to obtain significance in our tests and it seemed without
value to attempt to feed them when feeding is not normal for them in nature.

In addition to the homologous assembly there were only 2/12 heterologous tests in
which aggregation was not significant. (Fig. 3). Perhaps a longer test period or higher
concentration of pheromonal material would reveal latent aggregation tendencies in
these instances also.

The influence of the male pheromone of unfed I. ricinus is striking. It consistently
dominates in tests with larvae, nymphs, males and females (Fig. 3). It does not seem
related to the aggregation-attachment pheromones of some Amblyomminae (Giadney
1971, Rechav et al. 1976, Obenchain et al. 1977) which are produced by feeding males
and are organic soluble, since in I. ricinus the pheromone is released by unfed males
and it is water soluble. It may show some similarities with the aggregation pheromones
of Aponomma concolor Neumann (Treverrow et al. 1977) and unfed Hyalomma drome-
durit Koch (Hajkova ot al. 1980) both of which have water soluble pheromones.
However, in neither of these species was male dominance demonstrated. Perhaps species
differences or differcnces in the methods of pheromone harvest e.g. age of ticks, might
account for the appearance or non-appearance of male dominance among ixodid phero-
niones.

Uspensky and Emelyanova (1980) report that under their experimental condi-
tions significant production of male pheromone of I. ricinus appears before that of
females. We found that the higher activity of male pheromone is already indicated in
tests of the nymphal exuviae (Fig. 4). Although the male I. ricinus does not have
significantly greater longevity than the female his dominant role commences earlier.
When Treverrow et al. (1977) found nymphal cuticles of A. concolor were highly
attractive they specalated that this would certainly intensify aggregation.

Aggregation might well have survival value for a species such as I. ricinus with
a 2—3 year life cycle. In the complex interplay of survival factors, aggregation would
affect such obvicus needs as sexual recruitment and humidity. The results of our
homologous and heterologous experiments suggest that the aggregation pheromones of
I. ricinus have a role in its food location. It scems quite reasonable that after it feeds,
the tick produces more material thus signalling successful host location and at the
same time the tick becomes less active in response to pheromonc stimulus. This tendency

Fig. 4. Comparison of responses of I.

to aggregate and to do so specially when feeding would account for the fact that in
collected from live adults of each seX.

ricinus to pher: i - . . . . :
pheromones present on exuviae and pheromones nature the various stages of I. ricinus are usually found in the same arca, i.e. the resting
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place of hosts of adult ticks. However, there is some ambiguity here. On one hand,
pheromones of fed larvae, nymphs and females induce a greater response than unfed
ones. On the other hand, the strongest response is evoked by pheromone of unfed
males. More precise information is needed on source, chemistry and quantitative aspects
of pheromone(s) evoking aggregation response among the various age and sex groups
of 1. ricinus.
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PEI'VJINPOBAHHOYE ®EPOMOHOM CKONJEHUE ¥ JHYUHOK, HIIM®D
U B3POCHLIX KJIEMEW IXODES RICINUS (L.) (ACARINA: IXODIDAE)

3. Xajfikosa u M. I Jeiixu

Pesiome. Y Bista Jzodes ricinus (L.) IPOICMOHCTPHPOBAHO ¢ HOMOMILIO M2ToJa wamsi [Terpy
cxonnennega;&ﬂux CTAIME PA3BUTISL,  BAI3LIBACMO COOUTBEHHBIM I I1P M3BDIHMBIM APYyruMu

CTA; IMAMI

CPOMOHAMU. (DO})OMOH CaMHOOB BbBI3KIBA.T CaMyIio CHJIbHYIO PEAKUHI Y “HIHUHOK,

HuMQ, caMUOB M caMOx. IJT1a cyGeTaHNmMs pAcTBOPUMA B (BU3MOIOFHYS KIM PACTBOPS, UO He

Ha

B ac()i)npe, OCH3071e 11 ALCTORE M OTHOCHTCILHO

yerToiunsa. 02004 050HX OO pearupoiraIn
CPOMOR OT SR3YBHI UM} I Ra#LII M0.T $OTee CHILHO PCATHPOBAT HA IK3YBHI CaMIOB

YeM Ha TAKOBLIC CAMOK. HCplrIOL( ORCIIEePHMEHTOB ¢ KOpM/IEH ACM KTeme:d PACCMATPUBACTC S
B CBA3W ¢ BhIBBIBAIOIIUMI CKOILTEHHEe (I)SpOMOHHMH H MCCTOHAXOMK, (CHUEM XO3fHHA.
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