Acarina 7(1): 29—33

©ACARINA 1999

REGENERATIVE MODIFICATIONS IN THE EXTERNAL STRUCTURE OF HALLER’S
ORGAN IN NYMPHS OF IXODES RICINUS L. (ACARI: IXODIDAE)
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ABSTRACT

The structural modifications in regenerated
Haller’s sensory organ in nymphs of Ixodes (Ixodes)
ricinus from which forelegs have been amputated at
larval stage, are similar with those in nymphs of
another prostriate tick, I.(Afrixodes) rubicundus. In
both cases the nymphal regenerates re-establish
larval features through a reduction of some sensilla
in two compartments of the organ (on the distal
knoll and in the post-capsular area). This juvenili-
zation of Haller’s organ is explained as a result of
peculiarities in regenerative processes under hor-
monal condition during larval-nymphal metamor-
phosis (high juvenile hormone content).

PE3IOME

Humnl Ixodes (Ixodes) ricinus, nepeaHue HOrv
KOTOphIX ObUIM aMNYTHPOBaHbLI Ha JIMYMHOYHOMN
CTallMK, 110 pereHepaTUBHBIM U3MEHEHHUSM B CTPO-
€HUM CEHCOPHBIX OpraHoB "aniepa 0OHAPYXKHUBAIOT
cxoAcTBO ¢ HUM$aMMU ApPYroro MpoCTPUATHOTO
ukconoBoro kieina /. (Afrixodes) rubicundus. B oGonx
ciyyasx HUMGaJbHBIE pereHepaTbl BOCCTaHAB-
MUBAM JIMYMHOYHBIE MNpPHU3HAKM (B pe3yabTare
yTpaThl HEKOTOPBIX CEHCUJIJ B IMCTAILHOM M MOCT-
KancyJIsipHOM oTaeJiax 3Toro opraHa). [peianona-
raeics, YTO TaKasl HBEHWIM3ALIMs opraHa [annepa
obyc/cBIeHa 0COOEHOCTSIMU pereHepaTUBHBIX PO~
1IECCOB NPU BBICOKOM COLEPXXaHUMU KOBEHHMUJIBHBIX
TOPMOHOB, XapaKTEPHOM I JIMYMHOYHO-HUM-
banbHOrO MeTaMopo3a MKCOJOBBIX KIEIEH.

INTRODUCTION

Data on the morphology of Haller’s organ, the
main and unique sensory organ of ixodid ticks, are
widely used in studies of the taxonomy and phylog-
eny of this extremely important group of Acari
[Balashov and Leonovich, 1978, 1981: Homsher
and Sonenshine, 1979, Homsher et al., 1991;
Baker, Jackson, 1996]. Some novel approach for
solving these problems is represented by investiga-

tions of structural changes in the organ after its
regeneration [ Leonovich and Belozerov, 1992, 1993;
Belozerov and Leonovich, 1995; Belozerov, Kok
and Fourie, 1997]. This approach may give new
perspectives in studies of ethology and, especially,
of developmental biology of ticks alsc.

These changes, as was demonstrated in the
initial study of Haller’s organ regenerates in /xodes
ricinus L. adult ticks, are very regular beeing
concerned the number and topography of its sensil-
la [Leonovich and Belozerov, 1992]. The further
studies of nymphal and adult regenerates of Haller’s
organ in Hyalomma asiaticum [Belozerov and Le-
onovich, 1995] and Lrubicundus [Belozerov, Kok
and Fourie, 1997] have shown that the regenerative
modifications in Haller’s organ are in strong de-
pendence on the developmental stage when regen-
eration occurs. Adult regenerates reveal atavistic
multiplication of sensory elements in most parts of
Haller’s organ having re-established its ancestral
features, while nymphal regenerates re-establish
typically larval features of the parent species through
a reduction in the number of some sensilla. This
dependence, as followed from the studies on
H.asiaticum and [.rubicundus, is common to both
metastriate and prostriate ixodids [Belozerov, Kok
and Fourie, 1997].

The character of structural modifications in
adult regenerates of Haller’s organ is the same in
both investigated species of prostriate ticks —
L.ricinus [Leonovich and Belozerov, 1992] and
Lrubicundus [Belozerov, Kok and Fourie, 1997].
Unfortunaterly, the information concerning such
changes in nymphal regenerates for [l ricinus was
absent. The presented paper makes this information
to be available, and enlarges our knowledge about
pathways of Haller’s organ regeneration during the
whole life cycle of I ricinus.

MATERIALS AND METHODS

The larvae for this study were obtained from the
laboratory culture of Moldavian [.ricinus ticks. The
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unfed larvae (second generation) were maintained
under a short-day photoperiod (LD 12:12) at 18°C,
and at the age of 6 month they were fed on white
mice. The engorged larvae beeing transferred to a
long-day photoperiod (LD 20:04) and higher tem-
perature (25°C) were treated by amputation of the
left foreleg in 1—2 week after their drop-off.

The operation was undertaken before the begin-
ning of apolysis in nymphs when they were in the
state of active crawling. Forelegs were amputated at
the level of the femur base, as in our previous studies
on limb regeneration [Belozerov, 1993] and on
regeneration of Haller’s organ [Leonovich and Be-
lozerov, 1992; Belozerov and Leonovich, 1995;
Belozerov, Kok and Fourie, 1997]. In some larvae
the operation was combined with amputation of
distal part of palps. After moulting into nymphs the
operated specimens (as well as non-operated control
nymphs) were fixed and stored in 70% ethyl alcohol.
Before examination by scanning electron microsco-
py (SEM 501B PHILIPS), tick specimens were
dehydrated in an alcohol series. After air-drying and
mounting on stubs, they were coated with gold in a
sputter coater SC-500 EMSCOPE (England). The
images were recorded on photographic film (Kodak
Academy 200). Haller’s organ structure was exam-
ined in 20 operated nymphs (13 specimens after
amputation of left foreleg only and 7 specimens after
additional amputation of palpal tips) and in 7 control
nymphs. Some previous data on external structure of
larval Haller’s organ are used.

RESULTS

Haller’s organ and its sensilla in control ticks

The organ in Iricinus, as well as in all ixodid
ticks, is located on the dorsal surface of the tarsus
of each foreleg and includes four distinct parts: a
distal knoll, an anterior pit, a capsule and a post-
capsular area (Fig.1).

The set of sensillar elements in naive nymphs
of Iricinus includes two pairs of setae on the distal
knoll (two porous, WP-SW*_ and two smooth, NP-
SW setae), two smooth, UP-DW bordering setae
lateral to the knoll, six setae in the anterior pit (one
porous, WP-SW; two grooved, WP-DW; two thin,
NP-SW, and one conical, NP-DW), some porous
capsular setae and six postcapsular setae (four
grooved, WP-DW central setae and two smooth,
UP-DW bordering setae). In regard to the topog-
raphy of sensory setae (and to the shape of non-
sensory parts), Haller’s organ of the right foreleg is
a mirror image of that on the left foreleg. Thus,
sensillar set of Haller’s organ in nymphs of I ricinus

*The abbreviated designations of Haller’s organ sensillar ele-
ments used already for sense organs in ticks by Hess and Vlimant
[1986], Leonovich and Belozerov [1993], Belozerov and Le-
onovich [1995] and Belozerov et al. [1997] are taken from a
typology of insect sensilla by Altner [1977] with some modifica-
tions: wall-pore single-walled (WP-SW), no-pore single-walled
(NP-SW), wall-pore double-walled (WP-DW), no-pore double-
walled (NP-DW) and upper-pore double-walled (UP-DW).
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Fig.1. Haller’s organ in Ixodes ricinus non-operated nymph (right
foreleg). AB — anterior bordering sensilla, AP — anterior pit, Ca
— capsule, DK — distal knoll, PCA — post-capsular area. Bar
= 10 pm.

Fig.2. Regenerated Haller's organ (left foreleg) in Lricinus nymph
with changed sensillar sets on the distal knoll and in the post-
capsular area. For designations of compartments see the legend
to Fig.1. Bar = 10 um.

is completely similar to that in nymphs of
Lrubicundus, a representative of another subgenus
Afrixodes | Belozerov et al., 1997], but it differs from
that of adult and larval ticks of both [Lricinus
[Balashov and Leonovich, 1978] and L rubicundus
[Belozerov et al., 1997], inasmuch as the post-
capsular group in adult Haller’s organ includes four
(in Lricinus) and three (in Irubicundus) UP-DW
bordering setae, while larval organ includes only
two WP-DW central and two UP-DW bordering
setae. The distal and anterior-pit groups in larval
organs consist also of reduced number of setae (one
WP-SW porous and one NP-SW smooth setae on
distal knoll, and one porous WP-SW, one grooved
WP-DW, two thin NP-SW and one conical NP-
DW setae in anterior pit).
Haller’s organ and its sensilla in nymphal
ticks after regeneration

Haller’s organ on regenerated left foreleg shows
significant changes in the number of sensilla and
their topography, as well as in the shape of non-
sensory compartments (Fig.2). The character of
these changes are peculiar in different parts of the
organ.
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Fig.3. The larval trait of regenerated Haller's organ in ILricinus
nymph. The sensillar set of the distal knoll is composed of one
long porous and one short smooth sensillum, and that of the post-
capsular area is composed of two bordering and two central
sensilla. For designations of compartments see the legend to
Fig.1. Bar = 10 um.

Fig.4. The modified sensillar set of the anterior pit in regenerated
Haller’s organ in ILricinus nnmph. The set is composed of two
porous and normal number of other sensilla. The modified
sensillar sets on the distal knoll and in the postcapsular area are
composed of three and four sensilla respectively. For designations
of compartments see Fig.l. Bar = 10 um.

On the distal knoll these changes are character-
ized by reduction of sensillar setae (of smooth, NP-
SWtype in 100% cases, and of porous, WP-SW type
in40% cases). Hence, 60% of regenerates had three
setae (two porous and one smooth), while 40% of
regenerates had only two setae (one porous and one
smooth). The retained sensilla in the latter case
occupied the «larval» position on the right (inside) side
of the distal knoll of the left regenerated foreleg (Fig.3).
Some changes concerned also the bordering, UP-DW
sensilla which normally (in naive nymphs) are situated
symmetrically on both sides of the knoll, but in
regenerates this symmetry is disturbed sometimes by a
shift of left (outside) bordering sensillum in the proximal
direction (to the level of the capsula or even of
postcapsular sensilla). Such a shift occured in 30% of
regenerates.

Regenerative changes in the anterior pit were
less pronounced. They concerned the duplication
of porous sensilla in some regenerates only (Fig 4).
This occured in 30% of operated specimens also.
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But the frequency of such a duplication after the
combined amputation of left foreleg and palp’s tip
was much higher (in 4 from 7 regenerates) than after
the amputation of left foreleg only (in 2 from 13
regenerates). In the distal knoll, on the contrary, the
combined operation evoked an opposite, e.g weakening
effect (a relationship of regenerates with 2 and 3 distal-
knoll sensilla were 6:7 after ordinary amputation and
only 2:5 after combined amputation).

Regeneration in the postcapsular area resulted
practically always in a reduction of central, WP-
DW sensilla. Their number decreased up to 3
(Fig.2) in 25%, and up to 2 (Fig. 3—4) in 70% of
regenerates. The changes concerned 95% of regen-
erates as a whole. In most operated nymphs the
sensillar set in the postcapsular area acquired the
“larval” traits characterized by two central, WP-
DW, and two bordering, UP-DW sensilla (Fig.3—
4). An additional amputation of palpal tips had no
effect on regenerative changes in this area.

Regenerative induction in nymphal Haller’s
organ of Ixodes ricinus

The phenomenon of regenerative induction
described earlier in Ixodes ricinus adult ticks [Le-
onovich and Belozerov, 1992] and then in
I.rubicundus nymphs and adult ticks [Belozerov et
al., 1997] consists of specific structural changes in
Haller’s organ of the non-treated foreleg in re-
sponse to amputation of opposite foreleg. Such
changes were never detected in Hyalomma asiati-
cum [Belozerov and Leonovich, 1995]. It is sup-
posed therefore that this phenomenon is peculiar to
prostriate ticks only [Belozerov et al., 1997].

In nymphs of Lricinus some inductive changes
occured in the distal knoll and in postcapsular area
(but never in the anterior pit) of Haller’s organ on
the right foreleg. The changes were revealed in the
loss of one smooth, NP-SW sensillum on the distal
knoll (in two nymphal specimens which retained
only three sensilla in this compartment), and in the
loss of two central, WP-DW postcapsular sensilla
(in two specimens also). In both cases the described
changes were resulted from combined amputation
of larval left foreleg and palps only. Though these
inductive events in both cases were of the same low
frequency (in 10% of operated specimens for each
case), they were quite comparable in appearance
with typical regenerative changes on the left foreleg
of nymphs, where these changes appeared about in
all (95—100%) treated specimens. The absence of
inductive changes in the anterior pit can be ex-
plained, therefore, by low frequency of regenerative
changes (in 30% of cases) occured in this compart-
ment of the left Haller’s organ.

DISCUSSION

Structural changes in regenerated Haller’s or-
gan of I.(Ixodes) ricinus nymphs described above,
are very similar to those in nymphs of I.(Afrixodes)
rubicundus studied recently [Belozerov et al., 1997].
This is especially obvious from information of
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Table.

Comparative data on changes in sensillar sets of Haller’s organ in nymphs and adult ticks of Ixodes

ricinus and [.rubicundus
TaGauua.

CpaBHUTENbHBIE JAaHHbIE 110 U3MEHEHHI0 Habopa ceHcusul opraHa lainepa y HUM® M B3pOCTBIX

xiewent Ixodes ricinus v Lrubicundus

Compartme nt Type of sensilla Lricinus Lrubicundus
Nymphs Adults Nymphs Adults
Distal knoll WP-SW porous + + + +
NP-SW smooth
UP-DW bordering ! ' 1 o+
Anterior pit WP-SW porous + + + + + + + +
WP-DW grooved + + + +
NP-SW smooth
NP-DW conical
Post-capsular area WP-DW central -+ -+
UP-DW bordering -+

Symbols: — reduction, ++ multiplication, .. retention of number, -+ increase of variability, ! proximal shift

both species of these prostriate ticks belonging to
different subgenera of the same genus, the regener-
ative changes in nymphs are connected mainly with
a reduction of some sensilla on the distal knoll and
in the postcapsular area. [t is essential that in both
cases these events concern, as a rule, those sensilla
which are absent in larval Haller’s organ. And,
therefore, the nymphal Haller’s organs after regen-
eration re-establish features characteristic to the
organ at the larval stage. The only case of sensillar
multiplication in nymphs of both species is repre-
sented by porous sensilla in the anterior pit (but in
limited number of cases).

The regenerative changes in nymphs of these
ticks beeing similar qualitatively, differ in quantita-
tive parameters. The portion of nymphs with larval
set of distal-knoll sensilla (one WP-SW and one
NP-SW in larval position) in regenerated Haller’s
organs was essentially less in Zricinus than in
Lrubicundus (40 and 65% respectively). The differ-
ence was even more pronounced in regard to the
proximal shift of UP-DW sensillum bordering the
distal knoll (30% of regenerates in I[.ricinus and
86% of regenerates in I.rubicundus), and to the
duplication of porous, WP-SW sensillum in the
anterior pit (30% of regenerates in [.ricinus and
65% of regenerates in L.rubicundus). But concern-
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ing the larval traits in post-capsular area (by retain-
ing two central, WP-DW, and two bordering, UP-
DW sensilla only) the relationships between these
species was opposite (70% of regenerates in I.ricinus,
and only 46% of them in I rubicundus).

It is of interest to note that the frequency of
regenerative changes in I.ricinus nymphs was influ-
enced by additional operative treatment (dissection
of palpal tips), and this effect could be either
weakened (in the distal knoll), or strengthened (in
the anterior pit), or even absent (in the post-
capsulararea). Really, in the distal knoll the percent
of regenerates with larval two sensilla was 46% after
ordinary treatment and only 29% after combined
treatment, whereas in the anterior pit the duplica-
tion of porous, WP-SW sensillum occured in 15%
of regenerates after ordinary treatment and in 57%
of regenerates after combined treatment. The addi-
tional treatment didn’t affect the regenerative re-
sponse in the post-capsular area. The effect of
combined treatment was especially strong in regard
to the phenomenon of regenerative induction (an
occurence of some structural changes induced in
non-treated right foreleg by amputation of left
foreleg). The inductive changes concerning both
distal-knoll and post-capsular sensilla were ob-
served only after the combined operation (in two
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from seven such nymphs). No such changes were
observed in the anterior pit.

The data concerning both an effect of com-
bined operative treatment and a regenerative induc-
tion in Iricinus nymphs give especially convincing
evidences for independent regenerative response in
different compartments of Haller’s organ. This
confirms a conclusion [ Leonovich, Belozerov, 1992;
Belozerov et al., 1997] that the evolutionary chang-
es in different parts of the organ have happened
independently.

From the Table summarizing the data on
regenerative changes in Haller’s organ of [I.ricinus
nymphs (described in details in this paper) and of
Lricinus adult ticks [studied earlier by Leonovich
and Belozerov, 1992], we can see that these stages
are principally different in this regard: the nymphal
regenerates are characterized by a reduction of
some distal-knoll and post-capsular sensilla with
retaining of larval features (it is possible to designate
these events as juvenilization of Haller’s organ),
while the adult regenerates reveal multiplication of
sensory setae on the distal knoll and in the anterior
pit with re-establishing of some atavistic traits in
Haller’s organ structure. Thus the pathways of
regenerative development of this complex sensory
organ are common in both studied species belong-
ing to different subgenera of the same genus Ixodes.
From the comparison of data given in the Table, we
can see that the nymphal regenerates of I.ricinus
and Lrubicundus are completely similar in their
external structures, while adult regenerates of these
ticks reveal only some minor differences concern-
ing UP-DW bordering sensilla.

Fora conclusion it is necessary to mention that
the regularities of ontogenetic changes in regener-
ative processes (at successive life-cycle stages) are
common not only for different representatives of
genus Ixodes, but, as was shown recently [ Belozerov
et al., 1997], for both main groups of ixodid ticks
(prostriate and metastriate ticks) also. This similar-
ity is connected, of course, with commonness of
physiological mechanisms enabling regulation of
developmental (particularly morphogenetic) proc-
esses in ixodid ticks. One of the probable peculiar-
ities of these mechanisms was suggested in the
aforementioned paper [Belozerov et al., 1997] that
the direction of developmental processes (both
normal, and regenerative) is dependent on the
hormonal situation (in particular on changes in the
content of the juvenile hormones) at corresponding
life-cycle stages of ticks. According to this sugges-
tion, juvenile hormones can play a direct role in the
elaboration of regenerates [in contrast to an opinion
of Bulliere and Bulliere, 1985], and the develop-
ment of juvenile features in ticks, as in insects
[Wigglesworth, 1972], is determined by high con-
tent of juvenile hormones, while adult features
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develop under condition of low content of these
hormones.
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