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Ultrastructure of Haller's Organ in the Tick
Amblyomma americanum (1.) *
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Summary. Haller's organ on the tarsus of the tick Amblyomma americanum (L.) (Acarina:
Ixodidae; nymphal stage) was studied by scanning and transmission electron microscopy. It
consists of a distal bristle group, (the" anterior pit "), and a proximal" capsule" which encloses
several sensilla. The seven sensilla of the anterior pit (A 1-A 7) are all thick-walled and multi-
innervated (2-9 neurons), but at least three different types can be differentiated. Sensilla A1
and A2 possess large, plugged pores (> 1000 A) and are the only sensilla with branching
dendrites. A3 and A5 are characterized by a spoke-wheel arrangement of the cuticle wall and
very fine pores (100-200 A) penetrating the" spokes" centrally; A4, A6, and A 7 do not exhibit
any pore system but a single opening at the bristle tip is assumed.

The capsule contains seven thin-walled, blunt-tipped sensilla, and several non-sensory
cuticular projections (pleomorphs). All of these sensilla possess large "plugged" pores in the
cuticle wall and numerous dendritic branches of several neurons (3-5) in the lumen. Glandular
openings were found inside the capsule; their significance is discussed.

The fine structure of Haller's organ supports the functions postulated by Lees (1948),
namely olfaction for the capsule and humidity reception (among others) for the anterior pit.

Key words: Sensory receptors-Acarina-Amblyomma americanum - Haller's organ-
Ultrastructure.

Zusammenjassung. Das Hallersche Organ auf dem Tarsus der Zecke Amblyomma ameri-
canum (L.) (Acarina: Ixodidae; Nymphenstadium) wurde mit dem Durchstrahlungs- und
Rasterelektronenmikroskop untersucht. Es besteht aus einer distalen Sensillengruppe, die in
einer flachen "Wanne" gelegen ist, und einer proximal en "Kapsel", welche mehrere Sensillen
einschlieJ3t. Aile sieben Sensillen der "Wanne" (A1-A 7) sind dickwandig und mehrfach inner-
viert (2-9 Neurone), jedoch konnen mindestens 3 verschiedene Typen unterschieden werden:
A 1 und A2 besitzen groJ3e Poren (> 1000 A), die mit Pfropfen versehen sind, und sie sind
zudem die einzigen Sensillen mit sich verzweigenden Dendriten; A3 und A5 sind durch eine
radspeichenartige Anordnung der Cuticulawandung charakterisiert, ferner durch feine Poren
(100-200 A), welche die Speichen zentral durchziehen; A 4, A 6, und A 7 zeigen kein Porensystem,
doch wird eine einzelne Offnung an der Spitze vermutet.

Die "Kapsel" enthalt 7 diinnwandige, stumpf endigende Sensillen und mehrere nicht-
sensorische Cuticulavorspriinge. Aile Sensillen besitzen groJ3e "Pfropfporen" in der Cuticula-
wandung und zahlreiche dendritische Verzweigungen mehrerer Neuronen (3-5) im Lumen.
Driisenmiindungen wurden in der "Kapsel" festgestellt, ihre Bedeutung wird diskutiert.

Die Feinstruktur des Hallerschen Organs entspricht dem Postulat von Lees (1948), wonach
die "Kapsel" der Geruchsrezeption, die "Wanne" der Feuchtigkeitsrezeption dienen soli.

Introduction

At the close of the last century Haller (1881) described an organ on the tarsus
of an ixodid tick, which he believed to function as an auditory organ. Further
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Fig. 1. a Whole mount of tarsus 1 of the tick Amblyomma americanum (nymph), lateral view.
Haller's organ, located dorsally, consists of an anterior pit (ap) and a capsule (0). Note tarsal
pseudosegmentation (arrows) between these two parts. Two claws (cl) on the pretarsus (pt)
can be moved by two muscles (M; levator and depressor pretarsi). X200. b Scanning electron
micrograph (SEM) of Haller's organ, dorsal view. Note bristle cluster of the anterior pit (ap)

and slit opening in the capsule (c). X600

Fig. 2. a The seven sensilla (Al-A7) of the anterior pit. Arrow indicates a gland opening on the
leg surface. SEM x4500. b Higher magnification of the A1 and A2 sensillum showing pores

in the cuticle wall. SEM X 6000

investigations (Nuttall et al., 1908) showed that this organ-which was named
after its discoverer-consists of two parts (Fig. 1): A cluster of short sensory
setae, termed the" accessory pit" (" anterior pit"; Lees, 1948) and immediately
proximal a "capsule", which has several sensilla inside. The idea of Haller's organ
being an auditory receptor was soon rejected and olfaction was proposed instead
(Lahille, 1905; Hindle and Merriman, 1912). Several behavioral studies (Totze,
1933; Lees, 1948; Zolotarev and Elizarov, 1963; 1964) supported that view. Lees
(1948) obtained good evidence that the anterior pit functions as a humidity re-
ceptor while the capsule subserves olfaction.

Only limited morphological information on Haller's organ is available and this
is based on light microscopical investigations (Nuttall et al., 1908; Schulze, 1941;
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Zolotarev and Sinitsyna, 1965). Therefore, a fine structural study by means of
electron microscopy was undertaken to elucidate the nervous supply of Haller's
organ and the possible relations between receptors and environment.

Materials and Methods

Tarsi of the first legs of A. americanum (nymphal stage) were fixed in cold, cacodylate-
buffered, 5 % glutaraldehyde, post-fixed in veronal-acetate-buffered 1 % OS04' dehydrated in
graded ethanol series and embedded in hard Epon 812 over propylene oxide. Thin sections, cut
with a diamond knife were picked up with Formvar-coated grids, stained with uranyl acetate
and lead citrate according to the technique of Locke and Collins (1965) and examined in a
Siemens Elmiskop lA at 80 kV.

For light microscopy, double-stained Epon sections (Ghidoni et al., 1968) or whole mounts,
previously exposed to dyes (Slifer, 1960), were studied.

A Jeol JSM 2 scanning electron microscope (SEM) was used for studying distribution and
surface structures of various sensilla. Both unfixed and glutaraldehyde-fixed ticks were ex-
amined after coating with gold.

Observations

I. Anterior Pit

The anterior pit contains seven sensilla which stand closely together on the
dorsal surface of the tarsus, occupying an area of approximately 160 fL2.The
number, size and distribution of these sensilla was uniform in all specimens ex-
amined.

Table 1. Dimensions of cuticular and neural components of sensilla (Al-A7) in the anterior pit
of Haller's organ

Al A2 A3 A4 A5 A6 A7

Length 24 fL 14 fL 10 fL 9.5 fL 7.8 fL 4.6 fL 4.8 fL
Base diameter 3.5 fL 2.5 fL 1.9 fL 1.8 fL 2.0 fL 1.0 fL 0.9 fL

Cuticle wall 0.5 fL 0.4 fL 0.45 fL 0.4 7 fL 0.44 fL 0.34 fL 0.34 fL
thickness

Pore diameter 1000 to 1 000 to 100 to a 100 to a a
1200 A 1200 A 150A 150A

Dendrites (n)
in bristle shaft 20 12 2-3 2-3 2-3 3 3

branches branches

outer segments 9 (4+5) 5 3 3 3 3 3

ciliary regions 9 (4+5) 5b 3 3 a 3 3

inner segments 9 (4+5) 5 3 2(1) 3 3b a

a Not observed.

b Uncertain due to questionable micrograph.

As a matter of convenience, numbers (A i-A 7) were assigned to the sensilla

of the anterior pit, according to size and position (Figs. 2, 3,4; Table 1). The largest
sensillum (A 1) is always located towards the outside of the leg (laterad), while the
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Fig. 3. Semi-diagrammatic representation of the seven anterior pit sensilla. The two largest
sensilla (1,2) possess plugged pores in their thick cuticle wall and dendritic branches inside
the lumen. All other sensilla are provided with 2-3 unbranched dendrites. Bristles 3 and 5 have

minute pores which pass through the cuticular spokes of the bristle shaft. No pores were
observed in bristles 4, 6, and 7. Orientation: d distal; pr proximal; I lateral; m medial

other six sensilla form a cluster which is slightly separated. The fine structure of
the various sensilla was observed in a sequence of cross-sections from their tips
to their neuron cell bodies. At least three, possibly four, different types of sensilla
were found.

1. Sensilla A 1 and A 2. These two sensilla are located laterad and mesad,

respectively, flanking the other five sensilla. They are both blunt-tipped arid
markedly curved, pointing toward the mid line of the tarsus. Rather evenly
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Fig. 4. a Transverse section of the anterior pit (A1 and A2 not included). Each sensillum is
supplied by 2-3 unbranched dendrites. Note concentric arrangement of socket cuticle. X 15500
b Bristle A 1 (shown here) and A2 exhibit dendritic branches (db) and microvilli (mv) of an
enveloping cell (e), bathed in a fluid (*). Arrow indicates remnants of scolopale. X 19500

distributed pores can be detected in their cuticular walls at high magnifications
with the scanning electron microscope (Fig.2b). The extrapolated number of
pores is 700 for A1 and 200 for A2 (calculated from scanning electron micro-
graphs). The relatively large pores (1000-1200 A in diameter) are provided with a
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Fig. 5 a-d. Consecutive cross-sections of the A1 sensillum (from distal to proximal). a Thick
cuticle wall with plugged pores (inset, X 36000); lumen fluid-filled with microvilli and 21
dendritic branches. X 15500. b At the base level two separate bundles of 4 and 5 dendrites
each can be recognized. cu cuticle; am articulating membrane; e enveloping cell. X 8000.
c Above the ciliary region the outer dendritic segments show mainly double-tubules at the
periphery. The inner enveloping cell (in) has numerous microvilli and is interconnected to the
outer enveloping cell (au) by septate desmosomes (3d). Be scolopale. X 24000. Inset: Ciliary
region with typical" 11+ 0" arrangement of double-tubules. Note precipitation surrounding
dendrite. X26000. d The 4 and 5 inner dendritic segments are still grouped in two separate

bundles, while surrounded by hypodermis cells (compare with 5 b). X5300
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Fig. 6. Transverse section of A3 sensillum showing spoke-wheel arrangement of cuticle and
pore canals (arrow) which connect two dendrites to the outside. x62000. Inset: Part of a
transverse section of the A5 sensillum. Termination of a pore canal in a longitudinal groove on
the bristle surface. Interspaces (*) between cuticular spokes are fluid-filled and may contain

processes of an enveloping ( ?) cell. X52000

lens-shaped, cuticular plug in the center (Fig. 5a), suspended by fine strands. The
same pore type has been previously noted in another sensillum on the first tarsus
of A. americanum (Foelix and Axtell, 1971). The cuticle wall measures about
0.5 [Land therefore both sensilla are considered to be thick-walled. The lumen is
filled by branches of several dendrites, bathed in a fluid (" Sensillenliquor" ;
Ernst, 1969). A 2 is provided by five dendrites whereas A 1 has nine dendrites: One
group of five and another of four, each enclosed in a cuticular sheath (scolopale)
of its own (Fig. 5b). This double-innervation is unusual and has not been reported
in other arthropod sensilla. The dendritic branching starts at the bristle base,
where the scolopales terminate (Fig. 4b). Further proximally we find two separate
bundles of four and five dendrites, which represent the outer dendritic segments.
The ciliary region is identical to that found in other tick sensilla (Foelix and Axtell,
1971) by having eleven double-tubules ("11+0"; Fig. 5c) and two basal bodies
with rootlets. Each dendrite bundle is encompassed by an inner and an outer
enveloping cell, which are interconnected by septate desmosomes. The inner den-
dritic segments (Fig. 5d) show the usual array of microtubules, mitochondria and
translucent vesicles; apparently these vesicles arise from pinocytosis which takes
place just underneath the ciliary region (see Fig. 11). The course of the inner
segments toward the neuron ceU body was not followed further.

I
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The same fine structural relations as described for the A 1 bristle were found

for all other sensilla of the anterior pit, unless stated otherwise.
2. Sensilla A 3 and A 5. These thick-walled sensilla are slightly scalloped and

bear 8-10 grooves running longitudinally on the surface. Both bristles are supplied
by three dendrites which enter the base, but usually only two dendrites run through
the entire length of the bristle shaft. The third dendrite is already much smaller in
diameter at the level of the base and fades out distally, while the other two den-
drites are still enclosed by a dense scolopale. On the way towards the tip this
scolopale increases in thickness and attaches to the cuticle wall at several points.
Further distally, a cross-section of the bristle shaft shows a spoke-wheel arrange-
ment of cuticle and two dendrites occupying the "hub" (Fig. 6). Fine canals
(300-400 A in diameter) pass from the center ("hub") through the spokes and
end in the longitudinal grooves on the bristle surface. The two dendrites are
surrounded by an electron-dense substance which also invades the spoke canals.
The final pore opening is only 100-200 A wide and has a minute, pointed structure
in its center (Fig. 6, inset). Interspaces between each cuticular spoke are mostly
filled by cellular projections (presumably of an enveloping cell) or by some fluid.
The spoke-wheel structure becomes less regular toward the tip: Some spokes break
down and various interspaces fuse. However, the two dendrites in the center were

always surrounded by a cuticular tube, even after most spokes had dropped out
near the tip.

3. Sensilla A 6 and A 7. These two short sensilla stand in the center of the

anterior pit, closely surrounded by the A2, A3, A4 and A5 bristles. Unlike all the

other bristles they possess a rather pointed tip. Ten to eighteen narrowspaced
grooves run longitudinally along the hair shaft. Both sensilla are thick-walled
with a simple circular central lumen containing three unbranched dendrites. No
pore system is present in the bristle shaft but one micrograph suggests a single
pore opening close to the tip.

4. Sensillum A 4. This bristle resembles A3 and A5 in shape and size; the surface
is only very slightly scalloped and does not bear any longitudinal grooves (Fig. 3).
A scolopale enclosing three dendrites makes contact with the thick-walled bristle
shaft. However, the cuticular wall does not form a regular spoke-wheel pattern
as in the A3 and A5 bristles and no pores could be detected. The connection to
the outside is presumably established by a single pore opening at the tip. The
neural components showed one deviation, namely three outer dendritic segments
versus only two inner segments. The only plausible explanation for that discre-
pancy is that one inner dendritic segment gave rise to two ciliary regions and
subsequently to two outer segments. Two ciliary regions arising from one dendrite
were found consistently in chemosensory receptors of crustaceans (Ghiradella
et al., 1968) and in trichobothria of a myriapod (Haupt, 1970) but are certainly an
exception for tick sensilla.

Fig. 7. a Cross-section of the capsule of Haller's organ (arrows indicate dorso-ventral axis).
Seven sensilla and two non-sensory pleomorphs are seen. X 1870. b All capsule sensilla are
thin-walled and provided with large, plugged pores. The lumen is filled by dendritic branches
and microvilli of an enveloping cell. Note two sensilla (*) with cuticle projecting into the lumen.

X 5000
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