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Abstract. The sense organs on the palp of the harvestman Leiobunum townsendi are
surveyed using scanning electron microscopy. A total of approximately 1,100 mechano-
receptive sensilla are present on each palp and these are strikingly similar to sensilla reported
from spiders and other arachnids. They are differentiated into two forms: sensilla trichodea,
averaging 76 um in length, and sensilla chaetica consisting of two types; type I is 57 um
long and type II is 35 um long. Sensilla chaetica, especially type 1, may be chemoreceptive
in function, because they are similar to contact chemoreceptive hair sensilla in spiders.
Structures that resemble the chemoreceptive tarsal organs of spiders are located on the
tarsus, although dye penetration experiments seem to indicate that they are not innervated.
Sensory structures are more abundant on the distal than on the proximal segments, as is
the case in many other arachnids and insects.

There have been few studies of the mechanoreceptors and chemoreceptors
of arachnids. Most of these studies were based on spiders and mites (Altner &
Prillinger, 1980; Barth, 1982, 1985; Foelix, 1982; Mclver, 1975; Slifer, 1970).
Berland (1949), Kaestner (1935), and Martens (1978) review the sparse infor-
mation available for harvestman receptors. Only three physiological studies
exist concerning the sense organs of the arachnid order Opiliones. These are
the works of Curtis (1970) on the structure of the eyes, and Edgar (1963) and
Barth & Stagl (1976) on lyriform organs. Such a paucity of information makes
useful comparisons of the sensory structures between the arachnid groups and
other arthropods difficult. This is unfortunate, because arachnids have been
shown to possess some structures that are unique among the arthropods (Foelix
& Axtell, 1971; Foelix & Chu-Wang, 1973a; Heimer et al., 1982; Hill, 1977).
Moreover, this lack of comparative data greatly limits the use of sense organ
structure in taxonomy and systematics.

The palps of opilionids are six-segmented and are dorsal to the mouth and
chelicerae (Savory, 1977). The palps are often a useful character in opilionid
systematics, having many diagnostic spines and processes. The palp is used
primarily as a tactile sense organ to find and manipulate its food (Savory, 1962,
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1977), but it is also used by the males of some species to clasp the female durmg
copulation (Edgar, 1971). For this purpose, the male has a row of spines on the
palp tarsus (Davis, 1934) which is used to restrain the first pair of legs on the
female (Figs. 1, 5).

This investigation was undertaken to examine the structures present on the
palp of the harvestman Leiobunum townsendi using scanning electron mi-
croscopy. Although the purpose of this research is not to determine the function
of these structures, it represents a starting point for future physiological studies.
I also hope that a study of the structure and distribution of sense organs will
be of some use in systematics.

MATERIALS AND METHODS

Adult male and female specimens of Leiobunum townsendi Weed, 1893
were collected in Crosby and Llano Counties, Texas and Eddy County, New
Mexico. They were preserved and stored in 70% ethanol and identified ac-
cording to Davis (1934). In addition, specimens of Eumesosoma roeweri (Good-
night & Goodnight, 1943), collected from Tarrant County, Texas and identified
according to Cokendolpher (1980), were examined for comparative purposes.

To prepare specimens for scanning electron microscopy, the palps were
dissected and affixed to a brass stub using double-stick tape. These were air-
dried for several hours and sputter-coated with gold using a Technics Hummer
Jr. The specimens were examined at 15 kV using a JEOL-35C scanning electron
microscope. Some specimens also were cleared in xylene and examined by light
microscopy to aid in determining the numbers and distribution of mechano-‘
receptive structures on the palp.

To determine the presence of chemoreceptive structures, dye penetration
experiments, using the crystal violet method of Slifer (1960) and the cobalt
backfilling technique modified from Quicke & Brace (1979), were carried out.
With the crystal violet method, the specimens were fixed in 3% formaldehyde
for several days. The palp was then dissected and placed in a 0.5% crystal violet
solution for periods of 1 h to 1 day, following which it was rinsed three times
in distilled water, dried under a lamp until all of the surface water was removed,
transferred to a dish of xylene for clearing, and examined by light microscopy:.
In the cobalt backfilling technique, a 0.06 M cobalt acetate solution was applied
to the severed nerve endings of the palp. This preparation was refrigerated for
one day. The following day, the cobalt acetate solution was removed and
replaced with an ammonium sulfide solution. This solution precipitates the
cobalt so that the nerves can be discerned. The developing preparation was
observed over a period of several hours by light microscopy.

RESULTS

A total of about 1,100 mechanoreceptive structures were found on each palp
of Leiobunum townsendi. These structures are strikingly similar to sensilla that
have been reported from spiders (Foelix, 1970a, 1982, 1985; Foelix & Chu-
Wang 1973a; Harris & Mill, 1977a; Hill, 1977). They are not evenly distributed,
being more numerous on the distal segments (Figs. 1-5). This can best be
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Fic. 1. Medial view of male palp tarsus (Leiobunum townsendi). F1G. 2. Lateral view of male
palp tarsus (L. townsendi). FiG. 3. Medial view of female palp tarsus (L. townsendi). Fic. 4. Medial
view of male palp tarsus (Eumesosoma roeweri). F1G. 5. Medial view of male palp tibia and tarsus
(L. townsendi). F1G. 6. Medial view of male palp tarsus claw region (E. roeweri). Scale bars each
represent 100 um. S, spine.

—

Fi1c. 7. Sensilia chaetica, type II, and sensilla trichodea on a male palp tarsus (Leiobunum
townsendi). F1G. 8. Sensilla chaetica, type II, on a male palp tarsus (L. townsendi). Fic. 9. Sensilla
chaetica showing the characteristic whorls. Fi1G. 10. Near distal end of male palp tarsus (L. town-
sendi). F1G. 11. Female palp tarsus showing band of presumed chemoreceptors (L. townsendi).
F1G. 12. Male palp tarsus showing band of presumed chemoreceptors (Eumesosoma roeweri). FiG.
13. Sensilla chaetica, sensilla trichodea, and presumed chemoreceptors on a male palp tarsus (E.
roeweri). FIG. 14. Presumed chemoreceptors on a male palp tarsus (L. townsendi). In Fig. 11, the
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scale bar represents 100 ym, in Figs. 7, 8, 10 and 12, 18, 14, the scale bars each represent 10 um,
and in Fig. 9, the scale bar represents 1 um. SC, sensilla chaetica; ST, sensilla trichodea; TO, tarsal
organ.
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demonstrated in terms of density. The tarsus has one sensillum per 1,200 um?,
the tibia one per 2,700 um?, the patella one per 6,000 um?, and the femur only
one per 9,700 um?. Such density distributions commonly occur in many insect
groups (Schneider, 1964). The sensilla also are not distributed uniformly over
a single segment (Fig. 2). The dorsal part of the palp tarsus has one sensillum
per 790 um?, but the ventral part has only one per 6,300 um?. This is probably
because the dorsal surface is directed away from the organism and toward the
environment for more effective reception of sensory information. Two different
forms of structures were observed. These are classified according to Schneider
(1964). No differences attributable to sexual dimorphism were recognizable in
these structures (Figs. 1-3), although such differences have been reported for
some insects (Alm & Kurczewski, 1982; Cook et al., 1980; Schneider & Stein-
brecht, 1968; Wibel et al., 1984).

Sensilla trichodea. This form of mechanoreceptor is recognizable by its
greater length, sharp-pointed end, low angle to the palp, and lack of a specialized
basal membrane (Figs. 7, 10, 11). They possess distinctive whorled striae that
also are found in the hair sensilla of spiders (Foelix, 1970a). They average 76
pm in length with a range of 74-82 um. Sensilla trichodea are common sensory
structures on the palp tibia and tarsus, but they are not found on the femur or
patella.

Sensilla chaetica. This form of mechanoreceptor is characterized by a spe-
cialized basal articulating membrane, a rounder tip, and it projects from the
palp at an almost perpendicular angle (Figs. 7, 8). Two types can be distin-
guished based on their lengths, and both possess whorled striae (Fig. 9). Type
I is about 57 um long with a range between 52-60 um. This type is restricted
to the palp tarsus, being found on both the dorsal and ventral surfaces, and
also is abundant around the palp claw. Type II averages 35 um in length (range,
30-39 um). This is the only type found on the femur, patella, and tibia, but
also is present on the lateral surfaces of the tarsus.

Chemoreceptors (). In addition to possible chemoreceptive sensilla, struc-
tures that resemble chemoreceptive tarsal organs of spiders (Blumenthal, 1935;
Dumpert, 1978; Foclix, 1970b; Foelix & Chu-Wang, 1973b) are present on the
underside of the palp tarsus (Figs. 11, 14). Approximately 150 are located in
a band extending for the length of the tarsus (Fig. 3). The cuticular capsule is
22-25 um in diameter, with a pore opening of about 2 um.

Dye penetration experiments, using the crystal violet method of Slifer (1960)
and a modified cobalt backfilling technique from Quicke & Brace (1979), were
performed to determine whether or not the pores are innervated. Although the
experiments were inconclusive, they suggested that the pores lack innervation.
If they are not innervated, the pores cannot be considered chemoreceptive in
function, but may be secretory in nature.

Sensilla ultrastructure and systematics. Palpal sensilla of L. townsendi were
compared to another harvestman, Eumesosoma roeweri, which is in the same
subfamily (Gagrellidae: Leiobuninae). Although E. roeweri was not examined
extensively, this species seems to possess the same basic sensory structures as L.
townsendi. The size and proportions of the palps are different, but the general
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arrangement and ultrastructure are extremely similar (cf. Figs. 3, 4 with 5, 6
and Figs. 11, 14 with 12; 13). Homologizing sensory structures, such as sensilla
is difficult (Altner & Prillinger, 1980), but Haupt (1979) has shown that proposed
phylogenetic relationships based on sense organ structures are reasonable. How-
ever, the systematic value of such characters within the Opiliones at large
cannot be determined until ultrastructural comparisons of palpal sensilla include
additional species.

DISCUSSION

- Although experimentation to test the function of these sensilla was not con-
ducted, they are structurally similar to chemo- and mechanoreceptors of other
arachnids (Dumpert, 1978; Foelix 1970a,b, 1982, 1985; Foelix & Chu-Wang
1973a,b; Harris & Mill, 1977a,b; Hill, 1977). Harvestmen, like other arachnids,
use their palps extensively in ways that seem entirely tactile (Savory, 1962,
1977), and use of their palp during mating has been demonstrated (Edgar,
1971). Presumably, then, the abundant palpal sensory receptors of opilionids
play an important role in both feeding and mating.

The absence of a basal membrane in sensilla trichodea is a highly unusual
condition for an arachnid, because one of the main characteristics of a tactile
hair in this group is the possession of an articulating membrane (Foelix, 1985).
Consequently, because the sensilla trichodea have no specialized basal mem-
brane, they are probably restricted in their movement (Mclver, 1975). Although
each sensillum is usually characterized by having only one neuron in insects,
they have been shown to have 2 neurons in ticks (Foelix & Axtell, 1971), 3
neurons in spiders (Foelix & Chu-Wang, 1973a), and 7 neurons in scorpions
(Foelix & Schabronath, 1983). This condition would seem to be advantageous;
that multi-innervated trichobothria are better able to respond to direction has
been demonstrated (Gorner, 1965). However, this directional sensitivity is not
the case for arachnid tactile hairs, which seem only to respond to downward
deflections (Foelix, 1985; Harris & Mill, 1977a).

Sensilla chaetica may have chemoreceptive functions in addition to any
mechanoreceptive functions. Their perpendicular angle to the palp, blunt tips,
and whorled striae are characteristic of chemoreceptive hair sensilla of spiders
(Foelix, 1970a,b; Foelix & Chu-Wang, 1973b; Harris & Mill, 1973, 1977b). The
position of type I sensilla around the palp claw also is reminiscent of contact
chemoreceptors among spiders and other arachnids (Foelix, 1985; Hill, 1977),
although no distal opening, as in spiders, or small pores, as in thin-walled pegs
(Slifer, 1970), were noted on the opilionid specimens examined. However, this
is not unusual, because the pore openings are minute and often clogged, so that
the only reliable means of detection are through the use of dyes or transmission
electron microscopy (Foelix, 1985). Further study is needed to determine if
these receptors are multi-innervated before any conclusive statements relative
to function can be made. Some chemoreceptive sensilla have been.found on
the legs of Opiliones (see Foelix, 1976, 1985); thus, their presence on the palp
is not unexpected.

The position of the putative chemoreceptors on the underside of the palp
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suggests that they may be used in detecting food and possibly in mating be-
havior. Frequently, harvestmen have been observed to scrape the ground with
the ventral part of their palps in search of food; their use by males during
mating is well documented (Edgar, 1971). As noted, the ventral portion of each
of the palps are characterized by a paucity of mechanoreceptors. This may
indicate that the organism is using these structures in a chemoreceptive capacity
as an alternative means of locating its food.
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