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Abstract. To allow an animal to behave appropriately, the location of sensorial structures is expected to be related
to their function. As the different leg pairs of arachnids may have different functions (probing x supporting the
body), one could expect them to have a different density of sensilla. Moreover, different regions of the same leg
(dorsal, lateral, and ventral) would also be expected to have different densities of sensilla, according to the use of
each region (e.g., the ventral part is often in contact with the substrate while the dorsal part is not). As caverni-
colous animals are expected to be more sensitive than their epigean relatives, one could also expect a different
density of sensilla when comparing cavernicolous and epigean animals. Using three epigean and three caverni-
colous species of harvestmen (Arachnida, Opiliones), this study aimed at describing the morphology of hair sensil-
la on the legs and answering three questions: (1) Are there differences in the density of hair sensilla between the
dorsal, lateral and ventral regions of each leg pair of the same individual? (2) Are there differences in the density
of hair sensilla between the leg pairs of the same individual? (3) Are there differences in the density of hair sensilla
when comparing the leg pairs of individuals of cavernicolous and non-cavernicolous species? The tarsi and
metatarsi of all right legs of the six studied species were analyzed under a scanning electron microscope. The
results (P < 0.05) showed that, in general: the ventral region of the tarsus was denser in sensilla trichodea than the
lateral and dorsal regions, particularly on legs I and II; the density of sensilla chaetica did not differ on legs III and
IV, but was greater on the dorsal region of legs I and II; the ventral part of legs I had the higher density of sensilla
trichodea of the four pairs, whereas the second pair had the lower density; Holcobunus citrinus (Eupnoi) was the
species with higher density of sensilla trichodea, on all legs; the cavernicolous species had a lower density of sen-

silla than the epigean species. The results are tentatively related to harvestmen behavior.
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1. INTRODUCTION

Animals need up-to-date information about their envi-
ronment to behave appropriately, and they are there-
fore highly dependent on their sense organs (YOUNG
1989). Sense organs may be related to several types of
stimulus, such as chemical (olfaction and gustation),
mechanical, radiant, and changes in temperature and
humidity (CROWSON 1981). Arthropods have sensory
structures located in specific sites on the body (FOELIX
1996; DALy et al. 1998), which are expected to be
related to the function of the structure. HANSSON et al.
(1986) showed that more exposed sensilla on a moth
antennae are receptors of the less concentrated compo-
nents of the pheromone released by females, and KLEIN
(1981) suggested that the outward-facing side of olfac-
tory sensilla on the palp of a cricket provides a better
exposure to odorant stimulus.

In arachnids, although there are sensory structures in
several parts of the body, they are concentrated at their
extremities (PuNzo 1998). The first pair of legs of The-
lyphonida, Schizomida, Palpigradi, Araneae, Solifu-
gae, Amblypygi, and the pedipalps of Scorpiones and
Pseudoscorpiones are used to probe the environment
(SAVORY 1964; WEYGOLDT 1969, 2000; FOELIX 1996;
PunNzo 1998; FARLEY 2001).

Harvestmen (Arachnida, Opiliones) have traditionally
been divided in the suborders Cyphophthalmi, Palpa-
tores and Laniatores (e.g., SHULTZ 1998), although
sometimes the first two are grouped in the single sub-
order Cyphopalpatores (e.g., MARTENS et al. 1981) or
Palpatores is divided into the suborders Eupnoi and
Dyspnoi (e.g., GIRIBET et al. 2002). They are non-visu-
al (HILLYARD & SANKEY 1989), omnivorous (revised
by WILLEMART 2002) arachnids, which rely mostly on
their legs to gather information from their surround-
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ings (PHILLIPSON 1960; MACIAS-ORDONEZ 1997). The
second pair of legs has been considered to be the most
important sensorial appendage of harvestmen, and is
generally not used for walking, which is accomplished
mainly by the third and fourth pair of legs (HILLYARD &
SANKEY 1989). Some studies showed that the first pair
of legs is also important as a sensorial appendage
(ANURADHA & PARTHASARATHY 1976; GUFFEY 1999;
WILLEMART 2002). One would therefore expect a dif-
ferent density of sensilla when comparing different
legs (since they have different functions), and between
different regions of the same leg, according to the use
of each part of the leg (e.g. the ventral part is often in
contact with the substrate while the dorsal part is not).
Very little has been done in the field of sensorial struc-
tures of harvestmen. Some papers on general aspects
of harvestmen report the presence of hair and slit sen-
silla and lyriform organs (HANSEN & SOERENSEN 1904;
BERLAND 1949; CLOUDSLEY-THOMPSON 1958; KAEST-
NER 1964; EDGAR 1971; EISENBEIS & WICHARD 1987,
HiLLYARD & SANKEY 1989). More specific papers
described and discussed the function of the hair sensil-
la, tarsal and campaniform organs, and slit sensilla
(EDGAR 1963; BARTH & STAGL 1976; FOELIX 1976;
LopPEz et al. 1980; SpiCER 1987; KAURI 1989; LUQUE
1993; GUFFEY et al. 1999). Finally, photographs of sen-
sorial structures can be found in some taxonomic
papers (e.g., JUBERTHIE & MASsSOUD 1976; HOLMBERG
& COKENDOLPHER 1997; GIRIBET 2002). None of the
works above dealt with Neotropical species.

Cave species are interesting models for the study of the
evolution of sensorial organs. These species are subdi-
vided into three categories: troglobites are restricted to
the cave, troglophiles include populations that com-
plete their life cycles outside caves and populations
that complete their life cycles in caves, and troglox-
enes inhabit caves but must leave it to forage and/or
reproduce (HOWARTH 1983). “Old” troglobites may
have troglomorphisms, 1i.e., characteristics that
appeared in the cave and are related to this environ-
ment. One of the known troglomorphisms is the
increase in the number and/or sensitivity and/or size of
the sensorial structures (other than visual ones), which
is related to the low food availability in caves (CHRIS-
TIANSEN 1992; GNASPINI & HOENEN 1999). As
troglophiles may complete their life cycle in the
hypogean or epigean environment, we have to consider
the possibility that they may be more sensitive than
strict epigean species, which would be a preaptation
for the colonization of caves (GNASPINI & HOENEN
1999).

To detect whether the increase in sensorial structures
is related to evolution in the cave environment or is
due to plesiomorphy, the phylogeny of the studied
group has to be well known and it must include

epigean and cavernicolous species. Unfortunately,
because the systematics of Opiliones are still unre-
solved, it is so far not possible to develop a complete
phylogenetic study. However, a comparison between
sensorial structures of cavernicolous and epigean har-
vestmen is a first step towards understanding how
these structures have evolved. Herein we studied
three epigean and three cavernicolous harvestmen
species. In addition to describing the morphology of
the most abundant hair sensilla on their tarsi, this
study intended to answer three questions: (1) Are
there differences in the density of hair sensilla
between the dorsal, lateral and ventral regions of each
leg pair of the same individual? (2) Are there differ-
ences in the density of hair sensilla between the leg
pairs of the same individual? (3) Are there differences
in the density of hair sensilla when comparing the leg
pairs of individuals of cavernicolous and non-caverni-
colous species?

2. MATERIALS AND METHODS
2.1. Species studied

We used the following laniatorean (all Gonyleptidae) species
(between parentheses: subfamily, relationship between the
species and the cave environment, and provenence — all in
the state of Sdo Paulo, Brazil): Promitobates ornatus (Mello-
Leitdo, 1922) (Mitobatinae, epigean, Paranapiacaba [= Alto
da Serra], Santo André), Neosadocus maximus (Mello-
Leitdo, 1935) (Gonyleptinae, epigean, Iporanga), Goniosoma
albiscriptum Mello-Leitdo, 1932 (Goniosomatinae, troglox-
ene, Gruta da Quarta Divisao, Ribeirdo Pires), Daguerreia
inermis Soares & Soares, 1947 (Pachylinae, troglophile,
Gruta dos Buenos, Iporanga), Pachylospeleus strinatii Sil-
havy, 1974 (Pachylospeleinae, troglobite, Gruta das Aguas
Quentes, Iporanga). One Eupnoi (Sclerosomatidae) was also
used: Holcobunus citrinus Pocock, 1903 (Gagrellinae,
epigean, Paranapiacaba, Santo André). Only females were
used, except for P. strinatii. Because there was an available
preserved male, and this species is rare and endangered, we
decided not to collect females.

2.2. Microscopical preparations

Individuals preserved in alcohol had the legs cut at the
level of the astragalus (Fig. 1). The cut portion of the leg
(tarsus, calcaneus and part of the astragalus) was then sub-
merged in a 5 : 1 (water : neutral detergent) solution and
cleaned ultrasonically. Thereafter, the leg was transferred
to a vessel containing only water and cleaned ultrasonically
again. The leg was then dried in a stove at 40 °C for 24 h,
mounted on an aluminum stub using double sided adhesive
tape, sputter coated with gold (Sputter Coater Balzer SCD
50) and photographed with two different scanning electron
microscopes (SEM — Zeiss DSM 940 and LEO 440 Laika
& Zeiss).



2.3. Counting of hair sensilla

Only tarsus and calcaneus were used to quantify the hair sen-
silla because the remaining parts of the leg have a very small
density of hair sensilla (see section 3; Figs. 1, 2, and 3). The
dorsal, lateral and ventral parts of the second and third tar-
someres and the distal third of the calcaneus were pho-
tographed. Two magnifications were used, x and ~2x, the lat-
ter for a possible need of observing structures minutely, total-
ing at least 24 photographs per individual. Photographs were
then transferred to the software Corel Draw, on which sample
squares of 6.45 cm? of area were distributed side-to-side,
without superposition, on the medial part of each region
(dorsal, lateral, ventral) of the tarsus/calcaneus (Fig. 4). Posi-
tioning squares on the medial portion was to avoid for
instance that a square sample placed on the upper lateral
region put too high on the lateral area would reach the dorsal
part of the leg. We also avoided putting sample squares in the
region between two tarsomeres, since this region never con-
tained hair sensilla. Except for these two criteria, sample
squares were randomly distributed (Fig. 4). The average +
standard deviation of samples per tarsus/calcaneus was 8.96
+ 1.35 (range = 6—14). Each type of hair sensilla was counted
separately. We considered that a hair sensillum was inside the
sample square whenever at least a part of its insertion on the
leg was inside the square sample. If a hair sensillum insertion
was inside two sample squares, this hair sensillum was
counted only once. As several different magnitudes were
used when making the photographs, and the leg width varied
between species, a conversion was made to allow compari-
son between species. The number of hair sensilla found on
each sample square was multiplied by the magnification of
the photograph.

This study was based on ~160 available SEM photographs,
of six individuals of six species. Instead of making qualita-
tive comparisons, we decided to use several sample squares
from the same individual to allow a quantitative comparison,
even if, strictly speaking, these comparisons concern the
individuals used herein, and not a sample of the species.

The nomenclature of sensilla used herein followed that used
by GUFFEY et al. (2000), which does not necessarily corre-
spond to that used by some entomologists, due to the confu-
sion in sensilla terminology (see ALTNER & PRILLINGER 1980;
MERIVEE et al. 1999).
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2.4. Leg-measurements

In order to determine the total area of the calcaneus and tar-
sus (the “high-density of hair sensilla region” — see Fig. 1),
some measurements were taken with the help of digital
calipers. The length was measured from the distal portion of
the tarsus (base of claws) to the most proximal part in which
there was still a high density of hair sensilla (the most proxi-
mal part of calcaneus), and width was measured at the same
region in which the photographs were taken (see 2.3).

2.5. Statistical analysis

The values obtained from counting were organized in the
Software Sigmastat, which tests for normality and homo-
cedascity before using parametric tests. To compare groups,
we used non-parametric (Kruskal-Wallis) and parametric
ANOVA, which were followed, when necessary, by a poste-
riori tests (parametric: Tukey test; non-parametric: Dunn
test). In cases in which only two groups were compared, we
used a  or Mann-Whitney test. The P value to reject normali-
ty and homocedascity, and to conclude groups were different
was 0.05. As mentioned above, the values of the numbers of
hair sensilla were multiplied by the magnification of the pho-
tograph. This did not affect tests made in groups that did not
have “zero” values, since all the numbers increased propor-
tionally. However, since “zeros” do not change when multi-
plied, groups that contained “zero” hair sensilla in one or
more sample squares could not be compared.

3. RESULTS

The two most abundant hair sensilla found were sen-
silla chaetica and sensilla trichodea. Except for some
particular cases (the dorsal region of calcaneus II and
tarsus I, lateral region of tarsus I, and the dorsal, later-
al and ventral regions of tarsus II of D. inermis, and
the dorsal region of tarsus Il of P. strinatii), sensilla
trichodea were much more abundant than sensilla
chaetica. These two sensilla shared the following
characteristics: their shafts were both oriented towards

Fig. 1. The leg of a laniatorean harvestman (Neosadocus maximus). Scale bar = 3 mm. cx = coxae; tr = trochanter; fm =
femur; pt = patella; tb = tibia; ast = astragalus; calc = calcaneus; trs = tarsus (drawing by M.R. Hara).
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Fig. 2. Lateral view of the two
parts of the metatarsus: astragalus
(rough surface, few hair sensilla,
proximal) and calcaneus, on the
leg 1T of Daguerreia inermis.
Scale bar = 100 ym.

Fig. 3. Lateral view of the astra-
galus I of Goniosoma albiscrip-
tum. Scale bar = 100 pm.

Fig. 4. Sampling method used to
quantify the hair sensilla (see text
for further information), on the
calcaneus IV of Promitobates
ornatus, lateral view. Scale bar =
100 pm.




the distal end of the leg (angle of insertion relative to
the leg: sensilla trichodea: ~15-30°; sensilla chaetica
~50-80° — exceptions: on the tarsus I and II of P. stri-
natii and tarsus II of D. inermis, the angle of insertion
of sensilla chaetica varied between ~15-80°); their
distal regions were slightly or abruptly curved, gener-
ally towards the distal end of the leg; their shafts had
deep or soft longitudinal grooves and no wall pores
(Figs. 5 and 6). They differed in the following charac-
teristics: sensilla chaetica had a basal membrane
whereas sensilla trichodea did not, and the former
generally exceeds the latter. Among sensilla chaetica,
there were variations in the size of the shaft, and
among sensilla trichodea there were slight variations
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of form in N. maximus and P. ornatus. In these two
species, some shafts had an enlargement at the base.
Broken sensilla revealed the presence of a single, cir-
cular lumen in some sensilla chaetica and sensilla tri-
chodea, but not in all of them (Figs. 5 and 6). A pore
tip seemed to be present in at least some sensilla
chaetica but not in sensilla trichodea (Figs. 7 and 8).
All species studied herein had the proximal parts of
the legs covered by a rough microgranulate surface.
The five laniatoreans that we observed had a few hair
sensilla from the coxae to the distal part of the astra-
galus (Figs. 1, 2, and 3), and the Eupnoi studied had a
few hair sensilla from the coxae until the distal part of
the tibia.

Tab. 1. Legs and species in which one region of the calcaneus or tarsus (dorsal, lateral, ventral of the same leg) was signifi-
cantly denser in sensilla trichodea or sensilla chaetica than another region (P <0.05). I =leg I; [ =leg Il etc.

dorsal > lateral dorsal > ventral lateral > dorsal

lateral > ventral

ventral > dorsal

ventral > lateral

sensilla trichodea in calcaneus
II P.ornatus
HIN. maximus

sensilla trichodea in tarsus

- IIIH. citrinus I P strinatii
II P.ornatus
IV D. inermis

sensilla chaetica in calcaneus
- Il D.inermis -

sensilla chaetica in tarsus

II P.ornatus I D.inermis -
- I G.albiscriptum -
- I N.maximus -
- I P.strinatii -
— II N. maximus -
- II P.ornatus -

11 D.inermis

I G.albiscriptum
I N.maximus
Il G. albiscriptum
II N. maximus

I D.inermis
1 P.ornatus
II D.inermis
II N. maximus
III N. maximus
III P. strinatii
III P. ornatus

I D.inermis

1 G.albiscriptum
1 H.citrinus

I N.maximus

1 P strinatii

II D.inermis

Il G.albiscriptum
II N.maximus

I P.ornatus

I P. strinatii

III D. inermis

IV D. inermis

IV G. albiscriptum
1V H. citrinus

I D. inermis

I D.inermis
II D.inermis
IIT H. citrinus
IIT P. ornatus

I G.albiscriptum
1 H.citrinus
1 N.maximus
II D.inermis
Il G.albiscriptum
II N.maximus
I P.ornatus
IV G. albiscriptum
IV H. citrinus
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3.1. Comparisons between dorsal, lateral
and ventral regions of the legs
of the same species

The differences in the densities of hair sensilla between
the dorsal, lateral, and ventral parts of the legs are sum-
marized in Tab. 1. Neosadocus maximus had a very
high density of hair sensilla on the ventral part of tarsi
IIT and 1V, thus obscuring their type and number (Fig.
9). Although they were not considered for the statistical
tests, we believe that the great majority of these sensilla
were probably sensilla trichodea, which were the most
abundant on all regions of all legs in N. maximus.

Sensilla trichodea

The ventral region of the calcaneus was generally
denser than lateral and dorsal regions, although on cal-
caneus IV there was no difference between the six
species (Tab. 1). On the tarsus, the ventral region was
also generally denser than lateral and dorsal regions,
mostly among tarsi I and II, which include 17/23
(74%) of the significant differences between the ven-
tral region vs. lateral/dorsal regions (Tab. 1). The ven-
tral region of the legs IV was also generally denser
than lateral and dorsal regions.

Sensilla chaetica

Except for legs Il of D. inermis, there was no differ-
ence in the density on the calcaneus (Tab. 1). General-
ly, the ventral region of tarsi I and II was less dense
than lateral and dorsal regions, and there was no differ-
ence between the regions on legs III and IV (Tab. 1).

3.2. Comparisons between the ventral part of
the different leg pairs of the same species

Sensilla trichodea
None of the studied species had a greater density of
sensilla trichodea on calcaneus II than on calcaneus I
(Tab. 2). Tarsi I were denser than tarsi II in four of the
six studied species.

Sensilla chaetica

This type of hair sensilla was homogeneously dis-
tributed among the calcaneus of distinct leg pairs in
most species (Tab. 2). Except for legs IV of H. citrinus,
tarsus I was not denser than the other tarsi. Except for
D. inermis, tarsus II was not denser than the other tarsi
(Tab. 2).

3.3. Comparisons among different species

A comparison among sensilla chaetica was not possi-
ble because the data were not comparable due to the
lack of these sensilla in several samples (see Materials
and Methods). Holcobunus citrinus had the greatest

density of sensilla trichodea of all species. The caver-
nicolous D. inermis and P. strinatii had the lowest den-
sity of these hair sensilla (Tab. 3).

3.4. Measurements of the ‘‘high-density
of hair sensilla” region

Neosadocus maximus had the larger “high-density of
hair sensilla” region (calcaneus + tarsus — see Materi-
als and Methods) (9.35 mm?), followed by H. citrinus
(9.08 mm?), G. albiscriptum (7.81 mm?), P. ornatus
(437 mm?), D. inermis (3.79 mm?) and P. strinatii
(3.50 mm?).

4. DISCUSSION
4.1. General features

The microgranulate surface on the proximal parts of
the leg was also observed on other harvestmen species
(JUBERTHIE & MAssouD 1976; HOLMBERG & COK-
ENDOLPHER 1997), and the extension of the “high-den-
sity of hair sensilla region” that we found in the lania-
toreans studied was similar to that observed by
JUBERTHIE & MASsSoUD (1976) in a cyphophthalmid;
the extension of the ‘“high-density of hair sensilla
region” that we found in the Eupnoi studied was simi-
lar to that observed by HOLMBERG & COKENDOLPHER
(1997) in another Eupnoi species. The general mor-
phology of the hair sensilla was similar to that found
by JUBERTHIE & MaAssouD (1976), SpicErR (1987),
HOLMBERG & COKENDOLPHER (1997) and GUFFEY
(1999), which would suggest similar functions.

4.2. Morphology of sensilla chaetica

Pores in hair-sensilla have been related to a chemore-
ceptive function (FOELIX 1970, 1985; SHANBAG et al.
1999 and references therein). There may be a single
terminal pore (contact chemoreception — e.g. VAN
BAAREN et al. 1999) or several pores on the shaft wall
(olfaction — e.g. OCHIENG et al. 2000). Although pores
were hardly seen and are known on some occasions to
be plugged by extruding fluid (FOELIX & CHU-WANG
1973; KAURT 1989), they seem to occur at least in some
of the sensilla chaetica observed (Fig. 7). Because in
the species studied herein, no wall-pores were found in
sensilla chaetica (as also reported by GUFFEY et al.
2000), these sensilla are probably not related to olfac-
tion. The steeper angle in the leg cuticle and larger
length, allowing sensilla chaetica to extend beyond
sensilla trichodea, suggests a contact chemoreceptive
function (FOELIX & CHU-WANG 1973; ALTNER &



PRILLINGER 1980). No terminal pores were found on
sensilla chaetica of the harvestmen studied by GUFFEY
et al. (2000), but they stressed that the histological
characteristics suggested a chemoreceptive function.
Broken sensilla chaetica revealed (1) a thick shaft
wall, which is generally associated with contact
chemoreceptors (SLIFER 1970), but (2) a single lumen
in the shaft, and not a double lumen as recorded in
chemosensitive hairs in spiders (FOELIX 1970). As con-
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tact chemoreceptive sensilla generally posses
mechanoreceptive dendrites, assuming a bimodal func-
tion (FOELIX & CHU-WANG 1973; ALTNER & PRILLIN-
GER 1980), and because of the presence of an articulat-
ing membrane, we suggest that sensilla chaetica are
gustatory contact mechanoreceptors. It should be men-
tioned, however, that the sensilla chaetica that had no
internal lumen (Fig. 5A) probably had no terminal
pore, and would therefore function only as tactile hairs.

Tab. 2. Significant results in the comparisons of sensilla trichodea and sensilla chaetica of the ventral region of the calcaneus
and tarsus among different legs (P < 0.05). For instance, I>II = higher density of hair sensilla on legs I than on legs II. Dague =
Daguerreia inermis; Goni = Goniosoma albiscriptum; Holco = Holcobunus citrinus; Neos = Neosadocus maximus; Pachy =

Pachylospeleus strinatii; Promi = Promitobates ornatus.

I>11 I>1I1 I1>1V I>1 >0 MI>1v II>1 m>1m1 Mm>Iv IV>I IV>1T IV>Il
sensilla trichodea in calcaneus

Neos Dague  Neos - Goni Goni Pachy Promi Pachy - - -
Promi Goni Promi - - Pachy - - - - - -
sensilla trichodea in tarsus

Dague - Dague - - - - Dague  Dague  — Dague  Holco
Goni - Goni - - - - - - - Holco -
Holco - - - - - - - - - - -
Pachy - - - - - - - - - - -
sensilla chaetica in calcaneus

Promi - - - - - - - - - - -
sensilla chaetica in tarsus

- - Holco Dague  Dague  Dague  — - - - - -

Tab. 3. Comparison of the density of sensilla trichodea on the ventral and dorsal region of the legs of different species. The
number of “x” represents the number of species that have significantly lower density of hair sensilla on the same part of the leg
than the one represented at the first line of the column (P < 0.05).

D. inermis G. albiscriptum H. citrinus N. maximus P. strinatii P. ornatus
VENTRAL
calcaneus I XXX XXX
calcaneus I1 X XX
calcaneus 111 X XX XXX XX XXX XXX
calcaneus IV XXX XX
tarsus | X X XX
tarsus II XX X XX
tarsus 111 XXX
tarsus IV XX XXX
DORSAL
calcaneus I XXX
calcaneus I1 XXX
calcaneus III XXX
calcaneus IV XXX X
tarsus I XXX
tarsus II XXX X
tarsus 111 X XX X
tarsus IV XXXX X XXXX
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4.3. Morphology of sensilla trichodea

Sensilla trichodea had no wall pores. They are there-
fore probably not olfactory detectors, as discussed
above. There was no discernable apical pore (Fig. 8),
which does not mean pores were not actually present,
as also discussed above. However, as sensilla chaetica
extend beyond sensilla trichodea, a contact chemore-
ception function is more likely attributable to the for-
mer, as it contacts the substrate first (ALTNER &
PRILLINGER, 1980). We would like to propose three
possible functions for these sensilla, which are not
mutually exclusive. The first is that they may function
as tactile hairs, although there was no articulating

Fig. 5. A: Broken sensillum chaeticum without visible inter-
nal lumen, on tarsus I of Daguerreia inermis; B: Broken sen-
sillum chaeticum with internal lumen, on calcaneus I of
Promitobates ornatus. Scale bar =2 ym.

membrane, which are commonly found in tactile hairs
in insects and other arachnids (FOELIX 1985; SNOD-
GRASS 1993; CHAPMAN 1998). Unsocketed hair sensilla
without wall pores being the most abundant sensilla
were also found in other taxa, but their function was
not discussed (e.g., Hymenoptera: AMORNSAK et al.
1998; Diptera: SHANBAG et al. 1999; Opiliones: GUF-
FEY et al. 1999). Because of their abundance and very
acute angle of insertion, possibly reducing the contact
between the substrate and the integument, a second
possible role for sensilla trichodea is to protect the
integument and/or other sensilla, as has been suggested
for some sensilla found on beetles (MUSTAPARTA 1973;

Fig. 6. A: Broken sensilla trichodea without visible internal
lumen, on tarsus I of Daguerreia inermis; B: Broken sensilla
trichodea with internal lumen, on tarsus I of Pachylospeleus
strinatii. Scale bar =2 ym.



FaucHEUx 1989). Finally, they may serve as a brush
when the harvestmen groom themselves. These ani-
mals are known to repeatedly intercalate between pass-
ing their legs I and II on their body (cephalothorax,
abdomen and legs) and between their chelicerae,
which might be related to the cleaning of sensorial
structures (EDGAR 1971; see also HILLYARD & SANKEY
1989; SANTOS & GNASPINI 2002).

4.4. Distribution of sensilla chaetica
and trichodea

The three main questions of this paper are discussed
and we propose, as working hypotheses, possible rela-
tionships between the distribution of hair sensilla and
harvestmen behavior.

Fig.7. Tip of sensillum chaeticum. Scale bar = 500 nm.

Fig. 8. Tip of sensillum trichodeum. Scale bar = 1 ym.

Density of Hair Sensilla in Harvestmen 361

44.1. Calcaneus

The distribution of sensilla on the calcaneus did not
follow the pattern found in the tarsus. As there seem to
be no functional difference between the regions (e.g.
tapping the substrate or supporting the body by the
ventral region, as known to occur with the tarsus), one
might expect a similar distribution of sensilla through-
out the calcaneus. However, some significant differ-
ences did occur. Further studies are needed to clarify
this point.

4.4.2. Tarsus

The first question was whether the dorsal, lateral and
ventral part of each leg differed in the density of hair
sensilla. The results indicated that the ventral region of
the tarsi were denser in sensilla trichodea than the lat-
eral and dorsal regions, mainly on legs I and II. Har-
vestmen seem to use these legs mostly for probing the
environment (see GUFFEY 1999; WILLEMART 2002).
Since it is usually the ventral part that touches the sub-
strate/food, large numbers of hair sensilla on this
region may be associated with mechanical perception
(size, form and texture), what would explain the
greater density of hair sensilla on this region. The more
sensilla are present, the more accurate is the mechani-
cal perception of resources (see BROWNELL 2001), such
as the physical characteristics of the environment,
food, habitat and oviposition sites. The fact that not
only legs II but also legs I have more sensilla trichodea
on the ventral region than on the dorsal and lateral
regions is interesting because legs II have historically
received much attention when sensorial mechanisms
are discussed (CANALS 1936; CLOUDSLEY-THOMPSON
1958; KAESTNER 1968; EDGAR 1971; GOODNIGHT &
GOODNIGHT 1976; HILLYARD & SANKEY 1989; ACOSTA
et al. 1995; MACHADO et al. 2000), and they were
sometimes referred to as “sensorial legs” (HOENEN &
GNASPINI 1999; ELPINO-CAMPOS et al. 2001). Although
they are indeed important as sensorial organs, observa-
tions by ANURADHA & PARTHASARATHY (1976),
ELPINO-CAMPOS et al. (2001), WILLEMART (2002), and
WILLEMART & GNASPINI (in press) suggested that legs [
are also important sensorial organs, even more impor-
tant for identifying food than the second pair (GUFFEY
1999).

The second question was whether there were differ-
ences in the density of hair sensilla between the ventral
region of the leg pairs of the same individual. It is note-
worthy that the ventral region of legs II had less sensil-
la trichodea than the ventral region of legs I in four of
the six studied species. As noted above, besides aiding
in cleaning behavior and protecting the integument/
other sensilla, sensilla trichodea may have a tactile
function. Legs II seem to be used to determine the
physical dimensions of the environment (GUFFEY
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1999), like “general features”, whereas legs I seem to
be responsible for recognition of resources (such as
food — GUFFEY 1999) — “detailed features”. Therefore,
it would be important to concentrate sensilla trichodea
on the ventral region of legs I for increased tactile per-
ception. Concerning the distribution of sensilla chaeti-
ca, the few distinct distributions found in D. inermis
and H. citrinus remain to be explained.

Finally, the third question was whether the density of
hair sensilla was different among the species. H. citri-
nus was the species with higher density of sensilla tri-
chodea, on all legs. ROTERS (1944, apud MACIAS-
ORDONEZ 1997) and PHILLIPSON (1960) reported that,
in some Eupnoi, prey perception is only possible after
physical contact. MACIAS-ORDORNEZ (1997) observed
that the Eupnoi Leiobunum vittatum Say 1821 only
detected conspecifics after touching them. The fact that
H. citrinus has a high density of sensilla trichodea and
that the Eupnoi studied by the authors above are not
able to detect prey at a distance would be a behavioral
indication that these hair sensilla are probably not
responsible for long range perception (be it chemical
or mechanical). However, why then would H. citrinus
have such a high density of hair sensilla? In addition to
the high density of sensilla trichodea, this species also
has very long legs, and, unlike the laniatorean studied
herein, hair sensilla are abundant all over the metatar-
sus, not only on its distal part (calcaneus). Holcobunus
citrinus has the second highest density of sensilla
among the studied species, just behind N. maximus,
which has very thick legs. To tentatively explain these
results, some behavioral data of palpatorean harvest-
men have to be mentioned. Two typical defensive

behaviors of H. citrinus are fleeing and autospasy of
the legs, which were also noted in some other species
of Eupnoi (BERLAND 1949; KAESTNER 1968; EDGAR
1971; ROTH & ROTH 1984; HILLYARD & SANKEY 1989).
The body at the center of the legs also keeps it relative-
ly far from invertebrate predators. The fact that a
predator reaches the body of a palpatorean could mean
its death, since they do not have effective physical
defense as laniatoreans (see MACHADO & RAIMUNDO
2001). The great density of hair sensilla and the
extended sensorial region of the metatarsus might be
associated with the need of rapid detection of a preda-
tor, through contact, allowing fleeing or autospasy if a
leg happens to be caught.

Concerning the Laniatores studied, the epigean
species (N. maximus and P. ornatus) and the troglox-
enic G. albiscriptum have a higher density of sensilla
chaetica than the troglophilic D. inermis and the
troglobitic P. strinatii. The latter two, as mentioned in
the introduction, might be expected to have a greater
density of hair sensilla than the epigean species (see
CHRISTIANSEN 1992; GNASPINI & HOENEN 1999; HUp-
pop 2000). Since the opposite occurred, this subject
deserves further studies. Obviously, historical features
cannot be forgotten, and phylogenetically closely
related species should be investigated. Nevertheless,
some considerations may be made. First, D. inermis
and P. strinatii were considered by TRAJANO &
GNASPINI (1991) to be omnivorous. Second, PINTO-DA-
RocHA (1996a, b) noticed that both species seemed
concentrate near the cave streams, where there is a
higher availability of food (detritus carried by the
stream). Third, HOENEN & GNASPINI (1999) noticed

Fig. 9. Lateral view of tarsus IV
of Neosadocus maximus, show-
ing the high density of hair sensil-
la on the ventral region. Scale bar
=100 ym.



that P. strinatii showed a large amount of activity,
which they suggested may be related to the scarcity of
food and/or mates typical of caves. Even considering
that the availability of food is higher near streams, it is
not available in a concentrated way. In other words, P.
strinatii, as an omnivorous species, shows preference
for places where its food is more available, and shows
a large amount of activity (see POULSON 1963). In a
low food environment (as in caves), the animals have
several evolutionary routes to improve finding food:
becoming more generalist, shifting the diet, enhancing
sensorial detection and/or enhancing the chance of
finding food by walking more (see HuppoP 2000). As
harvestmen are generally omnivorous (revised by
WILLEMART 2002), it is therefore not a feature
acquired by P. strinatii. Thence, P. strinatii may fol-
lowed the latter route. This may also explain our find-
ings on D. inermis.

Another point to explore is the fact that the sensorial
apparatus is also related to defensive behaviors. It is
possible that the predation pressure on P. strinatii is
lower inside the caves, where predators are in lower
numbers than in the epigean environment. This seems
to have occurred with other cave animals (e.g., cave
fishes — TRAJANO 1989) and might explain why the
sensorial apparatus of P. strinatii was not larger when
compared to epigean species: because there was no
need (= no selective pressure). Finally, the “shift” from
sensilla trichodea to sensilla chaetica in some regions
of legs I and Il in D. inermis and P. strinatii may be
related to a need of increased chemical perception. We
should finally stress that our study is pioneer for har-
vestmen, and that we are already studying other behav-
ioral aspects that will hopefully solve questions about
the use of legs by harvestmen.

Acknowledgements. This study was conducted in the post-
graduation program in zoology of the Instituto de Biocién-
cias da USP (IBUSP). We thank the anonymous referees for
their helpful suggestions. M. R. Hara kindly made the draw-
ing of the leg and provided useful suggestions about the
preparation of SEM material. R. Pinto-da-Rocha allowed
the use of specimens of the Museu de Zoologia da USP
(MZSP) and provided suggestions for the preparation of
SEM material. M. D. Marques allowed the use of SEM
from MZSP and A. A. G. F. C. Ribeiro allowed the use of
SEM from IBUSP. E. Mattos patiently made the SEM pho-
tographs in IBUSP. R. Bessi collected some harvestmen. A.
L. Tourinho helped with information on sclerosomatid sys-
tematics. F. Gaiger helped with computer matters. This
study was supported by grant from FAPESP (Fundacdo de
Amparo a Pesquisa do Estado de Sao Paulo) # 01/00920-5
to RHW and partially by grant FAPESP # 00/04686-4 to
PG, who also has a research fellowship # 300326/1994-7
from CNPq (Conselho Nacional de Desenvolvimento Cien-
tifico e Tecnoldgico).

363

Density of Hair Sensilla in Harvestmen

S. REFERENCES

ALTNER H. & PRILLINGER, L. (1980): Ultrastructure of inver-
tebrate chemo-, thermo-, and hygroreceptors and its func-
tional significance. Int. Rev. Cyt. 67: 69—139.

AcoSTA, L. E., PEREYRA, F. E. & P1zz1, R. A. (1995): Field
observations on Pachyloidellus goliath (Opiliones,
Gonyleptidae) in Pampa de Achala, province of Cérdoba,
Argentina. Bull. British arachnol. Soc. 10: 23-28.

AMORNSAK, W., CriBB, B. & GORDTH, G. (1998): External
morphology of antennal sensilla of Trichogramma aus-
tralicum Girault (Hymenoptera: Trichogrammatidae). Int.
J. Insect Morphol. Embryol. 27: 67-82.

ANURADHA, K. & PARTHASARATHY, M. D. (1976): Field stud-
ies on the ecology of Gagrellula saddlana Roewer (Palpa-
tores, Opiliones, Arachnida) and its behaviour in the labo-
ratory condition. Bull. Ethol. Soc. India 1: 68-71.

BARTH, F. G. & STAGL, J. (1976): The slit Sense Organs of
Arachnids: A Comparative Study of Their Topography on
the Walking Legs (Chelicerata, Arachnida). Zoomorphol.
86: 1-23.

BERLAND, L. (1949): Ordre des Opilions. Pp. 761-793 in:
GRASSE, P. P. (ed.) Traité de Zoologie, vol. 6. Maison et
Cie, Paris.

BROWNELL, P. (2001): Sensory ecology and orientational
behaviors. Pp 159-183 in: BROWNELL, P. & PoLis, G. (eds)
Scorpion Biology and Research. Oxford, Oxford etc.

CANALS, J. (1936): Observaciones bioldgicas em ardcnidos
del orden Opiliones. Rev. Chil. Hist. Nat. 40: 61-63.

CHAPMAN, R. F. (1998): The insects: structure and function.
770 pp., Cambridge University Press, Cambridge.

CHRISTIANSEN, K. (1992): Biological processes in space and
time: Cave life in the light of modern evolutionary theory.
Pp. 453-478 in: CAMACHO, A. 1. (ed.) The natural history
of biospeleology. Monografias del Museo Nacional de
Ciencias Naturales, Madrid.

CLOUDSLEY-THOMPSON, J. L. (1958): Spiders, scorpions, cen-
tipedes and mites. 227 pp., Pergamon Press, London etc.
CROWSON, R. A. (1981): The biology of the Coleoptera. 802

pp-, Academic Press, London etc.

DALY, H. V, DoYeN, J. T & PurceLL III, A. H. (1998): Intro-
duction to Insect Biology and Diversity, 2nd ed. 680 pp.,
Oxford University Press, Oxford etc.

EDGAR, A. L. (1963): Proprioception in the legs of pha-
langids. Biological Bulletin 124: 262-267.

EDGAR, A. L. (1971): Studies on the biology and ecology of
Michigan Phalangida (Opiliones). Misc. Publ. Mus. Zool.,
Univ. Michigan 144: 1-64.

EISENBEIS, G. & WICHARD, W. (1987): Atlas on the biology of
soil arthropods. 473 pp., Springer-Verlag, Berlin and New
York.

ELPINO-CAMPOS, A., PEREIRA, W., DEL-CLARO, K. & MACHA-
DO, G. (2001): Behavioural repertory and notes on natural
history of the Neotropical harvestman Discocyrtus oliveri-
oi (Opiliones, Gonyleptidae). Bull. Br. arachnol. Soc. 12:
144-150.

FARLEY, R. (2001): Structure, Reproduction and Develop-
ment. Pp. 13-78 in: BROWNELL, P. & PoLis, G. (eds.) Scor-
pion Biology and Research. Oxford University Press,
Oxford etc.



364 R. H. WILLEMART and P. GNASPINI

FAucHEUX, M. (1989): Morphology of the antennal club in
the male and female bark beetles Ips sexdentatus Boern.
and 1. typographus (L.) (Coleoptera: Scolytidae). Ann.
Sci. Nat. Zool. Paris 10: 231-243.

FoeLix, R. F. (1970): Chemosensitive Hairs in Spiders. J.
Morph. 132: 313-321.

FoeLIx, R. F. (1976): Rezeptoren und peripher synaptische
Verschaltungen bei verschiedenen Arachnida. Entomol.
Germ. 3: 83-87.

FoELIx, R. F. (1985): Mechano- and Chemoreceptive Sensil-
la. Pp. 118137 in: BARTH, F. G. (ed.) Neurobiology of
Arachnids. Springer-Verlag. Berlin etc.

FoeLIx, R. F. (1996): Biology of spiders. 2"d. 330 pp.,
Oxford University Press, New York, Oxford.

FOELIX, R. F. & CHU-WANG, I-W. (1973): The morphology of
spider sensilla II. Chemoreceptors. Tissue & Cell 5:
461-478.

GIRIBET. G. (2002): Stylocellus ramblae, a new stylocellid
(Opiliones, Cyphophthalmi) from Singapore, with a dis-
cussion of the family Stylocellidae. J. Arachnol. 30: 1-9.

GIRIBET, G., EDGECOMBE, G. D., WHEELER, W. C. & BABBITT,
C. (2002): Phylogeny and systematic position of Opil-
iones: A combined analysis of chelicerate relationships
using morphological and molecular data. Cladistics 18:
5-70.

GNASPINI, P. & HOENEN, S. (1999): Considerations about the
troglophilic habit: the cave cricket model. Mém. Biospéol.
26: 151-158.

GOODNIGHT, M. R. & GOODNIGHT, C. J. (1976): Observations
on the systematics, development and habits of Erginulus
clavotibialis (Opiliones, Cosmetidae). Trans. American
Microsc. Soc. 95: 654—-664.

GUFFEY, C. (1999): Costs associated with leg autotomy in the
harvestmen Leiobunum nigripes and Leiobunum vittatum
(Arachnida: Opiliones). Can. J. Zool. 77: 824-830.

GUFFEY, C., TOWNSEND, V. R. jr. & FELGENHAUER, B. E.
(2000): External morphology and ultrastructure of the pre-
hensile region of the legs of Leiobunum nigripes (Arachni-
da, Opiliones). J. Arachnol. 28: 231-236.

HANSEN, H. J. & SOERENSEN, W. (1904): On two orders of
Arachnida: Opiliones, especially the suborder Cyphoph-
thalmi, and Ricinulei, namely the family Cryptostemma-
toidae. Cambridge University Press.

HaNssoN, B. S., LOFSTEDT, C., LOFQVIST, J. & HALLBERG, E.
(1986): Spatial arrangement of different types of
pheromone sensitive sensilla in a male moth. Naturwis-
senschaften 73: 269-270.

HiLLYARD, P. D. & SANKEY, J. H. P. (1989): Harvestman.
Synopses of the British Fauna, new series. Linnean Soci-
ety of London 4: 1-119.

HOENEN, S. & GNAsPINI, P. (1999): Activity rhythms and
behavioral characterization of two epigeic and one caver-
nicolous harvestmen (Arachnida, Opiliones, Gonylepti-
dae). J. Arachnol. 27: 159-164.

HoLMBERG, R. G. & COKENDOLPHER, J. C. (1997): Re-
description of Togwoteeus biceps (Arachnida, Opiliones,
Sclerosomatidae) with notes on its morphology, karyology
and phenology. J. Arachnol. 25: 229-244.

HowaRrTH, F. G. (1983): Ecology of cave arthropods. Ann.
Rev. Entomol. 28: 365-389.

Huppop, K. (2000): How do cave animals cope with the food
scarcity in caves? Pp. 159-188 in: WILKENS, H., CULVER,
D. & HumpHREYS, W. F. (eds.) Ecosystems of the world
30, Subterranean Ecosystems. Elsevier. Amsterdam etc.

JUBERTHIE, C. & MAssouD, Z. (1976): Biogéographie, tax-
onomie et morphologie ultrastructurale des opilions
cyphophthalmes. Rev. Ecol. Biol. Sol 13: 219-231.

KAESTNER, A. (1968): Invertebrate Zoology. Order Opil-
iones, Harvestmen. vol. 2: Pp. 229-247. John Wiley &
Sons, New York.

KAURI, H. (1989): External ultrastructure of sensory organs
in the subfamily Irumuinae (Arachnida, Opiliones,
Assamidae). Zool. Scripta 18: 289-294.

KLEIN, U. (1981): Sensilla of the cricket palp. Cell Tissue
Res. 219: 229-252.

LopEs, A., EMERIT, M. & RAMBLA, M. (1980). Contribution a
I’étude de Sabacon paradoxum Simon 1879 (Opiliones,
Palpatores, Ischyropsalididae). Stations nouvelles, paricu-
larites électromicroscopiques du prossoma et de ses
appendices. C.R. Ve. Colloque Arach. 9, Barcelone:
147-161.

LuQug, C. G. (1993): The slit sense organs. Contribution to
the knowledge of specie Sabacon pasonianum Luque
1991 (Opiliones: Palpatores: Sabaconidae). Mém.
Biospéol. 20: 131-137.

MACHADO, G., RAIMUNDO, R. L. G. & OLIVEIRA, P. S. (2000):
Daily activity schedule, gregariousness, and defensive
behavior in the Neotropical harvestman Goniosoma
longipes (Opiliones: Gonyleptidae). J. Nat. Hist. 34:
587-596.

MACHADO, G. & RAIMUNDO, R. L. G. (2001): Parental invest-
ment and the evolution of subsocial behaviour in harvest-
men (Arachnida Opiliones). Ethol. Ecol. Evol. 13:
133-150.

MAcCias-ORDONEZ, R. (1997): The mating system of
Leiobunum vittatum Say 1821 (Arachnida: Opiliones: Pal-
patores): resource defense polygyny in the striped harvest-
man. Lehigh University, Bethlehem. Phd thesis.

MARTENS, J., HOHEISEL, U. & GOT1ZE, M. (1981): Vergle-
ichende Anatomie der Legerohren der Opiliones als
Beitrag zur Phylogenie der Ordnung (Arachnida). Zool.
Jb. Anat. 105: 13-76.

MERIVEE, E., RAHI, M. & LUIK, A. (1999): Antennal sensilla
of the click beetle, Melanotus villosus (Geoffroy)
(Coleoptera: Elateridae). Int. J. Insect Morphol. Embryol.
28:41-51.

MUSTAPARTA, H. (1973): Olfactory sensilla on the antennae
of the pine weevil. Z. Zellforsch. mikrosk. Anat. 144:
559-571.

OCHIENG, S. A., Park, K. C., ZHu, T. C. & BAKER, T. C.
(2000): Functional morphology of antennal chemorecep-
tors of the parasitoid Microplitis croceipes (Hymenoptera:
Braconidae). Arth. Struct. Develop. 29: 231-240.

PHILLIPSON, J. (1960): A contribution to the feeding biology
of Mitopus morio (F) (Phalangida). J. Anim. Ecol. 29:
35-43.



PINTO-DA-ROCHA, R. (1996a): Description of the male of
Daguerreia inermis Soares & Soares, with biological
notes on population size in the Gruta da Lancinha, Parand,
Brazil (Arachnida, Opiliones, Gonyleptidae). Rev. Bras.
Zool. 13: 833-842.

PINTO-DA-ROCHA, R. (1996b): Biological notes on and popu-
lation size of Pachylospeleus strinatii Silhavy, 1974 in the
Gruta das Areias de Cima, Iporanga, south-eastern Brazil
(Arachnida, Opiliones, Gonyleptidae). Bull. Br. arachnol.
Soc. 10: 189-192.

PouLsoN, T. L. (1963): Cave adaptation in amblyopsid fish-
es. Am. Midl. Nat. 70: 257-290.

Punzo, F. (1998): The biology of camel-spiders. 301 pp,
Kluwer Academic Publishers, The Netherlands.

RortH, V. D. & RotH, B. M. (1984): A review of appendoto-
my in spiders and other arachnids. Bull. Br. Arachnol. Soc.
6: 137-146.

ROTERS, M. (1944): Observations on British harvestmen. J.
Quekett Microsc. Club 2: 23-25 apud MACiAS-ORDONEZ,
R. (1997): The mating system of Leiobunum vittatum Say
1821 Arachnida: Opiliones: Palpatores): resource defense
polygyny in the striped harvestman. Lehigh University,
Bethlehem. Ph.D. thesis.

SanTtos, F. H. & GNAsPINI, P. (2002): Notes on the foraging
behavior of the Brazilian cave harvestman Goniosoma
spelaeum (Opiliones, Gonyleptidae). J. arachnol. 30: 177-180.

SAVORY, T. (1964): Arachnida. 291 pp, Academic Press, Lon-
don & New York.

SNODGRASS. R. E. (1993): Principles of insect morphology,
3 ed. 667 pp. Cornell University Press, Ithaca & London.

SHANBAG, S. R., MULLER, B. & STEINBRECHT, R. A. (1999):
Atlas of olfactory organs of Drosophila melanogaster 1.
Types, external organization, innervation and distribution
of olfactory sensilla. Int. J. Insect Morphol. Embryol. 28:
377-397.

SHuLrz, J. W. (1998): Phylogeny of Opiliones (Arachnida):
an assessment of the “Cyphopalpatores” concept. J.
Arachnol. 26: 257-272.

SPICER, G. S. (1987): Scanning electron microscopy of the
palp sense organs of the harvestman Leiobunum townsendi
(Arachnida: Opiliones). Trans. American Microsc. Soc.
106: 232-239.

365

Density of Hair Sensilla in Harvestmen

TrAJANO, E. (1989): Estudo do comportamento espontaneo e
alimentar e da dieta do bagre cavernicola, Pimelodella
kronei, e seu provavel ancestral epigeo, Pimelodella tran-
sitoria (Siluriformes, Pimelodidae). Rev. Bras. Biol. 49:
757-769.

TrAJANO, E. & GNASPINI, P. (1991): Notes on the food webs
in caves from southeastern Brazil. Mém. Biospéol. 18:
75-79.

VAN BAAREN, J., BolviN, G., LanNIC, J. L. & NENON, J. P.
(1999): Comparison of antennal sensilla of Anaphes victus
and A. listronoti (Hymenoptera, Mymaridae), egg para-
sitoids of Curculionidae. Zoomorphol. 119: 1-8.

WEYGOLDT, P. (1969): The biology of pseudoscorpions. 145
pp, Harvard university Press, Cambridge, Massachussets.

WEYGOLDT, P. (2000): Whip spiders (Chelicerata: Amblypy-
gi). Their biology, morphology and systematics. 163 pp,
Apollo Books, Steenstrup.

WILLEMART, R. H. (2002): Cases of intra- and inter-specific
food competition among Brazilian harvestmen, in captivi-
ty (Opiliones, Laniatores, Gonyleptidae). Rev. Arachnol.
14: 49-58.

WILLEMART, R. H. & GNASPINI, P. (in press): Spatial distribu-
tion, mobility, gregariousness, and defensive behavior in a
Brazilian cave harvestman Goniosoma albiscriptum
(Arachnida, Opiliones, Laniatores). Animal Biology.

YOUNG, D. (1989): Nerve cells and animal behaviour. 236
pp, Cambridge University Press, Cambridge etc.

Authors’ address: Rodrigo H. WILLEMART! (corresponding
author) and Pedro GNASPINI?>. Departamento de Zoologia,
Instituto de Biociéncias, Universidade de Sdao Paulo, Rua do
Matdo, trav. 14, 101, 05508-090, Sdo Paulo, SP, Brazil.
E-mails: 'tThw@ib.usp.br, 2gnaspini@ib.usp.br

Received: 19.11.2002

Returned for Revision: 25.06.2003
Accepted: 03.12.2003

Corresponding Editor: G. A. BOXSHALL



