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Comparative Density of Hair Sensilla on the Legs of 
Cavernicolous and Epigean Harvestmen (Arachnida: Opiliones)
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Abstract. To allow an animal to behave appropriately, the location of sensorial structures is expected to be relatedto their function. As the different leg pairs of arachnids may have different functions (probing x supporting thebody), 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 ofeach 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 differentdensity 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 thedorsal, lateral and ventral regions of each leg pair of the same individual? (2) Are there differences in the densityof hair sensilla between the leg pairs of the same individual? (3) Are there differences in the density of hair sensillawhen comparing the leg pairs of individuals of cavernicolous and non-cavernicolous species? The tarsi andmetatarsi of all right legs of the six studied species were analyzed under a scanning electron microscope. Theresults (P < 0.05) showed that, in general: the ventral region of the tarsus was denser in sensilla trichodea than thelateral and dorsal regions, particularly on legs I and II; the density of sensilla chaetica did not differ on legs III andIV, 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 thespecies 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.
Key words. Opiliones, harvestman, sensilla chaetica, sensilla trichodea, morphology.

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 (YOUNG1989). Sense organs may be related to several types ofstimulus, such as chemical (olfaction and gustation),mechanical, radiant, and changes in temperature andhumidity (CROWSON 1981). Arthropods have sensorystructures located in specific sites on the body (FOELIX1996; DALY et al. 1998), which are expected to berelated to the function of the structure. HANSSON et al.(1986) showed that more exposed sensilla on a mothantennae 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 betterexposure to odorant stimulus.

In arachnids, although there are sensory structures inseveral parts of the body, they are concentrated at theirextremities (PUNZO 1998). The first pair of legs of The-lyphonida, Schizomida, Palpigradi, Araneae, Solifu-gae, Amblypygi, and the pedipalps of Scorpiones andPseudoscorpiones are used to probe the environment(SAVORY 1964; WEYGOLDT 1969, 2000; FOELIX 1996;PUNZO 1998; FARLEY 2001).Harvestmen (Arachnida, Opiliones) have traditionallybeen divided in the suborders Cyphophthalmi, Palpa-tores and Laniatores (e.g., SHULTZ 1998), althoughsometimes the first two are grouped in the single sub-order Cyphopalpatores (e.g., MARTENS et al. 1981) orPalpatores is divided into the suborders Eupnoi andDyspnoi (e.g., GIRIBET et al. 2002). They are non-visu-al (HILLYARD & SANKEY 1989), omnivorous (revisedby WILLEMART 2002) arachnids, which rely mostly ontheir legs to gather information from their surround-
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ings (PHILLIPSON 1960; MACÍAS-ORDÓÑEZ 1997). Thesecond pair of legs has been considered to be the mostimportant sensorial appendage of harvestmen, and isgenerally not used for walking, which is accomplishedmainly by the third and fourth pair of legs (HILLYARD &SANKEY 1989). Some studies showed that the first pairof 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 differentlegs (since they have different functions), and betweendifferent regions of the same leg, according to the useof each part of the leg (e.g. the ventral part is often incontact 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 aspectsof 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 papersdescribed and discussed the function of the hair sensil-la, tarsal and campaniform organs, and slit sensilla(EDGAR 1963; BARTH & STAGL 1976; FOELIX 1976;LOPEZ et al. 1980; SPICER 1987; KAURI 1989; LUQUE1993; GUFFEY et al. 1999). Finally, photographs of sen-sorial structures can be found in some taxonomicpapers (e.g., JUBERTHIE & MASSOUD 1976; HOLMBERG& COKENDOLPHER 1997; GIRIBET 2002). None of theworks above dealt with Neotropical species.Cave species are interesting models for the study of theevolution of sensorial organs. These species are subdi-vided into three categories: troglobites are restricted tothe cave, troglophiles include populations that com-plete their life cycles outside caves and populationsthat complete their life cycles in caves, and troglox-enes inhabit caves but must leave it to forage and/orreproduce (HOWARTH 1983). “Old” troglobites mayhave troglomorphisms, i.e., characteristics thatappeared in the cave and are related to this environ-ment. One of the known troglomorphisms is theincrease in the number and/or sensitivity and/or size ofthe sensorial structures (other than visual ones), whichis related to the low food availability in caves (CHRIS-
TIANSEN 1992; GNASPINI & HOENEN 1999). Astroglophiles may complete their life cycle in thehypogean or epigean environment, we have to considerthe possibility that they may be more sensitive thanstrict epigean species, which would be a preaptationfor the colonization of caves (GNASPINI & HOENEN1999).To detect whether the increase in sensorial structuresis related to evolution in the cave environment or isdue to plesiomorphy, the phylogeny of the studiedgroup 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 completephylogenetic study. However, a comparison betweensensorial structures of cavernicolous and epigean har-vestmen is a first step towards understanding howthese structures have evolved. Herein we studiedthree epigean and three cavernicolous harvestmenspecies. In addition to describing the morphology ofthe most abundant hair sensilla on their tarsi, thisstudy intended to answer three questions: (1) Arethere differences in the density of hair sensillabetween the dorsal, lateral and ventral regions of eachleg pair of the same individual? (2) Are there differ-ences in the density of hair sensilla between the legpairs of the same individual? (3) Are there differencesin the density of hair sensilla when comparing the legpairs 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 thespecies and the cave environment, and provenence – all inthe state of São Paulo, Brazil): Promitobates ornatus (Mello-Leitão, 1922) (Mitobatinae, epigean, Paranapiacaba [= Altoda Serra], Santo André), Neosadocus maximus (Mello-Leitão, 1935) (Gonyleptinae, epigean, Iporanga), Goniosoma
albiscriptum Mello-Leitão, 1932 (Goniosomatinae, troglox-ene, Gruta da Quarta Divisão, Ribeirão Pires), Daguerreia
inermis Soares & Soares, 1947 (Pachylinae, troglophile,Gruta dos Buenos, Iporanga), Pachylospeleus strinatii Sil-havy, 1974 (Pachylospeleinae, troglobite, Gruta das ÁguasQuentes, Iporanga). One Eupnoi (Sclerosomatidae) was alsoused: Holcobunus citrinus Pocock, 1903 (Gagrellinae,epigean, Paranapiacaba, Santo André). Only females wereused, except for P. strinatii. Because there was an availablepreserved male, and this species is rare and endangered, wedecided not to collect females.
2.2. Microscopical preparations
Individuals preserved in alcohol had the legs cut at thelevel 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 andcleaned ultrasonically. Thereafter, the leg was transferredto a vessel containing only water and cleaned ultrasonicallyagain. The leg was then dried in a stove at 40 °C for 24 h,mounted on an aluminum stub using double sided adhesivetape, sputter coated with gold (Sputter Coater Balzer SCD50) and photographed with two different scanning electronmicroscopes (SEM – Zeiss DSM 940 and LEO 440 Laika& Zeiss).

354 R. H. WILLEMART and P. GNASPINI



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 smalldensity of hair sensilla (see section 3; Figs. 1, 2, and 3). Thedorsal, 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 werethen transferred to the software Corel Draw, on which samplesquares of 6.45 cm2 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 forinstance that a square sample placed on the upper lateralregion put too high on the lateral area would reach the dorsalpart of the leg. We also avoided putting sample squares in theregion between two tarsomeres, since this region never con-tained hair sensilla. Except for these two criteria, samplesquares 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 countedseparately. We considered that a hair sensillum was inside thesample square whenever at least a part of its insertion on theleg was inside the square sample. If a hair sensillum insertionwas inside two sample squares, this hair sensillum wascounted only once. As several different magnitudes wereused when making the photographs, and the leg width variedbetween species, a conversion was made to allow compari-son between species. The number of hair sensilla found oneach sample square was multiplied by the magnification ofthe 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 squaresfrom the same individual to allow a quantitative comparison,even if, strictly speaking, these comparisons concern theindividuals used herein, and not a sample of the species.The nomenclature of sensilla used herein followed that usedby 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).

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 digitalcalipers. The length was measured from the distal portion ofthe tarsus (base of claws) to the most proximal part in whichthere was still a high density of hair sensilla (the most proxi-mal part of calcaneus), and width was measured at the sameregion in which the photographs were taken (see 2.3).

2.5. Statistical analysis
The values obtained from counting were organized in theSoftware Sigmastat, which tests for normality and homo-cedascity before using parametric tests. To compare groups,we used non-parametric (Kruskal-Wallis) and parametricANOVA, which were followed, when necessary, by a poste-riori tests (parametric: Tukey test; non-parametric: Dunntest). In cases in which only two groups were compared, weused a t or Mann-Whitney test. The P value to reject normali-ty and homocedascity, and to conclude groups were differentwas 0.05. As mentioned above, the values of the numbers ofhair sensilla were multiplied by the magnification of the pho-tograph. This did not affect tests made in groups that did nothave “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 ormore sample squares could not be compared.

3. RESULTS
The two most abundant hair sensilla found were sen-
silla chaetica and sensilla trichodea. Except for someparticular cases (the dorsal region of calcaneus II andtarsus I, lateral region of tarsus I, and the dorsal, later-al and ventral regions of tarsus II of D. inermis, andthe dorsal region of tarsus II of P. strinatii), sensilla
trichodea were much more abundant than sensilla
chaetica. These two sensilla shared the followingcharacteristics: their shafts were both oriented towards
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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. 4. Sampling method used toquantify the hair sensilla (see textfor further information), on thecalcaneus IV of Promitobates
ornatus, lateral view. Scale bar =100 µm.

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

Fig. 2. Lateral view of the twoparts of the metatarsus: astragalus(rough surface, few hair sensilla,proximal) and calcaneus, on theleg II of Daguerreia inermis.Scale bar = 100 µm.



the distal end of the leg (angle of insertion relative tothe 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 insertionof sensilla chaetica varied between ~15–80°); theirdistal regions were slightly or abruptly curved, gener-ally towards the distal end of the leg; their shafts haddeep or soft longitudinal grooves and no wall pores(Figs. 5 and 6). They differed in the following charac-teristics: sensilla chaetica had a basal membranewhereas sensilla trichodea did not, and the formergenerally exceeds the latter. Among sensilla chaetica,there were variations in the size of the shaft, andamong sensilla trichodea there were slight variations

of form in N. maximus and P. ornatus. In these twospecies, 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 poretip 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 ofthe legs covered by a rough microgranulate surface.The five laniatoreans that we observed had a few hairsensilla from the coxae to the distal part of the astra-galus (Figs. 1, 2, and 3), and the Eupnoi studied had afew hair sensilla from the coxae until the distal part ofthe tibia.
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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; II = leg II etc.
dorsal > lateral dorsal > ventral lateral > dorsal lateral > ventral ventral > dorsal ventral > lateral
sensilla trichodea in calcaneus– – II P. ornatus – I D. inermis I D. inermis– – III N. maximus – I P. ornatus II D. inermis– – – – II D. inermis III H. citrinus– – – – II N. maximus III P. ornatus– – – – III N. maximus –– – – – III P. strinatii –– – – – III P. ornatus –
sensilla trichodea in tarsus– IIIH. citrinus I P. strinatii – I D. inermis I G. albiscriptum– – II P. ornatus – I G. albiscriptum I H. citrinus– – IV D. inermis – I H. citrinus I N. maximus– – – – I N. maximus II D. inermis– – – – I P. strinatii II G. albiscriptum– – – – II D. inermis II N. maximus– – – – II G. albiscriptum II P. ornatus– – – – II N. maximus IV G. albiscriptum– – – – II P. ornatus IV H. citrinus– – – – II P. strinatii –– – – – III D. inermis –– – – – IV D. inermis –– – – – IV G. albiscriptum –– – – – IV H. citrinus –
sensilla chaetica in calcaneus– II D. inermis – II D. inermis – –
sensilla chaetica in tarsusII P. ornatus I D. inermis – I G. albiscriptum III D. inermis –– I G. albiscriptum – I N. maximus – –– I N. maximus – II G. albiscriptum – –– I P. strinatii – II N. maximus – –– II N. maximus – – – –– II P. ornatus – – – –



3.1. Comparisons between dorsal, lateral 
and ventral regions of the legs 
of the same species

The differences in the densities of hair sensilla betweenthe dorsal, lateral, and ventral parts of the legs are sum-marized in Tab. 1. Neosadocus maximus had a veryhigh density of hair sensilla on the ventral part of tarsiIII and IV, thus obscuring their type and number (Fig.9). Although they were not considered for the statisticaltests, we believe that the great majority of these sensillawere probably sensilla trichodea, which were the mostabundant on all regions of all legs in N. maximus.
Sensilla trichodea
The ventral region of the calcaneus was generallydenser than lateral and dorsal regions, although on cal-caneus IV there was no difference between the sixspecies (Tab. 1). On the tarsus, the ventral region wasalso 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 denserthan lateral and dorsal regions.
Sensilla chaetica
Except for legs II 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 densethan 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 thesix studied species.
Sensilla chaetica
This type of hair sensilla was homogeneously dis-tributed among the calcaneus of distinct leg pairs inmost 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 thelack of these sensilla in several samples (see Materialsand 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 ofhair sensilla” region (calcaneus + tarsus – see Materi-als and Methods) (9.35 mm2), followed by H. citrinus(9.08 mm2), G. albiscriptum (7.81 mm2), P. ornatus(4.37 mm2), D. inermis (3.79 mm2) and P. strinatii(3.50 mm2).

4. DISCUSSION
4.1. General features
The microgranulate surface on the proximal parts ofthe 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 byJUBERTHIE & MASSOUD (1976) in a cyphophthalmid;the extension of the “high-density of hair sensillaregion” 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 foundby JUBERTHIE & MASSOUD (1976), SPICER (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 singleterminal pore (contact chemoreception – e.g. VANBAAREN et al. 1999) or several pores on the shaft wall(olfaction – e.g. OCHIENG et al. 2000). Although poreswere hardly seen and are known on some occasions tobe plugged by extruding fluid (FOELIX & CHU-WANG1973; KAURI 1989), they seem to occur at least in someof the sensilla chaetica observed (Fig. 7). Because inthe 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 largerlength, allowing sensilla chaetica to extend beyond
sensilla trichodea, suggests a contact chemoreceptivefunction (FOELIX & CHU-WANG 1973; ALTNER &
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PRILLINGER 1980). No terminal pores were found on
sensilla chaetica of the harvestmen studied by GUFFEYet al. (2000), but they stressed that the histologicalcharacteristics suggested a chemoreceptive function.Broken sensilla chaetica revealed (1) a thick shaftwall, which is generally associated with contactchemoreceptors (SLIFER 1970), but (2) a single lumenin the shaft, and not a double lumen as recorded inchemosensitive hairs in spiders (FOELIX 1970). As con-

tact chemoreceptive sensilla generally possesmechanoreceptive 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 aregustatory contact mechanoreceptors. It should be men-tioned, however, that the sensilla chaetica that had nointernal lumen (Fig. 5A) probably had no terminalpore, and would therefore function only as tactile hairs.
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Tab. 2. Significant results in the comparisons of sensilla trichodea and sensilla chaetica of the ventral region of the calcaneusand 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 > II I > III I > IV II > I II > III II > IV III > I III > II III > IV IV > I IV > II IV > III
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. Thenumber of “x” represents the number of species that have significantly lower density of hair sensilla on the same part of the legthan 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

VENTRALcalcaneus I ××× ×××calcaneus II × ××calcaneus III × ××××× ×× ××× ×××calcaneus IV ××× ××tarsus I × × ××tarsus II ×× × ××tarsus III ×××tarsus IV ×× ×××
DORSALcalcaneus I ×××calcaneus II ×××calcaneus III ×××calcaneus IV ××× ×tarsus I ×××tarsus II ××× ×tarsus III × ×× ×tarsus IV ×××× × ××××



4.3. Morphology of sensilla trichodea
Sensilla trichodea had no wall pores. They are there-fore probably not olfactory detectors, as discussedabove. There was no discernable apical pore (Fig. 8),which does not mean pores were not actually present,as also discussed above. However, as sensilla chaeticaextend 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 threepossible functions for these sensilla, which are notmutually exclusive. The first is that they may functionas tactile hairs, although there was no articulating

membrane, which are commonly found in tactile hairsin insects and other arachnids (FOELIX 1985; SNOD-
GRASS 1993; CHAPMAN 1998). Unsocketed hair sensillawithout wall pores being the most abundant sensillawere also found in other taxa, but their function wasnot discussed (e.g., Hymenoptera: AMORNSAK et al.1998; Diptera: SHANBAG et al. 1999; Opiliones: GUF-
FEY et al. 1999). Because of their abundance and veryacute angle of insertion, possibly reducing the contactbetween the substrate and the integument, a secondpossible role for sensilla trichodea is to protect theintegument and/or other sensilla, as has been suggestedfor some sensilla found on beetles (MUSTAPARTA 1973;
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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 µm.

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



FAUCHEUX 1989). Finally, they may serve as a brushwhen 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 sensorialstructures (EDGAR 1971; see also HILLYARD & SANKEY1989; SANTOS & GNASPINI 2002).

4.4. Distribution of sensilla chaetica
and trichodea

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

4.4.1. Calcaneus
The distribution of sensilla on the calcaneus did notfollow the pattern found in the tarsus. As there seem tobe no functional difference between the regions (e.g.tapping the substrate or supporting the body by theventral region, as known to occur with the tarsus), onemight expect a similar distribution of sensilla through-out the calcaneus. However, some significant differ-ences did occur. Further studies are needed to clarifythis point.
4.4.2. Tarsus
The first question was whether the dorsal, lateral andventral part of each leg differed in the density of hairsensilla. The results indicated that the ventral region ofthe 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 theenvironment (see GUFFEY 1999; WILLEMART 2002).Since it is usually the ventral part that touches the sub-strate/food, large numbers of hair sensilla on thisregion may be associated with mechanical perception(size, form and texture), what would explain thegreater density of hair sensilla on this region. The moresensilla are present, the more accurate is the mechani-cal perception of resources (see BROWNELL 2001), suchas the physical characteristics of the environment,food, habitat and oviposition sites. The fact that notonly legs II but also legs I have more sensilla trichodeaon the ventral region than on the dorsal and lateralregions is interesting because legs II have historicallyreceived much attention when sensorial mechanismsare discussed (CANALS 1936; CLOUDSLEY-THOMPSON1958; KAESTNER 1968; EDGAR 1971; GOODNIGHT &GOODNIGHT 1976; HILLYARD & SANKEY 1989; ACOSTAet al. 1995; MACHADO et al. 2000), and they weresometimes referred to as “sensorial legs” (HOENEN &GNASPINI 1999; ELPINO-CAMPOS et al. 2001). Althoughthey are indeed important as sensorial organs, observa-tions by ANURADHA & PARTHASARATHY (1976),ELPINO-CAMPOS et al. (2001), WILLEMART (2002), andWILLEMART & GNASPINI (in press) suggested that legs Iare also important sensorial organs, even more impor-tant for identifying food than the second pair (GUFFEY1999).The second question was whether there were differ-ences in the density of hair sensilla between the ventralregion 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 ofthe six studied species. As noted above, besides aidingin cleaning behavior and protecting the integument/other sensilla, sensilla trichodea may have a tactilefunction. Legs II seem to be used to determine thephysical dimensions of the environment (GUFFEY
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Fig. 7. Tip of sensillum chaeticum. Scale bar = 500 nm.

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



1999), like “general features”, whereas legs I seem tobe responsible for recognition of resources (such asfood – GUFFEY 1999) – “detailed features”. Therefore,it would be important to concentrate sensilla trichodeaon 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. inermisand H. citrinus remain to be explained.Finally, the third question was whether the density ofhair 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 MACÍAS-ORDÓÑEZ 1997) and PHILLIPSON (1960) reported that,in some Eupnoi, prey perception is only possible afterphysical contact. MACÍAS-ORDÓÑEZ (1997) observedthat the Eupnoi Leiobunum vittatum Say 1821 onlydetected conspecifics after touching them. The fact that
H. citrinus has a high density of sensilla trichodea andthat the Eupnoi studied by the authors above are notable to detect prey at a distance would be a behavioralindication that these hair sensilla are probably notresponsible for long range perception (be it chemicalor mechanical). However, why then would H. citrinushave such a high density of hair sensilla? In addition tothe high density of sensilla trichodea, this species alsohas very long legs, and, unlike the laniatorean studiedherein, hair sensilla are abundant all over the metatar-sus, not only on its distal part (calcaneus). Holcobunus
citrinus has the second highest density of sensillaamong the studied species, just behind N. maximus,which has very thick legs. To tentatively explain theseresults, some behavioral data of palpatorean harvest-men have to be mentioned. Two typical defensive

behaviors of H. citrinus are fleeing and autospasy ofthe legs, which were also noted in some other speciesof Eupnoi (BERLAND 1949; KAESTNER 1968; EDGAR1971; 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 apredator reaches the body of a palpatorean could meanits death, since they do not have effective physicaldefense as laniatoreans (see MACHADO & RAIMUNDO2001). The great density of hair sensilla and theextended sensorial region of the metatarsus might beassociated with the need of rapid detection of a preda-tor, through contact, allowing fleeing or autospasy if aleg happens to be caught.Concerning the Laniatores studied, the epigeanspecies (N. maximus and P. ornatus) and the troglox-enic G. albiscriptum have a higher density of sensilla
chaetica than the troglophilic D. inermis and thetroglobitic P. strinatii. The latter two, as mentioned inthe introduction, might be expected to have a greaterdensity of hair sensilla than the epigean species (seeCHRISTIANSEN 1992; GNASPINI & HOENEN 1999; HÜP-
POP 2000). Since the opposite occurred, this subjectdeserves further studies. Obviously, historical featurescannot be forgotten, and phylogenetically closelyrelated species should be investigated. Nevertheless,some considerations may be made. First, D. inermisand P. strinatii were considered by TRAJANO &GNASPINI (1991) to be omnivorous. Second, PINTO-DA-ROCHA (1996a, b) noticed that both species seemedconcentrate near the cave streams, where there is ahigher availability of food (detritus carried by thestream). Third, HOENEN & GNASPINI (1999) noticed

Fig. 9. Lateral view of tarsus IVof Neosadocus maximus, show-ing the high density of hair sensil-la on the ventral region. Scale bar= 100 µm.
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that P. strinatii showed a large amount of activity,which they suggested may be related to the scarcity offood and/or mates typical of caves. Even consideringthat the availability of food is higher near streams, it isnot available in a concentrated way. In other words, P.
strinatii, as an omnivorous species, shows preferencefor places where its food is more available, and showsa large amount of activity (see POULSON 1963). In alow food environment (as in caves), the animals haveseveral evolutionary routes to improve finding food:becoming more generalist, shifting the diet, enhancingsensorial detection and/or enhancing the chance offinding food by walking more (see HÜPPOP 2000). Asharvestmen are generally omnivorous (revised byWILLEMART 2002), it is therefore not a featureacquired 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 sensorialapparatus is also related to defensive behaviors. It ispossible that the predation pressure on P. strinatii islower inside the caves, where predators are in lowernumbers than in the epigean environment. This seemsto have occurred with other cave animals (e.g., cavefishes – TRAJANO 1989) and might explain why thesensorial apparatus of P. strinatii was not larger whencompared to epigean species: because there was noneed (= no selective pressure). Finally, the “shift” from
sensilla trichodea to sensilla chaetica in some regionsof legs I and II in D. inermis and P. strinatii may berelated to a need of increased chemical perception. Weshould 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 aboutthe use of legs by harvestmen.
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