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ABSTRACT. 

The chaetotaxy and setal morphology of the palp tibia and tarsus and the distal part of the anterior 
tarsus are described and figured for Phytoseiuliis persimilis A.-H. Long, tapering, pointed setae vvith basal 
sockets occur on the palp and anterior tarsus, and are presumed to fonction as mechanoreceptors. Also, 
shorter setae of various forms and tip structures occur on the palp and anterior tarsus; many of these 
setae resemble known contact chemoreceptor types, and probably also fonction as mechanoreceptors. 
An olfactory fonction is suggested for some of the setae on the anterior tarsus . 

RÉSUMÉ. 

La chaetotaxie et la morphologie des soies du tibia et du tarse du palpe et de la partie distale du tarse 
antérieur sont décrites et figurées chez Phytoseiulus persimilis A.-H. Le:; soies longues, effilées et pointues, 
logées dans les trous de l'ectosquelette se rencontrent au palpe et au tarse antérieur, et fonctionn ent 
probablement comme mécanoréceptrices. En outre, les soies plus courte:;, de formes et de structures 
apicales diverses, se rencontrent au palpe et au tarse antérieur ; beaucoup de ces soies ressemblent aux 
types connus de chémorécepteurs de contact, et fonctionnent probablement comme mécanoréceptrices 
aussi. Une fonction olfactive est proposée pour des soie:; du tarse de la patte r. 

INTRODUCTION. 

The predatory mite Phytoseiiûits persimilis Athias-Henriot feeds largely on the eggs and 
immature stages of certain species of Tetranychidae, and it has considerable importance as 
a biological control agent (Mc.lVIURTRY et al., 1970). A little-known aspect of its biology, as with 
other phytoseiids, is the method of prey location and identification. Prey location by phyto
seiids has genernlly been regarded as a matter of chance contact, though SANDNESS and lVIcMuRTRY 
(1972) suggested that olfaction was involved with a species of Amblyseius. Jackson and FORD 
(1973) suggested that P. persimilis locates prey by mechanoreceptors on the anterior tarsi, and 
that prey identification is chiefiy by contact chemoreceptors on the pedipalps, with the possible 
involvement of mechanoreception. 

The setac on the anterior tarsi of phytoseiids have not been stu:iied in detail, though this 
segment has been examined in other mesostigmatic families : by HAARLOV (1943) in eight frèe
living genern and Spintiwnix, by RADOVSKY(1967) in a number of macronyssid and laelapid genera, 
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and by EVANS (1957, 1968) for a zerconid and epicriid and a Spintitrnix respectively. A number 
.of authors (refs. in RADOVSKY) have figured the anterior tarsus as part of species descriptions. 

The chaetotaxy of the pedipalps in the Mesostigmata bas been studied by EVANS (1963), 
who bas also figured a phytoseiid (1953) and a Spinturnix (1968) ; EVANS and TILL (1965) exami
ned several Dermanyssidae. However, although in this work the setal homology was established 
for the proximal segments of the palp, the setae on the tibia and tarsus are not discussed in detail. 

Regarding details of setal morphology and fonction, little is known for the Mesostigmata, 
though the Metastigmata have been studied by CHU-WANG and AxTELL (1973), FoELIX (1972), 
FoELIX and AxTELL (1971, 1972), FüELIX and CHU-WANG (1972) and RosHDY et al. (1972) among 
others, and information is also available for the Prostigmata (BosTANIAN and lVIüRRISON, 1973), 
Astigmata and Cryptostigmata (GmFFITHS and SHEALS, 1971). However one mesostigmatic mite, 
111 acrocheles niitscaedoniesticae Scopoli (lVIacrochelidae), bas been shown ta possess peg-like setae 
on the anterior tarsus similar to the olfactory pegs of insects, and short thick-walled setae on 
the palp tarsus typical of the contact chemoreceptors of insects (CooNs and AXTELL, 1973). This 
distribution of sensillum types parallels that in the lVIetastigmata, Prostigmata and Astigmata 
as described by the above mentioned authors. An olfactory fonction for the anterior tarsus bas 
also been demonstrated in a uropodid (]ALIL and RüDRIGUEZ, 1970), though in this case the long, 
flexible type of seta was implicated. 

The present paper deals with the chaetotaxy of the pedipalp and the distal part of the ante
rior tarsus of P. persiniilis, and with the external morphology of the setae present ; probable fonc
tions for the setae are suggested. Details of the gnathosoma and pre-oral region are not included, 
as the morphology and chaetotaxy of the gnathosoma conform to the general mesostigmatic 
type described by EVANS (1957). The paper is intended as a basis for experimental studies on 
the mechanisms of prey location and identification in phytoseiids. 

lVIATERIALS AND METHODS. 

Mites were examined ,,;ith the light microscope and the scanning electron microscope (Cam
bridge Scientific Instruments Stereoscan 2A). For light microscopy the relevant organs were 
excised and slide-mounted in lactic acid. For SEM work, mites were prepared by several methods 
to minimise the possibility of artifacts being mistaken for anatomical features : 

r. by placing them live into buffered glutaraldehyde at room temperature for over 12 hours, 
then drying by stages in alcohol and finally under vacuum. 

2. by placing them live into a 50/50 mixture of diethyl ether and ethyl acetate for 2-3 days, 
then drying under vacuum. 

3. by placing them live into roo % acetone for 2-3 days, then drying under vacuum. 
The mites were attached to an SEM stub by double-sided Sellotape; to minimise charging 

at high magnifications, high-conductivity silver paint (Silver-dag) was tracked from each mite 
over the Sellotape to the stub. The mites were then coated either with a layer of carbon followed 
by a layer of gold-palladium, or with a single layer of gold. Many mites of both sexes were exa
mined, and drawings were made from photomicrographs. 

RESULTS. 

The chaetotaxy of the pedipalp and the anterior tarsus is similar in the male and female. 
No differences in setal morphology were observed. 



F1Gs. l-3 : l) Tibia of right pedipalp , dorsa l view; 2) Tars us of right pedipalp, dorsal view ; 3) T arsus of right 
pedipalp, end view ; prefix « di » omitted for distal field setae. ap = apotele. 
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Pedipalp 

Ali the setae on the pedipalp have distinct sockets. The chaetotaxy is of the normal gamasine 
type described by EVANS (1963). The antero-lateral surfaces of the femu,r and trochanter bear 
a single spatulate seta and two short, stout pointed setae respectively. Ali other setae on the three 
proximal segments, though varying in length, are simple and taper to a fine point. 

The tibia bears the normal complement of 14 setae (fig. l). Twelve of these are of the simple, 
pointed type found on the more proximal segments: there are two ventral setae (omitted in fig. l), 
one antero-lateral (al), one postero-lateral (pl) and 8 dorsal setae (d-1 to d-8) . Two setae of a 
different type (di-1 and di-2) arise from the dorsal surface of the tibia at the distal end. They 
are set at a small angle to the surface and project distally over the palp tarsus so that their tips 

PLATE 1 : Tips of setae on palp tibia and tarsus, showing blobs of surface material (S) . Fixation with 50/50 

ethyl acetate / cliethyl ether. SElvI, X 32,000 . 

lie near those of the short setae in the distal field of the tarsus (see below). Di-r and di-2 differ 
in tip structure from the setae already described : they narrow abruptly to a slender extension 
at the tip (plate l). The significance of the blobs of material (S) on the setae in this photograph 
is discussed later. Preliminary work with the transmission electron microscope (Jackson, unpu
blished) has shown that di-1 and di-2 of the tibia are thick-walled, and have a single large lumen 
for at least part of their length. 

The palp tarsus (fig. 2) bears the normal gamasine complement of 15 setae and the apotele, 
a two-tined structure stated by Carnin et al. (1958) to be a modified palpal claw. It is borne at 
the base of the tarsus on the antero-lateral surface, which is groved longitudinally to receive it 
when it is fully adducted. 
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The shaft of the tarsus bears six simple, pointed setae: three dorsal and three ventral. One 
-of the latter, v-2, is very long and projects distally beyond all others. 

The truncated distal end of the tarsus bears nine setae, forming the " distal field" (figs. 
z and 3) . Seven of these setae (di-r to di-7) lie on the circumference of the tarsus tip, and two 
(di-8 and di-9) in the central area. Setae di-r to di-3 lie on the dorsal arc of the circumference; 
they are short, stout setae with truncated tips. Di-5, near the ventral mid-line, and di-8, in the 
central area, are similar in size and appearance to di-r, 2 and 3. These five setae are inclined 
in such a way that their tips are adjacent, and together they forma group, referred to here as the 
" 5-group ". In plates r and 2, the 5-group setae can be seen with their tips covered with 
material similar to that on di-r and di-2 of the tibia. 

Setae di-4 and di-6, which lie one on each side of the ventral midline, are alike in appearance: 
they are both of medium length, fairly stout with rounded tips, and curve in towards the long 
axis of the tarsus. They have never been observed with blobs of material on the surface. 

Seta di-7 is a slender seta with a characteristic double curve, and is inclined towards the long 
axis of the tarsus. It is longer than the setae of the 5-group, and its tip usually lies some distance 
from the grouped tips of these setae, though the precise relative position varies. The tip, which 
is rounded, has never been observed with blobs of material. 

PLATE 2 : Tips of setae in distal field of palp tarsus, showing blobs of material on 5-group setae and on di-9, 
and absence of material on di-6 and di-7. Fixation with 50/50 ethyl acetatedite / hyl ether. SEVI, x 21,000. 

The remaining seta, di-9, is longer than the setae of the 5-group, but is curved sharply inwards 
in its middle so that its rounded tip lies in the group (plate z). In this photograph the tip of 
di-9 may be seen bearing surface material, beside di-7 which has none. 

No direct evidence of cuticular pores on the palp setae has been obtained. 
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The setae in the distal field receive multiple innervation (JACKSON, unpublished). Further
more, some of them are apparently innervated by fewer neurones (about 7) than others (about rr). 

A nterior T arsits. 

The form of the ambulacrum and associated structures is very similar to that in the Dermanys
sidae, as described by EVANS and TILL (1965). Plate 3 shows the claws fully protracted and the 
ambulacrum fully deflexed, with the joint clearly visible. Fig. 4 shows the claws partially retrac
ted and the ambulacrum reflexed at right angles to the long axis of the tarsus. In this position 
the long, flexible socketed setae of the distal portion of the tarsus project well beyond and below 
the ambulacrum. . ' 

F1G. 4 Distal part of tarsus of left anterior leg, antero-dorsal view. 
Prefix "df "omitted for setae in the dorsal field. 

The chaetotaxy and setal morphology of the distal quarter of the tarsus are shown in fig. 4, 
a vievv of the left anterior tarsus from the antero-clorsal aspect; this angle allows the short setae 
to be seen clearly. 

Most of the tarsal setae arise from sockets, the exceptions being some peg- or spur-like setae 
in the dorsal field (see below). 

There are 15 setae of the slender, tapering socketed type in fig. 4; most of these are foreshort
ened to some , extent in the figure due to curvature or the angle of view. Sorne of these setae 
(al-3, al-4, d-4, cl-7, d-8) show a moclifiecl tip structure (plate 3). · Insteacl of tapering evenly 
to the tip as is normal with setae of this type (e.g. al-1), the seta narrows abruptly a little distance 
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PLATE 3: Distal portion of tarsus of leg I, showing ambulacrum (am), claws (c), joint in ambulacrum (arrowecl ), 
dorsal field setae (df) a nd slender socketed setae . Fixation with 50/50 ethyl acetate / diethyl ether. SE.M x 4,500 . 

below the tip, so that the terminal portion extends as a slender filament. Two other dorsal 
setae, d-5 and d-6, have a similar tip structure and are also set in sockets, but they are much 
shorter than those already described and form an incurving pair just proximal to the dorsal 
field (see below). The dorsal seta d-3, which arises from a socket between d-z and d-4, is of medium 
length and has a rounded tip. 

The other nine setae in fig . 4 are all short and peg- or spur-like, and are grouped together 
on the dorsal surface at the distal end of the tarsus. The setae in this group, referred to here 
as the "dorsal field " of the anterior tarsus, are designated by the prefix "df ". Setae df-r 
and df-7 are similar in appearance, though df-r is the larger. Both are stout peg-shaped struc
tures without sockets and terminate in blunt points. Setae df-z, 3, 4 and 9 all lack sockets and 
taper distally towards the tip which is expanded in the form of a lobe-like structure. In plate 4 
this structure can be seen on df-4 and df-9. Seta df-5 is a stout seta with no socket and a short 
projection at the tip. Setae df-6 and df-8 are both socketed, slender peg-like structures with 
rounded tips. Being rather longer than the unsocketed setae in the dorsal field they project 
slightly above them (plate 5). Transmission electron micrographs (JACKSON, unpublished) 
of some setae in the region of the dorsal field show a single large lumen containing several ~endrites 
or dendrite branches; these setae cannot be identified, as complete serial sections have not been 
obtained. No direct evidence of cuticular pores on any of the tarsal setae has been obtained. 
However, in plates 4 and 5 several setae (d-5, df-5, df-6, df-7) can be seen with numerous small 
blobs of material on the cuticle surface long the shaft, while df-z, df-3, df-4 and df-9 are free of 
such material. The significance of this observation is discussed later. 
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PLATE 4 : Setae in dorsal field of tarsus of leg I, showing tip structures of df 4, 5 and 9. Fixation with 50/50 
eth y! acetate/cliethyl ether. SEM, x 15,000. 

DISCUSSION. 

Because of the small size of phytoseiid mites, electrophysiological proof of fonction will be 
difficult to obtain. This problem might be partly circumvented if it were possible, to homologise 
individual scnsilla between the Mesostigmata and the closely related Metastigmata. The esta
blishment of such homology, based upon positional and structural characteristics, would allow 
inferences about sensillum fonction in the Mesostigmata to be drawn from electrophysiological 
experiments on the much larger sensilla of ticks. HAARLOV (1943) examined the positional 
homology of anterior tarsal setae in the parasitic mesostigmatid Spintitrnix, and concluded that 
no homology could be established with the ticks. Furthermore, even within the Mesostigmata, 
setal homology cannot be established between parasitic and free-living forms (RADOVSKY, 1967). 
Haarlov did, however, homologise many of the distal setae of the anterior tarsus in eight free
living genera, though his figures do not show the small differences in setal morphology which 
become apparent with the SEM. As G.O. Evans (personal communication) has pointed out, 
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PLATE 5 : Set ae in dorsal field of tarsus of leg I, showing socket at base of df-6, and absence of sockets for df-4 
and df-5. Fixation with 50/50 ethyl acetate/diethy l ether. SEM, x 7,500. 

any system based on positional homology alone is subjective, and in fact it is not possible to 
identify with certainty in P. persimilis more than a few of Haarlov's setae. The four long, 
taperingsetaepl-1, al-1, d-2 and d-1 are evidently homologous with Haarlov's la, lb, 2aand2b respec
tively, and these setae can also be recognised in EvANs's (1957) figure of a Zercon and in Radovsky's 
figures of Macronyssidae and Laelapidae. Clarification of the homology of the remainder may 
await further EM studies of tarsus-1 in free-living Mesostigmata, when the characteristic shapes 
of most of the setae should aid recognition, and internai structure and innervation could be taken 
into account. 

By contrast, the setae on the palp tibia and the shaft of the palp tarsus may be recognised 
easily by their position in related groups. Thus EVANS (1953) figures the palp of a Typhlodromits 
species in which the homology is quite evident, and di-1 and di-2 of the tibia may be recognised 
in many Mesostigmata as figured by EVANS (1963, 1968) RADOVSKY (1967) and others. The 
homology of the setae in the distal field of the palp tarsus is less apparent, though the nine setae 
involved can often be distinguished; in EvANS's (1963) figure of the palp of a Neocypholaelaps 
sp. (Ameroseiidae) the characteristic shape of di-9 can be recognised. Although individua1 
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sensilla cannot be homologised in ticks, the grouping and sensillum types correspond closely 
(c. f. FOELIX and CHU-WANG, 1972). 

The fact that the form and position of the palp setae of P. persi1nilis are easily recognisable 
in other lVIesostigmata and in the lVIetastigmata suggests that the fonctions of these setae may 
be common to both groups. Further support for this theory, and evidence for the fonctions 
themselves, may be gained from morphological and structural comparisons. 

The tapering, socketed setae found on the anterior tarsus and pedipalp resemble the mecha
noreceptor setae of spiders (FoELIX and CHU-WANG, 1973) and ticks (RoSHDY et al., 1972). Since 
all the palp setae have distinct sockets it is probable that they all fonction as mechanoreceptors. 

It seems likely, however, that some of the palp setae also fonction as contact chemoreceptors. 
The characteristics of such sensilla are a thick wall, multiple innervation, and one or more ope
nings near the tip (SLIFER, 1970; FoELIX and CHU-WANG, 1972). No direct evidence of pores 
\vas obtained in the present study, but indirect evidence for the presence of pores is the observation 
of blobs of material on the sensillum tip or shaft, as previously recorded in a number of insects 
and arachnids (STURCKOW, 1967; FOELIX & Cnu-WANG, 1972; COONS and AXTELL, 1973). It 
is a viscous, electron-dense fiuid extruded in certain circumstances from the cuticular pores of 
chemoreceptors. Coons and Axtell observed this material on presumed olfactory sensilla of 
Jl!J acrocheles muscaedomesticae when the specimens were fixed with either 80 % ethanol or roo % 
acetone, but not with unfixed or glutaraldehyde-fixed specimens. In the present work, the 
material was observed with ethyl acetate/ diethyl ether fixation, and not with unfixed or 
glutaraldehydefixed specimens. The presence of this material in an appropriate position, and its 
absence from other areas and setae in the same preparation, suggest the presence of pores and 
hence a probable chemoreceptor fonction. 

In plate l, the blobs of material on di-1 and di-2 of the palp tibia suggest a single pore at the 
base of the terminal projection, and such a tip structure is very similar to that of gustatory setae 
on the labellum of the blowfiy Litcilia sericata (Meigen) (LEWIS, 1970). This fact, together with 
the thick wall and single large lumen for at least part of the length, supports the presumption 
of a contact chemoreceptor fonction for these setae. The multiple innervation of the distal 
field setae, and the pores in the terminal region as suggested by the blobs of material in plate 3, 
indicate that these too probably fonction as contact chemoreceptors. It is interesting that the 
number of innervating neurones appears to vary from seta to seta in the distal field. FOELIX 
and C1rn-\iVANG (1972) found a similar situation in the tick Amblyomma a11iericanum (L.), where 
the sensilla could be divided into " A-type ", with 4 chemoreceptor and z mechanoreceptor neu
rones, and " B-type ", with 6-12 chemoreceptors and z mechanoreceptors. Furthermore, B-type 
sensilla were sometimes seen with material protruding from the terminal canals and covering 
the external surface of the pore region, though this was never observed with A-type sensilla. 
This situation parallels that in P. persimilis, where setae di-4, 6 and 7 have never been observed 
with extruded material, while the 5-group and di-9 have (plates l and 2). 

A contact chemoreceptor fonction for these setae would agree with behavioural observations 
of JACKSON and FORD (1973) which led them to suggest the presence of such receptors on the pedi
palps. It has recently been found by G. O. Evans (personal communication) that the labrum 
in predaceous lVIesostigmata is also richly provided with setae of the gustatory receptor type. 
The short setae on the antero-lateral surfaces of the palp trochanter and femur are probably used 
in cleaning behaviour. 

As with the palp setae, the morphology of some of those on the anterior tarsus suggests a 
chemoreceptor fonction, though again no direct evidence of pores was obtained. However, the 
presence of numerous pores in the shaft wall of some dorsal field setae is indicated by the blobs 
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of material visible in plates 4 and 5, where they are present on df-5 and df-6, and absent from df-2, 
3, 4 and 9. Df-5 and df-6 are of the type referred to as" solenidia" by GRANDJEAN (1935, 1961), 
who ascribed an olfactory fonction to them. Furthermore, a wall vvith numerous pores is charac
teristic of the type of sensillum known to have an olfactory fonction in insects (SLIFER, 1970). 
Such sensilla have been identified on the anterior tarsi of Metastigmata (FüELIX and AXTELL, 
1972), lVIesostigmata (CooNs and AxTELL, 1973) and Prostigmata (BosTANIAN and lVIORRISON, 1973), 
which suggests that they may occur throughout the Acarina. 
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