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Comparative Morphology of the Life Stages of 
Cryptocellus pelaezi (Arachnida, Ricinulei) 

Kay Pittard and Robert W. Mitchell 

INTRODUCTION 

The purpose of this paper is to describe in detail the external morphology of 
the life stages of the ricinuleid, Cryptocellus pelaezi Gutierrez 1970. 

The order Ricinulei is the only extant arachnid order first known from a fossil 
form. Buckland (1836:75-77, pl. 46 11 

) described the original species as Cur
culioides ansticii, believing the fossil to represent a curculionid beetle. Two years 
later Guerin-Meneville described the first living ricinuleid, Cryptostemma wes
termannii, from two specimens collected by Westermann along the coast of 
Guinea. By the turn of the century, a total of only four species had been de
scribed. Then, Hansen and Sorensen ( 1904) described four additional species in a 
work which has remained the classical account of the order. Subsequent to Han
sen and Sorensen's paper, 20 more Jiving species have been described. 

The order consists of two Jiving and two fossil genera. The latter, all but one 
from the Carboniferous of North America and Europe, are Curculioides Buck
land 1836 with seven species and Poliochera Scudder 1884 with three species. 
Recently, an additional fossil species too fragmentary for generic assignment was 
found in the Carboniferous of China (Laurentiaux-Vieira and Laurentiaux, 1963). 
The two living genera are Ricinoides Ewing 1929 ( = Cryptostemma Guerin
Meneville 1838) from tropical West Africa with seven described species and 
Cryptocellus Westwood 1874 (p. 201, pl. 37) from tropical and semitropical 
America containing 20 described species. Several new sped.es in each of the ex
tant genera have been taken but are not yet described. · 

Of the 27 described, living species, 22 were originally described on the basis 
of eight or fewer specimens. Six species are still known by single individuals, 
and there are only I 1 species now known by more than eight specimens. In only 
12 species are both male and female known, and there are but l 0 species known 
from male, female, and some immature stage. At least one immature is known for 
16 species; three species are known from immatures only. Very few species have 
been reported from more than one locality, and seldom have any of the species 
been retaken subsequent to their original discovery. Such apparent rarity promp
ted Savory ( 1964: 11) to note that "the discovery of each new specimen is still 
something of a zoological triumph." Ewing ( 1929) and Gertsch and Mulaik ( 1939) 
stated that ricinuleids are regarded by most authorities on the Arachnida as the 
rarest of all arthropods both in the number of specimens taken and in the number 
of localities recorded. 

Cooke (1967) believed that the apparent scarcity of ricinuleids is deceptive, 
reflecting inadequate collecting techniques, because several sizable collections 
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have been made. Finnegan (1935) reported the capture of 317 Ricinoides 
sjostedti (Hansen and Sorensen) 1904 taken by I. T. Sanderson in the Cameroons 
in 1933. Over 200 specimens of Cryptocellus pearsi Chamberlin and Ivie 1938 
were taken in a cave in Yucatan by Osorio-Tafall in 194 7 (Anonymous, 194 7). 
Pollock ( 1967) collected 142 Ricinoides afzelii (Thorell) 1892 in Sierra Leone in 
1966. Smaller collections are represented by 15 specimens of Cryptocellus 
dorotheae Gertsch and Mulaik 1939 collected in the lower Rio Grande Valley of 
Texas in 1938 and by about 50 of Cryptocellus lampeli Cooke 1967 taken by 
G. P. Lampel in 1959 in British Guiana. The largest collection reported com
prises 1035 Cryptocellus pelaezi taken in La Cueva de la Florida, Tamaulipas, 
Mexico, in 1968 (Mitchell, 1969). 

Recent explorations in several Mexican caves have demonstrated that ricinu
leids are not as rare as previously supposed and are more widespread in distri
bution. Cryptocellus osorioi Bolf var 1946 is now known from at least five caves 
in the Sierra de El Abra of Tamaulipas and San Luis Potosf, Mexico (Bolivar, 
1946; Mitchell, 1969). Cryptocellus pelaezi was reported from two caves in the 
same mountain range and has been tentatively identified from several other caves 
and a few surface localities. Some of these populations are quite large (Mitchell, 
1970). 

Ricinuleids are separated from other arachnids by several unique features. The 
most unusual of these is the intricate copulatory apparatus of the male, located 
distally on each third leg. Peculiar also to these animals is a coupling device 
which unites the prosoma and opisthosoma, hiding the pedicel, as is the presence 
of an articulated hood, or cucullus, joined to the anterior margin of the carapace. 
Based on superficial similarities between the cucullus and the hood (nonarticu
lated) of the Trogulidae, Guerin-Meneville (1838) classified the first living 
ricinuleid as a harvestman. A fourth unique feature is the complete involvement 
of the second opisthosomal somite, or genital somite, in the formation of the pedi
cel. Although several other kinds of arachnids possess pygidia, ricinuleids are 
distinctive in having a pygidium in which the segments telescope. Further, rici
nuleids are the only arachnids having pedipalps with two trochanters and a chela 
in which the movable finger is dorsal rather than ventral. 

Other interesting structural features of ricinuleids are lack of eyes, exceed
ingly thick exoskeleton, prosomal spiracles, pedipalps capable of 180° rotation, 
and opisthosomal pleurites. 

Ricinuleids are characterized by six life stages: egg, larva, first nymph, second 
nymph, third nymph, and adult. The larva is a hexapod (or at least has but six 
typical jointed legs as will be discussed later) thus distinguishing it from the 
succeeding eight-legged stages. The nymphs are separated by their differences in 
tarsomere numbers. For each life stage, from leg I to leg IV the tarsal formulae 
are: larva, 1, 2, 2 (no jointed fourth leg); first nymph, 1, 4, 3, 2; second nymph, 
l, 5, 4, 4; third nymph, 1, 5, 4, 5; and adult, 1, 5, 4, 5. Adults and third nymphs 
have the same tarsal formulae, but these stages may be separated readily by their 
differences in degree of fusion of the opisthosomal sternites (Figs. 8, 10, 12). 
Also, the adults are a dark reddish brown whereas the third nymphs and other 
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immatures are cream colored; even an individual just molted to the adult is red
dish and easily recognizable. 

Only recently has it been pointed out (Mitchell, 1970) that the preceding se
quence comprises the full complement of ricinuleid life stages. This determination 
was based in part upon molting data but primarily upon presumptive evidence 
gleaned from the examination of hundreds of immatures. Molting data (Mitchell, 
unpublished data) now confirm this life history sequence. All of these life stages, 
including tarsomere differences of the nymphs, have, however, been mentioned 
in one or the other of the older ricinuleid papers. Included among the specimens 
upon which Hansen and Sorensen (1904) based their paper were examples of all 
the nymphs. In their diagnosis the Cryptostemmatoidea, Hansen and Sorensen 
differentiated these nymphal stages on the basis of tarsomere numbers, naming 
the stages "minor young" (pulli minores), "major young" (pulli majores), and 
"immatures" (animalia immatura). Knowledge of occurrence of the six-legged 
larva awaited its description by Hansen (1921). Sanderson (1937) first recorded 
the existence of the large egg. 

MATERIALS AND METHODS 

This study is confined to the post-embryonic stages. Specimens were col
lected in the Mexican caves, La Cueva de Taninul Number 1, located near Ciudad 
Valles, San Luis Potosi, and in La Cueva de la Florida, located near the village 
of El Pach6n, Tamaulipas (Russell and Raines, 1967; Mitchell, 1969). Living 
animals and specimens preserved in 70 per cent alcohol were studied. Many 
whole specimens were cleared in Nesbitt's fluid and mounted in depression slides 
in Hoyer's medium. Parts of animals were dissected and studied fresh or were 
slide mounted. An AO Spencer phase contrast microscope and a Zeiss dissecting 
microscope magnifying to 100 x were used. 

Drawings of whole animals were not made in the position normally assumed 
in life but rather in a way that depicted the maximum number of features. In the 
dorsal views the legs were drawn reflected into a prolateral position, whereas the 
legs were shown in the retrolateral position in ventral views. The drawings were 
also made of animals in the "unlocked" position so that the coupling device and 
the area otherwise hidden by it would be evident. The cucullus was drawn at its 
fullest extension because in its more typical position it would depend at a right 
angle to the frontal plane of the body, thus hiding the chelicerae and mouth. The 
chelicerae are shown in an extended position, and the last three segments of the 
body comprising the pygidium are depicted in various views of extension because 
they may be retracted into the body or may be telescoped outward. The pedi
palps are shown in their usual position in all dorsal views, but in the ventral 
views the right pedipalp is extended so that the ventral portion of the prosoma is 
visible. In whole views of the male, the tarsal process of the copulatory apparatus 
on the third leg was drawn with the parts well separated. 

Several attempts were made to examine the internal anatomy through serial 
sectioning, but only rarely were isolated sections of acceptable quality obtained 
because of the hard exoskeleton. 
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RESULTS AND DISCUSSION 

PROSOMA 

Cucu/lus 

This movable hood, articulated to the anterior margin of the carapace, is 
unique to ricinuleids. A musculature permits it to be raised to a horizontal plane 
or to be pulled tightly shut in a vertical position covering chelicerae and mouth 
(Fig. 13). Hansen and Sorensen (1904), in studying the musculature controlling 
the hood, believed it to be the first true body segment, greatly modified. Millot 
( 1949) considered the cucullus to be of secondary differentiation "sans meta
merique Precise." 

Several functions have been reported for the cucullus. Cooke (1967) reported 
that in Cryptocetlus Lampeli the hood was observed to aid in capture of prey. 
Pollock ( 1967) stated that the cucullus in Ricinoides afzelii helps in holding food 
while it is being eaten and, in the female, assists the pedipalps and chelicerae in 
egg carrying. Although the cucullus often participates in the latter activity in C. 
pelaezi, the female is quite capable of carrying an egg with chelicerae and pedi
palps or even with the pedipalps alone. There are possibly other functions of the 
cucullus which have not yet been noted; further, it seems likely that the primary 
function of this structure has yet to be ascertained. 

In C. pelaezi the cucullus is broader than it is long (about l .65: l) and alters 
little in its basic shape from larva to adult, with the exception of a slight dimor
phism between adult male and female (Fig. 15). Beck and Schubart ( 1968) divid
ed the species of Cryptocellus into three groups according to length-width ratios 
of the cucullus, and C. pelaezi fell into a group comprised of C. foedus (male), C. 
pearsi, C. orsorioi, and C. boneti. 

In C. pelaezi the anterior surface of the hood is convex whereas the posterior 
side is concave, and there is a slight furrow or indentation along the midline near 
the attachment to the carapace. Posteriorly, the hood exhibits two depressions 
into which the chelicerae fit (Fig. 14). 

Various integumentary structures are present on the cucullus and include 
different types of setae, pits, and several types of tubercles, the latter described 
as "granules" by Hansen and Sorensen (1904 ). They are found on all sclerotized 
areas of the body including the joints of the legs. For Ricinoides afzelii, R . 
sjostedti, and Cryptoce/lus Lampe Li, Kennaugh ( 1968) stated that the tubercles are 
connected to the inner surface of the cuticle by a duct through the exoskeleton. 
However, in sections of the exoskeleton of C. pelaezi no such passageways could 
be observed. Instead the pointed tubercles appear to have central stalks or shafts 
projecting from the middle of the tubercles into the cuticle but not completely 
through it. Some of the cup-shaped tubercles possibly have connecting ducts 
through the exoskeleton. 

The tubercles on the cucullus of C. pelaezi are of various shapes: tall conical 
ones with slanting apices (Fig. 17), low conical ones with rounded apices (Fig. 
18), broadly flattened ones with slight depressions in the center and no apices 
(Fig. 19), and cup-shaped ones (Fig. 20). The surfaces possess fine grooves, 
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slightly swirled at an acute angle, which terminate before reaching the apex so 
the apex remains smooth. Because these grooves arise at the base of the tubercles 
and are deepest at this point, the tubercles appear from above to have scalloped 
bases (Fig. 21 ). 

In the larval cucullus, all of the tubercles are scattered over the entire anterior 
surface, all are of the tall conical type (Fig. 17), and all are of a uniform size, 
approximately 10 microns in diameter and in height. Cursory examination sug
gests the number of tubercles to be reduced from one stage to the next. Kennaugh 
(1968) wrote that between a larva and a late nymph of C. lampeli in which only 
small areas of the cucullus bear tubercles, there is a decrease in tubercle number. 
He also stated, based on Cooke's (1967) description, that the same situation is 
apparently true for the adult of the same species. He gave no actual counts, how
ever. Although Cooke's description of C. lampeli stated that the cucullus is 
devoid of tubercles, his drawing of the hood showed what appears to be small 
tubercles at the dorsolateral border near the attachment to the carapace. Counts 
of tubercles in C. pelaezi show that this apparent reduction is an illusion, at least 
in this species. The average number of tubercles per life stage (10 individuals 
each) on the cucullus was: larva, 321; first nymph, 304;_second nymph, 336; third 
nymph, 302; adult male, 342; adult female, 324. Thus, there is certainly no trend 
toward reduction. There is, instead, actually a shift in tubercle position with each 
molt. In the adult this "migration" results in a concentration of the tubercles along 
the free edge and at either side near the attachment to the carapace. Thus, the 
anterior surface of the cucullus in the adult is largely devoid of tubercles. The 
tubercles along the lateral edge of the cucullus near the attachment to the cara
pace are very small (10 microns in diameter), cup shaped (Fig. 20), and so dense 
that they touch one another. These do not occur in the larva but appear in the 
first nymph and increase through the remaining life stages. 

Along the ventral, slightly reflexed, free edge of the cucullus (Fig. 14 ), there is 
a row of nine to 15 large tubercles set on raised areas of the exoskeleton (Fig. 16). 
These tubercles are broader and more rounded in shape than any others. Their 
size in the adult is 30 microns in height and in diameter. They are present in each 
life stage. Their . position and shape suggest that they may enhance the holding 
ability of the hood. 

Beck and Schubart (1968) stated that the sh:ipe of the cucullus is sexually 
dimorphic in C. foedus where the male cucullus is much wider than that of the 
female. Hoods of male and female C. pelaezi show occasional differences, but 
these are not consistent. In some.instances the shapes are quite similar. Variations 
that occur correspond to the general patterns shown in Fig. 15. The male cucullus 
is usually slightly longer and wider than the female's. The male cucullus is often 
but not always unusual in shape, departing slightly from the basic shape in each 
immature and in the female (Fig. 15). It is flared at the ventrolateral borders and 
more angular at its midventral point. Occasionally, the male cucullus is reflexed 
more along the ventral border than is the female's. 
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Carapace 

The carapace is slightly broader than long as is the carapace in several other 
ricinuleid species. In the larva the carapace is covered with simple setae, and 
conical tubercles of uniform size (10 microns) are scattered over the surface in 
an unpatterned fashion (Fig. 1). In each succeeding stage there is a migration of 
the tubercles until in the adult they are concentrated along the posterior border 
and within a mid-dorsal indentation which becomes distinct in the first nymph 
(Fig. 3). The carapace in the larva is without the median indentation (Fig. 1). The 
tubercles in the adult vary in size and shape, the largest ones (30 microns) occur
ring in the area between the mid-dorsal indentation and the lateral margins. The 
alterations in the size and shape of the carapace from larva through adult are 
shown in Fig. 35. In the larva it is almost square, but with each succeeding life 
stage there is a disproportionate increase in width just posterior to the midpoint. 

The lateral margins of the carapace are slightly angled medially and are smooth 
with no integumentary structures (Fig. 13). Dorsolaterally on the edge of the 
carapace above the coxae of the second legs is a triangular area with the apex 
directed medially (Fig. 13). This area is also smooth and without integumentary 
structures. The posterior edge of the carapace is reflexed, forming a ridge that is 
a part of the locking apparatus between prosoma and opisthosoma. Appended to 
each posterolateral corner of the carapace is a small pleurite (Fig. 13). This 
pleurite is highly sclerotized and has simple setae but no tubercles on its surface. 
It is about one-sixth as long as the carapace and is shaped like an elongate tri
angle. 

Mouth 

In ricinuleids there exists a small preoral cavity. Many of the structural 
details of this space and its association with the true mouth remain to be eluci
dated. The preoral cavity is formed ventrally and laterally by a depression in the 
dorsal surface of the fused pedipalpal coxae (Figs. 24, 27), and it is covered 
dorsally by the anterior half of the labrum (Fig. 27). This entire unit, described 
well by Hansen and Sorensen (1904) for Ricinoides crassipalpe, is capable of 
being raised or lowered, and it always remains a single entity when removed. 

In C. pelaezi the midventral, anterior, and anterodorsal borders of the fused 
pedipalpal coxae are covered with numerous long, plumose setae that are directed 
anteriorly (Figs. 23, 24, 27). Scattered amid these are a few shorter setae, which 
are plumose along their central portion but branched and spearlike near their 
tips (Fig. 22). Along the dorsolateral border of the fused pedipalpal coxae are 
several large, plumose setae similar to the preoral plumose setae, yet longer and 
with larger bases. These setae arise laterally but curve anteriorly near their bases 
(Fig. 27). The floor of the preoral cavity bears extremely fine, small setae point
ing anteriorly. These are in regular rows and overlap in such a way that the entire 
surface appears to be finely etched in a diamond pattern. 

As described by Hansen and Sorensen (1904), the labrum is divided into two 
parts, an anterior, free half (pars apicalis) and a posterior, attached, seemingly 
internal half (pars basalis). The anterior half forms a convex cover for the pre-
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oral cavity and is covered on its anterior two-thirds by fine, plumose setae which 
are directed anteromedially (Fig. 27). These setae are similar to those on the 
fused coxae (Fig. 23), but shorter. The posterior half of the labrum joins the 
posterodorsal extensions of the pedipalpal coxae (Fig. 27). At the demarcation 
be.tween the anterior and the posterior labrum, the two halves are quite distinct. 
All of the posterior half is lying in a horizontal plane. The median portion of the 
anterior half is in the same plane, but the posterolateral edges of the 
anterior half curve rather strongly ventrally. 

Posteroventrally on the fused pedipalpal coxae there is a groove within which 
lie two or three labial setae arising from the tritosternum (Fig. 24). 

Sternites 

The only sternal piece not wholly obscured by the leg coxae is the tritosternum 
lying between the coxae of legs I and II (Fig. 24). Coxae I do not meet along the 
midventral line, and coxae II meet only along their posterior two-thirds. The 
visible portion of the tritostemum is quadrangluar in shape, and on its antero
dorsal surface arise the longest setae possessed by ricinuleids. These are two or 
three long, fine, plutnose setae that intertwine (Figs. 28, 29). They always project 
anteriorly lying inside the midventral groove of the fused pedipalpal coxae 
(Fig. 24 ). They were termed labial setae by Hansen and Sorensen (1904 ). 

The remainder of the sternal pieces are best seen from the interior of the ani
mal (Fig. 26). These sternites, described by Hansen and Sorensen (1904), exist 
only as ill-defined vestiges. In C. pelaezi a narrow median piece extends along the 
midventral line between the point of fusion of coxae II and III and joins a larger 
piece situated between coxae III. Laterally from this piece, narrow strips of in
tegument extend along the posterior borders of coxae III to join the triangular, 
highly sclerotized pleurites. Other extensions occur between coxae II and III, 
coxae I and II, and on the anterior border of coxae I. On each extension between 
coxae I and II is located a bulbous enlargement with an opening (Fig. 26). As 
Millot ( l 949a) indicated, this is the exit of the coxal gland. 

Spiracles 

Ricinuleids are among the few arachnids with prosomal spiracles. In mites the 
spiracles are typically prosomal, and in solpugids they are both prosomal and 
opisthosomal. Hansen and Sorensen (1904) wrote that the spiracles in ricinuleids 
are located near the posterior of the prosoma on a small triangular piece of scle
rotized integument above the distal part of coxae III. Millot (1949b) referred to 
the spiracles as openings on the posterior of the prosoma above the distal end of 
the posterior (fourth) coxae. Kastner (1932) also placed the spiracles above the 
last (fourth) pair of coxae. Petrunkevitch (1949) said they are situated behind the 
fourth coxae. In C. pelaezi the spiracles lie above the posterolateral borders of 
coxae III and the anterolateral borders of coxae IV (Fig. 30). However, assign
ing the spiracles to a specific somite is more difficult than merely stating above 
which coxae they occur. Millot (l 949a,b) gave conflicting opinions for the 
somite number of the spiracles. In one chart (l 949b:748) he assigned them to 



10 GRADUATE STUDIES TEXAS TECH UNIVERSITY 

somite 5 (with coxae III), whereas in another chart (1949a: 271) he assigned 
them to somite 6 (with coxae IV). It seems apparent that they must belong to one 
of those somites, but embryological studies are needed to demonstrate which. 

Normally, the spiracles are completely hidden by the locking of prosoma and 
opisthosoma. The spiracles are embedded in a membrane which is continuous 
with the pedicel (Fig. 30). They are crescent shaped with the inner curvature 
facing dorsolaterally. Dense rows of short, fine, pointed setae line the opening 
(Fig. 31). Hansen and Sorensen (1904 ), working with Ricinoides crassipa/pe, 
indicated that these setae branch and Millot (1945), studying R. feae, showed the 
setae to branch and anastomose. However, no branching or anastomosing occurs 
in the setae of C. pe/aezi. Perhaps the two genera differ in these features. The 
area surrounding the opening is rigid and sclerotized in a reticulate pattern. There 
is a long, thin triangular sclerotized piece of integument near each spiracle (Figs. 
13, 30). Hansen and Sorensen (1904) stated that the spiracles are on these pieces, 
but this is not true for C. pe/aezi. 

0PISTHOSOMA 

Segmentation 

The number of somites in the opisthosoma of the ricinuleids has long been a 
controversial subject. Two areas, the pedicel and the pygidium, are difficult to 
interpret. 

In the description of the first living ricinuleid, Guerin-Meneville (1838) cau
tiously said the opisthosoma is "apparently" divided into four segments. Thorell 
(1892) altered this number by listing four segments plus one anal segment. Han
sen and Sorensen ( 1904) increased the number to nine with their discovery of the 
pedicel, with one complete and one partial segment, and of three anal segments. 
Hansen and Sorensen did not list the first opisthosomal, or pregenital, somite, 
described below. Therefore, the pedicel incorporates three somites rather than 
two, raising the number of opisthosomal somites to 10. Including the prosoma, 
which has six somites, there is a total of 16 body segments. Millot ( 1945) believed 
the total number to be 1 7, reporting a fourth segment involved in the pygidium. 
He included the pregenital in his count even though he regarded it to be absent in 
the Ricinulei. Thus, the designated number of somites has varied and is still not 
fixed. 

Coupling 

The coupling of prosoma to opisthosoma, found only in ricinuleids, is one 
reason why early investigators observed only the four large somites and the tele
scoping pygidium posterior to the coupled area. Coupling involves several struc
tures. The anterodorsal surface of the opisthosoma possesses a deep transverse 
groove (Figs. 34, 40) preceded by a ridge covered by small flat tubercles. Pos
teriorly, the carapace ends in a deflexed ridge which fits into the opisthosomal 
groove while the opisthosomal ridge hooks slightly with the prosomal ridge. Ven
trally, the first sternite visible in the locked position has a rounded central area 
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with two sockets on either side (Figs. 32, 33, 41, 42). Into these two sockets fit 
keels of the posterodorsal border of coxae IV (Figs. 30, 41). As long as the fourth 
coxae remain in place, the prosoma and opisthosoma are tightly interlocked. 
However, when the fourth coxae are moved medially and ventrally, the opistho
soma and prosoma may be uncoupled. Even though the larva lacks legs IV, its 
prosoma and opisthosoma remain coupled by the dorsal locking apparatus only. 

Pedicel 

The anterior somites of the opisthosoma form a narrow pedicel which is nor
mally concealed. Other pedicellate arachnids are palpigrades, uropygids, schizo
mids, solpugids, amblypigids, and spiders, but only in the ricinuleids does the 
pedicel bear the genital opening. Thus, uncoupling is necessary for copulation and 
egg laying. 

It is generally accepted that the genital opening in all arachnids is associated 
with body somite 8, or opisthosomal somite 2, either on the somite or at its pos
terior border. In other pedicellate arachnids the pedicel is formed by somite 7, 
opisthosomal somite 1. The seventh somite is missing only in arachnids with 
broad junctures between prosoma and opisthosoma. In ricinuleids the genital 
opening appears on what most authors have designated as the first apparent opis
thosomal so mite, somite 7. 

Three possible explanations that might explain the segmentation of the pedicel 
are as follows: 1) somite 7 is present, the genital opening is on somite 8, and thus 
two entire somites are involved in the formation of the pedicel; 2) somite 7 is 
missing, the genital opening is on somite 8, and therefore only one complete so
mite is involved in pedicel formation; and 3) the genital opening has shifted to 
somite 7. Any of these possibilities would represent another unique characteristic 
for ricinuleids. Hansen and Sorensen ( 1904: 120), in discussing this problem, 
wrote: 

"The question might therefore fairly be raised whether after all there may not also in 
Ricinulei exist one more segment in the abdomen, in front of those we have seen, in 
which case the sexual orifice would be placed behind the second sternite. We have had 
difficulty in examining this portion of the abdomen in Cryptostemma [Ricinoides], 
but we do not consider the existence of such a further segment probable, because, in 
that case, the peduncle in Ricinulei would contain two entire segments, but this would 
be without a parallel in Arachnida with pedunculated abdomen; in some Araneae a por
tion of the second segment enters into the peduncle; but otherwise only one entire seg
ment is known to do so." 

Thus Hansen and Sorensen rejected possibility 1 on the basis that no other 
arachnids possess pedicels formed from more than one complete somite. 

Petrunkevitch (1949:283) used the logic of Hansen and Sorensen to dispense 
with possibility 1 and then discussed possibilities 2 and 3: 

" ... it can be now accepted as certain that in all cases, in which the anatomy and de
velopment are known, the genital opening in both sexes belongs to the second abdom
inal somite. The only exception to this general rule is presented by some Acari in 
which the genital opening of the male is displaced dorsally and in Demodex is placed 
well forward on the cephalothorax. The very fact that such exceptions are limited to the 
male sex, while in the female the genital opening remains in its normal place, serves to 
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emphasize the correctness of the accepted rule. There remains, however, the question as 
to the fate of the first abdominal somite in Ricinulei. In all other pedunculated Arach
nida, the first abdominal somite, greatly reduced in size owing to peripheral con
striction, serves as a pedicel connecting the abdomen with the cephalothorax. A com
plete disappearance of the first somite is known only in Arachnida with broad juncture 
between the abdomen and the cephalothorax and is due not to peripheral constriction, 
but to shortening of the entire segment. Has the genital opening in Ricinulei been 
shifted forward one segment, to lie now between the first and second somites, or did 
the first somite disappear? In either case the Ricinulei present an exception to the rule. 
In other pedunculated Arachnida the disappearance of the first somite and its replace
ment by a greatly attenuated second somite is made impossible by the presence of lungs 
whose function would have to be taken over by some other arrangement. Only in Soli
fugae which have no book-lungs but only tracheal tubes, the second abdominal ster
nite has no spiracles, but even in their case the first somite, while greatly reduced, is 
still represented by a small, triangular tergite and a still smaller, triangular sternite, 
together forming the peduncular connection with the cephalothorax. In Ricinulei there 
are also no lungs. Respiration is by means of tracheal tubes and the only pair of spir
acles is situated on the cephalothorax behind the fourth pair of coxae. Thus the dis
appearance of the first abdominal somite and the attenuation of the second, harboring 
no other important organs than the genital opening, would create no physiologically 
impossible situation. We have mentioned already that the tendency toward considerable 
diminution and ultimate loss of the first somite is general and common to all Arachnida. 
On the other hand a forward displacement of the genital opening is known only in Acari 
and here no peduncle is present and the limits between cephalothorax and abdomen are 
usually completely obliterated .. . we may accept that the first somite disappeared and 
that the first demonstrable tergite and sternite belong to the second embryonic somite." 

One of the most notable points from these discussions is that possibility 1 is 
rejected ,by both Hansen and Sorensen and Petrunkevitch because it is unparal
leled in arachnids. Yet Petrunkevitch proceeded to present arguments in favor of 
possibility 2 even though he said either case 2 or 3 is an exception in the arach
nids. He rejected one possibility because. it does not occur elsewhere, sup
porting another that does not occur elsewhere either. This argument is fallacious. 
The fact that some feature may .not occur in another arachnid group does not, of 
course, preclude its occurrence in ricinuleids. No arachnids, save the ricinuleids, 
have the coupling device or the male copulatory apparatus on the third legs, so it 
is not incongruous to assume that other characteristics unique to ricinuleids may 
also exist. 

Careful examination of the ricinuleid pedicel reveals a triangular, very slightly 
sclerotized portion of the pedicel (Figs. 32, 33), the apex of which points ante
riorly and lies at the posteromedian border of coxae IV. This pregenital "piece" 
is quite similar in shape to the first sternite of some of the extinct arachnids, no
tably the architarbids and anthracomartids. Although in these fossil species the 
first sternite is not involved in a pedicel, it nevertheless resembles greatly the 
piece occurring in the ricinuleids. It also resembles the first sternite in solpugids. 

Our interpretation of the pedicel is as follows: The first opisthosomal sternite, 
or the seventh body sternite, is that triangular piece between and posterior to 
coxae IV (Figs. 30, 32, 33, 41). The first opisthosomal tergite, body tergite num
ber 7, is lacking. The dorsum of somite 7 forms the anterior part of the mem
branous roof of the pedicel (Fig. 34). The eighth sternite is represented by the 
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anterior lip of the genital opening which is crescent shaped in the female (Figs. 
32, 41, 43) and long and tubular in the male (Figs. 33, 42, 46). In the male this 
sternite is longer than the ninth sternite and thus forms the anterior, longer por
tion of the penis. In addition to forming the anterior genital lip in the female, the 
eighth sternite is also apparently represented by two sclerotized, diamond-shaped 
pieces, lateral and slightly anterior to the lip (Fig. 41). Thus, the genital opening 
is on the posterior border of the eighth sternite. Hansen and Sorensen (1904) 
observed a thin, short, feebly sclerotized tergite anterior to the ninth tergite in 
Ricinoides karschii but failed to discover it in Ricinoides crassipalpe. This ter
gite does not occur in C. pelaezi. The dorsum of somite 8 completes the formation 
of the membranous pedicel roof. The ninth tergite forms the anterior ridge of the 
locking apparatus (Figs. 34, 40, 42) which couples with the deflexed posterior 
edge of the carapace. Although this tergite is constricted, it does not enter into the 
formation of the pedicel. The ninth sternite is represented in the female by the 
posterior genital lip (Figs. 32, 41, 43). This takes the form of a crescent similar 
to the anterior lip. In the male the ninth sternite forms the posterior, shorter half 
of the conical penis (Figs. 33, 42, 46). Thus, the ricinuleid pedicel would incor
porate two complete somites, 7 and 8, and part of a third, 9. 

The genital areas show a great degree of sexual dimorphism. The female open
ing is considerably larger than the male's. The measurements for these openings 
were about .22 and .05 millimeters, respectively. The female genital opening is 
surrounded by two crescentic lips, the concavities of which face each other (Fig. 
41) and reflex away from the opening (Fig. 43). Second (Fig. 44) and third (Fig. 
45) female nymphs possess precursors of these lips although no opening occurs. 
No such precursors occur in the larvae or the first nymphs. 

In the males the penis consists of a single tubelike piece formed by the fusion of 
extended sternite 8 and slightly shorter sternite 9 (Figs. 42, 46). The genital open
ing is posteroventral (Fig. 46). Therefore, the anterior half of the penis is com
plete from base to tip whereas the posterior half is only two-thirds as long as the 
anterior. Although this structure is not the actual intromittent organ in ricin
uleids, we have chosen to term it the penis because it is functionally not unlike the 
structure termed penis in such animals as squids and millipedes. The second (Fig. 
46) and third (Fig. 48) male nymphs possess conical precursors of the penis, but 
they are smaller than the adult penis and without genital openings. No precursors 
occur in larvae or first nymphs. Hansen (1921) briefly described the male genital 
opening of Ricinoides feae. Although there are evidently sim.ilarities between 
the species of the two genera, the fused genital sternites apparently form a more 
elongate structure in C. pelaezi than in R. feae. 

Sternites 

All of the opisthosomal sternites are entire. Sternites 7, 8, and 9 are incor
porated into the pedicel, as discussed, and are not normally visible in living ani
mals. The first opisthosomal sternite observable in a coupled ricinuleid is actually 
the sternite of somite 1 O (Figs. 32, 33, 41, 42). It has a large rounded center with 
socketlike depressions on each side and with lateral edges that project anteriorly. 
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The fourth coxae fit into the depressions. In the larva the tenth sternite is not as 
rounded, and the sockets are but shallow depressions (Fig. 2). The central 
rounded portion of sternite 10 projects toward the genital opening and actually 
touches coxae IV in the coupled position; it bears many flattened, cup-shaped 
tubercles and recurved setae. 

Posterior to sternite 10 are three more large sternites. In the larva there is 
much intervening flexible integument between sternites (Fig. 2). However, this 
lessens with each molt until in the adults there is little or no division (Figs. 10, 12). 
The tenth sternite is still narrowly separated from the eleventh in the adults. The 
division between the eleventh and twelfth sternites is indicated by a line, and there 
is virtually no demarcation between the twelfth and thirteenth. This fusion of 
abdominal sternites is more nearly complete in the male than in the .female. 

In the larva, tubercles are scattered over the sternites except for the central 
regions of the eleventh and twelfth (Fig. 2). The tubercles become progressively 
concentrated along the anterior and lateral borders and within the two indenta
tions on either side of the midventral line. These indentations are not present in 
the larva but appear in the first nymph and deepen in the later life stages (Figs. 
4, 6, 8, 10, 12). The sternites also have simple setae covering them, and there are 
many pits (Fig. 37) in the nymphs and adults. Both the setae and the pits are con
nected to the inner surface of the exoskeleton by ducts (Figs. 36, 37). The ster
nites are conv.ex in shape so that ventrally the entire abdomen is curved upward 
from the midventral line (Fig. 40). 

Sternites 14, 15, and 16 are incorporated into the pygidium and are so com
pletely fused with the tergites that it is impossible to ascertain a line of demar
cation. 

Tergites 

The tergites of somites 7 and 8 are lacking, and the dorsal membranous por
tions of these somites form the roof of the pedicel; the ninth forms the anterior 
ridge, which fits into the carapace for coupling (Fig. 34). The ninth and tenth 
tergites are fused within the groove that lies between them (Figs. 40, 42). The 
tenth is the first tergite visible when a ricinuleid is in the coupled position. The 
main portion of the opisthosoma consists of four prominent tergites, 10 to 13, 
each of three pieces, a median and two marginals. These tergites are greatly de
pressed in an unengorged animal. As are the sternites, the tergites in the larva are 
well separated by flexible integument. However, this division becomes less and 
less with each stage until they may actually touch in the adult (Figs. 9, 11). The 
tergites do not fuse in the adult as do the sternites. Tubercles are scattered over 
each tergite in the larva and no impressions are present (Fig. 1 ). However, with 
each molt the impressions in the median piece of each tergite deepen (Figs. 3, 5, 
7, 9, I 1). The tubercles concentrate along the anterior and lateral borders and 
within these impressions. The adult females have more tubercles on their tergites 
than do the adult males. The average number of tubercles on the median portion 
of tergite 11 for 10 females was 525, with individual counts varying from 287 to 
736. The average count for the same tergite on 10 males was 285, with individual 
numbers varying from 200 to 385. 
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Simple setae and pits occur as on the sternites (Fig. 36). Tergites 14, 15, and 
16 fuse with their corresponding sternites in rings to .form the pygidium (Figs. 
38, 40). 

Pleurites 

The articular membrane along the lateral edges of the opisthosoma from so
mites 10 through 13 is normally infolded between the tergites and sternites (Fig. 
36). On this membrane are four distinct pleurites (Figs. 40, 42), and toward the 
posterior edge of somite 13 there are scattered, sclerotized areas which become 
smaller near the pygidium. The presence of both prosomal and opisthosomal 
pleurites in ricinuleids is of considerable interest inasmuch as such lateral plates 
are quite uncommon in the Arachnida. A few pseudoscorpions have lateral pieces 
on the opisthosoma and some spiders have lateral pieces on the prosoma. 

Pygidium 

The last three segments of the ricinuleid body (14, 15, 16) are strongly con
stricted to form a short conical pygidium. The ricinuleids share such a tail-like 
structure with three other arachnid orders, the Palpigradi (somites 15, 16, 17), 
Uropygi (somites 16, 17, 18), and the Schizomida (somites 16, 17, 18). Corre
sponding tergites and sternites of the ricinuleid pygidium are entirely fused so 
that each segment occurs as a short sclerotized tube. Diameters of the segments 
decrease progressively toward the posterior. The ricinuleid pygidium is unique in 
the Arachnida, being a telescoping structure. The terminal, or anal, segment can 
be drawn into the preceding segment, which can then be withdrawn into the most 
anterior of these segments. The whole can further be retracted into the opistho
soma. When extended to the fullest, the pygidium appears as in Figs. 38 and 40. 
Such complete extension is often noted in larvae and nymphs, but in adults re
traction into the opisthosoma, either partially or completely, as in Fig. 12, is more 
common. 

Millot (1945) believed the pygidium to consist of four instead of three somites, 
thus elevating the number of body somites to 17 instead of 16 (including somite 7 
which he regarded as absent). Millot suggested the existence of another segment 
concentric with, and fused within, segment 14. This presumptive segment he 
numbered 15, thus making the preanal one 16 and the anal segment 17. Petrun
kevitch (1949), however, after studying serial sections of this area (transverse, 
frontal, and sagittal), stated that the pygidium consists of only three somites. Our 
findings support those of Petrunkevitch inasmuch as sections of the pygidium of 
C. pelaezi clearly show three somites united by articular membranes. However, 
a whole, unsectioned pygidium examined from within does appear to have an 
inner ridge or ring within somite 14. This ridge is the thickened, slightly reflexed 
anterior margin of the segment to which the articular membrane is attached. A 
transverse section cut just posterior to this ridge would appear precisely as in 
Millot's drawing, with an inner circular piece fused to the large fourteenth seg
ment. Similar ridges occur also on the last two pygidial segments. There is, there
fore, little doubt that the pygidium consists of only three segments. 
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A middorsal notch on the fourteenth segment, the most anterior and the largest 
within the pygidium, is reported for several species, but no such notch occurs in 
C. pelaezi. The last and smallest segment, 16, possesses a transverse slitlike anus. 
This anal segment has no tubercles or setae on its anterior two thirds but has 
many small, fine setae pointing posteriorly around the anus. The preanal seg
ment, 15, also lacks tubercles and bears setae only around its posterior border. 
However, this segment bears four large, broad, flattened setae which extend pos
teriorly on the ventral surface (Figs. 38, 39). These setae are present in the larva 
and all nymphal stages but do not occur in the adults. Other ricinuleid species in 
which such setae are reported are C. barberi (seven females and immatures), 
C. emarginatus (one female), and C. manni (one female), all described by Ewing 
(1929). Inasmuch as none of the adults of C. pelaezi has the preanal setae and 
all of the immatures do have them, it may be asked whether the specimens de
scribed by Ewing were adult females. Ewing was uncertain for C. emarginatus, 
which he denoted as "as single specimen (adult female?)." The occurrence of 
preanal setae and the distribution of tubercles over practically all the sclerites of 
the body are characteristic of immature life stages and indicate that Ewing's 
specimen was a nymph. His drawing of the tarsomeres of leg III are similar to 
those of second and third nymph males of C. pelaezi. The tarsomeres are quite 
different from the corresponding female tarsomeres (Figs. 125, 126, 128, 129). 
In Ewing's drawing of C. emarginatus, the metatarsus is indented, the first tar
somere is bare dorsally, and the second tarsomere has two distinct parts, the re
trolateral one being slightly taller than the other and bare on its prolateral sur
face. Ewing did not mention the color of C. emarginatus or report the number of 
tarsomeres for each leg. If there had been a deviation from the tarsal formula of 
1,5,4,5, he would certainly have mentioned it. Therefore, because third nymphs 
have the same tarsal formula as adults, it is quite likely that the holotype and 
single specimen of C. emarginatus is a third nymph male. 

In his description of a single specimen of C. manni, Ewing listed two charac
teristics that suggest it might also be a third nymph: the occurrence of the pre
anal setae and the marked separation between the large tergites of the opistho
soma. In adults of C. pelaezi the tergites meet although they do not fuse as the 
sternit~s do. Ewing did not mention the sternites, the number of tarsomeres per 
leg, or the color for C. manni. 

The description of C. barberi was based on seven specimens, some of which 
Ewing designated as females, others as nymphs. Nothing in the description except 
the occurrence of the four preanal setae suggests that the holotype is a nymph 
instead of an adult. However, most of the characteristics that would have indi
cated the life stage were not listed . 

. APPENDAGES 

Chelicerae 

The chelicerae are usually hidden and protected by the cucullus. They can be 
withdrawn or extended and are illustrated in the latter position in the ventral 
view of each life stage. These appendages consist of two joints and are chelate. 
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There is one large basal joint with a medial, small, fixed finger (Figs. 51, 56) 
and a distal, lateral, movable finger (Figs. 50, 56). Hansen and Sorensen (1904) 
distinguished between Cryptocellus and Ricinoides on the basis of the fixed 
finger: That of Cryptocellus is undivided whereas Ricinoides possesses a bifurcate 
fixed finger formed by a small dorsal projection and a large ventral one---a con
struction vaguely resembling that of the movable cheliceral finger in scorpions. 

As indicated in Figs. 52, 53, 54, 55 two brushes of long plumose setae are lo
cated on the chelicerae, one dorsal and one ventral. The two brushes almost meet 
medially (Fig. 55), but laterally they end near the articulation of the movable 
finger (Fig. 53). Scattered among these plumose setae are other plumose setae 
with spearlike tips (Fig. 22). Hansen and Sorensen (1904: 124) referred to the 
plumose setae as "blood hairs," which, they suggested, may be used to "intercept 
the blood of the prey when it has been cut to pieces." 

Scattered over the basal joint near its attachment above the mouth are a few 
minute (5 microns in height), transparent setae (Fig. 49). These enigmatic 
little structures are pliable and have truncate tips. 

The cheliceral teeth of ricinuleids are curious in having blunt, rounded tips 
rather than pointed ones, and most species descriptions include details on their 
number, size, and arrangement. In their discussion of taxonomic characters of the 
genus Cryptocellus, Beck and Schubart (1968) indicated two groups, those with a 
distal large tooth on the fixed finger and those without a large tooth. They also 
stated that when the basal tooth of the mobile finger is large, it remains separate 
from the rest of the teeth. 

Marked variations were found in the teeth in C. pelaezi. No definite pattern, 
no progressive alteration from one life stage to the next, and no consistency in 
number, size, or arrangement of teeth within a stage could be established (Figs. 
56 to 65). Often there was dissimilarity between the right and left chelicerae of 
one specimen. The only constant factor was the presence on the fixed finger of 
the large distal tooth that places C. pelaezi in the first of the two groups described 
by Beck and Schubart. Therefore much doubt is cast on the value of cheliceral 
tooth number and arrangement in ricinuleid taxonomy. 

Pedipalps 

The second pair of appendages, the pedipalps, change little from one stage to 
another except in overall width and length (Fig. 70). The joints, which are the 
same in all stages, are coxa, trochanter 1, trochanter 2, femur, tibia, and tarsus. 
Some observed functions of the pedipalps include capturing, holding, and 
tearing of food; egg carrying by females; and aiding in copulation for males. The 
egg carrying function of the pedipalps was first mentioned by Sanderson (1937: 
318-320; 1941 :281-284), the first person to observe this activity of ricinuleids. 

The pedipalpal coxae are fused into a single piece that forms the preoral 
cavity ventrally and laterally as previously described (Figs. 24, 27). Posterior to 
the attachment of the first trochanter along the midventral line are two pairs of 
broad setae pointing medially (Figs. 24, 25). These are broader near the tip than 
at the base and bend at an acute angle near the midpoint (Fig. 25). There are 
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numerous nerve connections to the interior. Only the posterior pair of setae 
occurs in the larva, but two pairs are found in each successive stage. In the first 
nymph the posterior pair is similar in size and shape to the pair occurring in the 
larva, but the anterior setae are small, narrow, and pointed. In the successive life 
stages the anterior setae come to resemble more and more the posterior ones, but 
even in the adult they are distinguishable, the anterior ones being narrower. 

The first trochanter is set deep within the coxa by means of a stalklike ex
tension (Fig. 24). It is followed by the second trochanter. The two are approxi
mately equal in length although they differ in appearance. The first is more oval 
in shape (Figs. 24, 70) and the second is more quadrangular (Fig. 70). The second 
trochanter has a definite groove or indentation on its ventral surface. The femur 
is longer than either trochanter and is remarkable in its ability to rotate 180° at 
its proximal articulation with the second trochanter. This gives the ricinuleid 
pedipalp great mobility for a variety of functions. The tibia is the longest section 
of the pedipalp and possesses the most unusual structures (Fig. 66, 67). On the 
dorsal surface near the movable finger, or tarsus, are located two pits, each con
taining a different type of seta. The more distal pit contains a long spearlike seta 
(Fig. 68), whereas the other pit contains a short peglike seta (Fig. 69). Both setae 
are completely recessed within the integument of the tibia, and the circular open
ings on the surface of the tibia are partially hidden by the short spikelike setae 
which normally project outward over the other sclerotized regions. However, at 
the edges of the circular openings of the depressions in which these two setae rest, 
the spikelike setae bend inward, lying almost horizontally across the opening 
(Figs. 68, 69). Near the movable finger are four unusual "slit organs" (Fig. 67), 
two on the lateral surface and two on the medial surface. These are long, narrow, 
and wider at the midpoint than at the ends. In the larva, only one slit organ occurs 
on each surface. 

Other small, narrower slit organs occur on the femur in three sites and on the 
proximal part of the tibia (Fig. 79). These slits have been reported by Beck and 
Schubart ( 1968) for C. foedus, C. lampeli, C. boneti, C. centralis, and C. pseu
docellatus, although in slightly varying positions. 

Terminating the tibia is a serrate chela consisting of one small fixed finger and 
a large movable finger, the tarsus. The inner surfaces of these fingers possess rows 
of regular, flattened teeth (Fig. 67). Ricinuleids are unique among arachnids 
with chelate pedipalps (scorpions, pseudoscorpions, and uropygids) in that the 
movable finger is dorsal rather than ventral. 

Although the body color of the immature stages is pale cream, the distal two
thirds of the tibia is reddish brown. This coloration occurs in a definite pattern 
extending a greater distance on the side of the movable finger (Fig. 4). 

Leg I 

The first legs are the shortest and are the only ones to maintain the same joint 
number in all life stages. They increase in size from one stage to the next as in
dicated in Fig. 72. Joints composing leg I are coxa, trochanter, femur, patella, 
tibia, metatarsus, and tarsus--the last consisting of one tarsomere. 
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Because the tritosternum lies between the coxae of the first legs, these two basal 
joints do not touch along the midventral line (Fig. 24 ). Beck and Schubart (1968) 
designated three categories for the genus Cryptocellus, based on the extent to 
which the coxae contact the tritosternum: 1) coxa I does not touch tritosternum; 
2) coxa I touches tritosternum with point; and 3) coxa I touches tritosternum with 
medial edge. In C. pelaezi the coxae touch the tritosternum with medial points 
(Fig. 24). Other species in this category are C. pseudocellatus and C. dorotheae. 
The coxae of the first legs are firmly fused to those of the second and are also 
closely applied to the tritosternum, which they partially cover. They are not fused 
to the pedipalpal coxae anteriorly. 

Beck and Schubart (1968) indicated slit organs only for the pedipalps and did 
not mention their presence on the legs. However, many such structures occur on 
the legs in C. pelaezi. Although these slit organs are much larger, they resemble 

. the lyriform slits in other arachnids. Some variations occur, but the general pat
tern is fairly constant as indicated in Fig. 79. Deviations consist of shifts in posi
tion, occasional absence of slits, and especially the occurrence of two or three 
slits instead of only one. The latter is most often observed on the proximal end 
of the metatarsus. In addition to possessing slits, the trochanter, femur, patella, 
tibia, and metatarsus have what may be termed the "normal" or "usual" epider
mal structures found generally on all parts of the ricinuleids. These structures are 
simple, smooth setae (Fig. 98), tubercles (Fig. 18), pits (Fig. 37), and very short 
spikelike projections (Figs. 80, 88) that cover the epidermis wherever other 
structures are lacking. 

Millot (l 949b:75 l stated that ricinuleids are "parmi les Arachnides les moins 
bien doues au point de vue sensoriel." He indicated that they receive tactile im
pressions by means of several types of "poils annexes a leurs teguments." Ricinu
leids are described as largely devoid of sensory structures by Hansen and Soren
sen (1904). These two wrote that the only external sensory organs are six tactile 
hairs, one occurring on each of the three posterior pairs of legs near the tip of the 
tarsus. They described these hairs as short, cylindrical, thickened at the end, and 
equipped with delicate branches on the distal two-thirds except for the semi
globular apex, which is bare. They did not report these for the tarsi of the first 
legs. However, such hairs are present in C. pelaezi on each leg including the first 
pair (Figs. 80, 81, 82, 83 ). These treelike setae have curved branches with bare 
apices and are set in depressions (Fig. 89). They occur in each life stage. 

Proximal to the treelike seta is a peglike seta that is very short and blunt and 
attended by bent setae (Fig. 88) on legs I and II. The peglike setae occur on each 
leg and in each life stage (Figs. 80, 81, 82, 83). Near the peglike seta and the 
treelike seta on the tarsus of leg I is a circular opening that extends as a deep pit 
(Fig. 90) into the tarsus (Fig. 80). Within its recesses are many long spearlike 
setae. This structure is not present in the larva but appears in the first nymph and 
all succeeding stages. It occurs only on the tarsus of leg I and the distal tarsomere 
of leg II (Figs. 80, 81). Also located on the dorsal half of the tarsus are curved 
setae, some longer than others, which have slightly swirled, longitudinal lines 
(Fig. 80). Each inserts at the periphery of a depression, in the center of which 
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appears to be a pore or an area of exceedingly thin integument (Figs. 92, 93). 
Along the dorsal surface of the tarsus and interspersed with the other structures 
are short setae with their distal third bent at an acute angle (Fig. 88). Three 
barbed setae (Figs. 94, 95) occur on each side of the claws and dorsally on a dis
tal projection of the tarsus. Another barbed seta occurs near the pit organ. The 
barbed setae may appear either as in Fig. 94 or 95. 

The epidermal structures thus described are on the dorsum of the tarsus. Ven
trally, near the claws, there is a single lanceolate projection of the exoskeleton 
(Fig. 84), covered with the very short spikelike setae of the type covering most of 
the integument. On the same side, along the length of the tarsus, there is a dense 
covering of long, firte, slightly spiraled setae (Fig. 96) and straight, fine setae with 
hooked tips (Fig. 97). 

Simple setae similar to those elsewhere on the animal are also found on each 
joint as are a few tubercles (Fig. 80). The tubercles are concentrated on the proxi
modorsal portion of the tarsus (Fig. 80). All integumentary structures on the 
tarsus point or curve toward the tip. 

Dorsal to the lanceolate ventral extension and recessed within the tarsus are 
the paired claws. These can be extended or retracted and are usually smooth 
(Figs. 86, 87). Occasionally some claws possess a single low toothlike projection 
at the point of greatest curvature (Figs. 81, 82). 

Leg II 

Legs II are the longest in each life stage; each is divided into coxa, trochanter, 
femur, patella, tibia, metatarsus, and tarsus--the last consisting of varying num
bers of tarsomeres depending upon the life stage (Fig. 73). In the molts between 
two of the life stages, additions occur between the distal tarsomeres and the meta
tarsus. Leg II of the larva has two tarsomeres, the first nymph has four, and the 
second nymph, third nymph, and adult have five. Several other distinct changes 
occur in leg II as the ricinuleid matures. 

Coxae II are fused with those of the first and third legs and are closely applied 
to the tritosternum. Beck and Schubart (1968) listed two categories that differen
tiate the species of Cryptocellus according to the relative lengths of contact along 
the midventral line of coxae II and III: 1) species in which coxae II and III are 
equal in this length and 2) species in which coxae II have a length of contact 
greater than that of III. C. pelaezi falls into the second category as do C. pseudo
cellatus and C. dorotheae. 

The trochanter changes only in size from one stage to another. Its three or 
four slit organs are set deep within its dorsal surface near the articulation of the 
femur (Fig. 79). 

The femur of leg II is often markedly sexually dimorphic, the male usually 
identifiable by its enlarged femur (Figs. 11, 12). Jn most specimens this joint is 
at least twice as large in diameter as that of the female (Figs. 9, 10). However, in 
some specimens the femur is about the same thickness as the female's so that upon 
superficial examination, these individuals appear to be females. Because of this 
variation, the only reliable way to identify males is by the presence of the copu-
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Iatory apparatus on the third leg (Figs. 11, 12). In the third nymphs no difference 
in the size of the femur occurs between males and females. Slits are located on the 
femur of leg II as indicated in Fig. 79. 

The patella in the adult male varies also, being longer and more curved than 
in the female or immatures (Fig. 73). The tibia and metatarsus remain unchanged 
in all life stages except for general increase in size. Fig. 79 shows the slits that are 
found on each of these joints. 

Integumentary structures of the distal tarsomere are similar to those found on 
the tarsus of leg I (Fig. 81). However, there are some specific differences. The 
tubercles, slits, deep pit, and the bent, peg, tree, barbed, and spiraled setae are 
all in comparable positions. The curved, lined setae at the sides of depressions 
occur not only on the dorsum as in leg I but also extend laterally on each side of 
the tarsomere (Fig. 81 ). The ventral, lanceolate projection of integument is bifur
cated (Fig. 85). In adult males, especially prominent tubercles occur ventrally on 
the femur, patella, tibia, and, to a lesser extent, the metatarsus. The prominence 
of these structures results from their location on pedicellate outgrowths of the 
exoskeleton. 

Leg III 

Leg III, only slightly shorter than leg IV, is comprised of coxa, trochartter 1, 
trochanter 2, femur, patella, tibia, metatarsus, and tarsus. In the larva there are 
two tarsomeres. This increases to three in the first nymph and finally to four in 
each succeeding stage (Fig. 74). 

The coxae are fused anteriorly with coxae II but are free posteriorly because 
coxae IV are movable. Gutierrez (1970) stated that coxae II and III in the larva 
are not fused. This is incorrect; fusion is comparable in all life stages. Coxa III 
is shorter along the midventral line than coxa II. No essential changes occur from 
one stage to another in the two trochanters, femur, patella, or tibia. The positions 
of the slit organs on these joints are indicated in Fig. 79. 

The most drastic modifications of any of the leg joints occur as a consequence 
of formation of the male copulatory apparatus. The development of this complex 
structure is first indicated in the second nymph where the metatarsus and first 
and second tarsomeres differ from those of the female (Figs. 128 to 130). In this 
stage, the male's metatarsus is slightly widened distally, the first tarsomere is 
bare of setae and tubercles (Figs. 129, 130), and the second tarsomere is higher 
(Fig. 129). In the third nymph male, the metatarsus is larger still (Fig. 126), 
showing a dorsal concavity (Figs. 126, 127), and the second tarsomere is even 
higher (Fig. 126), showing clearly on its retrolateral side the precursor of the 
lamina cyathiformis. 

In the adults the intricate male copulatory apparatus is the primary distin
guishing feature between the sexes (Figs. 99, 100). The male's metatarsus is large 
and bears a process near its proximodorsal surface (Figs. 99, 115). This process 
is slanted pro laterally (Fig. 101 ), and its shape is quite variable (Figs. 119 to 124 ). 
Setae occur on its dorsal and prolateral surfaces (Fig. 117) but the ventral sur
face is bare (Fig. 116). The tip is a smooth, highly sclerotized, beaklike structure 
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curving retro laterally (Figs. 101, 102, 117, 118). Although this process was not 
observed to move independently, sections revealed a musculature suggesting that 
it is capable of movement. The metatarsal process normally lies within a groove 
on the dorsum of the metatarsus (Fig. 115). Beyond the articulation of the meta
tarsal process, the metatarsus has a depression into which the first tarsomere 
recedes (Figs. 99, 115). The articulation of these two joints is not central but is 
retrolateral (Fig. 108). 

From the proximodorsal surface of the first tarsomere arises a long, thin, highly 
sclerotized "tarsal process" (Figs. 99, 104 to 107). This process, at first seem
ingly very delicate, but in reality quite sturdy, extends from the proximal end of 
the first tarsomere across the second tarsomere where it angles µpward into the 
protective curve of a winglike extension of the second tarsomere (Fig. 99). The 
tarsal process consists of a basal portion and two extensions of unequal size and 
shape. There is as yet no consistent terminology used in the naming of these parts. 
The nomenclature used herein follows rather closely that of Cooke (1967), but 
we hope that elucidation of the precise functions of the parts will lead to a stable 
and more suitable terminology that reflects these functions. Presently, we shall 
regard the tarsal process as consisting of a base, a body, and an accessory piece. 
Arising from the base is the largest part of the tarsal process, the body, which 
takes somewhat the form of a canoe (Figs. 104 to 107). Arising also from the base 
but curving downward to lie normally within the body is the smaller accessory 
piece (Figs. 104 to 107). The distal half of this piece is bifurcate, and the tips of 
the branches are distinctly different in structure (Figs. 106, 107). Both tips of the 
accessory piece fit into the curved distal end of the body, which loops over them 
(Fig. 105). A narrow slit allows the accessory piece to be slipped in and out of the 
body, at least by manipulation with a dissecting needle. From the base of the 
tarsal process a leaf-shaped projection extends about one-fifth of the length of the 
entire process on the prolateral face (Figs. 104 to 106). Even though the functions 
of the different parts of the tarsal process have not yet been clearly determined in 
C. pelaezi, it is consistent with their structure to suggest that the body is the sperm 
carrier and that the accessory piece serves to dislodge the spermatozoa from the 
body during copulation. 

The second tarsomere, which in the second and third nymphs is slightly taller 
in the males than in the females (Figs. 125, 126, 128, 129), is greatly enlarged in 
the adult male (Fig. 99). It bears a large triangular piece into which the tarsal 
process fits, the "lamina cyathiformis" of Hansen and Sorensen (1904). The latter 
structure arises from the retrolateral side of the base of the tarsomere, extends 
dorsally, and curves toward the pro lateral side (Figs. J 01, 102, 108, 109, 110). 
Its retrolateral surface and the ventral portion of the base are covered with setae, 
whereas its inner, prolateral surface and the dorsum of the base are completely 
devoid of setae (Figs. 109, 110). The lamina cyathiformis serves as a protective 
housing for the tarsal process except at time of copulation. 

The third tarsomere in the male also differs slightly from that in the female. 
It has two angular elevations directed dorsally (Figs. 111 to 114). The prolateral 
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one bears setae and tubercles whereas the retrolateral one is more rounded and 
devoid of integumentary structures (Fig. 112). 

The fourth, or distal, tarsomere is similar in males and females and possesses 
several integumentary structures (Fig. 82). These include tubercles, simple setae, 
one or two lateral barbed setae, a treelike seta, a peg seta, a slit, spiked setae, one 
lanceolate ventral extension, and ventral hooked setae. Structures not present on 
the distal tarsomere of leg III but present on legs I and II include the deep pit and 
dorsal, bent setae. Also lacking are pits with single, peripheral, lined setae such 
as occur on the tarsus of leg I and the distal tarsomere of leg II. However, near 
the treelike seta and the peg seta is an oval pit with two lined setae set at the prox
imal end, pointing distally (Figs. 82, 91 ). 

The claws are larger, longer, and more deeply recessed in this tarsomere than 
are the claws of either legs I or II (Figs. 80, 81 , 82). 

Leg IV 

Slightly longer than leg III, leg IV consists of coxa, trochanter 1, trochanter 2, 
femur, patella, tibia, metatarsus, and tarsus. Fig. 75 shows a comparison of the 
fourth leg for the life stages. The tarsus of the first nymph is comprised of two 
tarsomeres but this increases to four in the second nymph and to five for each 
succeeding stage. 

The larvae do not possess jointed fourth legs; they have instead a pair of small, 
somewhat saclike limb buds normally lying posterodorsal to coxae Ill. These 
limb buds lack claws. Upon full extension of the pedicel when the larva is slide 
mounted, these appendages appear as in Figs. 76 and 77. The slight difference in 
the length of the limb buds in these two figures is probably without significance, 
a result of differential compression upon mounting. Fig. 78 shows the limb bud as 
it appears in larval exuviae. We have viewed the last legs of the first nymph with
in the limb buds of molting larvae and know them to be the true legs IV because 
the tarsus is comprised of two tarsomeres. These limb buds will receive detailed 
consideration in a subsequent paper. 

The development of a jointed appendage within a nonjointed precursor is un
common in the Arthropoda. Among the-arachnids, the occurrence of nonjointed 
limb buds in a postembryonic stage is apparently limited to sunspider larvae. This 
life stage is, however, nonmotile. It would thus seem that in their possession of 
an active, motile life stage bearing nonjointed limb l;mds, the Ricinulei are unique 
among the Arachnida. 

Coxae IV differ from the other coxae in being movable, this mobility per
mitting locking and unlocking of prosoma and opisthosoma. The other joints of 
leg IV show no notable modifications, and they possess slit organs similar to those 
of the other legs (Fig. 79). 

The fourth tarsomere of leg IV has fewer epidermal structures than any of the 
other distal tarsomeres (Fig. 83). Tubercles, simple setae, ventral hooked setae, 
and short spiked setae are in positions corresponding to those in the distal tarso
meres. The treelike seta and peg seta occur dorsally near the tip but are not sur
rounded by any bent setae. Ventrally, the lanceolate projection is single (Fig. 84). 
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Structures that do not occur on this distal tarsomere but that do appear on one 
or more of the other three are slits; curved, lined setae in pits; barbed setae; deep 
pits with internal spearlike setae; and bent setae. 

The claws are similar to those on leg III, larger and more deeply recessed than 
the claws on legs I and II (Figs. 80, 81, 83). 

ACKNOWLEDGMENTS 

We are grateful to Dr. John A. L. Cooke for the valuable discussions we have 
had with him on ricinuleid morphology, especially the structure of the male copu
latory apparatus, and to Mr. Jerry Cooke for critical reading of the manuscript. 
This study was assisted in part by State-appropriated grant funds administered by 
the Graduate School and the College of Arts and Sciences, Texas Tech Univer
sity. 

LITERATURE CITED 
ANONYMOUS. 1947. Expedition cientifica a Yucatan. Ciencia, .8: 128-129. 
BECK, L., AND H. SCHUBART. 1968 Revision der Gattung Cryptocellus Westwood 1874 

(Arachnida: Ricinulei). Senckenbergiana Biol., 49: 67-78. 
BOLIVAR Y PIELTAIN, C. 1946. Hallazgo de un nuevo Ricinulideo en el Mexico Central. 

Ciencia, 7:24-28. 
BUCKLAND, W. 1836. The Bridgewater treatises on the power, wisdom and goodness of God 

as manifested in the creation, Treatise VI, Geology and mineralogy considered 
with reference to natural theology. William Pickering, London, 2: 128 pp. 

COOKE, J . A. L. 1967. Observations on the biology of Ricinulei (Arachnida) with descrip
tions of two new species of Cryptocellus. J . Zoo!., London, 151: 31-42. 

EWING, H. E. 1929. A synopsis of the American arachnids of the primitive order Ricinulei. 
Ann. Entomol. Soc. Amer., 22: 583-600. 

F INNEGAN, S. 1935. Rarity of the archaic Arachnids, Podogona (Ricinulei). Nature, 136: 186. 
GERTSCH, W. J ., and S. MULAIK. 1939. Report on a new ricinuleid from Texas. Amer. Mus. 

Novit., 1037: 1-5. 
GuERIN-MENEVILLE, M. 1838. Note sur l'Acanthodon et sur le Cryptostemme, nouveaux 

genres d'Arachnides. Rev. Zoo!. Soc. Cuvierienne, 1: 10-12. 
GUTIERREZ, L. C. 1970. Estudio de un Cryptocellus de cavernas de Mexico. (Arach., 

Ricin.). Ciencia, 27:47-60. 
HANSEN, H. J. 1921. Studies on Arthropoda I. Gyldendalske Boghandel, Copenhagen, 

80 pp. 
HANSEN, H. J ., AND W. SORENSEN. 1904. On two orders of Arachnida. Univ. Press., 

Cambridge, 182 pp. 
KASTNER, A. 1932. Ordung der Arachnida: Ricinulei Thorell. Pp. 99-116, in Handbuch der 

Zoologie (W. Kiikenthal, ed.), Walter de Gruyter, Berlin, Band 3, Halfte 2, 
Lief 5, Tiel 2, Bog. 7-8. 

KENNAUGH, J . H. 1968. An examination of the cuticle of three species of Ricinulei (Arachni
da). J . Zoo!., London, 156: 393-404. 

LAURENTIAUX·YIEIRA, F ., AND D. LAURENTIAUX. 1963. Sur quelques restes nouveaux 
d'Arachnides de terrain houiller. Ann. Soc. Geo!. Nord., 83:23-29. 

MILLOT, J . 1945. La constitution de !'abdomen des Ricinulei (Arachnides). Bull. Soc. Ento
mol. France, 59:72-74. 

MILLOT, J . l949a. Classe des Arachnides, morphologic generale et anatomic interne. Pp. 
263-319, in Traite de Zoologie (P. P. Grasse, ed.) Masson et Cie, Paris, vol. 6. 

l 949b. Ordre des Ricinuleides. Pp. 744-760, in Traite de Zoologie (P. P. Grasse, 
ed.) Masson et Cie, Paris, vol. 6. 



PITIARD AND MITCHELL-MORPHOLOGY OF CRYPTOCELLUS PELAEZ! 25 

MITCHELL, R. W. 1969. The cover illustration, Cryptocellus osorioi (Arachnida: Ricinulei). 
Southwestern Nat., 14:136-138. 

__ . 1970. Population size and dispersion and species associations of a Mexican caver
nicole ricinuleid (Arachnida). Ciencia, 27:63-74. 

PETRUNKEVITCH, A. 1949. A study of Palaeozoic Arachnida. Trans. Connecticut Acad. Sci., 
37:69-315. 

POLLOCK, J . 1966. Secret life of the Ricinulid. Animals, 8:402-405. 
__ . 1967. Notes on the biology of Ricinulei (Arachnida). J. West African Sci. Assn., 

12: 19-22. 
RUSSELL, w. H., AND T. w. RAINES, eds. 1967. Caves of the Inter-American Highway. Bull. 

Assoc. Mexican Cave Studies, 1: 1-126. 
SANDERSON, I. T. 1937. Animal Treasure. Viking Press, New York, 325 pp. 
--· 1941. Living Treasure. Viking Press, New York, 290 pp. 
SAVORY, T. 1964. Arachnida. Academic Press, London, 291 pp. 
ScuDDER, S. H. 1884. A contribution to our knowledge of Palaeozoic Arachnida. Proc. Amer. 

Acad. Arts and Sci., 20 ( 12): 13-22. 
WESTWOOD, J. 0. 1874. Thesaurus entomologicus Oxoniensis. Clarendon Press, Oxford, 

205 pp. 



26 GRADUATE STUDIES TEXAS TECH UNIVERSITY 

FIG. I .-Larva, dorsal (32 X ). Note occurrence of but six legs; tarsomere formula of 1,2,2; 
random distribution of tubercles on cucullus, carapace, and opisthosomal tergites; wide 
separation of opisthosomal tergites; absence of longitudinal impressions on carapace and on 
median pieces of opisthosomal tergites. 
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F1G. 2.-Larva, ventral (32 X ). Note random distribution of tubercles on opisthosomal 
sternites, weakly defined sockets on opisthosomal sternite 4, and preanal teeth on the second 
pygidial segment. 
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F10. 3.-First nymph, dorsal (27 x ). Note addition of fourth pair of legs; tarsomere for
mula of 1,4,3,2; r_andom distribution of tubercles; wide separation of opisthosomal tergites; 
and lack of impressions on carapace and on median pieces of tergites. 
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F1G. 4.-First nymph, ventral (27 X ). Note forward migration of tubercles on opisthosomal 
sternites; appearance of well-defined sockets containing tubercles on opisthosomal sternite 4 
and paired impressions on opisthosomal sternites 5, 6, and 7; wide separation of opisthoso
mal sternites; and preanal teeth on the second pygidial segment. 
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F 1G. 5.-Second nymph female, dorsal ( 17 X ). Note tarsomere formula of 1,5,4,4; begin
nings of distinct patterns of tubercles concentrated on cucullus, carapace, and tergites; and 
appearance of impressions on carapace and median pieces of opisthosomal tergites 5, 6, 
and 7. 
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Fie. 6.---Second nymph female, ventral ( 17 X ). Note appearance of precursor to female 
genital opening on pedicel and wide separation of opisthosomal sternites. 
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Fro. 7.- Third nymph female, dorsal (14 X ). Note tarsomere formula of 1,5,4,5; extreme 
concentration of tubercles on cucullus, carapace, and opisthosomal tergites; increasing prom
inence of impressions on carapace and on median pieces of opisthosomal tergites; and slight 
narrowing of integument between tergites. 
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F1G. 8.-Third nymph female, ventral ( 14 X ). Note precursor to female genital opening on 
pedicel, more extreme tubercle concentration, and narrowing of integument between ster
nites. 
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F1G. 9.-Adult female, dorsal ( 13 X ). Note tarsomere formula 1,5,4,5; similarity of tuber
cle concentrat ion to that of third nymph; and narrowing of integument between tergites. 
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F 1G. 10.-Adult female, ventral (13 x ). Note genital opening on pedicel; fusion of opistho
somal sternites 5, 6, and 7; and paucity of tubercles on sternite 7. 
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Fie. I !.-Adult male, dorsal (12 X ). Note tarsomere formula 1,5,4,5; enlarged femur of 
legs II; copulatory apparatus on legs III; and narrowing of integument between tergites. 
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F1G. 12.-Adult male, ventral ( 12 X ). Note penis on pedicel; fusion of opisthosomal ster
nites 5, 6, and 7; paucity of tubercles on sternite 6; and virtual absence of tubercles on ster
nite 7. 
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Fie. 13.-Prosoma, slightly anterolateral (49 X ). PP, trochanter 1 of pedipalps; I, coxa 
of leg I (coxa I); II, coxa II ; Ill, coxa III ; IV, coxa IV; P, pleurite. Cucullus in retracted 
position. 

Fie. 14.-Cucullus, posterior (49 X ). Note inner depressions for chelicerae; plumose, 
medially directed setae; and row of large tubercles on ventral edge. 

Fie. 15.-Comparison of cucullus for each life stage, anterior (47 X ). L, larva; IN, first 
nymph; 2N, second nymph; 3N, third nymph; F + M, adult female and some adult males; 
M, some adult males. 

F ie. 16.- Tubercle from row on ventral border of cucullus (7 11 X ). Note spiked setae on 
mound, inner connection represented by dashed I ine, and slightly grooved surface. 

Fie. 17 .-Tall conical tubercle with smooth, slanting apex and scalloped base (7 I I X ). 

Fie. 18.-Low conical tubercle with smooth, rounded apex and scalloped base (711 X ). 

F ie . 19.-Flattened tubercle with dorsal and lateral grooves (7 11 X ). 

F1G. 20.-Cup-shaped tubercle (7 11 X ). 

Fie. 2 1.-Tubercle with smooth apex and scalloped base, dorsal (71 1 X ). 

F ie. 22.-Plumose seta with spearl ike tip from chelicera (408 X ). 

Fie. 23.-Plumose seta from chelicera (408 X ). Such setae a lso occur on anterodorsal 
surface of fused pedipalpal coxae. 
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F1G. 24.-Coxae of pedipalps, legs I, and legs II and tritosternum, ventral (98 x ). PTl , 
trochanter 1 of pedipalp; PC, pedipalpal coxa; IC, coxa I; UC, coxa II; T, tritosternum; S, 
paired, hooked setae. 

F1G. 25.-Hooked seta from venter of fused pedipalpal coxae (1220 x ). 

FIG. 26.- Prosomal sternites, viewed from interior (49 x ). IC, coxa I; CGO, coxal 
gland opening; UC, coxa II; IIIC, coxa III; T, tritosternum with labial setae; S, sternite. 

F10. 27 .-Pedipalps with labrum, dorsal (98 X ). PC, pedipalpal coxa; AL, anterior labrum; 
PL, posterior labrum. 

FIG. 28.-Tritosternum, dorsal, with plumose, labial setae arising anterodorsally (122 X ). 

F1G. 29.- Tritosternum, left lateral (122 X ). 
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F10. 30.-Prosoma, posterior (82 X ). C, carapace; P, pleurite; IVC, coxa IV; IIIC, coxa 
III. Pedicel removed. Note spiracles and dorsomedial projections on coxae IV which form 
part of locking apparatus. 

F10. 3 1.-Right spiracle (328 X ). Note surrounding reticulate integument and nonanasto
mosing setae covering opening. 
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Fie;. 32.-0pisthosoma, ventral, female, indicating sternites 7 to 16 (20 X ). 7, pregenital 
sternite; 8, anterior genital lip attended by lateral sclerotized plates; 9, posterior genital lip; 
I 0, sternite with locking sockets. Note fusion of sternites 11 , 12, and 13 and incorporation of 
sternites 14, 15, and 16 into pygidium. 

Fie. 33.-0pisthosoma, ventral, male, indicating sternites 7 to 16 (20 X ). 8 + 9, fused 
ste rnites forming penis; other sternites as in Fig. 32. 

Fie. 34.- 0pisthosoma, dorsal, male/female, indicating tergites 7 to 16 (20 X ). 7 + 8, 
membranous roof of pedicel; 9, tergite forming ridge for locking with carapace. Note divi
sion of tergites I 0 to 13 into median and marginal pieces and incorporation of tergites 14, 
15, and 16 into pygidium. 

Fie. 35.--Comparison of size and shape of prosoma and opisthosoma of all life stages, 
dorsal (20 X ). L, larva; IN, first nymph; 2N, second nymph; 3N, third nymph; A, adult. 
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F1G. 36.-0pisthosoma, cross section (59 x ). T, tergite; AM, articular membrane; S, ster
nite; P, pleurite. Note ducts from pits and setae, which penetrate exoskeleton, and absence 
of such ducts from cup-shaped tubercles. 

F1G. 37.-Pit from opisthosoma (1264 x ). Such pits occur on all other sclerotized plates. 

F10. 38.-Pygidium, ventral, larva, shown at maximum extension (148 X ). PT, preanal 
teeth. 

F1G. 39.-Preanal tooth, ventral, larva ( 1349 X ). Present in all life stages except adult. 

FIG. 40.-0pisthosoma, dorsolateral, adult (2 1 x ). P, pleurites. 
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FIG. 41.-Pedicel with associated prosoma and opisthosoma, ventral, female (65 X ). Coxa 
of right leg IV removed. IIIC, coxa III; IVC, coxa of IV; PED, pedicel; GO, genital opening; 
SlO, sternite 10; S, socket. Note presumptive sternite 7 between coxae IV and pair of small 
plates attending anterior genital lip. 

FIG. 42.-Pedicel with associated opisthosoma, lateral, male (65 X ). PED, pedicel; PEN, 
penis; P, pleurite. 

FIG. 43.--Genital lips and opening, ventrolateral, adult female (65 X ). 

FIG. 44.-Precursors to genital lips, posteroventral, third nymph female (65 x ). 

FIG. 45.-Precursor to genital lips, ventral, second nymph female (65 X ). 

Fm. 46.-Penis, posterior, male (65 X ). 0, opening. 

FIG. 47.-Precursor to penis, posterior, third nymph male (65 X ). 

FIG. 48.-Precursor to penis, posterior, second nymph male (65 X ). 
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F1G. 49.-Truncate, pliable seta from chelicera (3200 X ). 

FIG. 50.-Movable finger of left chelicera, medial (48 X ). 

F1G. 51.-Fixed finger of left chelicera, lateral (48 X ). 

FIG. 52.-Left chelicera, dorsal (48 x ). 

FIG. 53.-Left chelicera, lateral (48 x ). 

FIG. 54.-Left chelicera, ventral (48 X ). 

F1G. 55.-Left chelicera, medial (48 X ). 

F1Gs. 56-61.--Comparison of cheliceral chelae in adults (80 X ). MF, movable finger; FF, 
fixed finger. Note variability in tooth number and arrangement and that the only pronounced 
similarity is presence of large distal tooth on fixed finger. 

FIG. 62.--Cheliceral chela, third nymph (80 X ). 

F1G. 63.--Cheliceral chela, second nymph (80 x ). 

F1G. 64.--Cheliceral chela, first nymph (80 X ). 

FIG. 65.--Cheliceral chela, larva (80 x ). 
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FIG. 66.-Tibia and distal tarsus of r-ight pedipalp, dorsal (219 X ). MF, movable finger. 
Note presence of two guarded pits. 

F1G. 67.-Tibia and distal tarsus of right pedipalp, prolateral (2 19 X ). MF, movable finger; 
FF, fixed finger; SS, sensory slits. Note pits dorsal to slits. 

FIG. 68.-Pit containing spearlike seta, from dorsal surface of pedipalpal tibia (1752 X ). 
Note spikelike setae guarding pit. 

FIG. 69.-Pit containing peglike seta, from dorsal surface of pedipalpal tibia (1752 X ). 
Note spikelike setae guarding opening of pit. 

FIG. 70.-Comparison of pedipalps of a ll life stages (24 X ). M, male; F, female; 3N, third 
nymph; 2N, second nymph; IN, first nymph; L, larva; T, tarsus (movable finger); TB, tibia; 
F, femur; TR2, trochanter 2; TR I, trochanter I. 

FIG. 71.-Egg (31 x ). 
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F1G. 72.--Comparison of first leg of all life stages (21 X ). M, male; F, female; 3N, third 
nymph; 2N, second nymph; IN, first nymph; L, larva; TR, trochanter; F, femur; P, patella; 
TB, tibia; MT, metatarsus; Tl, tarsus. 

FIG. 73.--Comparison of second leg of alt life stages (21 X ). M, mate; F, female; 3N, third 
nymph; 2N, second nymph; IN, first nymph; L, larva; TR, trochanter; F, femur; P, patella; 
TB, tibia; MT, metatarsus; Tl, tarsomere 1; T2, tarsomere 2; T3, tarsomere 3; T4, tarsomere 
4; T5, tarsomere 5. Note stouter leg and enlarged femur of male and change in tarsomere 
number from larva to first and from first to second nymph. 
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F1G. 74.-Comparison of third leg of all life stages (21 X ). M, male; F, female; 3N, third 
nymph; 2N, second nymph; IN, first nymph; L, larva; TRI, trochanter I; TR2, trochanter 
2; F, femur; P, patella; TB, tibia; MT, metatarsus; Tl, tarsomere I; T2, tarsomere 2; T 3, 
tarsomere 3; T4. tarsomere 4. Note copulatory apparatus on male and change in tarsomere 
number. 

Fie;. 75.-Comparison of leg IV of all life stages except larva (21 X ). M, male; F, female; 
3N, third nymph; 2N, second nymph; IN, first nymph; TRI, trochanter I; TR2, trochanter 
2; F, femur; P, patella; TB, tibia; MT, metatarsus; Tl, tarsomere I; T2, tarsomere 2; T 3, 
tarsomere 3; T4, tarsomere 4; TS, tarsomere 5. Note change in tarsomere number. 
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Fies. 76, 77, 78.-Leg buds, ventral, larva ( 162 X ). IIC, coxa of right leg III ; PIV, precur
sor of leg IV. 
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F1G . 79.-Distribution of sensory slits on adult appendages, retrolateral (25 X ). P, pedi
palp; I, leg I; ll(M), leg II (male); ll(F), leg II (female); Ill(M), leg III (male); IIl(F). leg 
Ill (female); IV, leg IV. Solid lines, retrolateral slits; dashed lines, prolateral slits. 
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FIG. 80.-Tarsus of leg I, adult (142 X ). Note great variety of integumentary structures. 

F1G. 81.-Distal tarsomere of leg II, adult ( 142 X ). 

Fie. 82.-Distal tarsomere of leg Ill, adult (142X). Note extreme recession of claws on 
this tarsomere and on the one in Fig. 83. 

F1G. 83.-Distal tarsomere of leg IV, adult ( 142 X ). 

FIG. 84.-Lanceolate projection of tarsus of leg I, ventral (357 X ). Similar projections 
occur on distal tarsomeres of legs Ill and IV. 

F1G. 85.-Paired lanceolate projections of distal tarsomere on leg II, ventral (357 X ). 

FIG. 86.--Claws, tarsus of leg I, ventral ( 179 X ). 

F1G. 87.--Claw, tarsus of leg I, lateral ( 179 X ). 
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Fro. 88.-Peg seta and bent setae from tarsus of leg I (972 X ). Similar pegs occur on 
distal tarsomeres of legs II , Ill, and IV. Bent setae are lacking on distal tarsomeres of legs 
Ill and IV. 

Fro. 89.-Treelike seta on tarsus of leg I (972X). A similar structure occurs on each 
distal tarsomere of legs II, III , and IV. 

Fro. 90.-Deep pit containing spearlike setae, from distal tarsomere of leg II (972 X ). A 
similar setaceous pit occurs on tarsus of leg I. 

Fro. 91.--Shallow oval pit, containing two peripheral setae, from distal tarsomere of leg 
Ill (972 x ). 

Fro. 92.--Shallow circular pit with central pore and single peripheral seta, from tarsus of 
leg I (972 X ). Similar structures occur on distal tarsomere of leg II. 

Fro. 93.--Circular pit containing pore and one long curved peripheral seta, from distal 
tarsomere of leg 11 (972 x ). Similar structures occur on tarsus of leg I. 

Fro. 94.-Barbed seta with rounded tip (972 X ). These occur on tarsus of leg I and distal 
tarsomeres of legs II , Ill. Alternate form, Fig. 95. 

F10. 95.-Barbed seta with pointed tip (972 X ). 

Fro. 96.--Spiraled seta (972 X ). These setae are restricted to the ventral surface of all 
tarsomeres. 

Fro. 97 .--Seta with hooked tip (972 X ). These setae are restricted to the ventral surface of 
all tarsomeres. 

Fro. 98.--Simple seta (972 X ). These are common on all sclerot ized portions of the body. 
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F1G. 99.--Copulatory apparatus of left leg Ill , prolateral, adult male (90 X ). TB, tibia; 
MT, metatarsus; MTP, metatarsal process; TI, tarsomere I; T2, tarsomere 2; T3, tarsomere 
3; T4, tarsomere 4; AP, accessory piece of tarsal process; TP, tarsal process; LC, lamina 
cyathiformis of tarsomere 2. 

F1c;. 100.-Distal leg III, prolateral , adult female (90X ). TB, tibia; MT, metatarsus; Tl , 
tarsomere I: T2. tarsomere 2; T3, tarsomere 3; T4, tarsomere 4. 
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F1G. I 01.---Copulatory apparatus, dorsal (87 X ). AP, accessory piece of tarsal process. 

F1G. 102.---Copulatory apparatus, dorsodistal (87 X ). TP, tarsal process; AP, accessory 
piece; A, articulation on tarsomere 3 for tarsomere 4. 

FIG . 103.---Copulatory apparatus, retrolateral (87 X ). 



PITIARD AND MITCHELL---MORPHOLOGY OF CRYPTOCELLUS PELAEZI 69 

TP 

AP 

Fig.102 

Fig. IOI 

Fig. 103 



70 GRADUATE STUDIES TEXAS TECH UNIVERSITY 

F1G. I 04.-Tarsal process, pro lateral ( 11 7 X ). Accessory piece in normal position. 

F1G. I 05.-Tarsal process, dorsal ( 11 7 X ). Accessory piece in normal position. 

F1G. I 06.- Tarsal process, prolateral ( 157 X ). Accessory piece displaced exposing bifur
cate tip. 

FIG. I 07.-Tarsal process, retro lateral (117 X ). Accessory piece displaced exposing bifur
cate tip. 
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F1G. I 08.-Tarsomeres I and 2 of left leg 111, dorsal, male (93 x ). Al, articulation of 
metatarsus with tarsomere I ; A2, articulation of tarsal process on first tarsus. 

F1G. 109.-Tarsomere 2 of left leg Ill , prolateral, male (93 X ). Note absence of integu
mentary structures on prolateral surface of lamina cyathiformis. 

F1G. 110.-Tarsomere 2 of left leg Ill, viewed obliquely from proximal end (93 X ). A, 
articulation of tarsomere I. 

F1G. 111.-Tarsomere 3 of left leg Ill , prolateral, male (93 X ). 

F1G . 112.-Tarsomere 3 of left leg 111, proximal, male (93 X ). A, articulation of tarso
mere 2. 

FIG. 113.-Tarsomere 3 of left leg Ill, retrolateral, male (93 X ). 

F1G. 114.-Tarsomere 3 of left leg Ill , distal, male (93 X ). A, articulation oftarsomere 4. 
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Fie;. 115.-Metatarsus of left leg III, lateral, male (84 X ). A, articulation of metatarsal 
process. 

F1G. 116.-M etatarsal process of left leg II I, ventral, male (84 X ). A, articulation of meta
tarsus. Note absence of setae on this surface, which lies against metatarsus. 

FIG. 117.-Metatarsal process of left leg Ill, dorsal , male (130X ). Note setae on dorsal 
surface and their absence on retrolaterally directed tip. 

F1G. 118.-Metatarsal process of left leg III, distal, male ( 130 X ). 

FIGS. 119 to 124.- Metatarsal processes, comparison of variability (130 X ). 
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FIG. 125.-Metatarsus and tarsomeres of left leg Ill, prolateral, third nymph female (87 X ). 
Note similarity oftarsomeres I, 2, and 3. 

F1G. 126.-Metatarsus and tarsomeres of left leg Ill, prolateral, third nymph male (87 X ). 
LCP, precursor of lamina cyathiformis. Note absence of setae dorsally on tarsomere I, 
angular shape of tarsomere 3, and indentation on metatarsus. 

FIG. 127.-Metatarsus and tarsomeres of left leg Ill, dorsal, third nymph male (87 X ). 
Note indentations on metatarsus and tarsomeres 2 and 3 and absence of setae dorsally on 
tarsomere I . 

F1G. 128.-Metatarsus and tarsomeres of left leg III, prolateral, second nymph female 
(87 x ). Note similarity of tarsomeres 1, 2, and 3. 

F1G. 129.- Metatarsus and tarsomeres of left leg III, prolateral, second nymph male (87 X ). 
LCP, precursor of lamina cyathiformis. Note absence of setae on tarsomere I and greater 
height of tarsomere 2. 

F1G. 130.-Metatarsus and tarsomeres of left leg Ill, dorsal, second nymph male (87 X ). 
Note indentations on metatarsus, tarsomere 2, and tarsomere 3. 
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