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ABSTRACT
During its life cycle, the cribellate spider Austrochilus sp. passes through the ecri-
bellate nymphal, or spiderling stage (= the first instar, after leaving the egg sac), 
which has three pairs of spinnerets. according to the position and distribution of 
spigots on the spinnerets, these spigots are assumed to be connected to glandu lae 
ampullaceae major, glandulae ampullaceae minor, glandulae piriformes and 
glan dulae aciniformes. such a spinning apparatus allows spiderlings to make 
drag lines, attachment discs and silk for the molting platform. the cribellum, just 
like the calamistrum, is not developed in this stage. Instead the precribellum is 
present, which is similar to spinnerets in its shape (two protuberances divided 
by a groove and the presence of setae that look like spigots), but with a cuticle 
similar to the cribellum. the spinning apparatus of Austrochilus sp. shows one 
possible way in which the transformation of the anterior median spinnerets into 
the cribellum could have occurred during the evolution of silk-producing organs. 
In the following nymphal stage, the cribellum, the calamistrum and also the pa-
racribellum are developed. Spiders in this stage are capable, after dispersal, of 
weaving complete webs, which serve as snares as well as retreats. The spigots of 
the paracribellum are on the posterior median and posterior lateral spinnerets.
KeyWorDs: austrochilidae, morphology, cribellum, spinnerets, life cycle, 
ontogenesis,  spider phylogeny.

INTRODUCTION

the silk-spinning apparatus of spiders consists of spinnerets and silk glands 
lo cated in the opisthosoma. Spinnerets are highly modified opisthosomal appen-
dages (Kautzsch 1910; yoshikura 1954). silk-producing glands originate from ec-
todermal invaginations from the embryonic spinneret limb buds, in relation to the 
morphogenesis of these buds (Hilbrant & Damen 2015). silk glands are connected 
to sets of spigots (nozzles), which are generally regarded as modified setae (Foe-
lix 2011). Three main groups (infraorders) of Araneae are distinguished, viz. Me-
sothelae, Mygalomorphae and Araneomorphae (Coddington & Levi 1991). 

the mesothelae are the most basal branched-off group within spiders (Wheeler 
et al. in press). the most thoroughly described genera are Liphistius schiödte, 
1849 from south and southeast asia, and Heptathela Kishida, 1923 from Japan, 
Vietnam and China. Liphistius has four pairs of spinnerets: two pairs of mul ti seg-
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mental lateral (anterior lateral and posterior lateral) spinnerets and two pairs of 
mo nosegmental median (anterior median and posterior median) spinnerets. the 
presence of four pairs of spinnerets is a plesiomorphic character (Haupt 2003). 
Except for the Mesothelae, four pairs of spinnerets are never formed, since no 
anterior median pair is developed. The presence of functional, i.e. silk producing, 
anterior median spinnerets has not yet been found in any species belonging to 
mygalomorphae and araneomorphae (true spiders). the araneomorphae, which 
include over 90 % of the total number of 46,499 known spider species (World Spi-
der Catalog 2017) possess three pairs of spinnerets and a cribellum or alternatively 
a colulus. Cribellar threads are made by members of 180 spider genera in 23 fa-
milies (World spider Catalog 2017).

a complex important synapomorphy of araneomorphs is the fusion and reduc-
tion of the anterior median spinnerets to a cribellum (Coddington 2005). the cri-
bellum is a sieve-like, transverse plate and from its holes protrude thin spigots in 
the form of segmented tubes. The number of these tubes ranges from several dozen 
to several thousand in adult spiders of different species and different sizes; these 
tubes are external ducts of small spinning glands producing very fine, dry and ex-
tremely adhesive cribellate silk (ʻcatching silkʼ). This silk is combed out by the 
calamistrum and mixed with silk produced by the spinnerets (Kovoor 1987; opell 
2013). The calamistrum is a comb-like row of curved setae on the metatarsus of 
the fourth legs, probably modifying the cribellate fibres when in contact with them 
by shaping the puffy structure of the cribellate thread (Joel et al. 2015).

a remarkable structure, which is a part of the spinning apparatus of certain 
cri bellate spiders, including austrochilidae, is the paracribellum. Peters and Ko-
voor (1980) used the name paracribellum for clusters of specialized spigots that 
occurred on the posterior median spinnerets in some of the cribellate spiders they 
studied. these spigots resemble those of the cribellum, but they are far fewer in 
number (Peters & Kovoor 1980). It is suggested that paracribellar fibrils impart 
the consistency of the fibrillar secretion of the cribellum (Peters 1983, 1987). The 
paracribellum is described in detail from the family uloboridae, where paracri bel-
lar fibrils form, together with axial fibres and cribellar fibrils, one of the compo-
nents of the capture thread (opell 2013; Joel et al. 2015).

the colulus is a non-functional remnant of the anterior median spinnerets. It 
usually looks like a projection or protuberance and sometimes it is represented 
by a setal patch. In the past, the presence or absence of the cribellum in so-called 
labidognath spiders (= araneomorphae) was, in spider taxonomy, the reason for 
dividing them into two suborders, the Cribellatae and Ecribellatae (Gerhardt & 
Kaestner 1937; Kaestner 1969). this concept was later abandoned (lehtinen 
1967; Platnick et al. 1991). at present, a web equipped with cribellate silk is con-
sidered to be plesiomorphic. With changes in lifestyle (vagabond hunters), many 
araneomorph lineages lost the cribellum (Coddington 2005). 

the Paleocribellatae (incl. a single family Hypochilidae) are hypothesized as 
a sister group to all other araneomorphs (= neocribellatae) (forster et al. 1987; 
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garrison et al. 2016; Wheeler et al. in press). therefore, within the neocribellatae 
(remaining spider lineages) there are families that include spider species, both with 
and without the cribellum. 

the austrochiloidea (infraorder araneomorphae) comprise two families gra-
dun gulidae and austrochilidae (forster et al. 1987). Platnick (1977) placed these 
families as an early branching lineage of the ʻhigher spidersʼ, due their retention 
of the primitive arrangement of four book lungs. The study of the silk spinning 
behavior and scanning electron microscopy examinations have revealed derived 
characters in common with higher spiders (Wheeler et al. in press), thereby chal-
lenging their grouping near the araneomorph base (garrison et al. 2017; Wheeler 
et al. in press).

The family Austrochilidae Zapfe, 1955 is divided into two subfamilies, Aust-
rochilinae and Hickmaniinae. the subfamily austrochilinae include two genera 
(Austrochilus gertsch & Zapfe, 1955 and thaida Karsch, 1880) endemic to the 
andean forests of central and southern Chile and adjacent argentina (forster et 
al. 1987; grismado et al. 2003; griswold et al. 2005). the austrochilidae share 
cha racteristics with more advanced araneomorphs and primitive spiders in the 
in fraorders mesothelae and mygalomorphae (Doran et al. 2001). austrochilines 
build conspicuous and horizontally oriented aerial sheet webs (lopardo et al. 
2004) in moist forests (forster et al. 1987; lopardo et al. 2004). at least some 
aus trochilids have cylindrical gland spigots and card their cribellate silk in a sup-
posedly derived manner (like entelegyne spiders, and unlike Hypochilidae and 
filistatidae) using one leg IV braced against the other mobile leg IV (lopardo et 
al. 2004). The ecribellate four-lunged ʻbizarre familyʼ (Wheeler et al. in press) 
gra dungulidae from australia and new Zealand, appears related to the cribellate 
four-lunged sheet-web builder from tasmania, Hickmania troglodytes (Wheeler et 
al. in press).

the silk producing organs of adult specimens of Austrochilus melon Platnick, 
1987 were described in detail by forster et al. (1987) and Platnick et al. (1991). 
the spinning apparatus of adults of thaida peculiaris Karsch, 1880 and Hickmania 
troglodytes Higgins & Petterd, 1883 was described by forster et al. (1987), Plat-
nick et al. (1991), griswold et al. (2005) and ramírez (2014). the terms used by 
the above authors in their descriptions of the morphology of the silk-producing 
organs, including the names of spigots (and their abbreviations) connected with 
different types of glands, are also adhered to in this paper. 

the aims of our study were: 
(1) to examine and compare the spinnerets, spigots and spinning ability in two 

subsequent nymphal stages in the life cycle of the genus Austrochilus. these stages 
differ by the presence (or absence) of the cribellum and calamistrum and, in the 
life cycle, they represent the ecribellate and cribellate nymphal stages. 

(2) to examine the structure immediately in front of the anterior lateral spinnerets 
of spiderlings. With respect to the fact that this structure occurs in the ontogenetic 
cycle before the cribellum, it is provisionally referred to as the precribellum.
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(3) to discuss implications of the transformation of anterior lateral spinnerets 
into the cribellum.

MATERIALS AND METHODS

specimens of Austrochilus sp. (fig. 1a) were collected at los lingues de mi-
raflores (33°22'43"S 71°02'00"W), Curacaví, Santiago, Chile by Dr Ivalů Mara-
cena Herrera Ávila from the Department of Genetics and Microbiology, Faculty of 
Science, Charles University in Prague.

For the purpose of this study, we used young spiders in the first nymphal stage 
(N = 12) leaving the egg sac, i.e. spiderlings, and specimens in the subsequent nym-
phal stage (N = 11). The specimens of these two consecutive nymphal stages came 
from the same egg sac (fig. 1B) produced in the laboratory by one of eight fe males 
kept in glass insectariums (35×35×40 cm). spiderlings (fig. 2) are 0.9–1 mm 
long (prosoma + opisthosoma) and remained on fibres of the maternal web in the 
vicinity of the egg sac (or on its surface) until their first ecdysis (i.e. for one or 

Fig. 2: Light micrograph of the egg sac and spiderlings (a framed picture). Abbreviations: OP – 
opening in the silken wall of the cocoon, sP – spiderlings.

Fig. 1: Austrochilus sp.: (A) side view of male; (B) egg sac with surface covered (and therefore 
perfectly camouflaged) by dry plant debris and soil particles. 
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two days). after ecdysis, specimens in the following nymphal stage (body length 
1.1–1.2 mm) dispersed around the insectarium, where they started making their 
own webs.

Live spiders and their spinning activity were observed with a Novex stereo mic-
roscope, equipped with the InfInItylite digital camera. the morphology of their 
spinnerets, in particular their spinning fields and spigots were studied under the 
tesCan scanning electron microscope (sem). for sem studies, the spiders were 
killed by chloroform and dehydrated in ethanol and critical-point dried with carbon 
dioxide. After sputtering with gold, they were observed under the SEM. Voucher 
specimens were deposited at the Department of Biology, faculty of science, J.e. 
Purkinje University in Ústí nad Labem, Czech Republic.

RESULTS

Spinnerets and spigots of spiderlings
The spinning apparatus of this developmental stage consists of three pairs of 

distinctly segmented spinnerets (fig. 3a), but unlike the following nymphal stage 
(fig. 3B) spiderlings lack a cribellum and calamistrum. spinnerets are equipped 
with four types of spigots. according to the position and distribution of spigots on 
the spinnerets it can be assumed, that these spigots are connected to glandulae am-
pullaceae major, glandulae ampullaceae minor, glandulae piriformes and glan-
dulae aciniformes. the presence of ampullate glands allows spiderlings to pro duce 
draglines, which they attach to the substrate using attachment discs. the ma terial 
for the attachment discs is produced by the piriform glands. 

Fig. 3: Overviews of silk-spinning organs in two consecutive nymphal stages: (A) spiderlings (1st 
nymphal stage) that leaves egg sac. The spinning apparatus consists of three pairs of 
spinnerets, with precribellum being in place of undeveloped functional cribellum; (B) 
spinning apparatus of the second stage with a developed cribellum. Abbreviations: ALS – 
anterior lateral spinnerets, Pms – posterior median spinnerets, Pls – posterior lateral 
spinnerets, Cr – cribellum, Pr – precribellum.
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the anterior lateral spinnerets (alss) (figs 3a, 4a) are three-segmented; the 
spinning field of the apical segment of each of them is equipped with 11–12 piri-
form gland spigots and two major ampullate gland spigots located on the inner 
margin of the spinning field. When compared with the piriform gland spigots, the 
terminal part of the ampullate gland spigot (i.e. the ʻshaftʼ) is longer and thicker, 
and its basal part consists of a large socket. the sockets of ampullate and piriform 
glands bear distinct ridging.

the posterior median spinnerets (Pmss) are smallest of the three pairs of spin-
nerets (figs 3a, 4C) and are only one-segmented. each Pms is equipped with one 
minor ampullate gland spigot and two aciniform gland spigots. In total, there are 
only three spigots on each Pms.

the posterior lateral spinnerets (Plss) are two-segmented (fig. 3a); the spin-
ning field of each of them is equipped with 14 aciniform gland spigots (Fig. 4E). 

The cuticle surrounding the spinning fields of all the three pairs of spinnerets is 
covered with plumose setae, which emerge from less-developed sockets in contrast 
to spigots.

Precribellum
the precribellum of Austrochilus sp. is a plate-like structure situated between 

the anterior lateral spinnerets, i.e. at the place where the cribellum is located in 
the following nymphal stage (Figs 3A, 5A). A groove leads through the middle 
of the precribellum heading in the anteroposterior direction dividing it into two 
parts and giving this structure a distinctively bipartite appearance. Both parts look 
approximately like triangular protuberances and each of them is equipped with 
one seta, very similar to the spigots located on the spinning fields of spinnerets 

Fig. 4: Spigot placement on the spinnerets of first (A, C, E) and second (B, D, F) nymphal stages: (A) 
anterior lateral spinneret (ALS) of first nymphal stage (NI); (B) ALS of second nym phal 
stage (nII); (C) posterior median spinnerets (Pms) of nI; (D) Pms of nII; (e) poste rior 
lateral spinneret (PLS) of NI; (F) PLS of the NII. Abbreviations: MAP – major ampullate 
gland spigot(s), PI – piriform gland spigot(s), aC – aciniform gland spigot(s), maP – minor 
ampullate gland spigot(s), PC – paracribellar spigot(s), n – nubbin (tartipore) of maP 
spigot, bas – basal part (socket), term – terminal part (shaft) of spigot.
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(Fig. 5A). Similarly to the spigots, both setae also have a basal part (socket) that 
protrudes above the cuticle surface and is connected with the terminal part (shaft), 
which is almost identical in appearance to the shaft of the spigots (fig. 5B). the 
sockets of these setae bear the same ridging as spigot sockets of the piriform and 
ampullate glands of the ALSs. It has not been proven yet whether both setae are 
functional spigots emitting silk secretion.

the cuticle has a conspicuous microstructure: at certain places (especially near 
the spigots) it is divided into small fields, similar to those that can be found on the 
surface of a functional cribellum (fig. 5C). In the following nymphal stage, the 
precribellum is replaced with the cribellum. 

Spinning apparatus of the second nymphal stage
Young spiders in the second developmental stage have silk producing organs 

consisting of three pairs of spinnerets (Fig. 3B), but unlike in the previous stage 
(Fig. 3A), they have developed a cribellum (Figs 3B, 6A) as well as a calamistrum 
(fig. 6B). their spinnerets are equipped with the same types of spigots and the 
same types of glands connected to them as in the previous stage. However, for 
the first time spinnerets of these spiders are equipped with segmented spigots, as-
sociated with the cribellum and paracribellum glands.

Fig. 5: Precribellum of spiderlings: (A) overview of precribellum; (B) detail of one spigot; (C) detail 
of the ultrastructure of the cuticle surface near the spigot where the microstructure of the 
surface, divided into bordered fields (marked with arrows), resembles the cribellum. No 
segmented spigots have developed here. Abbreviations: PR – precribellum, ST – setae 
(spigots?), GR – groove dividing the precribellum into two separate parts, bas – basal part 
(socket) of st, term – terminal part (shaft) of st. 



28 Israel Journal of entomology, Vol. 47, 2017

as in spiderlings, the alss are each equipped with two spigots of major am-
pullae glands (Fig. 4B), but in comparison with the previous stage, the number of 
piriform gland spigots is greater (16–17).

monosegmental Pmss (figs 3B, 4D) are each equipped with one minor am-
pullate gland spigot and five paracribellar spigots. The presence of aciniform gland 
spigots was not detected here (unlike in spiderlings). nubbins, located on the Pmss 
next to the major ampullate gland spigots (maP) (fig. 4D) represent so-called 
ʻtartiporesʼ sensu townley and tillinghast (2003) and Dolejš et al. (2014), which 
are non-functional structures that emerge after ecdysis from the minor ampullate 
gland spigot (mAP), functional in the previous instar; thus, they are missing in 
spiderlings. The presence of the paracribellum is a crucial qualitative change, 
which occurs in the ontogenesis of the Pmss (and also Plss).

The PLSs are two-segmented; the spinning field of the apical segment of each  
of them is equipped with 12 aciniform gland spigots and 2 paracribellar spigots.

Cribellum 
The perforated spinning area of this organ is entire, without visible vestiges of 

bipartition (Figs 3B, 6A). The area is divided into approx. 226–232 (N = 6) small 
fields bordered by slats around their holes, wherefrom the same number of seg-
mented tubes emerges. 

Calamistrum
The calamistrum forms a single row of eight socketed setae with curved shafts 

(fig. 6B). the proximal parts of setal shafts are ridged at the places where they 
connect with sockets, whereas their distal parts are flattened and smooth.

DISCUSSION AND CONCLUSIONS

During their ontogenesis, cribellate spiders of the genus Austrochilus pass 
through an ecribellate nymphal stage (spiderlings), when they have three functio-
nal pairs of spinnerets with spigots connected to ampullate, piriform and acini-

Fig. 6: Cribellum and calamistrum of the second nymphal stage: (a) detail of the surface of the 
cribellum, divided into small fields, from which segmented spigots arise (framed detail); 
(B) calamistrum – a row of specialized setae, whose shafts are flattened at their ends (see 
framed detail). Abbreviations: CA – calamistrum, SH – shafts.
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form glands. such a spinning apparatus allows spiderlings to make (i) draglines, 
(ii) attachment discs, and (iii) silk for the moulting platform. Draglines, also refer-
red to as lifelines (Osaki 1996), play a very important role in the life of spiders of 
the infraorder araneomorphae. anchored to the substratum by attachment discs, 
the silk track allows the spider to return safely to the starting point after a thrust at 
prey or following a free fall; it also allows spiderlings to maintain contact with the 
maternal web (osaki 1996). the dragline material is produced by a pair of maP, 
while the material of the attachment discs is secreted by piriform glands (foelix 
2011; sahni et al. 2012). In Austrochilus sp., exactly as in other araneomorphae, 
the spigots of both these glands are located on the surface of the anterior lateral 
spinnerets. Besides ampullate and piriform glands, the spinning apparatus of 
spider lings of Austrochilus sp. is equipped with aciniform glands. silk from these 
glands, whose spigots are located on Pmss and Plss, is used by spiderlings for 
making molting webs. These glands have a similar role also in other families. 
After studying developmental changes in the spinning apparatus of wolf spiders 
(araneae: lycosidae), Dolejš et al. (2014) suggested that the function of aciniform 
silk is to serve as an ancillary ʻscaffoldʼ supporting the spider’s body during ecdy-
sis. aciniform glands occur in all spiders of the infraorder araneomorphae (Cod-
dington 1989) and the silk they produce, together with the silk produced by tubu-
liform glands, is often used by adult females for building egg sacs (foelix 2011). 

glands resembling aciniform glands were also found in some spiders of the 
infraorder mygalomorphae, which led to the conclusion that aciniform silk was 
one of the earliest forms of silk to evolve (Blackledge 2013). The aciniform fibres 
of the mygalomorphae and araneomorphae may adhere to the substrate as well  
as to each other (eberhard 2010; Hajer et al. 2013, 2016).

However, the nymphal stage of Austrochilus sp. that leaves the egg sac has 
neither cribellum nor calamistrum and cannot catch prey with the web fibres. 
Instead a precribellum is present, which appears like a pair of spinnerets rather 
than a proper cribellum mainly due to the groove that divides it in the anteroposte-
rior direction into two protuberances. furthermore, it also has setae, whose mor-
phology is identical to the spigots of the three pairs of spinnerets through which 
silk is emitted. The function of these ʻspigotsʼ is unknown. If these setae would be 
external ducts of silk producing glands, then the precribellum could be considered 
to be functional, or at least not completely reduced amss, which bear a function 
in the early nymphal stages that has not yet been explained. 

The development of the spinning apparatus of Austrochilus sp. reflects a pos-
sible scenario how the transformation of the AMSs into the cribellum could have 
occurred during the evolution of spiders. Ramírez (2014) described the si milar 
intermediate morphology for thaida peculiaris (austrochilidae) and Ecta to sti-
cta davidi (Hypochilidae) and reported its absence in Hypochilus pococki (Hy-
pochilidae) and Filistata insidiatrix (filistatidae).

Based on the current state of knowledge, the precribellum can be considered a 
transitional structure, with two divided protuberances and the presence of a pair of 
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ʻspigotsʼ resembling spinnerets, while its cuticular fine structure resembles those 
of the cribellum. In the development of Austrochilus sp., the precribellum is re-
placed in the second nymphal stage with the cribellum. a similar situation was 
reported for other cribellate genera that also lack a cribellum in spiderlings, for 
example Amaurobius l. Koch, 1837, Eresus Walckenaer, 1805, Dictyna Sundevall, 
1833, Nigma lehtinen, 1967, and Titanoeca thorell, 1870 (Hajer 1988, 1990a, b). 
However, in these genera the protuberances, located at the future position of the 
cribellum, are equipped with no setae that resemble spigots. Instead, there are 
ʻplumose hairsʼ, i.e. setae, which bear many fine laminar extensions along the entire 
hair shaft. the same setae can be found not only on the surface of all segments 
of spinnerets, but also on other parts of the spiderʼs body, e.g. on the surface 
of the legs. With their shape and the presence of the hairs, these protuberances 
resemble coluli and the microstructure of their cuticle surface does not resemble 
the cribellum (Hajer 1988, 1990a, b). 

In the following nymphal stage of Austrochilus sp. the calamistrum and also the 
paracribellum occur together with the cribellum. As of this stage, juvenile spiders 
are able to build snares for catching prey. In comparison with the spiderlings the 
presence of the paracribellum changes especially in the Pmss, whose main func-
tion is clearly to provide one of the components of cribellar thread support lines. 
Besides paracribellar spigots, we found one minor ampullate gland spigot and 
tartipore on each PMS. The tartipores, vestigial structures corresponding to spigots 
of the previous instar, through which silk gland ducts pass during proecdysis, appear 
on the spinning field starting with the second instar (for explanation see Dolejš et 
al. 2014). tartipore-accommodated glands also play roles during proecdysis and 
their evolution corresponds with how spiders secure themselves when molting 
(townley & tillinghast 2003).

the paracribellum is— from the perspective of the evolution of the spinning 
organs of cribellate spiders—just as important as the cribellum itself. Its segmented 
tube-like spigots are comparable in structure with those of the cribellum, and in 
cribellate spiders they are located on both PMSs and PLSs (Peters & Kovoor 1980; 
Peters 1983, 1987). the histological features of the associated glands are similar 
to those of the cribellar glands; histochemically, they seem closer to pseudo fla-
gelliform glands (Peters & Kovoor 1980). Pseudoflagelliform glands, whose spi-
gots are located on the PLSs, provide fibers, which work as axial supports of the 
cribellar wool. This kind of gland is undeveloped in all cribellate families and 
missing in, for example, Dictynidae and Filistatidae (Kovoor 1987). Paracribellar 
fibrils may impart consistency to the fibrillar secretion of the cribellum (Peters 
& Kovoor 1980) and they form part of the cribellar thread support lines system 
(opell 2013).

a summary of cribellate families in which the presence (or absence) of a para-
cribellum has been detected is unavailable so far. However, it is certain that not 
all cribellate families have a paracribellum, as, for example, the cribellate fa-
milies eresidae and oecobiidae. Indeed, the loss of the paracribellum is one of the 
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synapomorphies of the superfamily eresoidea (miller et al. 2012). the paracri-
bellum is also missing in paleocribellate spiders of the family Hypochilidae. aust-
rochilidae are cribellate spiders whose Pms are equipped with paracribellar spigots. 
the presence of the paracribellum was demonstrated in three genera that belong 
to this family, i.e. thaida Karsch, Austrochilus gertsch & Zapfe and Hickmania 
gertsch, 1958 (Platnick et al. 1991; griswold et al. 2005).

Comparison of the spinnerets and spigots of two consecutive nymphal stages in 
the genus Austrochilus shows that the first stage (i.e. spiderlings) has a functional 
spinning apparatus (i.e. capable of silk production), but has not yet developed the 
cribellum, calamistrum or paracribellum. the following (second) nymphal stage 
has developed the cribellum and calamistrum and after dispersal it is thus capable 
of weaving complete webs that serve as snares and retreats. 

Based on previous studies on cribellate spiders (Hajer 1988, 1990a, b), we are 
convinced that during their ontogenesis many of these spiders go through stages in 
which their spinnerets are capable of silk production, but no functional cribellum 
is developed. In such cases it is necessary to examine in great detail not only the 
structure of the spinning apparatus in juvenile spiders, but also the role of silk in 
the life of this ecribellate (or precribellate) stage. In addition to early nymphal 
stages, adult males should be studied, whose reduced cribellum loses its ability to 
pro duce ̒ catching silkʼ after the spider reaches sexual maturity. The silk-producing 
organs of adult males therefore represent the postcribellate stage of the spinning 
apparatus in the life cycle of cribellate spiders. thus the ability of adult males to 
produce silk is comparable to that of spiderlings. 

ACKNOWLEDGEMENTS
This study was supported by the Grant Agency of J.E. Purkinje University in Ústí nad Labem, 

Czech republic. the authors gratefully acknowledge the suggestions from martín J. ramírez, another 
anonymous reviewer and the editor, which helped to improve the quality of the manuscript. 

REFERENCES

Blackledge, t.a. 2013. spider silk: molecular structure and function in webs. in: nentwig, W. (ed.), 
Spider ecophysiology. springer Verlag Berlin, Heidelberg, pp. 267–281. 

coddington, J.A. 1989. Spinneret silk spigot morphology: Evidence for the monophyly of orbweaving 
spiders, Cyrtophorinae (araneidae), and the group theridiidae plus nesticidae. Journal of 
Arachnology 17: 71–95.

–––––2005. Phylogeny and classification of spiders. in: ubick, D., Paquin, P., Cushing, P.e. & roth, 
V. (eds.), Spiders of North America: an identification manual. american arachnological 
society, pp. 18–24. 

coddington, J.a. & levi, H.W. 1991. Systematics and evolution of spiders (Araneae). Annual Review 
of Ecology and Systematics 22: 565–592.
https://doi.org/10.1146/annurev.es.22.110191.003025

doran, n.e., richardson, a.M.M. & swain, R. 2001. The reproductive behaviour of the Tasmanian 
cave spider Hickmania troglodytes (araneae, austrochilidae). Journal of Zoology 253: 
405–418. 
https://doi.org/10.1017/s0952836901000371



32 Israel Journal of entomology, Vol. 47, 2017

DoLeJš, P., bucHar, J., kubcová, L. & Smrž, J. 2014. Developmental changes in the spinning ap-
paratus over the life cycle of wolf spiders (Araneae: Lycosidae). invertebrate Biology 133: 
281–297.
https://doi.org/10.1111/ivb.12055

eBerhard, W.G. 2010. Possible functional significance of spigot placement on the spinnerets of spi-
ders. Journal of Arachnology 38: 407–414.
http://www.americanarachnology.org/JoA_free/JoA_v38_n3/arac-38-03-407.pdf

Foelix, r.f. 2011. Biology of spiders. 2nd ed. Oxford University Press, New York. 
Forster, r.r., Platnick, n.i. & gray, M.R. 1987. A review of the spider superfamilies Hypochilo-

idea and austrochiloidea (araneae, araneomorphae). Bulletin of the American Museum of 
Na tural History 185: 1–116. 
http://hdl.handle.net/2246/969

garrison, n.l., rodriguez, J., agnarsson, i., coddington, J.a., griswold, c.e., haMilton, c.a., 
hedin, M., kocot, k.M., ledFord, J.M. & Bond, J.e. 2016. spider phylogenomics: un-
tangling the spider tree of life. PeerJ 4: e1719.
https://doi.org/10.7717/peerj.1719

gerhardt, u. & kaestner, a. 1937. in: Kükenthal, W. & Krumbach, t. (eds.), Handbuch der Zoo-
logie. Vol. III. De gruyter, Berlin leipzig, pp. 395–656. 

grisMado, c.J., loPardo, l. & Platnick, n.I. 2003. a new species of Austrochilus from Chile 
(araneae, austrochilidae, austrochilinae). Journal of Arachnology 31: 148–150. 

griswold, c.e., raMírez, M.J., coddington, J.a. & Platnick, n.I. 2005. atlas of phylogenetic data 
for entelegyne spiders (araneae: araneomorphae, entelegynae) with comments on their 
phylogeny. Proceedings of the California Academy of Sciences 56 (suppl. 2): 1–324. 
https://repository.si.edu/handle/10088/14866

haJer, J. 1988. The postembryonic development of the spinning apparatus in cribellatae spiders 
and its utilizing in solving phylogenetic problems. in: Haupt, J. (ed.), Xi. Europäisches 
Arachnologisches Colloquium. technische Universität Berlin Documentation 38: 77–88.

–––––1990a. Snovací aparát pavouků rodu Amaurobius C. l. Koch, 1837. spinnapparat der spinnen 
der gattung Amaurobius C. l. Koch, 1837 (araneae: amaurobiidae). Fauna Bohemiae 
Septentrionalis 14–15: 55–70. [in Czech, german summary]

–––––1990b. Snovací aparát pavouků čeledi Dictynidae. Spinning apparatus of the spider family Dic-
tynidae. Fauna Bohemiae Septentrionalis 17: 99–116. [in Czech, english summary]

HaJer, J., karScHová, S. & ŘeHáková, D. 2016. silks and silk-producing organs of neotropical ta-
rantula Avicularia metallica (araneae, mygalomorphae, theraphosidae). Ecologica Mon-
tenegrina 7: 313–327.
https://www.biotaxa.org/em/article/view/23797/22569

HaJer, J., maLý, J. & ŘeHáková, D. 2013. Silk fibers and silk-producing organs of Harpactea rubi-
cunda (C.l. Koch 1838) (araneae, Dysderidae). Microscopy Research and technique 76: 
28–35. 
https://doi.org/10.1002/jemt.22131

hauPt, J. 2003. the mesothelae – a monograph of an exceptional group of spiders (araneae: me so-
thelae). Zoologica 154: 1–102.

hilBrant, M. & daMen, W.g.m. 2015. the embryonic origin of the ampullate silk glands of the 
spider Cupiennius salei. Arthropod Structure & Development 44: 280–288. 
https://doi.org/10.1016/j.asd.2015.04.001

Joel, a.c., kaPPel, P., adaMova, h., BauMgartner, w. & scholz, I. 2015. Cribellate thread production 
in spiders: Complex processing of nano-fibers into a functional capture thread. Arthropod 
Structure & Development 44: 568–573. 
https://doi.org/10.1016/j.asd.2015.07.003

kaestner, a. 1969. Lehrbuch der speziellen Zoologie. I. 1 Teil. Gustav Fischer, Stuttgart. 
kautzsch, G. 1910. Über die Entwicklung von Agelena labyrinthica Clerk. Zoologische Jahrbücher 

Abteilung für Anatomie und ontogenie der tiere 28: 30–36.
kovoor, J. 1987. Comparative structure and histochemistry of silk-producing organs in arachnids. in: 

nentwig, W. (ed.), Ecophysiology of spiders. springer Verlag, Berlin, pp. 160–186. 



 HeJer ET AL.:  sIlK-ProDuCIng organs In AUStRoCHiLUS  sP.  33

lehtinen, P.T. 1967. Classification of the cribellate spiders and some allied families, with notes on  
the evolution of the suborder Araneomorpha. Annales Zooogici Fennici 4: 199–468. 

loPardo, l., raMírez, M., grisMado, c. & coMPagnucci, L.A. 2004. Web building behavior and  
the phylogeny of austrochiline spiders. Journal of Arachnology 32: 42–54.
http://www.americanarachnology.org/JoA_free/JoA_v32_n1/arac-032-01-0042.pdf

miLLer, J.a., GriSwoLD, c.e., ScHarF, n., Řezáč, m., SzűtS, t. & marHabaie, M. 2012. The velvet 
spiders: an atlas of the eresidae (arachnida, araneae). Zookeys 195: 1–144. 
https://doi.org/10.3897/zookeys.195.2342

oPell, B.D. 2013. Cribellar thread. in: nentwig, W. (ed.), Spider ecophysiology. springer Verlag 
Berlin, Heidelberg, pp. 303–315. 

osaki, s. 1996. spider silk as mechanical lifeline. Nature 384: 419.
https://doi.org/10.1038/384419a0

Peters, H.m. 1983. structur und Herstellung der fangfäden cribellater spinnen (arachnida: ara-
neae). Verhandlungen des Naturwissenschaftlichen Vereins Hamburg 26: 241–253. 

–––––1987. fine structure and function of captute threads. in: nentwig, W. (ed.), Ecophysiology of 
spiders. springer Verlag, Berlin, pp. 187–202. 

Peters, h.M. & kovoor, J. 1980. Un complément à lʼappareil séricigène des Uloboridae (Araneae): 
le paracribellum et ses glandes. Zoomorphology 96: 91–102. 

Platnick, n.I. 1977. the hypochiloid spiders: a cladistic analysis, with notes on the atypoidea (ara-
ch nida, araneae). American Museum Novitates 2627: 1–23.
http://hdl.handle.net/2246/2025

Platnick, n.i., coddington, J.a., Forster, r.r. & griswold, C.e. 1991. spinneret morphology and 
the phylogeny of haplogyne spiders (araneae, araneomorphae). American Museum Novi-
tates 3016: 1–7.
http://hdl.handle.net/2246/5043

raMírez, m.J. 2014. the morphology and phylogeny of dionychan spiders (araneae: araneomorphae). 
Bulletin of the American Museum of Natural History 390 : 1–374.
http://hdl.handle.net/2246/6537

sahni, v., harris, J., Blackledge, t.a. & dhinoJwala, A. 2012. Cobweb-weaving spiders produce 
different attachment discs for locomotion and prey capture. Nature communications 3: art. 
1106 [1–7]. 
https://doi.org/10.1038/ncomms2099

townley, M.a. & tillinghast, e.K. 2003. on the use of ampullate gland silks by wolf spiders (ara-
neae, Lycosidae) for attaching the egg sac to the spinnerets and a proposal for defining 
nubbins and tartipores. Journal of Arachnology 31: 209–245.
http://www.americanarachnology.org/JoA_free/JoA_v31_n2/arac-031-02-0209.pdf

wheeler, w.c., coddington, J.a., crowley, l.M., diMitrov, d., goloBoFF, P.a., griswold, c.e., 
horMiga, g., Prendini, l., raMírez, M.J., sierwald, P., alMeida-silva, l., alvarez-
Padilla, F., arnedo, M.a., Benavides silva, l.r., BenJaMin, s.P., Bond, J.e., grisMado, 
c.J., hasan, e., hedin, M., izquierdo, M.a., laBarque, F.M., ledFord, J., loPardo, l., 
Maddison, w.P., Miller, J.a., Piacentini, l.n., Platnick, n.i., Polotow, d., silva-dávila, 
D., ScHarFF, n., SzűtS, t., ubick, D., vink, c.J., wooD, H.m. & zHanG, J. In press. the 
spider tree of life: phylogeny of Araneae based on targed-gene analyses from an extensive 
taxon sampling. Cladistics.
https://doi.org/10.1111/cla.12182

world sPider catalog. 2017. World Spider Catalog. Version 18.0. natural History museum Bern. 
http://wsc.nmbe.ch (accessed 24 february 2017). 

yoshikura, m. 1954. embryological studies on the liphistiid spider Heptathela kimurai. I. Kumamoto 
Journal of Science Series B 1 (3): 41–48.




