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Abstract: The phenomenon of lengthening copulatory structures in the spider family Sparassidae is reviewed.
One can distinguish between a diversifying type and a lengthening type, but admitting that there may be
combinations and transitions between these cases. Some 55% of 662 species examined show clearly that
the embolus and/or copulatory ducts are lengthened in comparison with the ancestral species, whereas only
in 8% there is no noteworthy lengthening of these structures. Different types of lengthening are recognised:
‘tegular coil’, ‘distal coil’, ‘distal screw’, the irregular or combination type, and the so-called ‘functional
lengthening’. In these types uniformity of the copulatory structures prevails, although diversifying elements
may occur albeit rarely. Combined morphological changes, occurring in the course of evolutionary length-
ening, are considered as being dependent on functional constraints. The position of the embolus’ tip may
play an important role in this context. Understanding of functional and evolutionary aspects may enlighten
possible mechanisms which trigger the phenomenon.

Key words: spider genitalia, copulatory organs, tip of embolus, evolutionary mechanisms, types of length-
ening, functional constraints, huntsman spiders

Introduction

In spiders, as in other terrestrial arthropods, copulatory structures have been developed which
allow direct sperm transfer (in contrast to indirect sperm transfer in marine or fresh water organ-
isms). Male spiders exhibit copulatory organs on their second pair of appendages: the pedipalpi
are modified as gonopods. Females have either rather simple receptacula seminis (Mygalomor-
phae and haplogyne Araneomorphae) or frequently a complex duct system in front of the genital
opening (entelegyne Araneomorphae). Considering the fact that copulatory organs are present
only in the last stage of an individual and used for a short time only, and for a restricted purpose,
it seems to be most likely that the evolution of these structures may be largely independent from
external conditions, e.g. such as climate, habitat, prey animals or others. Both structures in males
and females are acting during copulation as one functional unit and are therefore dependent on
each other with respect to evolutionary changes of their parts (as in upper and lower jaws in ver-
tebrates) (GRASSHOFF 1975; see also Kraus 1995, 1998). Apparently, this also seems to be true, if
the structures (embolus, copulatory ducts) are in the process of changing their length in the course
of evolution, as the lengths of these structures in males and females are changed accordingly. This
length-changing occurs, among others, in the spider family Sparassidae, which is represented by
about 1000 species worldwide (PLatnick 2005). Representatives of one subgroup of this fam-
ily, the Deleninae from the Australasian region, exhibit extremely long emboli and copulatory
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ducts (Figs 1-2). From examination of these copulatory organs, several questions arise, ¢.g. which
mechanisms are responsible for such a trend of lengthening', what is the proximate and what
the ultimate causation? What advantages or what functional economisation could lengthening
genitalia provide for animals of lineages with such an evolutionary trend, such that these have
been selected in the evolutionary processes? Have modifications of the mating behaviour been
established, as known from e.g. Staphylinidae (Gack, PEscHkE 2005)?

The phenomenon of lengthening genitalia has been addressed only by few authors in the
past: Comstock (1910) simply described different types of spider pedipalps and gave standardised
names for individual parts. WieaLE (1961) suggested that for longer female ducts, the emboli
would stay for a longer time during the copulation and, by this delay, the transfer of sperm would
be secured. Wiehle recognised different types of emboli (‘Einfiihrungs-Embolus’ and subtypes,
‘Anschluss-Embolus’) whereas looking for this phenomenon in different spider families. HeLs-
DINGEN (1972) put this subdivision into perspective and considered it an ‘oversimplification’. This
author dealt with a striking case of lengthening copulatory structures in the family Linyphiidae.
He investigated functional aspects of male palp and female epigyne in fixed copulae and used the
results for a systematical re-classification of four genera (HELSDINGEN 1965, 1969, 1970). JocQUE
(1998) claims that lengthening of the embolus (as described in e.g. JocQuk 1990, JocquE, BAEHR
1992, Jocqut, Szuts 2001, JocQuE, BosseLaERs 2005) is one of the possibilities for spiders to
increase their complexity of the genitalia, in what he calls the “mating module”, implying that
genital complexity is linked to ecological specialisation.

Before addressing the questions mentioned above, the trend of length-changing genital
structures within a particular group (here: Sparassidae) should be investigated for comparison
purposes, in order to get an idea of its importance and structural influence on the evolutionary
history of the recent species composition.

Material and Methods

During the past ten years, 662 of the 793 Sparassidae species, with male sex known, were examined,
i.e. about 83%. Some 546 (69%) with known male sex, have been used here. Legends of draw-
ings or indications in the text should be a sufficient reference. Male and female copulatory organs
were investigated and drawn, using stereomicroscopes (Leica MZ 16, Wild M8) and compound
microscopes (Zeiss, Leica DMLS), all with camera lucida attachments. Female epigynes were
cleared with 96% lactic acid if necessary; epigynes with membranous parts were either cleared
very carefully or not treated with lactic acid, since it can change the position of individual parts.
Only male copulatory organs were used for taking measurements (length of embolus, position
of tip of embolus). Female epigynes are only referred to in a more general manner or in single
cases (e.g. Heteropoda LATREILLE, 1804). Relative length of emboli and lengthening respectively
were measured in comparison to a reference length of an assumingly basal state (short embolus).
An arising point in a 6-0’clock-position, for instance, is considered plesiomorphic for many taxa
within Sparassidae. To make positions of the embolus’ tip comparable, i.e. to compensate for
differently shaped pedipalps, the tegulum including all its appendices were fitted into a rectangle
as in Fig. 29. The relative position of the tip was calculated with: co-ordinates of the embolus’ tip
being the relative length and width of the rectangle. Additional measurements were taken from
suitable original drawings, i.e. if the cymbium was drawn in a ventral view and the parts were
unambiguously identifiable. All measurements were carried out only for those emboli being in
the resting position (i.e. bulbs were not expanded). Single females were assigned to one of the

! For evidences supporting the hypothesis that copulatory structures lengthen and do not shorten in the proc-
ess of evolution, see first paragraph of discussion.
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categories, when the internal duct system showed evidence of belonging to one of the lengthening
types, even though a conspecific male was not known (e.g. in Heteropoda).

A species was identified as belonging to the lengthening type, when either the gradual
character states of the embolus or of the copulatory ducts with respect to their length in different,
related species appeared (Fig. 1), or if in a single species a distinctly elongated embolus pointed to
a derived state. In contrast, emboli with different shapes or with new features such as apophyses
and without any evidence of lengthening, were assigned to a so-called diversifying type (Figs
3-6). These assignments are partly supported by females with copulatory ducts of the same or of
a similar length. Species without characters of one or other group were noted as questionable.
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Fig. 1. Male pedipalps of different species of the subfamily Deleninae from Australia, showing different
lengths of distal coils of the embolus, here interpreted as ‘lengthening type’. All illustrations by HirsT (1989,
1990, 1991a, 1991b, 1992, 1993, 1995, 1997, 1999), exception: Neosparassus and Delena (by HICKMANN
1967). Arrows point to lengthening within the subfamily (horizontal) and within the particular genus (verti-
cal), but are not interpreted as direct detector of phylogenetic relationship. Numbers in parentheses behind
genus names indicate species numbers, ranges below genus names number of coils observed within the
particular genus.

Lach

Fig. 2. Distal coils of the embolus of an unde-
scribed Neosparassus sp., lateral view, showing
organisation of the twenty coils in three spirals.
The outer coil was compassed to make inner
coils visible.
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5

Figs 3-6. Male pedipalps of different undescribed Pseudopoda species from Yunnan, showing different
shapes and sizes of emboli, here interpreted as ‘diversifying type’. Emboli shaded.

Results

In total 364 species (55%) of 662 species examined were considered belonging to a lengthening
type of copulatory structures. In contrast only 54 species (8%) exhibit a clearly diversifying type
of emboli (e.g. Pseudopoda JAGER, 2000 cf. Figs 3-6, Anaptomecus Simon, 1903, Sparianthina
Banks, 1929, Prusias O.-P. CAMBRIDGE, 1892 ad part., Olios WALCKENAER, 1837 ad part.). Two
hundred forty-five species could not be assigned to one of the two categories and remain question-
able until further work. Generally, lengthening can take place at the tip (e.g. in Holconia THORELL,
1877) or at the base (e.g. in Heteropoda) of the embolus. Moreover, both types can occur together
(e.g. in Pandercetes L. Koch, 1875; compare JAGer 2002: fig. 173). Beside these, different types
of lengthening were also recognised.

Different types of lengthening

In the ‘tegular coil’- type the base of the embolus is shifted in the course of evolution around the
tegulum, the tip of the embolus remains almost in the same position (Figs 7-8). This type occurs in
Heteropoda (180 species), Barylestis SIMON, 1910 (9), Yiinthi Davies, 1994 (8), Polybetes SIMON,
1897 ad part. (8), Damastes SivoN, 1880 (17), Gnathopalystes Ramsow, 1899 ad part. (7), Tychicus
Smvon, 1880 (5) and Prychia L. KocHh, 1875 (4) (total number of species: 238). Maximal length-
ening of the embolus constitutes 200% additional length. The ‘distal coil’- type is characterised
by a lengthening at the tip of the embolus, which during the process remains in almost the same
position, with the embolus tightly circling around a central point (Figs 11-12). It is realised in the
Deleninae (11 genera, 105 species), Clastes WALCKENAER, 1837 (1), Palystes L. Koch, 1875 ad
part. (6), Remmius StMON, 1897 (5), Rhitymna SoN, 1897 ad part. (10), Sarotesius Pocock, 1898
(1) (total number of species: 128). Emboli exhibit a maximal lengthening of 900%. Representa-
tives of one genus (Olios ad part., i.e. former Pelmopoda Karsch, 1879 spp.; 10 species) exhibit a
distal screw with a maximum of 120% additional length (Figs 14-15). The embolus’ tip is circling
around its straight length axis and the embolus is lengthened at its tip retrolaterad. In Pseudopoda
ad part. (20), Pandercetes (18), Olios ad part. (10), Palystella LAWRENCE, 1928 (4), Microrchestris
LAWRENCE, 1962 (2), Cebrennus Sivon, 1880 (13) the embolus is lengthened at the base and at its
tip irregularly (i.e. with no distinct shape, such as a circle, spiral, etc.) or in combination (Figs
18-19; total species number: 67; maximal lengthening: 350 % additional length).
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Figs 7-12. 7-8 - Male pedipalps of Heteropoda species representing the ‘tegular coil’ type; 7 - Heteropoda
sp., 8 - Heteropoda cyperusiria BARRION, LITSINGER, 1995. 9-10 Female internal duct systems of Heteropoda
species belonging to the same lengthening type of males (tegular coil) but show different pattern of lengthen-
ing: 9 - Heteropoda lunula (DoLESCHALL, 1857), 10 - Heteropoda cyperusiria BARRION, LITSINGER, 1995. 11-12
Male pedipalps of Deleninae species representing the ‘distal coil’ type: 11 - ‘Olios’ coccineiventris (SIMON,
1880), syntype, 12 - Deleninae sp. Note the shorter tibia in males with longer embolus in both types and the
shape of cymbium changed in Heteropoda cyperusiria. Emboli shaded. 8, 10 from JAGER, BARRION (2001).

A special type of lengthening occurs in
the okinawana-group of the genus Sinopoda
JAGER, 1999: the embolus is reduced in its
width, the embolic apophysis is reduced and
the shape of the embolus changes from an
‘S’ to a semi-circle (Figs 20-24). Since it is
assumed that the reduction of hindering parts
(i.e. broad base, distal embolic apophysis,

Fig. 13. Cross section through female copulatory organ of ~S-shaped tip) allows an insertion of longer
Holconia sp. from Australia (stained with Azan-Heiden- parts, this type is called functional lengthen-
hain, 8um) showing space saving type of windings in ing. This assumption is slightly supported by
membranous copulatory ducts (ducts arranged in tiers the internal duct system of the female spiders:
partly folded). Preparation and photo by M. Reinke. in the species with functionally longer emboli

the ducts are more strongly bent to the dorsal
side (Figs 25-26), which could be explained as a better accommodating the longer emboli. How-
ever, this group exhibits some apomorphies (reduced ventral part of RTA, distinct brush of hairs
at the base of RTA, body size reduction; JAGER, ONo 2002) which polarise the gradual change in
direction to the reduced embolus and thus an assumed functional lengthening. Species with as-
sumed derived structures occur in the most eastern part of the distribution range (Japan) of this
species-group (see also legend of Figs 22-26).

Lengthening may occur in a group exhibiting generally diversifying copulatory structures
as e.g. in the genus Pseudopoda (Figs 3-6). In this case only parts of the embolus are lengthened
(e.g. Pseudopoda martensi-group, see JAGER 2001: 124, fig. 84) and it is called here secondary
lengthening.
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Figs 14-17. 14-15 - Male pedipalps of Olios species representing the ‘distal screw’ type: 14 - Olios sp.,
15 - Olios punctipes SIMoN, 1884; 16-17 - Female internal duct systems of Olios species belonging to the
same lengthening type: 16 - Olios nigrifrons (SiMoN, 1897), 17 - Olios sp. Note that a straight (functionable)
screw is only realisable in the distal part of the pedipalp. Emboli shaded.

18 \ 19

Figs 18-19. Male pedipalps of Pseudopoda spp. from Japan representing an irregular type of lengthening:
18 - Pseudopoda kasariana JAGER, ONo, 2002; 19 - P, spirembolus JAGER, ONo, 2002. Emboli shaded. 18-19
after JAGER, Ono (2002).
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Figs 20-26. 20-24 - Male tegula with appendices of Sinopoda species of the okinawana-group represent-
ing the ‘functional lengthening’ type: 20 - S. hamata (Fox, 1937), holotype from Sichuan Prov. (China),
conductor omitted, 21 - S. fasciculata JAGER, Gao, Fe1, 2002, holotype from Guizhou Prov. (China), 22 - S.
wangi SONG, ZHu, 1999, syntype from Jiangxi Prov. (China), 23 - S. albofasciata JAGER, ONo, 2002, holotype
from Tokashiki Isl. (Japan), 24 - S. derivata JAGER, ONo, 2002, holotype from Tokara Isl. (Japan). Note that
embolic apophysis (arrows) and basal width of embolus are reduced and shape of embolus is changed from
s-shaped to semi-circular, and note the geographic gradient (reduction from West to East). Emboli shaded.
25-26 - Female internal duct system of Sinopoda spp. of the okinawana-group: 25 - S. hamata (Fox, 1937),
26 - S. tanikawai JAGER, ONo, 2000. Note that the right vulva is more strongly bent and could accommodate
theoretically a longer embolus inserted. 21-22 after JAGER et al. (2002), 23-24, 26 after JAGER, Ono (2002).

Uniformity within one type

Within one type of lengthening the copulatory organs appear rather uniform, i.e. without diversi-
fying elements. Only in relatively rare cases are new structures found, such as new apophyses at
the tegulum, conductor or embolus. One such example occurs in the genus Heteropoda: H. javana
Smvon, 1880 and some related species (Fig. 27; JAger 2002: fig. 61), which exhibit an apophysis
arising from the conductor in conjunction with an unusually shaped RTA (in comparison with
the common form of the RTA in Heteropoda spp. which is supposed to be plesiomorphic for
this genus). Other examples occur in Heteropoda boiei (DoLEsCHALL, 1859) with an additional
tegular apophysis (Fig. 28), and the different genera of the Deleninae in Australia, which are
distinguished among other characters by their differently shaped tegular apophyses and embolic
sclerites (HIRsT 1990).

In females, usually the same type of lengthening of copulatory ducts were observed within
one type of lengthening of the corresponding embolus (e.g. Olios spp., Figs 16-17). Only within
Heteropoda were different types recognised (Figs 9-10). Thus, females apparently may provide
a morphological basis for recognising subgroups (sublineages) within one trend of lengthening
emboli of males.
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Combined morphological changes

Within a certain lineage, species with
longer emboli exhibit additional mor-
phological features which changed
either in size or shape. In several cases
the tibia is often shorter than in species
with longer emboli (Heteropoda spp.,
Figs 7-8; Deleninae, Figs 11-12; Pseu-
dopoda spp., Figs 18-19). Moreover the
shape of the cymbium also changed,
e.g. is transformed from having more
straight or slight concave retrolateral
margins, to having strongly concave
retrolateral margins in a ventral view for

\ 1\\ A \:tg\ Y / Heteropoda species (Figs 7-8). When the

\ \ = // ‘\‘:}:\\\‘ l embolus is lengthened and requires more
= i o AW [ space, the tegulum is reduced or shifted
yf;*\ A ~.  mostly in direction of the basal half of

\_ 1// the palp (Deleninae, Figs 11-12). The

27 | ' 28 latter phenomenon may also occur in

cases of species with a diversifying type
of embolus (Bhutaniella, JAGER 2001:
fig. 54b; Sparianthina spp., unpubl.
observations).

Figs 27-28. Male pedipalps of Heteropoda spp. showing di-
versifying elements within the otherwise uniformly developed
bulbs of the ‘tegular coil’-type: 27 - Heteropoda dagmarae
JAGER, VEDEL, 2005, holotype, with apophysis at the base of the
conductor (arrow), from JAGER, VEDEL 2005; 28 - Heteropoda In a few cases the RTA becomes
boiei (DoLEscHALL, 1859) with a tegular apophysis (arrow), longer in species with longer emboli,
from JAcer 2001. either by shifting the RTA base proxi-

mad, or by increasing the length at the
tip distad (e.g. Deleninae, Figs 11-12; Cebrennus rungsi JAGER, 2000, C. aethiopicus SiMoN, 1880,
see JAGER 2000: figs 34, 49). Furthermore, in few cases, the membranous part of the tibia-tarsus
joint is extended more onto the tibia part (Deleninae: Eodelena HoGG, 1902 => Beregama HirsT,
1990, Figs 11-12, Heteropoda, Figs 7-8, Olios ad part., Figs 14-15).

Position of embolus’ tip

In male copulatory organs the position of the embolus’ tip appears, in many lineages, to be strik-
ingly constant. To check this first impression, the position of this tip in different species (n = 546)
within the Sparassidae, were measured. Results are shown in Figs 29-30. The tip of the embolus
is situated, in most cases (95.4%) in the distal half of the constructed rectangle, and also in most
species (72%), is situated in the retrolateral distal quarter (e.g. in Heteropoda). In contrast, there
are only 4.6% of the species with the embolus ending in the basal half, and just 0.4% in the pro-
lateral basal quarter. In fact, in the latter case there is a large area, in which no tip of an embolus
was situated, i.e. in general the emboli end more to the distal or retrolateral directions.

Discussion

In the opinion of the author copulatory structures are lengthening in the process of evolution. It
arises the question, why it should not run the opposite way, i.e. evolve from long to short. Here,
some evidences are listed, which support the ‘lengthening-hypothesis’. One of the main arguments
is that it seems unlikely that species in different (sub)lineages (e.g. in the Deleninae, Fig. 1) with
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Figs 29-30. 29 - Rectangle constructed for measuring position of embolus’ tip; 30 - Position of embolus’
tip from 546 species of Sparassidae (of 793 with males known). Prolateral half 130 spp. (24%), retrolateral
half 416 spp. (76%), basal half 25 (4.6%), distal half 521 (95.4%); Basal prolateral quarter 2 spp. (0.4%),
basal retrolateral quarter 23 spp. (4.2 %), distal prolateral quarter 128 spp. (23.4%), distal retrolateral quarter
393 spp. (72.0%).

long emboli and long copulatory ducts have evolved independently and then have been shortened
and resulted by chance in species with very similar, convergently developed short structures. In
contrast, it seems more likely that those species with shorter structures are derivatives of one stem
species and represent the initial point for lengthening in different lineages. There exist more such
examples from further subfamilies, e.g. Heteropodinae, and Sparassinae. Another example, sup-
porting the idea of lengthening copulatory structures, is the Sinopoda okinawana-group (for details
see paragraph ‘functional lengthening’ in subchapter ‘Different types of lengthening’). A further
strong argument is of more hypothetical nature: considering the high percentage of species with
long copulatory structures, it seems likely that there are mechanisms - yet unknown - triggering
this kind of evolutionary process. If so, it would wonder, when this process could be reversed
by the same mechanisms. One could ask, why species with short emboli are still present in the
recent fauna, if the trend of lengthening and its mechanisms are so strong. But species composition
is not a question of evolution alone, but also of post-evolutionary, ecological mechanisms, e.g.
such as competition. However, for most of the aspects and thoughts presented here, it does not
matter, whether the embolus and the copulatory ducts are lengthening or shortening in the evolu-
tion. For instance, the assumed combined morphological changes seem to be present anyway, no
matter whether structures have been lengthened or shortened, and should be considered in future
research, e.g. in phylogenetic analyses.

When considering the more derived states, i.e. those with a definitely long embolus and
copulatory ducts, e.g. in the Deleninae, it is surprising that so little attention has been paid to this
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striking phenomenon. No attempt has been made as yet, to explain the mechanisms behind the
trend, either by looking for immediate or long-term causes. Although the present paper cannot
provide any explanations in this respect, it does bring the phenomenon into sharp focus. The
simple recognition of the trend is important for taxonomic descriptions, systematic sorting as well
as for phylogenetic analyses, regarding the secondary effects it might have (see under ‘combined
morphological changes’).

Because the phenomenon occurs in different spider families, the results obtained in the
Sparassidae may serve as an example and may help to understand evolutionary mechanisms in
these other families. I do not think that the results of one analysis may apply to all spider fami-
lies as was done by WIEHLE (1961), as longer emboli and the corresponding structures in female
spiders may have different causations. It may be useful for an organism to shift the spermathecae
away from the close contact with the outside environment as it occurs in some Mygalomorphae,
to prevent dehydration, bacteria infection or simply leakage. However, it is not likely that the
same cause can be called upon to explain the development of more than 10 coils as is the case in
the Deleninae. Moreover, it makes more sense to look at causal effects within one group with a
large range of embolus types (here: Sparassidae), since the same structures may be used differ-
ently in non-related groups (RTA anchored in epigastric furrow in Sparassidae, but in epigyne in
Gnaphosidae; pers. observ., SENGLET 2004).

Different types of lengthening

Different types of lengthening structures which occur in different, but not closely related taxa,
may point to general constraints, which, in the course of evolution, are effective and stabilise such
a type of “increasing complexity” (sensu JocQUE 1998). Apparent differences in species numbers
and maximal lengthening of copulatory structures among the Sparassidae, lead to the question,
whether the recent diversity of this family can be explained by this phenomenon? The example
of the distal screw may show that, at least, part explanations can be found looking for functional
constraints of the different types: the screw of Olios species is lengthened by circling around its
length axis and by extending the length of the embolus in a retrolateral direction. The space for
doing so is limited to the dorsal half of the bulb, as the embolus length axis has to remain straight,
as only then a screw is functionable. According to the females’ genitalia, the male screw is in-
deed screwed into the copulatory ducts of the female. In this case a bent screw could not work,
neither for a real screw, nor for a screw in spiders’ copulatory organs. We can presume that the
bauplan of the ancestors of copulatory structures - once established in the course of evolution of a
spider - restricts the subsequent evolutionary events in their evolutionary changes. Even if there
was a strong evolutionary pressure for long copulatory structures in these Olios species-group, the
development of a screw cannot be reversed. Thus, the development of a screw in the copulatory
organ of this species group delimits its relative evolutionary output - i.e. results a fewer number
of species — in comparison with other lineages without such (morphological) restrictions, e.g.
with a distal coil and a higher maximal lengthening as e.g. in Deleninae.

The maximum length of a male embolus can also be delimited by restrictions in the particular
female: a male embolus with a potential of maximal lengthening of for instance 200%, cannot
lengthen further if the female duct system is restricted to 100% and could not accommodate the
additional lengthened structures of the male. On the other hand, one explanation for the strongly
lengthened emboli and ducts in the Deleninae may be a combination of two different factors:
1. the male distal coil of the embolus provides a system of lengthening which has no strong struc-
tural restrictions (i.e. tip of the embolus remains almost in the same position, while evolutionary
lengthening and space saving type of coiling, backed up by the similar-shaped conductor, allow
for a high number of coils; in comparison with the distal screw of Olios spp., the distal coil is
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also restricted in its shape [only a circular coil is insertable in the case of several windings]. But
this restriction does not decrease but increase the output with respect to the number of possible
coils). 2. Additionally, the female duct system represents the rare case of being membranous and
thus space saving, facilitating strong coiling within a restricted space (Fig. 13). The same number
of coils would need a lot more space in the sclerotised form as in e.g. Heteropoda spp., as these
cannot be folded, apart from the fact that sclerotised coils have thicker walls per se.

Uniformity within one type

Within one type of lengthening, the copulatory organs were distinctly uniform (e.g. Deleninae,
Heteropoda). Diversifying appears, but apparently in fewer cases in comparison with lengthen-
ing events. In Deleninae, genera are distinguished by the shape of the tegular apophysis and the
basally situated embolic sclerite (e.g. HIRsT 1990). Based on the fact that Hirst distinguished
genera by means of these diversifying elements, a ratio of about 1:10 is observed (11 genera, 105
species). This means that lengthening events occur 10 times more frequently than diversifying
ones. A similar ratio is present in Heteropoda: from the total number of species (n=180) less than
10% (n=14) show diversifying elements, i.e. tegular apophyses, conductor apophyses or embolus
modifications. A scenario which would explain this ratio is that the lengthening type develops
faster than the diversifying one, i.e. produces more functionable variants within a specified time
period. The apparent higher degree of freedom with respect to evolutionary changes in the copula-
tory traits in females of Heteropoda species, may be explainable by proximate causations of the
individiual development of these structures in the ontogeny. Investigations in this field would be
interesting, but may be also complex to carry out.

Combined morphological changes

The observed morphological changes, in combination with an elongation of an embolus, may
be explained by functional constraints based on copulatory mechanics. No investigations were
conducted, so far, for this topic in the Sparassidae, whereas results of ‘frozen copulations’ were
described in Gnaphosidae (SENGLET 2004) and Pholcidae (UHL ef al. 1995, SENGLET 2001, HUBER
2002). In the latter cases investigated, exclusively diversifying types were present, i.e. no conclu-
sions about the phenomenon on lengthening can be drawn. In respect of combined changes in
tibia length, or different cymbium shapes, the observations made in the Sparassidae are backed
up by observations in e.g. Zodariidae (Palfuria panner JocQUE, 1991, P. spirembolus SzUTs, Joc-
QUE, 2001: SzuTs, JocQUE 2001a; Australutica moreton JocQUE, 1995, A. quaerens JocQuE, 1995:
Jocqut 1995), Salticidae (Bacelarella tentativa Szuts, JocQUE, 2001, B. tanohi SzuTs, JOCQUE,
2001: SzoTs, JocQuE 2001b, JocQuE, SzoTs 2001) and Lamponidae (4sadipus humptydoo PLATNICK,
2000, 4. yundamindra PrLatNick, 2000: PLatnick 2000). Although a thorough analysis for each
family or genus or even species group would be necessary for making statements, the examples
may by seen as evidence for this trend of combined changes in other families (at least within the
RTA-clade). However, the results shown here for the Sparassidae indicate that similar combined
changes found in other taxa and their utilisation for systematical purposes may be viewed in a
different perspective.

Position of embolus’ tip

A similar position for the embolus’ tip within one type of lengthening, and also among less closely
related taxa, may point to a functional constraint, which inhibits a considerable shifting of the tip,
since the behavioural, as well as morphological changes, to accommodate this shifting may be too
intricate. Distinctly different positions within an assumed monophyletic lineage (e.g. in the sub-
family Sparianthinae) on the other hand may point to a polyphyly or to different sublineages. The
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position of the tip is considered here as just providing indications for further investigations.

A similar result, in respect of the position of the embolus’ tip, is observed in other spider
families, especially those from the RTA-clade: Philodromidae, Gnaphosidae, Lamponidae,
Thomisidae, Salticidae, Corinnidae, etc. Constraints, in respect to functional morphology of the
particular pedipalps or copulatory mechanics in male-female interaction, may explain why an
embolus tip obviously cannot be situated in certain positions. It may have something to do with
the fact that the RTA is fixed during the copulation and subsequent movements are possible only
in a mechanically restricted frame, due to the automatic haemolymph pressure driven expansion
of the haematodochae (as described in HuBer 2004). The typical embolus tip position for particu-
lar taxa, may act as additional diagnostic character, e.g. in Sinopoda and Pseudopoda, mostly in
the prolateral distal quarter of cymbium, in Heteropoda, Deleninae, etc. in the retrolateral distal
quarter of cymbium and so on. Once recognised as typical for a group an unusual position of an
embolus tip can indicate a special systematic position for a particular species, e.g. basal or derived
within the stem group.

Future studies should focus on a broad-range comparison within the family, i.e. to fix couples
during copulation, and to show where the spermatophor opening is situated during copulation,
which glandular parts of the female duct system are secreting to which part of the copula, and
where the sperm mass is deposited. Results may enlighten mechanisms in the course of the evo-
lution which are responsible for the process of lengthening, described above, and, partly, for the
recent composition of species.

Acknowledgements: I am very grateful to Rudy Jocqué, Manfred Grasshoff, J6rg Wunderlich und Michael
Gudo for discussions on evolutionary phenomena and for comments on first drafts of this manuscript, to John
Murphy and Rudy Jocqué for improving my English, and to Mathias Reinke for providing the photograph
of Holconia from his diploma thesis.

Received: 01.12.2005
Accepted: 10.05.2006

References

Comstock J. H. 1910. The palpi of male spiders. - Annals of the Entomological Society of America, 3:
161-185.

Gack C., K. PescHkE 2005. ‘Shouldering’ exaggerated genitalia: a unique behavioural adaptation for the retraction
of the elongate intromittant organ by the male rove beetle (4leochara tristis Gravenhorst). - Biological
Journal of the Linnean Society, 84: 307-312.

GrassHOFF M. 1975. Die Evolution komplizierter Kopulationsorgane - ein separater Adaptationsverlauf. -
Aufsditze und Reden der senckenbergischen naturforschenden Gesellschaft, 27: 61-68.

HELSDINGEN P. vaN 1965. Sexual behaviour of Lepthyphantes leprosus (Ohlert) (Araneida, Linyphiidae), with
notes on the functio of the genital organs. - Zoologische Mededelingen, 41 (2): 15-42.

HELSDINGEN P. vaN 1969. A reclassification of the species of Linyphia Latreille based on the functioning of
the genitalia (Araneida, Linyphiidae), 1. - Zoologische Verhandelingen, 105: 1-303.

HELsSDINGEN P. van 1970. A reclassification of the species of Linyphia Latreille based on the functioning of
the genitalia (Araneida, Linyphiidae), II. - Zoologische Verhandelingen, 111: 1-86.

HELSDINGEN P. van 1972. The function of genitalia as a useful taxonomic character. - In: FoLk C. (ed.): Arach-
nologorum congressus internationalis V. Brno 1971. Brno, Institute of Geography: 123-128.

HickMANN V. V. 1967. Some common Tasmanian spiders. Hobart, Tasmanian Museum and Art
Gallery, 112 p.

Hmrst D. B. 1989. A revision of the genus Pediana Simon (Heteropodidae: Araneae) in Australia. - Records
of the South Australian Museum, 23 (2): 113-126.

Hrst D. B. 1990. A review of the genus Isopeda L. Koch (Heteropodidae: Araneae) in Australasia with
descriptions of two new genera. - Records of the South Australian Museum, 24: 11-26.

60



P. Jiger: Lengthening of embolus and copulatory duct in Sparassidae

HirsT D. B. 1991a. Revision of Australian species of the genus Holconia Thorell (Heteropodidae: Ara-
neae). - Records of the South Australian Museum, 24 (2): 91-109.

HirsT D. B. 1991b. Revision on the Australian genera Eodelena Hogg and Zachria L. Koch (Heterpodidae:
Araneae). - Records of the South Australian Museum, 25 (1): 1-17.

Hirst D. B. 1992. Revision of the Genus Isopeda Koch (Heteropodidae: Araneae) in Australia. - Invertebrate
Taxonomy, 6: 337-387.

HirsT D. B. 1993. Revision of the Genus Isopedella (Arancae: Heteropodidae). - Invertebrate Taxonomy,
7:33-87.

HirsT D. B. 1995. Further studies on the Australian Heteropodidae (Araneae): a new species of Pediana
Simon, and description of the male Zachria flavicoma L. Koch. - Records of the Western Australian
Museum, Supplement, 52: 145-149.

Hirst D. B. 1997. New species of Pediana (Heteropodidae: Araneae) Simon from Central and Northern
Australia. - Records of the South Australian Museum, 29 (2): 153-164.

Hirst D. B. 1999. Revision of Typostola Simon (Araneae: Heteropodidae) in Australasia. - Memoirs of the
Queensland Museum, 43 (2): 639-648.

Huger B. A. 2002. Functional morphology of the genitalia in the spider Spermophora senoculata (Pholcidae,
Araneae). - Zoologischer Anzeiger, 241: 105-116.

Huger B. A. 2004. Evolutionary transformation from muscular to hydraulic movements in spider (Arach-
nida, Araneae) genitalia: a study based on histological serial sections. - Journal of Morphology, 261:
364-376.

JAGER P. 2000. The huntsman spider genus Cebrennus: four new species and a preliminary key to known
species (Araneae: Sparassidae: Sparassinae). - Revue Arachnologique, 13 (12): 163-186.

JiGer P. 2001. Diversitiit der Riesenkrabbenspinnen im Himalaya. Uber eine Radiation zweier Gattungen in
den Schneetropen. (Araneae: Sparassidae: Heteropodinae). - Courier Forschungsinstitut Senckenberg,
232: 1-136.

JAGER P. 2002. Heteropodinae: transfers and synonymies (Arachnida: Araneae: Sparassidae). - Acta Arach-
nologica, 51 (1): 33-61.

JAGER P, A. T. Barrion 2001. First description of the male of Heteropoda cyperusiria Barrion & Litsinger
1995 from the Philippines (Araneae: Sparassidae: Heteropodinae). - The Philippine Entomologist,
15 (1): 37-43.

JAGER P., H. Ono 2002. Sparassidae from Japan. II. First Pseudopoda species and new Sinopoda species
(Araneae: Sparassidae: Heteropodinae). - Acta Arachnologica, 51 (2): 109-124.

JAGER P., J. Gao, R. FE12002. Sparassidae in China 2. Species from the collection in Changchun (Arachnida:
Araneae). - Acta Arachnologica, 51 (1): 23-31.

JAGER P., V. VEDEL 2005. Heteropoda dagmarae sp. nov. from Laos — a close relative of Heteropoda javana
(Simon 1880) from Indonesia (Arachnida: Araneae: Sparassidae). - Zootaxa, 1044: 17-26.

JocqQuE R. 1990. A revision of the Afrotropical genus Diores (Araneae, Zodariidae). - Annales van het koninklijk
Museum voor Midden-Afiika (Zoologie), 260: 1-81.

JocqQuE R. 1998. Female choice, secondary effect of “mate check™? A hypothesis. - Belgian Journal of
Zoology, 128: 99-117.

JocquE R., B. BAEHR 1992. A revision of the Australian spider genus Storena (Araneae, Zodariidae). - Inverte-
brate Taxonomy, 6: 953-1004.

JocquE R., J. BosseLAERs 2005. Pseudocorinna (Araneae, Corinnidae): another somatic spider template with a
large range of complexity in the genitalia. Abstract. - In: DELTsHEV C. (ed.): 22nd European Colloquium
of Arachnology. Sofia, Institute of Zoology, Bulgarian Academy of Sciences, p. 31.

JocqQuE R., T. Szuts 2001. The genus Bacelarella (Araneae, Salticidae) in eastern Cote d’Ivoire: salticid
radiation in a poorly lit environment. - Annales du Musée royal de 1’Afrique Centrale (Zoologie),
285: 93-99.

Kraus O. 1995. The importance of functional morphology for the reconstruction of phylogenetic relation-
ship. Abstract. - In: Ruzicka V. (ed.): Proceedings of the 15th European Colloquium of Arachnology,
Ceske Budejovice, Institute of Entomology, p. 225.

61



EurorEAN ARACHNOLOGY 2005

Kraus O. 1998. Elucidating the historical process of phylogeny: phylogenetic systems versus cladistic
techniques. - In: SELDEN P. A. (ed.): Proceedings of the 17th European Colloquium of Arachnology,
Edinburgh, 1997. Bucks, Burnham Beeches. Bulletin of the British Arachnological Society: 1-7.

Prarnick N. 1. 2000. A relimitation and revision of the Australasian ground spider family Lamponidae (Ara-
neae: Gnaphosoidea). - Bulletin of the American Museum of Natural History, 245: 1-330.

Prarnick N. 1. 2005. The world spider catalog, version 6.0. American Museum of Natural History, New York.
http://research.amnh.org/entomology/spiders/catalog/ (8.9.2005)

SENGLET A. 2001. Copulatory mechanisms in Hoplopholcus, Stygopholcus (revalidated), Pholcus, Spermophora
and Spermophorides (Araneae, Pholcidae), with additional faunistic and taxonomiv data. - Mitteilungen
der Schweizerischen Entomologischen Gesellschaft, 74: 43-67.

SENGLET A. 2004. Copulatory mechanisms in Zelotes, Drassyllus and Trachyzelotes (Araneae, Gnaphosidae),
with additional faunistic and taxonomic data on species from Southwest Europe. - Mitteilungen der
Schweizerischen Entomologischen Gesellschaft, 77: 87-119.

Szuts T., R. JocQuk 2001a. A revision of the afrotropical spider genus Palfuria (Araneae, Zodariidae). -
Journal of Arachnology, 29: 205-219.

Szuts T., R. JocQue 2001b. New species in the genus Bacelarella (Araneae, Salticidae) from Céte d’Ivoire. - An-
nales du Musée Royal de I'Africa Centrale (Zoologie), 285: 77-92.

UHL G., B. A. HuBer, W. Rost 1995. Male pedipalp morphology and copulatory mechanism in Pholcus
phalanioides (Fuesslin, 1775) (Araneae, Pholcidae). - Bulletin of the British Arachnological Society,
10 (1): 1-9.

WieHLE H. 1961. Der Embolus des ménnlichen Spinnentasters. - Zoologischer Anzeiger, Supplement, 24:
457-480.

VYrbmkaBaHe Ha eMOOJTyca U KOIMyJIaTOPHUS KaHa: Tperiie]
Ha EBOJIIOIMOHHA TEHACHITUS NP MasIUTE OT CEMENCTBO
Sparassidae (Araneae)

1L ﬁezep

(Pe31ome)

Pasrenan e peHOMEHBT Ha yABbIDKaBaHE Ha KOITYJIATOPHUTE CTPYKTYPH ITPH MAsALUTE OT CEMEHCTBO
Sparassidae. OmnpeneneHu ca pa3lTUYHA TUIOBE HA MOIM(HIMpaHe W HA yIbDKaBaHe, HO CE
JIOITyCKAT M KOMOMHAMK U Tpexoan Mexny Tax. [Ipu 55% ot n3cnenBanute 662 BHIa SICHO ce
BIDK[IA, 4 eMOOITYCHT H/MJIH KOIYJIATOPHUTE KAaHAIH Ca YBJDKCHH B CPaBHEHHE C TPapOUTEIICKUTE
BUJIOBE, OKAaTo camMo mpu 8% He € yCTaHOBEHA EJIOHTAIMA Ha Te3H CTPYKTypH. PasrpanndeHu
ca CIeTHHUTE THUIIOBE HA yIBJDKaBaHE: “‘TeryJaapHa ciupana’, “aucTaiHa criupaia’, “TUCTaTHO
BUTIIO”, HETIPABWJICH MJIM KOMOMHHUPAH THII, ¥ TAKa HAPEUCHOTO “‘(PyHKIIMOHAIHO H3IbJKaBaHe .
KomOmHMpanuTe MOpGHOIOrHIHI U3MEHEHHS, CTAaBaIH B ITPOLIeca Ha eBOIIOIMOHHOTO HApaCTBaHe,
BEPOSITHO 3aBUCAT OT (DYHKIMOHAIHUTE OTpaHUYEeHUS. B Ta3n Bpb3Ka, MOJI0KEHHETO Ha Kpas Ha
emMOoyca MOXXe J1a Urpae BakHa pois. M3scHABaHeTO Ha (QYHKUMOHAJIHUTE W EBOJIOLUOHHU
ACIIeKTH Ha pa3nIekaaHus GEHOMEH MOXe J1a Pa3Kpue MEXaHU3MHTE, KOUTO IO OTKIIFOYBAT.
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