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Diversity in the copulatory behaviour of
comb-footed spiders
(Araneae, Theridiidae)

B. KnoFLACH

Abstract: Main elements of the copulatery behaviour of comb-footed spiders are presented from per-
sonal ohservations of ¢. 70 species. For 45 species copulatory behaviour is analysed and compared in de-
tail, for 30 of them for the first time. According to the time at which sperm induction occurs two main
types of copulation exist. In the plesiomorphic Steasoda-type sperm induction takes place independen-
Iy of copulation and is a rather long process, whereas in the Thendion-type it is part of copulation and
therefore proceeds swiftly. Theridiidae exceed all hitherto known spiders in number of sperm induc-
tions. Some representatives of the Steatoda-type exhibit a more ritwalised form of counship behaviour,
with construction of a mating web and continuous stridulation, until the female approaches. In Then-
dion species the male approaches for copulation. Males of the Thendion-type interrupt copulation several
times in order to charge their palps with sperm. Thus, sequences of insertions alternare with sperm up-
take. Copulation generally involves more insertions in the Theridion-type than in the Steatoda-type,
whereas actual time needed for sperm transfer is comparatively low. Species of the Theridion-type invest
a considerable part of copulation in functions other than sperm transfer, such as pseudocopulation, mare
guarding, sperm uptake and formation of mating plug.

Capulatory patterns differ considerably between species and appear to be specific within the Theridion-
type. Representatives of the T. melanunim-group start insemination with the first insertion. Their co-
pulatory sequences are comparatively uniform. In the Thendion varians-group the copulatory pattern is
more complex, as the copulatory sequences are differentiated and reflect different funcrions. The first
sequence does not result in sperm transfer and is a pseudocopulation. Insemination starts after the first
sperm induction with the next insertions. During the last copulatory sequence a mating plug is pro-
duced. Integration of sperm induction may have evolved by rapid repetition of copulations. After each
copulation palps are recharged with sperm. Such repeated copulations may help to increase reproduc-
tive success, as shown by the high nember of copulatory sequences in some Theridion-species. By this
means, the female is kept away from further males for a rather long time.

Male and female genital organs of entelegyne spiders are morphologically correlared. In most cases, one
male palp can insert only into one female duce, cither ipsilaterally or contralaterally. In contrast to most
other entelegyne spiders, some representatives of the Theridion-type show contralateral insertion (left
embolus inserts into right introductory duct and vice versa). Interestingly, all types of insertion are pres-
ene within Theridiidae. Angyrodes argyrodes and Scemtoda bipunciata insert ipsilaterally. Furthermore,
males of the one-palped spiders { Echinotheridion, Tidarren) are able to do both, so that they can choose
the still virgin recepraculum,

Many comb-footed spiders produce a maring plug ac the end of copulation, which may be temporary or
permanent and of varied origin, coming from the mouthparts in Steatoda miangulosa, from glands of the
male palp in Argyrodes argyrodes and Steatoda bipunciaa, and from secretions of the male and female
genital tract in the T. varians-group. In the last named, the male secretion is transferred to the palps via
the sperm web and to the epigyne by palpal application.

Taxonomy: For two species a new combination is proposed: Keijia kijabel ( BERLAND 1920) nov. comb.
{from Theridion) and Theridion ohlerd THORELL 1870 {nec Achasaranes o.).

Key words: Copulation, sperm induction, insertion, pseudocopulation, amputation, emasculation, sex-
ual cannibalism, mating plug.
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Introduction emasculation (KnORACH & VAN HARTEN

Comb-footed spiders are one of the largest
spider families, with about 2200 species in ¢
80 genera, and are highly diverse in morpho-
logy and also in behaviour. They have a wide
array of morphological, ecological and be-
havioural traits, For a first impression of their
manifold general appearance see KNOFLACH
& PraLLER (this volume) and KNOFLACH &
THaLER (1998). Considerable diversity is ex-
hibited also in mating behaviour (GERHARDT
1927, Brauw 1963, KnorLACH 1998). Sperm
induction may rake place independently of
copulation or may be part of copulation.
Some species initiate sperm transfer only after
a pre-insemination phase (pseudocopulation,
KnoeacH 1998). Copulation may involve
only two insertions, but up ro 400 in Theri-
diom. It may last for a few seconds only, as in
Achaearanea, or for several hours, as in Theri-
diem. In some species construction of a mating
thread is essential. A mating plug, which seals
the female’s genital organ, may be present or
not, may be permanent or not and originares
from various parts of the male body. Sexual
cannibalism occurs facultatively in the fa-
mous widow spiders (FORSTER 1992, AN-
DRADE 1996, KNORACH & VAN HARTEN
2001b), but appears to be absent in many oth-
er theridiids. Unigue among spiders are the
one-palped genera Tidarren and Echinather-
dion, which exhibit numerous outstanding
phenomena: self-amputation of a male palp,
sudden sexual death, sexual cannibalism and

2000a, 2001a; KnorLacH 2002a, b).

In the present paper, theridiid copulato-
ry behaviour is discussed from personal ob-
servations on . 70 species in 24 genera. At
first, in the general part, the main elements
of copulation, like sperm induction, court-
ship, general pattern, copulatory posture
and insertion rype, mating plug and mating
system, are analysed and compared. In the
specific part the copulatory behaviour of 45
species is described, for 30 of them for the
first time. Observations already published
have also been taken into consideration
{see KNOFLACH 1994, 1996, 1997, 1998,
1999, 2002a, b; KnoFLACH & BEnjAMIN
2003, KnorLAcH S vaN HARTEN 20004, b,
2001a, b).

Material and methods

Taxonomic  references according to
Pramrack (2003). Material is given for each
species in the descriptive part. For numbers
of ohservations see descriptive part. Obser-
vations were based on virgin pairs, if not in-
dicated otherwise,

The specific deseriptions of the copula-
tory behaviour of 43 species are arranged in
alphabetical order, but separated according
to copulatory type (Theridion and Steatoda-
type). Members of a species group are sub-
sumed for better comparison. The following
species were analysed:
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Theridion-type: | Chrysso cambridgei, 2
Keijia kijabei, 3 K. tincta, 4 Nestcodes rufipes,
5 Paidiscura orotavensis, 6 F. pallens, 7 Ru-
gathodes bellicosus, 8 Simiddion lacyna, 9 5.
simile, 10-15 Theridion melanurm-group: 10
T. beweni, 11 T. melanyrum, 12 T
musivivem, 13 T. mystaceum, 14 T. ochre-
olum, 15 Theridion sp. (close to T. melanu-
rum), 16 T. conigerum, 17 T. grancanariense,
18 T. incanescens, 19 T. ohlerd, 20 T. pinico-
la, 21-22 T. sisyphivm-group: 21 T. impres-
sum, 22 T. sisyphium.

Steatoda-type: 23 Achaearanea lunata, 14
A. simulans, 23 A. epidariorum, 26
Anelosimus aulicus, 27 Argyrodes argyrodes,
18-31 Enoplognatha ovaw-group: 28 E.
afrodite, 29 E. lanmana, 30 E. ovama, 31 E.
penelope, 32 E. verae, 33-35 E. diversa-
group: 33 E. diversa, 34 E. macrochelis, 35 E.
sageleri, 36 E. quadripunctata, 37 E. thovacica,
38 Episinus maculipes, 39 Ewrvopis episinoides,
40 Steatoda bipunctata, 41 8. castanea, 42 S
grossa, 43 5. paykulliana, 44 5. mriangulosa, 45
Theridion (?) nigrovarieparum.

Penultimare and young instar specimens
were housed separately in plastic boxes
(7/4/2.5 cm) at room temperature until they
reached marurity. For copulatory observa-
tions, males were introduced into the fe-
male’s web. Copulations were observed with
a stereo microscope with horizontal objec-
tive body (Mikon SMZ-2B), magnification
up to x50, In addition, copulations were
videotaped with a SONY DXC-325P
equipped with a macrocbjective and mi-
crolenses. Duration of insertion duration
and sperm induction were recorded with a
stopwatch. Total insertion time is given for
each species as the maximal possible time
invested in actual sperm transfer.

All photos and figures by the author, un-
less indicated otherwise.

SEM micrographs were made with a
Zeiss DSM 950 by K. PraLier (Institute of
Anatomy, Histology and Embryology; De-
partment of Histology and Molecular Cell
Biology, University of Innsbruck) and Fi-
gures 60e—g with a Leitz AMR 1000 by 5.
TaTzREITER (Institute of Botany, Innsbruck).
The principal coordinate analysis (Fig. [-111,
appendix) was provided by A. Lochs (Cen-

tral Information Centre, Innsbruck).

Abbreviations: C 1-12 = copulatory se-
quence 1-12, MP = mating plug, P =
pseudocopulation, s.e. = standard error of
the mean,

Terminology: Embolus: distal intromit-
tent sclerite of the male palp. Haematodo-
chae: inflatable palpal membranes. Pseudo-
copulation: sequence of insertions without
sperm transfer (vaN HELSDINGEM 1983).
Copulatory sequence: sequence of insertions
after sperm induction, initiated and termi-
nated by the male in the Theridion-type of
copulation. Inserrion: functional conracr
berween male palp and female epigyne, fol-
lowed by haematodochal inflation (Fig. 5d,
Tc, 8a, 1la, 13b, 16, 29a, b, 3¢, d, 33c, 35d,
65¢c, d, T2b, 853, b, 93). Insertion attempr:
genital contact not functional, without
haematodochal expansion (Fig. 65e). Copu-
latory courtship: courtship during or after
copulation (EBERHARD 1996).

Sperm induction

For sperm induction the male ar first has
to construct a sperm web, see Figures la-f,
He starts with a few longitudinal chreads,
which then are connected by some cross
threads (bridge) forming a frame. The web
then becomes a dense layer by spinning
movements of the spinnerets (sideways
swaying movements), altemating with rub-
bing the epigaster against the bridge. Con-
struction of the sperm web is complered by
intensive epigastric rubbing, until the sperm
droplet is released and pressed from below
against the anterior side of the web. The
sperm web is kept in tension by the male’s
hind legs, only legs | remain on the female
web. Shorntly afrer deposition of the sperm
droplet the male moves backwards, while
holding the sperm web, so that the palps
reach the droplet (Fig. 1, 8b, 28b, ¢, 32b,
33f, 35a, 38d, 40a, b, 43¢, f, 4%, f, 50d, 57d,
60a, 83a, 89a, b). By alternate dipping
movements of left and right palp the speem
drapler is absorbed. After induction the
male chews his palps. There are consider-
able differences in size of the sperm dropler.
Theridion varians and related species produce
a large droplet (Fig. la—d, 8b), whereas in
species of the T. melanurum-group it is tiny
and hard to recognise (Fig. le, f, 43¢, f).
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Fig. 1a-f. Sperm induction in Theridion pinastri (a, b), T. petraeumn (c, d) and T

adrianopoli (e, 1), construction of sperm web already terminated. Deposition of

sperm droplet (a, c, e). Induction by alternate palpal dips, when male has moved

backwards (b, d, f). Spinnerets and epigastric glands are connected to sperm web

by long threads (d, 1). Note small size of sperm droplet in T. adrianopol. ¢, d

after KnoracH (1998); e, f after Knoruack (1997). -\

i, L% Y =

b
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According to the time st which sperm
induction occurs two main types of copula-
tion exist (Fig. 2 KnoFLAcH 1998), 1n the
Steatodo-type sperm induction takes place
independently of copulation, as in most spi-
dere, and therefore has been observed less
frequently. It proceeds some rime after the
final moult and again after copulation.
Sperm induction is rather long, 12.9 min ¢
1.2 se. on average (range = 6.6-24.0; 15
species assessed; Fig. 3). Therefore, the
sperm is stored in the palps tor o rather long
time, ar least for a few days. As palps are
‘emptied’ by copulation, sperm induction of-
ten follows some time alterwards. In Dipoe
ma melanogaster and Lasseola pristis males
evien buile two sperm webs in succession, ex-
ceptionally even three (KNoRAcH 2000).
The Steatoda-type represents the widespread
pattern and largely includes genera with
colulus and hook-like parscymbium, charac-
ters which are considered as plesiomorphic
(FoRrsTER e al, 1990). Also a few genem of
the lost-colulus-clade of Theridiidae (AG-
NARSSON, in press) follow the Stemoda-rype,
such ns Achacaranea, Echimothendion, Tidar-
rem. One species hitherto placed among
Theridion, T. nigrovariegarum, does nor agree
ar all wirh the Thmdion-type of copulation,
but shows a long sperm induction indepen-
dent of copulation.

In the Theridion-type, sperm induction i
part of copulation. Males of Chrysso, Kegjia,
Neuttiurg, Nesticodes, Paidiscura, Rugathodes,
Simitidion and Theridion interrupt copulation
several times in order to charge their palps
with sperm. Thus, sequences of msertions
alternate with sperm uptake. Spenm induc-
tion proceeds swiftly, The whale procedure
of construction of sperm web and induction
lists only 1.7 2 0.1 min on average (mean
s.e, range = (.5-3.4; assessed for 34 species;
Fig. 1), much quicker than in the Steatoda-
type. @ this interruption implicates a cers
tain risk for copulatory success, To avoid any
delay the male builds the sperm web in the
immediate vicinity of the female (Fig. 4%,
i1, These species do not store the sperm in
their palps for a long peniod, since sperm
rransfer immeditely follows sperm induc-
tion. This mating type includes almost ex-
clusively genera of the lost colulus clade
(AGNARSSON, in press). They also all have a
hood-like parscymbium. In Paidiscura be-

[ Theriion-Type
maturation maturation

l |
sperm induction pseudocopulation |

1. copulatory sequence

1. sparm induction

|
|

|

further (up lo 20) sperm inductions
and copulaiory sequences

Fig. 2: Main types of copulation in comb-
footed spiders.

havioural elements do not fully comncide
with morphology, Species of the genus
Paidiscura belong to the Themidion-type ac-
cording to the time of sperin induction, they
alsa lack o colulus, but have a hook-like
paracymbium (KnORACH & THALER 2000),
Males interrupt copulation three times for
sperm uptake, sce specific part. Probably,
shift of sperm Induction into copulation oc-
curs in different lineages of Theridiidae.

Integration of sperm uptake into copuln-
rion i widespread in Linyphiidae (vAN
Hevstisces 1953) and is present also in the
uloborid spider Octomobs sinensis  (SiMon
1880) (PeasLEE & Beck 1983), in the desid
Badumma lmgmaua (L. Koo 1867) (accord-
ing 1o Peastee & Becx 19583) and in the
theridiosomatid Thendiosoma gemmosum (L.
Kot 1877) (according to HUBER 1998). As
the Theridion-type s assumed o show apo-
morphic characters as compared with Stearo-
da, this behaviour should have evolved in-
dependently in these families by shortening
the period berween sperm induction and
next copulation as well as by shifting the
first sperm  induction into  copulation,
Thenidindae exceed all hatherto known spi-
ders in the number of sperm inductions
{Tab, 1). Theridion comigerem and T. ohlern
charge their palps even more than 20 times
during one copulation. Apparently, they
spend even more rime in sperm induction
thin in actual transter,

Fig. 3: Duration of sperm induction in

comb-footed spiders arranged by
copulatory type.
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Fig. & a-h:Courtship in Tidarren cuneolatum with construction of mating
thread, traced from video recordings. a, b: Female actively courts male by
twanging with legs Il and by body oscillations, thereby inducing the male to
spin the mating thread. ¢, d: Male approaches, trailing the mating thread, e,
f. g: attaches mating thread and retreats to starting point. h: Male pluckings
cause the fernale to orient towards the male and approach along the mating
thread. i-k: Final male approach shortly before insertion, k: Female in
copulatory posture, perpendicular to mating thread, Solid lines first position,
dotted lines second (a, b, d, g, h], finely dotted lines third (a, h). Modified
after Knoruack & van Hasmen (2000a).
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Fig. Sa-d: Dipoena melanogaster, copulation via mating thread.
Male attaches mating thread near female and trails the thread
awnay, leaving her again. a: Receptive female immediately follows
male along mating thread. b-d: Male then affixes thread and turns
to famale for insertion, but often returns to point of attachment,
lengthening the thread and thereby lowering her position. b, ©
Female in copulatory posture on mating thread.  Male just before
insertion. d: Insertion of left palp.

Courtship

An essenrial function of courtship = the
suppression of predatory behaviour, in addi-
Hoen o speies recogninion, mate choice,
stimulation and synchronisation of sperm
mransfer (PLATNICK 1971). Most comb-foot-
ed spiders are sedentary web-builders, so
that vibratory and chemical cues are more
important for communication than visual
sense. Pheromones incorporated into the
silk of the female web act as courtship stim-
ulanr 1o the male. Thus, direct contact s
not necessary to inform the male, Basie
courtship movements of the male are ab-
dominal pulsations and vibrations. Thereby;,
the abdomen is moved up and dovn and the
anterior sclerotised ridge of the abdomen is
rubbed against stridulatory grooves on the
posterior part of the prosoma. Such a stndu-

latory organ (see KxofACH & PraliEr, this
volume) is present in most rthenidiids
Courtship repentoire furthermore comprises
plucking with forelegs at a distanice from the
female and mutual p.'llrunm: with legs and
palps during contact phase (Fig. Ta=f). Dur-
tng courtship usually pernods of actvity al-
remate rhythmically with periods of quies
cence. Courtship apparently lasts longer in
the Seeamnda-type (mean ¢ se. = 24.7 + 109
min for 37 species) than in the Theridion-
type (mean £ s.e. = 8.4 2 1.4 mun for 31
species)

Some Theridiidae exhibit a more riru-
alised form of courship behaviour, with
construction of a manng thresd and con-
tinuous sthidulation and plucking, see Fig. 4,
35h, 61a, T2a, 88b, c. The male installs e1-
ther an 2-4 em large laver of silk (Sreatoda,
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.1. —_—
2-3

3-3

518

19-25

Theridion lacticolor(W.n=2) .
Chrymso cambridger (2-3, n = 7), Coleosoma floridanum (2, n = 1), Neottiura
himacufata (2-3, n = 4), Paidiscura orotavensis (2-3, n=4), P pallens (3. n=
1), Theridion melanostictum (2-3, n = 68, T. ochreolum (2-5, n = 8)

Keijia tincta (3-4, n = 4), Theridion incanescens (4, n= 1), T. petrasum (3-4, n
= 18)

Keijia kijabe (5, n = 1), Simitidion lacuna (57, n = 3), 5. simile (59, n= &), T
grancanariense (4-6, n = 3), T. impressum (3-6, n = 3), T. melanurum (7-9, n=
2), T. musnvivum (5-10. n = 10), T. mystaceumn (5-6, n = 2). T. pictum (4-8, n =
11), T, pinastri {46, n = 6}, T. pinicola (6-8, n = 3), T. refugum (4-8, n = 17),
I. sisyphium (8, n = 1), T. vatians (5-8, n = 15)

Nesticodes rufipes (B-17, n = 3), Rugathodes bellicosus (6-15, n = 4), Therid-
_ion adrianopoli (12-18, n = 6], T. betteni (10-11, n = 3)

Thendion conigerum (19-20, n= 2), T. ohferti (25, n= 2]

Tab. 1: Numbers of sperm inductions
in copulations of Theridiidae (range
of sperm inductions and number of
observations indicated in brackets)

Fig. Ga, b: Latrodectus geamerricus,
courtship with leg-binding. Male
coats female legs and body with |

Enoplognatha), or o 2-4 cm long thread,
which may be reinforced several rimes
(Anelosmus,  Echmothemidiom,  Pasdiscura,
Tiderren). On this male-made part of the
web he then stars o vibrate and pluck
rhythmically, unril the temale approaches.
As a result, copulation takes place on the
maring web, outside the retrear of the fe-
male. Without female approach copulation
cannot be accomplished. Thus, the female
decides on the progress of copulation.
Courtship vin a mating web nppears to filer
appressive tendencies of the female and fa-
cilitates appropriate orentation of the part-
ners. [t may also help o locate the female
genital organ. In some species femules coop-
erte by mssuming a particular posture, her
legs 111 being Mexed and forming a circle,

the tarsi being close together on the mating

weak strands of silk.

thread (Fig. 4, 61a, b), When the male ap-
prosches her along the maring threasd he &
guided by her legs ro the epupmum. The
miale of Dipoena melmogaster also constructs
a mating thread, but copulation proceeds in
an - acrobatic way. In contrast 1o other
species, the female (s not lured to this thread
by plucking movements and wibranons, bur
follows the male immedmtely along the
thread (Fig. 5a-d), which the male ts just re-
leasing and drawing away, The male armach-
&5 the mating thread and is able to manipu-
lare the female's posirion by lengrhening the
thread (Kxomacy 2000). The unusually
rapid rempo of copulation is reminiscent of
that in Amneidae. Dipoena melmnogaster ex-
ceeds all comb-foored spiders hitherto stud-
ted in mpidity of movements. The par seem
te perform i high-wire sct, which does pot
last longer than a minute. Actual courtship
i indistinct. Anyway, males should nor be
in danger of being preyed upon, s D
melanogaster 18 a specmlised ant feeder like

other Dipoena-species sersu lato.

Remarkably, penera with courtship via a
mating thread belong ro differenr theridiid
hl‘ll.'.'lLH"!- lL!Ih -dn'!in.lr.. N'I-'-lr.'nmrn.um.u‘.
Anclosiminae, Theridinae and Hadrorars:-
nie, respeciively; classification acconding to
AGNARSSON, in press). Apart from Paidiscue-
ra they all follow the Steatoda-type of copu-
tation. Production of silk is also of impor
tance in the courtship of widow spiders (La-
mrodectus ), but not in forming a maring weh,
The male tes the comparatively ginnt fe-
male by throwing strands of silk on her legs
and body (Fig. 6). These leg-binding threads
probably activate the catalepric state of the
temale, but do nor actually resteict her. She
i able to remove the weak strands of silk by
a few movements. A similar, less distiner be-
heiviour 15 sometmmes present also m Seeato-
da species, see descriprive part. Here, some
males throw strands of silk onto the female
but more often anto her web (Fig. 88a). Eu-
rviuz males and females also briefly threw
silk towurds each other before copulanion,

see descriptive part

In most species studied here courtship
occurs without a mating thread and is there-
fore less rinualised. The male approaches the
temale tor copulation, often in the retreat
(Fig. Ta=f). Courtship s performed with
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considerable individual variation, and may
even be missing. This rype of courrship oc-
curs in all representarives of the Theridion-
type (except Padocira) and in some of the
Steatoda-type Arpyrodes,
Crustulma, Episimus. Evrvopis, Lasacola eristis,

{Achagaranea,

niprowmigganum ). In Armrodies

Theridiom
male courtship movements are more ritu-
alised, with rhythmic body oscillarions, see
descriptive part, Apparently, in species with
reduced wehs also a manng web 15 mussing

(Anpvrodes, Epismus, Evryopis). Genera lack-

Fig. Ta-f. Male approach for
copulation in Therdion pictum (a—<).
Courtship in T. varians, traced from
video recordings (d-f),

Male approach and contact courtship
by mutual paipating. Note light colour
and exuvium of freshly moulted
female in a—¢
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Fig. 8 a-¢: Three stages of copulation in
Theridion varians. & Insertion of left palp
Forelegs of male in contact with female’s
legs. b: Sperm induction, arrow paints to
sperm droplet. ¢ Late phase of mating
plug sequence, Secretion droplet pratrudes
from the epigyne (arrow)

170

ing a mating web belong w ditferent then-
diid lineages { Hadrotarsinae, Lamrodectinac,

Theridiinae;

clagsification according o AUNARSSON, In

Spintharinae,  Argyrodinae,
press), but the subfiumily Theridiinoe consri-
tutes @ consderable part. Counship via o
marmg thread 1= Prescmt i Iy ||T-“|.L'|d
spiders and there wae considered as derived
by Rosmesos & Rosmeson (1980), as i ne-
presents an additonal construction. Many
‘Jerived’ T |'||'ll.l|t.|.||' {in the wne of LEvi &
Levi 1962 and AGNARSSON, in press) court
-"lL'.rll:lq.'-.IT;'\EHL'l:_ 'f_ 'ﬁr'. N5,
Ruiga-
thodes, Theridion: all subfamily Theridiinae),

at the hub (ey
Colenwma, Nesticodes,  Neottiuma
whereas more basal ones construcr mating
5[-_'uruJ.:..

Anelsmmus ), Probuably, the establishment of

threads (e Enoplogmatha,

a marmng web 5 plesiomorphic and has been

reduced several times within Theridlidoe. In

species with pronounced sexual size di-
morphism both modes of courtship are pres-
enr, with maring rthread m Echinothenidion,
Tidarren arpe and T. cmeolatiom, and with-

out-in Lagrodects and Tidarren sisyphoides.

Copulation

Copulation duration: Duration of copu-
larion m speders shows great vanaton, both
within and between species (ELGAR [995,
1998), This holds true also for comb-footed
ﬁ]‘ltirl‘- (Fig. 15). Copularion durarion may
be influenced by several facrors, e.g. risk of
predanion, life-span and life-history, sexual
cannibalism, conflict of interest between
the sexes. While females may preles shuor
l.q'-;"|||.IF|~‘-I1-| Iy Increase Peneli |1|'.1'T=|IT'..
males are assumed ro prolong copulation for
(ELGAR

1998). In muny species copulation lasts

mcrease ol IL'T”"'-.I[I'\. M1 SUCCCsS
f s than necessary for actual Sperm frans-
fer and therefore has additional functions

(ERERHARD 1983, ELGAR 1998)

Pseudocopulation: Some theridind spe-
Chew siurt I.,dlr'“l:lrlll!'l “'!TI\ L] r\l"lh{l'lu -Ir'll]_l'
tion, which s o sequence of insertions with-
out sperm transter. In the Theridion varians-
group, this was proved by absence of ege-
laying and by empiy receptacula of females,
which had undergone preudocopulation only
(KnorACH 1998), Just afrer this pre-insemi-
nation period the first sperm inducrion takes
place. Inseminarion stares wich the second se-
guence of msertions. Females of T, verions
dissected after the fint fnsertion of this se-
cond sequence had one of thewr copuliton
ducts filled with sperm. Pseudocopulation
differs from the following mue copularory se-
quences by lower mean insertion durarion
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und by an increased number of inserrions
(Fig. 9. 10, It is known also in Linyphiidae
(Kuiismans 1964, vax HELstNGEN 1965,
1953, STumer 1990). Such a pre-inseming-
tion phase is assumed to serve e courtship
and therefore ro snmulate amd synchrone
sperm transfer (EBERHARD 1985),

Mevertheless, pseudocopulation  does
not necessarily occur in all theridiid species,
which incegrate sperm induction into copu-
larion {conmma KnoFLACH 1998), In the
Theridion  melansmum-group sperm transfer
starts inmediately with the first insertion
(see deseriptive part). Ar least it was proved
for two species, T, musivivum and T. ochre-
olum. Females, which had undergone rthe
first copulatory sequence only, laid ferrile
ege-sacs. Sperm ransfer obviously 15 reflece-
e by longer duration of insertions. In the T.
mielanurime-proup mnsertions are equally long
and frequent at the beginning (Fig. 41, 42,
44, 46, 48), while in the T, varans-group in-
sertions are distinctly shorer and more fre-
quent during preudocopulation than in fol-
lowing sequences (Fig. 9, 10). Thendion
grancanariense, T. incanescens, T. pinicola,
and Simiridion clearly follow the Theridion
vnians-group (Fig. 39, 51, 52, 56). Judging
from the insertion partem, pseudocopula-
tion may be asumed also for T. Lictcolor
(Fig. 12a). In Nestcodes mufipes ut least the
number of nsertions s greatly increased in
the first sequence, which probably indicares
a peeudocopulation as well (Fig. 34). Any-
way, this is a suggestion only and has to be
proved for each species. In species with
pseudocopulation there s no further sperm
induction at the end of copulation. Accond-
Ing to the insertion pattern pseudocopula.
tion apparently is missing in Chrysso, Keyia,
Neomitra, Patdbeewma, Rupathides, Thendiom
onfrressum, 1. soyphum (see Fye. 30, 31, 37,
58), pertiaps also in Theridion comigerum and
T. ohlerti. Furthermore, alsence of pseudo-
copulation appears to be correlated with the
male's sperm uptake behaviour. Males were
observed to charge their palps with sperm ar
the end of copulation (see Fig. 30, 31, 41,
41, 44, 46, 48, 38). The sperm obviously s
used for another copulation, which then
starts with immediate sperm transfer.

The copularory pattern 15 determined by
the number and dummtion of insertions and
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172

cz €3 C4

Cs5 C6 <Cr C8

of copulstory sequences as well as by their
temporal oceurrence. Copulatory patterns
differ considerably between species and ap-
pear to be specific (see Fig. 9, 12 and speci-
tic part ), especially in the Thendion-type. As
they mterrupt copulation several times for
sperm uptuke, copulation o divided into
well-defined copulatory sequences, Diespite
somme individunl varmnon (see Fig. 44, 46),
mist species can be churctensed by ot least
one part of the copulatory pattern: duration,
number of insertions, number of sperm in-
ductions and insertion pattern of sequences.
Number of insertions s low in Chrss (Fig.
10), Kedjia (Fig: 31), Neotnura, Rugathodes
(Fig. 37}, T advianapolt (Fig. 12k), T
comigerum, some species of the T. melmu-
rum-group (T, hemteni, T. mystaceum and
Thertdion sp., see Fig. 41, 48), T. impressum
and T, sisyphinm (Fig. 38), with a roml of
only 1030 insertions, I insertjions per se-
quence. Accordingly, these species are ns-
sumed to lack pseudocopulation, Insertion
pattern of each wquence i mther uniform
i most of these species. Thenidion varians
und reluvives perform o lugh number of in-
sertions, up 1o 400 in T, vanmms, in T, lacu-
color even more than 440 (Fig. 12w
KuomacH & van Harren 20006). Inser-
tion patterns differ greatly between copulu-
tory sequences (Fig, Ya-<), indicating differ-
ent proceses, such as pseudocopulation,
sperm trunsfer and  tormation of mating
plug. In this respect some species of the T
melanyrumegroup  differ from  the above-

mentioned representatives, as they show
omie or maore final copulatory sequence with
completely diffenng insertion patterns (T
melenumuem, T, mustvivum and T. ochreolum,
see Fig. 41, 44, 46). The function of these fi-
nal shor inserrions is unclear, since a mar-
mg plug was not discermible. Representa:
tives of the Thendion vanigns-group produce
o considerable amount of mating plug secre-
tion in the Lt sequence (Fig. 8¢, 21, 22). In
T. adrianopoli several final copulatory se-
quences with shorr palp-epigynum contacts
result in formation of an inconspicuous mut-
ing plug (Fig. 12 Knopack 1997),

After sperm induction the male usually
returms immediately to the female in order
to resume copulation. This s not the case in
some species of the Thendion melanioum.
group as well as in T, sissphiom, T, impres-
sum and T. adrmanopolt. These males remain
motionless for a specific perind near the fe-
mile. Only after this period of rest do they
again return to the female for the next -
sertions: T, impressun after 9 min, T. adria-
nopoli, T. hetteni and T sisyphivem afrer about
20 min, T. mystacenm after ¢. 30 min and
Theridieom sp. (melamumum-group) even not
before 2.3 b on wverage! o this last-men-
tioned Mediterranean  species  copulation
continues for more than 24 h, This species
therefore has the longest copulation within
the comb-foored spaders studted, albeir irs
entire durntion has not been recorded up o
now. Indeed, only o small fraction of this
time serves for spenm transfer,

Also in the Steatods-type of copulation
considerable differences exist with regard 1o
number and duration of insertions. Howev-
er, species with few insertions prevail (mesn
= se = M9 = 07 inservions for 38
species), see also Frgures 14, 15 and Tibls
2. 3. In Achaearimen only a few insertions of
a few seconds mke place, as well as i Dipoe-
rat melenopaster. Crustulma and some Steatio-
da-spectes insert each palp for 1-2 h, Rober-
tus lividus even for 3 h (HiRscHBERG 1969),
whareas some Enoplognatha-specics change
their palps over 200 rimes in 3 rapid se-
quence. A male of Anelosimus aulictes would
hardly be able tiv achieve such a mpid se-
quence of msertions. This species has a re-
rnatkably long embolus, which = three tmes
longer than the males body (see also



© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at

ExnoracH & PrarLer, thes volume). Inser-
tion of the embolus requires much precision
and also withdrawal of the thread-like em-
bolus 15 done coutiously (Fig. 61, 62). Afer-
wirds, the embolus 5 complerely dis-
arranged and needs special treatment by the
legs and the other palp in order to regain the
original condition (Fig. 611).

Total durarion of all insertions s the
maimal possible time spent in sperm trans-
fer. Copulation generally involves more in-
sertions in the Theridion-type than in the
Steatoda-type (mean £ s.e. = 811 £ 15.1 in-
sertions for 31 species; see also Fig. 14, 15
Tab. 2, 3), whereas actual time of insemina-
tion s compamtively low (Fig. 15). Thus,

Fig. 12a—¢: Copulation and insertion pattern in Theridion 140 -
lacticolor (a) and T. adrianopoli (b, c). Each bar represents
an inggrtion. Sperm induction indicated by double arrows.
Gap before pseudocopulation indicates duration of
courtship. P = pseudocopulation, €1-14 = copulatory
sequences. © Insertion of right palp, male punctured

males of the Thendion-type change palps
more frequently, bur invest less time in oc-
tual sperm transfer. Entire copulation dura-
tion varkes considerably in both rypes und
averages 1.1 = 17.5 min for 38 species of
the Steatada-type and 144.2 £ 25.5 min for
3 species of the Thevdion-type (mean +
se.). In the Theridiom-rype actual® sperm
rransfer requires anly a fraction of the entire
copulation duranon {on average 0.25 + 0.04
s for 31 species), whereas in the Steatoda-
type they appear to coincide at a larger scule
lon average 0.5 2 0.06 ce for 38 species),
The rematming time 15 used for courtship or
resting. Species of the Thendion-type invest
a considerable purt of copulation in fune-
tions other than mere sperm trnsfer, as

Fig. 11a, b: Copulation in Theridian
ma'lnnmnum a: Insertion of left palp.
Forelegs of male in contact with female's
legs. b: Mating plug sequence, palpal
applications without hasmatodochal
inflation.
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Fig. 13a, b: Copulation in Neottiura
bimaculata, a: Male approach for insertion
b: Insertion of left palp. Note absence of
leg contact.

Fig. 14: Relationship between number of
insertion and duration of copulation in 70
theridiid species separated by copulatory
type, outliers excluded. Each point
represents a species
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courtship in terms of pseudocopulation,

mate guarding, sperm uptake and formaurion
of mating plug

In most theridiid species of thas study
haematodochae inflare only once per inser-
rion (Tab. 2). During the long-lasting inser-
vions of Cromdma and Stearda haemato-
inflite and  deflate  thyvthmcally
1923, 1924, 1925 KNOFLACH

1994}, These rhythmic haematodochal pul

dochae
(CIENHARDT

sations may stimulate rhe female and per-
haps correspond to a sequence of short tnser-
tions and repeated withdrowals of the palp
Within the penus Enoplomarha bath inser-
tion rypes are present, few long-lasting inser-
nons with heematodochal pulsations in the
E. diversagroup und permanent change of
palps in the £ ovata-group. Such thythmic
haematodiochal movements are less commaon
in the Thendim-type. They oceur only in
Kegia {cee descniptive part) and i advanced

# Steafoda- Type
Q @ Therdion-Type
|:| “
Q
* I
Q o O

200

Duration of Copulation (min)
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copularory sequences in Neottivra bimaculaga
(see KnoFLacH 1999). According to Huser
(1998) numerous shorr insertions may pro-
duce sumilar stimuli in the female as rhych.
mie movements dunng one msernon. Ab-
sence of haematodochal pulsations Jdoss noet
imply that no movements take place. In
many species the male shows regular pump
ing movements, which appear to achieve
and maineain maximal haemarodochal ex-
pansion and which let the female passively
miowe, The males also pivor and vibrate their
obdomen against the corapace, thereby indi-

caring stridulatory acriviry

Principal Coordinate Analysis (Fig
I-111, appendix): The two types of capuli-
tion are not clearly separated in the Princ-
pal Coordinate plor, bur instead show some
degree of overlap. Alipiment mainly s in
Ill“."l-\.'.'l-l- k"'- wi "'-\.li|'l1"'|‘."‘. l“l“ﬂ'l‘l ol mser
tioms and duration of copulation (Fig. 1h, ¢}
Thus;, the three rough clusters represent
maore or less one group with few insertions of
shorr  duration  (lower mudline, mainly
Steatoda-type), one group with few inser-
tions of long duratiom (upper left, mainly
Stearoda-type) and one group with numerous
insertions and long copulation duration (up-
per right, only Theridion-type). Further sub
groups given in Table 2 {eg copulation via
mating web or presence of pseudocopula-
tion) cannot be recognised in Fig. 1-111 {ap-
pendix). The Swatada-type containg notice-
ably more species with larpe body size and
hence pronounced sexual size dimorphism

These are

irregularly scartered in horh
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Steatoda-clusters. This mating type also in-
cludes a larger number of ground-dwelling
species, which appear to be more aggregated
in the long copulation cluster.

Special case of one-palped
spiders: palp-amputation,
sudden sexual death and
emasculation

The unique case of the one-palped spi-
der genera Tidarren and Echinotheridion was
recently studied more closely {KnORLACH &
vaM Harmen 2000a, 20001a, KNOFLACH
1002a, b, KnorLAcH & BENjaMiN 2003).
Their minute males amputate one of their
palps a few hours after the penultimare
moult (see KNOFLACH & PFALLER, this vol-
ume), left and right at random. They there-
fore are semi-emasculated and spend the rest
of their lives with a single palp only. Any-
way, for copulation two palps are not neces-
sary, since the males die from a sudden sex-
ual death during insertion. It seems that for
genitalia coupling a considerable part of the
haemolymph is shifted from the male’s bady
into the palpal organ (Fig. 17, 20b). Also
the prosoma of the male becomes shrivelled,
apparently owing to contraction of prosoma
muscles. Copulation involves a single inser-
tion and is associated with cannibalism of
the dwarl male in most species hitherto
studied. In Tidarren cuneolatum the male is
devoured after a few minutes of insertion
(Fig. 17, KnoracH & van Harten 2000a).
Such postcopulatory sexual cannibalism is
not present in all species. T. argo and
Echinotheridion  gibberosum  synchronise
sperm transfer and sexual cannibalism by
emasculation, by breaking off the single
male palp (Fig. 18, 19; KnNOFLACH & vaN
HARTEN 20012, KnoRLACH 20023, b). The
separated gonopod remains attached ro the
epigynum for several hours (4-3 on average,
up to 10 h) and apparently continues to
function independently of the male, while
the female feeds on the palpless, emascula-
ed male (Fig. 18, 19). In this way genitalia
contact is prolonged considerably. The sepa-
rated palp of T. argo reveals a peculiar hold-
fast structure, as the palpal membranes are
highly modified (KnomacH & van HARTEN
1001a). In E. gibberosum the palp is fastened
to the epigynum by palpal sclerites only.

Tab. 2: Overview and arrangement of comb-footed spiders according to copulatory
elements. Species groups and genera with same features were subsumed. 1: Sperm
induction independent of copulation; 2: Duration of sperm induction long; 3; Courtship
via mating web; 4: Copulation by male approach; 5: Sperm induction as part of
copulation; 6: Duration of sperm induction short; 7: Haematodochae inflate only once
per insertion; 8: Haematochae pulsate during insertion; 9: Pseudocopulation present;
10: Number of insertions low <10; 11: Number of insertions high, more than 10;

12: Mating plug present. Origin of mating plug: ep = epigastric, o = oral, pg = palpal
secretion, po = entire palp.

Taxa 1123 |4|5]|6|7|8|9 1017|112
Enoplognatha diversa—group | + | # | + | = | = | -|-[+]-|+ +]-
Steatoda bipunctata # |+ (+|=]=]=-|=-|+]-]+]~-|pa?
Steatoda castanea wlala|l=]=]=]=|4]=]%]=]0c2
Steatoda grossa e+ =]=-|=|=-1*]=-|*]-]-
Steatoda paykulliana | elel=1=1=1=-l+]=]%]=]-=
Steatoda triangulosa #|lele|=]=]=|=|*]=]#]|~]0a
Anelosimus aulicus sl 2l =1=]204]=]=1ls]=]=
Dipoena melanogaster el =]=l=|#]=|=]%]-]-
Echinatheridion gibberosum | + | 7 |+ | = | = 7| +|=|=-|+]| - |po
Tidarren argo +#| 1| +|=|=-1?|*+]=|=-|+]|-]|po
Tidarren cuneolatum sl 2l el =1=]2]l2]=]=1%]=]-
Enoplognatha ovata-group ¥4l =]=]l=lF]=1=1=1#]=
Enoplognatha thoracica-group) + | 2 [+ | = | = | ? |+ | === +]| -
Achaearanea #ldf=lwl=F=]l%]=]=]#%]«]=
Theridian rigrovariegatum sl =]e]l=]=]%1=]=|#]=]=
Episinus #lel=1+|=]=|%]=|=]+]=]=
Euryopis episinoides + =)= ¥ +]|=|=-|*]-]|-
Latrodectus ¥ =-1+]=2|[+]=]-]+]-]po
Argyrodes argyrodes slel=1+]=1=|*l=1=1-]+]|po
Lasaeola tristis |4 =|*]=]=|*|=]=|=-|+]|~-
Crustulina | P =]+l =|0]=]+]=|*]=]-
Paidiscura ==+ =]} +|*+]=1-2*]|-|-
Keijia “l === ]2 ]|~
Neottiura bimaculata =] =]=|#%]et]+|*]|+]=Fe]=-]=
Theridion impressum - ==+ |*]|*]|*]|=]=2*]=-]-
Chrysso cambridgei == =]+ #|#|+]=]|=7 -]+ |ep?
Rugathodes bellicasus sl =]=]#]*l¥$]*]l=]F]=]+]=
Theridion adrianopoli ===+ %] *|+]|=|=7 -]+ |ep?
Theridion conigerum == 4|+ 4|+ ===+~
Theridion mefanurum-group | - | = | = | + |+ |+ |+ | =] =] -] +]| -
Theridion ohlerti =l =)=+ ]| +]|+]=-]2]-]%]-
Theridian sisyphium I EIE IR ] N I
Coleosoma floridanum ===l *|*| ][+ -|*]|-
Nesticodes rufipes == =]+ *|+]+]=]+2 -]+ |ep?
Simitidion = == +|+]|#|+]|-|+?-]|+]|ep
Theridion lacticolor ===l %] %] *]|*%]|=-[+? =] #]-
Theridion grancanariense =l =]=|+|+|+|+|=|+7 =]+ |ep?
Theridion incanescens =] =l%|*|+]+|=|+7=-]|+|ep
Theridian pinicala =l =]=|+|+|+]|+|=[+F=]|+|ep
Theridion varians-group ==l +]l*|l+]+]=]+]-]+]ep
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Tab. 3: Copulation data of 69 species of comb-footed spiders. Mean values are given when numbers of observations exceed 1. For
detailed data see specific part of this study. 1: Number of observations; 2: Duration of precopulatory courtship (min); 3: Entire
copulation duration {min); 4: Time of actual sperm transfer {min); 5: Number of insertions; 6: Number of sperm inductions during
copulation; 7: Number of dipping movements during sperm uptake; 8: Duration of pseudocopulation (min); 9: Duration of
formation of mating plug (min); 10: Type of mating plug (0) absent. (1) oral. (2) part of palp. (3) entire palp. (4) palpal secretion. {5)
epigastric; 11: Sexval cannibalism (0) not observed. (1) facultative. (2) obligatory; 12: Source.

Taxa 1 2 3 4 5 [ 7 ] 9 10 11 12
Achaearanea lunata 2 1.3 130 | 04 5.0 - - - - 1] 1 present study
Achaearanea simulans 5 4.1 18 0.0 2.2 = - - - 0 1 present study
Achaearanea tepidariorum i 173 | 303 0.0 20 - 20,0 - - 0 1 presant study
Anelasimus aulicus 4 17,7 | 855 | 94 6.3 - - - - 0 o present study
Argyrodes argyrodes 8 143 | 1767 | 187 | M| - - - 18.7 4 0 present study
Chrysso cambridgei 7 10 | B4 15 6.0 20 | 649 - 1.6 5 0 present study
Coleosama floridanum 2 35 575 | 340 | 1835| 20 | 205 | 26.0 - 0 1] KnorLacH (1999)
Crustuling guttata 2 80.0 | 3600 | 3500 2.0 - - - - 1] [1] KnoFLACH (1994)
Crustulina scabripes 4 650 | 2093 | 1998 | 20 - - - - 0 1] KnoFLacH (1994)
Dipoena melanogaster 9 2.3 6.1 0.3 16 - 12.5 - - 0 1] KnorLack (2000)
Dipoena sp. 1 4.0 140 | 0.2 2.0 - - - - 1] 0 KNOFLACH, unpubl.
Echinotheridion
gibberosum 17 125 | 3143 | 3143 | 1.0 - - - 6.3 E] 2 KnorLacH (20023)
Enoplognatha afrodite 4 3.0 | 565 | 199 | 2295 - - - - 0 1 present study
Enoplognatha diversa 2 BO [1020] 778 | 40 - - - - 0 1 present study
Enoplognatha fatimana 1 25 230 | 120 | 1590 - 5.0 - - 0 1 present study
Enoplognatha macrochelis 5 260 | 1500 | 1304 | 76 - - - - 0 1 present study
Enoplognatha ovata 5 13.2 | 236 | 10,0 | 1250 - - - - 0 1 present study
Enoplognatha penelope 2 0.5 12.3 38 | 1065 - 6.0 - - 0 1 present study
Enoplognatha sattleri 1 c.01) 950 | 762 | 870 - - - - 0 1 present study
Enoplognatha thoracica 1 2.5 320 | 195 | 250 - - - - 0 1 present study
Enoplognatha
quadripunctata 2 38 785 | 454 | 219.0 - - - - 0 1 present study
Enoplognatha verae 1 - 2230 | 600 | 180.0 - - - - - 0 present study
Episinus macuwlipes 1 c.01] 35 30 2.0 - 6.0 - - 0 0 present study
Episinus truncatus 1 0.0 6.3 6.1 2.0 - - - - 0 0 Locker (1926)
Euryopis episinoides 1 01 |e 150 25 20 - - - - 0 0 present study
Euryopis flavemaculata 1 0.0 50 13 20 - - - - 1] ] Hirscheera (1969)
Keijia kijabei 1 1.0 38.0 13 10.0 5.0 14.0 - - 0 0 present study
Keijia tincta 3 | 153|432 a8 | 93 | 33 | 22| - = 0 0 present study
Lasaeola tristis b 0.0 83 18 748 - 28.5 - - [1] 1] KnorLack (2000)
Latrodectus dahli 1 50.0 70.0 31.0 20 - - i 0.2 2 1 KNOFLACH & vaN
HaaTen (2001b)
Latrodectus geometricus 1 60.0 | 100.0 | 330 40 - - - 0.2 Z 0 KNOFLACH & van
Haaren (2001b)
Neottiura bimaculata 3 15 35.0 13.7 4.7 23 335 - - 0 1] KnorLacH (1999)
Nesticodes rufipes 3 8.0 169.3 54 1920 | 1.7 1.3 200 | 935 57 1 present study
Paidiscura orotavensis 1 40 | 300 | 04 6.0 o | 19.0 - - o 0 present study
Robertus lividus 1 S0 | 3950 3900 20 - - - - 0 0 Hirschaenc {1963)
Rugathodes bellicosus 4 290 | 608 | 19 | 195 | 105 | 130 - - 0 1] present study
Simitidion lacuna 1 0.1 570 | 114 | M0 | 50 | 220 | BO | 220 5 0 present study
Simitidion simile 5 73 572 | 188 | 513 64 175 | 8.1 14.7 5 0 present study
"S._!_ea toda bipunctata 1 400 | ¢ 230 ¢ 200 20 - - - S0.0 4 1 present study
i!_ea toda castanea 1 5.0 36.0 5.0 9.0 - - - 10.0 - 1 present study
Steatoda grossa 4 99 686 | 28.2 28 - - - - 0 1 present study
Steatoda nobilis 1 180 | 520 | 225 | 50 - - - - 0 1 Locker (1979)
Steatoda paykuliana 3 370 | 143 7.2 7.7 - - - - 0 1 present study
Steatoda triangulosa 4 120 | 158 is5 23 - 665.0 - 120 1 1 present study
Theridion adrianopoli 2 170 | 2085 | 17.1 | 245 | 125 | 205 - 6.0 5 0 KnoruacH (1997)
Theridion betteni 3 18 | 2173 92 | 203 | 103 | 120 | - = 0 0 present study
{continued)
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Theridion conigerum 2 7.5 | 1410 [ 100 | 300 | 195 | 220 = - 0 o present study
Theridion grancanariense 2 13.5 | 230.0 | 1296 | 1460 | 55 165 | 40.0 | 45.8 5 ] present study
Theridian impressum 3 30 | 440 | 10 8.7 43 | 110 - = o 0 present study
Theridion incanescens 1 30 98.0 1.2 85.0 4.0 24.0 20 s 5 1] present study
Theridion lacticolor 2 1.3 | 1215 | 825 | 3675 | 1.0 | 55.0 | 455 - 1] 1] present study
Theridion melanostictum 5 42 | 1555 | 88.2 | 1744 | 2.2 | 253 | 104 | 99 5 1] KnoracH (1998)
Theridion melanurum 2 69 | 1800 | 1103 | 87.0 | 8.0 | 25.0 - - 1) 0 present study
Theridion sp.
melanurum-group i 19.7 |c 1400 50 | 140 | 53 | 320 - - 0 0 present study
Theridion musivivum 9 1.4 50.1 322 91.3 7.3 16.4 - - o 0 present study
Theridion mystaceum 2 8.0 147.0 4.0 10,5 6.0 25.0 - - 0 0 present study
Theridion nigrovariegatum 5 127 | 210 8.7 2.2 - - - - 0 0 present study
Theridion ochreolum 8 60 | 788 | 690 | 544 | 28 | 173 - = g 0 present study
Theridion ohlerti 2 310 | 2870 | 25 B20 | 250 | 155 - - 1] 0 present study
Theridion petraeum 17 97 1216 | 194 | 1545 29 85 17.5 539 5 0 Knoracy (1998)
Theridion pictum n 89 1296 | 346 | 1025 6.2 2.5 6.1 47.1 5 0 KnoracH (1998)
Theridion pinastei 5 70 | wes | 200 | 552 | s0 | 193 | 31 | 630 5 0 KnoracH (1998)
Theridien pinicola 3 17.0 | 64.0 20.3 74.0 1.0 7.0 1.7 34.4 5 0 present study
Theridion refugum 13 95 | 2533 | 341 | 1014 | 64 16.2 | 57.6 | 1266 5 ] Knomack (1998)
Theridion sisyphium 1 30 | 1890 | &5 17.0 | 80 8.0 - - 1] 0 present study
Theridion varians 10 77 | 2288 | 445 | 2482 | 69 | 314 | 149 | 820 5 1 Kmoruacn (1998)
Tidarren argo 12 13.4 | 2729 | 2729 1.0 - - - 0.6 3 2 KNOFLACH & vaM
Hantew (2001a)
Tidarren cuneolatum 25 4.3 4.0 1.0 - - - - 0 2 Knofuack (2002a)
Tidarren sisyphoides 12 1.6 | 1450 | 1450 | 1.0 - - - - 3 0 KnoruacH &
Benamm (2003)

Tidarren argo performs emasculation imme-
diately after genitalia contact is achieved,
Echinatheridion gibberosum not until a few
minutes after insertion. These differences
may indicate thar emasculation behaviour
could have evolved convergently in the two
genera,

In the American Tidarren sisyphoides
copulation also is accompanied by the death
of the male (Fig. 20a). Remarkably, the fe-
male removes the dead male from the epig-
ynum and casts him away withour consum-
ing him. As sexual size dimorphism is much
larger in T. siyphoides (Fig. 20a, b), con-
sumption of the dead male may therefore
have been lost in this species {KnoRACH &
Benjasin 2003).

According to the time of sperm induc-
rion one-palped spiders belong to the Steato-
da-type. Copulation proceeds via a mating
thread and female approach in Echinotheri-
dion gibberasum, Tidarren argo and T. cuneo-
larum (Fig. 4), but not in T. sisyphoides. In
the latter species, the male dircctly mounts
the female's venter withour web-spinning
activities. Females are polyandrous (Fig. 26)
and males monogynous owing two their sud-
den sexual death and mate consumption. As

the male can use his single palp only once,
females have to copulate at least rwice ro get
both receptacula inseminated.

Copulatory posture and
genitalia coupling: ipsilateral or
contralateral insertion

Copulatory posture: Most Theridiidae
show a mating position typical of web-spi-
ders. The mates are direcred rowards each
other, assuming an inclined posture, with
the prosoma lower than the abdomen {Fig.
Tc, 8a, 11, 12¢, 13, 21,29, 32, 33, 35, 36,
38,40, 43, 45, 49, 50, 54, 55, 57, 59-61, 65,
71b, 75, 717, 83a, B7, BBd, 90¢, 91, 92, 95).
Apart from genitalia coupling, further body
contact is often achieved by the forelegs of
the male, which push aside the female’s legs.
In many species, leg contact is maintained
during the entire copulation and appears o
be an importane trigger of copulatory pos-
wure. On the other hand, some Theridiidae
do not show such continuous leg contact,
e.g. Neottiura bimaculata (Fig. 13). In some
species, contact between the partners is
formed by genitalia only, as in Crustuling
(Fig. 16). Furthermore, species of the genus
Crustulina and some Steatoda species assume
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Fig. 15: Overview of copulations of 66
theridiid species. Open bars show entire
copulation duration, coloured bars
maximal time spent in sperm transfer (sum
of insertion duration). Numbers indicate
mean numbers of insertions, numbers in
brackets following species names indicate
number of observations. Entire copulation
duration varies considerably in both types,
In the Theridion-type .actual® sperm
transfer reguires only a fraction of the
entire copulation duration. A considerable
part of copulation is used for functions
other than mere sperm transfer, such as
courtship in terms of pseudocopulation,
sperm induction, mate guarding and
mating plug.
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an unusual posture. Soon after application
of the palp the temale turns through 150°,
s0 thut the mates fuce the same direction
durnng the entire insertion. in an upright
postion, the prosuoma bemy higher than the
abdomen. A female of Epemus maculipes al-
s rotared during inserrion (Fig. 82k). In
Steatoda bipunctata copularory posture may
vary considerably owing to repeated female
turms during  insertion  (Gwiser-Hasge
1970 see also descriptive part). Variant pos-
tures are less surprising in species with con-
siderable sexual size dimorphism. es
Tidarren msyphoudes  and Larrodecmie, where
the male climbs on the venter of the female

from behind, so thar male and female are
venter to venter, both facing in the same i
rection (Fig. 204, 23a)

Type of embalus: WiEHLE (1961) disrin-
puished two types of embolt, an inroduco-
v embolus (Einfubrungsembolus), which is
deeply inserted into the female copulatary
duct, and a connecting embolus [An-
schlullembolus), which 5 Jdocked o the
copulatory onifice without penetrating the
dict, Most theridiid species seem to intro-
duce their embolus, see also Figure 24, This
s also indicated by the corresponding
lengths of copulatory duct and embolus and
by the relatively wide lumen of the female
duct. In the Thendion melmumum-group the
embolus apparently cannot be introduced.
The ducts are oo narmow to allow insertion
and the shorr embolus does nor correspand
with the long, convolured ducr, ee. in T
mystacenn 1t is wssumed 1o be a docking sys-
tem. It is unclear how the sperm fluid is
pushed through this long way 1o the recep-
ticulum.

lpsilateral or contralateral insertion!
Gieniral organs of entelegyne spiders are
generally strictly correlated, so that one palp
firs only o one side of the female gemial or-
gan. The palp may be msened either nto
the same-sided, ipsilareral, or into the oppo-
site, contralareral female copularory duer.
lpstlareril msertion has been considered s
characteristic for all entelegyne spidens
(Hewverses 1976; Huser 1993} and s
kniwn in miost acaneoid spiders. This means
that the night embolis enters the night sule
of the epigynum and vice versa.

However, comb-footed spiders appear to
be hererogeneous also in rhis respecr. In
Thendion varans and relatives contralareral
imsertion was observed [(KNOFLACH 1998),
i T melmosticoom the embolus was clearly
visible through the microscope as the female
ducr became dark when the embolus was in-
serted. In addition, females of T. vamans
were dissecred afver the first insertion with
sperm transfer, Their respective contralater-
al copulatory duet was filled with sperm
This obviously s an exceprion among
entelegynes. Thendion apparently shures this
teature with some Tetragnathidae {HUBER &
SENOLET 1997). Arprodes agyrades and
Seeatoda bipunctata were clearly observed 1o
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insert their palps ipsilaterally (see also Fig.
66). In S. bipuncrea ipsilareral insertion was
confirmed by the presence of a maring plug.
After insertion of the right palp the right
side of the epipynum was plugped and vice
versa, GERHARDT (1926) also reported fpsi-
lareral msertion m Steads caveames. The
one-palped spidess are even able o switch,
and therefore to choose o certain side of the
female ;:r.'tlll.ri AN Tidarren  cuneolarem
showed contralareral insertion in copula-
tions with virgin  females  (KnoFLACH
2000n), Thise females which copulared
with a left-palped male had their nghr re-
ceptaculum filled with sperm  secrerion,
while in right-palped males the left recep-
taculum was filled. This was not the case
when a virgmn copulated with two right-
palped or two left-palped males in succes
sion. As both female recepracula conmined
sperin fluid, the second male musr have in-
serted ipsilaterally. This optional switch o
the ipsilareral and snll virgin side of the vul-
va s apparently made possible essenually by
reduction of a functional distal haemmato
docha. Consequently, in these species rthe
palpal sclerites do nor rotate much, but
maintain a similar position o each other as
in the unexpanded palp. As sclentes are not
forced in a certuin direction, palpal inser.
Hon gppears [o be more flexible.

Mating plugs

Marting plugs oceur i many insects and
arachmids (ERERHARD 1985) and also in
muny spider families (SUHM et al. 1996)
Abour 30 % of the comb-foored spiders in-
vestigated in this study show a plug. Maring
plugs may be of different ongms.

In Steatoda mangulosa the plug secretion
comes from the m nuthp.ut: It is eransferred
tr the palps by palpal chewing and finally
the epigynum (BrALM 1956, see also de-
scniptive part. Fig. 93, %4},

In Theridion varians and relarives the
mating plig originates from secretions of the

Fig. 17: Post-copulatory mate consumption
in the gne-palped spider Tidarren
cureolatum. Right palp of male still
inflated owing to irreversible deformation
of the prosoma by contracted musculi
laterales,

Fig. 16a, b: CWUifr;\q‘\

scabripes, copulation. Male
and fernale face the same
direction, their genitalia being
the anly contact zone.

mule and female genital tract and is a result
of male and female internction. The male
secretion responsible for hardening the fe-
male” secretion dropler is transferred from
the genital tract to the palps via the final
sperm web® and to the epigyne by numer-
ous palpal applications during o long-lasting
sequence (KNOFLACH 1998, see Fip. 8¢, 9,
11b, 21). The fluid finally hardens and ap-
pears 0 prevent a further copularion (Fig.
21), Without male secretion the mating
plug cannot be formed. When the last sperm
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Fig. 18a—d: Mating in Trdarren argo. & Courtship, b Insertion, palp
epigynum connection forming the only contact zone between the
pair. Fernale starts 10 turn around. ¢ Emasculation: after ¢ half a
minute male palp becomes torn off (arrow) between tibia and tar
sus and remaing tightly fixed to epigynum for 4 h on average. Syn-
chronously, fermale sucks out palpless male. d: Late phase, male
body shrunken and almast complétely sucked out, haematodochae
still valumingus, The separated gonopod is assumed to continue
with sperm transfer independently of the male body. Note
haematodochal horns in ¢, d

web with the plug droplet was removed be-

fore absorption. males nonetheless per
tormed sn imaginary induction and manng
plug sequence as wsual. However, the secre-
tion dropler in the epigyne did not harden
ar the end of this sequence and the fluid was
reabsorbed by the female, so thar the epigy-

num remained unplupped.

Another possibility for formation of a
TTaEl arg I"'E'l]ﬂ COTIES fram rl'lL" |I|'|-l=1.' |".||i' ;-."1
dently; this occurs in Arpyrodes arprodes
and Stearoda bifmncrata. The secretion s is
sumed to come from a palpal gland as in
Ammuerohis | Amaurohitdae, see SUHM er al
1996). Anpvrodes anryrodes performs an un-
usual mode of mating plug production. In-
rerestingly, towards the end of copularion
the male actively inflates the haemarndo-
chae mn the unlocked palp, which presum-
ably causes the mating plug secreton w be

discharged (Fip. 67-71, sce descripive
part), The conspicuous secretion s then
ransterred to the epigynum by shio [‘LII|"'-I|
applications. In Steatoda bipuncrata the mt
ing ]~|||-,: .||;1|'.Ir1~!:rll. i% ]'-r--x|lnil:'.f during the
second phase of the long insertion (c. 2 h,
see descriptive part). After insemmion a
whittsh, compact mass fills the copularon
orifice (Fig. 86b). It cannot be excluded rhar
in 5. bifnmceata a female product also forms

part of the secretion mass

The males of some spider species reguy
larly lose the distal part of the embolus dur
ing copulation (WiEHLE 1967). These parts
miry also acr as mating plug. In the widow
spiders, Larrodectus, the np of the embalus
breaks off at o defined breaking poinr (Fip.
24h) upon withdrewal of the palp and re-
matns in the female receptaculum, thereby

r[u!_'_;_!m!._' the entrance 1o the lr.‘l.i.‘|‘r:11.ll|.lll1.i
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Fig. 19a, b: Copulation in the one-palped spider
Echinotheridion gribberosum, a: During insertion both
partners are completely motionless. The male's sudden sexual
death is indicated by his contracted legs. b: Emasculation
completed after 3 min on average. Female sucks out paipless
male while genital contact is maintained by the separated

gonopod

(Fig. 24b: Dane 1902: Wienee 1967;  copularion and remains passively coupled ro

KaawiacH & van Harmen 2001hb; Beren
powecy & Grevex 2002), Sometimes the
entire. embolus breaks off and blocks the
copulitory duct in its full length (Fig. 240)
In Achaegranea tepidmiorum also a small
plece of the embolus tip is lost upon inser
tion {Fig: 60g) and may be left in the re
ceptaculum (ARALOS & Bagz 1963, LOCkET
& Luczax 1974), bur appears to have no
plug funcrion. In Echinotheridion gibberosum
and Tidarren argo even the entire male palp
i rorn off and apparently serves s a moring
plug for o while (Fig. 18, 19; KNOFLACH &
var HArTEN 20010, KnorLacH 2002a, b)

The male of Tidarren sissphoides dies with

the female for 2.4 h on averape (Fig. 20a),
until he is removed by her (KxsomacH &
i'll' LY .Il.".-'h |.r1l.t|.'.’|.| ot a wF".|r.1h,'.1 ||I.|||_'
palp, the entire male body may serve as a

(CINPOTITY TIating ["lll_!.‘-

A maring plug does not necessarily im
pede a further copulation as it may be re-
mived by a second male, In muny cases they
HIT '\-lhi iy *"I.' NOL TesesLart e ".!t[l. {A) l."':'u."\li."lﬂ
i further insertion (ERERHARD 1985, 1996)
In Theridion adnanopoll plugped females were
able o copulate again (KNOFLACH 1997).
Also Argyrodes argyrodes and Steatoda bipune
tatn were ohserved to remare (see descriptive
part). Thus, the mating plug was dislodeed

i Fig. 200, b: Copulation in Tidarren sisypphoides. a: About 3
min fram the onset of insertion the male’s legs become
contracted, which indicates his death, He remains passively
coupled to the female for more than 2 hrs, while she is
cataleptic. b: Dead male removed from the epigynum without
being cansumed by female. Note inflated male palp and size
of female’s tibia IV for comparison
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Fig. 21a—d: Formation of mating plug in Theridion petraeum. The mating plug is assumed to be a combination of male and female
secratians, Apparently, the main part of the droplet is produced by the female. The male secretion produced in the genital tract is
responsible for hardening the draplet. It is transferred to the palps via the last sperm web and to the epigynum by palpal applications.
Palpal applications differ fram the preceding copulatory sequences by gradually diminishing haematochal swelling and by short
duration. At the beginning, palpal sclerites still become twisted with minimal inflation, the sickle-shaped tegular apophysis glides into
the epigastric furrow (arrow, a), other sclerites into epigynal groove. These movements perhaps stimulate the female to produce her
secretion. A few minutes [ater the male palps alternately touch the epigynal groove without being rotated (b). The actual formation of
the mating plug begins. In the epigyne a transparent, viscous droplet appears and enlarges steadily, into which the conductor is
continuously immersed (c). Late phase of transfer of the mating plug secretion; the fluid projects fram the eplayne (d). Finally, the
droplet hardens and becomes a folid, brownish plug.

by the male. In the Thendion varians-group  For L. hasseln such plug funcrion is absent

the mating plug appears o be permanent (ANDRADE & BawTa 2002). Aparr from pa-

The willingness 1o pair decreases after copu-  temity assurance mating plugs probably may
lation, but in several cases o female of T we-  also prevent backflow and loss of sperm or
rums and relarives accepred a further copula-  counteract desiccation of sperm (MASLMO-

tion srmempr. Nevertheless, males were not roy 1993, Huser 1999, SUss er al. 1996)

ible 1o link their palps to the sealed epigme

and stopped insertion attempts after some Mati
. ating s 3
time (KxoracH 1998). The plug of La- g system
rrodecrus appears to be permanent as well. In Comb-foored spiders exhibir different

does nor impede a further copulation, but  mating systems according to the number of
makes access to the female receptacle diffi-  mating partners. Maleés of many theridind
cult. In L. revivensis the embolus tip s con-  species are assumed to be polygynouws, which
sidered to be an effecrive barrier, s a second  generally is the widespread outcome among

male is prevenred from reaching the recep-  animals (THORNHIL & Alcocx 1953)

raculum (BerEnDONCK & GREVEN 2002) Nevertheless, the number of copulations
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may be mther limired m thendiid males.

They appear to be short-lived i many
species, but need time for searching and
guarding a penultimare female, and for actu-
al copulation, which often is rime-consum-
ing. In additon, the period of female recep-
tivity may be quite short as well. In mud-Eu
rope, most Theridiidae mature more or less
iy rh'hlllnh'lu‘\ul'p W ||T|‘|Il."|. A tew 'Ji'l.'rl:' I l-r'TII'I.:
and early summer. The chance for further
mating  opporiunities  therefore  depends
highly on the spatial distribution of females
In some habitats, e In stony debris, they
apparently are more  aggregated.  On
tavourable sites 3-5 females live under one
stone, as observed for Thendion peracwm, 1

refumem or Rupathodes bellicous

Sexual selecrion may act in the form of
intrisexual competition through two wide-
spread  behavioural trairs, mare guarding
{male-male combar) and production of a
mating plug (reducrion of female receprivi-
ty) (THorxml & Alcock 1983, ELGan
1998), Mate guarding can be assumed for
numerous theridiids. In the field males are
found associated with penulrimate females
which are just approachimg their last mouh
After a short countship they rest immobile
heside the female, awaiting her maruration
and perhaps fending off rivals. Enlarged
male chelicerae, as present in Enoplognatha,
Rugathodes, some Steatoda species and also in
the Theridion varians-group, probably reflect
marphological adaprations for male-male
conflict. At least in Enoplopnatha macroche-
lis and Theridion pictum severe fights were
observed (Fig. 25), which ended in male in-
jury and once even in consumption of the

rival. Species withour such morphological
prevequisites also show male-male conflicts,
# known for Achoearanea wan LEVI, LUBMN
& Ropinson 1982 Remarkably, in this w0
cial species forced ci ‘-PI.:':”II s take ]"|:11.'|' A
considerable percenmpe of defenceless fe-
miales engaged in moulting were mated
(14'%, see LUBIN 1986)

A marting plug, which sweals the epigy-
numi, can help to mimimise comperition. The
relative frequency and different modes of
formation of o mating plug (see above) indi
cate o strong force to exclude competitors. In
the Thendiim vamans-group both forms of in-
trasexual competition  apparently  occur
Reperition of x‘-s}'ui.lllnn may be another
Wiy m  incréise rt'rir.n||n1|'.':' LNCCEL, a8
shown by the high number of copulatory se-
guences in some  Thendime-species.  After
each copulation palps are recharged with
sperm. By this means integration of sperm
mduction may have evolved. In the extreme
long copulations of Thendion sp. of the T
melanurum-group (see descriptive pact), with
howrs of pauses, mate guarding and repeated
copulations interlock. Thereby, the female i
kept away from further males for a long tme
In this species an essential prevequisite log
direct Sperm competilion s 2iVen, since
there s no maring plug and females mare
more than once. Some species show mather
untform copulatory sequences, usually with
two insertions per sequence (see copulatory
partern). In the Theridion wmians-group cop-
ulation becomes more differentiared and
copulatory sequences fulfill different func-
tions, such as  pseudocopulation, sperm
rranster and formation of mating |'|u|.:

Fig. 22a, b: Epigynum of Therdion varians.
& Virgin and unplugged female;
copulatory orifices visible. b: Copulated and
plugged female. The mating plug
completely fills the epigynal groove. S5cale
lines: 0.2 mm. Photos: K. Praicen
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Fig. 23 a, b: Copulation in Latrodectus dahli. a: male on female
venter shortly before insertion, nibbling at the epigynal atrium
with his mouthparts. b: Male cleaning his legs and palps after
copulation. Palps become disarranged upon withdrawal, as the
embolus tips break off and are left in the female receptacula.

For females the number of mates is lirtle
known. Females of the genus Lamodecius ane
polvandrous.  Afrer copulation the male
leaves the apical part of his embolus in the
female copulatory duct upon withdruwal of
the F'.I||". thereby often blocking the en
rrance to the recepracle (BERENDONCE &
Greves 2002). The number of Broken male
embolar vips filling the female duct may re-
flect the approximate number of mates. A
femnle of L. geomermicus probably had copu
kaved ar least three nmes, owing o five em-
bolir tips being found in hervulva (MULLES
1985), Aparcs & Bagz (1967) found

among 150 Larodectus females 24 with 3-6

embolar tips. In the social species Achasar.
anea want from Papua Mew Guinea moulong
fermmles were muated by four males in succes-
sion (LUmin 1986), Also females of one

palped spiders definirely mate several times,
since one male can inseminmre only one e

ceptaculum owing 1o his sidden  sexunl
death, see above (KNOFLACH & VAN
Harrex 2000u, 2001a, b, KvoRACH &
Bentasi 2003).

Meither classical precopulatory female

choice nor orypiic female chinee have hirh-

Fig. 24a, b: Vulva of (a) Larrodectus renivulvatus
and (b) L. dahli. a: Entire embalus |5 torn aff
and completaly fills female copulatory duct. b:
Broken embolus tips remain deaply inserted in
the entrance of copulatory ducts into anterior
lobe of the receptacula. As the vulva contains
three embolus tips (arrows) the female must
have mated at least twice, CD = copulatory
duct; E = embolus; R = receptaculum,. Modified
after Knoriack & van Harmew (2001h0).
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erro been the subject of a study in comb-
foored spiders. Borh forms of intersexual se-
lection can be asomed w mnfluence the
process wnd outcome of copulation in coinb
r.qm-.i ﬁ.?l.irh l._'li."l”rl_'l'h'l;' ol |"|’|.’|||' |'|li"|l! E
ey courtship provides evidence of erypric
femiale choice (EBERHARD 1996). In theridi-
we, abdominul vibmtions Jdurme insertion
(stridulation), leg movements, pumping
movements of the body, and perhaps even
msermon atremps and haemarodochal pul-
sittons may be interpreted as  copulatory
courtship and thus indicare crypric female
choce. In this respect also pseudocopula-
tion in Themidion may be of relevance as well
i gustatoril copulunon i Argyrodes (see
following paragraph). Vibratory and tactile
stgmals via a mating thread may serve as pre-
copulatory assessment criteria to females of
the Stcatedi-type. Females of the Thendion-
ype seem mther passive during coureship
and copularion. They apparently copulare
with the male which successfully defended
her. Further information may be provided by
bendy contact during copulution. Apart froim
genitalin coupling, 1n many thenidiids the
main body contact is achieved by forelegs of
the male (Fig. 7c, 8, 11, 12¢, 21, 18a, 33, 49,
50, 54, 61, 72, 75, 77,91, 95 c1c.). Ley con
facT sormetimes 15 IIt.II.HT.HhL'J ~|-Hrlll'.: !i”.' efn-
tire copulation, This leg conract berween
male and female apparently 15 very impor-
tant, s control of copulation seems o be in
dependent  of proprioreceptive  feedback
from the palps (ROvNER 1967). Males of the
limyphitd  spider Lmyphia  oumguloni
(Crenck 1757) were arufically induced o

autotomise their palps and then allowed 1o

Fig. 25a, b; Male-male combat for access to female in Theridian
pictum, Female legs in the upper-lett foreground.

copulare. Norwithstanding, they disployed
complete copulation with its rypical phases,
peeudocopulation, sperm web construction
and copulatory sequences, all with imagi-
nary movements. Females were willing to
«copulare® for up to 7 h, although rthere was
no palp-epinme contact {ROVSER 1967). In
theridiid species with o permanent mating
pliug, as tn the T wrians-group, female
chotce may be exhibited by interruption of
copulanion. Our of c. 80 pairings of the
Therwdiom varians-group. two lemules of T
varians preyed on their mates before the
maring plug was produced (Fig: 27). Predis-
positon for 1L'||'|-|"|.' ARETCSSIVETICSS 15 ':lthk'l:
variable. Females of the Thendion-type usu
.l”‘. .i-l Tald -uh:ll.!. SIENE Of ApoTedsivieness
However, in some species female behaviour

Fig. 26: Polyandry in Tidarren sisyphoides

Approach of second male, which is the
successive mate

185
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Fig. 27: Sexual cannibalism in Theridion
varians. One of the rare observations,
when a fermale cannibalised her mate
during copulation

186

often changes after copulation. Females of
Achagaranea, Stearnda, Larrodectus and Eno-
plogmatha frequently try ro artack their mares
when copulanion ts complered, even though

the male continues with courtship.

l'fnpm.ﬂ oF prey as |11|L'l|.|| BT @ In
Piganra mirghilis (CLErck 1757) (Pissridae,
see BRISTOWE 1938), Merelling sepmenrara
(Crerex 17570 (Termgnathidae; see (GER-
HARDT 1927) ete. is not known in ¢comb-
footed spiders, Instead, the male of Arpeodes
argyrodes offers a secretion from glands of his
clypeal projection (Fig. 64), which is eagerly
rouched by the female (see also descriprive
part), This pusmtortal componient apparent-
ly ennbles appropriate onentation of the
partners. When grasping the male clypeal o
gan the female assumes the copulatory pos
ture (Fig. 63a-f). As an extreme form of a
nuptial gift males of the one-palped spiders
Tidarren and Echmothmidion repularly sacni-
fice themselves and are consumed by their
mates (see above). Sexual cannibalism rakes
place either after copularion, e.g. in Tidarren
cuneolatum, or even duning copulation, In T
arp and  Echmaothendiom  mhberoium seximl
canmibalism and sperm trunsfer are synchro-
mised by emasculation. In these specics sexu-
il cannibalism appears to be a by-product of
the males’ sudden sexual death. Tidaren
sissphoides females do not consume  their
mares {KxNORACH & Bexjasa 2003), In the
Auwsrralian red-back spider, Lamndectus has-

selti THorerL 1870, such nuptial sacrifice s
faculrarive (FORSTER 1992, ANDRADE |996)
some males shifr their body during inserrion
1o the mouthparts of the females and schieve
longer copulation by being  consumed,
whereas other conspecifics escape and avaid
consumption. Monogyny ocours facultarive-
ly in Larrodectus, f the male is consumed af-
ter the first copulation. In addition, the
breaking of the distal end of the embolus was
considered o render a Larodecns male un-
able to remate (Apalos & Bagr 1963,
Bramaoar & Rempel 1962), see alw Fig-
ure 24b. Such functional stenlity was proved
tor L. hasseln; males remated, but without
fertilimrion success (ANDRADE & Bawnta

1), Nevertheless, males of the American
L. mactons were observed 1o remute and fer-
rilise further females (Bueexe & SwEET
1985), In L. venovdvams a successful further
mule copulution can be defimrely excluded,
since the entire embolus is tom off und left
in the female penital organ (Fig. 240
Knoracy & van Harren 2001h).

Moncgyny i+ obligatory in the one-
palped spiders as a result of the males’ sud
den sexual dearh. Their lives are restricred
o one female, while females are polvan-
drous. As the male can use his single pulp
only once, females have 1o copulare ar least
twice to pet both recepracula inseminared
(Fig. 26). As a result, sex roles are reversed
in these species. Potential reproductive suc
cess appears to be higher in females than in
mles, implicanng sex role reversal and also
mitle choice owing to his high investment.
This sex role reversal is also indicated by the
unuselly acrive role of females in courtship
In many species, females apparently court
for mitles. Males are assumed o prefer well
nourished femiles, The male’s high invest-
ment should promise oprimal fertilisation
success. His body 15 wsed directly for prosduc
tho of ..I'hpr:nu Females appear o benefin
froem I'I1II!rIJ‘|!|' Luli‘-qll.rllnlht I VACIEE Wavs
Apart from an addirional meal, genertic di-
versity of the offspring becomes increased
This may be of special relevance. when the
progeny live close rogether
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Descriptive part

Theridion-type

| Chrysso cambridgei (PETRUNKEVITCH
1911) (Fig. 28-30)
Marerial: Mexico, Chiaspus state, Tapachuls,
Rosatio ltzpa, O Q, 6.1 L102001, leg. 5.1 Ben-
anity arwd LA Gancia-Rarpmeas, ( Wispring was
reared o sdulthood i captiviey in Tnnsbrack
.'\Ji.qT||‘|l_; |'1'h.h'|lmr af .,'.'JI'I'I.I"""I,r,_"-;,‘J Wik
ihserved from seven pairs. Sperm inducrion
is part of copularion. Males consrrucred two
or three sperm wehs, the first afrer the first
copulatory sequence and rhe Lusr either be-
fore or after the last sequence. Copulation
consisted of three copulstory seguenices,
cach with two insertions. It & assumed that
there s no peeudocopulation. According o
duration of insertion, sperm transfer appears
to start with the first copulatory sequence
During the last sequence a mating plug was
|'1Il|_1rj~ r_'-.|_ I.'|.'|'|I|'|'1 u'.illt !i'H.' Eitiy |'l'1~;:\||_|| atn
Wi '|I'||;| ]'-|.'r|‘|.l|“- ["h“.-'rrl'.' i rt"l:||.t|1' from ne

maring

Courtship behaviour: During precopula
tory courtship there were no chvtous disrant
courtship movements of the male. The male

cither remained mononless or immediarely

approached the female and imitiated direc
contact by palpatung the female legs and
body with forelegs and palps. In response the
female palpated as well snd adopted the in
|,|||‘|1_-.{ .1-i-1|t.|rur-.' ['I"-T'I|l|' SOl r||.i|u'-\.
pushed their palps several times towards the
epigynal repion.  Precopulatory  courtship
lasted only abour | min on average (range =
0.3-3.0, n = 7). Afrer sperm induction and
during the interval before the nexr copulato-
ry sequence four males were observed 1o os-
cillate thewr body, with ther forelegs ben
sidewnrds, Two males swayed their body up
and down very often and intensively, Copu-
lutory posture s typical of other Thenidion
species (Fig, 28, 29). Duning insertion one
male was observed more Closely. After some
bisdy pulsations he moved his forelegs up and

diown and then became motionless again

Sperm inducrion (Fig. 28b, c): Spinning
of the sperm web with induction took aboue
1.0 min on average (ranpe = 1.3-3.8, n =
7) 1.0 min of which was used for construc-
tion of the sperm web, Spinning of the -
tial longirudinal threads (up to 3 cm) was
particularly time- and space consuming.
The male absorbed the sperm droplet with-

m 2.1 min on averge and by @ many as 65

Fig. 28a-c Different stages of copulation in Chrysso combridgel. a
Copulatory posture and insertion. b, ¢ Sperm induction. Arrow
points to sperm droplet. which is already largely absorbed
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in Chrysso
cambridgel
Insertion of lefr (a)
and right palp (b}
Withdrawal of palp
in spite af
haematodochal
swelling (c, arrow).

c2 Chrysso cambridgei

Insertion Duration (s)

Egpe B

Insertion Duration (s)

0 20 40 &0 a0
Duration of Copulation (min)
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Fig. 29a-c Different
stages of copulation

10 4
ol ; 1 ||

dipping movements on average (rmnge =
50-86). Number of palpal dips was con
stantly high in all males of rhis species
Three males had already spun the hridpe
layer of the sperm web and then stared
UL A “'ll]! constrescticn ol 1|“: "'I",.'I'll.'l
web, Two of them had been disrurbed I"!-' the
female. They more frequently rubbed rheie
hindlegs apamst their epigasme repon and
spinnercts, thereby  apparently cleaning
thiese by r-h' parts These movements were al
so present in the other males, Some males
in = 4) were observed o perform a0 third
sperm induction after the final copulatony
sequence. Another male did not choarge his

palps again within o period of 2 h

Entire copulation duration averaged 84
mun (rnge = 63-120, n = 7). Totl munber
of insertions 6, Total inscrtion time 3.5 min

on average (mnpe = 1947, n = J).

Copulatory partern (Fig. 30a, h): Each
palp was inserted once per copulatory se-
I\.I'llL'l]LL' Jll l]!l’ Tirsl twi ‘-L'Ll_l.!l.'lll.l.."l (g o LY
lnsted 47.4 ¢ on average (range = 31-68, n
= 11). These inzertions .q*p.m-nrl-. retlect
acrual sperm transfer. Withdmwal of the
palp somenimes proceeded swiftly, despine
inflated haematodochae (Fiz. 29 Uln-
mate  haematodochal collapse then ook
r‘].ll. ¢ on the free |".I|'|". The first twior se

quences ok about 2-3 min. In the last se-

Fig. 30a, b: Copulation and insertion
pattern in Chrysso cambridger. Each bar
represents an nsertion. Sperm mduction
indicated by double arrows. Gap before
pseudocopulation indicates courtship. C1-3
= copulatory sequences.
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guence insertions lasted only 7.7 s on over-
age (range = 3.9-14.2, n = 10), the entire
sequence Lok about 0.3-1 min, Apparent-
Iv. v mating plug is ransterred by the mwo
short-time  insertions. It Is  uncemain
whether the male plug secretion ariginates
from the male palp or genital rract. Remark-
ably, intervals berween the last two copuls-
tory sequences were much lonper than those
berween the first two sequences (mean = 2.4
times, mnge = 1L.6-3.6,n = T}, see Figure 30
The interval between first and second se-
guence lasted 23.1 min on average (range =
[4.0-313; n=7), the interval berween sec-
ond and last sequence lasted 503 on aver-
age (mnge = 38-71 min, n = 7). After the
third sperm induction which sometimes fol-
lowed the (imal insertions, no further inter-
sctions of the partners were observed for
2-5h.

(ther observations: One female widely
opened her chelicerne just before each -
sertion. One female started a prey attock on
the male during sperm induction (not sue-
cessful) and again shortly after copulation,
Three mated females were allowed 1o copu-
lare again. No further copularion oceurred.
In twe pairings the female assumed the cop-
ulatory posture and the male mried to insent
his palp 20 and 33 umes for | and 4 mn,
bur without success. One male left the web
wpraint wfter 2 min, the other remained mo-
tionbess for half an hour. In a third pairing
nov interactions occurred during | he

2 Keijia kijabei (BerLanp 1920) nov.
comb. (Fig. 31a)
Thendion  kjpohei  BErLasm  1920: 153, figs
|8]-183, o g type locality Kijube, Keriva
Maicrial: Cape Verde Islands, Santingo, S
Jorge dos Ovphion, 15EQVN 23EITW. 400 m.
151209990 10, 12000, beg. A, van HARTEN.
Taxomomy: This African representitive
unambiguously is 0 member of the former
Theridion tingtum-group, which was recently
separated from Theridion as a new gemus
{Yosuina 2001). Therefore, T. kijaber has to
be mransferned o Kejia. The type nutenal of
K. kijabei was examined (Muséum d'histoire
mitturelle Paris). This species has not been
recorded again since is first descriprion, bur
is present in recent collections from Yemen
and the Cape Verde lslands (leg. A. Van
HarTeN).

c1 c2 o=

Keijia kijabei

C4

b 1 o2
- X 4

15 -

Insartion Duration (s
B

20 0

Keijia tincta

il

80 - &1 Keijia tincta = c4
c2
=
gm‘
a0 J
i
£ 45
, . $ 1 :
1] 20 40 B0 BO

Duration of Copulation {min)

Mating behaviour was observed from
one pair only. Courtship and copulation s
very similar to K. tmeta. With the present
number of observations it is hard w find o
difference. Sperm induction is part of copu-
lation. The male constructed five sperm
wehs, copulation also consisted of five copu-
larory sequences, cach with two msertions
(Fig. 31a). During insertion haemarodochae
pulsated chythmically

Courtship behaviour, During distant
v:r-urt-ihirl the male made some walkabouts
and frequently pulsared his abdomen before
thie first copulatory sequence and during in-

Fig. 31a—: Copulation and insertion
pattern in Keijia kifabei (a) and K tincta (b,
c}). Each bar represents an insertion. Sperm
induction indicated by double arrows. Gap
before pseudocopulation indicates
courtship, C1-5 = copulatory sequences
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Fig. 32a-d: Different stages of copulation
in Keiffa tincta. a: Copulatory posture. b;
Sperm induction, arrow points Lo sperm
droplet. ¢, d: Insertion of left palp

In later intervals body escillations

| P

cRCumed, 4

rervals

ils recopulatory courtship last

ed only abour T min. The female remined

her inclined copulatory posrure als during

interruptions for sperm uprake up to the end

of the last nsertion

Sperm induction: Spinning of the sperm

weh with induenon ook abour 0.5 min on

averape (ranpe = 0.5-0.6, n 31, of which

min was wed (or construction of the

-F I

dropler within 0.4 min and by abour 14 dip-

sperm '.n_'l- JI'-' male al -.--I|'-|'.| ||u;

ping movements (range = [{=|8, n = 1)

Entire cog ularion duration 38 min. To
tal number of insernons 10, Toral insertion

Copulatory pattern (Fig. 3la): simalm

o K. enega. During each copulatory se-
quence two Insernons were performed. In-
certions lasted 43.7

M AVETREE | rang.

19,5485, n = 10). Huematodochae inflat
e and deflared several rimes duning an In

swrrion, pulsating rhythmically, The copula-

130

tory sequences lasted about 1.6 min on av
1.3-20,n =

lase SEqueence the parmers at frs remuiined

e | rngze 3}, Durme the

in copulatory posture for 3 min withour b
ing inserted, bur with the male palp rouch
ing the epugynum severil times. Then inser
rions took ploce Intervals between two i}
|.-|_||.-:'. suences | I-fl.-.| .li AT 3 TV O o

¢rage (mnpe = LO-7.5, n = 4), A maring

plug was mot discernible

3 Keifia tincta (WaLckenacr 1802)
{Fig. 31b, ¢, 32)

Material M-Tyrol, Innshruck-West

F oo May 1998 and 2001 Otzial Bahnhol, &

401995 all bep. Ksiow a

Austria

Marting behaviour was observed from

three pairs. Sperm imnducticn s pare of copu
lotion. Mules comstructed three or four
perm webs, the first after the first copulato
TV Sequcenee and rthe last either before or af-
ter the last sequence. Copularion consisred
ol 4 or 3 copulatory sequences, cach usually

'l\|'||| Wi INSEImioms | UTInNg et

haemarodochae pulsared rhvchmically, e s
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assumed that there is no pseudocopulation.
According to duration of insertion, sperm
transfer appears to start with the first copu-
latory sequence. A maring plug was not dis-
cernible.

Courtship behaviour: During distamt
courtship the male continuously pulsated
his abdomen and performed some walk-
abouts. This was repeated after sperm induc-
tion and during the interval before the next
copulatory sequence as well as after copula-
tion. One male was observed 1o pluck alrer-
nately with his forelegs 39 times during pre-
copulatory courtship (32 min long), but
rarely during the interruptions for sperm up-
take. Direcr contact involved more female
palpating, while the male still pulsated his
abdomen when approaching her. Precopula-
tory courtship lasted 6, 8 and 32 min. Cop-
ulatory posture as typical of other Theridion
species, see Fig, 32a, ¢, d. The female usual-
ly retained her inclined posture also during
the interruprions for sperm uptake until end
of copulation.

Sperm induction (Fig. 32b): Spinning
of the sperm web with induction tock about
.l min on average (range = 0.5-1.5, n =
6), 0.6 min of which was used for construc-
tion of the sperm web, the remaining half
for absorption. The male absorbed the
sperm droplet by about 12 dipping move-
ments (range = 9-15, n = 4). The sperm
droplet was rather small (Fig. 32b).

Entire copulation duration 18, 20 and
91 min. Total number of insertions 9, 8 and
11. Total insertion time 3.2, 4.9 and 6.4
min respectively.

Copulatory pattern (Fig. 31b, c): Most
copulatory sequences involved two inser-
tions, only in two sequences three insertions
were performed. Sperm transfer is assumed
to start with the first sequence. Insertions
lasted 30.4 s on average (range = 6.0-56.12,
n = 16). Remarkably, the haemarodochae
did not inflate once per insertion, but in-
flated and deflated several rimes, thus pul-
sating rhythmically {(e.g. 19 times ina 33 s
long insertion). The copulatory sequences
lasted about 2 min on average (range =
1.2-4.2, n = 11). During the last sequences
the partners occasionally maintained copu-
latory posture for 2-3 min without genitalia

inserted. Intervals between two copulatory
sequences lasted about 4 min in two pairs
(range = 3.0-4.4, n = 6), but 20 min on av-
erage in the third pair (range = 10-30, n =
4). The latter male had his right legs | and
Il missing. A mating plug was not dis-
cemible.

Other observations: Another copula-
tion of a virgin pair was observed superfi-
cially on account of photographic documen-
tation. Again, four copulatory sequences
were performed, each with rwo insertions.
After the fourth sequence the female be-
came restless and the male left her weh.

4 Nesticodes rufipes (Lucas 1846)
(Fig. 33, 34)
Material: Spain, Canary lslands, Tenenfe: Puerto
de la Cruz, @ g, 3.-10.1.2003, from house walls,
leg. KnoracH & THALER.
Identification according to LEvi (1957)
and Levy (1998).

Mating behaviour was observed from
three pairs, one observation not in full de-
tail on account of photographic documenta-
tion. Sperm induction is part of copulation.
When copulating, males leave the female 8,
10 and 17 times for construction of sperm
web and sperm induction. Thus, copulation
is composed of 9, 11 and 18 copulatory se-
quences respectively, Whether the first cop-
ulatory sequence is a pseudocopulation still
has to be investigated. At present, it is as-
sumed to be a pseudocopulation owing to
the large number of insertions. Insertions
are all very short, about 1-2 s only. Male
courtship is rather pronounced and regular-
ly includes web-spinning behaviour. During
the final sequences a mating plug is pro-
duced.

Courtship behaviour: During distant
courtship, the male vibrated his abdomen
and thereby stridulared distinccly. Remark-
ably, in this species male distant courtship
comprised a long period of web-spinning be-
haviour. The male installed and artached
numerous shorter threads in a region of
about 2-3 cm, mainly in the upper zone of
the female web, but also to the bottom and
to the sides. In this part of the web he later
constructed the sperm webs and performed
further distant courtship. After this web-
spinning the male wok up a position oppo-

19
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Fig. 33a-f: Copulation in Nesticodes rufipes.
a: Male approach. b: Copulatory posture;
forelegs of male grasping female's legs. ¢
Insertion of left palp. d, e: Withdrawal of
palp in spite of haematodochal swelling. f:
Sperm induction, arrow pointing to sperm
droplet just being absorbed
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site the female, but still ar 2 distance, and
started o stridulare, to oscillare shighely and
to pluck synchronously with his fisst legs
Thereby, his

rracted, whireas the hind legs held the web

first legs remained half con-

Plucking was intensive and frequenr. Fe-
males were rather active and showed their
willingrss o pair by moving thear first Jeps
and palps up and down. They started these
pulputing movements when they recogrnsed

the male, and continued for a long time. In

spite of the noticeable male web-spinning
behuviour the female was not lured ro hom.
Instead, the male approached the female,
wsuilly alter plucking, with forelegs still con-
tracted and spread  sideways (Fiee 33a),
stridulated, palpated the fermale wnd fnally
encompassed the temale legs basally (Fig
ib-¢). This grip induced her o maintain
copulatery posture, After each sperm induc-
tionn and betore the next copulatory se-

guence the males courted intensively as well,
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Thereby, they calmed the female, which up-
peired to become mote aggressive as copula-
tion advanced. Copulatory sequences, which
followed after inconspicuous male cournng
withour plucking, were sometimes mtermup-
ted by the femule. Then the male escaped
immedistely and woon continued with web-
spinning and further courtship in order to re-
sume copulation. Number of pluckings in-
crewsed with female  sgpresaveness. The
number of sperm inductionsfcopulatory se-
quences performed by a male probably de-
pende on the agrressivenesywillingnes of
the female. Precopulutory courtship lsted 5,
13 and 6 vun. Intermedinte courtship ¢. 5
min. Copulutory posture us typical of other
theridiid species (Fig. 33¢-1).

Sperm induction (Fig. 33f): Spinning of
the sperm web with induction ook abour 1.0
min on average (mean = 62,4 5 rnge =
4482, n = 16), 13 s of which were used for
construction of the sperm web. The sperm
droplet was absorbed within 40 s and by 11
dipping mwovements on avenige (mnge =
9-14).

Enrire copulation duration 170, 140 and
198 min. Toml number of nsertions 181
and 203, Total insertion time 4.3 and 6.5
min {respecrively).

Copulatory pattern (Fig. 34): Number
of insertions during pseudocopulanon 123
and 128 (respectively), with o mean dura-
tion of 1.3 and 2.0 5. Pseudocopulation lase-
ed 30 (with interruptions), 20 and 10 min,
In the following copulatory sequences each
palp was inserted for @ very short time as
well (mean = L6 and 1.9 &), for abour 13
fimes per sequence on average. The se-
quences lasted about 4 min (range = 2-7, n
= B). During the last 5, 5 and 10 sequences
o mating plug secretion was transferred by
short-time applicarions withour haemaro-
dachal inflation. These plugeing sequences
were comparatively  short, taking  abowt
W40 5, and involved about 3040 palpal
applications per sequence.

Fermales of N. nifipes were rather agpres-
sive. Two males were pursused and devoured
until the next day when not separted in
rime,

The copulatory behaviour of N. rufipes
described by Goszasez (1989, sub Theridion

45-
40- P?

1] an 60
Duration of Copulation [min)

rufipes, n = 27) differs profoundly from the
present observation given above and proba-
bly may refer ro another species. Copulation
consisted of only 412 insertions, the first
anes being shorter than the last ones, which
then ok 14 min. Consmuction of a
sperm web i not mentioned.

5 Paidiscura orotavensis (ScHmiDT
1968) (Fig. 35a-d)

Material: Spain, Canary llands, Tenerife: Bue-

navista, Tg, 1902000 and 512003, leg

Knoriack & THALER,

Mating behaviour wis observed from
two pairs, one observation not in full detul
on account of photographic documentation,
P oratavensis follows the Theridiom-type of
capulation, acconding to the time of sperm
ineluction. Sperm induction is part of copu-
lation. The male mterrupred copulanon two
and three tmes for construction of sperm
web and sperm induction. Copulation in-
cluded three and four copulmory sequences
respectively, Copulation proceeds via mat-
ing thread and female approach, which i
exceptional among the representatives of
the Theridion-type. Apparently, there s no
preudocopulation and no mating plug pro-
duced, Copulation is similar to Paidiscura
pallens, bur insertions obviously are shorrer.

Courtship behaviour: Distant courship
was very distiner, predominant und was per-
formed before each insertion. The male in-
stalled several times o matng thread, some-
times | cm long and sometimes even 6 cm.
He intensively pulsared and vibrated his ab-
domen, ascillared his body and plucked al-
termately with his legs 11 (Fiz. 35h). Once he
pulled ulsy with a single leg 1. All these

Cs Cio C12 Cu4 cir

80 120 150 180

Fig. 34: Copulation and insertion pattern in
Nesticodas rufipss. Each bhar repressnts an
insertion. Sperm induction indicated by
double arrows. P? = probable
pseudocopulation (not proved); C1=17 =
copulatory sequences.
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Fig. 35a-d: Copulation in Pardiscura orotavensis. a: Sperm
induction, arrow pointing to sperm droplet just being absorbed. be

Male plucking with
legs 1l on the mating
thread. ¢ Copulation

via mating thread,

male shortly before
imertion. d: Inertion
of left palp, Forelegs
af male in contact
with the female’s legs
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MOVEIMenNDs were P‘I."rTllr'll.ll'..\[ IE|\||"I|"|'|,;.||]'.. at
constiunt intervals. In particular, alernate
plickings with legs [l induced the female o
approach. him along the mating thread and
o sdopr the copularory posture (Fig. 33c, d)
Courtship lasted |4 min betore the fine in
writion, later 2, 2.5 and 6 min. The female

always approached the male for copulation

Sperm induction (Fig. 35a): Spinning of
the sperm web with induction wok 1.2 min
(no= 20 14 s of which wete wsed tor con
struction of the sperm web, The sperm
dropler was alsorbed within 1 min and by

| B=20 dipping movements

Entire copulation duration 30 mm. To
tal number of insertions & and 7. Toml in-

sertion time 21 <

Copulatory pattern: Each palp was in-
seried once per sequence tor a few seconds
only (mean = 3.5, ninge = 24-4.6, n = 6)
One male performed only one insertion tn s
final sequence. Afier cach insertion the pair

separated abrupely

Other observations: Three further ob

AEMVATLIONS Were NeéeFative Fr'[i].l]t“ i"Ti'=1II:'|'|
ably were already mared and left their webs

as soom as a male was introduced

6 Paidiscura pallens (BLackwarL 1834)
Material: France, Conica, Calvi-surroundings
Forér de Bonifaru, 750 m, Org, 30401, leg
KSOFACH & THALS

The single observarion on the maring
behaviour is incomplete, as the beginnimg 1s
missing. P pallims follows the overall par-
tern of P. orotmvensin. Sperm induction s
part of copulation and copulation s divided
into copulatory sequences. Copulation pro
ceeds vin matung thread and female ap

praach

Courtship behaviour: Distane courtship
wias very infensive and predominant as in P
rotavenss. | he male vibrated his abdomen
and plucked with legs 1l alrernarely on the
maring thread. Plucking and vibrating
chanped rhythmically. Courtship lasred 34
min after sperm induction and before the

vhserved copulatory sequence
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Sperm induction: Spinning of the sperm

weh wirth mduction ook 2.6-2.7 min (n =
2). The sperm droplet was absorbed by
20-21 dipping movements

Copularory pattern: Only one copularo-
rv sequence was fully observed. Each palp
was inseried once per sequence for ¢. 40 and
47 5, longer than in P orotavensis

7 Rugathodes bellicosus (Smon 1873)
(Fig. 36, 37)

Material: Austria: Northern Tvrol, Obetpurgl

Onztal  Alps, Gurgler Schare, 2600 m, &g

671994, leg. THALER. Kithirai

Haggen, 1650 m, 1551996, leg. Knormao

Mating behaviour was observed four

Sellraintal,

times in varying detatl, with wo copula
tions from one pair. Sperm induction is par
of copularion. R. bellicosus males inrerrupred
copulstion 6, 9, 12 and 15 times for con-
struction of sperm web and induction. Some
males rerminated copulation with a sperm
induction, athers with a sequence of inser-
tions. Copulation consisted of 7, 10, 11 and
15 copulatory sequences. It has not been
proved whether the firt copulatory se-
quence is a pseudocopulation, but it appears
unlikely. A mating plug wis not discernible,
Females apparently remate

Courtship behaviour: During distant
courtship, males pulsated their shdomen
and sometimes jerked, once also body oscil-
lations were performed. Courtship was very
lomg and inrensive in one male. This male
also showed walkabouts and web-spinning
From

time w rtime he ap-

proached the [ast exuviom of the female,

behaviour

which hiad remained in the web and which
appesred o be more attractive than the
nearby female. The male examined it thor

oughly with his palps. The respecrive female
uswilly remaimed motionless, only twice she
wis observed to etk in response. Then the
male contmcted and released all legs syn-
chronously and stared direct conract, pal-
pating the female several times, Precopula-
tory courtship lasted 5, 7 and 75 min, The
male -1p['rrn.u.'hi.--i the female for l:nr'u|.‘lrlul'|
Copulatory  posture as rypical of other
Therudicm species (Fip. 364, b). During inser-
tion the males enlurged chelicerae some-

times were widely opened (Fig. 36a)

Sperm induction: Spinning of the sperm
web with induction lasted 1.9 min on aver
ape (ranpe = 1.51.5, n = 8), 1 min of
which was wsed for construction of the
sperm web. The sperm droplet was absorbed
within 0.9 min and by abour 13 dipping
movements (range = 5=16). After induction
the male often remmmed motonless for
abour one minure. In two males the pausing
intervitl berween lnse or penultimate sperm
induction and last copulatory sequence ook
even 16 and 13 min (Fig. 37)

Fig. 36a, b: Copulation in Rugarhodes
bellicosus. Insertion of left and right palp,
leg contact present. Note widely opened
chelicerae of male in (b)

Fig. 37: Copulation and insertion pattern in
Rugathodes bellicosus. Each bar repressnts
an insertion. Sperm induction indicated by
double arrows. C1-10 copulatory
SEQUENCES.

c1o

Rugathodes bellicosus
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Fig. 38a—d: Copulation in Simitidian lacuna.
a, b Male approach, female moving her
leqs straightly apart. c Insertion of left
palp, d: Sperm Induction, arrow pointing to
sperm droplet just being absorbed

196

Entire copulation duration averaped 61
min {mnge = 4555, n = 4). Total number of
14-23. m

-1.7 mn, rather

insertions 20 on average (range
41, Toml insertion tme 1.0

livw s compared with enrire eopalation rime.

Copulatory pattern (Fig. 37): Each cop-
ulatory sogquence wsually involved two mser-
tions (range = 1-4), which lasted in one pair
26 «on averape (ranpe = 4.5-30.2), in an-
oither even less (1-3 s). The male palp was
pushed wwinds the eplgynal remon  many
pimes without successtul insertion (=inser
Tumn |'.Tg-rn|'~r~1, 19 times Im r|‘|1: first *1'|,{||r|'||'r'
ind 0 rthe fallowmyg abour 6 rimes per se-
gquence (given for ome pair). A o puilatory se-
WUETIRC ook about ohe Tnute on avVernige
03-35n

 Fringge 220, I e panr the las

two insertions were prolonged (Fig. 37)

8 Simitidion lacuna WunperuicH 1992
(Fig. 38, 39a)
Materul: Spain, Canary Ilands, above Crotava,

Oy, 17.2~182
oy L

A panmanan, 1000 m,
KxoFLACH & THALER

H.Ihr'l:_‘ ht'h.t'.hll.lr Wi .I}“-l,'F".l‘.i Froum
‘Ilr"l' I.'Illl'\l. fws l|.l"‘"."1"'-"1|||||"' 1I|\.I'II!='|I.'H' -Irl-l
not m full detail on account of photograph
i documentation or  female  amresion
Sperm induction & pant of copulanon. Males
interrupted copulatton 5, 6 and 7 times for
construction of sperm web and sperm induc-
tion. Therefore, copulation consisted of 7, 8
and 9 copularory sequences respectively. The
First L--r"l.l|.'|Tn'-r'. *4‘|||||‘n|.'|' [E .L‘\‘-Iln]l'lj fi ll"r i
I."“.‘ll-|-4.~'L"\I|.I|II'!I-. 5 in 5 umile. Number
and duration of insertions indicate thar there
i [HY ‘\-Fw.'rtil l:l.lr1'\-h'|!r.‘.| -Jllnlu: |J'I|"' "L'\.Illl‘.'l'li..l.'
In the course of the Lot sequence an mcon-
spicuous matng plug 1 produced. Copula-
tien follows the pattern of the Thenidion vir-

tmg-growp and b very similar to thar of 8
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Insertion Duration [s8)

] "W 0 W
Duration of Copulation [min)

simile. With the present dat o separation
from 8. simile is not possible.

Courtship behaviour: Male courtship
movements consisted of abdominal vibra-
tons und alternate plucking with forelegs
Precopulatory courtship duration was vari-
oble, 0.5-15.0 min. The male approached
the female for n1|1|||.|l|1 o T r["u|.lT-.:-l‘. -
rure as rypical of other Themdion species, but
femule legs stretched stroghe sideways (Fig
¥Ba—c)

Sperm induction (Fig. 38d): Spinning
af the sperm weh with inducrion lasted only
44 s on average (range = 4048, n =9), 17
s of which were used for constrection of the
sperm web, The sperm dropler was absorbed
within 27 s and by about 19 dipping move-
ments (ranpe = 15-24). As in the Therdiom
varians-group, the last sperm induction ook
relagively longer (61 s) with a larger number
of [n.]}[u] dl[‘h (32). The it interval after
this inducrion was also ar least rwice as long
as after the previous enes (80 ). This final
induction apparently produces the mating
plug secretion, which is transterred from the
male genital rrace to the palps via the sperm
weh and then to the female epipynum. For
sperm induction the male often retumed to
the same place in the web, not far away from
the female, so that remnanes of 5-6 sperm
wiehs were found close rogether ar the end

Entire copulation duration 37 and 62

min. Total number of ingértions 71. Total

insertion time 31.4 min

Copulatory pattern (Fig. 39a): Number
of insernons during  preudocopulanon 44,
with a mean duration of 6.2, Inrerestingly,
the last insertions of this sequence were
lonper. Preudocopulation lsted 7 amd § mm
Then three to five copulatry sequences fol-
lowed with three long insertions (mean =
413, n=9 and 494, n = 12). These inser-
tions apparently reflect acoual sperm transfer
These copulatory sequences lasted 2.6 min
on average (range = 1.3-3.3), The penuln
mate copularory sequence took much longer,
1 min {n = 2), and involved more fnae
tions, 16 tn one case, with a mean duration of
33.3 « The maring plug sequence then lusred
17 and 22 min. During this last sequence of
insertions haemarodochal inflation pradually
diminishid. By these shor-time applications
a secrerion 15 tmnsferred which results m the
formacion of @ mating plug, apparently as m
the T. wmansgroup (KNORLACH 1998), bt

INCOTNSPIC LR

Other observations: One female was al
lowed to copulare with a second male, bt

became aggressive and rried to coprure him

] w @ L]
Duration of Copulation (min)

Fig. 3%a-d: Copulation and insertion
pattern in Simitidion lacuna {(a) and 5.
simile (b—d) from Rhodes (b, d) and Crets
(c). Each bar represents an insertion. Sperm
induction indicated by double arrows. Gap
before pseudocopulation indicates
duration of courtship. P =
pseudocopulation; C1-16 = copulatory
sequences; MP = Mating plug sequence.
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9 Simitidion simile (C. L. Kocx 1836)
(Fig. 39b-d)

Material: Greece: Rhodes, Peraloudes, 300 m,
@ o, from shrub, 9.4.1996; Auaviros-surround-
ings, Agios lsidoros, 330 mog, 10.4.1996; Rho-
dos NW, Paradisi, w Kremasti from Cistus, ¢ L
11.4.1996; Profitis llias, footpath from Salakos,
400 m, & o, 12.4.1996. Crete E, Lasichiou, near
Kato Metohi, Monastery Vidianis, Ag. Georgios,
T g, 8.4.1998. Austria: N-Tyrol, Onztal Bahnhof
21.4.1996; Innshruck, Martinswand 25.5.1995;
all leg. KNOFLACH & THALER.

Mating behaviour was observed from six
pairs, two observations incomplete. Sperm
induction is part of copulation. Males inter-
rupted copulation 5, 3, 6, 7 and 9 rimes for
construction of sperm web and sperm induc-
tion. Therefore, copulation consisted of 6, 6,
1. 8 and 10 copularory sequences respective-
ly (see also KnorLacH 1996). The first cop-
ulatory sequence is assumed to be a pseudo-
copulation, but has not been proved. Num-
ber and duration of insertions indicate that
there is no sperm rransferred during this se-
quence. In the course of the last sequence an
inconspicuous mating plug is produced.
Copulation follows the pattem of the
Theridion varians-group and is very similar to
that of Smitidion lacuna.

Courtship behaviour: Male courtship
movements were intensive and consisted of
long-lasting abdominal vibrations and strong
alternate plucking with forelegs (present in
all males observed). The male performed
these distant courtship movements also dur-
ing the intervals berween copulatory se-
quences, in particular after sperm induction.
Precopulatory courtship duration varied from
2 1o 20 min. During comtact courship the
male continued vibrating his abdomen and
palpated the female with forelegs and palps.
The male approached the female for copula-
tion. Copulatory posture as typical of other
Theridion species. Copulatary courtship: dur-
ing insertion the male also intensively vibrat-
ed his abdomen.

Sperm induction: Spinning of the sperm
web with induction lasted only 44 s on av-
erage (range = 30-56, n = 17), 18 5 of
which were used for construction of the
sperm web. The sperm dropler was absarbed
within 26 s and by about 18 dipping move-
ments (range = 10-26). As in the Theridion
varians-group, the last sperm induction took
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relatively longer (52 s, range = 40-75, n=4)
with a slightly larger number of palpal dips
(mean = 26, range = 17-42, n = 4) and a
comparatively larger sperm dropler. The
pause interval after this induction was al-
most twice as long as after the previous
ones; duration of entire interval including
sperm induction 2.5 min on average for the
last induction (n = &), and 1.3 min on av-
erage for the previous ones (n = 16). This fi-
nal induction apparently produces the mat-
ing plug secretion, which is transferred from
the male genital tract to the palps via the
sperm web and then o the female epigy-
num. The final mating plug sequence start-
ed with two normal insertions with
haematodochal swelling, but then geniralia
contact changed. Haematodochal inflation
was diminished with each further insertion
and sometimes the palp was applied ro the
epigynum without much rotation. Alwoge-
ther about 60 palpal applications (47-1035, n
= 4} tock place in this phase, which lasted
15 min on average {range = 10-20, n = 3).

Entire copulation duration averaged 57
min (range = 42-91, n = 5). Total number
of insertions 51 on average (range = 44-60,
n = 5), Total insertion time 18.8 min on av-
erage (range = 16.9-20.8, n = 4).

Copulatory pattern (Fig. 39b—d}: Mum-
ber of insertions during pseudocopulation
21-28, with a mean duration of 7.0 £ 0.5 5
(mean + se, range = 1.1-24.2, n = 98).
Pseudocopulation lasted 4.5 to 9 min {mean
= 8, n = 4). Then three to five, or even sev-
en copulatory sequences followed with two
to three longer insertions (mean + 5. = 41.9
+ 1.4 s, range = 23.7-61.8, n = 50). These
insertions apparently reflect actual sperm
transfer. These copulatory sequences lasted
2.1 min on average (range = 1.7-2.7, n =
24). The penultimate copulatory sequence
ook much longer, 11.0 min (range =
7.5-14.0, n = 6), and involved more inser-
tions, 14-28 (mean = 19, n = 5), with a
mean duration of 29.2 + 1.0 s (mean % s.c.,
range = 4.0-65.9, n = 96). The mating plug
sequence then lasted 10.0-20.2 min {mean
= 15.2, n = 5). During this last sequence of
insertions haematodochal inflation gradually
diminished. By short-time applications a se-
cretion was transferred which resulted in the
formation of a maring plug, apparently as in
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the T. varians-group (see KNOFLACH 1998),
bur inconspicuous. Pairs from Crete, Rhodes
and northern Tyral show similar copulatory
parterns (Fig. 39b—d).

Other observations: A female from
Rhodes was allowed 1o copulate with a male
from Austria, and vice versa, also a female
from Austria with a male from Rhodes. Bath
copulations proceeded typically. The females
produced fertile ege-sacs. Unsuccessful ob-
servations: Twice a male from Rhodes court-
ed for more than 2 h, vibrating and plucking
alternarely throughout, bur without success.
Apparently, the rather freshly moulted fe-
male {also from Rhodes) was not willing to
mare at that rime. Two further unsuccessful
copulations involved females which were
collected when already adult and therefore
might have been already mated. The males
tried to insert their palps, but insertions were
not fully accomplished and then copulation
was interrupred by the female.

10-15 Theridion melanurum-group

The first copulatory sequence does not
represent  a  psendocopulation  {contra
KnorLACH 1998). Thus, sperm transfer is as-
sumed to start with the first insertion. Males
interrupt copulation several rimes for sperm
uptake, which therefore is part of copula-
tion. In T. ochreolum only 3-5 copulatory se-
quences ook place, in the others 5-11. Dur-
ing most copulatory sequences each palp is
inserted once. Insertions last less or about
one minute in T. beteni, T. myswaceum and
Theridion sp. Remarkably, these species
show an obligatory resting period after each
copulatory sequence, which takes abour 20
min in T, betteni, 29 min in T. mystaceum
and even 2.3 h in Therdion sp. {including
time for sperm wptake). In the other species
insertions last longer, 1.6 min on average
and up 1o 3.4 min in T. musivivum, 3 min
on average and up to 7.6 min in T. ochre-
olum, 4 min on average and up 1o 7.6 min
in T. melanurum. This group of species does
not show such long pause intervals. Further-
more, they perform one or more final copu-
latory sequence(s) differing considerably
from the previous ones by numerous short
insertions: 2 sequences in T. melanunm, 24
in T. musivivum and usvally 1 in T. ochre-
olum. There is no mating plug discemnible.

In many observations the last male copula-
tory action was another sperm induction,
apparently preparing for the next mate.

10 Theridion betteni WieHLe 1960 (Fig.
40, 41a)

Material: Austria, N-Tyrol, Owzal, Lingenfeld,

1300-1400 m, © g, 23.4.1994, leg. KNORACH &

THALER.

Mating behaviour of T. betteni was ob-
served from three pairs, but with low accu-
racy as regards number and duration of in-
sertions. Sperm inducrion is part of copula-
tion, The males construcred 10 and 1]
sperm webs during and at the end of copula-
tion. Copulation included 11 copulatory se-
quences, which were followed by a regular
resting period of abour 20 min (including
time for sperm uptake). In one pair, each
palp was inserted once per sequence (the
other not recorded in detail). It is unlikely
that the first copulatory sequence is a
pseudocopulation. Thus, sperm transfer is
assumed to start with the first insertion. Ap-
parently there is no mating plug.

Courtship behaviour: During distant
courtship males intensively pulsated their
abdomen and also oscillated their body. Ab-
dominal vibrations sometimes were per-
formed also in the intervals after sperm in-
duction beween two copulatory sequences,
Dhuring direct contact the male palpated the
female with his forelegs and palps and vice
versa. Precopulatory courtship lasted 0.5, 1
and 4 min. The male approached the fe-
male for copulation (Fig. 40a). Copulatory
posture similar to other Theridion species,
with leg contace (Fig. 40d-f).

Sperm induction (Fig. 40a, b): Spinning
of the sperm web with induction ook on av-
erage about 1.0-1.5 min. The sperm droplet
was absorbed by 12 dipping movements (on-
ly once recorded).

The entire copulation duration occu-
pied 3, 3.8 and 4 h, total number of inser-
tions abour 20, toral insertion time about
6.5, 8and 13 min.

Copulatory pattern (Fig. 41a; roughly es-
timated). After each sperm induction a long,
regular resting period followed, see also T.
mystaceten. After about 20 min on average
in two pairs and 14 min in the third pair, the
male returned 1o the female for the next in-
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Fig. 40a-f; Copulation in Theridian betten)
a: Construction of sparm web. b: Sperm
induction, tiny sperm droplet just being
absorbed. ¢ Male approach. d: Copulatory
posture; forelegs of male in contact with
female's legs. &, T Intertion of right and
laft palp

sertions {overall mean = 17,7, ranpe = 3-33,
n = 30). In all pairs the lase 2-3 resung pen-
wils were shorter than the previows ones (3-7
min), During o copulatory sequence euch
|'.|||_l was inserted only once for abour 30-30
L I||1'I.|'. rl'nqlflil I.i In e [".Ilr| T"'lr Se(UETI S
lasted abour 2 min (n = 23}, excepr for the
fimil 2-3 sequences, which rook lomper, abour
8 min {n = 7). Insertion attemprs ocourred

reyularly. No maeting plug could be

Braus (1964) observed the mating be-
haviour of T. beteeni from specimens from N-
T'l.Tl."l. 1r'.r1-f'-nu L =LITT I1IT'|-.|II:'I-I_{=. |.'n.'I|.|'|‘|' h':] |'"|.

L on 4.0, 19603 Unly 24 ~_|II:'\||.I|l-['.
¢ performed, with 4-18 insera-

o per sequence. Inseruons lasted only
Sperm induections wok plice 34
times and lasred 0.5<1.0 min. These ohser-
VALOns .1r‘F'i'.“‘ [ (1] r1'11l'l T remar 1M F-”l er
rh.m i ||1"||.f.|h| NS Oof VITEInS i 'i"illanII S r| (T ||

differ considerably, see also T, melenirum
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11 Theridion melanurum Haun 1831
(Fig. 42a, b)

Marerial Germany, Sachsen: Anhalt,
Halle/Saale, from house walls, ¢ o, 9.4.2003, leg
Ksopac & THALER

Maring behaviour of T. melanumm wis
observed from two pairs. Sperm induction is
part of copulanon. The males construcred 7
and 9 sperm webs during copulation, one
male abso at the end of copulation, Copula-
tion included 8 and 9 copulatory sequences
It is assumed thar there is no peeudocopula-
tion: Insertion duration indicates that in-
sermination starts with the very st mser-
tions. In the coune of copulation there s a
clear change from long-time to shorter in-
sertions. A mating plug wis not discemible

Courtship behaviour: During distant
courtship both males intensively pulsared
their abdomen and plucked with their
forelegs. One male also prrfnnnh] wrl"-ipln-
ning and oscillated his body. During rthe di-
rect contact phase of courship the male
palpated the female with forelegs und palps
and vice versa. Precopulatory courtship lust-
el 6 and 8 min. The male approached the
female for copulation. Copulatory posture as

typical of other Theridion species.

Sperm induction: Spinning of the sperm
weh with induction took on averape 1.5
min {range = 1.6-2.2, n = 16), 0.7 min of
which wase wed for construction of the
sperm web, The sperm droplet was absorbed
within 1.4 min and by 25 dipping move-
ments on average (mnge = 21-33, n = 16).

Entire J.'EI'FI.IL'I!ILII'I duration nl.‘fupn:-.l 150
and 210 min, toral number of insertions 37

and 137, toral insertion time 91.3 and 129.3
min (respectively).

Copulatory pattern (Fig. 42a, b): Dur-
ing the first copulatory sequences each palp
wis inserred only once for abour 4 min
(mean £ 5. = 4.0 £ 04, mnge = 0.6-7.6, n
= 24) without resting period.  Haemato-
dochae were highly inflated. These se-
quences lasted 9.4 min on average (mnge =
4.3-135, n = 12). In the following 1-3 in-
termediate sequences some additional shore-
ef insertions took place (mean durarion 1.3
min + 0.2 s.c., range = 0.1-6.4). The final
copulatory  sequence involved numerous
shorter insertions (in one cise 99 insertions

80 - c10
cE cg
C5
= % ca ce cr G
Ct c2 c:
40 -
gm.
Em.
10 4
Ut T I . — T T : T T
0 40 B0 120 160 200
60 5
Theridion mystaceum ca i
e 80 -
‘!' c4
gm_ C1 c2
8 %0 -
zﬂ.
= 10 -
0 T T T T
o 30 50 %0 120 150 180
40 - c5
Theridion mystaceum
35 .
=
a0 -
& C4
£
8 20+
15 - 1 c2
10 - CB
5. ‘ I
g |
T T T z I
0 140
Duration of Copulation (min)

with o mean duration of 36.0 = 2.3 5, mean
£ se, tange = 2.2-65.8, n = 99), In the fimst
pair thus last sequence may be mussing (Fig.
41a), The female suddenly became aperes-
sive, interrupted copulation and starred at-
tucking the male, =0 that he left the web.
The last abserved sequence of this pair s in-
terpreted as a penultimare one. The penulti-
mare sequence lasted 22
Hiematodochal inflation diminished in the
insertions of the penultimate and final =e-

and 24 min

Fig. 41a-c: Copulation and insertion
pattern in Theridion betreni (a) and T
mystaceum (b, ). Each bar represents an
insertion. Sperm induction indicated by
double arrows. Gap before
pseudocopulation indicates duration of
courtship, C1=-11 = copulatory sequences.
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C3
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i

c2

SE8EBER
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g

Insertion Duration (s)

o & 8

6 C7

] 20 40 &0 80 100

Fig. 42a, b: Copulation and insertion
pattern in Theridion melanurum. Each bar
represents an insertion, Sperm induction
indicated by double arrows. Gap before
pseudocopulation indicates duration of
courtship. C1-9 = copulatory sequences.
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120

140
Duration of Copulation {min)

120 160 180 200 220

\_I_lll"”l:l_" L}l]l'p A Tew IMSeTTIONS Wiene acoom-
panied by full haematodochal expansion.
The final sequence was comparatively long,
lastimg 111 mun, incliuding short resting pe-
ricwds. In the first sequences insertions usuwil-
ly succeeded or once, insertion attempis oc-
curred at o low rare ar not atall (mean = 1.7
attempts, range = (=7, n = 13}, In the
penultimate and list sequence numbers of
ITESETTIC .'Itlt'l'l'lph ||1I'.'|'\l"-l."l.‘l.| llln‘ﬂ\h'f-'lhl'_p',
1619 in the penultimarte sequence and 267
in the last one. The male palp frequently
rouched rhe epigynum for a short time (-2
s} without being rotated and  without
haematodochal swellme, A muting plug was

not discernible

GERHARDT (1927 sub Theridism denticu-
larum) observed five copulations of T, mela-
nurym trom specimens from Halle (same lo
cality as in the present paper). Mumber of
sperm inducrions {(T.n=2and 9, n= 1) cor-
respond well with the present observations.
Entire copulation apparently lasted longer,

abour 6'h, and imsertions wok up w 12=15

min. Shorter insertions in the last sequences
were not mentioned. Apparently, i remat-
ings the copulatory pattern ditfers consider:
ably. GERHARDT (1926) ohserved a copula-
tion which consisted of only two imsertions
of abowt 1 min dumation. Sperm induction
did nor occur. This incomplere copularion
indicares that the female was already mared
(GERHARDT 1926).

12 Theridion musivivum Scximior 1956
(Fig. 43, 44)

Material: Spain, Canory Llunds, Tenenife: Pucro
de la I:_"ru:.'f?rr. 16.-23.2 2000 and 3.=10.1.2003,
from howse walls. Orotave, Agunmansa, To,
9.1.200%; ubove Owotove, Agusmansa, 1100 m,
o, 1822000, Ovomva, Bamrmso, ¢ 900 m., 0
132 2000: Teno, Erjos, Q: 612003 all leg.
KoL & THALER

Mating behaviour of T, musivivim was
ohserved from 10 pairs, ane of them nor in
full detail on sccount of photographie docu-
mentation. Sperm induction is part of copu-
lation. The male constructed 3-10 sperm
wehbs (mean = 7)) during copulation, but al-
50 ut the end. Copulation included an equal
number of sequences. There is no pseudo-
copulation. Apparently, insemination srares
with the very it insertions. One female,
which was sepiarated ufter the fist copulate-
ry sequence, built a cocoon with about 100
eges withan & period of two weeks. Sperm
transter 5 also reflected by the long lasting
insertions. A mating rllug was not dis-
cernible

Courtship behaviour: Courship wis
rather INCONSPICUOUS [Mstant precopulatony
courtship, f present at all (n = 5), consisted
of male abdomimal pulsations and plucking
with forelews (n = 4). These movements
were sometimes alss performed after gperm
induction and during Interruptions caused
by the female. During the direcr contact
phase of courship the male palpated the fe
mile with his forelegs and palps, and vice
versa. Usually the female appeared active
only in this phase of coursship. Duration of
precopulatory courtship was shont, 0.3-6.0
min. The male approached the female for
copulation (Fig. 430, b). During insertion
the male regularly pulsated his abdomen,
presunbly displaying copulatory courtship.
Copulatory  posture as typical of other
m'Tll’iﬂlTl ‘.‘r‘l"\'ll".‘i. F'HT ll?ﬂ CONTACK Compar-
rively loose (Fig. 43¢, d).
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Sperm induction (Fig. 43¢, f): Spinning
of the sperm web with Ilhluu o i ._-.F; on ay-
crage 46.0 = 09 s (mean £ se. ninge
3265, n = 64), 11 s of which were used for
construction of the sperm web, The sperm
droplet was absorbed within 37 s and by
16.3 + 0.5 dipping movements an aversge
{mean + s&., mnge = 924, n = 59} The
bridige of the sperm web consisted of a few
transverse threads only, and the sperm
droplet was rather small. Adter sperm uptake

the male immediately retumed w the fe-

male for the next sperm transfer withou

much of 4 pause

Entire copulation duration averaged 50
min {runye = 35-65), total nomber of inser-
tions on average 91 (mnge = 12-132), roral
irserrion time 36 min on average (mnpe =

17-48).

Copulatory pattern (Fig. 440-1): During
the first 3-6 copulatory sequences each palp
was inserted only once for abour 16 min
= 988 = 5.1 s

imean & e Mnge =

1.2-203.9. n = 76) without pause interval,

Fig. 43a-f. Copulation in Theridion
musivivum. (a, b) Male approach. (¢, d)
Insertion af left and right palp. (e, f)
Construction of sperm web completed, tiny
sparm droplet (arrow) deposited (8) and
just betore absorption (f).
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Fig, 44a-f; Copulation and insertion
pattern in six pairs of Theridion musivivum
from Tenerife. Each bar repressnts an
insertion. Sperm induction indicated by
double arrows, Gap befare
pseudocopulation indicates duration of
courtship, €1-11 = copulatory sequeances.
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Huematodochue were highly inflated (Fig.
43d). These seyuences losted 3.6 min on
averape (mnge = 1.5-6.5, n=37). Afteran
intermediate $equenice, several copulatory
sequences followed during which each pulp
was mserted numenous times (28 rimes on
avernge, rmnge = 4=74, n = 216}, bur for a
shorrer time (mean £ se. = |23 2 0.4 &,
Q.3

mnpe = 0.3=214, n = 727). Accordingly,

haemarodochal  inflation  diminished in
these insertions. These final sequences were
comparatively long, lasting 8.2 min on av-
erage (range = 3.9-17.2, n=29%), including
some pauses. Insertion aremprs occurred ar
a low rare, insernons usually succeeded ar

e .'."| maringe r‘lll'-_' Wad Nof Afen

Other observations: One virgin mule at
first buile w sperm web when introduced into
a web of a virgin female, This i another con
firmation of the absence of pseudocopula-
tien, Une copulated female became appres-
sive when encountening a second male {owo

weeks afrer copulation). She  intensively

jerked and pulsated her abdomen s thar the
male left her web. Une female started a sud-
den artack dunng the shor-nme insemions
of her fist copulation and threw viscous
threads towards the male. In spire of this the
male courted and resumed copulation wnril
her nexe arcack. Number of insermions was
rather low in this pair. Three further copula-
rions were interrupted once by the female,
again during the shom insertions, but were

continued then inoa normal way

13 Theridion mystaceum L. KocH 1870
(Fig. 41b, <)

Material MN-Tyrol, Innshnick. from

18.4.200% Krunehitten o '

13,5, 1995, leg. KrowracH & THALLF

Austria.

hinese wall, & -

Mating behaviour was observid  from
two pairs. which were collected us adulis
Therefore, it &5 not known for certam
whether they were virgin, One painng is as-
sumed to be virgin, the other perhaps was al-
ready mated. Sperm inducrion 15 parr of cop-
ularion. Males constmicted 5 and 6 sperm
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webs duning and ar the end of copulation.
Copulation mcluded 5 and 6 copulatory s
quences, which were followed by @ regular
risting period of 29 min (including time for
perm ||pr:1h'!. Each palp was inserted once
per sequence. Again, it 1« gssumed thar there
o no pseudocopulation, see also e T. mu-
mvum. A maring plug was not discermble.

Courtship  behaviour: Duning  Jdistamt
courtship both males intensively pulsated
their abdomen. One male also plucked al-
ternately with his forelegs L and 1 (in the as-
sumed mared pairing). Periods of activiry al-
ternared chythmically with periods of quies-
cence. These distant courtship movements
were performed also in the intervals beween
two copulatory sequences. During the direct
contuct phase of courtship the male palpat-
ed the female with his forelegs and palps,
and vice versa, Precopulatory courship lase-
ed 4 and 12 min. The male approached the
femnle for copulanon. Copulurory posture as
typical of other Theridion species.

Sperm induction: Spinning of the sperm
web with induction ook on average 1.9
min (range = 1.7-2.2, 0= 11}, 0.4 min of
which was used for construcnion of the
sperm web. The sperm dropler wis absorbed
within 1.5 min and by 24 dipping move-
ments on average (range = 17-27. n = 10}

Entire copulation duration occupied 125
and 166 mm, roral number of inserttons 10
andl 11, toeal inservion time 2.4 and 5.5 min
(respectively).

Copulitory pattern (Fig. 41b, ): Afrer
each sperm induction a long, regular resting
period followed, during which one male re-
mained more or less morionless. ar abour 2
em distance from the female, the other one
also courted. Afrer about 26 min on averge
{runge = 16=37, n = 9) he retumed to the fe-
male for the next insertions. During o copu-
latory sequence each palp was inserted only
once for 33.3 son averape (range 13.3-49.2,
n=1C} in one pair, but only 14 s on avempe
m the othet puir (range = 6.3-35.8, n = 10),
This second pairing perhaps mvolved o fe-
male which might have been already mated,
The sequences lasted 2 min on average
{range = 1.5=2.7, n = 9). About ¥ insertion
siiempts occurmed  per sequence (mnge =
-6). A mating plug wis not present.

The mating behaviour of T, mystaceum
is summarised in Braun (1964, sub T ne-
plection), based on cheervations of G. PETER
(1961, thesis ot University of Mainz not
seen). Three copulatory sequences were ob-
served, each with two insertions of 30-45 «

Sperm  induction  lsted  1.0-1.5 min.
WieHie (1952, sub T, neglectm) reconds on-
Iy two copulatory sequences and a mean in-
sertion duration of 68 5. Thus, numbers of
copulatory sequences and sperm inductions
given in the literture are lower than in the
present paper

14 Theridion ochreolum Levy & Amital
1982 (Fig. 45-47)
Material: Cyprus, Paphos, from house walls,
& g April 1995, by, Knosiack & THaus
Idenrification according to LEvy (1998).

Maring behawiour of T, ochreolon was
observed from B pairs. Sperm induction is
part of copulation. Four males construcred
two sperm webs during copulation, three
males also o thurd sperm web ar the end of
copulation. One male even performed 4
sperm induetions during  copularion and
conicluded copulation with a fifth sperm up-
take. Copulanion consisted of three (n= 7)
and five (n = ) copularory sequences.
There is no pseudocopulation, Apparently,
insemination starts with the very first inser-
nons. When interrupred sfter the first copu-
larory sequence one female builr a4 cocoon
within a period of two weeks (contra
KnofacH 1998). Sperm trunsfer s also re-
flecred by the long-lasting msernons. A
muting plug was not discernible.

Fig. 45: Copulation In Theridian achrealum,
Insertion of left palp.
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Courtship behaviour: During  distunt
courtship the male regularly and inrensively
pulared his abdomen and jerked. Some
males also oscillared their body, These
movemenrs were somerimes also performed
after sperm induction. Direct conct in-
volved mutual palpating with mule and fe-
male forelegs and milps. Usually the female
was active only in this phuse of courtship.
Precopularory coureship listed 6 min on av.
erage (range = 1-30, n = &). The male ap-
pronched the female for copularion. During
insertion the male regularly pulsated his ab-
domen, presumably displaying  copularory
courtship (44 pulsations in o 9 min inser-
tioey, 66 1 a 104 min imsertion, but only 2
in short mnserions), see also Figure 47, Cop-
wlarory posture as typical of other Thendion
species (Fig. 43), bur ofren withour leg con-
tact between the partners

Sperm induetion: Spinning of the sperm
web with induction ok on averapge 1.3
min (range = 1.3=-1.9, n= 11}, 0.5 min of

Duration of Copulstion (min)

which was used for construction of the
sperm web, The sperm dropler was alsorbed
within L.l min and by 17 dipping move-
ments on averape (mnge = |4=24, n= |1}

Entire copulition  duration  occupied
T8.8 min on averape {mnpe = 601013, -
ral number of insermions on average 69
(range = 41-97), roal insertion time 34.4

min on average {(range = 40 5-76.5)

Copulatory pattern (Fig 460-1) During
the frst two copulatory sequences each palp
wiy inserted only once for about & min
(mean £ s, = 6.2 2 0.5, mnge = 2.8-11.1,
n = 28) pause
Haemarodochae were highly inflared, espe-
cially the basal haemaradocha. Both inser-
tion duration and haematodochal inflation

witho inrerval

indicate actual sperm transfer. These se-
quences fasted 116 min on aversge (rnge
= 6,0-20.5, n = 18). In one pairing even
four such sequences were performed, alsa
with more insernions (Fig. 466) and with 2
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mein imnsertion dusation of 3.0 £ 0.7 min
{range = 2-453 5, n = 13). This pairing was
not definitely virging as the female was col-
lecred as adule. inothe last copulatory se-
quence each palp was mserted frequently
(63 times on average, range = 42-86, n=8),
but for & shorter time (mean 274 = 0.5 5,
range = 3-105 n = 503), Accordingly,
haemarndochal  inflanion  dimimnshed
these msertions. This fmal sequence was
comparatively long, losting 41.5 min on av-
emge (range = 18,5-53.5, n = 8), including
some pauses. Insertion attemprs occurred ar
a rather low mre, insertions often succeeded
at once. A mating plug was not present, the
epigynal atrium sppeared to be unplugeed

15 Theridion sp. (close to T.
melanurum) (Fig. 48)

Material: Cyprus, Paphos, from howse walls,
2. February 1995 (same locility we T ochre:
olern). Greeee: Crere, Smlida, from house walls,
441041998, Kefallonia, Lissi, 1991999 (o
manured in Now/Dec. 1999); Aenos, 1050 m,
beated from Abves cephalomica, g, 16.5.2001
Rhodes, above Salakos, way o Mrol. [Lias, 400 m,
o, 11419 Amavicos-surroundings, Agios
Ividorod, 350 m, 4g, 1041996 all  leg.
KnokiacH & THaven,

Taxonomy: This species is close o T,
melaneriom, but differs by genital structures
and even much more by copulatory behav-
WOT,

Mating behaviour was never observed
completely ewing to long dumtion of resting
petiods. The most complete  observation
covered a perfod from 16.00 huntil 91.00 h
and from 07.00 h unnl 14.00 h, when the
last sperm web was buile (observation was
continued untdl 19.00 h). Also another pait
started copulation at midday and were <rill
occupted the nest day ar [4.00 h. Thus, in
two purs copulition continued for almost
two doys. The missing intermediate part was
extpolated. A further nine copularions
were partially observed. Sperm Induction is
part of copulation. The male constructed ar
least 4, 3 and 7 sperm webs (presumably up
o 9 or 10) during and ot the end of copula-
tion. Copulanion included an equal number
of copulatory sequences, which were fol-
lowed by a regular resting period of more
than 2 h (including time for sperm uptake).
Must frequently, each palp was inserred once
per sequence. Apain, it is assumed that there
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is no pseudocopulation, see also eg. T. musi-
viveom. A mating plug was not discemible.

Courtship behaviour: Distant courtshup
wils il very conspicuous. The mule Often
remamed motionless and then suddenly ap-
proached the female. If the male was more
acnive, he intensively pulsared his abdomen.
Same males also oscillared their body, jerked
slightly, plucked with forelegs and performed
web-spinning and also web-biting bebaviour,
These distant courship movements were
sometimes present also in the intervals be
tween two copulatory sequences. Direct con-
tuct involved murual palparing with male
and female forelegs and palps. Precopularory
conrtship lasted 4.6 min on average (rnge
= |-11, n = 11). The male approached the
female for copulation. Copulatory posture as
ypical of other Theridion species.

Sperm induction: Spinning of the sperm
web with induction took on average 2.3

Fig. 47: Relationship between number of
pumping movements during insertion and
insertion duration in a copulation of
Theridion ochreolum, Each symbol
represents one insertion,

Fig. #8; Incomplete copulation and
insertion pattern in Theridion sp. of the T.
melanurum-group from Cyprus. Each bar
represents an insertion. Sperm induction
indicated by double arrows. Gap before
pseudocopulation indicates duration of
courtship. C1-4 = copulatory sequences,

dotted bars assumed.
70 -
e Theridion sp.
— B0 4
=
50 4
c1 ? c -
40 -
& c4
ﬂl'- - -
5 E Z
0 E i i
= 0. § P
g g i 3
e : 1 - “ T 1
0 2 4 6 8 10 12 14 18 18 20
Duration of Copulation (h}

207



© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at

Fig. 49a-f. Copulation in Thermdior min {rang |.7=3.2, 1 2), abour | min Copulatory partern (Fig. 48
conigerum. a: Male occupied with wel )

reduction. b: Male approach. ¢ Copulatory
posture, forelegs of male in cont
tha [’._..-__,',_. 5 I’-"-I'- d: Insertion e,
Construction of sperm web close
female. & Tiny sperm droplet just before

dabsorption (f
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only one, sometimes three insertions oc-
curred per sequence. Haematodochae were
highly inflated and reached an enormous
volume. The sequences lasted about 3 min
on average (range = 1=, n = 17). A mating
plug was not discernible.

Further Theridion species

16 Theridion conigerum SiMon 1914
(Fig. 4%a-f)

Material: Austria: Northern Tyrol, Orzal, Lin-

genfeld, 1300-1400 m, 23.4.1994, leg. KNOFLACH

& THALER.

Marting behaviour of T. conigerum was
observed from two pairs, but with less accu-
racy as regards number and duration of in-
sertions. Sperm induction is part of copula-
tion. T. conigerum showed a high number of
sperm uptakes. Males interrupted copula-
tion 19 and 20 times for construction of
sperm web and sperm induction. Copulation
consisted of 19 and 21 copulatary sequences
respectively, since the first male rerminated
copulation with a sperm induction while the
second one terminated with two insertions.
It is unlikely that the first copulatory se-
quence is a pseudocopulation. Thus, sperm
transfer is assumed to start with the first in-
sertion. Apparently there is no mating plug.

Courtship behaviour: Distant courtship
movements were not very distince, neicher
abdominal vibrations nor pluckings were
observed. One male cut off pares of the fe-
male web and inserted threads of his own
(Fig. 49a). In the second pairing web-reduc-
tion was not present. Direct contact was
more obvious, involving mutual palpating
with male and female forelegs and palps,
The male also palpated the female’s scernum
and abdomen. Palpating usually occurred at
the beginning of a copulatory sequence, but
also before and after the next insertion or
insertion attempt. Precopulatory courtship
lasted 1 and 14 min respectively. The male
approached the female for copulation (Fig.
49b). Copulatory posture as typical of other
Theridion species (Fig. 49¢, d).

Sperm induction (Fig. 4%, f): Sperm in-
ducrion took place in close vicinity of the
female. Spinning of the sperm web with in-
duction lasted a litle less than one minuge
(roughly estimated) and involved 20-24
dipping movemenits.

Entire copulation duration 162 and 120
min. Total number of insertions abour 30.
Total insertion time about 10 min (low es-
timate).

Copulatory pattern: During each of the
c. 20 copularory sequences ane or two inser-
tions proceeded, some of chem lasting
around 20-30 s (roughly estimared), others
perhaps longer. Insertion attempes were also
present. The entire copulatory sequences
lasted 2.5 min on average (range =
0.5-10.5, n = 41). In the final sequences
haemartodochal swelling was as large as in
the previous sequences.

Other observations: One pair was al-
lowed to copulate once again one day after
the first copulation. Remating occurred,
again with about 20 copulatory sequences or
sperm inductions.

17 Theridion grancanariense
WunoerucH 1987 (Fig. 50, 51)

Material: Spain, Canary lslands, Gran Canaria:
Pico de los Nieves, 1600 m, pine wood, @ g,
14.2.2001; Barranco del Mulata NE Maogan, o,
15,2.2001, 350 m; pass NE Mogan, Montana de
Taura, 200 m, O sad, 15.2.2001; all leg. THALER
& KNOFLACH.

Taxonomy: The female of T. granca-
nariense illustrared by WunpereicH (1987)
does not belong to the holotype male, bur ap-
parently represents a female of T. musivivieom.

Mating behaviour of T. grancanariense
was observed from three pairs, one observa-
tion not in full detail on account of photo-
graphic documentation. Sperm induction is
part of copulation. When copulating, males
left the females 4, 5 and 6 times for con-
struction of sperm web and sperm induction.
Thus, copulation was composed of 3, 6 and
7 copulatory sequences respectively. Again,
the first copulatory sequence is assumed o
be a pseudocopulation. Also here number
and duration of insertions indicate that
there is no sperm ransferred during this se-
quence. In the course of the last sequence an
inconspicuous mating plug is produced. Ac-
cording to the presence of a presumed
pseudocopulation and of a final mating plug
sequence, as well as the prolonged penulti-
mate copulatory sequence, copulation re-
sembles that of the T. varians-group.

Courtship behaviour: During distant
courtship, males pulsated their abdomen

209
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Flg. 50a-d: Copulation in Theridion
grancanariense. a: Copulatory posture,
male chewing his right palp preparing
insertion. Forelegs of male in contact with
femala’s legs, b, o Insertion of right and
left palp. d: Sperm induction, sperm
droplet just being absorbed (arrow).

210

und plucked alternarely with their forelegs.
Plucking was very intensive and frequent in
ofe male (no= o 200, This male also showed
walkabouts and irregular web-spinning be
haviour, During direct conract males inten-
sively palpated female legs and body with
their forelegs and palps. In this phase the
temales were active and palpated in re.
sponse when they were willing to mate
Otherwise they turned away from the males
and males then continued with courtship.
When .li"-rll'\.:'.!i.‘!'ll.l'tﬂ the females for L'q'-pnl.t-
tion, males again intensively palpared the
temile and thereby induced her o adop
the copularory posture. Courtship duration
wae variable, 35, 11 and 16 min. Copulato-
iy posture as typical of other Therdion
species (Fue. 50u-c).

Sperm induction (Fie. 50d%: Spimning
of the sperm web with induction ok abouwt
2.1 min on average (range = 99-165 5, pn =
9), 44 s of which were used for construction

of the sperm web. The sperm dropler was ab-

sorbed within 83 s on average and by 17
dipping movements on average (mnpe =

9-20).

Entire copulation duranion 180, 238 and
112 min. Toml number of insertions {-),
140 and 132, Total inserrion rime 1196 and

1396 min (respectively)

Copulatory pateern (Fig. 51a, b): Num-
ber of Insertions during pseudocopulation
41, 62 and 36, with mean duration of 10.9
and 103 min. Pseudocopulation lasted 24,
36 and I3 min. Then several copolatory se-
quences followed, during which each palp
wis inserted tor about 10 min {mean = 10.6
and 109) and with enormows haemato-
dochal swelling (Fig. 530b, ¢). These inser-
tivns apparently reflect actual sperm trans-
ter. Intermedute copulutory sequences last-
ed 21.5 min on average (ranpe = 18.2-18.0,
n = 9), but the penultimare sequence was
much longer, 44.5, 27.8 and 3.0 min in
the three pairs respectively. One male was
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artacked by the female dunng an intermedi-
ate sperm induction, so that he had o o
cape and his palps remained uncharged
Nevertheless, he then retumned to the fe-
male, courted and continued with the next
long insertions as isual. Dunme the last two
sequénces the number of insertions was in-
creased, while insertion duration decreased.
In the wvery last copulatory sequence
haemarndochal mflarion pradunily  disap-
peared. It @ asumed that by these shorn-
time applications a mating plug secretion is
transferred, apparently as in the T, varins-
group (KnofLACH 1998), but less conspicu-
ous as only the copulatory orifices are sealed
and not the entire epigynal groove, Also
mich less time was invested for formation of
this plug, 45-46 min.

18 Theridion incanescens Simon 1890
{Fig. 52, 53)

Maserial: Yemen, Sana'a, @ g, July 1998, leg. A

wvan HARTEN.

Taxonomy: This specics was first de-
scribed by Sivose (159%0) from Yemen and
stnce then has not been mennoned any
mere. The recent maternial from Yemen cor-
tesponds well ro thee rype marerial (Muséum
d'hisroire naturelle Paris, AR 2319, exam-
ined).

Mating behaviour of T, meanescens wis
observed from one pair only. Sperm induc-
rion is pare of copularion. Males inrerrupred
copulation 4 times for construction of sperm
web and sperm induction, Copulation con-
sisted of 5 sequences, The first copulatory
sequence is assumed to be a psendocopula-
tion. Duration of msertions mdicates that
nio sperm is transferred during this sequence.
In the course of the last sequence a conspic-
uews mating plug is produced. Copulation
follows the pattern of the T. varians-group,

Courtship behaviour: During distant
courtship the male performed some rapid
walkubouts with web-spinning, abdominal
pulsations and intensive pluckings with
torelege. When approaching the female, di-
rect contmct with munmal palpatung ok
place. Precopulatory counship lasted 3 min.
Male plucking and palparing occurred before
each copulatory sequence, and especially af-
ter the second sperm induction, when the fe-
male became aggressive and tried to prey on
the male. This intermediate courtship lasred
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20 min. Copulitory posture as typical of
ather Theridion species (Fig. 53).

Sperm induction: Spinning of the sperm
web with inducrion took abour | min (51,
58 and 63 5, n = 3). The sperm dropler was
absotbed by 22-26 dipping movements. As
in the T. vanians-group, the last sperm in-
duction took relarively long (95 s) with a
larger number of palpal dips (36) and a huge
sperm dropler (more than 3 omes larger
than previous ones). The final sperm induc-
tion apparently produces the mating plug se-
cretion, which is rransferred from the male
genital tract to the palps via the sperm web
and then to the female epigynum (see also
Knorac 1598),

Entire copulation duration 96 min. To-
tal number of insertions 85, Toral insertion
time 21.2 min.

Copulatory pattern (Fig, 52): Number
of insertions during peeudocopulation 11,
with o mean duration of 3.5 min {range =

Fig. 51a, b Copulation and insertion
pattern in two pairs of Theridion
grancanariense from Gran Canaria. Each
bar represents an insertion. Sperm
induction indicated by double arrows. Gap
bafore pseudocopulation indicates
duration of courtship. P =
peeudocopulation (not proved); C1-6 =
copulatory sequences.

21
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&3

Duration of Copulation (min)

Fig. 52: Copulation and insertion pattermn in
Theridion incanescens from Yemen, Each
bar represents an insertion, Sperm
induction indicated by double arrows. Gap
before pseudocopulation indicates
duration of courtship. P =
pseudocopulation (not proved), C1-3 =
copulatory sequeénces, MP = mating plug
sequence

Fig. 53; Copulation in Theridion
incanescens. Formation of mating plug
larrow)

1.8-84). Pseudocopulation lasted 1 min
Then three intermediite  copulatory se-
guences followed with numersis insermions
(21, 9 and 44) and longer insermions (mean
= 1.6 6,9-31.8 for Cl; mean =
1.4-31.4 for C2; mean = 14.7,

¥ for ©3). These insertions

range
14.7, range

mange = 1240
upparently reflect actual sperm transfer. In-
h'rllll'..[l-.ll-' L-.li'-lll.lhlr'. suences |.4~r|_-.}
104, 3.0 and 14.5 (respectively). During the
list sequence haematodochal mflaton dis
appeared already afrer the wcond insertion
By abaur 130 palpal applicarions a secretion
is transferred which resules in the formation
of the mating plug (Fie. 53), apparently as in
the T. varams-group (KNORLACH 1998), The

maring plug sequence lasred 32 min
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19 Theridion ohlerti (THorewL 1870)
(Fig. 54a-f)

Material: Austria: Northern Terol

i, Obemberg, @ =, 1B00=1900 m, 25.4.1994

lep. KxcwarH & THALE

Brennet. r

RE I |."|:'|"i IVIORT WAk |'F"¢.I-11.j Wi
from one pair, but one observation not in
|'||It .!t'f.l:l ||:|.J “lrl‘l |\,'-‘- LA UTHLY > rl..'L'.'r:ll\.l'-
furation of sperm induction and insertion
Sperm induction is part of copulation. T
ohlern showed the highest number of sperm
inductions observed up o now  mmong
combfooted spiders, Males interrupted cop-
ularion 23 rimes for construction of sperm
wieh and inducrion. Copularion consisted of
26 sequences. It has not been  proved
whether the fist copulatory sequence s a
pseudocopulation. A mating plug was not

discernible. Females apparently remare

Courtship behaviour: Male distant
courtship comprised o long pened of web-
spinning,.  The male installed numerous
rhrr.u.h_ .ll"r"nr.uhl_'.l 'I'|'||,' !1'|'||._I-|1' I_F'|'|_' "'|4,|.
b), palpared her gently, lefr her again, and
continued with weh-spinning. The female
wis relatively active und jerked 30 times be
fore the first tnsertion, and 2-20 times be-
fore &ad |'I InSErTion T|‘|r||1|;."||- it nll['|||.|r|-'\-||
|,.l|r|r'._-:rri!1rr abour 250 Tiines whien VIirgin
and at least 150 times when copulated
once) “-Illln; j.'!t'l.--t':ll.l'.l'l\ \1'l|||1]!|i' e
r||1' 11i.||!|' III:'i1|I1'T ~hll1.\.1'|| |I1'x||-lll||r'|.|| 'Lll"l.'u-
rions nor pluckings, bor from rhe second in-
sertion onwards he vibrated his abdomen -
tensively before most insertions. Male al
dominal vibrations and female jerks then al
remated. Palpating vsually ocourred ar the
bepinning of an insertion.  Precopularory
courtshup lasted 3 mun in one case. The
mitle approached the female for copulation
‘.\-"I -'I||'. ||Il.' l.-'F-:I|.Ir-'I'1. seijuctive |".4I l.:.h,ii
inserrion was  preceded by an intensive
courtship period. Copulatory posture as typ-
ical of other Thendiom species, with leg con-

tact (Fig, 54d-1)

Sperm induction: Spinning of the spenm

weh with induction wis very fast, taking on-

ly 20-25 s and involving 14-18 dipping
movements. | he sperm dropler was rather

small.

Entire copulation dunition 374 and 200
min. Totul number of nsertions . 90 and

4. Total insermion time ¢ 2 and 3 mn,
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very ]l\. LT Y 1.'~:-rr.|1'-:!1‘t.] “'lTh entire Ci I-j‘l_ll.!ril. )]
rme. Most of the time is invested in court-

ing activiries and sperm induction.

Copulatory partern: The first copulato-
ry sequence mvolved 23 insermons and Last-
ed 53 min in one pair. During each of the
following 25 copulatory sequences three in-
sertions on average occurred (range = 1-7)

all of them lasring only 1-3 =. Insertion ar-
tempts were also present The entire I-'J'I['III.'I'
tory sequences lasted 2 min on dverage
(range = 0.5-7.0), depending on the inser-

tiom number.

Generic placement: Theridiom chlerti has
been |I|Ir'|‘-ft‘flf,.‘l.l to the 2ETIus .-'ﬁ-‘f'l.u'.-:rnnl-.;l
by HemeR & NewTwiG (1991), as it had

Fig. 54a-f: Copulation in Theridion ohilarti.
a, b: Male approach. Male chewing his latt
palp preparing insertion (b). e Copulatory
posture, forelegs of male in contact with
female’s legs. d, &: Insertion. f Withdrawal
of palp, haesmatodochas collapse atter
removal and sclerites and embaolus are
theraby twisted back to their original
position (arrow).
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Fig. 55: Copulation in
Theridion pinicola from
Corsica, Insertion of left

palp.

Fig. 56a, b Copulation and insertion
pattern in two pairs of Theridion pinicola
fram Corsica. Each bar represents an
insertion. Sperm induction indicated by
double arrows. P = pseudocopulation (not
proved), C1-8 = copulatory sequences, MP
= mating plug sequence.

been pliced by SiMoN (1914) and WIEHLE
(1937}, both sub T. wmbraticum, in a Then-
diom-subgroup  together with species now
placed into Achasaranea. However, in geni-

tul morphology, e two tegulur apophyses
are present in the male palp, and especially
in copulatory behaviour, it clearly resembles
Theridion sensu lio. Therefore, it place-
ment i Theridion is strongly supported here
Mevertheless, the copulatory pattem of T
ohlevii ditfers considerably from rthar of the

60 - c5
7
C4 cs Theridion pinicola
.;5.0. ca
5 c2
5 40 4 ci
-5
ca=MP

i [
E 4. P

D L—_E BRI
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100 - cE

80 4 cs
ol s
5
E C7=MP

b »
0 0 &0 &0 120 150 180 210 240 270
Duration of Copulation (min)
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T varians-group, which includes the rype

Species of the genus

20 Theridion pinicola Smon 1873
(Fig. 55, 56)

Material: France, Corsicat Calvl, Forér Je o
Fatu, Bowcd di |'E:i'.||;|m i g
30 4. 2000 and 2.5. 2001, Houte Asco, [400- 1440
m, g and juv, 129.2001; all leg. KxomacH &
THaLER

Mating behaviour of 1 ]!’HII;‘-IL.‘ was ob-

|:'.1'l‘ m. e

served from three pairs. Sperm induction is
part of copulation. Males interrupred copu-
lution 6, T and 8 times for construction of
sperm web and sperm mduction. Therefure,
LI."}"“:.JLH LA | \.lln'rl"'h'.'q,] ol ‘I‘. L |“!|J u INN.'IquL"I'M,.L"‘-
respectively. The first copulatory sequence
t¢ assumed ro be a psesdocopulation, Num-
ber and duration of insertions indicare that
there i no spenn tnsterred during this se-
guence. In the course of the last sequence o
mating plug is produced. Copulation follows
the pattern of the T. wmane-group

Courtship behaviour: Durning  distant
courtship, if performed at ull, one male pul-
sated his abdomen and I‘l.l.l-i.'Ll.'LI with his
foreleps. Dhrect contact invalved mutual
palparing with male and female legs and
palps. Courship  durstion was  vanahle,
0.5-50.0 min, The male approached the fe-
male for copulation. Copulatary posture as
l"lu'[‘ll.".ll of ather Thenidion species 1FI|,'. 33)

Sperm induction: Spinming of the sperm
web with induction tok 1.2 min on aver-
1) 16

were used for construction of the sperm web,

age (range = 39-81 5 n s of which
The sperm dropler was absotbed within 38 s
and by only 7 dipping movements on aver-
ape (range = 5-8), During the last dip the
mile palp remained on the droplet for a

[.HIH.'T [l mg tirne

Entire copulation duration 56, 64, 72
min: Toral number of inserrions 92, 72, 35,
Towal insertion time 18, 23, 20 min respec-

rvely.

Copulatory pattern (Fig. 56a, b): Num-
ber of insertions during pseudocopulation 47,
27 and 21, with a mean durtion of 1.5, 1.6
and 1.3 min. MPeendocopulation lasted 8.7, ¢
5 and 9.3 min respecrively. Then several
copularory sequences followed during which
cach palp 1 mserted fora longer time (mean
= 35.2, 55.6 and 49.4 respectively). These in
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sertions apparently retlect acrual Sperm trans.
fer. Such intermediate copulatory sequences
lnsted 1.8 min on average (mnge = 1.2-17,
n = 18). During the lasr sequence of inser.
thons haemotodochal inflation eradually dis
appeared. By numerous short-time applica-
tions a secretion was transferred which ne-
sulted in the formarion of a mating plug, ap-
parently a5 in the T wmigns-group
(Ksomacy 1998). The maring plug
quence losted 36.8, 41.0 and 25.3 min

21, 22 Theridion sisyphium-group

21 Theridion impressum L. Kock 1881
(Fig. 57, 58)

Material: lmly, Sardinin E. Baunei-Dorgali,
Urzulel-surroundings, 600 m, & o, 5.6.2003, leg
EsoriacH & THALER

Martng behaviour of T. impressum was
observed from three pairs, bt one observa:
rion not in full derail, on sccount of photo.

Fig. 57a-d: Copulation in Theridion impressum, a: Male approach
with contracted forelegs. b, ¢ Insertion of right and left palp
Forelegs of male contracted and not in contact with females legs
¢ Haematodochae of right palp still expanded, although opposite
palp already inserted, d: Sperm induction, sperm droplet just
before absorption (arrow).

graphic documentation. Sperm induction s
part of copulation. The male constructed 3,
4 and 6 sperm webs during copulation, Cop-
ulation included 4 and 3 copulatory se
quences, which were fallowed by a regular
resting period of @ min (including time for
sperm uptake), In most seguences each palp
wits inserted once. It 15 pssumed that there is
no. peeudocopulation. A maring plug was
nor discernible.

Courtship behaviour: Simalur o0 T,
sisyphiem. Male distant courtship consisted
of abdominal vibrarions and caurious pal-
paring with first legs. In response, the female
jerked and smked her foreleps towards the
male. He then graduolly approsched her
with forward-extended palps and srarred di-
rect contact. As in T, stevphium and in con-
mrast to other Theridiom species, the male
drummed his palps against the female’s pen-
ital region and stemum. All these male and
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Fig. 58a—c: Copulation and insertion
pattern in two pairs of Theridion
impressum from Sardinia (a, b) and in
Theridion sayphium from Nerthern Tyrol
{c). Each bar represents an insertion. Sperm
induction indicated by double arrows. C1-9
= copulatory sequences,
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temale movements were Tl:p-:nncxl betore
|'.1|'|1 i |Irlilt.lr||n' '\-l,'.,‘lll_'l'il.[c. .-\;:Flr_'r -ul'll,'!Tn 1=
duction the male scometimes oscillared his
body, Precopularory courtship lasted 2.5-4.0
min. Copulatory posture as i other Then-
dicm species (Fig. 57a-ch, bur the males legs
remained half conrracred during insertion
and did nor mouch the female's legs (Fia.

3Tu—<)

Sperm induction (Fig. 57d): Spinning
of the sperm web with induction ook o rel-
atively long time, abodt 1.8 min on averape

(range = 1.2-2.2, n = 7), 0.5 min of which
was wsed for construction of the sperm web
The sperm droplet was absorbed within 1.3
min and by 11 dipping movements on aver-
ape [ranpe = 4~16, n = 7).

The entire copulstion duration oceu-
pied 25, 41 and 66 min, total number of in-
sertions 7-10, total insertion time abour 1
min only.

Copulatory pattern (Fig. 584, b): The
regular pause mrerval between two copula-
tiry seguences was shorter than in T, ssyphu-
wm, lasting about 9 mun on avernge (mnge
« 4 8-11.3). As in T sisyphisem wsually rwo
insertions ook place per sequence, some-
rimes anly one. Insertions were shorrer than
in T. stoyphtum, mean dursnon only 6 «
(range = =12, n = 19). After insertions the
partners remained motionless for abour half
a minute, Then the male moved away for
sperm uptake. The sequences lasted | 4 min
on average (mange = 0.3=22, n = 8). A mar-
ing plug was nor discermible.

Copulatory behaviour of T. mnpressum
has been described aleeady by Braow
(1963), Unlike in the present painngs,
Biauns (1963) recorded 1-2 copulatory se-
quences and | sperm induction only. Fur-
thermare, the resting period berween rwa
sequences took abour 34 min in one pair (n
= |, Brauw 1963), Only insertion duration
fully agrees with the present observations.
The females of Braus (1963) were collect-
ed as aduly specimens Therefore, it is un
certain whether these females were virgin
Copulations of virgin or previcusly mared
females may differ considernhly.

22 Theridion sisyphium {Ciercy 1757)
{Fig. 58, 59)
Material: Austisa, N-Tymol, Innsbwuck, Krapelit
ten, &g, 1350995, lep, KuoraCH & THALER
Maring behaviour of T. sisyphism was
ohserved fram rwio pairs, bur only once com-
pletely. Conract courtship involved con-
sproitts male drumming. Sperm induction
s part of copulation. The male construcred
8 sperm webs dunng copulation. Copulurion
included 9 copulatory sequences, which
were followed by a regular resting period of
20 min (including time for sperm uprake)
In most sequences each palp was inserted
ance. It is assumed thar there is no peeudo-
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copulation, see also e T, musivhum. A

msting plig was not observed

Courtship behaviour: [wring distant
courtship the male vibrated his abdomen
and carefully palpated with his first legs to-
wards the female and again retracted his
legs. He then cautiously approached the fe-
mule with half contmcted foreles, palps ex-
tended forwards, and starved direct contct
In conrrast to other Theridion species, the
male Intensively and alternarely drummed
his palps against the female’s epigynum,
sternum and mouthparts, while the female
remained more or less motionless. Drume
ming wis perdormed before most insertions
for 27 s onaverage (range = 2-100, n = |7},
with about 28 contacts on average (range =
F-100, 0 = 200, Only once no drummings
occurred. Afrer sperm induction the male
somerimes oscillared his body and then be-
came motionless again. Distant courtshup
wis performed shortly before each copuluio-
ry sequence. Precopulatory courtship lasted
¥V min. Copulatory posture as in othet
[heridion species (Fig. 59). The male's legs
remalned half conmmacted during insertion
and did nor rouch the female's legs. As the
copulatory sequence advanced the female
changed her inclined posture w g more hor-

izontal one.

Sperm induction: Each construction of
asperm web was preceded by ‘irregular’ web-
spinning. Actual spinning of the sperm weh
with induction took a relatively long time,
about 2.8 min on average (range = 2.0-3.9,
o= 10), 1.2 min of which were used for
construction of the sperm weh. The sperm
draplet was absarbed within 1.5 min and by
only 8 dipping movements on average
(range = =12, o = 10). Once the male
dipped only one palp into the droplet for a
long time. Sometimes he continued his dip-
ping movements without touching the
speerm weh any mare,

The entire copulation duration occu-
pied 189 mun, total number of insermons
17, total insertion time 6.5 min.

Copulatory pattern (Fig. 58¢): After
each sperm inducrion a long, regular resting
period followed, during which the male re-
mained more or less motionless and courted
only shortly before the next sequence. After

abour 20 min on average (range = 19-22, n

= 8} he rerumed to the female for the next
insertions. During a copulatory sequence
each palp was inserred only once for 206 5
on average (range 7.2-28.5, n=19), The se-
quences lasted 2 min on average (mnge =
1.3-23, n = 8). A maring plug was not ob-

Viois.

Copulatory  behaviour of T. ssyphoem
has been described previously by Locker
(1926) and Braim (1963), The present ob-
servation corresponds well with regard o
overall copulatory partern, number of copu-
latory sequences, sperm inductions and in-
sertions. Braun (1963} recorded 4=7 copu-
latory sequences, LOCKET (1926) at leasr 6,
each with two insermions. Also the resting
period between two sequences listed 19
min an average in one pair (Brauy 1963),
The present virgin fermale remained rather
passive, while the femnles described in the
lirerarure participated much more acrively
in courtship. A pre-stuge of a maring thread,
as reported by BRALN, wis not observed in
the present patring. The male performed on-
ly some walkabouts and irregular web-spin-
ning. Inserricns lasred abour owice as long as
those documented in Locker (1926) and
Braun (1963).

Fig. 59

Copulation in
Theridion
sisyphium, male
approaching for
insertion
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Fig. 60a-g: Copulation and male palp in Achasaranea lunata (a-c, e, f),
A. simulans (d) and A. tepidariorum (g). a: S5perm induction, sperm
droplat just being absorbed (arrow). b: Insertion completed, male palp
withdrawn, hasmatodochae still inflated, ¢ Male just applying his palp.
d: Copulatory posture, forelegs of male in contact with female’s legs., e:
Male palp, retrolateral view. f: Embalus with intact tip (ridged part). g:
Male palp with broken embolus tip (arrow). Scale lines: 0.1 (e, g) and
0.01 mm (f). e-g photographed by 5. TatzTRETER

218
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Steatoda-type

23-25 Achaearanea

Representatives of the genus Achaear-
anea perform the shortest insertions among
Theridiidae, lasting only 1-3 5. Courtship
proceeds withour construction of a mating
web. The following behavioural elements
support its placement among the Stearoda-
type: Sperm induction takes place inde-
pendently of copulation and is a long
process; number of insertions is low. In the
field 2-3 males can be found on the periph-
ery of a female web. Sometimes also her-
erospecific males were among them.

23 Achaearanea funata (CLerck 1757)
(Fig. 60a-f)

Material: Austria, Innsbruck, Kranebitten, To,

6.6.1994, leg. KnOFLACH.

Mating behaviour was observed from
two pairs. Mo mating threads were con-
structed. Copulation involved 4-6 inser-
tions of a few seconds duration only. Appar-
ently there is no mating plug.

Courtship behaviour: During distant
courtship, the male pulsated his abdomen
and plucked synchronously with all legs.
Precopulatory courtship lasted 1.0-1.5 min,
intermediate courtship before the following
insertion 0.5-6.3 min (mean = 2.4, n=T).
Copulatory posture as typical of other
theridiid species (Fig. 60b, c).

Sperm induction (Fig. 60a): Once,
sperm induction took place 50 min after
copulation. The entire procedure with con-
struction of the sperm web and induction
lasted abour 10 min. During palpal dippings
drop contact was maintained for a long time.

Entire copulation duration occupied 10
and 16 min. Total number of insertions 4
and 6. Total insertion time only 5-8 5. The
pair quickly separated after insertion. A few
insertion artempts were observed.

GERHARDT (1923) observed one copula-
tion of A. lunawa (sub Theridium formosum)
with a single insertion of a few seconds du-

ration. Afterwards the male was sucked out
by the female.

24 Achaearanea simulans (THORELL
1875) (Fig. 60d)

Material: Austria, Innshruck, Kranebitten, @ g,

6.6. 1994 and 16.6.1994, leg. KNOFLACH.

Mating behaviour was ohserved from
five pairs. Courtship and copulation was
similar to that in A. lunata and A. tepidari-
orum. Copulation involved 1—4 insertions of
a few seconds duration only. Precopulatory
courtship lasted 0.5-13 min. Insertions of-
ten followed in succession. Copulatory pos-
ture as rypical of other theridiid species (Fig.
60d). Sperm induction ook place inde-
pendently of copulation and was nor ob-
served. Entire copulation duration occupied
only 1-2 min, total number of insertions
mostly 2, once only | and once 4; total in-
sertion time a few seconds only.

25 Achaearanea tepidariorum (C. L.
Kocw 1841) (Fig. 60g)

Material: Austria, Innsbruck W, & g, May and

June 1994, leg. KroRLACH. Innshruck, from in-

side house, & g, Jan. 2002, leg. VOGEL.

Mating behaviour was observed from
three pairs. No mating threads were con-
structed. Copulation involves two insertions
of a few seconds duration only. Apparently
there is no mating plug.

Courtship behaviour: During distant
courtship, the male pulsated his abdomen,
jerked intensively, and plucked with
forelegs. Also web-spinning activities were
observed, but not in the ritualised form of a
mating web. During his walkabouts through
the female web, the male attached threads
and thereby courted. The female was re-
markably active, often changed her position
within the web, palpated, and one female al-
so plucked with forelegs. Shortly before in-
sertion the male often performed strong
body oscillations by synchronous contrac-
tion and relaxation of all legs 1-40 times, so
that the female was passively moved. Then
both partners approach for copulation. In-
sertion was succeeded by another courtship
period, preparing the next insertion. Pre-
copulatory courtship lasted 6-235 min, in-
termediate courtship before the following
insertion 1-72 min. Copulatory posture as
rypical of other thendiid species.

Sperm induction: Once, sperm induc-
tion took place 35 min after copulation.
Spinning of the sperm web with induction
lasted 16 min, 8 min of which were used
for construction of the sperm web. The male
absorbed the sperm dropler within 8 min
and by 10 dipping movements.
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Fig. 61a-1. Copulation via mating thread in Anelasimus aulitus from
Crete {a-d) and Tenerife (e, 1. a: Female approach along mating
thread. Legs |1 close together, b, ¢ Insertion of right and left palp
respectively. Leg contact ntense, Note posture of female legs 1l in
(b). d. e: Withdrawal of palp, thread-like embolus torn out from
female duct larrows). f: Restoration of disarranged embolus
larrow].
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Entire copulation duration oceupaed 3, 8
and B0 min, depending on the duration of
intermediate courtship. Total number of in-
sertions 1. Total insertion time 2-3 <. The
par quickly separared afrer insermon.

Overall course of copulation as de-
wribed by GERHARDT (1923, sub Theridiem
tepidariorum) and BOsNET (1935), The un-
wwally active mole of the female during
courtship was  outlmed by BONNET,
Courtship for virgin females was shorter
than for moted females (Bosmer 1935).
CiesanpT (1923) observed ipsilateral in-
sertion. and numerous unsuccessiul | inser-
tions, Insertions lasted wp 1o 5 s (Ger-
HARDT 1923) and 5-7 s (Bowner 1935).
Sometimes also the same palp was inserved
twice, Rematings took place, but females
puarding an eggsac  refused  copulation
(Bowmer 1935). Sperm induction was ab-
served once abour 40 mun after copularion
(GeErHARDT 1923). The whole procedure
lasted 15 min, of which 7 min were used
for construcrion of sperm web, 8 min for ac-
tual induction. During msertion the tp of
the embolus breaks off (ABatos & Bagz
1963; Looxer & Luczax 1974), which is
known especially for Latrodectus. However,
the small embolus piece found left in the fe-
male receptacle (ABALOS & Bagz 1963) ap-
pears to be an ineffective mating plug. The
breaking point i ar the ndged distal part
(Fig. 60g versus 60f; intnct embolus shown
here for A. lunata for comparison).

26 Anelosimus aulicus (C. L. Kock
1838) (Fig. 61, 62)

Material: Cyprus, Akamas peninsuls, Fontana
Amoross, 16.2.1995, o ¢ reared from an egg-mc.
leg. KromacH & THALER. Greece, W-Crere,
Georgioupolis-surroundings, @ g, 31.3-1.4.1999.
Kefallonia, Karavados-surroundings, @ g, 11~
13.5.2002, leg. Kmorlacy & THarer. Yemen,
Sana'a Juni 1998, leg. van Hakres,

Mating behaviour was observed from six
pairs, two of them not in full demail on ac-
count of photographic documentation. A.
alicus clearly follows the Steatods-type of
copulation. Sperm induction takes place in-
dependently of capulation. Copulation pro-
ceeds vin mumting thread and female ap-
prosich and involves 4-10 insertions. A,
milicus has a remarkably long embolus,
which is three times longer than the male's
body and which s fully inserted into the

cmemndmg Frm:nle mlmw duct. Dur-
ing withdrawal of the palp the thread-like
embolus s tom out from the female's duct
and therchy stretched (Fig. 614, e, 62) and
disarranged. After withdrawal follow ¢. §
min of restoration, during which the male
brings irs embolus into the original spiral
resting condinon. Apparenuly no mating
plug is produced.

Courrship behaviour: When i contact
with the female web, the male pulsated his
abdomen and and then started o remove a
part of the female web for construction of
the mating thread. Sometimes he briefly ap-
proached the female before this and palpar-
e her. During his walkabours the male regu-
larly pulsared his shdomen and jerked. Be-
fore installing the mating thread the male
cut away threads of the female, thereby
forming a hale in the densely spun female
weh. The marnng thread was usually spun on-
ly to and from the female, but sometimes was
reinforced or even replacedl. On the maring
thread he intensively vibrated his abdomen
and thereafrer plucked alternately with legs.
Abdominal vibrations were rather slow and
low frequent, but intense. They consisted of
rubbing movements of the abdomen againer
the posterior rim of the prosoma. The ab-
domen wis moved up and down, but also
swivelled sidewards. Plucking was mainly
performed by legs [ in a high frequency se-
quence. Legs | and 11l were used less fre-
quently and also with low speed. Leg 111
were in contact with the mating thread, with
legs 11 and 1 being flexed and forming a cir-
cle. while legs IV were anchored in the scaf-
fold web. Vibrarons and plocking 1ok
place succesively. Upon plucking, the fe-
male approached him along the marting
thread and assumed the copulatory posture
ust opposite him (Fig. 61a). Then the palp

.".'J

-'--.._!-I ﬁ_{'ﬁ Fig. 62: Copulation in

1.|}1

Anelosimus aulicus from Yemen.
Withdrawal of thread-like
embolus (arrow), which s three
times longer than the male's
body. Ultimate disengagement

| accomplished by female turning
around.
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Fig. 63a-f; Courtship and approach in
Argyrodes argyrodes. a, © Inert posture of
female with foreleqgs stretched and close
together. b, d: Alert acceptance posture of
female with widely opened forelegs. e:
Male approach. f: Copulatory posture,
female in contact with male clypeal organ,
male shortly before imsertion. Note
enlarged patella of the male palp. Pairs
from Cape Verde Isl. (a, c—e), Kefallonia (b)
and Tenerife (f)

wits inserted cautiowsly,. Duning copulition
both male and female legs Il remained in
contact with the martng thread (Fig. 61h, ¢}
The male performed such counship before
each inserrion, often waing the same manng
thread, sometimes also w newly inserted one

Courtshap bisted 15 muin on average before
the first msertion (runge = 7-30, n = 3), but
only 1.8 min on average before the follow

ing insertions (range =0.3-7.7, n = 18). One
fermile ||HIL'H1. retrented 'thl'lﬁ'h before inser-
tion and thereby avoided copulation several

rimes. Copulatory. coursship: Dhring inser-
tion the male intensely vibrated and swi-
velled his abdomen m a similir way o dur-
“‘Lr r"l'l. [} 'F‘lll.irl Wy i ll]ﬁ‘.hlr. -rl"lt". miwvement
accompamied  baematodochal inflation and
disappeared with haematodochal collapse.
Shortly before withdrawal slight abdominal

vikrations were agam visihle.

Sperm Induction: Sperm induction is
not part of copulation and has never been
obhserved
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Enrire copulation dumtion  averged

about 85 mun (range = 23-139, n = 4), To
til number of insertions 48 (mean =6, n =
4). Toral insertion nme 9.4 min on averge

(range = 6.9-1 1.0, n = 4)

Copulatory pattern: Lip to 8 insertions
occurred, which lasted 1.6 min on average
(ranpe = 0.1—4.0, n = 25), the first two 1ak-

ing longer than the last ones (fiest: 2.7 min

on averape, range = 14, n 12 verius st
(.6 min on averape, range = 0.1=-2.0, n =

1 1), Dharing wathdrawal of the palp male and
femule had their chelicerae widely opened
(Fig. 61d). When separating the female
rurmed around and moved away. Withdmw
al of the palp ar first proceeded abruptly, bu
then the thread-like embolus was torn out
cautiously from the female’s ducr. Az o re-
sult, the embolus was srrerched (Fip: 614, e,
62) and completely disarnmged. In the fol
lowing c. 3 min long phase of regenerarion
(ranpe = [.5=10.0, n = 14) the male restored
the embolus to the ongmal spiral condition
i)
I'.|Hf"|'.i I""l.' ||:'|‘. ]” ot tl‘.r eame =.1'.i|'. LHmMETmes

'||1|.' “IL‘ P:I'l' with  continuoutly
also by leg 11 und by the other pulp. A mut-

ing plug was not discermnible

Other ohservations: Une male had his
palp extremely disarranged after insertion
and took 30 and 38 min for its restomtion
.al" '.'h-'l"“ L]

the embalar tomsion, haemarodochae were

(afrer the first two insertions)

overinflated and handly collapsed. In the
last insertions the embolus wos not insermed
into the female docr, bur instead Twisted
around the inflated palp cutside the vulva
Nevertheless, palpal grip and haemaeno-

dochal inflarion were successful

27 Argyrodes argyrodes (WaLtkenaEr
1842) (Fig. 63-71)

Marerial: Greece, Kefallonia, Lami, og
19.9.099, leg. KORACH & THALER. Spain, (-

Tiary :"I.'II'I..j". Teneride, Busnavist iy o

19.2.2000 and 5.1.2C

03 Punra del Hidalpo, & o]
1.1 :."'.”l. ||.'_'.: KaiwiaiH & THALER ':.]pr Verde
Islands, Sant Fr A ] Jorge dons Oiplos, 150N
W, 400 m, T X 1512 199910

leg. A van Harmes, All SPECIMIENS WEre | et

ALY

ed from wels of ( i omesda {FoR=cAl

Arpvrodes arpvrdes lives us o I|||,'r'r.|lr.' I
it in the webs of other spiden., frequently those
i i 1'rr..;~."|.'.-'r..| omeola (see KULLMANY 1 58

Maring behowviour was observed from
seven pairs, twa of them nor in full derail on

documentution

icount of photowraphic

Sperm induction takes plice indepen

of copulation. Courship and  copulation

proceed without construction of a mating
thread and with male approach. Copulation
involves mumerows which ook

place intermittently. During copulation the

Il;'l;-||||' |-l-.L- |||'r |_i|1,'|:\_|'r.|" Nt rhr male
"~|"i""'| O where a 1]||..| s TeROn afg
pears. Ar the end of copularion a consplcu-
ous mating plug & produced. Interestingly,

-,]‘~a|.1rrr.|| insertion akes !;'|.|| L

Courtship behaviour: Distanr courtship
The male vibrated his

ibdomen, plucked with his forelegs and

WS VETY Intensive
then oscillared his body. Oscillations be
came more intensive toward the end of a
meving sequence up tooa fow final maximal
amplitudes. The female, usually not facing
the male, had her legs close topether and
stretched out forward (Fig: 630, ¢}, She was
l,l.l'\.“'. |_'|'- moy |_'J .|r|.! .h|_|'||~|r|_-.] E"I I|'|i_' il |l-_'-‘
COITing 1'..ll.-'|||'1l| ﬁ.llll' Wis '.J.-IH1||I_' fo mate -\-hl'
turned to the male and widely opened her
foreleps (Fig. 63h, d). Then direcr conracr
followed with mutual palpating unril the fe-
male prasped the male's clypeal prauber-
ance with her chelicerae. Thereby, the cop-
ulatory posture was achieved (Fig. 631,
65a-1). When prasping the male's secretory
ongin she had 1o incline her body, Precopu-
latory couttship lasted 0.5-62.0

4.3, n

parts of the female web and installed threads

1 LimEan

6). Once a male also removed

Fig. 64: Male clypeal organ of Argyrodes
argyrodes. Anterior lobe (arrow) with
numerous glandular hairs and pores,
postenor lobe with two pairs of eyes,
clypeal notch interposed. Scale line 0.2 mm
Photo: K. PrawEs,
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Fig. 65a~f: Copulation in Argyrodes
argyrodes. a: Female shortly before
grasping male clypeal organ, with her
chelicerae opened; male moving palp
forwards for insertion. b: Copulatory
posture, female in contact with clypeal
argan. ¢, d: Insertion of right palp. e:
Insertion attempt without haematodochal
inflation. f: Insertion of left palp. Leg
contact loose. Pairs from Cape Verde Isl
(a=d, f) and Tenerife (f)

of his own. M

COPUIATION  Was

L il] -.--[|-||

throig
interrupted several nimes. After separarion
the female agamn adopted her resting poss
(4 [RTH '-'Ilh !'.f.'l' |-.'g-~ |'-'1' Lo e '-.'II:'u Wrer
InfEnsve COurting il.:‘ "|‘II' FE4Lme flhl'

latory posture. The more interruptions t
invested

place the more time was

ourtship
courtshig

Lay afrer copularion

Entire copulation  duration  averiaged
369, n = 7). Toral

on avenige {mnge

176.7 min {range = 60
number of inserrions 112
J7-198, n = 6). Towal

IMin on ay ¢ | AN
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Copulatory pattern (Fig. 67u—d): Copu
lution was frequently interrupted, 36 rimes
on average (mnge = 3=79, n = &), The mals
spproached the female sevenil rimes m
der to resume copulation (Fig. 63¢). Palps
wsually were inserted alvernarely abour 112
times, for 11.0 £ 0.5 5 on avernpe (mean =
se., mnge = 0.4-97.7 n = 510). Insertion
durstion incressed s copulation advanced
.‘|1-'|"'||I|.| of  IMSErtions |.'!."I'Il'f-l|='t :l‘-'L |'=-.“. c
shortly betore the maring plug was produced
(Fig. 67a=d). During a sequence of inser-
tons the female was contimuously in con-
tact with the male’s secretory organ (Fig
65b-f). Secretory fluid was visihle in the
groove between the two cephalothoracic
projections (clypeal organ e Fig. 64)
where the female placed her chelicerse and
performed  vigorous  rhythmical sucking
movements. Numerous insettion attempts
pccurred; 137 ina copulation with 37 inser
tions, but only 37 amtempes in a copularion
with 198 insertions. In another copulation,
number of successful and unsuccessiul inser-
thons was equal (ar least tor 3 h observed)
Un a few occasions, the male acrively imflat-
ed his bulbus without contact with the epig-
youm. Owing to the lage number of inter
rilr\lTIa s .|r|-.| INSETIOn .1r|!|.'r[i]"'[-. I.ilillll..lth ine
appeared rather agitated. Remarkably, in A.
argyrodes the male palp wis inserted ipsilat-
erully, the left male palp inserts into the left
female copularary ducr and vice versa (Fig.
66). Among Theridiidae ipsilateral inser-
tion was known previously only in Tidarren,
where it occurs faculratively (KnoRAcH &
AN Harten 2000a), and in Seeatoda cas-
tanea (GERHARDT 1926).

Mating plug: Ar the end of copulation o
consplouous mating plug i= produced (Fig.
70, 71}, In conirast to hitherto known mat-
ing plugs of Therdiidae (KnofLacn 1998),
the plug secretion comes from the male pal-
pal organ. The male alternately stretches
T hu P._|||‘-_ .1r|.| L!:h rhr I"".'I-..'I! h.u,'l'l'l.qh h_1-.--
chae inflare. Such haematodochal swelling
of the unlocked palp 5 unusual. Palpal
'\ll'H.'r'L-l'ill'lE ."l-\.j ||.ll."ﬂ'|-'lT-nII "\.‘h-ll- |'|I‘i.“|l|'.l L
performed 8-34 rimes sequentially (mean =
15, n = 17), until a large secreton droplet
ippeared on the distal end of the palp (Fig
68, 69d-1). Then the male approached the
female and transferred the secrerion by a few

palpal applications (3.6 on average, range =

Insertion Duration |s)

B =

g E

Insertion Duration [s)
& B

B &8 E B

o

Fig. 66: Copulation in
Argyrodes argyrodes
Ipsilateral insertion,
left male palp is
applied to left female
copulatory oritice
{arrow). Right
copulatary orifice
unengaged

Fig. 67a—d: Copulation
and insertion pattern
in four pairs of
Argyrodes argyrodes
from Tenerife. Each
bar represents an
insartion. MP =
transfer of mating

| ’ plug by short palpal
120 w0 180 M0 M0 M 30 0 I = applications marked
with an asterisk.

M

40 &0 0
Duration of Copulation (min)
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Fig. BBa—c: Produc-
tion of mating plug
in Argyrodes argy
rodes. The plug se-
cretion comes from
a gland of the male
palp. it is discharged
upon the male's
stretching and
swinging his palps
forwards numerous
times. a: Onset, b, ¢ end of palpal swing-
ing. Arrows point to plug secretion. Male
from Tenerife (@) and from Cape Voerde Is)
(b, ¢}
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1-24, n = 24), without inzertimg palpal =cle-

rites. Altogether 3-3 such plupring secre-
thons were formed and subsequently trians-

fermed. The muting plug secretion s appur-

ently released ar the distal end of the palp,

'.J.-]l!:rl.' r!'u_- 1'1|||!"- 1[1|- .1|1-_| n._:ll'.._lln Tor are « |.'-‘-|-

together (see Fig. 0%a-c venus 69d-1)
There the dropler is held by the membrane
i r1||' i -l1~|1lr|_*|l.’ CHL !'f!1r-||'.'. ir H‘:ﬂ*.'TT:'.‘ ""|:'-
purently, the mating plug secretion omg-
nates from a pland within the palpal organ
A in Amarrobis (Amaurobiidae, we SUHM
et ul. 1996). Discharge of the secretion s as
sumed 1o be assaciared wirth haemarodochal

This

mode of mating plug production has not

swelling, Le. haemolymph  pressure
been observed in any af the other c. 60
rh.-ru.1|.|.5 ‘-i'l,'l (T =r|..1||_-.1 []||' eCreticon
nully hardens and becomes a sohid, brownish
plug. The shape of the plug is irrepular (Fig.
11k), Sometimes the secretion mass is de

formed by the final palpal contucis

Multiple mating: Four femules, which
1"|:I|.{ n.'|1]“|||.lT|'|1 OnceE, Were .'||||'|1.'I.T_‘.1 o nemate
They rejected the courting males ar least for
the 3-4 h of observation, Usually, the male
WS '\.r_'r._ll.gl,-_-J trovm 1S mate after *_-1"'J|.-.I|'.'|l il
'n..'!‘l'll'l. ane pair Wis lirr'1 ln-._]n'[ill:'r ATer ~'|r|'|:-
lation and wis observed o remare five days
after thewr fist copulation. The mule was
able to disladge rhe mating plug, apparently
by numerous palpal applicarions. Then typ-
teal copulation proceeded and ended in the
!1|T1|i.|.!1'.'||| il .II'I-*[hI.'r |'|||L'\'.' mating F"llIL'.
-[.llli'\l. ||“.' msnng |'1||Lf \llk."l [J LRI IIL'-..I.'-w-:Irlh

impede a turther copularion

The marmge plug lumpely prorrudes from
the female epigynum (Fyg. 70k, ¢). GER-
HARDT (1928, fig. 1Ta) obviously observed o
plugeed fermale of A arpymodes and misinter-
prered rhe maong pluyg as an epimynnl seroe-
ture. The epigynum of a vinnn lemmale does
not protrude (Fig. 631, 6%, b, 71a). Genr
HakLT [ 1928) ohserved anly rwo shor inser-
ions, which apparently represented only an
attempt o mate. Abo i an Anprodes from
the Cape Verde Islands described a5 o new
species, A, wapulanis SCHMIDT, GESTHARIN
& Prerio 1994, the specific epither nefers 1o

Fig. 6%a-i: Male palp of Argyrodes argy-
rodes, ventral view, a—c: Virgin male with-
out glandular secretion on embolus-con-
ductor complex. d-i: Male fixed at the end
of mating plug production. Arrow points to
mating plug secretion on membrane of
conductor. (a-f) left, (g-1) right palp. C =
Conductor; E = Embolus, Scale lines: 0.2
mm (a, b, d, e, g-h), 0.05 mm (g, , i). Pho-
tos: K. Praiien,
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Fig. 71a, b Epigynum of Argyrodes
argyrodes. a: Virgin female, copulatary
arifices free. b: Copulated female,
amarphous plug covers epigynum, 5cale
lines: 0.2 mm. Photos: K. Praces

Fig. T0a—<: Copulated females of Argyrodes argyrodes. a: First
portion of mating plug secretion just transterred, secretion still
transparent. b, ¢ Secretion hardened to solid, brownish plug,
largely pratruding from epigynum (arrows). Female fram
Kefallonia (a), Tenerife {b) and Gran Canaria {(c).

the alleped projecting epipymum, which maost
probably 15 o mating plug

The male clypeal organ of the genus Ar.
prrodes has been the subject of numerous
studies (LECENDRE & Lowez 1974, Lorez &
EsEriT 1979 and 1981, etc.). The exact ef-
fect of the glandular secretion on the female
wits discussed by Whimenouse (1987), who
suprested thar a stimulating ettect was more
likely than a calming one. WHITEHOUSE
(1987} rejected a nurmitive funcrion of the
secretion, as the females did not appear o
move theirr mouthparts, However, in the

228

present females sucking movements were

ohserved. Apparently, the female is broughe
into copulatory posture by this gustatory
component. Mating has been observed in
A antipodianus O, P-CaMmpripce 1880 from
MNew Zealand, with specal emphasis on
(WHITEHOUSE &
Jacrsom 1994), ScHmMioT (1999) briefly de-

scribed a 50 min long copulation of an un.

courtshi P mavements

derermined Argvrodes species from the Cape
Verde lslands. To my knowledee, the forma-
tion ol the mating plug in Arorodes has not
previously been reported.
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28-31 Enoplognatha ovata-group

The E. ovata-group clearly tollows the

Sreatoda-type of copulation. Sperm induc
tion takes place independently of copula
T, Bometimes atter ¢ .li‘ll't.lil-. . At !iil.' i'i .
ginning the male spins a layer of silk to and
from the female, which represents the mai-
g web. Courtship and copulation proceed
L Pl ||||.' Mg “l.'!'. L[] “Il'.Ltl Tll':' 1L'r||-|J1' i'l
lure | r"l. CONT iMoo |'|I1|. L ng. ] il'.lﬁ.. f!il' fe-
male approaches for copulation. Then palps
are inserred aleernarely i mpid succession
During inseroion haematodochae inflate on-
ly once. Copulations are comparatively
short, Lsting 9-70 min. A mating plug was
not found. Following species were observed
E. afrodite, E. lanmana, E. ovars and E
penelupe. Ethological differentiation at pres-
ent 5 not posible owing 1o small sample
size. It appears that E. latimana, E. ovata and
E peneiope  are rather close, whereas F
afrodite differs clearly by increase of inser-
rion duration with advance of copulation
and lonper copulation duration. Alse in
morphology E. afrodite is the most disting-
nve representative of the E. avata group. [t

the only species which has the i
chobothrium on meramsus | submedian in-
stezil of subapical; the male chelicerae an
comparatively shor and genital morphology
is markedly different. In the cladogram it is
the most basie speces (Hirra & Osas
1983).

28 Enoplognatha afrodite Hiera &
OxsaLs 1983 (Fig. 72, 73)

Marerial: Greece, Hhodos, Armmavins surrodinid-

ings Ag. lsidoeos; 550 m, @ g, 1004.1996. Profi-

Tis ”I.l"_ h--lrllll ahove Salakos, $50-600 m

g ] 12.4-13.4:1996; all Jeg KnomarH &

THALES

Fig. 72a—c
Copulation in
Enoplognatha
afrodite. a: Male has
completed
construction of
mating web, which
is outlined by
arrows. His plucking
with legs Il induces
the female to
approach him. b:
Insertion of left
palp. Leg contact
present.
Construction of
sperm wirh,

Fig. 73a-c
Copulation and
insertion pattern in
two pairs of
Enoplognatha
afrodite from
Rhodes. Each bar
represents an
insertion,

c: Freguency of
insertion attempts
during copulation
af (b)
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Fig. 74a, b
Copulation and

rsertion patierr

o Qna g

atirmana {a) fron
Carchinia and E
pendlope (D) Trom
Corfu, Each bar
represents an

sertion
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: Copulatory pattern (Fig. T3 ): Copu-
lation consisted of 3 sequence of ||--.i5-. 1
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cm to and from the female. After 2 min, he
intensively vibrated his abdomen and there-
after plucked alternately with his legs 1l on
the mating web. After only 0.5 min of such
courting the female approached him and as-
sumed the copulatory posture. Copulatory
posture as rypical of other Theridiidae. Pre-
copulatary courtship altogether lasted 2.5
min, including construction of the mating
web.

Sperm induction: Sperm induction took
place 2 min after copulation. Spinning of
the sperm web with induction lasted 16.3
min, 7 min of which were used for con-
struction of the sperm web. The male ab-
sorbed the sperm droplet within 9.3 min
and by about 33 dipping movements. No
further attempr to mate was observed.

Entire copulation duration occupied 23
min. Toral number of insertions 159, Total
insertion time 12 min.

Copulatory pattern (Fig. 74a): Copula-
tion consisted of a sequence of rapidly alter-
nating insertions. Insertions were rather
short, lasting 4.5 s on average (range = 1-8,
n = 159). With advance of copulation inser-
tion duration slightly decreased. At the end
the palp was applied five times without
haematodochal swelling, which were as-
sessed as insertion attempts. Thus, number
of insertion attempts was very low.

30 Enoplognatha ovata (Clerck 1757)
(Fig. 75)

Material: Austria, Innsbruck, Martinswand, @ ¢,

17.6.1994, leg. KNORLACH & THALER.

Mating behaviour was observed from
five pairs, all of them not in full detail as re-
gards number and exact duration of inser-
tions. Sperm induction takes place inde-
pendently of copulation. As in E. afradite,
the male stars with construction of a mat-
ing web, Copulation proceeds via mating
thread and female approach and involves
numerous short insertions.

Courtship behaviour: When in contact
with the female web, the male intensively
vibrated his abdomen, approached the fe-
male, palpated her and started to construct
the mating web. Further courting, see also
E. afrodite. The female sometimes jerked in
response to the male’s movements and final-
ly approached him and assumed the copula-

tory posture (Fig. 753a). Copulatory posture
as typical of other Theridiidae (Fig. 73b, c).
Precopulatory courtship, comprising con-
struction of the marting web and plucking,
lasted 13.2 min on average (range = 1-26,
n = 3). Copulatory courtship: The male of-
ten vibrated his abdomen during a sequence
of insertions.

Sperm induction: Mot ohserved. In
most observations the male left the female
web a few minutes after copulation, when
the female jerked and started web-spinning
or even prey arrack.

Entire copulation duration averaged
23.6 min (range = 17-43, n = 5). Taual
number of insertions not recorded, but esti-
mated ar about 100-200.

Copulatory pattern: Copulation con-
sisted of a sequence of rapidly alternating in-
sertions, which lasted a few seconds only
(3-6 s). Insertion duration decreased with
advance of copulation and then lasted only
| 5. Accordingly, haematodochal swelling
declined as well. Number of unsuccessful in-
sertions was higher ar the end. None of the
five copulations was interrupted by the fe-
male.

Other observations: A female was al-
lowed to remate nine days after the first cop-
ulation. In spite of long and intensive male
courtship no copulation took place. Instead,
the male was preyed upon and sucked ourt by
the female. Another female of uncertain
state (presumably mated) was aggressive at
the very beginning, but was calmed by the
male's courting. After only 2 min of inser-
tions she also attacked and devoured the

male.

The reports of GERHARDT (1921, 1923},
Locker (1926) and Bristowe (1919) on
the copulation of E. ovata (sub Theridium
lineatum, Phyllonethis lineata and Theridion
ovamum respectively) leave only a linle
doubt on the identity of the species, as i
sibling E. laimana is much less common
than E. ovata. Copulations lasted 1345
min (GERHARDT 1921, 1923), 12-15 min
(LockeT 1926) and 15 min (Bristowe
1929}, and proceeded in a similar way as in
the present pairings, with numerous short
insertions up to 10 s. LOCKET (1926} record-
ed 107 insertions in one observation, which
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Fig. 75a-c:
Copulation in

Enoplognatha ovata.
a: Female approach,

b, ¢ Insertion of

right and left palp.

Leg

contact present.

MNote light colour
and exuvium {upper
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left) of freshly
moulted female,

lasted v first 10-12 5, but mostly 5-7 s

Sperm induction ook place 20-30 min and
ORiceE eviet 4_1: b after .-.||;~u|.|r:.-n (LiER -
Harom 1921, 1923), whereas Bristowi
(1929) ohserved 10 soon after copulation
The whole process of construction of the
Sperim 1.1.4_'1- .||'|.! |1|._1I|._||.|,||t i.l‘-h;.! ]: i
(BattsTonwe 19290, according ro GERHARDT 5
and 10 min, of which 2 and 6 min respec-
tively were wsed for construction of the
sperm web, The male absorbed the sperm
dropler within 3 and 4 min (GERHARDT
1921, 1923) and by 26 dipping movements
(BrisTowe 1929), In two observations the
female linally became aggressive and started

to attack the male (LOCKET 1926)

31 Enoplognatha penelope Hiepa &
Orsaia 1982 (Fig. 74b)
Matenal: Greece, Uorfu, Dasin, Kato Karakiina,
I m, olive grove, g, 2751996 and
351996, leg: Kxoracy & THALER
Mating behaviour was observed from
two patrs, Sperm anduction takes place inde-

pendently of copulation. Cverall procedure
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of copulation is similar ro E. afrodite, bur
courtship was brief and a maring web was
missing. E. penelope 15 the lampest represenia-
tive of the E. ovatg-group. Perhaps the com-
pararively small size of the observation jars
did not allow construction of a maring weh,

us typical of the other members of this group

Courtship  behaviour: Courtship  was
Vi i'rl:l,'f “'huh h COntact u|||1 [|||_' |r_'|_||.t||_'
I.'.'1'1'. rhl Irl.lll' IT:'I:I1.III'I|'-.| L -rllt'-\.- fior a tew
minutes and then slightly vibrated his ab-
domen. In buth observations the female ap-
proached the male immedinely so thar he
did not construct a mating web, nor did he
pluck. Copulatory posture as in the arther
species of  this  group.  Precopulatory
courtship lasted only half a minute. Copula.
tory courtships With each insertion the
[1I.1||' stz riu- I|:'II.|.|.J|; LR rh.11 |'u|lin Were
'ihil\lhl_‘ h‘“.]\il 'LI:!n.-F.-'.I* |"|l”|f'||_' MOVEments
were not observed in the other species of the

E. pvata-group

Sperm induction: In one observation
the male lefr the female web a few minutes
after copulation, when she became agpres-
sive, in the ather olservation the female left
her web, 228 and 40 min later the males
started construction of sperm web and in-
duction. Interestingly, one male built rwo
sperm webs in succesion. Only one sperm
uptake wis recorded completely. The whole
procedure lusted 13.2 min, 9 mun of which
were used lor construction of the sperm web
The male absorbed the sperm droplet with
in 4.2 min and by 26 dipping movements
Afterwards the male was again inrroduced
inter the female web but showed no further

Attempt Lo muate
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Entire copulation duration occupied 9
and 15 min. Towl number of insertions
rather variable, 31 and 182, Toral inzernon
nme 2.7 and 4.9 min.

Copulatory pattern (Fig. T4b): Copula.
tion consisted of u sequence of rpidly alter-
nating insertions, lnsertions were rather
short, lasting only 1.6 + 0.09 s on average
(mean = we., mnpe = 0.5-64, n = 182} m
one parr and 5.3 s 2 0.26 on averige in the
other pair (mnge = 3.0-11.2, n = 31), Dur-
ing each insertion the male sweized the fe-
male with the palp just in use. Insertion du-
rution decreased with advance of copulation
(Fig. 74b), whereas numbers of unsuccesstul
insertions increased. In the chervation
with a  high number of  insertions
haemarodochal swelling declined notice-
ably halfway through copulution. Palps were
then inserted with minimal expansion. In
bath pairings insertion sequence was inrer-
nipted by the female 1-2 rimes. The male
then wibmted his abdomen and gently
plucked, untll the female approached again
for the next sequence of insertions.

32 Enoplognatha verae Bosmans & van
Keer, 1999 (Fig. 76)

Material: Tunisia, Hammamet, o,
21.-28.2.1997, under stone. Cap Bon, Korba, o,
L1997, under stone, lep ENORACH &
THALER

According o Bosmans & van Keer
(1999} E. verae is a member of the E. ovata-
group, based on cheliceral dentation and leg
length. However, coloration and partemn dif-
fer considembly from all orher representa-
tives of the E. ovaa-group (Fig. 76). Speci-
tens have o brown o greyish ground colour
and a dorsal abdominal folium instead of be-
ing more or less uniformly yellow. Legs are
comspicucusly speckled. Copulatory behav-
wour differs from the E. ovata-group by the
insertion pattern (two long insertions ar the
heginning), long copulation  duration,
haematodochal pulsations and by presence
of a mating plug.

Maring behaviour was observed from
ong pair, but unfortunately not complere.
Beginning of courtship and parts of the ad-
vanced phase of copulation were not record-
ed. Therefore, further observations are
needed to confirm the moment of sperm -
duction. Copulation mvolves a few long and

numerous shorr insermions. During insertion
haematodochae pulsare thythmically. Copu-

larion ends with formation of a maring plug,

Courtship behaviour: Beginning  of
courtship escaped observanon. Thus, it was
not observed whether 2 mating web was
built. The male was found to vibrate his ab-
domen and o pluck with his legs [ and 11
until the female appronched. Copulatory
posture us i the other species of this group.

Sperm induction: not observed,

Entire copulation duration occupied 3.7
h. Total number of insertions not ohserved;
in the first hour of copulation exactly 100
inserrions rook place. Another 35 min se-
quence of insertions was not recotded in de-
tail, but would have involved c. 80 inser-
rions if the final inserrion fime was main-
matned. Toml mserrion rime abour | h (44
min in the fully recorded hour plus estimat-
ed |3 min in the missing 353 min).

Copulatory pattern: Copulation com-
prised a sequence of insertions of varied du-
ration (mean £ e = 26,2 = 8.3 &, nnge =
6.3-775.0, n = 100). Ar the beginning rwo
long insertions took place, lasting 13 and 6
min. Then insertion duration decreased rap-
dly and numerous shorter insertions fol-
lowed, which rook abour 14.7 £ 0.6 s on
average (mean & se., range = 6.5-390,n =
97). Remarkably, haermatodochae were not
mflated once during inserrions, but pulsared
thythmically, =ee also 35 E. sardem. In the
long-time insertions haemarodochas inflar-

ed for 7-9 s unril thiey collapsed again. Dur-

Fig. 76: Male of Enoplognatha verae. Note
coloration as compared with the E, ovata-
group.

233



© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at

50 -
T
E -
5
§3ﬂ1 Enoplognatha diversa

20 4
g‘fﬂ-
2l =1 I

4] 60 100
Duration of Copulation (min)

80 -
= B0 -
E?“' Enoplognatha macrochelis
'—'Eu.
fa
B 40-
8§ 0.
in]
= 10 4

0

1] 1 2 4 5
Duration of Copulation (h)

Fig. 77a, b: Copulation and insertion
pattern in Enoplognatha diversa from
Tunisia {a) and Enoplognatha macrochelis
fram Cyprus (b). Each bar represents an
insertion,
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iy a shorter insertion 2-3 such swellings

were performed. After the first hour of in
sertions the pair maintained copulatory pos-
ture, but were mationless for o long perind
(at least 20
inserrions. Twice copulation was ineerrupred

mind and then again resumed

tor producrion of the mating plug secrerion
(durarton 108=20 min), The male was found
with n secretion dropler on his palps. This
behaviowr needs further confirmanon, as
the pricess itself was nor observed. The se-
crerion clearly represents a mating pluy, but
tts origin ts uncertain. It may come from
glands of the male palp or from the mouth-
pirts. The secretion was trnsterred o the
epigynum by very short applications without
haematodochal swelling for about 10 min
Finally, a marked, whitish secrerion dropler
protuded from the eplgynum, which wis
atill visible 1 h larer. The maring plug ap-
parently was not very salid, os it was easily
P |'|.'|,-|,! E‘l'l.' nl"lu"\HI."'l.

33-35 Enoplognatha diversa-
group

sperm induction takes place mdepend
ently of copulation. ';-:llllﬂ-u]'!ll'l. we B ovala
group: Copulanion proceeds via maring
thread and starts wath # few long nscrtions,
lasting longer than 10 and up o 80 min.
During insertion haematodochae  pulsate
rhythmically  Enrire copulation duration
usially occupied more than | and up o 4 h
It appeared that no mating plug was formed.
Following species were observed: E. diversa,
E. macrochelis, and E. sanders. Agin, small
sample <ize makes comparison difficule. It
appears that E.snlent exceeds the ather
species in large number of insermions. E
macrichels w apparently notable for compar-
atively long insertion durition.

33 Enoplognatha diversa
(Buackwart 1859) (Fig. 77a)

Materil: Tunsia. Hammamer. r,
21.-28.2.1997. Cap Bon, Korba, &g, 23.2.1997,
leg. Ksoiac & THALER

Mating behaviour was observed from
two pairs. A third observarion was incom-
plete. Sperm induction takes place inde-
pendently of copulation. Copulation pro-
ceeds var matimg thread and imvolves a few
long  insertons During  insertion
haematodochoe pulsare rhythmically. Ap
parently no mating plug is produced.

Courtship behaviour: Courtship corre-
sponds with uther Enoplognatha specwes. The
l1|..|tl,' 1|r|'r|“'l..'l,.1 I'l.!.‘- -lf‘dn.'rl'lt'!l. .|I"F"T| !IILI]"LI rhl.'
temale and constructed a mating web. Lipan
his continuous vibrating and plucking with
legs 1l the female approached and asumed
copulatory posture. Construcnion of matmg
web and plucking wis repeated for most -
sertions. Precopulatory courtship lasted 2,
10 and 12 min, courtship before larer inser-
tions 0.5, 9 and even W min. L ||1u|.:1.l:||r|,'
posture typical of orher therndiid species.

Sperm  induction: One male built o
dense sperm web half an hour after copula-
tion and remained for 15 min motionles
on the weh, 1"', which time Iinduction was
i nmplﬂml. The arher male lefr the female
weh & min after copulation.

Entire copulation duration occupied 100
and 104 mun. Total number of insertions
and 4. Total nsertion time 70 and 86 mun.
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Copulatory pattern (Fig. 77a): Copula-
tiom comprised only @ few long insertions,
with a mean duration of 23.2 min (rnpe =
=41, n = 8). Insertioms mostly did nist take
I'l.!L‘.' 11] :I|:!|I'|‘II."J1.ITL' SUCCESsI0m, hHT were rTL"'
ceded by another courning penod. Bemark-
albsly, haemutodochae were not inflied once
during insertion, b pu'lk:lltrd rhythmically.
A matimg plug was not discernible

34 Enoplognatha macrochelis Levy &
Amital 1981 (Fig. 77, 78)

Marerial; Cyprus, Paphos surmoundings, Coral
Bay, & g . 12.2.1995; Akamas peninsuls southern
coast, Ag. Creorgios suroundings, & g, 17.2.1995;
Poliy, Akamues perunsula, Fontana Amuoros, 2
P62 1995 all leg. Kxcwpais & THALER

Maring behaviour was ohserved from
five pairs. Sperm induction takes place in-
dependently of copulation. Copulation pro-
ceeds vin mating thread and involves sever-
al long insertions, sometimes also a few
shorter ones: During insertion haemansdo-
chae pulsate rhythmically. Apparently no
mating plug is produced

Courtship behaviour: Courtship sumilar
o E. diversa. Abdominal vibrations and
plucking with legs 1l were very intensive in
all observations, Construction of mating
web, vibrating and plucking sometimes also
occurred when copulation was mterrupted
{in three pairs recorded). Precopularory
courtshup lasted 643 mm {mean = 26, n =
3, courtship before later insertions 1, 2, 9
and 17 min. Copulatory posture typical of
other theridild species, with leg conracy
(Fig. 78h, ). Copularory courrship: Towards
the end of an insertion the male intensively
vibrated his abdomen. Haemarodochal pul-
SATLONS, SO¢ L |r|||!-||.|\|r‘|' t'hl.lll_‘m

Sperm induction: Sperm induction was
not observed. Two males left the female web
shortly after copulation.

Entire copulation duration eccupied 1.5
h on average (runge = 0.9-4.4, n = 5). Towl

l'l.LllII.l‘i‘.'l | INSErTons r1'\'|$"|iﬁ§,'\j h hrﬂl'lﬂl.' -
2-12, n = 5). Total insertion nime 2.2 h on
average (ange = 0.9-4.1).

Copulatory pattern (Fig. 77h): Copula-
tion comprised 2-12 inserrions, with a mean
duration of 17.2 ¢ 334 min (range =
1.0=79.5, n = 38). At the begpimning 2-4
leng insertions took place, lasting 42 mm
on average (mnge = 145795, n = 14)
Then insertion durarion decreased gradual-
ly. In two pairings 3=10 palp-epigynum con-
mcts occurred, which ook no longer than
VI 500 llll.l .“il.] sOMEetimes wiere UCca |I'||.i".-|.'
nied |"',' short  haematodochal  inflation
They were nor assessed a8 successtul inser-
rons. Copulation was interrupted once in
two pairs and  twice 0 another poir
Hiuematodochae pulsated thythmically fot
2-3 s during inzertion. Shortly before a pul
satton, the male’s chelicerae were strerched
and his abdomen moved in slight jerks, ac-
cording to the rhythmical increase of hy-
draulic pressure. A mating plug was not dis-
cemible on the tiny epigynal atrium

| Fig. T8a—c

Copulation in
Enoplognatha
macrochelis. a: Male
during courtship. b,
¢ Insertion. Forelegs
of male in contact
with female’s legs.
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36, 37 Enoplognatha thoracica-
group

36 Enoplognatha quadripunctata
Smaon 1884 (Fig. 80a, b)

Material: Greece, Rhodos, Profiths [lias, above
Salakow, 550600 m. To, 124-134.199%: E-
Crete, Kera, +. Mohms, ¢ 700 m, @, 5.4.1995;
Petkos, g, 541998, olive grove; all leg
KnoriacH & THaLER

E. quadninmctata 15 0 member of the E
thoracica-group and close w E. thovacica.
ldentification according ro Bossass & van
Keer (1999). In the present observations E,
quiadrmaculaa differs from E. thoracica by
long copulation time, high number of mnser-
tions and comparatively short insertion du-

ration.

Muting behaviour was observed from
rwo pairs. Sperm induction takes place inde-
p.'ndcmh' of ;;u[u.:lilllun. The male starts
with construction of a mating web, Copula-
tinn procesds via female approach and in-
villves numerous short insertions. A maring
plug was not found.

Courtship behaviour: When in contact
wirth the female web, the male vibrared his
abdomen, approached the female and -
stalled the mating threads o and from the
female. After 1.5 and 5 min of such spin-
nitng he intensively and conrinuously vibrat-
ed his abdomen and plucked aliemately
with legs 11 for half & minuce, uncil the fe-
mile approached him and assumed the cop-
ulatary posture, Copularory posture as in
other Enoplogmatha species.  Precopulatory
courtship, comprising construction of the
maring web and plucking; lnsted only 2.5
and 5.5 min. Copulatory courrship: The
male often vibraied his abdomen imtensive-
Iy during an insertion, which is a typlcal
stridulatory movement

Sperm induction: Not observed. One
male was pursued and attacked by the fe-
mile soon after copularion and had ro be re-
maved from her web.

Entire copulation duration occupied 63
andd 92 min. Total number of insertions 210
and 228. Toral insertion rime 41.2 and 49.6
min.

Copulatory pattern (Fig. 80, b} Copu-
lation consisted of # sequence of rapidly al-
ternating insertions, lasting 13.2 + 0.4 s on

140 -
. 120 - Enoplognatha thoracica
2
£ 100 1
B .

a
B0 -
g -m-
= ol
0.
0 10 20 30
Duration of Copulation (min)

average (mean £ se., mnge = 0309 n=
413). With advance of copulation insertion
duration decreqsed (Fig. 80a, b) and number
of unsuccesstul insertions increased. For a
long time insertion attempts occurred at low
rate (mean = 1.2; runge = 04 per 10 inser-
tions), but then accelerated near the end of
copulation (up to 16 attempts per 10 inser-
nons). Also haemarodochal swelling gradu-
ally declined towards end of copulation.
Copulation was not interrupted by the fe-
male.

37 Enoplognatha thoracica (Haun
1833) (Fig. 81)

Marterial: Austria, N-Tyvrol, E Landeck, Srarken-

bach B0 my, T May 1996, lep. KNowiaru &

THALER.

Mating behaviowr was ohserved from
ome pair only. Ovenall pattern a5 in E.
quadripinciata. Number of insertions was
lower than in E. guadripunctata, whereas in-
sertions lasted lonper. However, further ob-
servations are needed to confirm these dif-
ferences. A mating plug was not found. Pre-
copuliatory courtship lasted only 2.5 min,
Sperm inducrion was not observed.

Entire copulation duration occupied 32
min. Total number of insertions 25. Total
insertion time 19.3 min,

Copulatory pattern (Fig. 81): Copula-
tion consisted of a sequence of 25 alternat-
ing insertions, lasting 46.9 £ 6.7 s on aver-
ape (mean ¢ se., tanpe = 13-1200, n =
15). The female suddenly became agpressive
and terminated copulation. Thereupon the
male lefr her web

Fig. 81: Copulation and insertion pattern in
Enoplognatha thoracica from Northern
Tyrol. Each bar represents an insertion.
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Fig. 82a, b: Copulation in Episinus
maculipes fram Sardinia, a: Couple just
before insertion. b Insertion of left palp,
female has turned 180" around, male faces
venter of female. Forelegs of male in
contact with famale’s legs

Fig. 83a, b: Sperm induction in Episinus
maculipes. a; Construction of sperm web
completed, sperm droplet just released
{arraw), b: Absorption almost completed

238

38 Episinus maculipes Cavanna 1876
(Fig. 82, 83)

Material: Ttaly, Sandinia, sbove Lamser, 900 m,

&g, 6.6, 2003, leg. Kvorach & THALER
Representarives of the genus Episnus dif-

fer from most other comb-footed spiders by

thetr elongate body shape and by web-reduc-

ticen, Thedr spare is reduced o 2-3 threads

Twenty rimes virmn males were mtro-
duced into the capes of virgin females and
ohserved for 3-8 b, but without success. The
spiders remained morionless for hours. Oinly
one pair widdenly copulared |4 min after
they were put together. The exact beginnmg
escaped notice, but it appeared  thar
lllllr['\-!ilr‘ Wis 1'I-lh|'r VETY "hl'l'l"l Or EVien .lh-
senit. Consmruction of a mating thread can
be exchuded. Eich palp was inserted once for
¢ 1% min During the first insertion the fe
matle rotated o lirtle and thereby changed
her postnon. As a resuln, both parmers faced
the same direction (Fig, 82a versus B2b1 Al
ter the fist insertion the maole swiftly ap
plied the opposite palp without courring
Then the pair quickly separated. A maring

plug was pot discernible. Sperm induction

tukes place I1Il.jl.‘!‘l.'1ldl.'1'l1|'k il I.'I.IPI.ILI”II“

Sperm induction (Fig. 83a, b): One
hour nfrer copularion the male started con-
srruction of the sperm web and induction.
The whole procedure lasted 7 min, 2.4 min
of which were wsed for comstruction of the
=penn “'.'.l"'. 1|'|'.' FETIREITRENEE ume lor ||:'|'\.E|.|'.‘
tion, The male absorbed the lange sperm
dropler by only & dipping movements. The
palps remained on the ..1r|-|-||-r for o long
time (Fig. 53h) and the sperm dropler quick-
ly disappeared.

LowweT (1927) once observed a copula-
tion of Eposomus trumcatus LATREILLE 1809,
Mo male courting movements were dis-
cemed. The female suddenly approached
the male for copulation, which invilved
two insertions of 2.4 and V.7 min durarion.
Thus, the overal]l procedure appears to be

similar ro B macudipes

39 Euryopis episinoides

(WaLckenacr 1847) (Fig. 84a, b)
Marterial 2, Chalkidiki,
Olympisda, 16,9 1996, o [osrtsmanan, Cimmpe #ite,
1291996, leg: KaotLacil & THALES

Hl-'i'll."d."lll.-l[l'hl_"\- uf the genuos f_ll'_‘”]'f‘-

{Ilrrl'lnl.' II1.11|II|IIhI

ore specialized in feeding on anes {(Hirson
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pERG [909), They are considered o be wan-
dering spiders and do not build webs for prey
capture but still wse silk for immobilisation

of the prey (Carico 1978)

Mating behaviour was observed from
one pair only. No mating threads were con-
structed. The male hectically pursued the
temale tor about 5 T, withomt obvious
courtship movements, Then female and
male briefly threw silk towards each other
with their legs IV, thereby facing in oppesite
direcrions. This acrivity arherwise is part of
prey capture, but apparently cawsed m
hiarm. Afterwards insertion followed in the
next 1.5 min. Then the pair quickly sepa-
rated. Again the male pursued the female
for 5 mn, and after another silk-wmpping
wrivity, the second copulation procesded
(duration c. | min). As the spiders were not
hanging in a web, the copulatory posture
was reversed compared with other theridiid
spiders (Fig. 84a, b). The female became
propped up from the ground. Apparently
there & no mating plug. Sperm induction
takes place independently of copulation and

was not observed

Entire copularion duration occupied ¢

15 muin Towal number of msertions 2. Toral

insertion time ¢ 2 min

HIRSCHBERG (1969) describes a copula-

H‘I|

1836), which apparently runs off in a sinilir

tion of Ewryopis flavemaculata (C.L

way. The female threw silk when the male
ipproached her. Each palp was inserted for
40 s

40 Steatoda bipunctata (LINMAEUS
1758) (Fig. 85, 86)
Material: Avstria: Inpalruck, Krane

howpie walls, o

March 1997

|I"|.|'II'|:|| .I|r':..||||_||||l1'._ oy v

Sept. 2003, ley. VOGE

0
Maring behaviowr was ob=erved trom
three pairs, but never tn full demil. Sperm
induction mkes place independently of cop
ulation. Copulation proceeds vin mating
web and invalves one or two insertions of
-2 h duration. The male palp i inserted
ipsilaterally. Two different phases were pres-
ent during mseruon. Haematodochae pul
sate rhythmically in the tirse phase, but re
inflared in the second

main constantly

phase. Ir 15 assumed thar during this second
phase of insertion a mating plug i produced
(Fig. 86b), which apparently originates from
the male palp. Remarkably, females were
never aperessive. 5. bipumcnata s markedly
distinct from rhe following Steatsds species
in morphology and also in behaviour, [t dif
fers by long  insertion  durtion,  long
courtship duration, by a different way of

mating plug producrion and apparently by

lack of female agpression

';_'uuthhi_rl 1':..;]1.1\|'n|:|[ Mot recorded in
full length. One male courted for 9 h. One
of the

male soon starred with construcnon

mating web, Another male st hist ap-

proached the female, encompassed her body,

bdomen, with his

in particulis her a irebeps
and remained in contact with. her body or
sometimes close to her for the nexa half hour

(Fie. 85¢, d), Then he eradually disengaped

Fig. Bda, b: Copulation in Euryopis
ephinoides from Chalkidiki. Owing to web-
reduction copulation takes place on the
ground. Female’s body propped up and
legs stretched aside
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Fig. 85a—d: Copulation
in Stearoda
bipunctata. a, b
Insertion of left palp
Couple hanging upon
the mating web. Leg
cantact present. ¢, d
Mate guarding with
intense body contact
Male underneath
female

bwnd | | T 1 i I I 112 vl |
| wel T i ridiidoe (1 b}, b n b
g k at | | il mule rot |
pinni e al | il weship: During insert
Bt | l
i T I I I tidudined L
i Fis i f hi | rim i e tir
I i I o i I I it I
|
paiat] 1l " i
th | I i thiris I il Il |
f sill her. | | L Fi
] 1 I f | 1
| | d fe |
: h Iy ! i
bl
i Wt it i !
. Sperm induction
[ e 1
1 |
. hi i ;
T
ML
| SR | l
k pl
fiw i I 1 I
il post inid el pluckir Copulatory pattern
] W A\ md 2.5
| | il I t i '
ik i I T i I 11 K
I i L | I [ | sl
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yrninet the epigynum, in one case I8 nmes
until the palp was locked. Two phases were
fisringuishable during insermion. During che
first phase haemarodochae pulsared rhyth-
mically for about 30 min (n = 2}, 2840
times per minute. Then pulsations disap
huematodochae  re-

peared and  instead

mained inflated throvghout. The male now
showed slight thythmical jerks (30-55 rimes
per minute) and synchronous contraction of
legs (in |'-.|Ir|-.|L|=.|! leg 1113, by which the fe
1|.|||' WS Passiy ;'l,\ l'-||”|_'-.| ]1:'-It'| Fime 1o fime
he also stridulated (ar most once per
minute). This second phase lnsred 74 and
0] min. Each inserrion was rerminated by
the female. She finally became restles, med
in vain o puwsh off the palp with her
hundlegs, and then tumed around 92-180°
Genitil contact is rather tight. The male did
not withdraw his palp, but continued jerk
i, This sometimes calmed the female for a
while and coused her 1o nssume the orginal
posture again. One female changed her pos-
ture 9 times in the last hour of insertion and
inrerestingly, palp-epigynum contact was not
iffected. Rotations of 180° usually caused
the male o unlock his palp. Hoematodochal
ulsations in the first ||Il'r' of insertion ap
pear 1o reflect sperm transfer. The second
'I'h e of insertion pe T:'t.lr'\ sErvVes D _rl‘lnlllu
the mating plug. After copulanion an elon-
pate, whitish, compact mass filled the en-

trance around the copulatory

onfice which
had just been occupied (Fig. 86b versus 86a)
The mating plug s assumed to onginate from

the male palp, since rransfer from the

mouthparts and from the penital et via
the sperm web can definitely be excluded
Moreover, the male’s mouthparts remained
clean throughour copulation. OF course, it s
pmsible that a female product also forms par
of the secretion mass. Ipsiluteral insertion
wits confirmed by the presence of 8 mating
plug. After insertions of the right palp rhe

right side of the frmale

eplgynum: was

plugged and vice verss. Females never be-
came ogeressive owards end of insertion

Mone of the male wis artacked

The present observations on 8, Fpuncia-
(1923,

(19701,

ta comespond well with GERHARDT
1924, CwWIWER- HANKE
MENCE
p. 261) and BRrisTi
of o
courtship took an extremely long time, sev-

1925),

(1869; sub Euchorig bipuncaro

wE {1958} consrruction
regularly.  ocourmed:;

maring weh

eral hours to days, uvsusally 6-8 h, and once

even aone week (Gwisnser-Hasge 19700
msertions lasred 1.2-1.9 b (GERHARIT

1923, 1924), 0.8-2.5 h (GwivweRr-Hanx
1970) and 2.5 h (Mence 1869); GERHARDT
(1923} already outlined that there are dif
ferent phases during insertion; copulation
insertions, the second

consisted of 1 o

Ll |1'|r|-_' shorter (CasNER-Haske 1970)
cessation of l_:rl'!lr.'|| contact was always inin
ated by the female. GwinneR-Harii
(1970) tlustrared different manng postures
of 5. bipunctata, which are the resule of fe
male roration. Lack of female aporession was
noted by BrISTOWE (1958). A maring plug i
Nt MmEnii -I.'IL'-| m !hL’ lirerarure |.~'|1.;."1".'|-
HARDT 1923, 1924, 1925 Gwis

1869: Gr

Fig. BBa, b: Epigynum of Steatoda
bipunctata. a: Virgin female, copulatory
slits unconcealed. b: Copulated female,
mating plug covers and fits to copulatory
slits (arrows), Scale lines 0.2 mm. Photos: K
PraLLER
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Fig. 87a-d: Copulation in Steatoda
castanea. a: Insertion of left palp. b:
Production of mating plug secretion
(arrow), presumably ofiginmating from the
mouthparts, ¢ Tramsfer of plug secretion
upon insertion. Note both male palps
stretched out. Leg contact loose. d:
Epigynum filled with secretion {arrow),
which later hardens,

242

NER-Haske 1970). Sperm induction was ob-
servied once by GERHARDT (1924) and lasted
24 min, of which 2.7 min were wsed for
construction of the sperm web, the rest tor
wctun] mduction. According o GWINNES

Haske (1970) S

clicking, merallic

bipninctata  produced
stridulatory soomd  af
TO0=1400 Hz and 23 ms durmion, which

Wiks Tt |u-_i|i"||.' 4] 1]11.' |.||r||.m (&1

41 Steatoda castanea (CLerck 1757)
(Fig. 87a-a)

Material: Auvstena: Inmibruck, mside howse, ©

Muarch 1997, leg. Kuo¥iaoH

Mating behaviour was

W
observed from
only one pair and not in detmil on account
of photographic documentarion. Sperm in-
.1||-. Tion r.ILI_"- p|.1'.'|' tn-{rrrl\.jt'nr]\ il o opu
lation. Copulation procesded vin muting
web and invelved 9 shon insertions of 0.5
min duration. Dunng insertions hacmato-
dichae pubsare rhythmucally. Ar the end, a
maring plug is produced, apparently as in §
tricngulosa. originating from the mouthpares

(Fug. 87d).

Courtship behaviour: nor analvsed in
detuil. The male constructed a mating web
as typical of other Steanda species. The fe-
male soon approached him for copulation
Copularory posture as in 5. miangulosa, but

both palps strerched straighe (Fig. 870, ¢)

Sperm induction: was ohserved i the
female welr 1 h alter copulistion, but not

||_'|_||r.]|_-_| LI ||.'I.II|:

Entire copulanion duration occupied 36
min on average. Toml number of msernions
4. Total insertion time about 3 min. During
imsertion haematedochae pulsated rhythmi-
cally, Towards the end of copulation a large
W I"I“I'ili SECTET AN .ir- l|‘||.'T ;"rn IIT||._Ir'-.| Irosmi 1||r_"
epigynum (Fig. 87d). The maring plug pre
sumably criginates from the mouthparts as
in 8 tranmilina and i mansferred via inser-

tion (Fig: 87b, c)

This observation on 8. castaned agrees
wirh r!um_- of DERHARDT (1926 construc
tion of a maring web repularly accurred; in-
sertions lasted  1-5 min; ane copulition

consisted of 9 insertions. According o GEg-
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HARDT (1926) ipsilareral insertion rook

place. The whitish to blutsh mating plug se-
cretion wis once observed on the male palp
ufver palpal chewing, which strengthens the
assumption thar ir originaces from plands of
the mouthparts. Apparently the mating plug
does not impede a further copulution as re-
mating was observed (GERHARDT 1926)

42 Steatoda grossa (C. L. Kocx 1838)
(Fig. 88a-d)
Material: Austriae Inmabrock, indide Tonse, T
fan~Dec. 2001 and Dec. 2003, ley. VoorL. Spain,
Carmery Islands, Gran Canaria, Embsabse de I Soria,
7, V23,2001, 500 m, lep KrowrLacH & THALER
Mating behaviour was observed from
four pairs. Sperm induction rakes place in-
dependently of copulation. Precopulatony
gourtship may proceed with or without mut-
ing web and may involve silk throwing onro
the female web. Copulation nvalves 1-5
msertions lasting abour 10 min. Dunng -
serttons haematodochae pulsate thythmical-
ly. Apparently no mating plug is produced,

Courtship behaviour:  Precopularony
courship proceeded in rwo different ways,

as in 5. pavkulliona. Two males constructed a

mating web as rypical of other Steatada
species (Fig. 88d). The silk layer was spun
with o length of 2-5 cm and a heighe of 2-3
cm. O the mating web the male plucked
with legs I in g r.r|'|d alremaring sequence
and [H:ﬂl'lrml:d -|".I-T||.|\JI.I.. by ferks at the
end of a plucking sequence (Fig. 88b, ¢}, his
legs 11 und 111 being strongly flexed. He also
vibrated his abdomen, One of these males
briefly threw strands of silk onto the female
web and then started web spinning activi
ties, In two other cises the male immediate
ly threw strands of silk unto the female web
(Fig. 88a) and started insertion after palpat-
ing the female 2 or § times, without spin-
ming & mating web. This alternative precop-
ulstory courtship lasted 3 and 5 min, pre-
copulatory courtship with mating web [0.3
and 21 min. Both males which performed
silk throwing only at the beginning, started
comstruction of o muting web after the fist
msertion. The male wually courted before
cach imsernon of inseriion attempt, only
once did another insertion follow immed;-
ately after the fint Silk throwing eccurmed
also in the meerval before the next mser-

Fig. B8a—d: Copulation in Steatoda grossa,
a: Male throws strands of silk onto female
web, which probably serves to reduce her
web. b: Male plucking with legs Il on the
mating web. ¢ Female approach, d:
Insertion of left palp on the mating web.
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Fig. 89a, b; Sperm induction in Steatoda
grossa. a: Construction of sperm web
completed, sperm droplet just released
arrow) and male moved backwards. b: Left
palp dipping into sperm droplet.
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tion. This intermedinte courtship lasted
1.7-5.0 nun. Copulation proceeded by fe-
male approach and finally the male inserted
his palp, which was directed straight for-
ward. Copularory posture tvpical of other
Theridiidae (Fig. 8584), bur inserted male
palp kept strughe. Copulatory courship:
During insertion rthythmical haemarodochal
pulsarions ook place, so that the female was
passively moved, see also copulatory pat-
tern.

Sperm induction: was observed once in
the female web | h afrer copularion. Ower-
all procedure lasted about 10 min, but prob-
ably was disturbed by the female. Another
male was found termmatmg sperm mdue-
tion outside the female web 1.5 h after cop-
ulation

Entire copulation durtion  occupied
68.6 min on avernge (range = 40-123, n =
4), Toral number of insertions 1, 2, 3 and 5.
Total insertion time averaged 8.2 min
(range = 19.5-35.0, n = 4).

Copulatory partern: Copulation com-
prised 1=3 insertions, lasting 10.2 mm on
avernge (range = 0.3-19.5, n = 11). Inser-
tion attempts in form of palpal jabs regular-
ly occurred, in one copularion at an extraor-
dinarily high rare of c. 130, During inserrion
haemarodochae did nor inflare once, bur
pulsared thythmically, Fora 1T min long in-
sertion 378 hasmatodochal swellings were
recorded. Number of hacmatodochal swel-
lings was hugher in the first part of insertion
and gradually decreased. In the first 9 min
of this insertion 23-29 swellings per minute
twok place (mean = 26, n = 9), in the sec-
ond half 15-22 (mean = 18, n = 8). A male

from Austria copulared with a female from
Gran Canaria in a typical way. Three fe-
males became more restless and more ag-
gressive towards the end of copulation,

Maring behaviour of §. grossa was inves-
tigared by GerHaroT (1923, 1926) and
Cwinner-Hanke  (1970),
prossa. Both described regular constmaction
of o mating web, but po silk throwing be-
haviour. Copulation was considered to in-
violve only one insertion (GERHARDT 1925)
Anyway, one pair was separated afrer the
first insertion and placed together again af-

sub  Teutana

ter about |5 min and then continued with
the second msertion (GERHARDT 1925).
This second insertion was treated as a sepa-
rate copulatory abservation, although probe
ably copulation was continued. A further
three observations appear to refer always to
the same pair and therefore are rematings.
Could this have been the reason that males
perormed only one insertion! In GWINNER-
Haxge (19700 males were allowed to e
mate and then performed only one inser
tion, and also a more dissociared courtship
behaviour and longer sridulation. Among
numerous insertion attempts five successful
mserrions with thythmical haemarodochal
swellings were  recorded by  GeErHARDT
(1923), lasting 12 min on average (range =
5-20, n = 5). Gwiraver-Haske (1970) re-
ported an insertion duration of mostly
10-30 min, once even 112 min, while in.
sertions of 2-7 min duranion were regarded
as filed. A mating plug was nor mentioned
and renmutings apparently  were possible.
Thus, most of the behaviourd] traits agree
with the present observations, with the ex-
ception of insertion number, which appears
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43 Steatoda paykulliana (WALCKENAER
1805) (Fig. 90, 91)

Material: Cyprus, Papl
‘ I
! L E
!
Iy
|
it
. I d T
JPET i L | .:. |I
pEn it ! lation I AT
1 without mutm
I tew mserti | 1
1 I (LRI} L] 1tindd
| rhwt el Yy n
1 i.' 1
1'.“"”"1“.[" behaviour 1 i
; ba i Mt
i ale weh. Fi
es, although fresh | deed .
. 1EgTeS It s
m thei nd sometimes threw
i 1 " :
I LB EIT | |
| ] Ty
i £ o)
I " I |
1% min. including long
1 | I Ticils . "
15 OfF &1 e biir nl
I ¢ milar, bur r lisrin
- il e i
i ¥ im " I:
\ P In i il
few 1} 2 mir

Fig. 90a-c
Copulation in
Steatoda
paykulliana. a:
Female approach
upon male plucking
b: Couple shortly
befors insartion, c
Insertion of lsft

palp

k vith le | in a ilrermn
1

et he tlemale ap i 1l withi
' Tl 1 dEsq] i m T

1 bdommad vil - I K1
v 1T ep 1 1 T

ns, Copulatory posture typical of other  Fig. 91: Copulation in Steatoda paykulliana

heridiid 100 a1 fram Cyprus. Insertion of right palp. Note

dinse |'||'J':""r_| werh L*.'l_] contact present
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Fig. 92a, b: Copulation in Steatoda
trianqgulosa from Tenerife. (a, b) Insertion
af right and laft pailp. Note stretched out
male palp and loose leg contact.

246

Sperm induction: not observed. One
male left the female web 10 min after the

second insertion, another one 20 min after
the 1.ITI.E| Insertion

Ennire copulation dumtion occupled 7,
17 and 19 min. Toral number of insernons
1, 3 and 18 {two longer and 16 short ones).
Total insertion time avernged 4.5, 6 and 1]

LIRTE

Copulatory  pattern: Copulotion come-
prised 2-3 lasting  1-6 min
{mean = 2.9, 11 = 7). In one pair, a further 16

Insertiomns,

shorr insertions (5=20 s duracion) followed
after two longer ones. Before successful in-
sertion the male somenmes pushed his palp
agamst  the epumynum. Dunng  inseriions
huematodochoe pulsated thythmically, The
volume of hoemutodochae was rather small
when inflated (Fig. 90c, 91). With the end
of copulation two temales became aggressive
and tried 1o prev on the males. Forh males
performed silk throwing during courtship in-
stesid of weh spinning.

Manng behaviour of 5, pavkulliong has
been observed previowsly by BrsTowe
(1931), GERHARDT (1933) und KULLMANN
(1964), all sub Lithyphantes peykallians, and
Lk Irtr_'\-pl |||IJ‘- [ lil',' Pll."."ﬁ.'[ll ||I"5‘L'r¥'||TH s Twis
insertions of about 5-6 min duration, some
times followed by some shorrer, irtegular
CINEL, INsermions “'lrl'l hﬂ{'nl.lllhil H'h.ll l"ill\l'
tion (CERHARDT 1933), A mating plug was
not menrioned. Consrmucrion of a maring
web ook place in all observations, bur no
hint of the male's silk throwing behaviour
could be found, as recorded for the present
parrings. Sperm inducoon once took plice
45 mun after copulation, lasting altogether

17 mun, of which 2 min were used for con-
struction of the sperm web and 15 mmn for
induction (GERHARDT 1933), KuLimany
(1964) observed male cobabitation in the
web of o subadult female for 8 davs until her

maturation

44 Steatoda triangulosa (WaLckenaer
1802) (Fig. 92-94)

Material: Greece: E Crere. near leraperm., Sarak-
Inas  porge, Mithi, 150-200 m, o,
JR0.098, E-Crere, lerapetra = Siriag dried up
browsklet near Lastrow, G 299 1998, Ketallioni,
Lassi,  Froim walls, o= g 1990999
Karputhis. Volsda, & 600 m, g,
2092000, wundér stone. Corsica: Carpese, o,
2112000 Sp-ll'l'l._ Conaey  Dslands, Tenenife
Puertode lo Cruz, &g, 310012003, from house
wulls, leg. Ksoriac & THalen. Yemen, Sana's,
g, 1800996, leg

above

e

iahove

VAN HARTEN,

Mating behaviour was observed from
four pams. Sperm induction inkes place n-
dependently of copulation. Copulation pro-
cemds via muting threads and involves 1-3
isertions lasting about 1.5 min. During
Tl-ll."ﬂ.' Imsertins hl“.'l'll.l“ NJ'.K.I'”-L‘ !"ll]‘l'd“‘."
rhythmically. Ar the end, o mating plug
transterred from the mouthparts to the epig

reiIm k"l '-['T-I,'I'.il ‘\-1'!'.“1 F".l!1"'.lt .1r‘r'|ll_'.i|1|ljr\.-

Courtship behaviour: When in contact
with the female web, the male vibrared his
abdomen at high frequency for a rather long
rime (12<20 «in ome male). The female was
rather active and vibrated her bady in re-
sponse, bur more vigorously, ar lower fre-
guency and usually for 2 shorrer time (3 = in
one female). Usually, the male approached
the female immediately, palpared her and
then started to construct the manng web. In
two cases the male briefly threw strands of
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silk onto the female with his hindlegs,
which is known as leg-binding in Latrodec-
s, and then started web spinning activities

He removed threads and installed numerous
new anes while moving 1o and from thie fe
male ar n ranpe of 2-4 cm. Ar a distance
from the female he r..nuq\i for a while and
performed slight, but conrinuoas abdominal
vibrations. When approaching and palpar-
ing her again, she vibrated her body, Finally,
apart. from abdominal vibrations, he started
plucking with legs 11 in a mpid altemaring
wquence om the silk laver. One male also
wsed leg 1. This movement caused the fe-
male to approach him within seconds and 1o
assume the copulatory posture. Before each
Insermon of sequence of INsErton attemprs
the same courting procedure took place.
Copulatory posture was vinable, sometimes
typical of other Thendiidae (Fig. 924, b),
but sometimes the female tumed around ur
the beginning of insertion, o thar the part-

Fig, 93a-e:
Copulation in
Steatoda triangulosa
from Tenerife. a, b
Production of mating
plug secretion
(arrows), originating
from mouthparts. ¢,
d: Transfer of plug
secretion upon
insertion. Note
stretched out male
palp. & Epigynum
covered with
secretion (arrow),

nens faced the same direction. This posture
resembles that of Crsuling. After insertion
the fermnle retumed o her retrear. Precopu-
latory CI'lllr‘t‘-hlp lasted 12 min on average

{mnge = 2-20, n = 4). but only 1-3 min be-
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Fig. 94: Copulation in Steatoda triangulosa
from Yemen. Transfer of mating plug
secretion via male palp from mouthparts o
epigynum. Arfows point to secretion

248

fore the nexr mserrion. Copularory courr-
ship: Dunng insertions strong, thythmical
haematedochal pulsations wok place, s
that the female was passively moved

Sperm induction: was ohserved once In
the female web 15 mun after copularion and
once outside the female web 1.1 h afeer
copulation. Spinning of the sperm web with
induction  lasted 116 min,
which were used for consrruction of the

26 min of

sperm web. The sperm dropler was absorbed
within @ mun and by 66 dipping movements
{n = 1). In the second observation sperm in-
duction took 13.3 min

Entire copulation duration ocoupted 16
min on average (range = 9-23, n = 4). Toml
number of insertions 2 (n= 2)and 3 (n =
7). Total insertion time averaged 3.5 min

(range = 2.2-4.2, n = 4)

Copulatory pattern: Copulation com-
prised 2-3 inserrions {Fig. 92u, b), the first
two of which hsted 1.7 min on avemge
(mnge = 0.7-12.1, n = 8). Insertions were
regularly preceded by a number of insertion
attempts or palpal jabs (mean = 9 per inser-
tion, range = =21, n = 7). Haemarodochae
did not inflate once dunng msertions, but
pulsated rhythmically. A third insertion, i
r{:tlnmn:\] at all, lasted only 18 and 26 s
and formed part of the maring plug rransfer.
After the second insertion, the male pro-
diuced the mating plug secretion in his

miuthparts and mmansferred ir o the palps by
palpal chewing (Fig. 93a, b). The secretion
wits discharged between labium and  che-
licerne, which were widely opened, the palps
being dipped in between. The secretion was
finally transferred to the epigynum by nu-
marous short palp-epigvaum contaces with:
out haematodochal swelling (Fig. 93¢, d,
94}, In two cases 61 contncts were recorded.
They were viporous palpal jabs agminst the
epigynum, which did not proceed in contin-
uous succession, but in 6 and 9 sequences
were interrupted by courtship. The female
then assumed a more harisontal copulatory
posture (Fig. 93¢, d). When separaring, 2
large secretion droplet protruded from the
epgynum (Fig. 93¢, M), Afrer copulanon
the male intensively chewed and cleaned
his palps. Towards the end of copulation fe-
miles became more and more aggressive and
tried to attack the males. One old virgin fe-
male from Karparhos was paired with a male
from Corsica. Courrship and insertions pro-
ceeded normally, but before formanion of the
mating plug, the female preyed upon the
male and sucked hum out

These observations agres well with Gen-
HARDT (1933) and Baaus (1956), both sub
Teutana rrunguﬁam. construction of a mating
weh, 1=3 insertions of abour 1.5 min dura-
non (once even & min, BRats 1956) and 3
maertions of 2, 3 and 1.5 min duration
(GERHARDT 1933). Also formanon of the
mating plug has alrewdy been descnbed
{Braus 1956), Sperm induction took plice
1.5 hoafter copulation, lasting altogether 13
min, of which 3 min were used for construc-
tion of the sperm web and 5 min for induc-
tion (n = 4) (Braus 1996), GERHARIT
(1933) chserved sperm induction 20 min af-
ter copulation and recorded 5-6 min for ac-
tual sperm induction (without spinning).

45 Theridion () nigrovariegatum
SimoN 1873 (Fig. 95a, b)
Material: Iraly, Venezin Chiulia, Trieste, O,
4.5 1994, |q_1; Bertraxin. Aostria: Morthern Ty
rol, Inmbruck, Krnebitten, g. 66 1594, leg
Esoriach,  Innsbruck, Martinwand, @g,
1760994 and 2550095, lip. KuaOARACH &
THALER
Maring behaviour was observed from
five pairs, among them one female and one
male were allowed to remare. Courtship
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Fig. 95a, b: Copulation in two pairs of Theridion nigrovarfegatum from
Northern Tyrol and italy. Insertion of left palp. Mote male clasping female

proceeds withour a maring thread and copu-
lation by male approach. Sperm induetion
takes place mdependently of copulation
Copulation usually conststed of two inser
pons only. A matng plug was not dis

cernible. Females apparently remate

Courtship behaviour: During distant
courtship, males pulsated their abdomen
and jerked, once also plucking with forelegs
was performed. There was no web-spinning
behaviour. Diiring the direct contact phase
if courtship the male palpated the female’s
ibdomen with his palps and forelegs and
thereby induced her to assume the inclined
copulatory posture. Also her epigynal re
gion was palpared. Precopularory courtship
lasted 1-17 min. The male approached the
female for copulation with bent forelegs
Copulatory posture a5 typical of other
theridiid species, with intense lep contact
(Fig. 954, b). The male tightly clinched the
female with his long forelegs. Once a pair
rematned for 8 min in this posture before
the actual inserrion started. Interestingly,
luring insertion the inflated male palpal cor-
ran 15 kept at right-angles o the basal limbs
of the palp. Copulatory courtship: At the
beginning of insertion the male regularly
--E'.-'U-L‘xl pumping movements of the entire
body, by which maximal haematodochal
EXPansiin was II']'IIE'\:'|5 -|_|‘||.'T| 1 |'u_'rrl\.|.: of
|-‘-I.'I'I|"'!1.'Tt I'I'I.l.lrln.‘t1.||.‘“[1r'“- 1|l”.l'|.'|.r|1 SOMme

male: mtensively vibrared rheir abdomen

with his forelegs

by bouncing it ssdewards, wually towards
the end of insertion. As the abdomen is ro
mated against the prosoma, these move-
ments appear 1o reflect stridulotion. Post-
copulatory courtship: Afrer copulation the
females pamlly became active, males ofren
vibrared their abdomen. One male regulir-
ly performed abdominal vibrations for a pe-
riod of 45 mun, but only until sperm mduc

tion. Afterwards he remained motionless

for more than &'k

Sperm induction: Sperm induction has
been observed only once, 45 min after cog
ularion. The whole procedure of spinning of
the sperm web with induction lasted 16
min. For absorprion of the sperm dropler the
male dipped his palps into the droplet for a
mather long time, 20-30 s ar the beginning
and later more than | min. The sperm
droplet was very large and after mduction
there was still a large portion left on the
wihy For the next holf hour the male re
mained motionless, holding the sperm weh

with hiz les

Entire copulanon dumtion averaged 21
min {range = 7-37, n = 3). Total number of
insertions 2 (n=4) or 3 (n=1). Toml inser
ion Lme “._ min 4on IVETHEC (Tanpge =

4.1-16.00

Copulatory pattern: Each insertion last

ed 44 min on average (runge = 3.0-3.5)

During insertion haemaradochae were high
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ly inflated, reaching an enormous volume
(Fig. 93b). The opposite male palp is spread
sideways. Mo further insertions were ab-
served in a period of 7.5 and 2 h. Onee a fe-
male expelled her mate from the web 1.2 h
after copulation.

Generic placement: T. () nigrovariega-
wm does not follow the Theridion-type of
copulation according to the time and dura-
rion of sperm induction and number of in-
sertions. Also morphology of the male palp
differs from Theridion by the presence of on-
ly one tegular apophysis. lts generic place-
ment therefore has 1o be reconsidered.
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Zusammenfassung

Diversitit im Fortpflanzungsverhalten
von Kugelspinnen (Araneae, Theridiidae).
Kugelspinnen zeigen eine grofle Vielfale in
Morphologie und Lebensweise. Diese Diver-
sitit spiegelt sich auch im  Fortpflan-
wungsverhalien wieder. Dieser Ubersicht
tum Forepflanmungsverhaleen der Kugelspin-
nen liegen Beobachwungen an etwa 70 Ar-
ten wugrunde. Davon werden 45 Arten im
Detail und 30 zum ersten Mal beschrieben.
In einem allgemeinen ersten Abschnite
werden die hauptsiichlichen Elemente der
Kopula vorgestellt und wverglichen. Die
Spermaaufnahme umfasst den Bau des
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Spermanetzes und die eigentliche Tasterfil-
lung, die Aufnahme des Spermatropfens.
Enwsprechend dem Zeitpunkt der Sperma-
aufnahme bestehen wei Typen. Beim ple-
siomorphen Steatoda-Typ finder die Sperma-
aufnahme unabhingig von der Kopula,
irgendwann zwischen Reifehiutung und Ko-
pula starr, beziehungsweise :wischen den
Kopulationen. Die Zeitspanne swischen Sa-
menaufnahme und Kopula ist verhilmism-
Big groB, das Sperma wird demnach fiir lan-
gere Zeit in den Tastern pespeichert. Beim
abgeleiteten Theridion-Typ bildet die Sper-
maaufnahme einen festen Bestandreil der
Kopula. Die Minnchen unterbrechen die
Kopula mehrmals zur Tasterfillung, sodass
Kopulationsserien (Sequenzen von Insertio-
nen) und Spermasufnahmen altemieren.
Hier verbleibt das Sperma nur kurzfristig in
den Tastern, da die Spermaiibertragung un-
mittelbar anschliefit. Die Spermaaufnahme
findet in unmittelbarer Nachbarschaft zum
Weibchen statt und lauft wesentlich rascher
ab als beim Steatoda-Typ. In der Zahl der
Spermanetze Gbertreffen die Theridion-Ar-
ten alle bisher bekannten Spinnen.

Bei einigen Vertretern des Steatoda-Typs
ist das Werbeverhalten stark ritvalisiert. Das
Mannchen spinnt einen Hochzeitsfaden
oder ein Hochzeitspespinst im Metz des
Weibchens, an dem es solange wirbr, bis das
Weibchen sich wur Kopula annihert. Die
Kopula findet am Hochzeitsgespinst seatt.
Bei den Arten des Theridion-Typs ist die
Werbung hingegen plastisch, ein Hochzeits-
gespinst fehlt, das Mannchen nihert sich
dem Weibchen tur Kopulation.

Das Kopulationsmuster, das sich aus der
Zahl und der Dauer der Insertionen und de-
ren zeitlichem Auftreten ergibt, ist bei den
Vertretern des Theridion-Typs  spezifisch.
Manche Theridion-Arten, z.B. der T. mela-
nurum-Gruppe, weisen gleichartige Kopula-
tionsserien aufl In der T. varians-Gruppe
sind die Kopulationsserien differenziert, wie
schon die verschiedene Dauer der Insertio-
nen zeigt. Die Kopula beginnt mit einer
Pseudokopula, einer einleitenden Sequenz
von Insertionen, bei der kein Sperma dber-
tragen wird. Die Insemination beginnt erst
nach der ersten Spermaaufnahme. Bei die-
sen Arten wird in der lerzten Kopulations-
erie ein Begattungszeichen gebildet,
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Insgesamt wechseln die Minnchen des
Theridion-Typs ihre Taster hiiufiger, die Ge-
samtzahl der Insertionen ist durchschnittlich
hoher als beim Steatoda-Typ. Die Insertions-
daver ist beim Theridion-Typ vergleichsweise
niedrig, die eigentliche Spermadbertragung
bendrigt bei vielen Aren nur einen Bruch-
teil der gesamten Kopulationsdauver. Beim
Steatoda-Typ decken sich Daver von Sper-
matransfer und pesamrer Kopula weitge-
hend. Die Arten des Thenidion-Typs investie-
ren einen groBen Anteil der Kopulationszeit
in andere Funknionen wie Pseudokopula,
Bau der Spermanerze, Partnerbewachung
und Begattungszeichen. Die Eingliederung
der Spermaaufnahme in das Kopulationsver-
halten dirfte durch rasche Wiederholung
der Kopulation entstanden sein. Dies scheint
eine Moglichkeir, den Befruchtungserfolg zu
erhdhen. Durch die wiederholten Kopulatio-
nen wird das Weibchen lange anderen
Minnchen vorenthaleen.

Die  Genitalstrukruren  entelegyner
Spinnen korrelieren sehr streng, sodall ein
Taster nur auf eine Seite des weiblichen Ge-
nitalorgans passt. Als Charakeeristikum fir
entelegyne Spinnen galt bis vor kurzem ipsi-
laterale Insertion: der Embolus des rechren
Tasters inseriert in den rechten Einfith-
rungsgang der Epigyne und vice versa. Ku-
gelspinnen verhalten sich jedoch auch in
dieser Hinsicht heterogen. Bei Argyrodes ar-
gyrodes und Steatoda bipunctata wurde ein-
deutig ipsilaterale Insertion beobacheer. Im
Gegensatz dazu inserieren die Minnchen
der Theridion varians-Gruppe kontralateral,
der rechte Taster inseriert in den linken Ein-
fihrungsgang und umgekehrt. Die Minn-
chen der Eintasterspinnen konnen einher-
gehend mit dem sexuellen Schockiod nur
ein  Receptaculum der polyandrischen
Weibchen inseminieren. Sie sind jedoch in
der Lage, die noch virginelle Seite der Vul-
va austuwihlen und fakultativ ipsi- oder
konuralaceral zu inserieren.

Bei einigen Kugelspinnen dient die letz-
te Phase der Kopula der Bildung eines Begat-
tungszeichens. Dieses versiegelt die weibli-
che Genitaléffnung temporir oder perma-
nent, und verzdgert oder verhindert damit
cine weitere Kopula. Begattungszeichen sind
bei Kugelspinnen mehrfach und aufl ver-
schiedene Weise entstanden. Bei Steatoda mi-

angulosa stammt es von Dritsen der Mundre-
gion, bei Argyrodes argyrodes und Steatoda bi-
pinctata von Driisen des minnlichen Tasters.
Bei der Theridion varians-Gruppe wird das
Begariungszeichen von Sekreten des minn-
lichen und weiblichen Geniraltrakees gebil-
det. Das miinnliche Sekret wird dber das
letzte Spermanetz auf die Taster und schlieB-
lich auf die Epigyne iibertragen.

Taxonomie: Fir twei Arten wird eine
neue Gatrungskombination vorgeschlagen:
Keijia kijobei (BerLanD 1920) nov. comb.
(aus Theridion), Themidion ohleri THORELL
1870 (nec Achaearanea o.).
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Appendix, Fig. - Principal coordinate analysis based on 29 variables of copulatory
behaviour, male and female body size, web and stratum (see Dicay & Kimeron 1987), Data
were dichotomised and assessed as Euklidian quadratic distance matrix. Procedure
computed in MATLAB, two negative singular values eliminated. Plot program in Erlgraph.
Axis 1 roughly reflects number of insertions, axis 2 duration of copulation. In (I} species
with low number of insertions are outlined, in (Ill) species with long copulation duration.
Variables: 1 Duration of courtship, 2 Copulation duration. 3 Time of actual sperm transfer,
4 Number of insertions, 5§ Number of sperm inductions during copulation, & Male body
length. 7 Female body length. 8 Ratio of maleffemale body size. 9 Mating plug absent or
present. 10 Duration of formation of mating plug. 11 Pseudocopulation absent or present.
12 Duration of pseudocopulation, 13 Moment of sperm induction, 14 Duration of sperm
induction. 15 Courtship via mating web or by male approach. 16 Haematodochae inflate
only once per insertion or pulsate. 17 Type of mating plug (oral, palpal, epigastric; parts
of palp). 18 Sexual cannibalism (not observed, facultative or abligatory), 19 Sexual size
dimorphism lews pronounced or pronounced. 20 Male chelicerae normal, slightly enlarged
or enlarged, 21 Stratum: ground or above ground (low vegetation, canopy, bark and
walls). 22 Web-building or web reduced. 23 Male palpal tibia short ar long and slender. 24
Embolus short and stout, intermediate or long, thread-like. 25 Length of female
copulatory duct normal or leng and convoluted. 26 Degree of sclerotisation (less
slerotised, sclerotised). 27 Course of sperm duct normal or convoluted. 28 Paracymbium
hook-like or hood-like. 29 Maternal care (normal brood care or periadically social).
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