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Summary

Morphological and behavioural traits place Filistatidae basally 
within Araneomorphae, although some features, such as their 
continuing to moult after reaching adulthood, are reminiscent 
of mygalomorph spiders. This paper describes the courtship 
behaviour and other aspects of the reproductive biology of 
Kukulcania hibernalis and Misionella mendensis, and compares 
WKLV�LQIRUPDWLRQ�ZLWK�WKDW�IURP�UHODWHG�¿OLVWDWLG�VSHFLHV�DQG�ZLWK�
Mygalomorphae. K. hibernalis has some unique behaviours 
during courtship (e.g. male lays threads on female web); other 
behaviours are probably widespread within Filistatidae (e.g. 
male uses the tarsi and metatarsi of one of his legs to rub the basal 
sections of the female’s legs and the sides of her cephalothorax). 
Some other behaviours seem more similar to Mygalomorphae 
than to those of other, more derived Araneomorphae. These 
include male construction of a large sperm web, and the positions 
of male and female facing each other during copulation, with the 
male holding the female cephalothorax lifted while insertions 
occur, similar to some mygalomorphs. The adult female K. 
hibernalis�DQG� WKH�¿UVW� LQVWDU�VSLGHUOLQJV��RXWVLGH� WKH�HJJ�VDF��
feed simultaneously on the same prey, but spiderlings are 
also capable of cooperating during the attack of large prey. 
The courtship behaviour supports the hypothesis that places 
Filistatidae basally within Araneomorphae.

Introduction

The reproductive biology is relatively well known for 
an increasing number of species in different spider groups. 

This is particularly so for mating behaviour (e.g. pre-copu-
latory behaviour), a topic for which a sizeable literature has 
rapidly accumulated, particularly on araneoids (Robinson 
	� 5RELQVRQ� ������ (EHUKDUG� 	� +XEHU� ������ .QRÀDFK�
2004; Aisenberg & Barrantes 2011) and, to a lesser extent, 
for other spider groups (Hebets & Uetz 2000; Straton et 
al. 1996; Uhl, Schmitt & Shäfer 2005; Barrantes 2008). 
However, despite the increasing research on the reproduc-
tive biology of spiders, information is still scarce, even for 
many common spiders (Schneider & Andrade 2011).

This is the case for the common synanthropic species 
Kukulcania hibernalis (Hentz, 1842), whose reproductive 
biology is very poorly known. Its pre-copulatory mating 
EHKDYLRXU�ZDV�EULHÀ\�GHVFULEHG�E\�*HUWVFK��������S�������
as a dance in which the male “uses [his long legs] to hold 
the front legs of the female as the couple parades back and 
forth in a prenuptial dance”, and Ramírez & Grismado 
������� DOVR� EULHÀ\� GHVFULEHG� LWV� FRSXODWRU\� SRVLWLRQ�� 7KH�
HJJ�JXDUGLQJ�E\�IHPDOHV�DQG�VRFLDO�LQWHUDFWLRQ�RI�MXYHQLOH�
K. hibernalis was documented by Curtis & Carrell (1999). 
The adult female maintains contact with her egg sac during 
the incubation period and, after emerging from the sac, 
the spiderlings remain closely associated with the female. 
Juveniles cooperate to kill prey and then feed together, but 
the female does not provide prey to her offspring (Curtis & 
Carrell 1999). Similar behaviours have been also reported 
for K. geophila (Chamberlin & Ivie, 1935) (Cokendolpher 
& MacDonald 2008).

Filistatids are placed as the most basal group of the 
Haplogynae clade of Araneomorphae (Platnick et al. 1991; 
Ramírez 2000; Coddington 2005; Griswold et al. 2005). 
They are long-lived spiders (Foelix 2011), whose females 
continue moulting and growing as adults, and with a copu-
latory posture similar to Mygalomorphae and Mesothelae 
(Ramírez & Grismado 2008). Based on these life history 
features, and some behavioural and morphological char-
acters, some authors have suggested an even more basal 
position for Filistatidae within Araneomorphae (Lopardo et 
al. 2004; Griswold et al. 2005). Here, we describe the court-
ship behaviour in six pairs and the sperm web construction 
(one male) of a member of the subfamily Filistatinae, K. 
hibernalis, and provide additional information on the 
social behaviour of spiderlings. We expect that these 
detailed descriptions will help understand the evolution of 
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adult males that were found wandering on buildings. Virgin 
females accepted males only after 2–3 weeks had passed 
following the moult to maturity. When we had a mature 
female, we searched for adult males in buildings and paired 
WKH�IHPDOH�ZLWK�WKH�¿UVW�PDOH�IRXQG��,I�WKH�IHPDOH�UHMHFWHG�
WKH�¿UVW�PDOH��ZH�SDLUHG�KHU�ZLWK�D�VHFRQG�RU�WKLUG�PDOH�DV�
required; each female copulated with a single male. Obser-
vations of sexual behaviour began when we placed a male 
on the virgin female’s web at the corner opposite her retreat. 
We recorded courtship and copulation of six virgin females 
using a video camera (Sony HDR-SR11) with macro 
lenses (+2, +4, or +10) as needed; one of these females had 
PRXOWHG�DIWHU�OD\LQJ�KHU�¿UVW�HJJ�VDF��ZLWK�IHUWLOH�HJJV���:H�
also opportunistically observed the courtship, copulation, 
and egg sac construction of two adult females that were free 
LQ�D�KRXVH��:H�WRRN�SLFWXUHV�XVLQJ�D�GLJLWDO�FDPHUD��1LNRQ�
Coolpix 4500), and compared the information obtained from 
these females with that obtained from the video recordings 
of virgin females.

We described the social interactions during prey attack 
and feeding of four adult females with their spiderlings, the 
interactions among their spiderlings, and among spiderlings 
that emerged from two additional egg sacs collected in the 
¿HOG��7R�GHVFULEH�WKH�VRFLDO�LQWHUDFWLRQV�EHWZHHQ�VSLGHUOLQJV�
and between adult females and spiderlings we fed spiders 
DQG�VSLGHUOLQJV�ZLWK�EORZ�ÀLHV�DQG�ÀHVK�ÀLHV�XS�WR����WLPHV�
the spiderlings’ size and video-recorded their interactions. 

Misionella mendensis 

For comparative purposes, we observed and obtained 
pictures of some phases of the courtship behaviour of one 
pair of M. mendensis, a common synanthropic species in 
northeastern Argentina and southern Brazil. Spiders were 
observed on the female’s web on a brick wall at the Centro 
GH� ,QYHVWLJDFLRQHV�6XEWURSLFDOHV� DW� ,JXD]~�1DWLRQDO�3DUN��
$UJHQWLQD��3KRWRJUDSKV�ZHUH�WDNHQ�ZLWK�D�1LNRQ�)��FDPHUD�
DQG�PDFUR�OHQV��1LNRQ�����PP��DQG�PDFUR�ÀDVK��6%�����

Results

Kukulcania hibernalis

Courtship behaviour 

The courtship of K. hibernalis� LQFOXGHG� ¿YH� PRUH� RU�
less distinct, consecutive phases: male deposits threads; 
male vibrates abdomen; male and female tap each other’s 
legs; male hooks claws of the female; and male pulls the 
female. The last behaviour (described in a later section) was 
followed by copulation. We based the description of the 
courtship behaviour on the video recordings of the six pairs 
WKDW�FRSXODWHG��+RZHYHU��VRPH�VSHFL¿F�EHKDYLRXUV�GLG�QRW�
occur in some pairs; consequently, the sample size for these 
behaviours vary and are indicated in each case. Duration of 
the total courtship and of each phase varied substantially 
among pairs. In total, courtship and copulation lasted a mean 
of 74.09 min (sd = 59.72 min, n = 6) for virgin females and 

WKH� FRXUWVKLS� EHKDYLRXU� RI� ¿OLVWDWLGV� LQ� UHODWLRQ� WR�0\JD-
lomorphae and other closely related araneomorph groups. 
We also compare the courtship behaviour of K. hibernalis 
with some casual observation of the courtship behaviour of 
WKH�¿OLVWDWLG�Misionella mendensis (Mello-Leitão, 1920), a 
UHSUHVHQWDWLYH�RI�WKH�¿OLVWDWLG�VXEIDPLO\�3ULWKLQDH�

Material and methods

Kukulcania hibernalis

:H� FROOHFWHG� ��� MXYHQLOH�K. hibernalis in the western 
Central Valley, Costa Rica, and raised them in captivity 
to adulthood. We placed each spider in a square plastic 
container (15 cm2 × 6 cm height) that had four small rocks 
(c. 2.5 cm3) adhered to the bottom of the container with 
adhesive tape. Two of these rocks were placed at one corner, 
separated from each other by 1 cm; this space was used by 
all spiders as their retreat. We placed the other two rocks 
at 6 cm and 8 cm from the other two rocks and at 3 cm 
from the wall of the container. The spiders used these rocks 
as supports for their webs. We offered the spiders two prey 
LWHPV� �H�J�� ÀLHV�� FULFNHWV�� JUDVVKRSSHUV�� NDW\GLGV�� PRWKV��
every week. Prey ranged in size from 0.75× to 1× the size 
RI�WKH�VSLGHU��DQG�WKH\�ZHUH�FROOHFWHG�LQ�WKH�¿HOG�QHDU�LQ�WKH�
same location where spiders were collected.

For observations of sexual behaviour, we paired six 
recently moulted virgin females, raised in captivity, and 

Fig. 1:  Initial phases of male courtship. A Male laying threads on female 
web; B Male tapping female legs.

A

B
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toward the female, omitted the adding threads and abdomen 
vibration behaviours, and initiated the next stage of court-
ship, male-female leg tapping. On at least three occasions 
it appeared that adding threads and abdomen vibration 
reduced the aggressiveness of the female. In two of these 
cases the female had rapidly launched herself toward the 
male, but she stopped as the male continued to add threads 
and vibrate his abdomen. On another occasion, the male 
froze at the rapid movements of the female, but she then 
returned to her retreat as the male re-initiated his courtship.

After the aggressive reaction, the females eventually 
returned to their retreats and the males concentrated the 
courtship behaviour around the female’s tunnel opening. 
Then the female began to move slowly inside her retreat 
(often after she had launched herself toward the male and 
then returned to her retreat) and slowly walked towards 
the retreat opening. The slow movements of the female 
seemed to indicate to the male her acceptance since, at this 
point, the male approached the retreat opening and began 
to tap the web by moving his legs I and II with alternate 
dorso-ventral movements. If the female was close to the 
male she responded with similar movements, otherwise she 
¿UVW�DSSURDFKHG�WKH�PDOH�DQG�WKHQ�EHJDQ�KHU�RZQ�WDSSLQJ�
movements. They continued approaching each other until 
the male’s legs I contacted the female’s legs. When this 
occurred, the female raised her legs I and II over her body 
�)LJ���%���$W�WKLV�SRLQW��WKH�PDOH�LQWHQVL¿HG�KLV�OHJV�PRYH-
PHQWV��¿UVW�ZDYLQJ�KLV�OHJV�,�DQG�,,�LQ�IURQW�RI�KHU��DQG�WKHQ�
tapping her legs I and II on their dorsal surfaces of her legs 
or, more often, sliding his tarsi distally along the posterolat-
eral surfaces of the tarsi of the female’s legs, from the base 
to the tip.

36.50 min (sd = 30.41 min, n = 2) for previously copulated 
females.

Almost immediately after we placed a male in a female’s 
cage, he began to add non-cribellar threads to the female’s 
web as he walked, apparently randomly, on it. This behav-
iour was not seen when males walked on webs of non-
receptive females or on the webs they had previously occu-
pied. The male pulled a swath of threads with alternating 
movements of his legs IV that adhered to the female’s web 
using the metatarsi–tarsi of his legs IV (Fig. 1A). The male 
RIWHQ�SDXVHG�EULHÀ\�DQG�WKHQ�FRQWLQXHG�ZDONLQJ�DQG�DGGLQJ�
threads, or stopped adding threads, vibrated his abdomen 
with fast dorso-ventral movements, and then continued 
walking and adding threads.

Often, the male abruptly interrupted laying threads when 
the female reacted to the presence of the male in her web 
by moving inside the tunnel retreat. Five of the six virgin 
females reacted by moving rapidly inside her tunnel retreat, 
sometimes (n = 2 females) leaving it and launching herself 
toward the male. The male’s reaction to female movement 
inside of the retreat and her attacks was highly variable 
DPRQJ�SDLUV��)RXU�PDOHV�IUR]H�EULHÀ\�ZKHQ�WKH\�DSSDUHQWO\�
detected the female’s movements, and then continued adding 
threads but, on two occasions, the same male abandoned 
the web to return a few minutes later, after the female had 
returned to her retreat. In two cases the same virgin female 
captured and killed the courting male after a rapid attack. 
The third male we offered to this female seemed to intensify 
his courting behaviour (i.e. paying out threads and abdomen 
vibration) when the female launched herself toward on him, 
and eventually copulated with her. On another occasion, a 
virgin female reacted with more subtle movements, moving 
slowly inside her retreat and then to the retreat opening. 
7KH� FRXUWLQJ�PDOH� IUR]H� DW� ¿UVW�� EXW� WKHQ�PRYHG� GLUHFWO\�

Fig. 2:  Male–female courtship prior to copulation. A Male hooking claws with female claws; B Male pulling the female; note the legs of the male are bent 
(black arrow) as he pulls the female; C Male rubbing the basal section of the female’s legs II, while hooking his claws of legs II with the corresponding 
claws of the female and holding the female’s legs I with his corresponding legs; D Female in copulation position; note leg II of the male rubbing the 
lateral section of the female’s body, between legs II and III. 

A B

C D
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EXOE��PDGH�D�IHZ�ÀXEV��WKH�EXOE�UXEELQJ�WKH�IHPDOH�JHQLWDO�
area without engaging it as in a successful insertion) near 
the female’s genital opening, then the tip of the embolus 
seemed to hook into the opening and copulation occurred. 
During copulation, the posterior tip of the female’s cepha-
ORWKRUD[�SURMHFWHG�YHQWUDOO\��,Q�WKLV�SRVLWLRQ��WKH�WLS�RI�WKH�
cephalothorax apparently serves as support for the male’s 
SHGLSDOS�DV�KH� VHDUFKHG� IRU� WKH� IHPDOH�FRSXODWRU\�RUL¿FH��
During copulation, the anterior margin of the male’s cepha-
lothorax was near the female’s chelicerae.

In this position, the male continued to rub the tarsi of 
his legs III on the basal segments of the female’s legs III 
and II, and on the lateral surface of her cephalothorax; in 
addition, he often replaced his tarsi III on the base of her leg 
IV. The insertion of each pedipalp lasted only a few seconds 
(mean = 4.04 s, sd = 2.26 s, n = 8 insertions in 5 males); no 
KDHPDWRGRFKDO�LQÀDWLRQV�ZHUH�VHHQ��7KH�PDOH�LQVHUWHG�WKH�
second pedipalp without changing copulatory position and, 
in all cases, continued his rubbing behaviour. After copu-
lation, the male released the female rapidly. She remained 
immobile for 2–5 seconds, but then attacked the male if he 
still remained in her web. In one pair, the female moved 
her body and legs I and II forwards and the male tried to 
maintain her in copulatory position using his legs and one of 
his pedipalps. As she continued to push, he released her and 
moved away while she maintained an aggressive position 
similar to that for prey attacks (Barrantes & Eberhard 2007).

Variation in courtship

Males did not add threads when courting one virgin 
female and two copulated females. Each of the copulated 
females had already begun egg sac construction when the 
male walked into her web. The male walked slowly into the 
female’s tunnel, pausing often and vibrating his abdomen, 
and the female interrupted the construction of the egg sac 
and walked slowly along the tunnel toward the male. Once 
they were close, the male began leg movements (tapping 
phase) and courtship continued with the other phases.

Sperm web and sperm induction

One male constructed a sperm web and charged his 
pedipalps some minutes after having initiated the thread 
addition phase of the courtship. The scaffolding of the 
sperm web consisted of nine threads, a pair of which was 
nearly parallel, and was constructed near the entrance of 
WKH�IHPDOH¶V�UHWUHDW��)LJ���$���$IWHU� WKH�PDOH� ODLG� WKH�¿UVW�
¿YH�WKUHDGV��KH�GHVFHQGHG�IURP�WKLV�VFDIIROGLQJ��ZDONHG�IRU�
about six seconds on the female web, and then went back to 
the scaffolding and continued adding the other four threads; 
construction of the scaffolding lasted 3 min 12 s. He then 
walked a few millimetres along the nearly parallel threads 
and began to lay a wide swath of threads between the two 
SDUDOOHO�WKUHDGV��+H�XVHG�RQO\�KLV�VSLQQHUHWV�WR�¿OO�D�SRUWLRQ�
of the length of the parallel threads as long as his body length 
with silk (Fig. 3B and D). The male laid the swath of threads 
on the parallel threads following a zigzag movement of his 
abdomen. His movements were not always forwards, and he 

Hooking claws, prenuptial dance, and copulation

7KH�ORQJ��SVHXGRVHJPHQWHG��ÀH[LEOH�WDUVL�RI�WKH�PDOH¶V�
legs I and II, allowed him to slide the tip of his tarsi along 
the posterolateral side of the more rigid tarsi of the female’s 
legs and hook the claws of his legs I and often of legs II with 
the claws of the corresponding legs of the female (often 
after six attempts) (Fig. 2A). His claws formed an angle of 
nearly 90° with the female claws as he hooked them. The 
two spiders then initiated the prenuptial dance. The male 
pulled the female towards him as he walked backwards. 
The female offered some resistance, and only stepped 
slowly forwards when the male pulled her. Often the male 
WKHQ�SXOOHG�KHU� KDUGHU��ÀH[LQJ�KLV� OHJV� ,� DQG� ,,�� DQG� WKHQ�
SHUIRUPHG�D�VHULHV�RI�VKRUW�MHUNV�ZLWK�DOO�KLV�OHJV��)LJ���%���
and walked backwards to pull her again. During the dance, 
the male’s claws often became unhooked, but he rapidly 
hooked them again. The prenuptial dance lasted a mean of 
3.77 min (sd = 3.22 min, n = 6 pairs). 

In all pairs, the male rubbed his legs III on the lateral 
side of the female. On two occasions, in which we had a 
good lateral view, we saw that the male extended his legs 
III anteriorly on both sides of the female and began to use 
the distal section of his tarsi III to rub the coxa–trochanter–
femur of the female’s leg III, as well as the lateral area of 
her cephalothorax around the base of her leg III and, less 
frequently, the coxa, and possibly the trochanter, of her leg 
II. As the male rubbed the female, the femur–tibia of his 
legs III formed an outward angle of nearly 90° (Fig. 2C–D). 
Then he often moved the femur and tibia of each leg rapidly 
in an extended dorsoventral movement, alternating each leg 
III, while maintaining contact with the female. These move-
PHQWV�ZHUH�HDV\�WR�VHH�DW�WKH�IHPXU±SDWHOOD±WLELD�MRLQW�RI�WKH�
male’s leg III. Only after rubbing movements had occurred 
did the male initiate copulation.

The female responded to the male rubbing behaviour by 
moving the anterior section of her cephalothorax dorsally 
at nearly the same time when the male extended one of 
his pedipalps toward her (Fig. 2D). During copulation, the 
longitudinal axis of her cephalothorax formed an angle of 
16–19° (n = 2 females in which the angle was possible to 
measure) relative to its initial position. At the same time, she 
exposed her genital area, raising the anterior portion and/or 
lowering the posterior portion of the ventral surface of her 
abdomen. In two cases, as the female changed position, the 
male unhooked his claws and placed the tarsi of his legs I 
and II on the corresponding tarsi of the female, apparently 
pushing her legs over her cephalothorax. In the other four 
pairs, the male placed his tarsi I on her corresponding tarsi, 
but did not unhook the claws of legs II (Fig. 2C).

Prior to copulation, the male maintained his pedipalps 
with the tibia folded against his femur and both directed 
dorsally. With the female in the copulatory position, the 
PDOH�¿UVW� ORZHUHG�RQH�RI�KLV�SHGLSDOSV�ZLWK� WKH� WLELD�VWLOO�
folded against the femur in front of the female, with the 
two segments directed under the female’s body, and then 
he extended the tibia at the same time that he gradually 
rotated the femur medially 180° at its articulation with the 
WURFKDQWHU�� VR� WKDW� WKH� WLELD±WDUVXV� MRLQW� SRLQWHG� YHQWUDOO\�
(relative to male’s body) and the tip of the pedipalp was 
directed dorsally. The male then extended the pedipalpal 
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often they contacted his mouthparts. He then moved under 
the web, leaving a large, whitish drop of semen on top of the 
web. The male reached around from under the web to place 
the tips of his pedipalps into the semen drop and, after 7 min 
15 s he withdrew most, but not all, of the semen (Figs. 3B, 
D). During sperm induction, the male’s pedipalps moved 
with a low amplitude but extremely fast vibratory move-
ment. The male then placed his pedipalps in his mouthparts 
and, after a few seconds, he continued courting the female.

Egg sac construction

The two females that were free in a house began egg sac 
construction within the tunnel retreat. One female began 
construction within the tunnel during the late afternoon 
������K���SURGXFLQJ�¿UVW�D�GHQVH�FRQFDYH�VKHHW�RQ�WKH�ÀRRU�
of the tunnel as deep as the height of her cephalothorax 
(Fig. 4A) and attached to threads of the tunnel wall. For the 
construction of this dense, concave sheet, she exclusively 
used her spinnerets, never using her legs IV to manipulate 
silk. She placed her spinnerets against the threads of the 
tunnel or on threads of the concave sheet, then raised her 

often moved his abdomen backwards by bending his legs 
slightly, and laid a new swath of threads on a section of the 
sperm web to which threads had previously been attached. 
:KHQ�KH�¿QLVKHG�DIWHU���PLQ����V��WKH�VSHUP�ZHE�FRQVLVWHG�
of a dense sheet of silk threads between two parallel threads 
(Fig. 3B). In all cases in which the male attached one scaf-
folding thread to another, or the swath of silk to the parallel 
WKUHDGV��KH�JUDVSHG�RQH�SDUDOOHO�WKUHDG�ZLWK�RQH�OHJ�,,,�MXVW�
anterior to his spinnerets, and then attached the new threads 
by lowering his spinnerets. The angle of view prevented us 
from seeing whether the male used his epiandrous glands 
to add additional silk on the sheet sperm web, but a close 
examination of the sperm web (using close-up pictures) did 
not show anything to suggest that.

2QFH�WKH�ZHE�ZDV�¿QLVKHG��WKH�PDOH�SODFHG�KLV�OHIW�DQG�
right legs III and IV on the parallel threads, and the other 
WZR� ULJKW� OHJV�RQ�DQ�DGMDFHQW� WKUHDG�� VXFK� WKDW� WKH� WLSV�RI�
all femora were directed dorsally and nearly perpendicular 
to his longitudinal axis (Fig. 3C), and during 3 min 12 s the 
PDOH�MHUNHG�����WLPHV�V�����WLPHV�LQ�RQH�PLQXWH�UHFRUGHG���
moving all femora towards the centre of the carapace and 
UDLVLQJ� KLV� DEGRPHQ� ZLWK� HDFK� MHUN�� +LV� SHGLSDOSV� DOVR�
moved during this period, but not with the same rhythm, and 

Fig. 3:  Sperm web and male behaviour during sperm induction. A Scaffolding constructed by the male as support for the sperm web; B Sperm web with a 
residual sperm drop; C Position of the male’s legs as he produces the sperm onto the sperm web; D Male inducting sperm into his pedipalps. 
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seen, indicating that the spider had turned inside the egg sac 
while laying threads. The spider ended the construction of 
the egg sac at 0048 h (the next day), and remained there for 
nearly 11 h until she laid her eggs. It was possible to see the 
mass of eggs deposited at the bottom of the egg sac and the 
diffuse shape of the spider’s body through the egg sac wall.

About 15 minutes after laying the eggs, the spider 
emerged from the egg sac and began to close the upper 
opening, an activity that lasted more than three hours 
(1130–1408 h). She closed the opening with silk, using only 
her spinnerets, and paused often to pull the edges of the 
opening together using her chelicerae and pedipalps. Laying 
WKUHDGV� DQG� SXOOLQJ� WKH� HGJHV� DOWHUQDWHG� GXULQJ� WKH� ¿UVW�
hour of closing; afterwards she stopped pulling the edges 
but continued applying threads to close the opening. As the 
spider continued applying threads to the opening, the ovoid 
egg sac collapsed gradually, under the weight of the spider, 
to about a quarter of the original volume (Fig. 4C). 

abdomen and moved between 1–2 mm, either forwards or 
towards one side, before touching her spinnerets to the other 
threads. When her leg I and palps contacted the edge of the 
concave sheet, she turned approximately 180° and continued 
adding new threads to the sheet. She then remained resting 
on it for about four hours (2043 h).

At this point, a male walked into her web, began to 
court, and copulation occurred. After copulation, the female 
returned to the partially constructed egg sac and, after some 
minutes, she resumed its construction. From the border of 
the concave sheet, she began the construction of a wall that 
ended with the construction of an empty, nearly ovoid struc-
ture that was as tall as the length of her entire body and 
open at its upper section (Fig. 4B). For its construction, the 
spider also used only her spinnerets to build the egg sac, and 
remained inside it during the entire construction sequence. 
Sometimes her spinnerets were visible at the edge of the 
empty egg sac, while at other times her legs I and palps were 

Fig. 4:  Different phases of egg sac construction. A Construction of a concave platform that constitutes the bottom of the egg sac; B�(JJ�VDF�QHDUO\�¿QLVKHG��
C The female closing the egg sac after laying the eggs; the egg sac has collapsed under the spider’s weight; D The female pulling the outer layer of 
the egg sac (black arrow) with her chelicerae after completely closing the egg sac.

A B

C D
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SUH\�VKH�KDG�MXVW�NLOOHG�DQG�WKHQ�OHIW�LW�IRU�WKH�VSLGHUOLQJV��
who continued feeding for hours.

Spiderlings cooperated in killing large prey. Soon after 
ZH�RIIHUHG�VSLGHUOLQJV�D�KRXVH�À\�RU�D�ÀHVK�À\��DQ�HVWLPDWHG�
10 times the weight of a spiderling), they approached it and 
WKH�RQH�WKDW�DUULYHG�¿UVW�QHDUO\�DOZD\V�ELW�DQG�SXOOHG�D�OHJ�
or wing, the next did the same, and the rest (sometimes up 
to 10 spiderlings) bit different parts of the body (Fig. 5B). 
0RYHPHQWV�RI�WKH�À\�FHDVHG�DIWHU�D�IHZ�PLQXWHV�DQG�VSLGHU-
lings continued feeding on the prey.

Misionella mendensis

Courtship behaviour

The courtship behaviour of M. mendensis differed in 
some respects from that of K. hibernalis. We did not see 
the male adding threads or hooking claws, but we did see 
mutual male–female tapping with their legs during court-
ship. In addition, the male rubbed (or at least contacted) 
the trochanter–femur III of the female with his tarsus II 
(Fig. 6A–B). In the partial courtship sequence observed, 
WKH�PDOH� XVHG� WKH�PRGL¿HG�PHWDWDUVL±WDUVL� RQ� KLV� OHJV� ,,�
(Ramírez & Grismado 1997; Fig. 6C) to lock them onto the 
female’s femur II, with the tip of his tarsus II resting on 
her trochanter–femur III. After a few moments, the couple 
disengaged without initiating copulation, possibly disturbed 
E\�WKH�FDPHUD¶V�ÀDVK��

Discussion

Several features of the courtship behaviour of K. hiber-
nalis are apparently unique, some are shared with other 
members of the family, and still other features are also 
present in related and unrelated groups. For instance, adding 
threads to the female web is a behaviour that has not been 
REVHUYHG�LQ�RWKHU�¿OLVWDWLGV��QRU�KDV�LW�EHHQ�GHVFULEHG��WR�RXU�
knowledge) in other spiders. Considering the time the male 
spends adding threads and the large amount of silk involved, 
the cost for the male must be high. It is possible that the 
threads the male adds are impregnated with a pheromone 
that serves as a chemical signal, and constitutes part of a 
multimodal signal to courting the female as in other families 
(Uhl & Elias 2011). Sex pheromones are produced by recep-
tive females of many different families (Foelix 2011) and by 
males in some lycosids with reversed sexual roles (Aisen-
berg & Costa 2008; Aisenberg et al., 2008, Aisenberg, 
Baruffaldi & González 2010). In the case of K. hibernalis, 
the pheromones produced by the male may have a different 
role (e.g. reducing female aggressiveness), but experimental 
and anatomical research is needed to test this hypothesis. 
Similarly, hooking claws and the prenuptial dance are appar-
ently also unique features in the courtship behaviour of K. 
hibernalis, since similar behaviours have not been observed 
LQ�RWKHU�¿OLVWDWLGV�RU�LQ�RWKHU�VSLGHUV��7KH�SUHQXSWLDO�GDQFH��
which is only possible after hooking claws, may serve for 
the female to evaluate the size or strength of the male.

The rubbing by the male with his legs III was highly 
stereotyped in K. hibernalis, both in the sequence of 

After pausing for more than an hour, the spider began 
SXOOLQJ� WKH�ZDOO�RI� WKH�XSSHU��ÀDW� VLGH�RI� WKH�HJJ�VDF� �WKH�
last section to be closed) (Fig. 4D), and cutting the threads 
that connected the egg sac with the threads of the tunnel. 
6KH�XVHG�KHU�SHGLSDOSV�DSSDUHQWO\�WR�¿QG�WKH�WKUHDGV��DQG�
her chelicerae to cut them; on several occasions we saw the 
spider pulling and breaking the threads with her chelicerae. 
This activity lasted for nearly three hours, until the egg sac 
became ovoid again. The spider did not apply threads to the 
egg sac during this time. The next day the spider moved the 
egg sac deeper inside the tunnel, where she applied cribel-
late threads to the outer surface of the egg sac. The egg sac 
construction behaviour of a second female was very similar, 
but we did not record the time spent in each phase. 

Maternal care and the cooperative behaviour of 
spiderlings

All females that copulated during the study period 
produced fertile eggs. Spiderlings emerged from all of them 
after 80 ± 2.8 days (n = 2 egg sacs) at an average ambient 
temperature of 18 ± 3°C. In all cases, the females cared for 
the spiderlings that remained in her web until they reached 
the second, and sometimes the third, instar after emerging 
from the egg sac. During this time, the female killed prey 
and allowed spiderlings to feed on it (Fig. 5A). Three 
females killed prey and carried it inside the tunnel where 
spiderlings were resting, and left it there for them to feed 
upon. Often the adult female fed for a few minutes on the 

Fig. 5:  First instar spiderlings feeding outside the egg sac. A Spiderlings 
and adult female feeding on the same prey; B Spiderlings feeding 
RQ�D�ÀHVK�À\�DIWHU�D�FRRSHUDWLYH�DWWDFN��

A

B
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Fig. 6:  A, B: Courtship of Misionella mendensis��&�� OHJ�PRGL¿FDWLRQV�RI�
M. mendensis and Pikelinia mahuell. A The male starts sliding his 
leg II on the female femur II; B The male is clasping the female 
IHPXU�,,�XVLQJ�KLV�PRGL¿HG�PHWDWDUVXV�DQG�WDUVXV��C�0RGL¿FDWLRQ�
of femur II in M. mendensis and P. mahuell.

A

B

C

construct a large sperm web sheet using silk from the spin-
nerets, in which males reinforce a small area (where sperm 
will be deposited), apparently with epiandrous silk (Costa 
& Pérez-Miles 2002). Thus, the sperm web of K. hibernalis 
seems to be more similar to the web of theraphosids than to 
the sperm web of other araenomorphs.

Maternal care in K. hibernalis includes several aspects. 
A female lays cribellate silk on the outside of the egg sac, 
which is maintained deep inside the tunnel retreat, and she 
guards it there until the spiderlings emerge (Curtis & Carrel 
1999). Females of Thaida peculiaris, another member of 
Austrochilidae (Lopardo et al. 2004), and female Zosis 
geniculata (GB unpublished data) in the distant family 
Uloboridae also add cribellate silk to the external layer of 
the egg sac. This cribellate silk layer likely protects eggs 
against egg parasites (e.g. Baeus wasps) and some predators. 

HYHQWV��DQG� LQ� WKH�VSHFL¿F��V\PPHWULF�SRVLWLRQ�RI� OHJV�,,,��
widely open in an unusual angle. Fragmentary observa-
WLRQV�IURP�WKH�VPDOO�¿OLVWDWLG�VSLGHU�M. mendensis suggest 
that the stereotyped rubbing behaviour may be widespread 
in the family Filistatidae, but with notable variations. In 
M. mendensis, the male used his legs II, rather than legs 
III as in K. hibernalis, to contact the basal segments of the 
female’s leg II. In M. mendensis, as well as in species of 
the closely related genus Pikelinia, the ectal side of the 
PHWDWDUVL�DQG�WDUVL�RI�OHJ�,,�DUH�PRGL¿HG�LQ�D�FODVSLQJ�VWUXF-
ture, with several macrosetae associated with a depressed 
area (Ramírez & Grismado 1997; Fig. 6C). In the partial 
courtship sequence observed in M. mendensis, the male 
used the claspers on his legs II to lock onto the female’s 
femur II. This occurred without locking of the claws. The 
family Filistatidae is currently divided in two main clades: 
Filistatinae and Prithinae (Gray 1995; Ramírez & Grismado 
1997). Kukulcania hibernalis and M. mendensis are repre-
sentatives of the former and latter subfamilies, respectively. 
Given that both seem to use a stereotyped rubbing on the 
female legs II and III during courtship, rubbing, with either 
male leg II or III may be common to the whole family.

On the contrary, male abdomen vibration (percussion) 
is a common feature of the courtship behaviour of many 
araneomorph spiders that have sheet webs or that court 
directly on the ground, where acoustic signals are trans-
PLWWHG�HI¿FLHQWO\��8HW]�	�6WUDWWRQ��������7KH�LQIRUPDWLRQ�
transmitted by acoustic waves could inform the female of 
the male quality (e.g. size) and/or could reduce her aggres-
siveness. In theraphosids, abdomen vibration seems to be 
absent, but similar behaviours which may be homologous, 
such as body vibration (Costa & Pérez-Miles 2002) and 
body shaking (<ixH]�� /RFKW� 	� 0DFtDV�2UGyxH] 1999) 
occur. Both adding threads on the female web and male 
abdomen vibration seem to reduce female aggressiveness, 
and could also induce her to cooperate and use the male’s 
sperm to fertilize her eggs (Eberhard 1996; Stratton et al. 
1996; Eberhard & Huber 1998; Peretti, Eberhard & Briceño 
2006; Barrantes 2008).

The copulation position of K. hibernalis and M. mendensis 
is similar in some respects to that of theraphosids. In both 
¿OLVWDWLGV� DQG� WKHUDSKRVLGV� WKH�PDOH� IDFHV� WKH� IHPDOH� DQG�
holds her legs (and fangs in theraphosids), and using his legs 
the male holds her back, raising her, as she lifts her cephalo-
thorax backwards (<ixH]��/RFKW�	�0DFtDV�2UGyxH] 1999; 
Costa & Pérez-Miles 2002; Bertani, Fukushima & da Silva 
Júnior 2008). A similar behaviour was also described for 
Hickmania troglodytes (Doran, Richardson & Swain 2001), 
a Tasmanian spider of the family Austrochilidae, another 
basal araneomorph (Coddington 2005). 

The sperm web constructed by the male K. hibernalis 
differs in most respects from those described for other arae-
nomorph spiders (Foelix 2011), but shares some general 
features with sperm webs of theraphosids (Costa & Pérez-
Miles 2002). The male K. hibernalis constructs a large sperm 
web apparently exclusively using threads from his spin-
nerets, rather than using silk from his epiandrous glands to 
spin the sperm web, as in most araenomorph spiders (Peters 
& Kovoor 1991), even though the males have well devel-
oped epiandrous spigots (Griswold et al. 2005). The sperm 
web of K. hibernalis resembles those of theraphosids that 
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After emerging, the female often provides her offspring 
with prey, as reported by Curtis & Carrel (1999) for this 
species, and by Cokendolpher & MacDonald (2007) for K. 
geophila. The cooperative attack of spiderlings against large 
prey, also seen in K. geophila (Cokendolpher & MacDonald 
�������FRQ¿UPV�VRPH�GHJUHH�RI� VRFLDOLW\� �VXEVRFLDOLW\�� LQ�
the genus Kukulcania.

Some behaviours of K. hibernalis (e.g. copulation posi-
tion, sperm web) are more similar to those of theraphosids 
than to araneomorphs, thus supporting the hypothesis that 
Filistatidae should have a more basal phylogentic position 
within Araneomorphae (Lopardo et al. 2004; Griswold et al. 
2005; Ramírez & Grismado 2008). 
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