
Biological Journal of the Linnean Sociely (1994), 51: 163-176. With 6 figures 

Social behaviour in a web-building lynx spider, 
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Social behaviour involving cooperative prey capture and communal feeding is reported for the first 
time in the spider family Oxyopidae (lynx spiders), in a web-building species of the genus Tapinillus. 
This social spider inhabits communal webs that may contain several dozen individuals, including 
adults of both sexes and juveniles of different cohorts. Its colonies occur in clusters and appear to be 
long-lived, much like those of non-territorial permanently social species such as Anelosirnus exirniur 
(Theridiidae) or Agelena consociata (Agelenidae), However, unlike colonies of these other cooperative 
spiders, the colonies of the social Tapinillus do not have highly female-biased sex ratios. The possible 
explanations for this difference are discussed. 
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demography. 
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INTRODUCTION 

Social behaviour in spiders involving cooperative prey capture and communal 
feeding among individuals that share a communal nest occurs in a few species 
scattered in six families (Buskirk, 198 1 ; D’ Andrea, 1987; Avilts, in press). 
In all cases, except for the social Thomisid (Main, 1988), this highly-cooperative 
behaviour has evolved within spider clades that build some sort of irregular web. 
A web provides the means for communication (Shear, 1970) and, because it is 
expensive to build, provides the opportunity for cost sharing (Riechert, 1985). A 
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non-geornetric web, in particular, is amenable to being built and utilized 
simultaneously by more than one individual (Buskirk, 1981), and therefore 
appears to be a preadaptation that facilitates the evolution of cooperative 
behaviour in spiders. 

Here, I report on the discovery of highly cooperative behaviour in the 
Oxyopidae (lynx spiders), a family of cursorial spiders known to capture their 
prey without the aid of a web. In support of the thesis that a non-geometric web 
is a preadaptation for highly cooperative behaviour in spiders, however, this 
social oxyopid does build a web for prey capture which is also an irregular web. 
The species belongs to the only genus in the Oxyopidae, Tapinillus Simon, for 
which web-building has been described (Griswold, 1983; Mora, 1986). 

Aside from belonging to a family in which social behaviour might not have 
been expected, the social Tapinillus appears to be unlike any other social spider 
previously described: its social behaviour resembles that of non-territorial 
permanently social species (e.g. Anelosimus eximius Keyserling, Theridiidae, or 
Agelena consociutu Denis, Agelenidae, D'Andrea, 1987), but its sex ratio and 
population structure differ. In this paper, I present my initial observations on 
the behaviour, demography and sex ratio of the social Tupinillus. In  a separate 
paper (Avilks, in preparation), I report on its population structure, as 
determined by allozyme electrophoresis. 

Because the genus Tapinillus has not been revised recently, I have been unable 
to place this social spider unambiguously in any of the currently described 
species. It may belong to one of the three species described from the Amazonian 
region (Mello LeitBo, 1929, 1930, 1940; Roewer, 1954), but it may also be 
undescribed (Brady, personal communication). Therefore, I will refer to it here 
as Tapinillus sp. or 'the social Tupinillus'. Figures of the male palpus and female 
epiginum are given as reference (Fig. 1 ) .  

MATERIAL AND METHODS 

The first colonies of the social Ta~in i l l u s  were discovered in July 1985 in the 
Reserva Faunistica Cuyabeno ( O O O O  l'N, 76" 1 I'W, Sucumbios province, 
Ecuador). I recorded six different colonies on this occasion and two additional 
ones in June 1986. During the summers of 1988 and 1989, I systematically 
searched for colonies along a 5 km trail north of Laguna Grande in the 
Cuyabeno Reserve. I also conducted more casual searches along two other trails 
in the area. During 1988 I recorded a total of 20 colonies in 10 clusters, and 
during 1989, 24 colonies in 1 1  clusters. Besides recording the position of every 
newly encountered or previously seen colony, in each visit I estimated the size of 
each nest as the smallest rectangular space that would contain it, with 
adjustments made for extremely irregular forms. If the colonies occurred in 
clusters, I also drew a map of their position with respect to each other. To obtain 
photographs and observe details of the nest structure, I dusted with corn starch 
the webbing of two nests (see Eberhard, 1976). I collected the entire contents of 
seven colonies and one third of the largest one seen. I also inspected by eye the 
contents of all other accessible colonies and censused eight of them in situ. Four of 
the collected colonies, including the fraction of the largest seen, were preserved in 
80% ethanol. Two colonies were used in an attempt to establish artificially a 
new colony; two others were brought alive to Quito to be observed. 



SOCIAL LYNX SPIDER 165 

Figure 1. A, Male palpus (left palpus, ventral view), B, Female epiginum of the social TopznilluJ. 
Scale bars = 0.5 mm. Drawings by W. P. Maddison. 

Preserved specimens were measured under a dissecting microscope with an 
eyepiece reticle calibrated to 100 lines = 8 mm. The discrete size classes obtained 
from the total body and carapace lengths have been assumed to correspond to 
instars, an assumption that held when comparing the size of individuals before 
and after moulting. The roughly 1 mm difference in length between consecutive 
instars (Table l ) ,  the state of maturity of the palpi or epigina, and the 
differences in general appearance (length and thickness of the legs, relative 
proportions of body and appendages, etc.) made it possible to distinguish the 
instars by eye in the field. Preadult and adult sex ratios were estimated among 
the instars during which the enlargement of the male palpi is visible to the naked 
eye. Primary sex ratios were estimated by examining embryo chromosome 
preparations as done by AvilCs & Maddison (1991). 

  ABLE 1 .  Size classes and instars of the social Tapinillus; a first moult takes place before emergence 
from the egg sac 

Total length Carapace length 
Instar Sex mean +95(!’, r.i. mean i95O; c.i. n 

2 
3 ? 
4 ? 
5 female 

6 female 

7 female 

8 femalc 

3 

male 

male 

male 

2.1 
3.3 
4.4 
5.3 
5.1 
5.8 
5.8 
6.9 
6. I 
7.8 

0.08 
0.08 
0.48 
1.64 
0.20 
0.18 
0.60 
0.18 
0.45 
0.29 

0.9 
1.3 
I .6 
1.9 
1.7 
2.0 
2. I 
2.4 
2. I 
2.7 

0.03 
0.10 
0.03 
0.08 
0.16 
0.08 
0.16 
0.09 
0.11 
0.09 

12 
7 
7 
7 
5 

10 
6* 

13 
7* 

13 

*Total length not mcasurrd in two individuals. 
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General behavioural observations were conducted in the field at  irregular 
intervals during daytime, for a total of 50 hours. These included observations of 
the behaviour of the spiders in the nest, prey capture and feeding, reaction to 
danger, a few instances of courtship and one of copulation. An attempt was also 
made to observe web construction in an artificially established colony. In  this 
last part of the project I had the collaboration of M. E. O r d h e z .  

RESULI‘S 

8es ts  and colonies 

As in the other web-building Tapinillus (Griswold, 1983), though of a larger 
size, the nests of the social Tapinillus are tridimensional structures that envelop 
the distal portions of a branch (or branches), including its leaves (Fig. 2 ) .  The 
base of the Tapinillus nest is more tightly woven than the top, which has open 
spaces and vertical lines connecting to the uppermost leaves contained within the 
nest. Unlike the nests of A .  eximius, a social Theridiid spider present in the area 
(see illustrations in Vollrath, 1982; Christenson, 1984), the Tapinillus nests do not 
accumulate dry leaves and lack the long lines connecting the nests with the 
vegetation above. A careful inspection of the web shows that the Tapinillus nests 
consist of a collection of flat sheets placed in varying directions so as to leave 
empty spaces in the interior. The spiders sit over or under the surface of these 
sheets, on the leaves that are included in the colonies, or on the outer surface of 
the nest. Younger individuals and egg sacs are kept in the interior of the nest. 

TABLE 2. Contents of collected (c.) or in silu censused ( i s . )  colonies of the social ‘Tujinillus observed 
in the Cuyabeno Nature Reserve. All but the last two colonies were encountered along the 5 km 
trail surveyed; they are named according to their location (metres) along the trail. Colonies within 
the same cluster are given the same first digit and a different second digit (e.g. 325.1, 325.2). The 
contents of an estimated 1/3 (/3) of colony LH, the largest colony observed, are shown. Fifth-instar 
individuals are listed under ‘juveniles’ since, even though at  this stage the palpi are already slightly 
enlarged in males, they cannot be sexed by eye in the field. Blank spaces in the table indicate 

missing data; ‘ + ’ indicates presence of the corresponding instars 

Juveniles Females Males 
Egg 

Colony Date Method sacs 2 3 4 5 6 7 8 6 7 

160 
325.1 
325.2 
142 
459 
627 
114.2 
114.4 
2604.1 
2604.2 
114.C 
114.D 
4561.1 
4561.2 
LH 
PR 

08.85 
07.85 
07.85 
07.85 
06.86 
06.86 
07.88 
07.88 
07.88 
07.88 
07.89 
07.89 
07.89 
07.89 
07.88 
07.85 

i s .  3 5 6 0 1 3 1 2 4 2 8  
C. 0 2 8 2 1  1 0 0 0  
C. 0 0 1 0 0 0 0 0 0 0  
1,s. 0 0 0 1 3 4 7 0 7 2  
C. 9 1 5 1 4 1 8  6 0 0 5 I 
C.  I 0 0 0 1 6 1 0 1 I  
1,s. 1 0 0 0 0 0 < 5  3 5 0 
i s .  I + + + +  0 2 0 1  
C. 4 2 6  5 1 0  0 4 2 1 3  
C. few 32 48 15 9 0 1 10 2 0 
1,s. 2 0? 0? 9 9 3 3 3 2 1 
1.S. 3 20 0? 0? 0? I 3 8 1 4  
1,s. 0 0 0 0 0 0 5 0 2 0  
1,s. 0 0 12 0 0 0 0 0 0 0 
13 3 15 100 100 11 4 10 13 5 2 
C. 14 8 3 0 4  3 0 5  1 0  

Total: 31 52 50 34 23 
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Figure 2. Nest of the social TapznilluJ in Cuyabeno, Ecuadol 

The sizes of the nests ranged widely, from around 0.006 m3 to 0.9 m3, with 
most of the nests belonging to the smaller size classes (median = 0.03 m3, 
n = 49). The nests contained from 0 to 100 individuals of the three eldest instars, 
including several adult females (range 0 to 40, n = 17)  and several adult males 
(range 0 to 8, n = 17)  and from 0 to around 600 juveniles (Table 2). As before, 
most of the colonies belonged to the smaller size classes. The upper figures of the 
range corresponded to an unusually large colony seen hanging 8- 10 m above the 
ground from the branches of a tree. This was an inverted L-shaped colony that 
measured approximately 0.9 m3 (the next largest colony measured only 0.3 m3). 

The density of spiders in the colonies was low compared to nests of similar size 
of A .  eximus. For instance, the collected portion (one third, around 0.3 m3) of the 
unusually large colony contained 34 spiders of the latest three instars and around 
200 juveniles, while a nest of similar size of A .  eximius would contain close to 800 
spiders of the equivalent instars (Avilks, 1992). 

The spiders sit in the nest more or less equidistantly, usually with the front 
three pairs of legs spread to the sides and the fourth backwards along the 
abdomen (Fig. 3 ) ,  the ‘ready position’ described by Griswold (1983) for the 
other web-building Tapinillus. When it rains, the spiders take positions under the 
leaves. When an observer approaches, the spiders move briskly towards the side 
of the colony remote from the observer. It the nest is shaken, the spiders drop to 
the ground and return a few minutes after the disturbance has stopped. In 
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Figure 3. Social Tapinillus spidrrs in ‘ready position’ 

general, the movements of the spiders are brisk, even when they are hanging 
down from a thread. 

Nesl building and maintenance 

In a colony that contained mostly later-instar spiders, both males and females 
walked around the nest at different times of the day placing new lines of silk. 
This activity was carried out in 2-4 second bouts of activity, separated by 15 or 
more seconds of immobility. The movement of one individual appeared to 
trigger the movements of nearby individuals, so that bouts of activity and quiet 
appeared to be synchronized. We also observed repair of the web damage caused 
by entangled insects. For instance, an adult female was seen cutting and 
removing damaged web, and then adding new silk to an open area at the base of 
a colony. She continued this activity for a period of at  least one hour, while a few 
other spiders added silk intermittently to other parts of the nest. 

Prey capture and feeding 

We observed instances of both individual and cooperative prey capture. 
Smaller prey items (i.e. smaller than the size of the spiders) were handled by 
single individuals while larger items involved the participation of several spiders. 
Both male and female spiders participated in prey capture, usually those 
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Figure 4. Communal feeding in the social Tupinillus 

belonging to the elder imtars present in the nest. Larger prey were fed upon 
communually immediately after their capture, at  first by later-instar individuals, 
usually the ones involved in the capture, and then by the juveniles (Fig. 4). 
Individuals that captured small prey items initially prevented other spiders from 
getting access to them. However, after half an hour to an hour of solitary 
feeding, the spiders allowed others to join in and finally abandoned the prey to 
the juveniles. 

Tolerance and social interactions 

Individuals of the social Tapinillus exhibited tolerance both towards nestmates 
and, in a pilot experiment, towards individuals from other nests. Spiders kept in 
closed containers tended to aggregate and, despite conditions of starvation, were 
never seen to cannibalize each other. The spiders from two nearby nests that 
contained mostly juveniles mixed freely when experimentally combined. The 
presence of widespread intraspecific tolerance, both among individuals of all 
instars and among distantly located colonies, however, still needs to be 
confirmed. 

The spiders in a nest often touch each other when crossing each other’s paths. 
Males, in particular, tend to touch the palpi of other males or exchange leg 
touches with females. In two colonies containing several adult males and females, 
we observed males repeatedly chasing females. O n  one occasion, a male 
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exchanged leg touches with a female, then approached her from underneath, 
touched her abdomen with quick light movements until reaching her genital 
area, and then retreated. O n  another occasion, an adult male touched the 
abdomen of an adult female three times at 3-second intervals for about 8 
seconds. I observed a n  apparently successful copulation in a colony that, among 
others, contained eight adult females and four adult males. After two attempts, 
the male appeared to insert its palp in the female’s epiginum for 15 seconds, 
retreated for one minute and then inserted it again for another 20 seconds. The 
first copulation occurred with the male on top of the female; the second, with the 
male underneath the female, abdomen against abdomen, and both facing 
forward. Females, however, were usually seen escaping from approaching males. 

Specific observations concerning parental care were not conducted. We did 
observe, however, adult females sitting in the vicinity of egg sacs and noted that 
in a colony that contained around 30 second-instar juveniles, there were always 
some seventh-instar individuals in their vicinity. 

Colony demography and sex ratio 

Egg sacs are of an irregular, generally spherical shape; their exterior is covered 
with a cream, pinkish silk of a rough, grainy texture; their interior is lined with 
white silk of a finer texture. The size and shape of the sacs, as well as the number 
of eggs they contain varied (Table 3). Spiderlings undergo one moult inside the 
sac (instar 1 ) .  From there on, there are seven female and six male instars 
(Table 1). The male palpi are already slightly enlarged during the 5th instar (as 
seen under the dissecting microscope) and fully developed during the 7th, final 
instar. The female epigina are not well developed until their final, 8th, instar. 
Females, therefore, undergo one more moult than males before reaching 
reproductive maturity. 

The colonies contained a variable number of later-instar individuals 
(Table 2),  often including several adult males and females, plus a number of 
juveniles of apparently different cohorts. The unusually large colony seen (LH, 
Table 2 ) ,  for instance, was estimated to contain 39 adult (instar 8) females, 42 
preadult (instar 6 and 7) females, 21 preadult and adult (instars 6 and 7)  males, 
around 600 juveniles, mostly instars 3 and 4, and at the most a dozen egg sacs 
(extrapolated from census of approximately 1/3 of the colony). Two out of 1 7  
colonies examined contained only juveniles; two others contained only later- 
instar individuals (Table 2). 

TABLE 3. Egg sac contents and primary sex ratio of the social 
Tabinillus 

No. of eggs 

Sac Size (mm) Total Scored Males 

1 4.5 x 3.5 x 3 1 l? 8 5 
2 5 x 3.5 x 3 24 6 2 
3 4.5 x 4 x 3 20 16 7 
4 6 ~ 4 x 4  empty 

Total: 30 14 
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Most colonies had a high ratio of adult females to egg sacs (range: 2 : 4-1 3 : 3, 
Table 2 ) ,  though it is possible that in some colonies we failed to identify all egg 
sacs because of their flower-like appearance. Even though this ratio might 
indicate that not all females in a colony lay eggs, given that we do not know the 
relative life spans of adult females and egg sacs in a nest, it is not yet possible to 
draw any conclusions by simply comparing their numbers by vertical sampling. 

The sex ratio, as estimated from embryos and sixth-instar individuals, was 
found to be even. The proportion of males among 65 sixth-instar individuals 
collected or recorded from 16 colonies was 0.52 (0.41-0.65, 95% c.i., Table 2). 
The proportion of males among developing embryos from three egg sacs 
examined was 0.47 (0.28-0.67, 95% c.i., n = 30, Table 3). The sex 
determination mechanism of the social Tapinillus was found to be X,X,O (testis 
chromosome preparations from six individuals examined); females have 24 
chromosomes and males, 22. As far as I am aware, this is the first record of the 
sex determination mechanism and chromosome number in the genus Tapinillus; 
in other genera in the Oxyopidae males are 2n = 20 + XO or 2n = 26 + X,X,O 
(Suzuki, 1954; Tugmon et al., 1990). 

The sex ratio among adults, on the other had, was significantly different from 
1 : 1: in the 16 colonies examined there were only 23 adult (instar 7)  males to 
102 preadult (instar 7)  and adult (instar 8) females (proportion of males = 0.18, 
0.12-0.26, 95% c.i., Table 2),  suggesting either higher male mortality, or male 
emigration. 

Metapopulation structure 

Close inspection of the forest along the 5 km trail yielded 19 colonies, in nine 
clusters, in 1988, and 22 colonies in 10 clusters in 1989 (an additional colony was 
recorded along a different trail in 1988). Eighteen of the 50 colonies recorded in 
the 4 years combined occurred by themselves; the rest occurred in clusters 
containing up to seven colonies (Fig. 5). The mean nearest-neighbour distance 
among colonies in a cluster was 1 .1  m (f0.68,  95% c.i., n = 13 colonies in four 
clusters). The largest gap among colonies considered to belong to the same 
cluster was 4.0 m. 

Out of the 20 colonies marked in 1988, 1 1  colonies, or their descendants, were 
still in the same location, or within fractions of a meter, in 1989 (Fig. 6).  

- ' t ~ ~ ~ ~ Y  a 0 

1 5 4  

8 2  5 
= 0  

1 2 3 4 5 6 7  1 2 3 4 5 6 7  1 2 3 4 5 6 7  

number of colonies per cluster 

Figure 5. Number of colonies per cluster of the social Tapznillus 
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Figure 6 .  Life history of the social Tajinillus in Cuyabeno, Ecuador, during the years of 1988-1989. 
Each line represents a colony through time as it remains unchanged, buds-off daughter colonies or 
becomes extinct (or disappears). When the identity of individual colonies within a cluster was 
uncertain from one year to the next, as in complex 2604, the lines have been left unconnected. 

This indicates a fair degree of permanency of the colonies and the possibility that 
they last for multiple generations. I t  is not clear whether the missing colonies 
became extinct, moved or dispersed. In two cases, the number of colonies in a 
cluster decreased from one year to the next, while in two others it increased 
(Fig. 6). 

We have not been able to establish with certainty how new colonies originate. 
In one of the cases in which the number of colonies in a cluster increased, the 
new colonies appeared in close proximity to pre-existing ones, suggesting that 
they had arisen by budding. One of these colonies, in fact, still kept web 
connections with the colony from which it appeared to have originated. 
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An apparent case of budding was observed by M. E. Ordbiiez in 1985 in a 
colony on which she was conducting behavioural observations. On August 6 at 
10:15 am she observed several preadult and adult males (instars 6 and 7)  and 
females (instars 7 and 8) throwing silk lines away from the colony and moving 
along them to a position 50 cm away. That afternoon, a new nest, occupied by 
one adult and one preadult female, had been built at this new location. Three 
days later, the new nest had been expanded and its webbing made thicker, while 
the silk connection with the main colony was no longer visible. That afternoon, a 
few additional preadult and adult individuals of both sexes moved to the bud, 
but most returned to their original colony. On August 10, M. E. Ordbiiez 
counted four adult males, two adult and two preadult females in the bud. All but 
one adult female were still there on August 21 when the observations ended. 

It is not clear whether this budding event occurred naturally, or as a result of 
our initial manipulation of the colony (on August 5 we slightly pulled down the 
branch where the colony was located to make it more accessible; this left the nest 
somewhat tilted). Another colony that was experimentally disturbed (by dusting 
its web with starch) also exhibited dispersal behaviour. In this latter case, the 
number of individuals of the latest three instars present in the colony became 
reduced to 1/3 after 2 weeks of the initial manipulation. At that time, M. E. 
Ordbiiez found two previously unrecorded colonies at 1.8 and 3.3 m away. The 
closest colony contained one preadult male, the farthest away one preadult male 
and two preadult females. It is interesting that in all cases the buds contained 
only adult or preadult individuals. No juveniles seemed to have moved into any 
of the buds or away from their original colonies. 

An attempt to establish artificially a new nest failed: the spiders (one instar 7 
female and 14 instar 4 juveniles) dispersed instead of building a new nest when 
released on a new spot. After being still for about 30 minutes the spiders initiated 
the production of aerial lines, either by lifting their abdomens as they stood on 
the leaves, or by throwing themselves down and climbing up their thread (see 
Eberhard, 1987). This activity was carried out in bouts of quick jerky 
movements separated by quiet times. When an aerial thread caught on to new 
substrate, the spiders used it to disperse in that direction. The same thread was 
often followed by more than one spider, but most dispersed in different directions 
so that, after an hour of having been released, the spiders occupied positions on a 
2 m radius from the original spot. A group of spiders did concentrate on one 
branch and started to lay down silk as if to build a new nest. The following day, 
however, no spiders remained in the area. 

DISCUSSION 

There are two aspects of the biology of the social Tapinillus that are in 
accordance with our current understanding of the preadaptations for the 
evolution of highly-cooperative behaviour in the order Araneae. In  the first 
place, even though Tapinillus belongs to a family of cursorial spiders, it is the 
only genus in the family with members that build webs for prey capture 
(Griswold, 1983; Mora, 1986). The web both facilitates social interactions by 
providing the means for communication (Shear, 1970) and, because of the 
expense involved in its construction, provides an incentive for cooperative 
behaviour (Riechert, 1985). It has been shown in one of the non-territorial 
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permanently social species that the per capita investment in the web becomes 
reduced when the number of cooperating individuals increases (Riechert, 1985). 
Cohabitation and cooperative web-building appear to be possible only in an 
irregular web, which is in fact the type of web built by the social 7apinillus. Once 
sharing of a common nest has been established, cooperative prey capture appears 
to be the next obvious step since it allows the spiders to trap larger prey than 
they would be able to on their own (Buskirk, 1981). This next step should follow 
since a communal (i.e. larger) nest is likely to trap larger prey to begin with. 

The other aspect thought to constitute a preadaptation to more advanced 
forms of social behaviour is the presence of extended maternal care in the 
ancestral species. In several of the genera that contain non-territorial 
permanently social species (e.g. Anelosimus, Achaearaneae, Stego4phu.s) there exist 
close relatives that exhibit extended maternal care, followed in some species by a 
variable period of tolerance and even cooperation among the orphaned 
spiderlings (Kullmann, 1972; Buskirk, 198 1; D’Andrea, 1987). This temporarily 
social behaviour (subsocial or non-territorial, periodic-social behaviour, 
D’Andrea, 1987), could be turned into permanent sociality if tolerance is 
extended through adulthood or if the onset of sexual maturity is accelerated 
(Brach, 1977; Burgess, 1978; Kraus & Kraus, 1988). This has led several authors 
to suggest a subsocial or matrifilial route to the evolution of permanent sociality 
in spiders (Shear, 1970; Kullman, 1972; Wilson, 1971). This scenario may apply 
to the social 7apinillus. At the Cuyabeno site we found several nests of a 
Tapinillus species (yet undetermined) that contained the mother and spiderlings 
of early to intermediate instar (Avilts, unpublished). The species described by 
Griswold (1983) may also be subsocial given that one of the nests observed 
contained eight early-instar juveniles. Studies of these related species are needed 
to determine the extent of tolerance and cooperation among the members of a 
nest. 

The one aspect of the biology of the social Tapinillus in which it notably differs 
from other highly-cooperative spiders is in its sex ratio. All other species of a 
similar level of sociality for which sex ratio data are available appear to have 
heavily female-biased sex ratios (Buskirk, 198 1; Avilts, 1986; Main, 1988; Avilts 
& Maddison, 1991; Lubin, 1991). The even sex ratios exhibited by the social 
Tapinillus are, therefore, enigmatic. Equal sex ratios would be expected if (a) the 
colonies disintegrate every generation so that mating takes place among 
individuals from the population at  large, as is the case in the subsocial relatives of 
the permanently social species mentioned above (e.g. Kullmann, 1972; Brach, 
1977; Nentwig & Christenson, 1986); or, (b) if significant migration occurs 
among established colonies. Female-biased sex ratios, on the other hand, are 
expected when the population is strongly subdivided as a result of individuals 
mating within the local colony generation after generation (Avilts, 1986, 1993; 
Frank, 1987), as seems to occur in the social spiders that exhibit biased sex ratios 
(Lubin & Crozier, 1986; Smith, 1986; Roeloffs & Riechert, 1988; Avilts, 1992). 

The relatively large size reached by some colonies, their apparent 
permanency, and the fact that they simultaneously contain adults of both sexes, 
several egg sacs and juveniles of different cohorts suggest that the colonies in the 
social 7apinillus are occupied by more than one generation, as they are in species 
that exhibit biased sex ratios. This makes (a) unlikely as an explanation for the 
even sex ratio of this species. The decrease in the proportion of males from 
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subadult to adult (Table 2 ) ,  on the other hand, would support (b)  if it results 
from male emigration. More studies are needed, however, to determine whether 
the decrease results from emigration or simply from higher intrinsic male 
mortality. 

In order to determine the degree of outbreeding of the social Tapinillus, and, 
therefore, establish whether intercolony migration is actually happening, I 
conducted an allozyme electrophoresis study that I report in a separate paper 
(AvilCs, in preparation). Two outcomes, each with implications for either social 
evolution or sex ratio theory, were expected. If much intercolony migration is 
present, i.e. there is little or no differentiation in the allele frequencies among 
colonies, we could be faced with an organism that exhibits advanced social 
behaviour despite the low relatedness among the cooperating members. On  the 
other hand, if little or no migration occurs and the populations are strongly 
subdivided, as in other non-territorial permanent-social spiders, we would be 
faced with the even more intriguing situation of a highly inbred organism that 
does not bias its sex ratio. The results from the electrophoretic study indicate 
that a third, not previously considered, alternative is likely to be the answer: the 
social Tapinillus is outbred, apparently as a result of male migration, but the 
individuals in the colonies, other than a few foreign males, are siblings, seemingly 
the offspring of a single pair. This answer explains both the even sex ratio and 
the highly-cooperative behaviour exhibited by this species. It opens, however, 
many unexpected questions. How can large, long-lived colonies be produced by 
a single pair? One of the females of the subsocial Tapinillus in Cuyabeno 
produced a second egg sac after the offspring from the previous laying had 
dispersed. Perhaps the females in this genus can lay several sequential broods 
that in the social Tapinillus remain in the colony creating the illusion of 
multigenerationality. But if reproduction is monopolized by a single female, why 
are there several adult females present in the nests? Why do males risk migrating 
when there are apparently potential mates within the colonies? Is it perhaps 
because these potential mates are unable to reproduce? It is certainly too soon to 
jump to conclusions that may remind us of some well-known highly-social six- 
legged arthropods. It is possible, however, that the answers to these questions 
may uncover even more surprises from this remarkable spider genus. One thing 
is clear, however. The social Tapinillus is unlike any other social spider; it is the 
only known non-territorial cooperative species which appears to be- both 
permanently social and outbred. 
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