
chicken feathers and from B-16 melano- 
ma cells, which were similar to the spec- 
trum of black hair melanin. 

Our data thus support the suggestion 
(5, 6) that many natural melanins are 
copolymers of dopa and cysteinyldopa. 
Such copolymers may conveniently be 
characterized in terms of an r value, 
which is related to the proportions of 
dopa and cysteinyldopa incorporated 
into the polymer. We have shown that 
pheomelanins from red chicken feathers 
and red hair are spectroscopically dis- 
similar and that red hair pheomelanin is a 
copolymer. The argument that some eu- 
melanins are also copolymers, which 
was based largely on the high sulfur 
content of some of these materials (5, 6), 
is supported by our spectroscopic evi- 
dence that human brown eye melanin is 
such a copolymer. It seems that struc- 
tures characteristic of pheomelanin can 
be found in tissue other than hair or 
feathers. It should be possible to use the 
ESR method to test for the presence of 
pheomelanin in skin, which is suggested 
by morphological studies (2) but has yet 
to be chemically verified. This is impor- 
tant in view of a putative link (15) be- 
tween the high incidence of skin cancer 
in red-haired individuals and the ultravi- 
olet-induced breakdown of pheomelanin 
presumed to be present in the skin. 
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Variation in the Social Grouping Tendency of a 
Communal Web-Building Spider 

Abstract. The orb web-building spider, Metepeira spinipes, from Mexico occurs 
solitarily and, more frequently, in aggregations of  5 to  150 or more individuals. 
Although communal, individuals maintain webs and retreats within the colony and 
capture their own prey. Group size and interindividual distance apparently vary in 
response to climate and availability of  prey. 

Spiders are usually solitary, exhibiting 
aggressive behavior toward other ani- 
mals, including conspecifics. Communal 
and cooperative living patterns have 
been observed in a few species from 
several families (1-3). Group living pat- 
terns in spiders range from simple tem- 
porary aggregations to communal web- 
building, cooperative prey capture, and 
indiscriminate brood care (3, 4). 

Metepeira spinipes Pickard-Cam- 
bridge, an orb web-building spider, may 
be solitary, but more frequently lives in 
permanent aggregations of 5 to 150 or 
more individuals (5). Observations of 
this species in central Mexico in 1978 
and 1979 showed that it exhibits a com- 
munal-territorial living arrangement; that 
is, individuals maintain their own webs 
and retreats within a colony and capture 
their own prey (2, 6). Aggregations of M.  
spinipes remain together for long periods 
of time (7), and individuals taken from 
colonies hundreds of miles apart may 
build webs together (8). The social 
grouping tendency of this species ap- 
pears to be flexible; group size and inter- 
individual distance may vary as a func- 
tion of environmental severity and the 
relative availability of prey. The combi- 
nation of solitary and communal behav- 
ior exhibited by this species suggests 
that it may represent an intermediate 
stage in the evolution of social behavior 
in spiders. 

The web of individual M.  spinipes is 
characteristic of the genus: a three-di- 
mensional space web and catching spiral 
composite with a retreat in the space 
web. Signal threads connect the hub of 
the spiral and the retreat, where the 

spider rests (5). In the groups observed 
individuals had their own retreats and 
spirals, but space webs were joined (2,5, 
6). The sticky catching spirals are taken 
down and renewed daily, but the com- 
munal space web, which serves as a 
framework for the web-building activi- 
ties of numerous individuals, is left in- 
tact. The communal web is a mass of 
interconnected webbing that is attached 
to the vegetation, usually Agave and 
Opuntia. Although the communal web is 
built and maintained by the efforts of 
all colony members, individuals defend 
their spirals and retreats against in- 
truders and interact while on the space 
web. Prey captured on spirals are not 
shared. 

Group size in M .  spinipes varies by 
habitat (Fig. 1). In those where prey 
availability is low and environmental 
conditions are extreme, such as a high- 
altitude habitat (Parque Sierra Morelos) 
or a desert grassland (San Miguel de 
Allende), individuals are predominantly 
solitary or live in small groups. In inter- 
mediate sites such as agricultural areas 
with seasonal rainfall (Toluca, Tepotzot- 
lan, and Guadalupe Lake) spiders occur 
more frequently in aggregations. Differ- 
ences in group size between these sites 
appear to be attributable to availability 
of prey. In the moist tropical site, where 
climate is favorable all year and insect 
abundance is great, colony size is large 
(9). The distributions of group size in all 
but one habitat we studied (Parque Sier- 
ra Morelos) were significantly different 
(P < .05) from a Poisson distribution 
truncated at zero, indicating nonrandom 
clumping at large colony sizes (2, 6). 
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Table 1. Mean distance of nearest neighbor (2 2 standard errors of the mean) of M. spinipes individuals within colonies and estimates of 
availability of prey for sites in central Mexico. 

Estimated orev . , 
Site Nearest- (number per cubic Col- meter per day) 

-- - -- ony neighbor 
Eleva- (No.) distance 

Name tion Description (cm) Mean Range 

San Miguel de Allende 2400 Arid grassland with Opirntia and other cactus 24 17.49 + 3.17 59 49 to 70 
Toluca 2600 Agricultural area with Agave:  much human 26 11.73 + 1.24 96 64to  116 

and animal waste 
Tepotzotlfin 2100 Roadside Agave border 21 12.65 + 1.96 130 112 to 160 

Agcrve plantation with dumping of feedlot waste 37 8.22 + 0.70 205 160 to 300 
Guadalupe Lake 2270 East shore of reservoir with Opirntin: insects 27 6.85 + 0.83 316 296 to 336 

blown ashore by prevailing winds 
C6rdoba 929 Tropical mountainside with coffee and banana 10 3.78 t 0.42 840 600 to 1000 

The distance o f  nearest neighbors 
within a colony (Table 1 )  was negatively 
correlated (1, = .97, P < .01) with prey 
availability ( l o ) ,  indicating that M ,  spin- 
ipes can tolerate conspecifics at closer 
distances as the availability o f  prey in- 
creases. Riechert (11) found that dis- 
tances between individuals o f  a solitary 
desert funnel web spider, Ageleilopsis 
aperta (Agelenidae), decreased as a 
function of  decreasing latitude. 

T o  examine further the relation be- 
tween climate, prey availability, spider 
group size, and spacing, we designed a 
series o f  field experiments. In Toluca, 
colonies were moved from a site in the 
agricultural valley (elevation, 2600 m) ,  

where prey were abundant and the cli- 
mate was moderate, to a higher altitude 
(3000 m)  on a mountainside, where there 
were high winds and wide fluctuations in 
temperature and moisture. Twenty colo- 
nies o f  ten individuals each were mea- 
sured for nearest-neighbor distance, col- 
lected, and then released into agaves at 
Parque Sierra Morelos. At this site, spi- 
ders were usually solitary or in groups o f  
only two or three. Prey abundance on 
the mountainside is much lower than that 
in the valley where the experimental 
colonies were collected. Measurements 
made after 10 days showed that 12 o f  the 
20 transplanted groups had remained at 
the new site and built webs together, but 

Fig. 1. Frequency distributions of group size for M .  spinipes in various sites in central Mexico; 
average numbers of individuals are represented on the ordinate and frequency of groups on the 
abscissa. Abbreviations: S M A ,  San Miguel de Allende; TPD, Tepotzotlhn, roadside dump; 
TPF, TepotzotlAn, feedlot waste disposal area: CRD, Cordoba: GDL, Guadalupe Lake; T O L ,  
Toluca; and P S M ,  Parque Sierra Morelos. 

-- -- - 

the size o f  these groups had decreased 
from 10 to 7.75 t 3.36 (mean * stan- 
dard deviation). Nearest-neighbor dis- 
tances had almost doubled, from 
11.73 t 1.24 cm (mean '- standard error 
o f  the mean, N = 26) to 19.63 f 4.38 
(N = 1 I ) ,  which is statistically signifi- 
cant ( t  = 3.32, P < .05). 

In Tepotzotlfin, an agricultural area 
north of  Mexico City, the influence of  
prey availability on social grouping and 
spacing could be tested in a more moder- 
ate environment. Colonies were moved 
from a site where insect activity was 
high, because of  the dumping o f  feedlot 
waste, to a nearby area of  lower insect 
activity. W e  assumed that there were no 
differences in microclimate between the 
areas. Ten groups of  20 spiders each 
were measured, collected, and trans- 
planted to agaves in the same manner as 
at Toluca. Mounds of  cow dung were 
piled near five o f  the transplanted groups 
to increase the availability o f  prey, and 
10 days later there was no statistically 
significant change in group size or near- 
est-neighbor distance among these five 
(Table 2). In the other five groups there 
was a statistically significant reduction in 
colony size (to 16.6 t 1.67) and nearest- 
neighbor distance had almost tripled, 
from 8.22 i 0.70 ( N  = 37) to 22.15 1 
4.95 ( N  = 5; t = 3.32, P < .05). 

The results indicate that the differ- 
ences in both group size and nearest- 
neighbor distance are largely due to 
varying prey availability. Individuals o f  
M .  spinipes tolerate conspecifics at clos- 
er distances in areas with abundant prey. 
In contrast to territorial desert spiders 
whose territory size is genetically fixed 
in each population (12), M .  spitzipes 
shows a flexible social spacing pattern 
and rapid responses to changes in prey 
availability. This is probably possible 
because the spiders renew their catching 
spirals daily. It is during the time of  web 
construction that most aggressive inter- 
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actions and contests occur (13). In view 
of the wide range of nearest-neighbor 
distances exhibited by the population 
observed, it is possible that there are 
several ecotypes of this species-thatis, 
geographically distinct populations with 
genetically determined ranges of inter- 
individual spacing, adapted to the envi- 
ronments in which they occur (14). 

The combination of solitary and com- 
munal behavior exhibited by this species 
suggests that it represents an intermedi- 
ate stage in the evolution of social behav- 
ior in spiders. Perhaps the communal 
behavior of M. spinipes evolved as  the 
result of an increased tolerance of con- 
specifics in habitats where prey was lo- 
cally or seasonally abundant. In such 
habitats, territory size and interindivid- 
ual distance could at  times be reduced, 
and populations would be large. If web 
sites with proper architectural support 
were patchily distributed, as  Agave and 
Opuntia are, selection might favor indi- 
viduals capable of tolerating conspecifics 
and attaching webs together. In such 
situations, the advantages of group liv- 
ing-exploitation of habitats free of com- 
peting species, increased prey capture 
efficiency, architectural stability of 
webs, and so on-would usually out- 
weigh the advantages gained by main- 
taining maximum distances from conspe- 
cifics at the cost of aggressive behavior 
(3, 4). Retention of interindividual spac- 
ing mechanisms like web defense, how- 
ever, would ensure survival when prey 
availability fluctuates. The end result 
would be a group-living species which 
displays considerable variation in social 
grouping tendency, as  M. spinipes does. 
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Diverse Mechanisms in the Generation of 
Human P-Tubulin Pseudogenes 

Abstract. The sequence of two human P-tubulin pseudogenes is described. One 
contains an intervening sequence but lacks sequences encoding the 55 N-terminal 
amino acids of the polypeptide chain. A second has no introns but has a polyadenyl- 
ate signal and an oligoadenylate tract at its 3' end, and it i s junked  by a short direct 
repeat. These sequences have arisen by different mechanisms, including one that 
probably involves reverse transcription of a processed messenger RNA and reinte- 
gration of the complementary D N A  copy into the genome. 

With few exceptions, all expressed 
eukaryotic genes contain intervening se- 
quences (introns), regions of DNA that 
interrupt the coding sequence and that 
are spliced out of the primary gene tran- 
script as part of the generation of cyto- 
plasmic messenger RNA (mRNA). Any 
of a number of genetic events including 

deletion, insertion, o r  acquisition of one 
or more stop codons within the coding 
sequence can lead to a failure to yield a 
functional transcript. Such a gene is 
therefore termed a pseudogene. Among 
the pseudogenes thus far described, a 
curious form is that in which the inter- 
vening sequences 

Sac I Eco R l Srnal 
Barn H I  Sau 3A I Sau3A I Sau3Al Sac l Hind 1 1 1  Pst 1 

Sau3A Pvu 1 1  BarnHI S a l I  

Sau 3A S a l I  Sau3A Sau3A PstI 

1 1 

present in the ex- 

Fig. 1. Sequencing 
strategies. A 4.1-kb 
Hind 111-Eco RI re- 
striction fragment (1 lp) 
and a 1.55-kb Eco RI 
fragment ( l p )  each 
containing (3-tubulin 
sequences, were iso- 
lated from the appro- 
priate Charon 4A 
lambda clones (3) by 
electrophoresis in low 
melting temperature 
agarose and extrac- 
tion with phenol. A 
further 1.65-kb Bam 
HI-Hind 111 fragment 
containing P-tubulin 
( l p )  was subcloned 
into pBR322. Restric- 
tion endonuclease di- 
gestion of these 
DNA's was per- 
formed with the en- 
zymes indicated and 
the fragments ligated 
into appropriately 

cleaved replicative forms of bacteriophage M13  mp8 and mp9. In some cases, plaques 
containing the DNA to be sequenced were identified on nitrocellulose replicas (16) by 
hybridization with a nick-translated chicken p-tubulin cDNA probe (17). 

0036-807518210806-0549$01.0010 Copyright C I982 AAAS 549 




