
access to such receptors should exist 
endogenously. A morphine-like, nonpep- 
tide compound with immunological 
cross-reactivity to morphine has been 
reported in mammalian brain (19) and in 
samples of human cerebrospinal fluid 
(20). This compound exhibited specific 
binding to opiate receptors (21) and was 
active in both guinea pig ileum and 
mouse vas deferens, but its activity was 
not reversed by naloxone or naltrexone 
(19). Nevertheless, immunocytochemi- 
cal studies (22) with specific morphine 
antibodies indicated its localization with- 
in neurons. To date, the chemical identi- 
ty of this substance has not been eluci- 
dated. Killian et al. (23) confirmed the 
existence in brain of an immunologically 
morphine-like substance, whose phar- 
macological activity could be readily re- 
versed by naloxone. These results have 
been confirmed in our laboratory, where 
similar activity has also been identified 
in extracts of the intestinal tract of ro- 
dents (24). It is possible that this sub- 
stance is morphine, that it is derived 
from dietary sources, and that it is a 
natural ligand for the specific k receptors 
of the brain and gastrointestinal tract. 
Under certain circumstances (for exam- 
ple, during breast feeding) other exoge- 
nous compounds, such as morphiceptin 
(9), may also interact physiologically 
with I*. receptors. Other precedents exist 
for the occurrence of receptors or en- 
zymes for substances elaborated exclu- 
sively outside the body, such as vita- 
mins, essential fatty acids, and essential 
amino acids. 

ELI HAZUM 
JULIE J. SABATKA 

PEDRO CUATRECASAS 
Wellcome Research Laboratories, 
Research Triangle Park, 
North Carolina 27709 
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Group Living, Competition, and the Evolution of 
Cooperation in a Sessile Invertebrate 

Abstract. Competition and cooperation are thought to represent the opposite 
extremes of organism interactions. I here show that the formation of aggregations in 
a sessile organism requires cooperation between individuals and that the gregarious 
pattern of habitat selection generating these aggregations is a response to a density 
dependence in the outcome of interference compebibion. 

One of the oldest concerns of ecolo- 
gists, evolutionary biologists, and ethol- 
ogists is why organisms live in groups 
( I ) .  As group living often intensifies 
competition among members of the 
group, its occurrence appears anoma- 
lous. If group living is adaptive, its bene- 
fit to members of the group must out- 
weigh its cost (1). These benefits have 
been thought to be threefold: an in- 
creased protection from inclement 
weather, a reduced risk of predation, or 
an increased feeding efficiency (or some 
combination thereof) (1, 2). I now report 
the existence of a fourth type of bene- 
fit-increased interspecific interference 
competitive ability-and show that this 
benefit accounts for an observed pattern 
of gregarious settlement in a sessile, co- 
lonial invertebrate. 

Virtually all cost-benefit analyses of 
group living involve the study of behav- 
iorally sophisticated mobile organisms 
(1, 2). In mobile organisms, the forma- 
tion of groups often varies in a complex 
fashion with environmental conditions, 
age, sex, and other factors. Hence, 
quantification of the costs and benefits of 

group living is difficult. Sessile inverte- 
brates, in contrast, have only one oppor- 
tunity to choose whether or not to live in 
a group. Thus, direct field measurements 
of the relative costs and benefits of group 
living are not only feasible, but also lead 
to new insights into the conditions favor- 
ing the evolution of group living. 

The bryozoan Bugula turrita common- 
ly occurs in dense stands on pilings and 
rocks at shallow depths along North 
American coastlines. It grows as a single 
arborescent colony with a flexible stalk, 
lightly calcified skeleton, and loosely ar- 
ticulated zooids. By mid- to late summer 
at Woods Hole, Massachusetts, virtually 
all colonies (> 90 percent) of B.  trrrrita 
on pilings below a depth of 1 m are fertile 
and are found in contact with colonies of 
another bryozoan, Schizoporella errata. 
Unlike B. turrita, S. errata is an encrust- 
ing organism composed of heavily calci- 
fied zooids. This rigid skeleton enables 
colonies of S .  errata to push down and 
overgrow the more flexible colonies of 
B. turrita. As such overgrowth inevita- 
bly leads to the death of the B.  turrita 
colony, this form of interference compe- 
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tition is potentially quite severe. Accord- 
ingly, I initiated experiments to deter- 
mine the conditions under which B. tur- 
vita larvae form groups, the relative 
costs of group living in terms of intraspe- 
cific competition, and the relative bene- 
fits in terms of release from interspecific 
competition. 

A series of four laboratory settlement 
experiments was performed to survey 
the conditions under which larvae of B. 
turrita establish groups. I provided lar- 
vae with an array of substrata to which 
live B. turrita colonies had been at- 
tached, and monitored the patterns of 
subsequent habitat selection (3). In each 
experiment, the size of the resident colo- 
nies was different, but, in a given experi- 
ment, size was held constant and the 
population density of the residents var- 
ied (Fig. 1A). When resident colonies 
were small, larvae preferentially selected 
locations where resident density was 
high or intermediate. When residents 
were large, larvae chose locations where 
resident density was low. Thus, larvae 
settle preferentially in locations rich in 
small colonies. 

To assess the cost incurred by colo- 
nies of B. turrita which settle gregarious- 
by, I performed the following experi- 
ment. I attached colonies of B. turrita of 
known weight to substrata in differing 
densities and submerged them in the Eel 
Pond for two months. The cost of group 
living due to intraspecific competition 
was assessed in terms of weight gain 
(Fig. 1B) (4). The results are clear; B. 
turrita suffers significant intraspecific 
competition, even at densities far below 

Dens i ty  
(colonies/cm2) 

that at which larvae choose to settle. 
This pattern of settlement cannot be 

construed as adaptive unless some selec- 
tion pressure favors B. turrita colonies 
occurring in groups. I made two sets of 
observations to determine whether the 
interference competitive ability of B. tur- 
rita is density-dependent. The first re- 
quired locating in situ interspecific con- 
tacts between S. errata and B. turrita 
and then to observe whether overgrowth 
had occurred; and the second was a 
simultaneous measure of S. errata 
growth rate as a function of B. turrita 
density. The growing margins of S .  erra- 
ta are characterized by lateral projec- 
tions of calcium carbonate destined to 
become the interior wall of new zooids. 
The length of these giant buds is an 
accurate measure of instantaneous 
growth rate (5). Results are presented in 
Fig. IC. At low densities, B. turrita 
colonies were overgrown by S. errata 
and S. errata growth rates were high, 
whereas at high densities, B. turrita was 
rarely overgrown and S .  errata was 
either growing at a low rate or not grow- 
ing at all. Hence the interspecific com- 
petitive ability of B.  turrita is density- 
dependent. 

Group living can evolve if the benefits 
of living in a group exceed the costs of 
not doing so ( 1 , Z ) .  In B. turrita, the costs 
incurred by intraspecific competition in- 
volve a loss of proliferative potential 
(Fig. lB), whereas the benefits accrued 
in interference competition with S. erra- 
ta involve whole colony mortality (Fig. 
1C). Since mortality always results in a 
greater loss in fitness than does a reduc- 

Densi ty  (colonies/cm2)  

tion of growth rate, the density-depen- 
dent competitive ability of B. turrita is 
sufficient to account for its gregarious 
pattern of settlement (6). 

Discussion of group living has tradi- 
tionally led to the topic of intra- and 
interspecific cooperation (1, 7). The man- 
ner in which cooperation may arise has 
been a difficult problem in evolution be- 
cause an individual that initially cooper- 
ates, in a population of individuals that 
does not, may often be at a selective 
disadvantage. This disadvantage arises 
from (i) the possibility that any two indi- 
viduals will interact only once and (ii) the 
possibility that one individual will "ae- 
fect" or fail to cooperate reciprocally 
(8). These conditions reveal a fundamen- 
tal difference in the evolution of cooper- 
ation in sessile and mobile organisms. 
Once a sessile individual has settled and 
permanently attached adjacent to anoth- 
er, continuous interaction between the 
two individuals is unavoidable and "de- 
fection" simply cannot occur. This is not 
necessarily the case with a mobile orga- 
nism. A mobile organism that joins a 
group can also leave that group either to 
live a solitary life or to join a better group 
if it becomes available. Hence, the diffi- 
culties in evolving cooperation from a 
previously asocial state in mobile forms 
are less restrictive for sessile forms. 

Although these data represent cooper- 
ation between colonies of the same spe- 
cies, the argument relating density-de- 
pendent competition and evolution of 
cooperation need not be restricted to this 
level of biological organization. For ex- 
ample, different species may cooperate if 

Densi ty  
(colonies/cm2) 

Fig. 1. (A) Habitat selection experiment. Each curve is the result of a single experiment in which the weights of resident colonies were held 
constant and the density of residents varied. (B) Intraspecific competition. The gradations along the abscissa are in original density (final 
density) (4). Data points are medians for five replicates and bars enclose the range. The weight gain in the lowest density treatment is significantly 
greater than those in all other treatments at the P < 0.05 level (r, = - .90, Spearman rank correlation). (C) Interspecific competition. Open circles 
are interspecific contacts with overgrowth apparent and closed circles, with no overgrowth apparent. The triangle denotes the mean of 20 
observations of the length of giant buds of S. errutu colonies not in competition (standard deviation, 0.6 mm). The minimum length of an S .  errutu 
zooid is 0.4 mm, the maximum, 0.7 mm. The occurrence of overgrowth at high densities but at low total weights indicates that competitive ability 
is dependent on density rather than biomass. 
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(i)  both species face a common enemy at 
high frequency, (ii) the mechanism by 
which they compete displays density- 
dependent effectiveness, and (iii) the two 
species harm each other less than either 
is harmed by the common enemy. That 
this suggestion is sufficiently general to 
accommodate cooperation between spe- 
cies is supported by observations o f  
plant defense guilds (9), aggregations o f  
tube-building polychaetes (lo),  associa- 
tions of  hydroids and bryozoans ( I l ) ,  
and my own observation that B. simplex, 
a treelike congener of  B .  turrita, settles 
preferentially into dense stands of  young 
B. turrita colonies (12). 

I have shown here that a density de- 
pendence in interference competition 
can lead to group living and that the 
formation o f  groups in a sessile organism 
necessitates intraspecific cooperation. 
Yet  cooperation and competition are 
generally viewed as being virtually oppo- 
site extremes of  organism interactions. 
My results suggest the reverse. In cer- 
tain cases, interspecific competition may 
provide the very selective pressures that 
lead to the evolution o f  cooperation. 

LEO W .  BUSS 
Department of Biology, Yale University, 
New Haven, Connecticut 0651 1 
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Milk of Dairy Cows Frequently Contains a Leukemogenic Virus 

Abstract. Milk or viable milk cells collected from 24 dairy cattle naturally infected 
with bovine leukemia virus were inoculated into lambs, which were subsequently 
examined for the development of infection. With this bioassay, infectious virus was 
demonstrated in the milk of 17 of the cows. Bovine leukemia v i ru~  is leukemogenic in 
at least two mammalian species, is widespread in commercial dairy herds, and can 
infect a wide range of hosts in vivo and cells, including human cells, in vitro. 

Bovine leukemia virus (BLV)  is a hori- 
zontally transmitted, probably insect- 
borne oncornavirus that differs from the 
leukemia viruses o f  other species in sev- 
eral important ways (1, 2). In vivo, BLV 
is usually present in the lymphocytes in a 
covert, nonproductive state; the infected 
lymphocytes do not show viral RNA, 
viral antigens, or viral particles unless 
they are grown in vitro for a few hours 
(2-4). BLV is universally regarded as the 

Table 1. Detection of BLV in lambs inoculat- 
ed with whole milk from naturally infected 
cows. Each milk sample was injected intra- 
peritoneally into one or, in most cases, two 
lambs less than 7 days old. The lambs were 
subsequently examined for the presence of 
RLV antibodies by means of the immunodif- 
fusion test with RLV glycoprotein antigen 
(23) and, in most cases, for the presence of 
infectious BLV by means of the syncytia 
induction assay (14). Symbols: +, one or 
both sheep positive for BLV 12 or more 
months after injection; -, sheep negative 
for BLV. 

Day of lactation on which 
Milk milk was collected 

donor -. -- -- 

10 30 50 
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causative agent o f  the adult enzootic 
form of  bovine leukemia (lymphosarco- 
ma), the most common fatal malignancy 
of  dairy cattle (1). Under experimental 
conditions BLV infects sheep (5, 6 ) ,  
goats (7), and apparently chimpanzees 
(8). BLV-infected sheep frequently de- 
velop leukemia (5, 6) .  There is evidence 
that BLV can cross species barriers un- 
der natural conditions and infect both 
sheep and capybaras (9). In vitro, BLV 
infects cells o f  various origins, including 
human and simian cells (10, 11). 

More than 20 percent o f  the dairy 
cows and approximately 60 percent o f  
the herds surveyed in the United States 
were infected with BLV (1). Bovine leu- 
kemia virus infection is also prevalent 
among cattle o f  most other countries 
studied. Thus the question of  whether 
dairy cows naturally infected with BLV 
release infectious virus into milk is an 
important public health consideration. 

Several in vitro infectivity assays for 
BLV have been developed, but they are 
not suitable for detecting the virus in 
milk, mainly because of  the composition 
and frequent bacterial content o f  this 
secretion. Sheep provide an alternative 
means for determining the presence of  
BLV in milk because they are highly 
susceptible to BLV infection and seem 
to resist the bacteria present in various 
bovine secretions and excretions (12). In 
a preliminary experiment, BLV was 
demonstrated in one sheep injected with 
the milk o f  one naturally infected cow 
(12). 

W e  used the sheep bioassay to deter- 
mine the frequency with which infec- 
tious BLV is released into the milk o f  
cows naturally infected with BLV. In 
our first experiment, BLV-free lambs 
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