
space or by moving into blood and 
thence to other sensitive structures. 
With regard to the first alternative, in- 
jections of dye (10 ul, 5 percent bro- 
mophenol blue) showed intense staining 
limited to spinal segments not more than 
1.0 to 1.5 cm distant in either direction. 
Moreover, the absence of an initial effect 
upon the forelimbs suggests that the 
more rostral spinal segments were not 
initially affected by the lumbar injection. 
With regard to the second alternative, 
the intravenous injection of 15 ,ug of mor- 
phine did not alter the response of the an- 
imal on any of the three measures em- 
ployed (8). The assumption that the spi- 
nally administered morphine did not 
move into more rostral brain regions was 
further substantiated on the basis of stud- 
ies in which 14C-labeled morphine sulfate 
was administered through the spinal cath- 
eter and animals were sacrificed at inter- 
vals of up to 60 minutes after the in- 

jection. At even the longest intervals, 
neither forebrain nor brainstem radio- 
activity ever exceeded 0.15 percent of 
that recovered from the spinal cord. It 
thus seems certain that the behavioral ef- 
fects observed resulted from a local phar- 
macological action of these narcotics on 
the lower spinal segments. Injections of 
the potent local anesthetic dibucaine (1 
to 10 1Lg) not only blocked responding on 
the experimental tasks, but unlike 
equipotent doses of morphine, it resulted 
in pronounced motor incoordination. 
Moreover, such effects produced by 
dibucaine were not antagonized by nalox- 
one. 

Morphine can antagonize reflexes (9) 
and alter evoked spinal activity in ani- 
mals with sectioned spinal cords (10), as 
well as depress the discharge (by local 
iontophoresis) of spinal units responding 
characteristically to strong peripheral 
stimuli (11). Moreover, narcotics given 
by arterial injections directed toward the 
spinal cord are more potent in blocking 
the monosynaptic reflex than when they 
are injected intravenously (12). Such 
findings, while showing a pharmacolog- 
ical action of narcotics at the cord level, 
do not indicate that the physiological ef- 
fect observed after analgetics have been 

systemically administered plays any role 
in the animal's perception of or response 
to environmental stimuli. Our principal 
finding, therefore, is that narcotics exert 
a direct, pharmacologically specific ef- 
fect on spinal function, which diminishes 
the response of the intact, behaving ani- 
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and pinch and elevated the operantly de- 
fined shock titration threshold indicates 
that the narcotic effect was not due sim- 
ply to a local attenuation of reflex activi- 
ty. Substantial stereospecific binding of a 
narcotic occurs within the spinal cord in 
the vicinity of the substantia gelatinosa 
(13). In light of this binding and of the 
proposed importance of the substantia 
gelatinosa to the transmission of noxious 
stimuli (14), it is reasonable, if specula- 
tive, to suggest that narcotics directly 
modulate the activity of the substantia 
gelatinosa. Two things remain to be de- 
termined: (i) the relativ'e importance of 
this narcotic-sensitive spinal system 
compared to supraspinal systems, and 
(ii) the specific role played by the spinal 
cord in the mediation of the analgesia ob- 
served following the systemic adminis- 
tration of narcotics. 

TONY L. YAKSH 
THOMAS A. RUDY 

School of Pharmacy, University of 
Wisconsin, Madison 53706 
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The idea that biological communities 
are "super-organisms" has arisen many 
times in the history of science (1). In this 

analogy a species is likened to an organ 
whose function can only be understood 
in terms of its role in the maintenance of 
a larger whole. 

At present there is little theoretical 
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its hindpaw. The trial was terminated after 30 
seconds if no response was observed. 
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support for the super-organism concept. 
Current evolutionary theory explains the 
traits of species in terms of their advan- 

tage to individuals; community func- 
tions, if they exist, are viewed as coinci- 
dental. 

Elsewhere I and others have presented 
a model of structured demes that leads to 
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Evolution on the Level of Communities 

Abstract. According to traditional models, natural selection is largely insensitive 
to an organism's effect on its community. Effects on the community at large cannot 

feed back differentially to the organisms that cause them, and, hence, cannot lead to 
the differential fitness of the organisms. However, if a spatial variation exists in com- 

munity composition, organisms do differentially feel their own effects on the commu- 

nity, and this leads to a form of evolution on the community level. Without violating 
the principle of individual selection, the concept of an organism that exists for the 

"function" it performs in its community may be valid in some cases. 
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a form of group selection (2, 3). Here I 
discuss the consequences of that process 
for community evolution. 

Most models of community dynamics 
begin with a number (S) of species, at 
densities N(1), N(2) . . . N(S). The spe- 
cies are related to each other through a 
series of differential or difference equa- 
tions, the change in density of each de- 
pending on the densities and interaction 
coefficients of the others. 

The interaction coefficients form the 
familiar community matrix, which in its 
most general form includes all types of 
species interactions (4). 

ail a12 al3 a* 1 

a31 a:32 

a. a.s. . . s (1) 
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Here a, j refers to the direct per capita 
effect of species j on species i. Indirect 
effects (for example, j's effect on i 
through its effect on k) are obtained by 
reiterating the equations for more than 
one time interval. Any row of the matrix 
gives the (direct) effect of the community 
on the species, and the corresponding 
column gives the effect of the species on 
the community. 

A species can have an effect on itself 
through its effect on the rest of the 
community. In fact, given sufficient 
reiterations, every effect of a species 
on its community will loop back to in- 
fluence the species itself, either posi- 
tively or negatively, by all possible path- 
ways (a pathway being a chain of species 
connected by nonzero interaction co- 
efficients). As an example, earthworms 
stimulate plant growth and thereby in- 
crease their own resource of dead plant 
parts, a positive indirect effect consisting 
of one link. 

A species (or a genotype within a spe- 
cies) that cultivates its community so as 
to maximize its own fitness through in- 
direct effects seems adaptive in the in- 
tuitive sense of the word, but it cannot 
be selected for according to traditional 
models (5). Consider two species (or gen- 
otypes within a species) whose inter- 
action coefficients with the rest of the 
community are 
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In other words, the species are identical 
in terms of what they receive from the 
community (rows), but they differ in 
their effects on the community (col- 
25 JUNE 1976 

LO /" Worm | 

Plant A 
20 201 

' 
/Plant BX 

Plant A 

o ., ,-, ,--, , ;- -- 

Time 

Fig. 1. Population dynamics of a three-species community with and without spatial variation. For 
this computer run mA,B = mE = .01, L = 50, KA,B = 100, KE = 75, and the variance in the 
density of each species was equal to its mean. However, the general patterns hold for any 
nonzero variance. 

umns). Even though the columns may 
have profound effects on population dy- 
namics, they cannot alter the relative 
abundance of the two species. Mathemat- 
ically the reason is obvious; identical 
rows in the matrix signify that the equa- 
tions governing the two species are iden- 
tical, and therefore a change in relative 
abundance is impossible. The biological 
interpretation is more interesting; a spe- 
cies (or genotype within a species) can- 
not affect itself differentially by its effect 
on the community at large. All indirect 
effects loop back to both species equally. 
In short, according to traditional models, 
natural selection is largely insensitive to 
an enormous class of variation-varia- 
tion in the effect of a species on its com- 
munity (6). 

Traditional models carry an unstated 
assumption of spatial homogeneity; that 
is, they assume that the densities and rel- 
ative proportions of the species are the 
same everywhere in the community. 
However, every community census that 
I am aware of shows intense spatial varia- 
tion in these parameters. Variation oc- 
curs both over large geographical areas 
and on minute spatial scales that must be 
considered intrademic for the popula- 
tions involved. The model presented here 
relies on intrademic spatial variation. 

Given a nonzero variance in commu- 
nity composition, the average densities 
of the species become meaningless and 
must be replaced by weighted averages, 
or subjectively experienced densities, 
which differ for each species (2, 7). 

N(i,i) = N(i) + s2(i)/N(i) (3) 
N(i,j) = N(j) + cov(i,j)/N(i) (4) 

where N(i,j) is the density of speciesj ex- 
perienced by an average individual of 
species i; N(i) is the average density of 
species i; and cov(i,j) and s2i are the co- 
variances and variances of densities over 
space. If the species are distributed ran- 
domly with respect to each other then 
cov(i,j) = 0 and variation in community 
composition merely causes an individ- 
ual, on the average, to experience its 
own species at a greater density than ac- 
tually exists in the community. As such 
it differentially experiences the effect of 
its own species on the community, and 
this "exposes" variations in indirect ef- 
fects to natural selection. 

The overall process may be modeled 
by a computer simulation as follows: (i) 
take any traditional model [that is, a sys- 
tem of difference equations with speci- 
fied interaction coefficients and starting 
densities N(l), N(2) .. . N(S)]; (ii) create 
a "population" of some number, T, of 
noninteracting communities, having 
mean densities of N(l), N(2). . . N(S) and 
specified variances (this simulates spatial 
variation in species composition); (iii) al- 
low each community to run for a speci- 
fied number of reiterations (simulating 
species interactions within each commu- 
nity for a time interval); (iv) mix the sys- 
tem by adding species numbers from all 
communities and dividing by T to obtain 
new metacommunity densities, N'(1), 
N'(2). . . N'(S). Then redistribute the or- 
ganisms back into the communities with 
mean densities N'(1), N'(2) . . . N'(S), 
and the same specified variance as in (ii); 
(v) repeat (iii) and (iv) as long as desired. 
Steps (iii) and (iv) simulate a process of 
alternating dispersal and sedentary 
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stages fundamental to any model of intra- 
demic spatial variation. The biological 
justification of the model has been dis- 
cussed elsewhere (2). 

As a hypothetical example, consider 
the earthworm, which improves plant 
growth through a variety of pathways 
(8). Because plants form the foundation 
of any biological community, the effects 
of the earthworm (both direct and in- 
direct) on almost every member of its 
community are positive. However, the re- 
verse is unlikely to be true; the effects of 
the community on the earthworm are 
variable. The, success with which the 
earthworm operates depends to a large 
extent on the community that surrounds 
it. Plant litter may or may not be of a 
shape or texture that is easy to ingest. 
Secondary compounds leached into the 
soil may stimulate or inhibit. 

Consider two plant species (A and B) 
that benefit equally from earthworm ac- 
tivity but differ in their effect on the 
earthworm (E). Let per capita fitnesses 
equal 
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extinction. If the equations are recon- 
structed such that an optimal density of 
worms exists as far as the plants are con- 
cerned, the proper ratio of A and B auto- 
matically results to produce it. Finally, if 
the worm varies in its effects on the 
plants, it will evolve to maximize plant 
fitness (and therefore its own, through in- 
direct effects). The variance was equal to 
the mean densities in the simulation tri- 
als presented here, but the qualitative re- 
sults occur whenever the variance in spe- 
cies composition is greater than zero. 

In this example the earthworm's exis- 
tence depends on the function it per- 
forms in its community. However, this 
does not violate the principle of individ- 
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These are modifications of the logistic 
equation in which the carrying capacity 
of each of the plants depends asymptoti- 
cally on worm activity, while the car- 
rying capacity of the worm depends on 
the relative proportions of A and B. The 
constants m and K represent the rate of 
increase and the maximum carrying ca- 
pacity, respectively. The constant L gov- 
erns the rate at which carrying capacities 
of the plants become asymptotic (9). 

Simulation results for communities 
with and without variation are presented 
in Fig. 1. In traditional models (without 
variation) A and B retain their starting 
proportions. Natural selection cannot 
discriminate between them because, al- 
though they vary in their effects on the 
earthworm, these effects provide feed- 
back to both plant species equally. How- 
ever, given variation in community com- 
position, each plant species differentially 
feels its own effect, A is selected for, and 
such selection eventually causes the ex- 
tinction of B. The opposite would have 
occurred if the worm had a negative ef- 
fect on the plants. In this case the worm 
and plant A would have been driven to 
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When applied appropriately and criti- 

cally to biological materials, scanning 
electron microscopy (SEM) may reveal 
important, unanticipated morphological 
details and relationships. It is particular- 
ly well suited to the study of large speci- 
mens at high resolution and requires rela- 
tively short processing times. The rapid 
proliferation of published micrographs 
obtained by this relatively new technique 
has apparently not been accompanied by 
the establishment of widely accepted cri- 
teria for assessment of their scientific 
merit. It is our purpose to draw attention 
to some of the major interpretative pit- 
falls and to suggest practical guidelines 
for review and publication. 

Initially, our attention was drawn to 
this problem by a difference of opinion 
concerning the normal configuration of 
the arterial endothelial surface. Smith et 
al. (1), describing the appearance of the 
arterial endothelial surface as revealed 

by SEM, identified luminal projections 
arising from the lining of canine pulmo- 
nary arteries as normal structures of en- 
dothelium. Wolinsky (2), in a subsequent 
technical comment, suggested that the 
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projections might have been produced 
by retraction of the vessel wall before or 
during fixation and proposed that such 
structures might be absent if vessels 
were examined in the physiologic (that 
is, distended) state. Since that exchange, 
SEM descriptions of the luminal surface 
of undistended arteries have continued 
to appear, but the controversy regarding 
the appearance of the normal endothelial 
surface has remained unsettled. Quite re- 

cently, for example, Fujimoto et al. (3) 
considered endothelial microvilli in their 
own undistended vessels to be normally 
occurring structures. They cited the find- 
ings of Smith et al. in confirmation but ig- 
nored Wolinsky's challenge. In an at- 

tempt to resolve this problem we under- 
took a detailed study of the intimal 
surface appearance of arteries fixed in 
situ by perfusion at various controlled 
pressures. We found, as Wolinsky pre- 
dicted (2), that most of the surface pro- 
jections were absent when intraluminal 

pressures were maintained at physi- 
ologic levels during fixation. In addition, 
other endothelial projections and surface 
details, such as bridges and undulations, 
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