
Table 1. Transmission of corn stunt agent by 
Dalbulus elimatus injected with mycoplasma 
cultures isolated from corn plants infected 
with the Rio Grande strain. Twenty non- 
injected insects from stock colonies were 
tested in each experiment and all were non- 
infective. All the infective colonies trans- 
mitted to two or more test plants. 

Age of No. insect Mycoplasma- 
Exp. culture colonies like cells 
No. (days) infective/ present in (ays tested inoculum* 

1 5 1/5 Yes 
2 8 18/21 Yes 
3 8 0/12 No 
4 14 0/5 No 
5 14 11/14 Yes 

* Samples of the inoculum were placed on 
Formvar-coated grids, stained with 2 percent phos- 
photungstate acid, pH 7.0, and examined by 
electron microscopy. 

tions of various mycoplasma species 
that infect man and other higher ani- 
mals (12). The primary cultures con- 
taining mycoplasma-like cells occasion- 
ally contained some plant debris, but 
this material usually disintegrated and 
disappeared within 1 to 2 weeks and 
only the mycoplasma cells remained in 
culture. Organisms resembling fungi, 
bacteria, or viruses were never ob- 
served in the pure cultures. In experi- 
ments 3 and 4, injected insects did not 
transmit corn stunt, and mycoplasma- 
like cells were not observed in the 
inocula by electron microscopy. Control 
cultures prepared from healthy plants 
never contained organisms that resem- 
bled mycoplasma. 

The corn stunt agent is not stable in 
simple buffer at room temperature for 
more than 4 hours, but it can be main- 
tained for several weeks in a complex 
cell-free artificial medium. Electron 
microscopy of negatively stained sam- 
ples from 4- to 6-day-old cultures and 
from 14-day-old cultures generally re- 
vealed a higher number of organisms 
in the older cultures, but precise quan- 
titative experiments were not con- 
ducted. Turbidity in the culture tubes 
usually increased slightly during the 
experiment; however, it is well known 
that viable counts of mycoplasma do 
not necessarily parallel turbidity (13). 
Several attempts were made to subcul- 
ture the organism. In some, 0.2 to 0.5 
ml of the primary culture that con- 
tained the mycoplasma organisms was 
added to 3 ml of fresh medium. In 
one experiment, electron microscopy 
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coplasma-like cells (Figs. 1C and 2, 
A and B). Samples of these subcultures 
were injected into 50 healthy adult leaf- 
hoppers. Three out of 30 surviving in- 
sects transmitted corn stunt to corn 
seedlings. Forty-five noninjected con- 
trol insects were noninfective. The data 
suggest that multiplication has occurred 
under these culturing conditions. 

Diseased plants from experiments 2 
and 5 (Table 1) were used for prepar- 
ing primary corn stunt cultures. The 
cultures prepared from these plants 
contained organisms that resembled my- 
coplasma (Fig. 1, D and E). The reiso- 
lation of an organism that was indis- 
tinguishable from the one injected into 
the leafhopper vectors from primary 
cultures (Fig. 1, A and B) satisfies the 
last criterion of Koch's postulates: (i) 
the mycoplasma was consistently asso- 
ciated with corn stunt disease and was 
consistently isolated from plants in- 
fected with corn stunt disease; (ii) the 
organism was isolated in pure culture; 
(iii) the disease, with characteristic 
symptoms, was reproduced in plants 
(healthy leafhoppers artificially injected 
with pure mycoplasma cultures trans- 
mitted the agent to healthy corn plants); 
and (iv) the mycoplasma was reisolated 
from the inoculated plants and identi- 
fied with the one originally isolated. 

We believe that the hypothesis of 
organismal etiology has been proved 
for the corn stunt disease and that this 
report demonstrates the pathogenicity 
of a mycoplasma to plants. We must 
now recognize a new class of organisms 
causing diseases in plants. The agent of 
corn stunt disease has been shown to 
multiply in its insect vector, Dalbulus 
maidis (DeLong & Wolc.) (14), and it 
has been demonstrated that the Rio 
Grande strain of corn stunt agent is 
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Differentiation of Populations 
Ehrlich and Raven's provocative 

paper (1) never makes clear whether 
large-scale, intermittent gene flow is 
being relegated to the same never- 
never land as the steady, "trickle" 
variety. Extreme, unpredictable, and 
largely unexplained fluctuations in num- 
bers occur widely in natural popula- 
tions, even in Euphydryas aurinia (2), 
a European butterfly which shares 
many biological characteristics with 
Ehrlich's E. editha. The lack of gene 
flow during the period of observation 
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pathogenic to the vector D. elimatus 
(15). Accordingly, this report also es- 
tablishes a new class of organisms that 
infect invertebrates. 
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of a given situation implies nothing 
about the past or the future. The 
Hesperiid butterfly, Euphyes bimacula, 
is a well-known colonial species (3) in 
which gene exchange among demes 
cannot as a rule be observed. Still, it 
had a "population explosion" all over 
the northeastern United States in 1968 
(4) which produced extensive mixing of 
populations, at least in upstate New 
York. Had the Stanford group been 
studying E. bimacula for 10 years 
through 1967, they could have stated 
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confidently that "there is almost no 
gene flow in this species over gaps of 
as little as X meters. . . ." Does it seem 
likely that the current outbreak of the 
coral-eating starfish, Acanthaster planci, 
throughout the Pacific Ocean (5) is 
without genetic consequences? The po- 
tential evolutionary significance of inter- 
mittent gene flow associated with fluctu- 
ations of population size has been con- 
sidered by Brown (6) in a paper which, 
although not cited by Ehrlich and 
Raven, offers an alternative explanation 
of "bipolarity." 
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and Limnology, Cornell University, 
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1 October 1969 

In the 10-year period during which 
we have observed three colonies of 
Euphydryas editha populations on 
Jasper Ridge, a number of "population 
explosions" have been observed (1). 
For instance, population in area C in- 
creased from roughly 70-90 to 1000- 
1200 individuals (1962-1968), and in 
area G from 130-150 to 3000-5000 
(1960-1965). No increase in "mixing" 
occurred; indeed, our data show that 
interpopulation exchange of individuals 
decreased. There is no reason to believe 
that the "explosion" of E. aurinia dis- 
cussed by Ford and Ford (2) resulted 
in substantially increased interpopula- 
tion mixing or gene flow. 

Whatever the degree of exchange of 
individuals, gene flow, to be of evolu- 
tionary importance, must constitute a 
source of novel genetic information 
that is incorporated into the recipient 
population. Whether or not such in- 
corporation will occur will depend 
largely on the selective situation. If a 
great deal of individual movement oc- 
curs in a species which depends largely 

confidently that "there is almost no 
gene flow in this species over gaps of 
as little as X meters. . . ." Does it seem 
likely that the current outbreak of the 
coral-eating starfish, Acanthaster planci, 
throughout the Pacific Ocean (5) is 
without genetic consequences? The po- 
tential evolutionary significance of inter- 
mittent gene flow associated with fluctu- 
ations of population size has been con- 
sidered by Brown (6) in a paper which, 
although not cited by Ehrlich and 
Raven, offers an alternative explanation 
of "bipolarity." 

ARTHUR M. SHAPIRO 
Department of Entomology 
and Limnology, Cornell University, 
Ithaca, New York 14850 

References and Notes 

1. P. R. Ehrlich and P. H. Raven, Science 165, 
1228 (1969). 

2. E. B. Ford, Ecological Genetics (Methuen, Lon- 
don, 1965), pp. 12-16. Whether gene flow ac- 
tually occurred as a result of the expansion of 
the Cumberland colony of E. aurinia is prob- 
lematical, but the potential was certainly present. 

3. A. B. Klots, Field Guide to the Butterflies 
(Houghton Mifflin, Boston, 1951), p. 258. 

4. See Annual Summary for 1968, Lepid Soc. 
News (15 April 1969), pp. 17-20. 

5. J. H. Barnes, Austral. Nat. Hist. 15, 257 (1966); 
Smithson. Inst. Center; for Short-lived Phenom- 
ena, Reports 532, 535, 563, 600, 617, 636, 687, 
738 (1969). 

6. W. L. Brown, Jr., Quart. Rev. Biol. 32, 247 
(1957). 

1 October 1969 

In the 10-year period during which 
we have observed three colonies of 
Euphydryas editha populations on 
Jasper Ridge, a number of "population 
explosions" have been observed (1). 
For instance, population in area C in- 
creased from roughly 70-90 to 1000- 
1200 individuals (1962-1968), and in 
area G from 130-150 to 3000-5000 
(1960-1965). No increase in "mixing" 
occurred; indeed, our data show that 
interpopulation exchange of individuals 
decreased. There is no reason to believe 
that the "explosion" of E. aurinia dis- 
cussed by Ford and Ford (2) resulted 
in substantially increased interpopula- 
tion mixing or gene flow. 

Whatever the degree of exchange of 
individuals, gene flow, to be of evolu- 
tionary importance, must constitute a 
source of novel genetic information 
that is incorporated into the recipient 
population. Whether or not such in- 
corporation will occur will depend 
largely on the selective situation. If a 
great deal of individual movement oc- 
curs in a species which depends largely 
on phenotypic adjustment to different 
local conditions, there will not be im- 
portant gene flow because immigrant 
20 MARCH 1970 

on phenotypic adjustment to different 
local conditions, there will not be im- 
portant gene flow because immigrant 
20 MARCH 1970 

individuals will be genetically similar 
to those already in residence. In species 
where adaptation is largely genetic the 
moving genes usually will be promptly 
selected out of the population, and 
gene flow will not have been significant. 
It seems to us that the greatest evolu- 
tionary potential for gene flow might 
occur in the introduction of entire co- 
adapted gene complexes into a popula- 
tion, complexes which are somewhat 
less likely than mutations to have been 
previously "tried" by the recipient 
population. 

If the Stanford group had been 
studying Euphyes bimacula for 10 
years, we would be able to make rea- 
sonably confident statements about 
gene flow among the populations in- 
vestigated, a subject on which the 
lepidopterists' reports (3) of "veritable 
outbreaks in places as far apart as 
Maine and Pennsylvania" casts no light 
whatsoever. 
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9 January 1970 

Many genecologists will welcome the 
article by Ehrlich and Raven (1) that 
points out the importance of studying 
natural selection as a stabilizing force 
in evolution as well as an agency pro- 
ducing divergence. They will surely 
praise the authors' emphatic view that 
such studies must be conducted at the 
population level rather than by treating 
species as "evolutionary units." Their 
article is unexceptionable except where 
they suggest that gene flow within and 
between flowering plant populations 
must be low because the usual pollen 
vectors are relatively inefficient in 
spreading grains around. But pollen 
dispersal is not the only way in which 
gene flow can be achieved with plants; 
seed dispersal is often as effective and 
may be even more effective. Until we 
can be more quantitative in our esti- 
mates of gene flow through seed dis- 
persal (including long-distance seed 
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comment that "The most basic forces 
involved in the differentiation of popu- 
lations may be antagonistic selective 
strategies, one for close 'tracking' of the 
environment and one for maintaining 
'coadapted' genetic combinations-com- 
binations which have high average fit- 
ness in environments which are inevita- 
bly variable through time." Several of 
us (2) have put forward similar views 
(with evidence) and I am assembling 
evidence for their substantiation in a 
number of other plant genera (3). 
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Bed Forms in Base-Surge Deposits: 
Lunar Implications 

Fisher and Waters (1) have described 
bed forms of sedimentary deposits 
which could reasonably have been 
formed by a base-surge mechanism near 
meteor craters and volcanoes. Because 
some telescopically observed surface 
features of the moon show surface pat- 
terns similar to base-surge deposits on 
earth, and because base surges are ob- 
served for large explosive events on 
earth, they conclude that base surges 
may have been important in dispersing 
and depositing debris on the lunar sur- 
face, irrespective of the kind of crater- 
ing mechanisms. 

Because base surge is an important 
phenomenon in the distribution of 
radioactivity from shallow water and 
shallowly buried nuclear blasts, it has 
received intensive study by physicists 
interested in nuclear weapons effects. 
Both theoretical and model studies (2) 
have shown that the base surge is a 
two-fluid gravity flow. Water droplets 
or dust particles in the stem of the 
familiar mushroom, when they start to 
fall, entrain the air in the hollow stem. 
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bly variable through time." Several of 
us (2) have put forward similar views 
(with evidence) and I am assembling 
evidence for their substantiation in a 
number of other plant genera (3). 

HERBERT G. BAKER 
Department of Botany, 
University of California, 
Berkeley 94720 
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Bed Forms in Base-Surge Deposits: 
Lunar Implications 

Fisher and Waters (1) have described 
bed forms of sedimentary deposits 
which could reasonably have been 
formed by a base-surge mechanism near 
meteor craters and volcanoes. Because 
some telescopically observed surface 
features of the moon show surface pat- 
terns similar to base-surge deposits on 
earth, and because base surges are ob- 
served for large explosive events on 
earth, they conclude that base surges 
may have been important in dispersing 
and depositing debris on the lunar sur- 
face, irrespective of the kind of crater- 
ing mechanisms. 

Because base surge is an important 
phenomenon in the distribution of 
radioactivity from shallow water and 
shallowly buried nuclear blasts, it has 
received intensive study by physicists 
interested in nuclear weapons effects. 
Both theoretical and model studies (2) 
have shown that the base surge is a 
two-fluid gravity flow. Water droplets 
or dust particles in the stem of the 
familiar mushroom, when they start to 
fall, entrain the air in the hollow stem. 
The laden air then acts as a fluid with 
a density on the order of 1.5 times that 
of the surrounding atmosphere. At the 
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