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THE NEXT STEP

SCOTT BONTZ

Trevally off of Costa Rica. They can hunt singly, but are more successful together. This observation comes from scientists, who reach



n the essay “Societies as Organisms,”
Lewis Thomas tells how social insects
such as bees behave like “the most
social of all social animals,” the one
with the strongest attachments to kind,
Homo sapiens. Some people aren’t comfortable
with that comparison. Thousands of insects
swarming to act as one, larger creature
seems alien. But ants farm fungi. Ants raise
aphids as livestock. Termites “throw up
columns and beautiful, curving, symmetri-
cal arches.” Each hive and colony works
as a society. None turns to central author-

ity; they mysteriously gather to a critical
mass for action. They consult accumulated
knowledge in their genes. Thomas compares
this to scientific papers. In the journals of
scientific societies, fragmentary and usually
modest findings of workers in lab and field
accumulate, collate, correct, and build. John
M. Ziman says this has been “the secret of
Western science since the 17th century, for it
achieves a corporate, collective power that is
far greater than one individual can exert.”
For the sciences of evolutionary biol-
ogy and ecology, that encyclopedia grows

world-changing effects through shared accumulation of their findings. Jason Buchheim photo.



large but usually toward only more
exploration. Scientists at The Land Institute
say now has come a critical moment for

the amalgam’s wholesale, holistic applica-
tion. They call this the “fourth synthesis,”
after Charles Darwin’s theory of evolution,
then the theory’s melding with the science
of inheritance, and eventually the cracking
of life’s genetic code. They mean making
agriculture work more like a natural culture
and economy, with grain crops that are pe-
rennials growing in mixtures, as does most
natural vegetation, to save the soil and nu-
trients that farming has lost from the start
but finally can’t live without.

The scientists have been at it for three
decades. What they seek is a radical change
from the annual monocultures that make
most of humanity’s food. To ready their
crops and figure how to grow them may take
three decades more. Meanwhile, population
grows and soil erodes. Recently Britain’s
Royal Society, the US National Research
Council, and even the US Agriculture
Department have come to see the need and
voice support for perennial grains. The Land
Institute now proposes a 30-year, $1.64 bil-
lion effort enlisting more than 160 scientists
on five continents. For comparison: federal
ethanol subsidies reached that figure in four
months.

The time required is no cause for dis-
couragement, says Wes Jackson, president of
The Land Institute. For an established grain
crop, breeding a new variety takes almost a
decade. With modern knowledge of genetics
and modern computing power, his scien-
tists hope to accomplish with perennials
what for annuals, in the hands of farmers
with no labs, took millennia. And in far less
time than that, the worldview born of the
organism of ideas has seen three big devel-
opments to support the institute scientists’
plan for a fourth.
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Charles Darwin pulls

together geology, ecology,
and biology to recognize all
life as related, and a result of
never-ending competition.

“It is difficult for a modern person to ap-
preciate the unity of science and Christian
religion that existed at the time of the
Renaissance and far into the 18th century,”
the German-American scientist Ernst

Mayr wrote in “The Growth of Biological
Thought.” Nature’s apparent harmony and
purpose served as convincing proof of God.
“The science of the day” was natural theol-
ogy. Galileo thought that a god who governs
the world with eternal laws inspires trust
and faith at least as much as one who forev-
er intervenes, Mayr said, and this idea gave
rise to the birth of science as we know it.

Mechanistic laws fit reasonably well
the physical model of spheres revolving
across the heavens. But life was something
else. The diversity of form and action among
plants and animals didn’t fit limited ba-
sic rules. “Everything in the living world
seemed to be so unpredictable, so special,
and so unique that the observing naturalist
found it necessary to invoke the creator, his
thought, and his activity in every detail of
the life of every individual of every kind of
organism,” Mayr said. This didn’t fit with
conception of a ruler as someone who su-
pervises workers but doesn’t perform all of
their tasks. For two centuries scientists tried
to resolve this dilemma.

As these searchers explained more
things once considered inexplicable except
by intervention or special laws from God,
theology and science began to conflict. And,
Mayr said, “Nothing signaled the emancipa-
tion of science from religion and philosophy
more definitely than the Darwinian revolu-



tion.” Edward J. Larson, in “Evolution: The
Remarkable History of a Scientific Theory,”
wrote, “Darwin’s theory ripped through
science and society, leaving little unchanged
by its force.” With 19th century evolutionary
thinking, we became interconnected com-
petitors rather than separate creations.

Millions of Americans still deny
Darwin’s idea that all life forms trace from a
common ancestor. Less well known is that
though scientists soon accepted evolution in
the form of a branching tree, they fought for
decades about how it happened. Did muta-
tion suddenly create new species? Or did
new organisms appear through long win-
nowing from variation across populations?
The decisive resolution was named biology’s
“modern synthesis,” and it didn’t come until
a decade beginning in the mid-1930’s. Larson
said that “often quite a bit of erasing is re-
quired before anyone can write something
new on the board.”

Aristotle’s conclusion that species were
immutable and eternal held into the 19th
century, even with a scientist who piled up
enough old bones to conclude that there
had been species which are no longer with
us, and to see the form of each precisely
fitting a function. This was Georges Cuvier,
who Larson said was the first scientist with
a suitably complete collection of past and
present mammals to make definite distinc-
tions among them, and who founded the
modern science of paleontology. “Before
Cuvier, few people found many fossils
anywhere. He found them everywhere and
gave them new meaning,” Larson said.

The Frenchman separated as species Asian
and African elephants, and the skeletons

of both from mammoth fossils. Before him,
European naturalists typically held that no
species died out, that fossils were “sports,”
or remnants of something still living. Cuvier,
born in 1769, at 27 had found so many ex-

tinct species that he read from them of “a
world previous to ours, destroyed by some
kind of catastrophe.” But though he consid-
ered form so much a result of function that
he could infer a whole animal from one part,
he could not accept that environment de-
termined form, and he adamantly opposed
organic evolution.

Larson saw behind this view Cuvier’s
Protestant religion and political conserva-
tism. Other traditionalists of the time also
instinctively opposed the idea that species
evolve, which would make change normal.
“It had a revolutionary taint,” Larson said.
It was embraced by social radicals like
Jean-Baptiste Lamarck, whose concept that
organisms inherit traits acquired by their
parents during life carried well into the
20th century, even to young Ernst Mayr. In
“Nature’s Economy: A History of Ecological
Ideas,” Donald Worster wrote that, more
than is supposed, scientific ideas are rooted
in “cultural subsoil,” and validated by per-
sonal and social needs.

Through the history of biology and
evolution come scientists who advance
ideas that eventually lead to cutting down
older ideas that the innovators themselves
hold dear. As it was for Cuvier, so it was for
Charles Lyell, who with predecessor James
Hutton established the science of geology.
Trained as a lawyer, and looking at fossils
and regions of volcanoes and earthquakes,
Lyell dismantled the notion that catastro-
phes on the scale of the biblical flood had
wiped Earth clean of species, to be followed
by divine replacements, and that with hu-
mans finally on the scene, those days were
over. He argued for “uniformitarianism,”
for a much older planet that continues
slow, cyclic change. But though he saw how
conditions would favor different species
at different places and times, he didn’t see
the species themselves changing, and he
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stressed humans’ unique place in creation.
T. H. Huxley later observed that Lyell was
“doomed to help the cause he hated.”

When in 1831 Charles Darwin boarded
a ship called the Beagle to serve as natu-
ralist for a five-year expedition round the
world, another geologist, Adam Sedgwick,
gave to the 22-year-old a reading list. Absent
was Lyell’s controversial “Principles of
Geology.” But Capt. Robert FitzRoy had
a copy, and Darwin was into it when the
southwest sailing Beagle reached the Cape
Verde Islands off Africa. It helped translate
for him the message in a cliff built with
layers of volcanic rock, shells, and coral:
catastrophic events would’ve destroyed the
strata. Current geologic forces working over
enough time could make the islands. He
wrote in his “Beagle Diary,” “It has been for
me a glorious day, like giving to a blind man
eyes.”

“For Darwin, uniformitarianism greatly
lengthened the time available for evolution
to operate, and illustrated the cumulative
power of small changes,” Larson said in his
history of evolution science. Darwin, who
bred pigeons and saw how his selections
effected change through generations, later
wrote in his notebooks, “It is a beautiful
part of my theory, that domesticated races
of organisms are made by precisely [the]
same means as species - but [the] latter far
more perfectly & infinitely slower.” He also
wrote, “I always feel as if my books came
half out of Lyell’s brains.”

Lyell was not his only strong influence,
and Darwin was far past the Cape Verde
cliffs before he assembled an explanation of
evolution. First he hiked and observed the
geology, flora, fauna, and cultures of South
America, including the Fuegians, whom he
considered the lowest of humanity, and not
so distant from apes. He read the works of
another European who’d explored there,
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Alexander von Humboldt, who studied
geography and interaction of plants and
animals under the influence of climate. The
holistic Humboldt taught Darwin and others
to look at nature comparatively, environ-
mental historian Worster said: to see each
region as a unique ecological assemblage
dependent on local conditions. Darwin
was made “giddy” by the undulations that
200 miles away leveled Concepcion, Chile,
and he wrote, “An earthquake like this at
once destroys the oldest associations; the
world, the very emblem of all that is solid,
moves beneath our feet like a crust over
a fluid; one second of time conveys to the
mind a strange idea of insecurity, which
hours of reflection would never create.” He
wondered over the similarities and differ-
ences among finch species in the Galapagos
Islands, their similarities to birds 600 miles
east in Ecuador, and their differences with
birds in like environment but a continent
and ocean way in Africa. Back in England,
he thought about the sometimes subtle but
defining differences among the Galapagos
finches. He perceived some species as more
closely related than had been thought. He
observed the orangutan’s expressiveness
and intelligence, and in his notes dared a
man to boast of preeminence. In how human
lovers kiss and almost bite, he guessed of
ancestry like the dogs. He found our minds
“no more perfect than the instincts of ani-
mals.” Working through the form of variety
over geography and time, he suggested that
all life came from one source. And in 1838,
through Thomas Malthus’s “Essay on the
Principle of Population,” he found a means.
Malthus said that all species make
too many offspring for available food, and
limits prescribe “waste of seed, sickness,
and premature death.” Darwin saw that if
individuals within a species differ, weaker
members would lose in competition and



fail to reproduce, and those better suited to
where they live would pass along their ben-
eficial adaptations to the next generation.
Over time the resulting complex of small
changes in answer to complex, changing,
and diverse environments could evolve new
organisms. He saw “a force like a hundred
thousand wedges,” and he called it natural
selection.

Darwin and Malthus were men of
a culture leading radical remake of the
world, Victorian Britain. This too influ-
enced Darwin’s ideas. Economics enables
philosophical change, Larson said, and co-
lonialism and industrialism led the English
elite to equate change with progress, and
to see ascendency as a natural result of
superior science and technology. “In the
unknown interlocking movements of the
human mind,” Janet Browne wrote in
‘Charles Darwin: Voyaging,’ natural selec-
tion intuitively seemed the right answer to
a man thoroughly immersed in the capital-
ist world of the early 1gth century United
Kingdom. Worster went further and said
Darwin’s ideas, with emphasis on “competi-
tive scrambling for place,” could not have
arisen among Hopis, Hindus, or even conti-
nental Europeans. His time and culture, and
his ambition to be among its scientific elite,
placed him to see what the human mind
previously has missed - even, as Worster
said, they limited his view and in some ways
distorted it.

Darwin combined biology with geol-
ogy, paleontology, and history. He made
biology not just about physical laws, but
about connected and continual develop-
ment. Others before him, including Lamarck
and Darwin’s grandfather, Erasmus, had
argued for evolution. But it was Charles
Darwin - and his contemporary and coun-
tryman, Alfred Russel Wallace, working
independently and today enjoying far less

attention - who outlined the means of se-
lection from populations, and drew the
populations branching from one ancestral
tree.

We can call it a great scientific synthe-
sis. But Darwin never knew what caused the
variation that provides for selection. And the
branches of biology that grew after his revo-
lutionary “On the Origin of Species” was
published in 1859 didr’t see the selection for
the trees.

Biologists diverge and
quarrel until a more
perfect union is formed by
mathematicians, and a man

at home in both field and lab.

The diversity of opinion among evolution-
ists for 8o years after “Origin,” Mayr said,
was extraordinary. Each biological branch
and country had its own tradition. Germany
embraced evolution quickly, but almost
universally rejected natural selection. That
idea found acceptance with no experimental
biologist in Britain. But within 10 years biol-
ogists there welcomed evolution by descent
with modification. The conversion took lon-
ger in the United States, which at the time
had few biologists and paleontologists, and
where the debate fell to writers, theologians,
and philosophers. Change came after the
death in 1879 of Harvard’s Swiss-born, char-
ismatic, and influential Louis Aggasiz, who
opposed Darwin even after Lyell guardedly
accepted the idea of species shifts. France
turned slowest among Western nations to
accept evolution. Russia proved the most
welcoming, including of natural selection,
until the end of the 1920’s and the rise of
Trofim Lysenko, who threw his nation back
to Lamarck’s idea that life experience im-
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bues heritable traits, and who by applying it
to agriculture brought famine.

Even before the culture storm when
“Origin” knocked Homo sapiens off of its
pedestal, biology was splitting into camps:
those interested in anatomy and physiol-
ogy, and the field naturalists. By the 1840’s
the camps talked past one another. Mayr
said that after 1859, the functional biologists
explored laws and quantity, like physicists.
The evolutionary biologists asked about
history and selective value, more like behav-
ioral and social science. The two competed
for talent and resources, and they fought
over theory. Among evolutionists after 1880
came further branching. Some saw heritable
traits acquired over lifespan. Some saw what

an organism passes on as set from the start.
Darwin mostly went this way, but allowed
for some trait acquisition by “pangenesis,”
with cells throughout the body picking up
hereditary material and sending it by blood
to reproductive cells. A German named
August Weismann would have none of this
“soft inheritance.” He adopted an uncom-
promising selectionism, which came to be
called neo-Darwinism. Weismann was first
to advocate sexual recombination’s extraor-
dinary power to create genetic variability for
natural selection to act on - that this was
the very purpose of sex. Biology also split
into specific fields, distancing experimental-
ists, who looked into cells, and naturalists
working with whole organisms.

Fossils and crushed shells make Monument Rocks a chalky epitaph to Kansas as ocean millions of years ago. Similar layers in a cliff off
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The experimentalists missed seeing
the importance of diversity, but with bet-
ter microscopes they leapt in exploration of
cells. They witnessed and came to under-
stand fertilization. And though they didn’t
yet speak of genes, a word born in 1913, they
concluded that hidden in the nucleus was
an organism’s genetic material.

Looking at a species and seeing con-
tinuous variation within a range, biologists
before the turn of the century thought of
inherited traits as “blended.” The daugh-
ter of a long-necked mother giraffe and a
normal-necked father would turn out only
somewhat long necked. And when that
somewhat-long-necked daughter mated
with a normal-necked male, their offspring

got necks only a little bit long. Generations
of breeding would average away the long
neck. Like might attract like and preserve
a range of neck length. But this could not
expand the range, and so allow natural se-
lection to gradually transform a species. A
fluke outside the range, a “discontinuous
variance,” might appear. But as polymath
and Darwin critic Fleeming Jenkins said, it
would be “swamped by numbers, and af-
ter a few generations its peculiarity will be
obliterated.”

Swamped by such thinking about
blended inheritance was an 1866 paper by
a monk in Moravia. Gregor Mendel bred
thousands of pea plants, to observe traits in-
cluding height, seed shape, and flower color.

Africa helped Charles Darwin to see how life is a result of long evolution. Ron Schott photo.
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These were traits that did not blend. Petals
were purple or white, never pink. When
white was bred to white, the offspring all
were white. The offspring of purple by white
all were purple. But self-pollination by the
new purple generation made offspring at a
ratio of roughly three purple to one white.
Mendel saw that each trait is controlled
by two “heritable factors,” what later were
called alleles. If these differ, one is domi-
nant, and shows in the organism. One is
recessive and won’t appear unless both of an
individual’s alleles are recessive. And par-
ents deliver alleles to offspring randomly.

Darwin reportedly had Mendel’s pa-
per, and forayed independently and briefly
with breeding the same pea species. Mendel
had “Origin” in his 20,000-volume library.
(He became his monastery’s abbot.) But
Darwin didr’t make the connection of his
theory with Mendel’s finding, and Mendel
wasn’t interested in evolution. “If Darwin
had read Mendel’s paper, or if Mendel had
had the facilities and opportunity to extend
his work, the whole history of evolutionary
studies might well have been very different,”
wrote John Timson, for the Galton Institute.

This organization took its name from
Darwin’s cousin, Francis Galton. Galton was
the man who made fingerprinting almost
infallible for identification. He also thought
virtually everything quantifiable, assessed
womanly beauty with a pocket scale, and
campaigned for eugenics to keep the British
great. Whatever one might think of his so-
cial values, he was brilliant with numbers.
With Weismann and Dutch botanist Hugo
de Vries, Larson said, Galton got biologists
to think in statistical terms about hard he-
redity and “discontinuous variations.”

De Vries and two other scientists
each working independently rediscovered
Mendel in 19goo. They saw how each par-
ent’s contribution of a dominant or recessive
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allele to make a gene was not an infinitely
discrete blending of ingredients, but a dis-
continuous shuffling of directions. Mendel
had been fortunate as the groundbreaker

to find traits that were determined simply,
such as pea flower color, by one gene. But
most traits involve multiple genes, and
combinations can make variations across

a species, such as height in humans, ap-
pear continuous. Swedish biologist Herman
Nilsson-Ehle calculated that if 10 genetic
factors affect a trait, variations might num-
ber 60,000. The fineness of those increments
could look like blending.

The Mendelian view fit well for those
who still saw sudden change - mutation -
as the only event necessary to make a new
species, even without Cuvier’s catastrophes.
T. H. Huxley, Darwin’s contemporary and
“bulldog” in defense of evolution by com-
mon descent, stuck with this idea of sudden
innovation rather than accept natural se-
lection from continuous variation in form.
“Nature does make jumps now and then,”
he said. Decades later, de Vries said indi-
vidual variation is irrelevant to evolution,
that natural selection is inconsequential,
that all evolutionary change is due to sud-
den, large mutations, and that species have
periods of being changeable and periods
when they are not. Mayr called de Vries a
brilliant physiologist and geneticist, who
offered the most sensible and prophetic
discussion of the problems of inheritance
before 19o0o. But he said the botanist violated
all canons of science when he perceived wild
variation in flower color and stem shape in
his study plants as mutation leaps, when
they were only normal variation in highly
complex hybrids. De Vries said species-
creating mutation didn’t follow Mendelian
principles, and his ideas were prominent in
biological thinking until 1910. A leading text-
book summed: “Species arise by mutation,



a sudden step.” Zoologist William Bateson
considered it a marvel that natural selection
ever appeared acceptable.

But Bateson and others who began call-
ing themselves geneticists thought a species
could arise without ignoring Mendel. Freed
of blending’s limits and mean, they said that
a genetically based variation, if dominant,
could avoid swamping and sweep through a
population. They saw that even a recessive
mutation could persist.

Still, they thought natural selection at
most culls grossly unfit changes, and that
self-propagating mutations could bring evo-
lution without complement. And despite
enthusiasm for Mendelism, Larson said,
these scientists rejected genes as mate-
rial particles on chromosomes, speculating
instead about immaterial waves or energy
states.

A Kansan with grasshopper cells
under the microscope found otherwise.
Walter Sutton would soon quit genetics
to be a surgeon. But while in college just
after Mendel’s rediscovery, he pointed out
that hypothetical Mendelian factors behave
like chromosomes, coming in mated pairs,
with one mate from each parent. German
biologist Theodor Boveri had shown in
sea urchins that embryo development re-
quired all chromosomes. Perhaps, the men
noted independently, chromosomes carry
Medelian factors.

Proof came from another man who
ignored natural selection. Thomas Hunt
Morgan was a strict empiricist, who thought
attempts of explanation outside laboratory
tests were mere speculation. Morgan and
his students confined their study to the
“flyroom” at Columbia University. But in
it they bred fruit flies by the tens of thou-
sands. And in one pedigreed group of the
red-eyed Drosophila melanogaster appeared
a single white-eyed male. Mating the pre-

cious white-eye with its red-eyed sisters,
Morgan found that although first generation
progeny were all red-eyed, in generation
two appeared more white-eyed males. The
white eye was a recessive trait that must
have come from a sudden change in a red-
eye gene. It also must have been on one of
the chromosomes that determine sex, since
the white eye didn’t appear in females.
Morgan soon found other sex-linked re-
cessive mutations, for stunted wings and
yellow color. He saw that the changes stuck
through succeeding generations unless there
was another mutation, one that reversed
the first. These changes are rare. Genes are
almost completely stable. Mayr said this
was final proof for “hard inheritance” and
against the passing along of acquired traits.
Morgan won the Nobel Prize, the first for an
American biologist.

Morgan was “brilliantly successful”
where de Vries, Bateson, and others had
failed, Mayr said, by looking in the lab for
the simplest possible explanation rather
than speculating on laws of inheritance and
trying to figure the physiology of genes -
though he rightly called them “like beads
on a string.” And what he found was not de
Vries’ wholesale mutation of new species,
but change bit by bit. But lab scientists still
ignored natural selection. “Nature makes
new species outright,” Morgan said.

Naturalists, in actual fields and
streams, continued to find this unaccept-
able. Over 50 years they had made great
progress observing the nature of species
and geographic variation. Most importantly,
they’d developed thinking about variation
not just as it occurred in individuals, but in
populations. If a population ranges around
a hypothetical norm, and more individuals
survived at one end of that range than at the
other, then the norm would shift - perhaps
to make a new species. Darwin and Wallace,
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the other originator of natural selection the-
ory, already saw this way. But they lacked
the statistical power to demonstrate.

The idea that Darwinism and
Mendelism equals evolution came as early as
1902, Larson said, but bitter rivalry delayed
development for two decades. Naturalists
saw the important dimensions of geographic
space and time, but held wrong ideas about
inheritance. Experimentalists discerned
the value of gene frequency in closed,
one-dimensional gene pools, but ignored
populations. Mayr called the result a “de-
plorable communication gap.” A resolution
was reached through the universal language
of math.

J. B. S. Haldane was a discipline
crosser who explained how enzymes work
according to thermodynamic law and illus-
trated the chemistry of respiration. He also
analyzed shifts in a species called the pep-
pered moth. This insect had been studied
around Manchester since 1848. At that time,
less than 1 percent of the moths were black.
Then the industrial revolution decimated
lichens that had camouflaged lighter moths
from birds. By 1898, 99 percent of the moths
were black. Haldane calculated that without
selection by the birds, mutation from speck-
led to black would have been required in
one in five moths - a rate impossibly high.
But he said the switch could have occurred
by selection if darker color improved chance
of survival 50 percent. He said that even a
slight competitive advantage would, like
compounding interest builds a bank ac-
count, come to dominate a population over
generations. He didn’t prove that natural
selection drove evolution. The darker moths
were not new species. But he encouraged
thinking about extrapolation.

Like Galton, Haldane advocated eu-
genics. He suggested that reproduction be
limited to the best thousandth of human-
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ity. Perhaps seeing himself in that cream
was Ronald A. Fisher, who fathered nine
children, and for whom Larson said the

aim of “breeding better Britons” was one

of two life-shaping traits. The other was a
“stunning facility for mathematics.” Fisher
saw that the way to unify biology lay in
discerning by math what in variation came
from genes and what came from environ-
ment, and statistically understanding how
multiple genes make the variation across a
species population seemingly continuous.
He showed that the greater the benefit from
particular genes in a given environment, the
faster their frequency would increase in a
population. Change the environment so that
different genes become more helpful, and
the gene frequency will shift. Evolution acts
through gene selection to continuously and
finely adapt organism to environment.

The dozens of calculations in Fisher’s
groundbreaking 1018 paper, “The correla-
tion between relatives on the supposition of
Mendelian inheritance,” ran up to five lines,
and beyond many biologists. But they found
understanding through a metaphor from
cartography.

With Haldane and Fisher, American
Sewall Wright is considered a co-founder
of population genetics. In trying to under-
stand evolution, the English mathematicians
stressed large, genetically varied popula-
tions. Wright focused on small, genetically
restricted ones, inbreeding guinea pigs
and shorthorn cattle at the Agriculture
Department and the University of Chicago.
In addition to his own challenging math, he
imagined a contour map called the “adaptive
landscape.” In it, natural selection drives
populations up slopes toward peaks whose
elevation designates fitness. At a species’
geographic fringe a subpopulation might
become isolated and be small enough that
inbreeding increases expression of recessive



traits. This change pushes the group danger-
ously down the fitness slope, and away from
kinship with the mother population. But if it
survives and expands, further random ge-
netic changes and natural selection lifts the
subpopulation back toward peak fitness -
perhaps even above the original elevation. If
the instigating isolation disappears and the
groups reconnect, now they are so different
that they cannot or will not intermate. They
are separate species. Competition pushes
them toward even greater genetic division,
as they pick different foods and niches. Or
the upstart topples the old school.

Fisher and Wright quarreled, and
evolutionary biologists today fault meta-
phor details. But for a man who enjoyed
the unusual vantage of standing in both the
naturalist and geneticist camps, the adap-
tive landscape was, in his own words, love
at first sight. Theodosius Dobzhansky said
Wright’s picture was not just imaginary:
“On the contrary, it is very frequently en-
countered in nature.” Dobzhansky became
the man most credited with finally knitting
biology’s modern synthesis.

The Soviets shrouded Russian genetics
from outsiders. But until state support of
the Lamarckian ideologue Lysenko, it de-
veloped along lines parallel with the United
States and Britain. In the 1920’s Russia might
have had more geneticists that the rest of
continental Europe put together, Mayr said.
Among them, Sergei Chetverikov pioneered
the idea that recessive mutations create
hidden reservoirs of genetic diversity on
which selection can act when conditions
warrant. He could have been recognized as
a co-founder of population genetics. He led
in seeing traits inherited not from one gene
but their aggregate, and that no gene has a
constant value for fitness, because how it
acts depends on surrounding genes. Visits
to Chetverikov’s Moscow lab influenced

Dobzhansky’s thinking, which began with
observation of nature as a boy, when he
collected butterflies, and continued as a
teen-ager studying beetles. The Ukrainian
moved on to study fruit flies in Leningrad,
and upon moving to the United States in
1927, he landed in Morgan’s “flyroom.”

Then, most biologists assumed that the
genes of all species members were practi-
cally identical. This could be seen in lab
populations. But when Dobzhansky trav-
eled from Canada to Mexico to study wild
fruit flies, he found that each population
bore chromosome markers distinguishing
it from other populations. He realized that
what separated species were not cookie-
cutter genes, but sex: a species is simply a
group whose members reproduce among
themselves. Dobzhansky ran fly experiments
showing genes carried by one species clash
with the genes from another species. But
within a species can be considerable gene
variance to select from.

In “Genetics and the Origin of
Species,” in 1937, Dobzhansky translated the
abstract population genetics theorems of
Haldane, Fisher, Wright, and Chetverikov
into a working, popularizing explanation
of how that genetic variation feeds evolu-
tion. He highlighted the variability hidden
in recessive genes and the effect of isolation,
and could see the results as a naturalist. In
his preface, L. C. Dunn said the book sym-
bolized “something which can only be called
a Back-to-Nature Movement.” And as the
synthesis shifted more attention from genet-
ics to natural selection, Dobzhansky tried to
show that having two different alleles rather
than two identical ones - genetic diver-
sity - benefited both the individual and the
population.

Variety is not just the spice of life, it’s
the engine. From the first strings of nucleic
acid to millions of species, evolution built

THE LAND INSTITUTE 15



an economy of increasing power. It is like
the capitalist juggernaut, but unlike our
industrialism it runs on energy dependable
for billions of years, and with a recycling
program to match. Mayr the scientist
stressed that variation characterizes all
nature. He called diversity the basis of
ecosystems, the cause of competition and
symbiosis, and what makes natural selection
possible. Diversity has occupied man’s mind
from the start, he said. Hunter-gatherers

are preoccupied with natural variation, and
expert on those parts of it important to their
lives.

The variety of life has made life pro-
ductive, but each species can do only so
much with what’s around it. So each fills a
spot where another comes short, even grow-
ing shoulder to shoulder with others, as in
a prairie. “Commensalism,” early ecologist
Eugenius Warming of Denmark called it:
several species sit at the same table to eat,

but rather than fight over a common dish,
they complement each other’s diet, each
feeding on what the other doesn’t want.

The key is not just niche-filling, but
interlocking; not just the economical, but
an economy. “The bedrock idea upon which
Darwin built, though he never isolated it as
such, was that all survival on earth is so-
cially determined,” Worster said. “Nature is
‘a web of complex relationships,’ he wrote,
and no individual organism or species can
live independently of that web.” Even the
most insignificant creatures are important
to the welfare of conjoining species. Gilbert
White, amateur naturalist and an inspira-
tion for ecology, saw this as early as 1789 in
“The Natural History of Selborne”: “Thus
nature, who is a great economist, converts
the recreation of one animal to the support
of another!”

Two centuries later, in the essay
“Ecology, the Subversive Science?” Robert

London’s Abney Park was a garden cemetery in Charles Darwin’s days. Now it is a nature reserve. Men set stones; plants and weather
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E. Ulanowicz tried to shake ecology free of
a Newtonian perception of living systems
as closed, deterministic, and “reversible”
mechanisms. He saw that how species relate
is not entirely predictable, and can evolve
structures with effects larger than their play-
ers, such as bacteria and legumes trading
nitrogen for sugar to build fertile soil. He
said this long, elaborate history cannot be
rewritten: a species or an ecosystem gone

is gone forever. But an emergent structure
affecting the world around it can outlast
participants within it when they are re-
placed by others, just as we remain who we
are even while all of the atoms and cells in
us come and go. Conversely, unlike in the
Newtonian view of seeing all change work-
ing from the bottom up, change can come
from the top. So ecologists think not just of
genes and species, but of their system, such
as the forest and grassland, or agriculture,
the common replacement for each.

But for the third chapter leading to
that view - for the unpredictable, primary
source of biological variation over 3 billion
years on Earth - look nearer the bottom, for
when two molecules stray from established
place.

The search for the nuts and

bolts of heredity finds that
we and the millions of other
species are writ by a common
handful of chemical letters.

Scientists as early as the late 1800’s sug-
gested that cells held genetic material in
complex compounds called nucleic acids,
but the idea didn’t gain favor. Frederick
Griffith steered back toward it in 1928 while
working for the British health department
with the germ that causes pneumonia. One

make with them soil and life. Tom Simonite photo.
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strain of pneumococcus was virulent, the
other not, with predictable results in labora-
tory mice. The virulent strain could be made
harmless by killing it with heat. But when
the dead bacteria were injected along with
the nonvirulent strain, mice died. Griffith
thought the dead germ had passed to the
other type its lethal trait; in the blood of

the dead mice, the virulent strain was alive.
American Oswald T. Avery suspected that
Griffith hadr’t controlled the experiment
well enough. But he replicated the results,
and by process of elimination of cell chemi-
cals, reported in 1944 that the means of
“transformation” was through one: deoxyri-
bonucleic acid. “How could this seemingly
simple molecule carry the entire information
in the nucleus of the fertilized egg to control
the species-specific development of the re-
sulting organism?” Mayr said. Laboratories
raced for the answer.

Briton Rosalind Franklin advanced
the search by making a skilled X-ray pho-
tograph of crystallized DNA. Without her
permission, colleague Maurice Wilkins
shared the unpublished picture with James
Watson, who later wrote that “my mouth
fell open and my pulse began to race.” The
image revealingly indicated arrangement of
facing spirals. Coupling that key to Austrian-
American Erwin Chargaff’s discovery in the
1940’s of how DNA apportioned molecules
of adenine, cytosine, guanine, and thymine,
Watson and Francis Crick built a model
with the four chemicals paired as rungs, A
with T and C with G, connecting the double
helix. And in 1961, American Marshall
Nirenberg discovered that the molecule
pairs work in triplets, or codons, each like a
letter in a code.

The code makes for thousands of bio-
logical compounds. Most are aggregates of
limited number of elements, mainly carbon,
hydrogen, oxygen, sulfur, phosphorous,
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and nitrogen. But they have extraordinarily
specific and often unique properties. For
building with them, the possible sequence
of codons makes for near infinite variety:
millions of species, and among them unique-
ly varying individuals. The code’s universal
basis supports Darwin’s idea of a common
ancestor for organisms from bacteria to blue
whales. Its arrangements among species
show the branching connections.

In humans the code has stretched to
about 3 billion base pairs of AT and CG.
Even with scripts much shorter, and with
some of the code dedicated to detection and
correction, there are typos. One pair out
of place is a mutation. The result might be
inconsequential, or it might be fatal. Or it
might add a neck vertebra for giraffe’s edge
at nibbling tree leaves. This comes with a
tradeoff in speed or nimbleness. Mayr em-
phasized that the whole organism is what
matters for success - “Selection cannot
produce perfection” - and that the results of
sexual recombination are far more important
than mutation. But mutations are begin-
nings.

“For those not studying biology at the
time in the early 1950’s, it is hard to imagine
the impact the discovery of the structure
of DNA had on our perception of how the
world works,” E. O. Wilson, ant scientist
and promoter of “sociobiology,” wrote in his
autobiography, “The Naturalist.” “If heredity
can be reduced to a chain of four molecular
letters - granted, billions of such letters to
prescribe a whole organism - would it not
also be possible to reduce and accelerate the
analysis of ecosystems and complex animal
behavior?” Larson said, “This surpris-
ingly simple, highly elegant structure shed
new light on the mechanics of evolution
by suggesting how genetic reproduction,
inheritance, and variations operated at the
molecular level.” And: “Traditional ways of



studying evolution suddenly seemed terribly
old-fashioned.”

The new ascendant of biology was the
workings of molecules. This has served as
a license to, in the words of Richard Levins
and Richard Lewontin, place priority on
parts over wholes. There is little wrong with
being reductive so long as it doesn’t lead to
seeing the world as like the method. Some
scientists, including Mayr and Wilson,
thought molecular genetics too narrow to
cover all aspects of evolution. “For a full un-
derstanding of living phenomena every level
must be studied but ... the findings made at
lower levels usually add very little toward
solving the problems posed at the higher
levels,” Mayr said. He went on to quote the
painter Georges Braque: “I do not believe in
things, [ believe only in their relationships.”

More than a century and

a half of growing and
merging scientific knowledge
could shake up agriculture as it
has the field of medicine.

Each of the previous changes that scientists
at The Land Institute call the three synthe-
ses — Darwin, Dobzhansky, DNA - catalyzed
investigation and understanding. They
changed worldviews. And the last of them
is used in medicine and industry. “But ag-
riculture gained little, and has withdrawn
more than ever from its ecological context,”
wrote the institute’s Wes Jackson and Stan
Cox, with colleague Tim Crews, in a pro-
posal for a “fourth synthesis.” “For example,
crop rotations and animals on the farm have
declined. In the central US ecologically
impoverished annual grain monocultures
continue to present a striking contrast with
the remaining islands of native prairie. In

spite of all of our accumulated knowledge,
numerous studies of soil erosion and water
contamination attest to this dire gap.”

In Central America came a study that
the scientists cite for an example of tying
everything together for agriculture. Over
decades there, slash and burn farming with
ever shorter recovery by the forest means
fewer nutrients left for crops. Yields fall,
while soil erosion and nutrient leaching rise.
Jack Ewel and colleagues built in Costa Rica
an artificial community with as many spe-
cies of plants and in the same proportions
- herbs, trees, and so forth - as the complex
natural community. Some were domesti-
cated, some wild, but none were native to
the site. The natural community that Ewel
had planted for comparison changed rapidly,
and beat the mimic in production of biologi-
cal mass. But by the fifth year productivity
of the mimic came to more than go percent
of the model. In a pest outbreak, the mimic
fared worse than the natural vegetation. But
both communities lost leaf tissue to insects
at about the same rate. Within two years,
the rates of nutrients leaching from the soil
were indistinguishable. The mimic was as
water-tight as the model. An adjacent plot
of bare soil lost water 50 percent faster.
Nitrogen faded 10 times faster.

The gains came from an arrangement
too diverse and demanding for a farmer. But
Ewel concluded that simpler communities
might provide many of the same benefits
with the right plants. Diversity helps
slow pests and can cut fertilizer needs.
Agriculture might enjoy most of the advan-
tages of a native economy with as few as two
perennial crops, Land Institute scientists
say, a cereal and a legume to fix nitrogen.

But to develop those crops and econo-
mies for the world’s diverse lands will
require more than what can come from the
institute, which is dealt the particularities
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of the good soil and hard temperate climate
of central Kansas. Places widely vary, and
crops must vary to fit right and work well.
The institute’s 30-year plan would enlist
about 20 institutions across some 10 nations.
It would employ not just plant breeders, but
molecular geneticists, modelers, cropping
system specialists, soil scientists, patholo-
gists, and entomologists. Each would be
a member of a network working with the
same crop, able to share seed and data.
John Ziman called similar information-
building by journal publication of fragments
of scientific work possibly the “key event in
the history of modern science.” What Land
Institute scientists see would be less frag-
mented, more intentional. Its success could
use less of the time-consuming conflict wad-
ed through from the parlor of the Victorian
naturalist to the steps of the double helix.
It could use more of the kind of cooperation
described by one of T. H. Morgan’s flyroom
colleagues, Alfred H. Sturtevant. “There can
have been few times and places in scientific
laboratories with such an atmosphere of
excitement and with such a record of sus-

tained enthusiasm,” Sturtevant wrote. “This
was due in large part to Morgan’s own atti-
tude, compounded of enthusiasm combined
with a strong critical sense, generosity,
open-mindedness, and a remarkable sense of
humor.”

That lab’s results, and those of thou-
sands of other scientists over more than two
centuries, support what The Land Institute
and a few others are working for. And now
these plant researchers enjoy techniques of
precision and speed far beyond those known
to Sturtevant in the early 20th century, or
even Mayr at its end. That “most social of all
social animals” could for the first time join
agriculture and the natural economic culture
in a beautiful, balanced arch.

P ] ow, if the cooperation of some thousands of millions of
cells in our brain can produce our consciousness, a true

singularity, the idea becomes vastly more plausible that the

cooperation of humanity, or some sections of it, may deter-

mine what Comte calls a Great Being. - J. B. S. Haldane
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BEDFELLOWS AND COMMUNITIES

WES JACKSON, STAN COX, AND TIM CREWS

he discipline of agronomy is

coping as well as it can in areas

where nature’s ecosystems have

been impaired or destroyed. Grain
agriculture has been a 10,000-year-old suc-
cess story, but only on its own terms and at
an incalculable ecological and human cost.
It has “progressed” by way of single solu-
tions to single problems, too often ignoring
natural and social contexts. Agronomic suc-
cesses in industrial societies, however, have
depended on fossil fuel subsidies provided
by an industrial, growth-oriented economy.
The demand for more production at any cost
too often has dominated. A shift to the eco-
system approach of perennial polycultures
will show the current agronomic tradition
to be incompatible with sustainable food
production.

During the last few decades, the third
synthesis - that of ecology/evolutionary biol-
ogy and molecular science and engineering
- has failed to make the changes that will
be possible with polycultures of perennial
grains. The genetic engineers and genomics
scientists, in part because they are unen-
cumbered by previous agricultural-research,
are now seeing perennialism as a good idea.
They see this not only because perennialism
is a solution that was arrived at through nat-
ural selection over vast amounts of time in
multiple taxonomic groups, but also because
it holds the promise of improving several
important agronomic functions - which is
also to say that it might be profitable to agri-

businesses. For the time being, there seems
to be an overlap of interests between those
who want to work and think within the lim-
its of ecosystems, and those who are looking
to mine ecological ideas that, from an indus-
trial perspective in 2012, appear valuable.

How long will these bedfellows get
along? Once we have perennial crops, will
genetic engineers and ecological researchers,
working together, accept the evolutionary
constraints in constructing a multiple-
species perennial-cropping system? [Crop
threats such as] nematodes, mycorrhizae,
and predatory mites have arrived at their
current state by trying many alternative
evolutionary pathways. There is no reason
to expect that their behaviors will be ideal
in service of the narrowly defined goals
of agriculture. However, if we decide to
trust natural selection and ecosystem de-
velopment to provide answers to countless
questions we don’t even know to ask, then
the processes and functioning of natural
ecosystems will guide the design of plant
communities as the basis of agricultural pro-
duction.

By adding perennial grains to the hu-
man inventory of crops we will accelerate
the necessary fourth synthesis — necessary
because soil is as much of a non-renewable
resource as oil, and for future food supply,
soil is far more important.

From “The Next Synthesis,” a proposal for a world
effort to develop perennial grains grown in mixtures.
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Workers for Gurukula Botanical Sanctuary attach orchids to a tree in what was clear-cut forest. Gurukula’s Supra-
bha Seshan, a former Land Institute intern, calls the restoration 3-D gardening. Photo courtesy of the sanctuary.




ECOSYSTEM GARDENING

SCOTT BONTZ

n an Indian forest so wet that tree
branches host orchids which never
touch the ground, a dozen women in
saris as brilliant as the flowers comb
ground clear-cut for plantations, and climb
the trees marked to fall next. Their mission
is botanical search and rescue. They take
plants home to nurture, and return them
to repair damage. “Rainforest etiquette
in a world gone mad,” is how Suprabha
Seshan described the operation at Gurukula
Botanical Sanctuary.

In modern society, etiquette is almost
a prison, Seshan said during a late October
visit to The Land Institute, where she was
an intern. In nature, she said, etiquette is
attunement. “We’ve lost the code of behav-
ior of plants and animals and humans,” she
said. Gurukula means family of the teacher,
and in this case the teacher is nature. The
effort begun by a German dropout has
foster-mothered more than 1,600 species,
compiled 30 years of notes about the plants
and their ecosystems, and increasingly shifts
the plants out of rehab to restore land.
Gurukula’s search is as much a spiritual as
scientific, Seshan said. The world has many
botanical gardens. She said only Gurukula is
a botanical sanctuary.

Seshan was from Bangalore, 13 degrees
from the equator and then a city of 4 million,
when in 1990 she visited Scotland’s sparsely
populated Orkney Islands in the North Sea.
She was on a wilderness search and, for the
Royal Society for the Protection of Birds,

surveying local feelings about conservation.
In a little Orkney bookstore she found a se-
lection from middle ground. “Meeting the
Expectations of the Land” introduced her
to the idea of agriculture mimicking natural
ecosystems. She already knew of one of the
writers, Wendell Berry. She hadn’t known
of another, Wes Jackson. But after phone
calls she signed up for a yearlong internship
at his Land Institute. Aside from on the bus
from New York, she saw nothing else of the
United States. But in Kansas she soaked

up the philosophy of looking to nature for
answers about how to farm and live. And
when she took this thinking back to India,
Seshan said, “It was shocking to me that
there, 300 kilometers from my hometown,
the same questions were being asked.” At
Gurukula is where she has stayed, supplying
education, public relations, administration,
and activism.

On Halloween, three days after her
return to The Land Institute, demographers
reckoned that Earth’s human population
reached 7 billion. There’s a good chance that
the milepost baby was born in India, with
more than one-sixth of the world’s people
and growing at about 1.4 percent annually.
The nation has almost four times as many
people as the United States on about one-
third the land area. Seshan’s pictures of the
country around Gurukula show an often
still naturally beautiful mountain landscape.
But shot through it are plantations, grow-
ing population, and hydroelectric power
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projects that break up habitat, overgraze
grassland, overharvest native flora, and in-
troduce invasive species. “The pressure on
the wild is enormous when all that’s left are
small pockets ... a few hundred acres here, a
few hundred there,” she said. Despite con-
servation work, habitat loss and poaching
since the 1990’s have cut by more than half
the nationwide wild population of Bengal
tigers, to about 1,700. And the land around
Gurukula can no longer support indigenous
people who for millennia were self-reliant.
Seshan said rice is brought to them, further-
ing their alienation from the land.

The wild that’s left in that land fits
Gurukula. The Western Ghats, a range run-
ning 1,000 miles along the west edge of the
subcontinent to its southern tip, is consid-
ered one of the world’s most threatened but
biologically rich regions, with 5,000 floral
species, 600 of them used for herbs or medi-
cine, plus 1,000 ferns and mosses. Kerala,
one of five states along the range, and
Gurukula’s home, has 600 kinds of trees.
Seshan described block mountains graced
varyingly with grasslands, dwarf woods, dry
deciduous forest, bamboo breaks up to 60
feet tall, and rainforest fogged in for eight
months of the year. That’s where orchids
perch. “It’s an amazing world up there,”
Seshan said.

To this in 1968 came a young German,
Wolfgang Theuerkauf. He was disenchanted
with the hippies and the reds, and just
wanted to be alone and live simply. But
he has since become one of India’s lead-
ing orchid specialists, Seshan said, and the
sanctuary he established has under its care
700 orchid species. Gurukula has restored
to land more than 400 plant species, includ-
ing 100 kinds of trees. The sanctuary has
grown to 62 acres as supporters bought up
land around the original 15-acre trust of
Theuerkauf and his Indian colleagues.
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About a dozen local women at a time
work for the sanctuary. They learn ecol-
ogy, and how to grow the plants. The work
seems to take a female attitude, Seshan said.
The sanctuary allows women to explore life
outside India’s status quo. They’ve seen no
college, but Seshan said two have become
experts at finding and distinguishing species
among the region’s great diversity, and then
nurturing and finally restoring the plants to
wrecked land.

The sanctuary’s database is not sec-
ondhand compilation of other collections,
but the product of 30 years of its workers’
own observation on the ground. “We keep
good track of our plants,” and must know
them well, Seshan said. What looks like a
weed to some might be the rarest plant in
the mountains. Sanctuary work has grown
from search and rescue to documentation
and study, and to education and consulta-
tion. Gurukula talks with botanists around
the world, and advises the Indian forest ser-
vice on restoration. It tells how to strength-
en biodiversity, restore ecosystems, and still
meet human needs. It teaches farmers about
the plants and how to raise them. Seshan
said that the most important education is
with children, and that most learning comes
when people visit the sanctuary. “The best
teaching tool is the place itself,” she said.

Though the human population keeps
expanding, Gurukula increasingly plants
out rescued species rather than just sustain
them at home. The sanctuary wants entire
habitat reconstruction, not just plants in
pots. “Is this a forest or is this a garden?”
Seshan said while showing a picture of
native plants richly restored to land that
had been scraped raw. “We want them to
merge,” she said. “We’re called ecosystem
gardeners.”

This is not all nature for nature’s sake.
Lichens of the Western Ghats are used for



medicine and dyes. Fewer than 100 of the
flowering plants that contribute to herbs
and medicine have been domesticated, and
just 50 to 60 can be raised at crop scale,
Seshan said. The rest can’t grow well with-
out the supporting environment of the na-
tive stage. India has about 17,000 floral spe-
cies, she said, and about 8,000 of these have
human uses. So, for a model and direct sup-
port of their lives, humans would do well

to look out for nature. “What everyone can
do is take care of the land, bring it back to
health,” Seshan said.

Freed of pressure, the land will come
back on its own. Seshan showed pictures
of rainforest springing back. But pressure is
on, and she said, “The worse the pressure,
the longer it will take.” So Gurukula rescues
orchids from felled trees and climbs to place
them in branches of the living.
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At the Land

THE WILD SUNFLOWER ALSO RISES

eed size and seeds per stalk on

Maximilian sunflower, a perennial

native to prairie, increased

again in the latest three-year
cycle of selection begun in 2002 by Land
Institute researcher David Van Tassel.
Even considering the limitations of his
comparison - populations of different sizes
and genetic structure, grown in different
locations and years, and with different
spacing and harvesting methods - Van
Tassel said progress is clear. Measurement
showed that single-seed weight since the
program’s start is up 50 percent, and seed
weight per stalk has roughly doubled each
cycle. Seed weight harvested per ground
area has quadrupled. In early years the
average seed per stalk was dragged down
by most plants yielding poorly. Now more
stalks yield nearer the middle of the range
and make a flatter curve.

In 2007, Van Tassel found a plant
growing stalks with a single head, like a
commercial sunflower. Wild Maximilian
branches profusely. With breeding from this
anomaly seed size has increased, presumably
because of the bigger heads that come with
fewer branches. The total seed weight
per stalk in these plants is lower than in
Van Tassel’s improved, normal-branching
populations, but he hedges his bets by
taking more than one path. Single-head
stalks initially suffered greater sterility.

But there were enough plants of decent
fertility to pick from, so by 2011 sterility fell,
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and some per head yields broke records in
Van Tassel’s books. Yield of annual crop
sunflower remains several times higher, but
the gap narrows.

This year Van Tassel is adding to his
tools statistical method being refined by
Lee DeHaan, The Land Institute’s developer
of intermediate wheatgrass, another wild
perennial. Wheat breeder Shuwen Wang is
showing both of his fellow researchers how
to speed selection by reading their plants’
chromosomes.

PRESENTATIONS

The December issue of Scientific American
magazine devoted a page to perennial grains
in a collection called “10 World Changing
Ideas.” In the cover story of the October 20
science magazine Nature, use of perennial
grains is among tactics offered to meet

the world’s growing food demand while
avoiding further degradation of land by
agriculture. The analysis, “Solutions for a
Cultivated Planet,” is by a dozen scientists
from North America and Europe. Land
Institute staff members spoke in Texas,
New York, Colorado, Indiana, California,
Georgia, and Iowa. Upcoming events: May
11, Claremont, California. May 19, Deerfield,
Mlinois. June 11-13, Fayetteville, Arkansas.
August 8, Winnipeg, Manitoba. September
13-14, Lisle, Illinois. The Land Institute will
present its annual Prairie Festival September
28-30. For more, call 785-823-5376 or see
Calendar at www.landinstitute.org.
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& Terry Baldwin * Greta Bernatz - Chris & Mary Bieker - Donald Blair - Charles & Dianne Boardman - Sheryl Breen * D. Gordon Brown & Charlene
Irvin-Brown - Robert Brown * E. Charles Brummer + Will Brunner - Bernard & Cynthia Buchholz - John & Eleanor Butler - Margaret & Edmund
Campion - Janeine Cardin & David Ritter - Jim & Carressa Carlstedt - Meri Carlstedt - James & Marianne Cassidy + Lorna & D. Caulkins - Cedar
Valley Honey Farms - Benjamin Champion - Kenneth Cramer - Timothy & Sarah Crews - Steven Culman - Alice Jo & Stanley DeFries - Shawn Dehner
& Jamie Purnell-Dehner - B. Marion & Joan Den Hartog - Al & Mary DeSena - Fred & Arlene Dolgon - Nathanael & Marnie Dresser - Blythe Dyson &
Hannah Arps - Jean Emmons - James Erickson - Terry & Sam Evans - Eric Farnsworth - Rebecca Ferrell & Michael Golec - Andy & Betsy Finfrock

Don & Mary Anne Flournoy - John & Julie Franson - Jim & Annabel Fredrickson - Steven Freilich & Daphne Greenberg - Jared & Cindi Gellert - Mary
& Timothy Goldsmith - Nils Gore & Shannon Criss * Howdy Goudey - Elizabeth Granberg - Daniel & Norma Green - Barbara Greenewalt + Shirley
Griffin - Philip & Patricia Hahn - Patricia Hansen - Patricia Harryman-Buschbom - John Hart & Jane Morell-Hart - Karen Harvey - David Haskell &
Sarah Vance - David Heckel - Bernt & Suzie Helgaas - Bjorn & Leanne Helgaas - James Henson - Bette Hileman - Thor Hinckley & Alison Wiley - David
Hodges - David Hoff - Troy Hollar - John & Gloria Hood - Shae Hoschek - Mark & Linda Howard - Gary & Michele Howland - Andrew Hryniewicz
Liz Huffman - Jon & Audrey Hunstock - Lee Hunter - Wes & Joan Jackson - Jean-Luc Jannink - Dorcie Jasperse - Christopher & Rita Jensen - Eric
Johnson & Michele Roesch-Johnson * Guy Johnson - Max & Helen Johnston * Jimmy Jones - Todd Juengling - Michael & Shawna Lea Karl - Robert

& Judith Kelly - Bruce Kendall - Lincoln Kern - Ingrid Kirst - Keith & Amanda Kisselle - Leslie Kitchens * Raymond & Marianne Kluever - Walter &
Barbara Koop - Mark & Jean Kozubowski - Mildred Krebs - Keith Krieger - Adam & Aubrey Krug - Tom Larson - Marietta & Alden Leatherman
Benedict & Anne LeFort - David Leitch - Frances Schneider Liau - Janice Lilly & Cary Buzzelli - Mark Lindquist & Kristine Schlangen-Lindquist
Jonne Long - Kenneth & Sherri Louis * Sandra Lubarsky & Marcus Ford - Heather Luna - Michelle Mack & Edward Schuur - Kathleen Maddux
Gordon & Margaret Mallett - Grant Mallett & Nancy Tilson-Mallett - Rosette & Michael Malone - Joanne Marsh - David Martin - Helen Martin
Thomas & Nina Mastick - Karin McAdams * R. Michael & Debra Medley - Tom & Anne Melia + Sara Michl - Howard Mielke - Bart Miller & Lisa
Seaman - Robin Mittenthal - Suzanne Mittenthal - Bonny Moellenbrock & Michael Lowry - Jeanne Moore - James Morgan & Teresa Maurer - Philip &
Lona Morse - Margaret Moulton + Dave Murphy & Lisa Stokke - Karen Nease - William & Dorothy Nelligan - Stanley & Ann Nelson - Paul Neukirch
Wendell Nickell - Richard & Elizabeth Norton - Zachary Nowak - Thomas & Nancy O’Brien - Julia Olmstead - Richard & Christine Ouren - Jerry &
Carole Packard ‘- Harold & Dorothy Parman - Gregory Parsons & Dorothy Johnson - Steven & Carolyn Paulding - C. Diane Percival - Joan Peterkin
Loretta Pickerell - Allen & Charlotte Pinkall - Robert & Karen Pinkall - John & Lee Pitman - Paul Post & Kay Kelly * Jerry Quance & Marcia Hall

J. Patrick & Judith Quinlan - Thomas Rauch & Joyce Borgerding - Paul Regier - Richard & Joyce Reinke - Kenneth Rich - Jeannine Richards - David

& Jane Richardson - James Rose + Wolfgang Rougle - Brandon Rutter - Donald Sanderson - Claire Schosser - Kash & Anna Schriefer - Peter & Helen
Schulze - Tracy Seeley - Suzanne Shafer - Frank Shaw & Alison Kay - William & Cynthia Sheldon - Bob & Doris Sherrick - Susan Sievers - Harold &
Frances Smith - James & Katherine Smith - Lea Smith - Ronald & Marcia Smith - Amanda Stewart & William Smith - Eric Stewart - George & M.
Rosannah Stone - Bianca Storlazzi - Gail Stratton - Persis Suddeth - Gerald & Sandra Swafford - Toby Symington - Termini Associates - David & Meg
Thompson * Ruth Anna Thurston - David Toner - Michael Totten - Valerie & Roger Vetter - John & Bette Sue Wachholz - Carol & William Walker
Kenneth & Dorothy Weaber - Robert & Judith Weeden - David & Barbara Wilson - Kathleen Wold - William & Sandra Woods - E. Parker Worley
David & Rita Wristen * Donna Wygle - Debra Young - John & Jane Young - David Zimmermann & Emily Marriott

MEMORIALS

Dr. & Mrs. Merle Alexander, from Dr. Jane W. Gibson & James Carpenter - Chris Bedford, from George & Anne Bird - Lela Barritt Bentley, from
Kimberly W. Bentley - Muni Blitz, from Tom Daly & Jude Blitz - Joan Dolan, from Lawrence L. Dolan Jr. - Strachan Donnelley, from Gaylord & Dorothy
Donnelley Foundation - Joan G. Ehrenfeld, from David Ehrenfeld - Richard A. Ferrell, from Miriam L. Ferrell - Todd Francis, from Charles & Barbara
Francis - Maynard Heckel, from David Heckel - John Heider, from donna luckey - Francis Hole, from Mary Lee Plumb-Mentjes - Dr. Walter W. Isle,
from Catherine A. Korda & Pamela Walker - Charles W. Marsh, from Wayne & Claudia Smith - Ephraim Perry, from Dave Perry - Trish Opheen
Redmond, from Vicki & Rodney Rosenau - Phyllis Ridling, from Curtis Ridling - Chief Seattle, from Jeffrey Weih - Dr. & Mrs. Ben W. Smith, from
Marcia Mayo
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IN HONOR

Kirk & Peg Barrett, from Brad & Mary Barrett - Warren & Karen Bird, from David & Linda Zahrt - Roger F. Blessing, from William R. Blessing
Robert & Shirley Bodmer, from Andy & Betsy Finfrock + Anne Simpson Byrne, from Jay & Carolyn Simpson - Carrie Carpenter, from Dave & Rita
Wristen * Mike Clarke, from Steven Clarke - Michael Clarke, from Kate & Pop - Dr. Matthew H. Cordes, from Eugene Cordes * Nath Dresser, from
Dorothy Bullock * Pam & Arley Fadness, from Dan & Ana Gudahl - Jamie & Judy Frazier, from Aaron Frazier - Sarah Heyborne, from Dr. Kent
Heyborne - Pat Hoerth, from Ann McFerron - Susan Horwitz and Tom Reps, from Amy Horwitz - Joan Jackson, from Patty Melander - Wes Jackson,
from Ann B. Simpson - Wes Jackson and Wendell Berry, from Mr. & Mrs. G. Trenholm Walker - Patti Johnson, from Dave & Rita Wristen - Martin
Kimm, from Michael & Sue Lubbers - Krysia Kustra, from Kristen Crone - Mr. & Mrs. John Langknecht, from Jim Langknecht - Natalie Lounsbury,
from Dr. Raymond R. Weil - Ivy Marsh, from Wayne & Claudia Smith - Alice Mease, from Matthew Dahlhausen - Costa, Lia and Alma, from Grandma
Mittenthal - Dave Murphy, and Ethan, Lydia, Gabriel & Sam Stokke, from Lisa Stokke + Matt Peters & Sacha Pealer, from Lynn M. Peters - Sisters of
St. Joseph - Concordia, from Sister Esther Pineda - Paula S. Tompkins, from Edward D. Lalor - Charles L. Townsend, from Dr. Patricia Townsend
Matthew Van Dyke, from Nancy Van Dyke - Lily Walton, from Gramma & Bump - Ken Warren, from Gregory Ainslie and Patty Melander - David
Wheaton, from Kathleen Fisher - Darlene Wolf, from Dave & Rita Wristen - David Wristen, from Craig & Elizabeth Wakeman

GIFTS

These friends made donations during October through December.

Constance Achterberg - Paul & Jennifer Adams - Arllys & Lorado Adelmann - Adler Schermer Foundation - Adoption Law LLC - Steven Aftergood
Marian Aikman - Gregory Ainslie - Emily Akins & Sergio Moreno-Denton + Deidre & Cameron Allen - James Allen - James Allen & Judy Cumbee - Al’s
OverHead Door Service Inc. - Robert & Sally Ambrose - Jonathan Andelson - Frank & Jeanette Anderson - Sam & Beckie Anderson - Ray C. Anderson
Foundation Inc. - Anonymous - Robert Antonio - Kenneth & Katie Armitage - Edwin & Marilyn Armstrong - Karl Arne - Thomas Arneson + Arrow
Printing Co. - Stefanie Aschmann - Robert & Jacqueline Ash - Assure Crop - Denise Attwood & James R. Conner - Wayne & Joyce Attwood - Richard &
Denise Backus - Bruce Bacon - Catherine Badgley & Gerald Smith - Fred & Elizabeth Bahnson - Victor & Kathryn Bailey - Julene Bair - David & Karen
Baker - Gail Baker - Marian Bakken - Matthew & Erica Bakker - John & Agnes Baldetti - William & Caroline Baldwin - Dorlan Bales & Kathryn
Damiano - Jack Barbash - Kathryn Barker - Mark Barnett & Katherine Gergen-Barnett - Robert & Charlotte Baron - Bradley & Mary Barrett - Tom
Barrett - Steven Barry - Connie Battaile - Wendy Bayer-Divine - Mark & Marilyn Beaver * Janice Becker & David Shaw - Robert Beers & Danicia
Ambron - George Beggs * Leroy & Marla Beikman - Charles Benscheidt - Kimberly Bentley - Kirk & Debra Benton + Nicholas & Lori Berezovsky - Beth
& Charles Berg * Bill Berg - Edward Berg - Don & Helen Berheim - Morgan Beryl - John Bevan - Nancy Bevin - David & Patricia Bezdicek - James & Peg
Billick - George & Marie Anne Bird - Paul Birdsall - Richard Bjorklund - Alan Black - Keith & Mary Blackmore - Aaron & June Blair - Steven & Jane
Blair - William & Anne Blessing - Peter & Eleanor Blitzer - Dorothy Bloom - Charles & Dianne Boardman - Robert & Margaret Boatz - William Bocock
Mark, Ellen, Lily, & Nick Bohlke - Robert Boling - Steven Borgelt - Gregory Boris & Joan Reddy * John & Rosanne Bornholdt - Bruno Borsari & Julie
Chiasson - Patrick & Ann Bosold - William & Ruth Botzow - James Boyce & Elizabeth Hartman - Roger & Jan Boyd - Charles & Ann Bradford
Marjorie Bradrick - Dennis & Jean Bramble - Elizabeth Bramhall - James & Tina Bratt - Russell & Patricia Brehm - Jay & Sara Bremyer - John & Regina
Brennan - Devon Brewer - Pete Briggs - Ronald & Judith Britt - David Brittenham & Carolyn Summers - Robert & Adrienne Brizee - H. Keith & Brenda
Brodie - Elizabeth Broun - J. Christopher Brown & Denise Perpich - Joseph Brown - Michael Brown - Owen Brown - Brown Brothers Farming - Sarah
Brunmeier - John Buchanan * Rex Buchanan - Betty Buckingham - Matthew Buechner - Betsy Builta - Everett & Dorothy Ann Bullock - Bruce & Jeanie
Bundy Fund of the Greater Kansas City Community Foundation + David Burris & Meredith McGrath - Jerry Busch - Peter & Toshiko Busch * Samuel
Butler - Wayne & Anne Byrd - Patrick Byrne & Linda Brown-Byrne - Jane Byrnes - Jaechyun Byun & Margaret Sawyer + C. M. Hendrycks Apiaries
CROPP Cooperative Inc. * John Cain - J. Baird Callicott - Andrew Cameron - Matthias & Barbara Campbell - David & Bonnie Carlson * Suzanne &
Stephen Carlson - John & Diana Carroll - Michael & Marcia Cassidy - Michel Cavigelli & Martha Tomecek - CCS Fund - Topeka Community
Foundation - Thomas & Sandra Champion - Margaret Gay Chanler - Anthony & Daphne Chapin - Elizabeth & Nathaniel Chapin - Roland & Jacqueline
Chapman - George & Marilynn Chlebak - Marshall Chrostowski - Michael & Jean Churchman - Andrew Clark & Barbara Andersen - Elizabeth Clark
John Clarke - Steven Clarke - Roland Clement - David Cloutier - Enid & C. Lewis Cocke - Collins Family Foundation - Common Ground Farms LLC
George Comstock & Anne Hillman - Kerri Conan - Yvonne Condell - Wallace & Nancy Condon - Bruce & Marti Connors - Francis Conroy & Linda
Hayes - John & Sally Conway - Paul & Lois Conway - Maren Cooke & Neil Donahue - Barbara Cooper * Doris Coppock - Eugene Cordes - Barbara
Coughlin & John Fallon - Phillip Cox - Edith Cresmer - Henry Crew - John & Vera Cromwell - Kristen Crone - Harriett Crosby - Maren Curtis - Seth
Dabney & Deborah Chessin - Larry Daggett - Derek Dahlen - Matthew Dahlhausen - Orren Dale & Rita Kunkel - Tom Daly & Jude Blitz - Mary Damm
Joan & Richard Darrow - Boyd & Jonell Davies - Ellen Davis * Evelyn Davis + Lawrence & Linda Davis - Steven & Mary Davis - Thomas & Wenda Davis
Jordan & Gail Dawn - Peter & Lois Day - Mark & Georgia De Araujo - Roger & Dorothy DeHaan - Sandy & Darrell Dedrick - Susan Delattre - Dennis &
Ruth Demmel - Suzanne DeMuth - Guy Denny - Erik Denzer & Hannah Field - Gerald Depew & Dorothy Lamberti - Mari & Ed Detrixhe - The Charles
DeVlieg Foundation - Consuelo Diaz - Martha Dickinson - M. Cassandra Dickson & Christopher Larson - Rebecca Dickson - Lori & Tim Diebel
Margaret Dietrich - Kara Diffey - Steven Dinneen & Jennifer Ball - Sandra DiSante & Mark Stoppel - John & Deborah Divine - Jan & Deborah Dizard

R. Edward & Carol Dodge - Otto & Barbara Doering - Lawrence Dolan - Mary Dolan - William & Pat Dorman - Samir Doshi - Double ] Farms Inc.
Gordon & Jane Douglass * Mark Doyle - Franklin & Kate Draper * Harold & Jill Draper - Alan Drengson & Victoria Stevens - Rhonni DuBose & Phil
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Perry - Myrl Duncan * Donald Dunhaupt & Patti Hackney - Gail Dunlap - James Ryan Dunn - David Durand + Naomi & Dirk Durant - Christine Dye
Robert Edmiston - Terry & Susan Egnor - Thomas & Susan Egolf - David Ehrenfeld - Chris & Carol Eisenbeis - Michael & Donna Eisenstat - William &
Helen Elkins * Eldon & Susan Elmore * Ken & Pat Embers - Mary Emeny - Douglas & Catherine Engstrom - Kristi Ennis - Hilda Enoch - Philip Enquist
& Joanna Karatzas - Emanuel Epstein - Larry & Laurel Erickson - The Esperance Family Foundation Inc. - Claryce Evans - Wendy & Christopher Evans
Michael Ewanciw - John & Katherine Ewel - Margaret & S. A. Ewing - David & Patricia Fancher + The Fanwood Foundation/West - J. Michael Fatkin
Daphne Fautin & Robert Buddemeier - Pauline & Norman Fellows - Miriam Ferrell - John Fichtner - Andy & Betsy Finfrock - Kathleen Fisher - Tom
Fitton - Douglas & Barbara Flack - Laurence Flood Foundation - The Flora Family Foundation - Enell Foerster - Leslie Foote - Jane & Michael Fopeano
Victoria Fox - Carol & James Fox Schott - Foxwhelp Fund of the Tides Foundation - Robert & Jean Fraga - Charles & Barbara Francis - Franklin
Conklin Foundation - Barbara Frase - Aaron Frazier - Leif & Rebecca Freeman - John French - C. Dean & Elsie Freudenberger - Charles Frickey

Harvey & SuEllen Fried - SuEllen & Harvey Fried Family Fund of the Greater Kansas City Community Foundation - Harah Frost - Phillip Fry & Peggy
Miles - Thomas & Polly Fry - Richard Fyffe & Ida Casey - Brenda Gadd - Timothy & Sherry Gaines - Joshua Garrett-Davis - Lydia Garvey - Janice
Gaston - Gaubatz Family Fund of Fidelity Charitable - Jane Gauss - George & Mavis Gehant - Joseph & Janette Gelroth - John Gerber - Kendall &
Karen Gerdes - The Gessert Family Charitable Fund of the Vanguard Charitable Endowment Program - Elisabeth Gibans - Jane Gibson & James
Carpenter * Julia Gibson + Mark Giese - Gladys Gifford & Alvin Schuster - Mark & Pat Gilbertson - Jack & Kim Gillam - Charles Giller & Jenny
Sorensen * Gerald & Mineko Gillespie - Susan Gillies - Nathan Gingerich - Ruth Glaze - Randall & Mary Gloege - Michael & Karma Glos - John &
Kathryn Glovack - Jennifer, Gary, Caleb & Gabe Goldstein - Susan Gonzalez - James & Margaret Good - George & Suzanne Gordon - David Gorsline
Bob Grant - Kevin & Mary Gratton * John & Margery Graves * John Gray & Mary Jo Wade - William & Mary Gresham - Roy & Marilyn Gridley
Charles & Linda Griffin - Charles & Patricia Grimwood - Thomas Grissom - Marion Griswold - Jonathan & Lois Grothe - Dean & Betty Groves - Daniel
& Ana Gudahl - Wendell & Nancy Gugler - Phyllis Gunn - Kim Gyr - Marian Gyr - Aimee Haag - Paula Haas - Susan Haas - Chalmers Hall - Paula & Van
Hall - Thomas Halton - Naftali Hanau - Joyce Hanes - Gary Harbin - Laurel Harbour - Nathan Harder - Karen Harris - Gail Harshaw - Eric Hart - Bert &
Dawn Haverkate-Ens - Palmer & Lydia Haynes - Daniel & Peggy Hebert - Steffen & Janet Helgaas - Jeffrey Helkenn - James Hemby - Robert Herendeen
Marie Hernandez - Kent Heyborne - Jared Hiatt - Eleanor & Kenneth Hiebert - Deborah Hill - J. David Hill & Martha Cooper - John Hill - Stephen &
Marcia Hill - Joe & Virginia Hillers - Clinton & Nancy Hinman - Melissa Hochstetler - Joseph & Pamela Hodges - Pat Hoerth - Amy Hoffman - Elizabeth
Hoffman - Joyce Hofman - Katherine Hoggard - Robert & Lynne Holt - John & Deanna Homer - James Hormel - Amy Horwitz - Hospira - Gregory
Hostetler  Keim & Sylvia Houser - James & Catherine Hoy - Jerold & Bonnie Hubbard - Lewis Humphreys Charitable Trust - Deborah Hunsberger

n the time when Dendid created all things,

He created the sun,
And the sun is born, and dies, and comes again;

He created the moon,
And the moon is born, and dies, and comes again;

He created the stars,
And the stars are born, and die, and come again;

He created man,
And man dies, and never comes again.

- Old song of the Dinka people in Sudan,

as presented in “The Unwritten Song,”
edited by Willard Trask
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Linda & Terry Hurst - Logan Hurst & Nancy Reynolds - Michael & Mary Huston - Bass Hyatt - Roger Innes - C. J. Iremonger & C. C. Van Schaik - J. H.
& Franchon Jackson - Judith Jaffe - Paul & Elaine Jantzen - Mitchell Japp - Charles & Melanie Jenney - Charles & Gerry Jennings - Chris & Sheral
Jensen - Jon Jensen & Rachel Sandhorst - Harry & Ann Jett Donor Advised Fund of the Greater Salina Community Foundation * Duane Johnson - Larry
& Pamela Johnson - Leigh Johnson - Marlin Johnson - Raymond & Lola Johnson through the Schwab Charitable Fund - Ileana & Kimball Jones - W.
Paul Jones - James & Aidan Jordan - Lucy Jordan - Charles & Sally Jorgensen - Walter & Mary Ann Jost - Justice & Peace Center - Suparna & Sameer
Kadam - Patrick Kangas - J. M. Kaplan Fund Inc. - Klaus Karbaumer - Timothy & Virginia Kasser - Maynard Kaufman & Barbara Geisler - Tim & Sharon
Keane - Jim & Sue Keating - John & Barbara Kellogg - R. Crosby Kemper - Sally Kendall - E. Dale Kennedy & Douglas White - Edwin Kessler - Stephan
& Dawn Kettler - Thomas & Lorna Kilian - Kate Kilmurray & Richard Sopp - Folly King - Joseph & Lucille King - Pamela Kingsbury - Matthew Kirby
Kirchhoff Farms & Jane Kirchhoff - B. Kirkham - James Kirkland - Frederick Kirschenmann & Carolyn Raffensperger -+ Kenneth & Marlena Kirton -
Susan & John Kissinger - John Kleinwachter - Jay Klemme & Anne Wilson - Bruce & Kay Kline * Jeffrey & Susan Knight - Ulrich Koester & Beth Kautz
Keith & Elizabeth Kohnen - Donald & Marianne Koke - Theodore Kooser & Kathleen Rutledge - Kathleen Koplik - James Koplin - Jill Korbelik
Catherine Korda - Gayle Kosh & Howard Kosh-Redekopp - Mark Kossler - Cleo Kottwitz & Judy Parsons - Christopher Kowal - Mary Kowalski
Bradley Kramer - Stephen Krebs - Connie Kreider - Margo Kren - Ralph & D. Anne Kresin - U. Beate & Douglas Krinke - Wesley & Elaine Kroeker
Ronald Kroese & Kimberly Colburn - David & Roberta Kromm - Stanley & Lois Kruschwitz - Nelda Kubat - Annie Kuether - Gregg & Gretchen
Kumlien - Katharine Kunst & Katherine Fulton * Don & Imogene Kurre - David & Carol Kyner - Gretchen La Budde & Michael Whaley - H. Lawrence
Lack & Lee Ann Ward - Charlotte Lackey & Donald Barnett - Brent & Elizabeth Ladd - Lakeside Corp. - Edward Lalor & Paula Tompkins - Sylvia
Lambert - Paul & Pamela Lander - Michael & Jane Landers * Daniel & Judi Lane - Jim Lang - David & Kathy Larson - Loren & Elizabeth Larson
Laughing Stock Farm - Louis & Ann Laux - Jeannine Laverty - Peter Leach - Eleanor Leeper - Russell & Paula Leffel - Leighty Foundation - Laura
Lesniewski - Nancy & David Levi - David & Patrice Lewerenz - Linda Lewis - Louise & William Lidicker - Marie Lies - Earl Liggett & J. Arleta Rhudy-
Liggett * Leslie Lihou - Nancy Lindbloom * Edwin & Susanne Lindgren - Joseph & Beatrix Lindquist * Jerry Lineback - Paul & Carol Lingenfelter
Donald & Nancy Link - Bruce & Rochelle Lipschultz - Beth Little - Carolyn Litwin - Jennifer Loehlin - Robert & Rachel Loersch - Paul & Jeanine Lovell
Betty Lovett - Marjorie Loyd + Anne Lubbers - Michael Lubbers - donna luckey - Robert Lucore & Nora Carroll - T. Cartter Lupton * Lutin Curlee
Family Partnership Ltd. - J. Elizabeth & Ryan Maas - Jeffery & Kay MacDonald - Peter M. & Barbara A Macdonald Charitable Foundation - Sally Mahé
Charles Maier - Judith Major - John Malone - Charles Manlove - Clay Marcusen - Philip Margolis - Kevin Markey & Candice Miller - Sharon Markham
& Pat Timmons - Larry & Barbara Marshall - The Marshall Family Foundation Inc. - John Martin - Nancy Ambers & George Massar - Ernest & Kathy
Massoth + William J. Matousek Fund of Fidelity Charitable - Carey & Steven Maynard-Moody - Marcia & Michael Mayo * Gary McBee - Jeanette
McBride - Mary McCall - Clinton & Cyndia McClanahan - Fred McColly - Susanne & Thomas McConville - Karen McCulloh - Harry & Charlotte
McDonald - Ann McFerron - Jocelyne & Casey McGeever - Deborah McKinley & Robert Nelson - David McMillen - Myron McNown - Susan McRory
& John Middleton - James & Diana McWilliams - Jeffrey & Yvonne Meessmann - Hollis Mehl - Roger Meitl - Patricia Melander - Joel Melgren - Tom &
Anne Melia - Margaret Mellon - Manfred & Susan Menking - Merck Partnership for Giving - Thomas & Mary Mertz - Anne & Norman Meyer - Karl
Meyer - Ronald & Katherine Meyer - William & Nancy Michener - Kathy & Preston Miles - Elizabeth Miller - Jonathan Miller - Kim & Dianne Miller
Ross & Nancy Miller - Mark L. & Julie Sager Miller Fund of the Greater Salina Community Foundation - James & Sarah Minick - Gael & Ty Minton
Richard Mitchell - Suzanne Mittenthal - Dennis & Beverly Mohler - Robert & Susan Mohler - Jeffrey Moline & Kristin Groth - Michael Moon - Donald
& Ann Morehead - Jerome Morgan - Minor Morgan & Sylvia Alvarez - Kenneth & Faye Morley - Harold & Lucille Morowitz - David & Susan Morris
Donna & Richard Mowry - Diane & Robert Muelleman - James & Shelah Mueth - Tom Mundahl - Alison & Martin Murie - Cornelia & Robert Mutel
Jo Ann Myers - Koji & Susan Nakao - Thomas Neet * Joseph Neumann © New Priorities Foundation - Richard & Shirley Newsome * Thomas & Jane
Newton - Shirley Ney - J. Clyde & Martha Nichols - Mike Nichols - Galen & Rudene Niedenthal - Richard & Patricia Nienow - Sara Nienow & Nathan
Snodgrass - Trix Niernberger & Bill Preston - Dale & Sonya Nimrod - Bruce & Amy Noble - Scott Noble - Jorge & Patricia Nobo * Douglas Nopar &
JoAnn Thomas - Jayne & David Norlin - Karl & Jane North - Rita Norton - Janet & John Nybakke - David & Jeanne Ode - Lawrence Olsen - Debra
O’Quinn - Marian O’Reilly & Stephen Lockwood - The & Robert Osborne Osborne & Scekic Family Foundation - Lee Overton - Owen Owens + W.
Dean & Doris Owens * Arthur & Debra Ozias - Marian Page - George & Judy Paley - Abraham Palmer & Julie Decamp-Palmer - Stan & Jeanne Pangrac
Lisa Pasqualone - Kristina Pastoriza & David Goodwin - Lowell Paul - Louise & Belden Paulson - Melissa Payne & Christian Fellner - Richard Peckham
& Maureen Nowlan - Alicia Peden - Zachary & Laura Peek - Penn State University-Paterno Library - Gregory Penniston - Jerry & Terese Perkins

David Perry - Mary Ruth - Petefish Charitable Lead Trust * Ken Peters * Paul & Karla Peters - Carol & Brian Petersen + Anna Peterson & Manuel
Vasquez - John & Merle Peterson - Peter & Rita Peterson - Leroy Philippi - Jennifer Phillips - Rachel Phillips - Walter & Karen Phillips - Rebecca Picton
John & Tari Piskac - Dwight & LaVonne Platt - The Pleiades Foundation - Mary Lee Plumb-Mentjes & Conrad Mentjes - Frank & Deborah Popper
Portland General Electric - George & Alice Potts - Nora Pouillon - Kathy Powell & Stephen Griswold - Prairie Moon Nursery Inc. - Mary Purd

Merrill & Beulah Raber - Joan Ratzlaff - Neal Ratzlaff - William Rau & Susan Roche - Robert Raymond - Donald & Kathy Reck - Arthur Redmond
Michael & Susan Reed - Don & Barbara Reeves - Raymond & Gladys Regier - Douglas & Judi Reid - J. Miles & Rosanne - Reiter Family Foundation - E.
J. Remson - Stephen Renich & Cheryl Umphrey - Jamie & Catherine Renshaw - Daniel Rice - David Rich - Mabel Richardson - Margaret & John Richey
Keith & Beth Richtman - Curtis Ridling - Wilma & Richard Righter - Scott & Teresa Robeson - Betty Jane & Warren Robinson - Ellen Rocco - Eugene
Rodriguez & Eva Mesmer - Rex & Carol Romeiser - Philip & Joanne Roudebush - Aimee Rowe - William & Jane Roy - Christopher & Rochelle Ryan
Patricia Ryan - San Isidro Permaculture Inc. - Mark Sanderson - Peter Sandstrom * Wayne & Lou Ann Sangster - James & Helen Sauer - Eugene Savage
David Sawyer - Robert & Hutha Sayre - Thomas & Mary Scanlan - Jeff & Celia Schahczenski - James & Louise Schatz - Richard & Dorothy Scherer
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Barbara & Melvin Schlachter - Dennis & Linda Schlicht - Joel Schmidt & Amanda Raetzman - Tom Schmiedeler - Carol Schmitt & W. Propst - B. John
Schole - Steven & Janie Schomberg - Duane Schrag & Robin Black - Steven & Dawn Schuette - Elizabeth Schultz - John & Ann Schuster - A. J. & Jane
Schwartz - Amy Schwartz - Serena Schwartz-Larson - Katherine Scott - Virginia Seaver - Lynette Seigley * Scott Seirer - Chris Seitz - Suzanne Shafer
Michael Shannon - Stuart & Diane Sharp - Stephen & Jeannette Shawl - Michael & Janet Shay - Gerald Shechter - Lynn Sheldon & Daniel Hudnut - Jim
& Sara Shelton - Eric Sheppard - Bob Siemens - Robert & Bonita Siemens - Anne Silver - Ann Simpson - John & Carolyn Simpson - William & Janice
Simpson - E. Crichton & Martha Singleton - Lee & Minoko Skabelund - Donald & Elvera Skokan - Kay Slade - Benjamin & Susan Slote - William &
Carol Smallwood - Dennis & Peggy Smart - Boyd & Heather Smith - . George & Terry Smith - Mark & Sara Smith - Michael Smith - Vanessa Smith
Wayne & Claudia Smith - Lowell Smithson - David Smoot - Amanda Smyth - Richard & Mary Smythe - Morrie & Sydney Soderberg - Mike Soetaert &
Melanie Terrill - Seymour & Sara Sohmer - Larry Soll & Nancy Maron - Sidney Sondergard - Martin Sonnet * SOR Inc. - Southwest Georgia Technical
College - John & Jan Spaccarelli - Marianne Spitzform - Cindy Squire & Neal Meyer - Robert Staffanson - Gordon & Frances Stallings - Sylvia &
Donald Stanat - Catherine Statz & Thomas Pamperin - David & Claudia Steckel - Robert & Lyda Steiert - Cletus Stein * Duncan Stewart - Eric
Stiegman - Ann Stillman - Paul Stolen & Deborah Amazi - Victor Stoliarchuk - Geoffrey Stone - Tony & Patricia Stoneburner - Howard & Margaret
Stoner - Pete Stover & Heather Entrekin - Muriel Strand - Laura & Neal Straus - E. Malcolm Strom - Brad Stuewe & Paula Fried - Virginia Stuhr
Donald & Laura Stull - G. M. Stunkel - Brian & Jonita Suderman * Timothy & Karen Sullivan - Nolan & Monica Sump * Robert & Mary Super * Joshua
& Kimberly Svaty - Edward & Janice Swab - Christopher Sweeney - Lisa Symons - Stewart Taffe - Kelly & Angela Tagtow * James & Betty Taylor - Alan
& Bonnie Templeton - Joan tenHorr - Ruth Terrill - Gene & Patricia Thomas + Edward & Jacquelyn Thompson - Tom & Mary Thompson - John &
Linda Thornton - Geneva & Henry Tilbury - Frank & Judy Toman - Tompkins-Imhoff Fund of the Marin Community Foundation - Richard & Marney
Toole - Douglas Towne - Patricia Townsend - Sarah Trulove & James Woelfel - Mary Tucker & John Grim - Carol Tunell & Mark Crawford - Cork &
Ella Umphrey - United Natural Foods Inc. - University of Kansas Watson Library * Ellie Unruh - Marjorie & Lynn Van Buren - Peter & Elizabeth Van de
Water - Nancy Van Dyke - John & Sally van Schaick Fund of Fidelity Charitable - Gregory Vanderbilt - Elizabeth & William Vandercook - Donald &
Joan Veldkamp - The Vervane Foundation * Gary & Donna Via - Vicki Voldal-Rosenau & Rodney Rosenau - Curt & Sue Volkmann - Craig Volland
Thomas von Geldern & Cynthia Skrukrud - Ronald & Nancy Vos - David Wadsworth & Heidi Betz - Leigh Wagner - David Wagoner & Arwen
Donahue - Craig & Elizabeth Wakeman - David Waldie - G. Trenholm & Susan Walker - Pamela Walker - Patricia & Samuel Walker - Raymond &
Floriene Walker - Tom Wallace - William & Nancy Wallace - Wallace Genetic Foundation Inc. - Robert Wallis - Christel & Manfred Walter - Richard
& Susan Walton - Louise Warner & Clyde Gosnell - Thomas Warner - Ken Warren & Nina Ainslie - Brian Wass * C. Edwin Waters * Jim Weaver
Mark Weaver - Carl & Virginia Webb - Leonard & Margaret Weber - Robert & Patricia Weber - Wallace Weber - Thomas & Deborah Weicht - Paul
Weidhaas & Madonna Stallmann - Jeffrey Weih - Raymond Weil - Ruth Welti - Robert & Kim Wemer - Wiley & De Vera Wenger - Dennis & Georgina
Werner - Steven Wernicki - Todd & Sara Wetzel - Valerie Wheeler & Peter Esainko - James White & Martha Liston - Sandra & David Whitmore
Wichita Falls Area Community Foundation - Hirschi Donor Advised Fund - Carolyn Wilhelm - Brook & Emily Wilke - Roslyn Willett - Phillip
Wilmore - Dorothy Wilson - Holly Wirth - Peter Wirth & Ann Fisher-Wirth - Jean Withrow & James Haggerty - Anthony Wolk & Lindy Delf - George
& Katharine Woodwell - Wooster Book Company - Work Family Estate Trust * Donald & Beverley Worster - Richard & Sherrill Worthen - David &
Rita Wristen - Thomas & Karen Wuest - Yavanna Foundation - Arthur & Linda Youngman - Louise & James Zaffiro - David & Linda Zahrt - William &
Dorothy Zales - Robert Zimdahl - Karl Zimmerer & Medora Ebersole - Ann Zimmerman & Dexter Eggers - David & Ann Zimrin + Anne Zinsser
Jeanmarie Zirger - Richard Zundel - Uko & Jane Zylstra

THE WRITERS AND ARTISTS

Jason Buchheim is a marine biologist and is a technology and science journalist and
inventor specializing in 3-D stereographic amateur photographer. A native of the
panoramas. He leads Odyssey Expeditions, United Kingdom, Simonite now lives in San
which sails out of St. Lucia, in the Francisco, where he says the light better
Caribbean. Teen-agers learn sailing, scuba favors photography. Wes Jackson and Stan
diving, and marine biology. More of his Cox are scientists at The Land Institute.
pictures can be seen at stereopan.com. Ron Tim Crews is a longtime Land Institute
Schott is a geologist who taught at Fort Hays collaborator who teaches at Prescott College
State University in Kansas. Tom Simonite in Arizona.
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If the date on your label is before 7-1-11, this
is your last issue. Please renew your support.

I WANT TO BE A PERENNIAL FRIEND OF THE LAND

Here is my tax-deductible gift to support Land Institute programs

Please print

Name

Address

City State ZIP code

I authorize The Land Institute each month to

O Transfer from my checking account (enclose a check for the first monthly payment)

0O Charge my credit or debit card

Os125 Os$75 O$55 Os15 Os5 OOther:s Deduct on 0O5th of month O 20th of month
Monthly giving: We will transfer your gift on the date you select, until you decide otherwise. You can change
or cancel your donation at any time by calling or writing. We will confirm your instructions in writing.

I authorize a one-time gift of
0s5,000 Os300 Os250 Os125 Os30 O Other: s

Payment method: O My check, made payable to The Land Institute, is enclosed.
O Chargemy 0O Visa O Mastercard 0O Discover

Account number Expires /

Signature

Clip or copy this coupon and return it with payment to
The Land Institute, 2440 E. Water Well Road, Salina, KS 67401 LR102



