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Who Are the New Alchemists? 

" ... a small band who work together, 

bound by a vision of a sustainable future 

-a kind of New Age Tool and Die 

Company that can help to create the 

software or biotechnic technology to 

realize that vision." 

Now celebrating its tenth year, the 

New Alchemy Institute is a small in

ternational organization dedicated to 

research and education on behalf of 

humanity and the planet. "Our major 

task," they say, "is the development of 

ecologically derived forms of energy, 

agriculture, aquaculture, housing, and 

landscapes that will encourage a repopu

lation and revitalization of the country

side. The Institute has projects in several 

countries in the hope that our research 

and experience can be used by large 
numbers of people in diverse regions of 

the world." 
In this first trade-book edition of 

their annual JOURNAL, the New Al

chemists provide an overview of how 
their Institute came about, the people 

who have become actively involved or 
contributed to its development, the early 

experiments and their failure or success, 

their hopes for the future-the future of 

the Institute and of the world. 

How Did They Get Started? 

The Organization began when a few con

cerned people, disheartened by evidence 

on all sides of an endangered ecosystem, 

began to ask whether it is, in fact, pos

sible to sustain human populations in 

ecologically viable ways rather than with 

the capital-intensive, exploitative, waste

ful, and polluting methods presently em

ployed. And if so, how? Increasingly, it 

appears that it is indeed possible. 

In 1975 the New Alchemists teamed 

up with solar architects David BergmaJ"k 

and Ole Hammarlund to build the pro
totype of the bioshelters that were 

christened "Arks" .. . family-sized solar
heated greenhouses with aquaculture 

tanks. In 1976 two arks were built; one 

(continued on back flap) 

(continued from front j1ap) 

on Prince Edward Island with funds from 

the Carradian government, and one on 

Cape Cod. The Cape Cod Ark has 

weathered every winter siRce without 

auxiliary heat and has produced satisfying 

yields of food and seedlings. Yields from 

both gardens and solar-algae ponds were 

exciting. Earlier issues of the JOURNAL 

recount the simultaneous evolution of 

the New Alchemy Center in Costa Rica, 

and are worth tracking down. 

What Are Those People Doing Out There? 

In THE JOURNAL OF THE NEW AL

CHEMISTS No. 6, experts who have 

been working at the Arks report on their 

research, experiments, and conclusions 

to date. Under the subject of Energy, 
you'll find a primer on a water-pumping 

windmill, and reports on an integrated 

wind-powered system to pump, store, 

and deliver heat and cold. Under Land 
and Its Use you'll read of further ex

periments on the effects of mulches on 

crop yields and soil conditions; about 

tree crops that create the foundation of 

a permanent agriculture; reports on New 

Alchemy tree crop research. Under Aqua
culture you'll learn where all the fishes 

have gone; about cage culture as explored 
by Bill lVIcLarney and Jeffrey Parkin; 

what's new and hopeful about solar 
aquaculture; a summary of fish culture 

techniques in solar-algae ponds and the 

energetics involved. 
The staff of New Alchemy and Sol

search Architects detail their experiences 
of the first three years aboard the Cape 

Cod Ark, and an exploratory section pre

sents a biological perspective of sensitive 

societies, the economics of renewable

resource-based technologies, and some 

personal reflections of some of the New 

Alchemists. 

Looking back on ten years of effort, 

Nancy Jack Todd concludes, "the results 

of our research, especially when com

pared in scale with the funding and 

personnel that go into more orthodox 

paths, indicate strongly that a sustainable 

future based on an earth-kindly ethic 

and nonviolent technology is within the 

limits of the possible, indeed, well within 

our grasp." 

When you've read THE JOURNAL 

OF THE NEW ALCHEMISTS No. 6, 
you'll know why. 

Jacket design by Jefji·ey Parkin 

Printed in r!Je U.S.A. 
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THE N EW ALCHEMY INSTITUTE is a small, internati onal 
organization dedicated to research and education on 
beha lf  of humanity and the planer. We seek so lutions 
that can be adopted by  individuals or smal l  groups 
who are trying to create a greener, k inder world.  Our 
major task i s  the development of eco logically derived 
forms of energy, agriculture, aquaculture, housing, 
and landscapes that will encourage a repopulation and 
revitalization of  the countrys ide. The Insti tute has 
centers in several countries in the hope that our re
search and experience can be used by large numbers of  
people in  diverse regions of  the world.  

The Insti tute is nonprofit and tax-exempt and de
rives its support from private contributions and re
search grants . Grants for the scientific research are 
usua l ly  available, but adequate funding for general 
support remains uncertain .  The success of the Institute 
wi l l  depend upon our ability to address o urselves to 
the genuine needs of people working on behal f  of 
themselves and the earth, and on the real ization by our 
friends that financial s upport of our research is essential 
if  the task ahead is to be real ized . 

The New Alchemy Institute has an Associate 
Membership ($2 5 .00 per annum, tax-deductible) 
which is available to those interested in helping sup
port our work. Upon joining, Associates receive the 
current annual journal of the New Alchemists. News
letters and other special interest mai l ings sent through
out the year keep Associates further informed of the 
work in progress .  Over the years, the support of our  
Associates has  been critica l  to  the continuance of the 
Institute and its work .  

Text and illustrations copyright© 1980 b y  the New Alchemy Institute 

All rights reserved. No part of this book may be reproduced ·without writtm prr
mission from the publisher, except by a reviewe·r who may quote brief passages or 
reproduce illustrations in a revietv; nor may any part of this book be reproduad, 
stored in a retrieval system, or transmitted in any form or by any >mam electronic, 
mechanical, photocopying, recording, or other, without writtm permission from 
the publisher. 

This book has been produced in the United States of America. It is pub
lished by The Stephen Greene Press, Brattleboro, Vermont 05301. 
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On the island of Bali in Indonesia, in July of 7 977, the 
Pacific Science Congress convened a conference on 
the subject of appropria te technology As part of the 
dialectic inevita ble to such occasions, both official 
addresses and private con versations were involved as 
much in debate o ver the failure of the Western, indus
trial, technological paradigm as they were with the 
appropriateness of alternative approaches. One day at 
lunch the talk turned to speculation as to why vve, as 
the apparently rational products of modern civilization, 
had such difficulty in moderating or en visioning limits 
to our e ver more powerful technologies, both peaceful 
and military. Why do we seem bent on consuming ancl 
expanding far beyond need, reason, efficiency or even 
survival? It was 

·
at about such a turn in the collective 

train of thought that Margaret Mea d, who was on the 
American delegation. fired one of her unforgettable 

broadsides. "Well, you know," she pointed out. as 
though all of us did, "there's no 'no' in the unconscious.·· 

Like so much that is ob vious, it was so insightfully 
simple, self-e vident e ven. But I think that many of us, 
although we accept the idea theoretically, have failed 
to incorporate it into our understan ding of human 

beha vior. Fundamentally, we are still insatiably curious. 
exploratory creatures. This is borne out by the most 
ordinary observation. One need only witness the 
outrage of a two-year-old at any limitations placed on 
her or his compulsive investigations of the world. An 

- -- ·--------L 

outburst of fury is most frequently followed by an 
adamant "no·· hurled as a defiant tool of  self-definition 
against the a dult's world. Perhaps as a culture we are 
still ca ught in the dilemma of the terrible two. Our earlier 
concept of ma nifest destiny and its present extension 

in technological development. the arms race, or the 
recent, almost religious enthusiasm for space colonies 
certainly bear out Dr. Mead's statement. As so many of 
our myths from Pandora to Eve have taught, in the 
depths of our being, there is no 'no'. Limits must be 
imposed. They are learned. 

Perhaps it is not so bad to be, at heart, an affirmative 
rather than a negative creature, but the agonizing 
paradox in which we currently find ourselves lies in the 
probability that. without integrating a sense of limitation 
into our understa nding and into our beha vior, it is 
unlikely that we shall survive. It may be that it is the 
extremity of the exigency of our dark predicament that 
will ignite our conciousness, and, sparking some long 
inactive synapse, foster a realization of mutual destiny 
with each other and with the ea rth, and that this. in turn, 
will serve to moderate our beha vior. There is, in the 
nature of all of us. a side that is concerned with 
nurturing, conserving and preserving. It is most often 
described as the immanental, feminine principle 
defined in contrast to the outreaching, transcendent, 
masculine principle. The yin yang is the best visual 
image of creative tension and balance between two 
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such opposing rea lities. It is this equilibrium between 
endless questing and what William Irwin Thompson 

has called the "interiorization of consciousness" that is 
to be hoped for on an individual andon a planetary level 
syn ergistically. 

There is an old adage that one can't change human 
nature; but perhaps it's not an absolute, although for a 
century that began with the hubris of the Tiianic. our 
slowness to seize on its implications seems to cor
roborate it. Yet, a I this juncture, wherever one lives and 
whatever one's culture, it  is becoming increasingly 
impossible to continue, ostrich-like, to pursue the path 
of expanding industrialism and development, for the 
e vidence of its barrenness and foliy is everywhere. If 
before the near melt-down at Three Mtle Island, the 
dangers of nuclear power were understood by 
comparatively few. the shock waves resulting from the 
accident there may well create a turning point for the 
nuclear industry. And if we are forced to abandon 
nuclear power, we abandon with it forever the idea of a 
society ·structured on cheap, accessible fuel even 
though, for the interim, that is the one in which we go on 
living. 

Although the analogy of nuclear energy is perhaps 
the most obvious one because it is so endlessly 
unforgiving, the countless other incidents of pollution of 
the soil, air and waters have become sufficiently wide
spread as to be no longer an abstraction, but a dis
cernible reality in the lives of a great many people. For 
urban dwellers this is a truism, but rural and even tribal 
peoples are suffering as well. People whose area has 
been strip-mined or used as a deposit for industrial 
wastes or those living near plants like Four Corners 
have ha rdly less dramatic experiences than the inhab
itants of Nevada who lived near the atomic testing sites 
of the fifties. Naiive America ns who have fled our world 
and chosen to return to their ancestral ways cannot do 
so because so much of the wild life that they relied on 
to sustam them is gone Abroad, representatives of 
developing countries are beginning to look accusingly 
at us because our missions of development have most 
often served to exacerbate their problems. The 
masses of uprooted people crowding into cities can 
never hope to drive cars and yet must continue to 
breathe the worsening smog. 

Yet it may be that our greatest hope now lies in this 
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crescendo of evidence of our failure. Cyberneticists 
talk of feedback, of information that has a flow and is 
circular, whereas we have been accustomed to think in 
a linear mode of cause and effect. Unquestionably a 
model consisting of multiple feedback loops is a more 
accurate and useful way of trying to understand the 
world. We receive daily an extraordinary range of in for
ma tion through the experience of our own senses as 
well as that which most of us receive through the 
media. Such feedback may be the best means we 
have for awakening large numbers of people. If the 
ability to say no to a culture predicated on carcino
genic growth does not lie innate within us, surely, like 
two-year-olds, we are capable of eventually learning 
and incorporating it into our actions. If we are exploring 
creatures, it is because that kind of beha vior, for millen
nia, had survival value. It was most often successful. 
Now the news begins to come in irrefutably from every 

side that this is no longer so. This is wha t we shall ha ve 
to learn and to internalize. 

Just a few months before her death, I heard Dr Mead 
speak again. She was addressing thousands of people 
and the subject of her talk was the future. As e ver, she 
brought to it her own fierce commitment to the hope of 
continua tion of the human family One story she told 

was based on Fraser Darling's studies of the Red Deer 
in Scotland. According to his observa tions, in times of 
stress, like drought or famine, it was the habit of the 
herd to turn to its oldest females because in them lay 
the composite memory and wisdom of the herd. 
Usually they could remember back to a time of 
comparable need and lead the herd to a wa tering hole 

or an outcropping of lichen that would otherwise not 
have been known. And so the herd would survive. 

With Dr Mead's death we have lost one of the wisest 
among us. Stephanie Mills once said that she was one 
of the angels who walked among us for a while. Yet still 
we have a few equivalents of the oldest of the Red Deer 
that could guide us through the cultural readjustment 
that the pos t-industrial p eriod is likely to bring. They 
may be as widespread as the cultures of indigenous 
peoples who still live in mutual reciprocity with their 
en vironment, in the reawakening religious respect for 
all sentient beings, or in the Gaia hypothesis that has 
emerged from the most advanced biological research 
which en visions the earth and biosphere as a giant 
living pulsating cell. They may lie in the mind in the 
waters of the whales and the dolphins if we could learn 
to understand them. 

From our own work at New Alchemy and from that of 
many other like-minded groups, we know that 
ecological analogues to present industrial methods of 
sustaining human populations are both possible and 
via ble. There remains for us only to internalize the 
essential limita tions that are becoming so evident as to 
be foolha rdy to deny E E Cummings put it poetically, 
if para doxically, when he said. 

out of 1 IJr lie of no 
rises a truth of yes 
(only herself aud 'Who 
illimitably i.r) 

To learn to say no in order truly to say yes. 

NJT 
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It has been recently pointed out to me by one of our 
readers of long standing (Malcolm Wells) that he had 
never realized that the Journal is written, not by so
licited contributors, but by New A lchemists them
selves. It's true, of course, that occasionally friends 
like William Irwin Thompson, Evelyn Am es, Richard 
Falk, and, in this issue, Francisco Varela, have given 
us articles that we have included, but these are ex
ceptions. Whatever its virtues and failings as a publi
cation, the Journal is a work out of process. The same 
people who carry out the projects and do the re
search spend the fall or ea rly winter describing and 

e valuating them for the next year's Journal. The same 
holds true for the graphics and the artwork. Although 
friends like Molly Bang, Alan Pearlman, and Fritz G oro 
have given us drawings and photographs that have 
cost them considerable e ffort and added immeasur
ably to the aesthetics, most of the artwork is still done 

by ourselves. Jeff Parkin and Jorge Bueno did the 
graphics for this issue. Hilde Maingay and more 
recently Ron Zweig h a ve always been the principal 
photographers. A nd guest and New A lchemist alike 

work gratis. No one has ever been paid for a Journal 
contribution per se, simply because there was no 

money a vailable to do so,  although as New Alche
mists it could be claimed to be part of the work to be 
expected for our salaries. The Journal springs di
rectly from our experience and a con viction that our 
work is meaningless if it takes place in a vacuum 
A lso we feel there is a need for a nonspecialist 
publication that presents a panoply of ecologically 
related activities excluding neither precise scientific 
data, practical hands-on information, nor human in 
teraction. 

This section, entitled New A lchemy, was created to 
try to avoid any kind of cultism or mystique develop
ing around the group, although, as the article by 
Nancy Wright later in this section indicates, some of 
that seems ine vitable. We wanted to give our readers 
a sense of who was behind the papers and reports, 
what the farm looked and felt like, and what the 
day-to-day work entailed. For this issue, anticipa ting 
new readers through our affiliation with The Stephen 
Greene Press, I have written a short history of New 
A lchemy, and in this year of nuclear alarm, tried to fit 
our work into the larger context of antinuclear activity. 
Nancy Wright, who was a volunteer in 1978, has sent 
us a summary of her thoughts on being an apprentice 
at New A lchemy. Its inclusion seemed appropriate to 
an issue with an underlying theme of the struggle both 
to learn and to unlearn in some very basic ways. 
Traditionally, this section also includes a report from 
Bill McLarney on NAISA, the New Alchemy center in 
Costa Rica. This year we again include a machete

wielding, mud-slinging recitation of  Bill's adventures 
there. 

Finally, in a slot that is usually taken advantage of 
by Bill and this time Christina, there is a space de
voted to book re views in which we try to draw atten
tion to books we think important that people might not 
otherwise encounter 

As is becoming e vident, the section is essentially a 
literary grab bag giving us a chance to say, as Christo
pher Robin did in the introduction to the World of 
Christopher Robin, "Thank you . . .  for asking us into 
your house. We've come. " 

NJT 
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New Alchemy: Creation Myth and Ongoing Saga 
Nancy Jack Todd 

There seems, these days, to be some controversy re
garding the exact timing of both the beginning and the 
end of human l i fe. How much more difficult it i s ,  then, 
to pin down with any ass urance the moment of birth of  
the collective l ife of a group s uch as  New Alchemy .  
\Vas it when the original idea or ideas were first grop
ing! y articulated, or when the idea was given a name? 
The date of legal incorporation as a nonprofit ins ti
tute was certamly a visible and identifiable moment, 
but still there was l ittle in the way of  a physical 
real ity then that one could po int to and say that it was 
New Alchemy. We had to wait until 1 9 7 1  for that 
actualization, nearly  three years after what seemed the 
m ception to those of  us  who had been a part of  it for 
that long . Yet because with this issue of the Jou-rnal we 
begin a joint publishing venture with The Stephen 
Greene Press, and because like the Montague Farm 
Collective and the Whole Earth people, two other 
hangers-on from the s ixties that have survi ved in the 

same incarnation ,  we are marking the tenth year of  our 
existence, a retrospecti ve of  our evolution seems a 
fitting part of this Journal. 

In 1 9 69,  John Todd, Bil l  McLarney and I were 
l iving in San Diego in California. Bill and John were 
teaching and doing research at San Diego State. One o f  
their experiments involved the observation o f  the 
effects of pollutants on fis h  behavior, in particular, that 
of DDT on the brown bullhead ,  lctalurus nebulosis. 
Their findings were disturbing. Minute amounts o f  
DDT did not ki l l  the fish outright, bur jammed their  
social  communications, disrupting established behav
ior patterns .  What this meant essentia l ly was that 
evolved survi va l  patterns broke down and the group 
of  fish were doomed to slow social disintegration,  
chaos, and death. Data l ike these were not only  
informative, they proffered a splendidly al legorica l 
interpretation of the prognosis for ecological deca y as 
wel l .  Many other l ike-minded biologists at that time 
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were reporting comparable observations on the threat 
posed by industrial society to a wide range of species 
of animal and plant l i fe and to their l i fe support 
systems . 

We began to hold seminars in o ur l iving room at 
which students or invited speakers  presented papers on 
one or another aspect of  the o vera l l  problem .  Often 
people would stay afterwards ,  sometimes it was just 
John a nd Bi l l  and I ,  and we would ta lk  on into the 
night .  I guess this could be cal led our c,offee-house 
stage, al though it was usual l y  beer that we were drink
ing. Usually the ramblings of  the conversation would 
eventual ly turn to what, if anything, could be done" 
What, if anything, could we do? 

That same year we had another set  of experiences of 
the kind that is usual l y  cal l ed formative when John 
and Bi l l  decided to take their bio logy classes on a series 
of field trips. These consi sted of excursions into the 
dry hi l ls of the border country just  east of San Diego . 
We went there because we could pro wl about freely on 
a ranch that had been rented by friends who hoped 
that, as a result of our forays ,  we mi ght be able to teach 
them how they might be able to s upport themselves on 
the land without destroying i t .  

Their and our  b lythe ex pectations were quick ly 
dimmed . The rambling, lovely hi l ls stretched under 
vast reaches of bright s k y  were composed of hard, dry, 
sandy soi l  that gave rise largely to manzanita bushes , 
boulders, and the occasional l ive oak . We could find 
no source of water. Discouragement set in until John 
decreed that we s imply did not know enough, that we 
could not, a s  he said , read the landscape. And so the 
second phase of the project began. We init iated a more 
intense study with every student underta king to ex
amine some part of the en vironment in detai l .  Soi l  and 
so i l  animals , i nsects , plants, shrubs, rocks, trees, and 
birds were col lected, studied and catalogued. Very 
s lowly, some patterns began to  emerge. Midway up a 
smal l  gorge we found a plant, the roots  of which were 
known to need moisture, indicating the presence of a 
hidden spring. Belo w, where the gorge began to flat
ten out, there was a l ive-oak tree that grew in the midst 
of an association of  plants that i ncluded miner's lettuce, 
which we knew to require good so i l . Having stumbled 
at last on water and ti l lable so i l ,  agriculture became a 
possibi l i ty .  And if fish ponds were to be made to l ink 
the two,  an agricultural ecos ystem was within reach. 

The story has an abrupt but pointed conclusion.  As 
excitement began to  s t i r  o ver these newly discovered 
possibil ities , the landlady arrived and, in a variation on 
one of the class ic themes of melodrama, announced to 
our gentle, long-haired friends that she was ra ising the 
rent. The increase was more than they could afford 
and so they were forced o ff the land.  Even before they 
departed, the bul ldozers had appeared on the crest of 
the hill to begin leveling for yet another colony of 
Cal i fo rnia weekend cottages . 

Before a creation myth becomes too fi rmly estab
l ished, it should be mentioned that our beginnings 
were not all ideal i sm. John has been a frustrated farmer 
since his childho od. B i l l  has been described, accurate ly  
I th ink, as  a fish maniac. There is l ittle that could have 
kept them from working with the land and with fish, 
sooner or later. And I was an unemployed peacenik,  
disheartened by the election of  Nixon and feeling 
dread at the promise that th e future seemed to hold fo r 
my children. For a l l  ch i ldren. 

The accumulated experiences of the field trips and 
the late-night discussions s lowly formulated them
selves into a question which, in retrospect was, and is, 
the underlying paradigm of New A lchemy.  We began 
to ask whether it was, in fact, possible to sustain human 
populations in eco logica l ly  viable ways rather than 
with the capital-intens ive, exploitative, wasteful and 
polluting methods we now employ.  And if  so, how? 
A t  that t ime, it was an o pen-ended question for us . 

I have m y  own highly subjective sense of when it 
was throughout this period that New Alchemy actu
a l ly  began. On a Friday evening that was the twelfth 
of September, 1 969, I sat reading an article in Ramparts 
by Paul Ehrlich entitled "Ecocatastrophe. " It was an 
imaginative account of the death of the oceans through 
pol lution. The cover of the magazine graphically rein
forced the s tory w ith a tombstone that was engraved 
w ith the l i fespan of the seas .  I finished the artic le, 
lowered the magazine and gasped, "John, we must do 
something." With that, I fel t  a fami l iar twinge, and the 
preliminary labor contractions that heralded the birth 
of our thi rd child, Susannah, began. I was momentar
i l y  dis tracted from my other mission, but since then I 
have come to think of it as something of a twin birth. 
Susannah was ten on the thirteenth of September, and 
in roughly the same period, it can be approximated 
that New Alchemy is ten as well .  

Our infancy was sti l l  l argely made up of talk, study
ing, planning and the earl y stages of the paper phase. 
We became incorporated, as a no nprofi t  Institute, and 
were beginning to formulate concrete ideas for proj
ects . Then in the summ er of 1970, John and I and the 
children, and later Bi l l ,  crossed the country and re
settled on Cape Cod. John and Bi l l  began research at 
the Woods Hole Oceanographic Ins titution, and Bil l  
began the monumental task of writ ing the text  Aqua
culture, which has since become the definitive work 
on that subject in Engl ish. 

For the next year we were sti l l  mainly a paper 
reality, which anyone who has ever been with an 
organization from its inception wil l  readily  under
stand . Letters flew back and forth, s upportive, helpful , 
some even containing small financial contributions .  
We began to cast  about for serious funding and to feel 
increasingly the need for a land base. John wrote A 
Modest Proposal, which was published as the first New 
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Alchemy New sletter and wa s une xpected ly well re
ceived and widely read .  This made our empire o f  
pa pers even la rger and w e  rented a smal l  office in order 
to conta in them . vVe were joined for a vear  by Annie 
Hinds who helped to reign over the ever-expanding 
flo w and with her d raw ings set the format for �ew 
:\lchemy publications. vV ith frie nds from Cambridge, 
Multi Facet and Ma rsha Zi l l i s, we bu i l t  a smal l  dome in 
the front yard of  o ur house .  We insta l led a child ren ' s  
swimming poo l for the fish  and p lant ed the edges with 
vegetables .  It was our first hioshelrer. 

That winter, Bob Angevine, one, if not the ma jor, 
secret to our surviva l  \\'here so manv other wel l
meaning institutions have fa i led, rook over much o f  
the financia l administration. Ea rlier i n  the year  \.\·e had 
gotten wind of an old dairy fa rm in Hatchvi l le that 
might be a va i labl e  for rent . We  approached the la nd
lord, Bob Gunning. 0Jegotia tions went smoo thlv, we 
signed a lease and by Ma y had moved onto the land .  

The move was at  once a culmination and a chal
lenge .  Having acquired a land base  at last meant that 
the time ha d come to test our rhetoric. To transpose 

the theoretical into the tangible, to materia l ize an idea , 
i s  not necessarily easy . Until then, we had been try ing 
to equil ibrate what Stewart Brand called our talk/ do 
ra tio with backyard gardens and fish tanks in various 
people's ba sements. Bill McLarney created an amazing 
watery underground laby rinth for his fi sh one winter, 
but overa l l  our efforts fell s hort of what we considered 
productive research. What we did with our move out 
to the farm and the chance to concretize our work was 
to s tructure our initia l  paradigm into three areas of 
basic human needs:  those of  food, energy, and shelter. 
The work with food branched into projects involving 
orga nic agricul ture and aquaculture. Our energy re
sea rch was involved with various ways of harness ing 
the renewable sources of the sun and the wind . The 
concerns for food and energy came together syner
gistically, almost of themselves , in the evolution of the 
form of shelter that is ca l l ed the bioshelter, which is a 
solar-heated greenhouse that includes an aqua culture 
unit, a nd, in one ca se, prov ides l iving quarters for four 
people .  

That summer of concrete beginnings, Hilde Main
gay took charge of the gardens, and two young men, 
Earle Barnhart and Marcus Sherman, arrived in short 
succession of each other to become our windmill buffs . 
Later that fa l l, as we faced the cameras for the first time 
for a B .B .C.  film crew, Earle and Marcus provided us 
with a memorably heroic image. They had been work
ing for some months on constructing an electricity
generating windmi ll , and had spent countless hours 
high on the rower being buffeted by autumn winds, 
and feeling, as Marcus said, l ike Jonathan Livingston 
Seagul l .  The wmdmi l l ,  however, had yet to turn. The 
day of the fi lming had dawned gray and raw. Un
da unted, thev climbed the tower. Then, over the morn
ing, \\' ith s� providential a touch that it would be 
suspect in Hollywood, the sky cleared to an  uncom 
promismg blue and the sun srreamed down. As the 
cameras whi rred , with Earle and Marcus high and 
windblown on the row er, the  windmi l l  blades began to  
turn for the first tim e .  A lthough much of  our  work i s  
fa i rly repe titive a nd mundane, i t  does have occasional 
bursts of  glory l ike this one. More often than not they 
are associated with the windmills which borrow from 
sa i l ing ships a romantic qual i ty of  freedom. Since then, 
Ma rcus has gone on to found his own windmil l  com
pany . Ea rle is stil l with us, but i s  now working on 
researching and dev eloping permanent agricultural 
forests .  He and Hilde were married on the fal l  equinox 
in 19 77. It should be added tha t any accounting of our 
first year on the farm would not be complete without 
remembering that Rich and Y edida Merri l l  came from 
Ca l ifornia to lend us their agricultural expertise and 
an enormous injection of energy and commitment. 

For a step-by-step account of our progress from that 
summer until the present, contingencies of space die-
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tate that interes ted  rea ders wi l l  have to refer to the first 
through the fifth journals, while I confine m\'Self here 
to landmark occa s ions and the entrances and occa
siona l  exits of the centra l  ca st of chara cters that make 
up the group. 

The year 1 9 7 3 was a year of digging i n, getting the 
ga rdens and the fi sh off to a prompt s ta rt in the spring, 
and then seeing the work through to the completion of  
a fu l l  season.  We were s t i l l  very young as a group, and 
even the most ordina ry event seemed something of an 
adventure. In September, we publi shed the first jour
nal, which was i l lustrated by Camas Lott, who con
tinued to do the covers for several years and established 
much of the visua l  style o f  the jourtltlf. J ohn and Bill 
decided that trying to ca rrv what had become n1·o 
ful l-time jobs was impossible and that financial sccu
ri ty would ah.va ys be clusi vc at best and so le ft the 
Oceanographic Inst itution to devote thc mse l vc s exclu
s ively to New Alchemy . Tha t fa l l  a l so saw the publica
t ion of Aquaculture which Bi l l  McLarney wrote w·ith 
John Ba rdach, now of the Ea st West  Institute, and 

John Ryther of W.H .O . I .  Bill spent o ver  three years 
on the text which was nominated for the Nationa l  
Book Award in  1 9 74 .The fol lowing spring sa w the 
arrival ofSusan Ervin and Tyrone Cashman; Susan to 
stay and devote herself to the gardens a nd Ty to 
become a windmil l  builder, then move on to join the 
staff of Governor Brown of Cal i fornia, and, more 
recently, to become the president of the American 
Wind Energy Association. That summer, as the num
bers of v isitors swelled, Farm Satur day s ,  which ha d 
begun as a day of shared work and a convivia l  picnic, 
evolved to include a tour of the farm and extended 
explanation or ta l k  on the work of the Institute. The 
fa l l  brought greater harvests from both the gardens 
and the fish ponds, helping our feeling of confidence 
in our collect ive sense of self and in our ideas as wel l .  

The fol lowing w inter, Bob Angevine was forced to 
a nnounce that the amo unt of administration that the 
group wa s generating, both from withi n and without, 
\.vas more than  could be endured, and Christina Raw
ley arri ved to help him. She has since taken over the 
membership program and the editing of the member
sh ip ne wsletter. Tanis  Lane a nd Denise Backus have 
since jo ined us and work on various aspects o f  the 
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administration. Recently,  Conn Nugent spent a year 
with us as co-director and fund-raiser, but found try
ing to ra ise money for a group such as ours, which 
defies orthodox categorization, so disheartening that 
he decided not to stay. 

In the summer of  1 9  7 5 ,  with promise o f  support 
from the Canadian government in  the offing, we 
teamed up with the redoubtable pair of David Berg
mark and Ole Hammarlund who together form one of  
the  mos t  i nnovati ve and, by now,  experienced solar 
architecture firms around . With the possibi l ity of 
greater things on the horizon, they built, at New 
Alchem y, a small prototype of the bioshel ters that we 
were to christen Arks, in the form of a fami ly-sized, 
so lar-heated greenhouse with a concrete aquaculture 
pond. Earle named it accuratel y, if not poetica l ly ,  the 
Six-Pack , and so it has remained. Under Hilde's care, it 
has weathered every winter since without auxil iary 
heat and has produced sati s fying yields o f  food and o f  
seedlings. I t  was later that summer that Ron Z \veig 
started to work with us and to quickly become pivota l  
to  the aquaculture progra m, and Kathi Ryan arri ved to  
add her  gentle presence to  the benefit of plants and 
people a l ike .  

The year 19 7 6 was a landmark year. Both o f  the 
Arks,  the one of the farm on the Cape and the other, 
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funded by the Canadian federal government, on 
Prince Edward Island, were completed . Both were 
opened with due ceremony that involved feasting, 
music, dancing and crowds of friends. Former Prime 
Minister Trudeau and then Premier Alex Campbell of 
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Prince Edward Island arrived. by helicopter to launch 
the Canadian Ark.  

Later that same fal l ,  the s ize of the y ields from both 
the garden and the so la r-algae ponds were as exciting 
as the more highly publicized openings. In  her experi
ments with intensive vegetable cultivation in raised 
beds,  Hi lde found that she could grow enough food on 
one-tenth o f  an acre to provide thirteen people \Vith 
three s ervings of vegetables a day throughout a year .  
Working with the solar-algae ponds, which are  trans
lucent, cy l indrical ,  above-ground fish tanks , Ron 
found that he could attain fish y ields greater than those 
of any other known standing body of water when the 
data were extrapolated to pounds per hectare, which is  
the standard international unit  o f  measurement. By the 
end of the fol lo wing winter, when both Arks had 
acquitted themselves with flying colors, we began to 
feel cautiously o ptimistic as to the answer to our origi
nal question of ecological al ternati ves . It seemed that 
the results of our research, especial ly when compared 
in scale with the funding and personnel that go into 
more orthodox paths, indicated strongly that a sus
tainable future based on an earth-kind! y ethic  and non
violent technology is within the l imi ts of  the possible, 
indeed , well within our grasp .  We are all the more 
convinced today . 

It was at this  juncture that we were able to interes t 
the U.S .  government in our work and received a grant 
from the National Science Foundation to monitor var
ious conditions in the Cape Cod Ark, such as hours of 
sunl i ght, relative humidity ,  and the pH of the ponds .  
The goal ,  one that i s  now being achieved, is to  create a 

Photo by H1lde Mamgay 

mathematical model o f  the processes that take place 
within a s emi-closed ecosystem such as this one in 
order that the processes be better understood and that 
anv malfunctioning can be spotted quickly .  With such 
a model, replications of the ·  Ark can be created more 
readi ly ,  a lthough we are equa l ly  committed to devel
oping guidelines based on sensory s igna ls that will be 
j ust as instructive for those who eschew the inclusion 
of a computer in their vision of a bioshelter. 

Apart from funding in Canada for the Ark on Prince 
Edward I s land, the National Science Foundation grant 
remains the onlv government money that we had re
ceived. Projects have s ince been funded by the De
partment o f  Energy and the Environmental Protec
tion Agency .  Otherwise support has almost always 
come through the efforts of private individuals repre
senting foundations, many of whom, like 1\:l ichaela 
Walsh, Robert Rodale, Stewart Brand, Edith and John 
Muma, and Frank Dobyns have long ·been friends and 
fel low travelers . Our members contribute substan
tial l y  to our continued existence, and, in fact, have 
more than once carried us through periods of pro
longed financial drought with their annual subscrip
tions and supplemental donations. 

Over the years we hav e evol ved a nonhierarchical 
structure that is large! y self-governing and makes 
major decisions in a week l y  meeting where all general 
busines s i s  discussed . Although most people have 
started as \'olunteers and worked for several months 
w ithout payment, all permanent members receive 
equal salaries, regardless of type of work or number of  
degrees. 

14 The .Journal of the New A lchemists 



Accompanying the computer into our l ives came AI 
Doolittle and subsequently John Wo lfe. Later Joe 
Seale, who is also conversant with computers, brought 
his engineering and analytical ability to the aid of  our 
windmil ls and to our general repertoire of technologi
cal ski l l s .  With the most recent arrivals we are begin
ning to feel tha t we are approaching our l imits to 
growth in terms of the s ize of the gro up . Colleen 
Armstrong is working with Kathi in the Ark.  Later 
this year, J. Baldwin, one of the pioneers of  a lternative 
technology, will arrive with Kathl Whitacre who is a 
graduate in soi l  science and will work with our agri
culture people. And all the whi le volunteers and ap
prentices come and go , some to remain an ongoing 
part of our extended fami ly .  Gary Hirshberg and 
Robert Sardinsky were volunteers that have been with 
us for so long that they became permanent part of us .  
Both of  them have been vital to New Alchemy's politi
cal and educational outreach. 

Over all the years of this rambling tale, I must ask 
our readers to envision, in flashback fashion, the simul
taneous evolution of  the New A lchemy Center in 
Costa Rica . Beginning as no more than the dream of  
one sunburned gringo in ragged tennis shoes who was 
quite simpl y in love with the Gandoca area, and as a 
result of Bi l l  McLarney's  dogged persis tence and 
Susan Ervin ' s  and later Kathi Ryan's support, it has 
become a small center for agriculmral and aquacultura l  
research that i s  dedicated t o  and a n  inseparable part of  
the local community there. B i l l ' s  writing on h i s  adven
tures in Costa Rica and his  thinking on development in 
Latin America are well worth the trouble of  tracking 
down previous journals. 

By this time, we are fast  approaching the present; the 
way things are now, as opposed to the way they were. 
This journal is, in the main, concerned with the events 
of  1 9 7 8 .  Because it is an annual, publication inevitab ly 
lags about a year behind what i s  actua l ly  tak ing place. 
The dovetai l ing of putting the journal together with 
the year! y rh ythm of the rest of our work was chroni
cled in the fi fth journal. The most exciting and en
couraging news of the year jus t  past came from Bi l l  
McLarney's and ] eff Park in's work on the cage culture 
of the yellow bul lhead, lctalurus nata/is, which is de
scribed in the Aquaculture section. Their harvests last 
fa l l  at last justified their faith in this form of pond 
aquaculture as a source for protein in a hungry world .  
Jeff ha s been with u s  s ince early 1 9 7 7 .  H e  came to 
work with Bi l l  as a biologist but with Tanis has also 
become artist-in-residence and designed the cover and 
the graphics for this journal. 

PhOlo by H1/de Mamgay 

Now l ike Susannah, who began at about the same 
time, we are ten. We are older and, I hope, an edge 
wiser. We have grown and changed, but not that 
m uch. We are sti l l  a sma l l  band or collective of friends 
who work together in considerable financial insecu
rity, bound by a vision of a sustainable future and of our 
role in bringing it about as a kind of New Age Tool 
and Die Company that can help to create the software 
or biotechnic technology to realize that vision. 

At the end of our first s ummer on the farm, I wrote: 

The world turned copper, the leaves fell and summer fades into the 
past. And yet, so much that was fanrasy or  plan o r  theory as the 
summer began has edged inro the realm of reality. We have grown 
another generation of tilapia. We have planred and harvested our 
first gardens. Many people have come ro see us and left us with 
something of themselves to give us a sense o f  being parr of a force 
larger than ourselves that is growing now and is very real. The 
summer is gone; yet we have feasted and laughed and dreamed 
rogether. We have learned to love one another. We have begun. 

It's not so different now. 
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Farm Saturdays and Beyond 

Since 1 9 72 ,  Farm Saturdays have been our major 
way, outside of  our publications, of  reaching out 
beyond our own immediate context and of sharing our 
ideas .  Farm Saturdays have been through a number o f  
incarnations . They began a s  a rather informal exchange 
of  info rmation, talking with people while working in 
the gardens or over lunch .  When that became unwork
able because of more v isitors, we adopted the tactic of 
a tour accompa nied by a fai rl y  extensive expla nation  
of  the work. But after several summers, this in  turn 
became i mpractica l as i t  was hard for the again 
expanded population to crowd in and out of  various 
buildings and stil l stay within range of  the accompany
ing l ecture. This led to our workshop phase, which 
invo lved structuring the day more tightl y .  We began, 
as we sti l l  do, ar noon, with an introductory talk which 
is fol lowed by a s hared; pot-luck lunch . A fter l unch 
we offered a series of  workshops in all the major areas 
of our research . We stayed with this format fo r another 
several summers ,  bur as crowds continued to increase 
and our visitors grew more d iverse in  their interests , 

we sensed a need to revive the tour. We did so ,  and as of 
1 9 79 ,  Farm Satur da ys have become an amalgamation 
of the tour and workshop schedules. 

We ask people planning to come ro arrive by noon 
on Saturdays from May through September. As be
fore, at this rime there is a general introduction on rhc 
backgro und and paradigm of New Alchem y's work. 
After this, everyone revives with lunch. We ask our 
vi sitors to bring food with them- -a bit more than they 
are l ike ly to eat themselves -and, preferabl y, some
thing l ike bread or fruit or cheese or a cassero le rhar 
is  eas i ly  shared . This way there is almost always 
enough and people get a chance to meet each other as 
they serve rhe food. 

The tours begin ar one-fifteen , after a clean-up. 
There ma y be as many as four tours if that is what is 
needed to accommodate the number of people inter
ested . Workshops begin at two-thirty and as many as 
four  or  five may take place at once. The to pics cover 
our basic areas of research and, accordingl y ,  arc on 
various aspects of  agricultur e, aquaculture, energy and 
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bioshelters . The specific subject for each of these rna y 
vary from week to week . Pest resistance or agricu l tu
ra l fo rests rna y he discussed under agricu lture, cage 
culture or semi-closed aquatic s ystems under aquacu l
ture. At three-thirty there is a second round of \Vork
shops . Some of these mav sti l l  be on our work , or  a 
guest workshop may be gi ven by our v isitors on rele
vant topics l ike ho listic  medicine or antinuclear poli
tics . There may he <ll1 additional \.Vorkshop by one of 
the ;'\cw A lchemists on a subjecr les s specialized than 
most of the· others. on the social and pol itical implica
tions of  the alternati ves mo vement for example, or on 
feminism and ecology 

Recently we have received the mild complaint from 
a fcw Saturdav visitors that there is so much going o n  
that it tends to be confus ing. This co uld wel l  be true. 
Rethin king the means of  human sustenance is a fa irlv 
complex undertaking and for those new l y  introduced 
to the Ideas, there is a lot to assimi late. We can only 
hope that people who come on Saturdays wi l l  find the 
information that they need and feel free to keep coming 
back as their time and the a vai labi l ity of gasoline 
permits . 

Farm Saturdays notwithstanding, with time some 
of  us began to feel increasingly uneasy about what we 
felt was a s trong need for a broader educational effort 
that would cater to children particular! y. With the 
arrival of Rob Sardinsk y we had, at last, the right 
person for the job .  Our fi rst major and, to date, largest 
effort rook place on Sun Day in Ma y of 1 9 78  when 
o ver six hundred students from Falmouth and Cape 
schools were given a tour of the farm. Subsequent to 
that day, which was real ly a glonous success, Sardo 
began a program of school tour s .  Since its mception in 
October of 1 9 78 he has guided more than 1 ,500 stu
dents from preschoo lers to postgraduates about the 
farm. Sardo has a talent for making information about 
natural s ystems and biological processes accessible and 
relevant even to very young chi ldren. Although we 
remain painful l y  aware that this is only the smallest 
drop in  the bucket in terms of  the re-education that wil l  
have to occur with times changing with such great 
rapidity, we feel  very much better about having made 
a start .  

Photo by R. D .  Zweig 
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Pharo by R D. Zwe1g 

No Nukes 
Nancy jack Todd 

As the seventies draw to a close, the scent of incipient 
change strong in the a ir, and we begin, mental ly at 
least, to fasten our seat belts for the eighties, the unre
solved issue of nuclear energy sti l l  looms large before 
u s .  It is too soon to know whether the near melt-down 
at the Three Mi le  Is land P lant near Harrisburg, Penn
syl vania, in  March, 1 9 79 ,  wil l  prove to have been the 
turning point in the energy debate. Perhaps that is too 
much to hope for this soon.  What is becoming undenia
bly evident is that events in the energy arena are mov
ing at an enormous speed a nd that the deci sions and 
policy that are being made will affect our l ives drasti
cally and for a long time to come. 

New Alchemy's position on the subject of nuclear 
energy is probably too obvious to need explaining. We 
have a lways considered it self-evident that the fact of 
its existence was in itself an antinuclear statement, but a 
remark from Margaret Mead several  yea rs ago con
vi nced us that support of  the antinuclear movement 
was as vital to our work as was solar design. She and 

John Todd had been lecturing in the Social Ecology 
Program at Goddard College. Before leaving, Dr. 
Mead waved her stick at the windmil ls ,  domes and fish 
ponds that dotted the Goddard landscape, nodded 
approvingly , then a dded, "But, you know, it won't 
do a bit of  good if we don't stop nuclear power ."  

As ever, she was right on target, and we stretched to  
incorporate that real ity .  Devotees of  the sun that we at  
N'ew Alchemy may be, we sti l l l ive  in  a world where i t  
is not  yet possible j ust to  cultivate one's garden, as  
Candide advised. Even though so lar  research is  mak
ing great strides, at the present over one half of the 
research scientists of the world are still employed in  
m il ita ry research and development, and a significant 
proportion of  this research is used in developing the 
technology of mass destruction and repression. Steve 
Baer summed the situation up most succinctly when he 
said: 

.\ dog that hasn't been cha ined long fo rgets. It rushes across the 
yard and then�-bang.  Todav when people become excited about 
;he future and in volve themselves with new uses of technology 
they o fren get carried away wirh hope· · then bam rhcy think 
abour the atomic bomb, the H bomb, the ballistic missi le .  Today,  
l i ke the  dog, we al l  have the cha i n  on us .  There is nothing very 
marvelous going on u nless it is something to untie that ch<l in .  

The best handle that we have to date for focusing 
public attention on the larger question of the arms race 
is with the apparently more immediate and visible 
issue of  nuclear power. 

The first step in acti ve resis tance for any of  us at 
New A lchemy came in  1 9 76 w hen Christina Rawley 
jo ined the Clamshell Al l iance and was arrested fo r 
occupy ing the s ite o f  the Seabrook plant in New 
Hampshire. A few weeks later, at the opening of the 
Ark on Prince Edward Is land, we had a chance to 
express our views to then-Prime Minister Trudeau. 
His reply was to the effect of, a l l  right, but what else 
do you s uggest? His question further reinforced our 
own conviction that the issues are conjoined or that the 
antinuclear and alternative technology movements are 
two s ides of the same vis ion. 

Since then, many of us have gone to ral l ies , meetings 
and demonstrations .  Most of  these were concerned 
with Seabrook but increasing! y we are focusing on our 
own down-home reactor at Plymouth. Pilgrim I has 
the not too reassuring reputation of being one of the 
oldest and leakiest plants in the country (and there are 
only two bridges on  and o ff Cape Cod) .  And to add to 
our grievances , Pi lgrim I I  is being planned. It's be
coming harder and harder to cultivate one's garden 
at a l l .  

I n  the fal l  of 1 9 78 ,  with the Seabrook plant under 
construction, we began to hear more of plans for a land 
and sea blockade of the plant's reactor pressure vessel 
when it was to be shipped from New Bedford, where it 
had been constructed, to the plant site. Rebecca Todd 
started a loca l  Clamshell affinity group that was made 
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up of a mixture of loca l  people and New Alchemists . 
They took training in c iv i l  disobedience a nd became 
tho r�ughl y conve;sant with the arguments for and 
aga inst nuclear  energy . After many months of prepa 
ra tion and vigi lance, wa iting for the cal l  that would 
announce the depa rture of  the reactor pressure vessel 
from ?\'ew Bedford, the moment came w ith the ring of 
the phone on  the evening of  the eighth of ;\!la rch, and 
our people, thei r ba gs long pa cked, were swal lowed up 
mto the night. By earl y afternoon of  the next da y ,  
tho se of  us keeping vigil at home received word from 
John Wolfe rhat Rebecca a nd Rob Sardins ky ha d been 
arrested and cha rged with disorderly conduct. The 
loca l  support »'S tem , headed by Christina ,  ra l lied with 
hai l  money and they were released later tha t day .  

On March � 8, the surrea l ity o f  Three tvli le  I s land 
began .  I spent the first da y or so wondering what tha t 
odd, num b sort of fe�l ing around m y  hea rt was, and 
with time recognized it a s  terror .  I know that individ
ua l reactions must have been as varied as  the m il l ions of 
people who were exposed or endangered by the radia
tion, but I ha ven't felt so direct ly  and helplessly threa t
ened hy events utterl y outside my control since the 
Cuba n  crisis in October, 1 96 2 ,  as Russ ia n  warships 
steamed stea dily and it seemed i rrevocably toward 
Cuba .  As the most immediate danger at Three Mile 
I s land appa rently began to abate, with sequentia l  
irony, the appointed date t o  launch the Ohio, the T ri
dent-m iss i le-bea ring nuclear submarine from Groton, 
Connecticut, arrived .  As President Carter was repre
sented by Mrs.  Carter and the John Glenns, the anti
nuclear people here were represented by Rebecca and 
Jul ie Genatoss io .  They cha ined themselves together to 
bl ock passage to the nava l shipyard and a gain the y 
were a rrested . While Pres ident Ca rter declaims the 
cause of human rights a broad,  some of our own young 
people arc prisoners of  consci ence in their own 
coumrv. 

The-eco logical damage left in  the wa ke of what wa s 
not quire an officia l disaster ma y ta ke rears to assess .  
-\.t the r ime of this writi ng it  has jus t  been reported tha t 
the d epth of radioacrivc v.:a ter on the floor ,,- i thin the 
pla nt had been underestimated b y· several feet. The 
amount of radi oacti \'C steam vented into the a tmo
sphere and the effects i t  will have on human a nd envi
ronmental health are unknown and no doubt will be so 
fo r some time. One of the few givens is that officia l 
statements w i l l  continue to equi vocate as to what actu
�l l l v  happened . \.Vherc wi l l  all that water go� How 
much h a s  leached out  a l rc:Jdv into the Susq uehanna 
and on do\\ ·nstrca m to Chesa peake Ba y �  

In terms o f  social ccologv, the a fterma th has been a n  
exponentia l increase in general  awareness and concern. 
\Juclcar power hJs become, at la st, a publ ic issue .  
Considerable credit i s  due unquestionably to Jane 
Fonda and her fi lm, "The China Syndrome,"  the 
amazing! y fortuitous tim ing of which reinforced the 

Piloro by R. 0 Zwerg 

m essage of Three Mi le  I s land. Equa lly  fortuitously, 
ass istance is com ing, albeit st i l l  quietly ,  from financia l 
projections, an  a rea from which we do not frequently 
recruit a ll ies ,  as the econom ics of  nuclea r  power begin 
to look increasingly blea k . Certainly Babcock and 
Wilcox arc not faring too well ,  and increased demands 
for safety in other plants arc going to escalate building 
and operating costs to hopeful ly prohibitive levels in 
the fa irl y nea r  future. The al l-too-obvious hedging on 
the part of the authorities has weakened public confi
dence m the credibil ity of officialdom. This in turn 
ma ,. further serve to keep the nightmare of nuclea r  
fusion a t  ba v .  

With glin.;merings o f  hope o n  the nuclea r  front, we 
could well find ourselves on the horns of yet another 
di lemma . Even as  the antinuclear forces ga in in 
strength and becom e increasingly accepted, the cla im s 
of some of the proponents of nuclea r  energy grow 
concom itant! y in stridency and, one assum es, co nvic
tion. We would do well to keep in mind the possibil ity 
of  a backlash.  Wha t m ore logical culprits for a fa i l ing 
econom y than  the opponents of continumg growth? 
In severa l  recent popular works of fiction, including 
.-\. rthur Ha i ley ' s  Overload, and The Wanting of Levine 
by Michael  Halkerstaur,  environm enta li sts and anti
nuclea r  activists are portrayed as irresponsible and un
com prehending or as vi l la ins .  As the last article in the 
Explora tions s ection, by Fra ncisco Varela, describes 
experi entia l ly  and so wel l ,  the danger in sha rp and 
rapid polar izati on of  opinion is that i t  can lea d  to  a 
com plete breakdown in communication between par
tisans on both s ides. I nadequate thinking or, in his 
words, poor epistemology wi l l  most often result in 
i l l-conceived behavior. I f  the nuclea r  issue is to be a 
ma jor pathwa y to a sustainable future, then it is crucia l 
to a void unnecessari ly  a l ienating tactics . Intractable 
dichotom y is l ikely to lead to the frustration and 
potentia l vio lence of  m utual incomprehensibil ity. 
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Notes of an Alchemist's Apprentice 
Nancy J.Vrigh t 

It is di fficult to encapsulate a revol utio n, personal or  
otherwise. I t ' s  even harder to  explain something very 
close to your heart without sounding fool ishly sen
timenta l .  

In 1 9 78, in the spring of my sophomore year, I 
wrote a letter to New Alchemy. In it I expressed 
frustration and dissat isfaction with my education at a 
supposed !  y prestigious univers ity.  It seemed to 
amount to a stale compendium o f  l ists, facts and grades 
in a framework of  competition and social press ures . I 
was being spoon-fed (force-fed ? )  " information" that 
seemed isola ted from either think ing or rea l ity .  Worst 
of a l l ,  I was coming to accept it pass ivel y ,  l iv ing with a 
vague dissatisfaction. Some call it atrophy of educa
t ion, for me i t  was atrophy of the bra in .  The golden 
temple of academia wasn't helping me to learn, even to 
be a producti ve individual in society. At most I would 
become a marketable commodity,  a graduate from a 
big-name schoo l .  Money. Prestige. I watched my fel-

low robots to
. 
see if they fel t  this  decay of our educa

t ion, but I saw them lining up, comparing clothes and 
competing for lucrative jobs in a tight marker . I wrote 
to New Alchemy to see if  I could break through th is 
educational apathy .  To sa ve myself. To start caring 
again .  I wanted very much to have faith in something. 
A r that time New A lchemy represented almost a magi
cal solution . 

Almost a year later, I have found that faith I was 
looking for. t\tly mind 1s working again and my educa
tion becoming meaningful . This is because through 
New Alchemy ,  I have gained a new attitude about 
people, myself, and science-my field of s tudy .  

I n  August I began a s  a New Alchemy volunteer, as 
an apprentice with the semi-closed aquacul ture pro
gram. I thought at first rhat perhaps New Alchemists 
were a mythical lot, a step or two remo ved from real 
people, free from problems, virtuous, and for some 
reason, al l  vegetarians .  I was petrified that someone 
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might find out that I indulge in j unk food or, at times, 
wear make-up. For some reason, I had strange prec on
c eptions, ones that I find others share. Much  to my 
relief, I found the A lchemi sts to be a diverse mix o f  
extraordinary but very human people .  They were 
neither the "New Age" gods and goddesses, nor the 
irresponsible freaks various people had pictured for 
me. The d ifference lay in the i r  a ttitudes, not their  
affectations .  In fac t, the most tangible di fference I 
could pin down was that they used a different slang 
than I do with a flavor of the s ixties not heard on 
campuses today, the s lang I assoc iate with col lege ac
tivism. I guess, deep down, I am jealous of the spirit 
that s ixties students had. I had a lways believed that 
col lege ought to be where you got a l l  fired up and 
showed y our fervor rather than the a l l igator on your 
shirt as they do today . 

The sheer number of projects going on at the farm 
impressed me. I had been exposed to l i ttle in the way of 
al ternati ve technolo gies and I felt as uninfo rmed as i s  
possible. I wondered h o w  many other peo ple are a s  
ob liv ious o f  the ex i stence o f  such  things, from wind
mi ll s  and solar greenho uses to fis h  and kohlrabi .  The 
endless flow of q uestions began. How do these things 
work? How will they affect soc iety ? The econom y ?  
The environment? 

Gradually ,  the concepts behind each project began 
to c ome into foc us .  This was espec ial ly true with the 
aquac ulture svstems with \vhich I was invol ved . In m y  
mind,  the so lar-a lgae ponds progressed from a random 
bunch of fish, a lgae and fiberglass, to an i ntercon
nected, liv ing web- a c omplete cntitv o f  interdepen
dent factors and func tions. Nly questions multiplied. 

I was fasc i nated by the soc ia l  aspects of Ne"v 
Alchemy- -another set of interdependent factors. 
There arc strong press ures due to lac k  o f funds, equip
ment, and hours in the day. There is the ongoing 
srrearn of questions from visitors and outside seminars 
and tal ks that are given . Volunteers come and go and 
must be tra ined, yet each is treated with tremendous 
warmth, a fac t I shal l  always remember and cherish. It 
is by no means a nine-to -fi ve job. Pressures and emo
ti ons can often run very high . Y et there is a co hes ive
ness and a balance within the group that enables it to 
deal with a l l  these th ings .  It is a strong, and strongl y 
protected , sense o f  co m m u n i t y ;  a fi ne-tuned ecologv 
(in the class ical sense of the word) that is maintained. 

Wednesdav meetings , which the group lets vo lun
teers attend, 

.
a l lowed me to see some of the structural 

bases and goals of  New Alchemy. I saw why things 
were the way they were, whether it  was finances or 
how the Ark was c losed at n ight. I could stay informed, 
but more importantly I c ould understand and deal with 
frustrations that I ,  as a volunteer, or anyone else 
might have to deal with .  [ feel this i s  essential when 
working closely with a number of  people. 

In the weeki y disc uss ions, the goals and their under-

lying justific ations that give a sense of purpose and 
di rection for the Institute become apparent. Everyone 
contributes toward this end, fortify ing the group unity .  
Having goa ls o r  working toward an end i s  something 
we seem to have lost touch  with in many aspects of  
society . Often, if we have the means to  do something, 
we plow right on, simply because the technology is 
there. The ends are neglected ti l l  they arrive. In  the 
recent past, many of  these new arrivals, l ike nuc lear 
power, have been fraught with unforeseen problems .  
We fai l  to question motivations and look at ramifica
tions of actions .  The New Alchemists try to embody 
this with their ongoing assessment and group discus
sion policy . U.S. government, ta ke note. 

My actual work as a vo lunteer varied in amount and 
complexity .  Regard less of  its sometimes menial ap
pearance, I was never treated as an insignific ant "go
fer" in the aquacu lture group. No one was ever con
descending despite my negligible bac kground in some 
areas. I was, instead, taught patiently and encouraged 
to learn . What was wonderful (and refreshing) was 
that I enjoyed my work, from feeding fish to counting 
a lgae. Through daily exposure ,  I found myself awed 
by the c omplexity of the organisms, the systems, and 
simply of  l i fe itse lf. 

My stay at New Alchemy was a period o f  academic 
as well as personal gro wth. The ideas and beliefs I wa s 
exposed to a ffec ted me in a number of ways .  Since 
dissatisfaction with my education had been a prime 
motivation for going to New Alchemy, I became 
aware of some a lternative and di fferent ways of better 
uti l izing education .  Two concepts to which I had 
never been fully exposed are those of thinking and 
rea lity .  I had been educated through a system of repeti
tion and memorization, with an emphasis on speciali
zation. Even early on, educational goals were either 
professional or job-or iented. Now I am finding that I 
do not have a \.Veil-developed way of thinking and 
have no idea about m<J.ny basic things. There are two 
things that could be done to remedy problems l ike 
this-or, more hopeful ly ,  cure them. 

The first is beginning to be implemented at lower 
levels and involves giving the student a broader educa
tional base from which to work. This  includes, or  
should incl ude, social  sc iences ,  humanities and natural 
sc ienc es, and just current fact. We should be taughr 
other modes of reasoning and thought, and their his
tory.  A student should have a picture of  the human 
being as a soc ial and biological organism and as part o f  
a larger entity a s  wel l .  Then perhaps each of  us  could 
internalize a set o f  va lues or orientations, because 
today we are cal led upon to make such diffic ult choices 
and to think about the future in an inc redible way . 
Science and technology have reached a point at which 
we must carefully question each step we take. J udg
ments and value decis ions have to be, and are being, 
made. To make such dec i s ions we must be familiar 
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with mora l ,  ethical, social and economic issues as well 
as the more practical and "scientific" sides .  No one 
person can be an expert in a l l  fields of thought and 
action, but the awareness of the exis tence of o.rher 
things , of the "whole," gives us a stronger framework 
to work from, a belief s ys tem to hold on to . 

The second educational factor is much more con
crete. People need exposure to real things and situa
tions, and the chance for practical experience. J\!1 y 
exposure to the aquaculture s ystems at New Alchem v 
gave me a strong sense of what ecos ystems and ecol
ogy are.  I cannot begin to compare this with a written 
description. This almost innate feel ing now gives me a 
better appreciation for any other systems, biological or  
s ocia l .  If each of us  could experientia l ly gain a compa
rable sense, we would have a greatl y expanded abil ity 
to understand and to work . We could then make use of 
a broad background in a theoretical sense, yet l ink it to 
reality. In terms of environmental education, for exam
ple, such a technique would stimulate a higher level of  
public awareness and an  understanding of major envi
ronmental questions facing us today. 

Taken together, tools of background and depth and 
exposure to "reality" would develop the ability for 
constructive, careful thinking, something that people 
don't seem to learn today.  With the l ink ing of the 
class room with the real world, education would be
come a "whole" entity instead of a scrapbag of frag
ments and facts . Thus equipped, an individual could 
face and question the things going on around him or 
her. We must go beyond caring and become thinking, 
aware people. 

Finally ,  and more intimately ,  my experiences at 
New Alchemy led me to personal growth, to the edu
cation of  my self. It always seems to come down in the 
end to "myself. "  Perhaps this is unfortunate, perhaps 
not. Ultimately, one s til l must deal with one's self. This 
seems to demand thought and reflection combined 
with input from many sources . For me, New Alchem y 
was an ideal envi ronment for personal growth. There 
were sensitive people with stimulating ideas .  I had 
both a dynamic place and time to think .  I became 
a ware of choices and decis ions I could make, priorities 
I might have to choose, and roles I might or might not 
fi l l .  This was exemplified by the women at  New 
·Alchemy .  I saw and was fnends with women who 
w ere very consciously deal ing with their changing 
ro les in soci ety and m their own li ves . There was a 
spirit that I had never felt before, a pride in being who 
and what they were as viral, contributing individuals 
and as women . It wa s,  in my mind, not only a manifes
tation of women's l iberation, but people's l iberation .  
This and other experiences a s  wel l  opened m y  eyes to 
new satis fying and meaningful possibil ities for me. 

The net result of this flood of thinking, this "inter
nal revolution" (at least that is ho w it feels to me) is 
that I qm back in the same institution in which I started . 

But now I can see it as a bounty of res ources and of 
opportunities to learn and explore in many directions . 
!Y'lany of the apathetic and social problems sti l l  exist. 
They did not evaporate, but the opportunity for an 
education is there for the taking. To do that is a matter 
of priorities ,  and dealing with, not fighting, the hassles 
of college as it is today. Granted, it is a compromise, but 
the trade-off is worth it. I have regained my enthus i
asm. I have energy and motivation again. I have a 
belief . People can turn their energies toward creati vc, 
useful ends .  They can think and learn . They can deal 
with technological problems on a human scale. I found 
that spirit at New A lchemy. 

Book Reviews 
Poirot, Eugene M. 1 9 78 Our Margin of Life. Acres 
U.S .A. ,  1 02 2 7  East 6 1 st  St . ,  P . O .  Bo x 9S47,  Ray
town, Missour i  6 4 1 3 3 .  1 3 9  pp . ,  $3 .SO. 

f'holo b\· 1-filde Mamgvv 

reviewed by Bill :VfcLarney 

I first became aware of Gene Poi rot as the inventor of 
Rube Goldberg fish-harvesting contraptions that work . 
I later di scovered that in the more than 50 years since 
he first began farming with "no education, just  a uni
versity degree," he has done manv things that work . 
He began, and sti l l  farms, on 1 , 900 acres in southwest
ern Jvl issouri . He has allowed 800 acres of this expanse 
to remain as one of the last stands of virgin bluestem 
prairie on the continent. One thesis of this book is that 
it is that 800 acres which has taught Gene Poirot how 
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to farm. And now he asks his prairie to teach us, not 
necessari ly to farm, but at least to see more clearly how 
nature relates to society through the farmer. 

The book i s  like old-fashioned farming, at once 
practical and romantic. Poirot's thought can be as basic 
as the need for food or  as romantic as a prairie night in 
May. It is on such a night that he invites us, "Come 
walk with me in my virgin bluestem prairie on this 
night in early May .  Listen, while it reveals its past. 
Learn, since it reaches the lesson of survival . Take 
hope from the beauty of its flowers and renew your 
faith from the murmur of its creatures . "  During a 
1 2-hour period we watch the cycle of events on that 
prairie and listen while Poirot alternately addresses a 
sharp-shinned hawk who lives in an old elm by the 
bank of Coon Creek, Lady Moon, or us, his guests . 
Through the author's relationship with the hawk and 
the moon we are given not only an appreciation of the 
prairie ecosystem, but sound agricultural advice, a sug
gestion for a national agricultural policy, and a land
based philosophy of l ife .  

Poirot was  o ne of the first of the "scientific" farmers 
and one of the few wise ones. He has realized that 
science is a tool for the farmer, not a panacea. American 
agriculture today seems to take the attitude that a 
phenomenon begins to exist only when science ana
lyzes i t .  And we tend to behave as if science and its 
stepchild, technology, could be used not only to alter 
natural systems, but to mutate the Ia ws by which both 
natural and human-modified systems operate. But 
Poiror says, "We humans are one product of the Great 
Scheme of Things . Science tries to determine how we 
got here, where we fit and what we may do to survive. 
In fact we did survive because of  the Sch\me long 
before we had much part in its performance. 1fhis in 
itself is reason enough to bel ieve its teachings as we can 
observe them in a general way, without waiting for 
science to come up with a l l  of the answers, for we 
cannot wait long and be sure of surviva l . "  The book is 
fil led with examples which show how Poirot's applica
tion of scientific knowledge rests on a firm fo undation 
of experience, and how his use of scientific insights 
reveals whole new vistas where intuition and percep
tion, as well as the rational powers , can play. I was 
struck by the thought that humanity may one day 
conclude that the rea l  purpose of  science was to lead us 
back to a more sensual and intuitive relationship with 
nature. 

Poirot's attitude toward technology is made in his 
references to chemica l fertilizers . He is not a d octri
naire "organic" farmer, but a practical farmer who 
recognizes the l imitations of a technological approach 
to natural systems. Speaking of the contemporary use 
of chemical fertilizers, he notes, "In the last few years 
we have returned more plant fo od than at any t ime in 
our history, not to improve the soil but to meet the 
immediate needs of the crops we grow . . .  but we are 

still los ing more plant food than we are replacing" (due 
to our disregard for living organic matter in the soil ) .  
H e  describes his use, in the early days of  his farm, of  
limestone and  superphosphate in conj unction with 
sweet c lover to restore prairie soi l .  B y  dril l ing the 
chemica ls into the soil with the clover seed, they were 
held in place long enough to help the y oung clover  
roots get started on their part of the job .  The cost of  the 
chemicals used in this manner was 1 5% that of the 
ferti l izer technique which was recommended to him at 
the time. His use of chemicals was but one step in a 
long-term process which has resulted in virtual elimi
nation of chemicals, made his farm among the most 
productive in the United States, and earned him a bevy 
of  awards from both agriculture and conservation 
groups . Unlike many of  his contemporaries he did not 
lose sight of the fact that "taking minerals from mines 
is a temporary measure, not a solution to the problem 
of recycl ing plant foods . "  

Poirot makes an  economic case for h i s  methods of 
soi l  restoration.  "The Farmers State Bank in Lock
wood, Missouri" (not far from Poirot's home in 
Golden City) "showed a significant growth after fi
nancing so i l  and water restoration for ten years. In  the 
last seven of these years , the bank grew an average of  
over $ 1 ,000,000 per year, to  a capitalization of  
$ 1 4, 3 00,000 . . . .  In 1 9  2 2  some economists suggested 
that this land should be abandoned; it was, they said, 
worn out and could never be farmed in  a profitable 
manner. " 

But economics, l ike science, is only a tool in the 
author's kit .  He castigates humanity's "eagerness to 
get money rather than a permanent source of life . "  
And he pities the  "banker with a hoard of indigestible 
gold l iving now by the charity of those who would 
share with him the margin of fertility stil l remaining in 
their farms . "  

The notion of "margins" is central t o  the boo k .  The 
hawk is j ust  enough faster than the quail to be ab-1e to 
catch his supper; that is part of his margin of life .  The 
hawk ,  and the quai l ,  upon death are returned to the 
soi l .  That is part of the margin for plants, for more 
birds, ultimately for us . We owe our existence to "an 
accumulation of margins at a progressively higher 
level of l ife . "  And, argues Poirot, it is an extra margin 
provided by the farmer-what we call "abundance" 
-which ultimately determines the quality of our l·i ves . 

In practical terms, the central point of the book is 
that modern agriculture, and the philosophy which 
determines it, are eroding our margin of life. "Those 
who have implicit faith that the law of supply and 
demand will correct the decadence of our soil resources 
should note that the same law in other nations has 
hastened soi l  destruction, with the result that human 
diet had to change from anima l  proteins and fats to 
vegetable proteins and starches." Poi rot asserts that 
"man's failure to recycle the resources he uses, adding 
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m ore where they are needed , and keeping recycled 
resources and additions within reach of new l ife a t  a 
t ime and place where nature can use them , ii the farm 
problem a l l  over the earth . "  

This leads h im to  a suggestion for a national farm 
policy radica l ly  different from the present one. While 
Poirot apparen tl y has more faith than I in  the capacity 
o f  our federal government and our economy to discern 
and take the right course, his ideas are certain ly worth 
promoting. He suggests that "in our nation, which 
tries to make supply and demand work, the answer is 
simp! y to make a market for resource restoration that 
operates in direct co mpetition, price-wise, wi th the 
marker for buying agricultural products, which ac
cording to our present methods is des rro ymg and mis
placing resources . "  

What this would co me down t o  i s  to make the 
customer foot  the bil l for soil restoration and resource 
conservation .  In this day of Proposition 1 3 ,  that may 
not be a popular idea. Yet I would submit that Poi rot 's 
suggestion cannot be considered without being bal
anced against what we are asked to contrib ute to 
inflated defense costs, destructive energy program s ,  
space exploration, questionable h ighway construction,  
h idden industrial subsidies and general bureaucratic 
inefficiency .  

Poirot proposes some pretty radical ideas. He  be
l ieves farmers should be rewarded for producing the 
most nutrition, not the most "food." He suggests that, 
s ince the owner of a phosphate mine or  an oi l  well i s  
entit led t o  a depletion a l lowance o n  h i s  taxes, a l l  the 
more so should the farmer receive one for soi l  mineral s ,  
s o  that h e  can afford to g o  ahead with soi l  restoration . 
He asserts that so i l  is capital and crops interest, and 
until our agricultural policy takes cognizance of thi s ,  
farmers wil l  be economical ly pressured to take a de
structive course. He believes that the only legislation 
which will effect soi l  restoration and conservation is 
legis lation that rewards the good farmer by offering 
incentives , rather than intensifying competit ion, thus 
punishing the bad farmer. 

His suggestions for a national fa rm policy are of 
course directed to the s ears of government, but they 
are also addressed to us. "I  am your farmer, " says 
Gene Poirot. Here is his chal l enge: " If we are going to 
try to solve the farm problems for abundant produc
tion, plus environmental problems of clean air and 
water, flood control, wi ld life conservation, extra rec
reation and the preservation of natural beauty, we had 
better empl oy  the farmer to help us . . . .  I have demon
strated what can be done over a period of fiftv years . If 
you want i t  on a national basis, get busy and push fo r 
i t .  n 

So far I seem to have reviewed the technical and 
political aspects of Our Margin of Life, while paying 
only passing notice to irs poetry and philosophy. This  
i s  not  meant to be in  proportion to  their worth . I t  i s  

merely a confession of my inabil ity to  do justice to  
them . \Vhen Poirot looks  ahead to  the  day h i s  hawk 
will die, and describes the event in terms of its place in 
the larger scheme, one may weep for the hawk,  bur at 
the same rime one wil l  see the beauty of  the whole. 
And one wil l rea l ize that the author ma kes no di stinc
tion between Gene Poirot the technician and Cene 
Poi ror the nature poet. If all the people responsible for 
our agriculture had such a unifying vis ion , Poirot 
could \ITite onh· poetry, without exhorti ng us to hus
band our resources . 

There is rea l ! �, only one thing wrong with rim 
boo k ,  and it is a fa miliar problem. " YVc" will read it 
and love i t .  But it is not clear that it wi l l  be re<ld hy 
"them . ' '  Our . \largi11 of Life needs to reach rhe modern 
fanners and ban kers and pol iticians and policy ma kers 
and informed voters who steer the course of our agri
culture and who ordinar i ly read only what agribusi
ness wants them to read .  For thev arc the ones Poi rot i s  
chal lenging directh· .  Fortunately the writ ing is such 
that the book \\· i l l  appeal to anyone with an aesthetic 
sense or a feel ing of responsibilitY for the future, 
whether or not he or she has ever been concerned with 
agriculture. The challenge to us · and I incl ude the 
book 's publisher -is to get this book, and this phi
losoph y ,  ro these readers. 

Gyorgy, Anna, and Friends. No Nukes: Everyone 's 
Guide to Nuclear Power. South End Press, Box 68 ,  Astor 
Station, Boston, Massachusetts 02 1 2 3 . 478 pp. ,  $8 .00 

NO NUKES 
ev�rxo.ne'S gy_!de . 
nu�ear power 

anna gyorgy&friends 

reviewed by Christi11a Rawley 

Over the past decade we have worked with many 
other groups similarl y dedicated to the creation of a 
sustainable future. At about the same time as Nevv 
A lchem y began working on the farm in Hatchvi l l e, a 
sma l l  comm une settled on land i n  Montague in rhe 
western part of Massachusetts almost diagonally across 
the state from Cape Cod .  As New Alchemy has 
focused on the research and educat ional aspects of 
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appropriate technology and land use, the people at 
Montague Farm have been primari ly concerned with 
direct-action pol itical organizing against our number 
one dragon, nuclear power. 

Anna Gyorgy, the author of No Nukes: Everyone 's 
Guide to Nuclear Power, l i ves on the Montague Farm. 
She began organizing the No Nukes mo vement when 
a twin nuclear plant was proposed for the town of 
Montague. This threat made her aware of the prob
lems with all atomic power plants . She is a founder of a 
local citizens action group, the Alternative Energy 
Coaliti on, and of the Clamshell Al l iance. As a member 
of the Clamshell Resource Committee, she has served 
on regional energy task forces and has spoken at 
countless ral l ies and meetings local ly,  regional ly and 
international ly .  This seminal and continuing antinu
clear research activity makes her well qualified to write 
"everyone's guide ." 

No Nukes i s  an excellent educational tool  for anyone 
concerned about the nuclear power issue. It contains 
near ly 500 pages of facts about nuclear power, its 
history, technology and economics, as well as its social 
and political implications. A veritable reference en
cyclopedia, it was produced with the help of eleven 
friends ,  experts, and people directly involved in the 
no-nukes movement around the world. It is written in 
a clear style which can be easi ly  understood. The 
type face is eas y  on the eyes and is printed in double
column textbook style. Six graphic artists prepared 
the hundreds of i l lustrations that are on nearly 
every page. Each chapter is backed up with pages 
of footnotes. 

At the end of the fi rst chapter is a No N  ukes diction
ary that I referred to constantly this spring during the 
ncar melt-down of the Three Mile Is land nuclear facil
ity .  On page 4 1 5 there i s  a reference to public politica l  
opposition to the Three Mi le  Is land facility even 
before the accident, reporting that in an Appeals Board 
meeting it had been said that the l icense for TMI I I had 
been is�ued i l legal ly  and that the plant should be shut 
down1 

The second section on economics guides us through 
the nuclear power structure and the impact of the 
industry on economic growth from uranium reserves 
to power-plant construction. With regard to the fal lacy 
that more nukes mean more jobs, Ms.  Gyo rgy says 
"money invested in electricity generation creates fewer 
jobs than money invested in almost an ything els e . "  

The last half of  the book i s  devoted to  solutions . 
After defining the problem of nuclear p ower in the 
first half we are given ideas about what can be done. A 
section called "Some Alternatives" begins with the 
practicality of conservation, of improving efficiency 
of energy usc whi l e  conducting research to develop 
renewable energy sources . Strong consideration is given 
to small-scale, decentra l ized energy systems , control led 
by communities and individuals . Alternative energy 

sources such as pass ive solar, h ydroelectric, wind, bio
mass, biogas,  alcohol fuels and wood are all described 
with a summary of their majo r  benefits and attendant 
problems . Some "high" tech applications such as pho
tovoltaic cel l s ,  photothermal and ocean thermal con
vers ion, geothermal , solar satel l ites and fusion are also 
described with a warning: 

Just because a particular method of producing energy is  solar 
powered, it is not necessari ly "appropriate . , .  What we must ask is: 
\Vhom does it serve; who contro l s  it ;  and what are its costs in 
social,  environmental, and financial terms. As we approach and 
begin ro enter rhe so lar age-and enter we must-Ier us nor be 
fo�led into ri1inking that 

-
solar technology is inherently smaller 

scaled and therefore "better ."  Solar s ystems can be very high
technologv stuff. They can be complex, centralized, expensive
and unnecessary. 

As we enter a new era, i t  i s  appropriate to question the standards 
by which rhe new energy sources wi l l  be developed . Will it b e  for 
maximum profit, for private enterprise, including investor owned 
uti l it ies'  Or will the solar age have values and goa ls besides profit: 
things l ike  the quality o f  l i fe, health and safety, creation of good 
j o bs ,  maximization of publ ic and local control .  . .  Choosing the 
appropriate a l ternatives is nor an economic problem bur a pol itical 
and social one.  

The footnotes in this section again show the detailed 
research efforts of the whole book. 

Because over half the book describes a lternatives and 
efforts to transcend the nuclear culture, while we are 
given the grim picture of nuclear power on the one 
hand, we are offered other possibilities on the other. 
The book is not depressing. It i s  a result of Ms. Gyor
gy's and her friends '  dedication to the struggle against 
nukes and oppression and for the l iberation of clean 
energy as though people mattered . 

As a fem inist, decentralist and no-nuker, Ms. Gy
orgy has made a strong statement through the process 
bv which this book evolved . Working on a very low 
budget and instead of traveling around to gather in
formation as is customarily done, she bought stamps, 
wrote letters, and contacted people from a l l  corners of 
the world who wrote of their own work. Many women 
such as Liz Apfelberg and Jane Swanson of Mothers 
fo r Peace in San Lui s  Obispo, California, and Native 
:\mericans like Thomas Banyaca of the Hopi tribe 
contributed to the final section of the book, which is 
made up of reports of the activities of various anti
nuclear organizations. The writing style throughout 
the book is  easy .  Even the sections deal ing with the 
technical aspects of the issue are written in such a way 
as to demystify the system . And that's part of what it's 
all about. 

In conclusion Anna Gyorgy says, 
hlucarc, agitate, orga n i ze . .  The best wa,· to  fight nuclear power 
is ro s rudv up and start ta lk ing . . .  Look into solar alternatives in 
1 ·our communirv .  Practice energv conservation and support local 
;mcm pts to rake over power production and disrribut1on. Check 
o ur rhe sources of radiation nearest your hon1c. \\' rite letters. join 

o r  form an acriv 1 s t  group. Be aware and be act1ve. Demonsrmre. 
Our future depends on it. 
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A t  the Threshold of Winter Looking Tm.vards Spring 

The seed, the life-bearing seed, 
lr already in the ground, hidden 
From those who see only the fields 
And imagine that summer is fore-ver. 

Not so, deaT fTiends. SummeT has gone 

A nd what you live 'With on the surface 
Is not rnrrre than the husks of the past, 
Ready to rot and be turned under. 

Who wallis to /mow that ·willler is coming? 
Yet in the mouutaim of han sno-u; 
Has aheady fal/m-the same SIIO'W 
That will cowr us all this winter. 

Flakes of terror, chaos, the ·whill' death, 
Are fr11/ing now on all ouT cities, 
But melting quickly, before anyone 
lr constrained to acknowledge the fact. 

"Times are b,1d, but the stork market 
Is almosl keeping up with inflation 
A nd there seems to be oil aud gas 
Enough to see us through the next election. "  

So you say no�v. but 'U:hm the House 
Of credit cards collapses, or is blou·n 
Dou·11 by a uuclear bl,w, one black hole 
Is a.r good as another to pass th,• time. 

In the midst of winter the most difficult 
Task for rho.re "t.Vho guard a rrrt,1i11 -uisioll 
Will be to remember. to remember 
Not the past, uot the future- -the pre.rent. 

That pulse is not yet felt or heard 
Except bv those it a11imate.r. ·who brratht 
.-1 differelll air, the great connector 
Of today 's undergrmwd. genninatin��; tol!tOJ-rou·. 

Without ·wima, 110 spriug. 
l-liithout death, no birth. 

Without suffe-ring. 110 compa.r.riou. 

Without love, 110 joy. 

So lei me fall into the ground aud die. 
Whate-ver is t-rue �viii come up iu the s priug, 

.4ud that which isn 't �viii fertili�e -u_·hat is. 
lu thr ·womb of the ,\;/other, nothing i.r u•a.r ted. 

/anu.r George 
6 .Hav I 9 7 9  
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Costa Rica-Fish Culture 
Bill .HcLamey 

It is a c l iche that nothing happens on schedule in rural 
Latin America. This report verifies that cliche. I had 
hoped to be able to write of  the first New Alchemy fish 
harvest in Gandoca. Instead, I can offer only a tale of 
s low progress in the face of obstacles and s etbacks . At 
first the real ization of what I would have to write for 
this journal bothered me as m uch as the lack o f  a giant 
fish crop; presumably our readers want more than 
amusing stories .  But then I thought of the correspon
dence we get about N AISA work, and the visitors 
who a rrive at the Cape bound for or coming from their 
own tropical experiences . And I realized that, though 
our aquacultural responsibil ity is primari ly to the cam
pesinos of Costa Rica, thev do not read this /ozana!. 
Among o ur English-speaking readership are many 
who are working or wil l  work in the developing
nations . Some of you wi l l  experience technical aqua
culture problems, but al l  of you, in or  our of aquacul-

ture, will encounter the kinds of  nontechnical pre
dicaments we get into in Gandoca. I hope my accounts 
wil l  help you grin and bear it, reassure you that there is 
a solution, and rna ybe even suggest a so lution now and 
then . 

At last writing ( May,  1 9 7 7) ,  our system of two 
ponds with drainage ditches was perhaps 7 5% com
pleted , and I was on my way back to the States . At that 
time, the plan was :  

1 .  t h e  local "·ork ere\\· would fi n ish the construction hopefu l ly  
before the  start of the  ramy season: 

Fish culture tramee Oscar Cerd;ls would then spend a month 
111 a · ' \\·ork-srudv " "  s ituat ion ar an established fish culture 
st<I r JOil o f  Costa R 1can government. 

-'· on h�> reru m. Oscar would lmng-. Ti/,7fJi•l llilotic,71 brood stock 

1 ' l 'hc Cllff(.'ll[ COffL'C[ {;l\:01)0111iL· n:trne for rhi5 risll i s  S.rrolhrrr,don miMirus. Howc\"Cf. 
:o;in...:..: 1 r  hll.:b .1 gcn(.'rally acccprcd conmwn n:l!llL' ,  :tnd rht r<.:rminolo¥y Fi/,1pia nilorir.1 
ha:- s�.:rn'll for m;m�· �·cJr". \\·�; \\' i l l  adh�..·rL' to it lu:r(' 
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to he placed i n  the "reproduction pond" (See the fifth Journal 

for a description of the components o f  the svstem. ) ;  and 
4. on my return ro Gandoca in Januarv, 1 9 7 8 ,  we would make 

our first small harvest and stock the larger pond with voung 
males from the reproduction pond. 

Well, as reported in a previous journal, step 1 went 
off on schedule .  That news came to me in a letter, but I 
rea l ly  was unprepared for the excellence of the finished 
s ystem. I was particularl y impressed with the crew's 
ability to lay out a functioning drainage s ystem on 
apparently flat ground, with no measuring instruments 
whatsoever. We have approximately SO meters of 
ditch sna king around the ponds, and it a l l  flows the 
way it is s upposed to. 

The pond outlets have a dual drainage s ystem. 
Large volumes of water, such as may occur in the rainv 
season, are handled by an L-shaped plastic pipe with a 
removable top s ection. This serves to draw the ponds 
down to about 1% feet at the dam. More gradua l or 
more complete drainage may be achieved with a double 
set of Rivaldi valves , a Paraguayan innovation which 
should be known to all small-sca le  fish culturists. 

Enough m alanga (Colocasia sp.) had developed from 
the plantings made the previous February to begin 
feeding fis h .  But where were the fish? I should have 
k nown it would not be eas y  to get the stock we needed 
when it took fou r  months of intercontinental cor
respondence to get Oscar into a fi sh culture station. In 
both cases we owe the solution to the Director of 
Aquaculture in the Costa Rican  Ministry of Agricul
ture, Herbert Nanne, Jr .  

Some time after my arrival in Gandoca , we arranged 
through Sr. Nanne to purchase 400 young Tilapia 
nilotica. (Al l  avai lable breeders were quite large and 
would probabl y not have survived shipment.) The 
fish were to be netted at the Fabio Baudrit field station 
near Alajuela, bagged , driven to Juan Santamaria a i r
port, and air freighted to Limon. At Limon airport 
they would be picked up and trucked an hour to 
Puerto Viejo .  There they wo uld be loaded into a 
dugout canoe equipped with a 6-h.p .  motor for the 
voyage to the bar at the mouth of the Rio Gandoca
an hour and a half in good weather, impossible in bad .  
(As  a safeguard against the latter possibi l ity, i t  was 
necessary to have on hand some plastic screen, l umber, 
and a carpenter, in case it became necessary to float the 
fish in cages overnight in a creek in Puerto Viejo . )  
Assuming they reached the Gandoca Bar, a horse 
would be waiting to carry them the last half-hour leg 
of the journey. 

Do try to imagine the logistics of all this in a place 
where few people have access to a phone and a l l  mes
sages must be relayed in person or  put out o ver com
mercial radio .  Irritating delays are inherent in this sort 
of thing. Only "irritating" for us could be trans lated 
" lethal" for the fish .  

On the appointed day,  February 2 1 ,  we needn't 
have worried. Someone at Fabio Baudrit s upplied the 
lethal factor. I don't know if everyone came to work 
drunk that morning, or what, but they packed a l l 400 
fish in one smal l  bag-with a l ittle water. To com
pound the problem they placed the bag in a box with 
no support to hold its shape, so that sharp corners were 
formed, into which the panicky fish crowded and died 
of asphyxiation. 

Seeing the sti l l  live lv  ''sardines ' '  at the airport, I 
supposed m vself to be in the presence of some new 
advance in fi sh transport technique, shaped up the bag 
with some coconut shells, and loaded them on the 
truck. By the time we reached Puerto Viejo ,  it was 
clear that emergency measures would have to be taken. 

The first step was to open the bag, stir the water and 
get out those fish which were already de�1d .  This 
attracted the attention of various of the vil lage elders, 
who had been sitting around waiting for an event. I 
\Vas soon s wamped \Vith contradictory advice based 
on their accum ulated store of wisdom and experience. 

I managed to borrow a few plastic pails and beg<In 
changing vvater with little regard for the conventional 
practice of  equa l izing water temperatures. Several bv
standers were pressed into bucket brigade service .  As 
my C )'CS were neCCSS <I r i l v  focused dovl'n WJrd ,  0!1 the 
fish ,  I became accustomed to addressing feet as they 
appeared . So l was somewhat surprised when I did 
look up and saw a rotund, florid San Jose business man 
(l s uppose) in wh ite shirr and tie wondering why he 
h�1d been so perernp to ril v o rdered to gcr �1 b u c k et of 
1\'<lter . 

\Ve loaded several pai ls of fresh \Vater into the canoe 
and continued on down the coast, exchanging water al l  
the time--not a l l  that eas v  a thing to do in a canoe �It 
sea .  To add to our woes, the day was hot and the skv  
clear-a l ittle overcast might have helped. A l l  i n  a l l ,  I 
think we did well to release 60 more or l ess l ive tilapia 
into the pond. 

But that was not enough, and the whole process ,  
including the 1 6  mile hike to arrange the shipment by 
phone, had to be repeated on March 8. This time, 
thanks to the direct intervention of Sr. Nanne, the fi sh 
were shipped right. Despite rough seas ,  we made it to 
the ponds with only three losses out of 400 fi sh . 

Meanwhile, we were experiencing two other prob
lems . The most perplexing was a water shortage, 
which has thus far prevented us from using the larger 
of our two ponds . Prior to constructing ponds we 
surveyed the o lder residents of the area as to the possi
bi l itv of dro ught. There had nev er been one unti l  
1 9 7 7-78 .  The normal weather pattern i s  a " d r v "  sea
son from January to May ,  then a "rainy" season, 
peaking in August and again in November and De
cember. The rains came more or less on schedule in 
June, 1 9 7 7 , though the amount of rainfal l  was less than 
normal. Bur, for the first time in anyone's memory, 
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there was no significant rain in November and De
cember. That, along with a more or less normal dry 
season, led to almost continual low 'A .. ater in the larger 
pond, which fina l ly went dry in April . 

By the time the fish  arrived it was a l ready apparent 
that the brger pond was in danger of drving up, so al l  
the t i lapia. regardless of sex, were placed in the repro
duction pond . Eventual ly  even that pond,  which is 
quite a bit deeper than the gromng pond, fel l  so low 
that we ceased feeding and constructed bamboo and 
coconut frond shades in the pond to retard evaporation 
and cool rhe water.  

We were worried . not only tha t that pond might dry 
up too ,  and cause the loss of all the fish ,  bur that the 
unprecedented wcnher might represent a long-term 
climatic change, such as has already  a fflicted the Pacific 
Coast of Central America . As it happens. rhe smaller 
pond did nor go dn', and the rains have been more or 
less normal since !V1a v, 1978 .  But it wil l  ta ke a couple 
mo re normal years to completel v convince us that the 
drought of 1 9 7 7- 78 was just a frea k occurrence. 

One good thing about being involved in anv son of 
farming venture -there are ahvavs enough immediate 
problems  peculiar to the indi vidual operation to save 
one from morbid preoccupation \\'ith long-term em·i
ronim:ntal problems. I n  rhe case of the :\.--\ I S .-\ fish 
culture pro ject, while \Ve watched our water evaporate 
we could ponder what had become of the nets we had 
ordered . Trying to do any son of intel l igent manage
ment of  fi sh without nets, scales to weigh fi sh and 
food, ere . ,  is sorr of  like trying ro chop bush \virh a nail 
file  in place of a machete. But tha t's where \\·e found 
ourselves as of Apri l ,  1978 .  

I had delayed ordering o ur fish culture equipment 
while waiting for a grant proposal ro make irs tedious 
round s .  Final ly ,  in November, 197 7, I got up off 
N AISA 's hard-earned nickels and ordered the nets, 
grant or no grant. This rheorcticalh, gave us time to 
rccci vc our tools ahead of the arrival of the fish. The 
nets arrived severa l  weeks a fter the fi sh. 

The plan had been that New A lchem y would pur
chase the equipment and have it shipped to Catholic 
Relief Services (CRS) in New York, whence it would 
go by boat to Limon.  Our friends a t  CRS i n  Costa 
Rica would help us get it out of  customs without 
paying duty. 

Weeks passed. No word o f  the nets . Some detective 
work by John Contier of  CRS establ ished that they 
had been loaded on a ship cal led The A merican Legion 
in New York .  The American Legion does not go to 
Costa Rica. Perhaps they were transferred to another 
ship? Poss ibly .  The CRS warehouse people in 0:'e\\' 
York, the line which owns The Americt!IZ Legion, the 
shipping agents in Limon, and rhe customs people at 
rhc Port of Limon all pleaded utter inability to ans wer 
that question . For all we knew, our fish culture tools 
could be l ike Charl ie on rhe MT A. They could have 

been doomed to shuttle back and forth between Spits
bergen and the Maldives until the oil finally runs out. 
( I  might add that it is impossible to purchase small 
mesh nets in Costa Rica, so our problem was urgent . )  

Final lv ,  CRS in San jose received a notice. Our nets 
\\'ould arrive Fcbruarv 10 in Limon. They did not. Al l  
hands once again plc<1cled total ignorance and inability 
to help us. ,\ lore weeks passed.  Another notice arrived . 
Somehow ,  our nets had gorren unloaded Februarv 1 H 
in Punrarcnas. :\or as bad as it could be right countrv, 
'-'-Tong ocean.  

\:o \\' , those of vou without expcnence in this sort  of 
thing might suppose that from that point things be
came simple. You reckon without the aduana (customs) 
and irs capacity to make things difficult .  I don't know 
what it i s  about customs people. There are some insti
tutions which are merely confusing. With a reasonable 
command of  the appropriate language and once you 
learn the ropes, what you thought was a morass of 
confusion and inefficiency becomes quite manage
able. Not so the aduana. The aduana does not discrimi
nate, on language or any other basis , nor can it be 
"managed. "  Aduana employees spare no effort of 
creati vity ,  leave no informality uninvokcd and miss no 
chance to invite you back tomorrow for another round. 
(I especia l ly  remember one episode when John Todd 
sent me some Otabs -- tablets which release oxygen in 
\Vater, to be used in shipping l ive fish. These were 
classified as "medicine ," rhus opening a whole new 
wonderland of regulations and forms . )  

In the case of  our  nets, rhe aduana , perhaps madvert
ently,  outdid i tsel f. Some behavioral deviate in the 
Puntarenas aduana actual !  y tried to be helpful .  This 
<Jnonymous person sent the package on to San Jose� 
but forgot to send the requi site forms .  The Puntarenas 
aduana was adamant that they couldn't release the 
forms unsigned and unsramped. And of course the San 
Jose people co uldn't release the nets without them. 

,--\t this point a deep bow to Horacio Pestana of 
CRS, who spent who knows how much time shuttling 
between S<1n Jose and Puntarenas, and final ly sue� 
ceeded m extracting our equipment on April 9. Fol
lowing another truc k, boat and horse trip, the nets 
arrived m Gandoca on April I 1. 

The fo l lovvmg day we netted our first sample, 
which disclosed that our fish were pleasmgly plump 
and apparentl y gro wing wel l .  I sav "apparentl y" be
ca use, o wmg to the presence of our scale in the Punta
renas aduana, th e initial weight of ti lapia stocked had to 
rem ain unknown. The sampling also disclosed the 
greater difficulty of netting Tilapia nilotica than other 
species. Particularl y in our soft bottomed ponds ,  they 
are adept at diving under the net. We have yet to solve 
this problem to our satisfaction .  

In  the course of sampling we were able to  remove 1 8  
pounds o f  "weed" fish , which could compere with the 
rilapia for food . They mcluded Poecilia sphenops, the 
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"mol ly" of aquarists ; Hemieleotris fasciatus ( ? )  and 
Eleotris amblyopsis, two s leeper gobies; and Astyanax 
fasc�atus, a characin .  Some of these were eaten by our 
neighbors ,  but there was more interest in the three 
pounds of del i cious fresh-water shrimp we hauled ollt. 
While the future of commercial fresh-water shrimp 
culture is doubtful ,  they are undeniably a fringe benefit 
of aquaculture in the lowland tropics , where they 
appear unbidden wherever there is water. 

With regard to feeding our tilapia, this is rea l ly the 
crux of the project, or at l east our claim to distinction. 
Those who have attended any of my Farm Saturday 
workshops or read some of my o ther writings are 
famil iar with my views on commercial concentrates as 
feeds for cultured fish .  Ecologica l ly ,  economica l ly  or 
energetica l ly based objections to commercia l concen
trates are a l l  the less debatable in a developing country 
l ike  Costa Rica or  when the object of culture is a fish 
l ike  tilapia which has been promoted chiefly on the 
basis of its l ow position on the food chain and suitabi l
ity for low-cost production. 

It must be admitted that many of the concentrates 
" work "-on tilapia as well as on obl igate carnivores 
like trout and catfish.  I t  is also only fa ir to point out 
that in Costa Rica great progress has been made in 
developing Costa Rican substitutes for imported con
centrates which are ecolo gica l ly benign and a great 
deal cheaper than the feeds imported from the U .S. But 
all d iscussion of concentrates is academic in Gando ca,  
where neither the economic means to purchase them 
nor the faci l ities to transport them exist. 

The primary food of our tilapia is deri ved from the 
natural and augm ented ferti l ity of the ponds. The 
ponds are buil t in a swampy spot  and, as in much of the 
lo wland tropics , the natural ferti l ity of such areas sub
stantial ly exceeds that of surrounding high ground. A 
more surprising fact is that, while our agricultural soi l  
is problematicall y  acid ,  our pond water is near neutral 
in pH 

Whatever their chemistry, the ponds , prior to stock
ing, s upported a luxuriant and diverse population of 
small fish, shrimp, insects, etc. Less appea l ing was a 
rank growth of fi lamentous a lgae. This had its merits 
as a mulch (we have even cons idered building a special 
shal low pool j us t  for that purpose),  but to a fish cultur
ist it is an unmitigated detriment. 

Just prior to the arrival of the first lot of fish, we  
began to fert i l ize the pond with horse and cattle manure 
in porous plastic bags . The ensuing bloom of phyto-

plankton, the primary food for the tilapia, quick ly  put 
an end to the fi lamentous algae·-a "textbook" exam
ple of weed control by co mpetition. 

Apart from algae, the principa l  tilapia foods availa
ble to us are the plants \.Ve ha ve planted fo r that pur
pose, principal ly melanga .  We have much to learn 
about feed plants but at present we recommend ma
langa, for the fol lowing reasons: 
I .  easy to culri vare using rradir iona l merhods, 
, l ikes ro !<row near warer, 
3 .  pesr-fre; (w irh rhe exceprion of  our famo us land crabs), 
+. produces a srarchy corn edible by humans and livesrock, 
5 .  produces a verv large quanrirv of  leafy marerial , and 
6 .  easv to cur and feed. 

For <1 1 1  the vi rtues of phnoplan kton and ndang<l, 
there is sti l l  no substitute for <I smal l  amount of animal 
protein as <l growth promoter, parricu larh· in y oung 
fish. Our fi rst batch of fish got off to a List start, tha nks 
to the abundance and di vcrsi ty of small animals initia l !  v 
present. Presumablv there wil l  a lways be some pro
duction of y·oung mol lies, shrimp, insect larvae and 
zooplankton, but predation by a large population of 
tilapia wil l  drive these sources down to a much lower 
level than was initiall v present. 

Our first attempt to para l le l  our Cape Cod effo rts 
w ith earthworm and midge larva culture and U- \' 
bug- l ight insect traps , involved the scourge of local 
construction, the termites ( local lv k no·wn as comejm or 
" wood l ice")  which form large round nests wherever 
there is dead wood . The local people have long recog
nized their value as animal feed; i t  is a common practice 
to harvest nests to feed to chickens and they are also 
used as bait to trap shrimp. Our attempts at "culture" 
so far consist merely of cutting nawral ly established 
nests and setting them up on a suitable site. iVl ost of 
these transplants "take" -new runs are formed and 
termi tes go on l iving in the nests . But the population 
density in our transplanted nests has not approached 
that in natural nests, thus reducing thei r uti l i ty . We 
would v.-elcome suggestions from any termite experts .  

Further development of the termite work i s  a prior
ity,  as is the s tocking of the large pond with a l l  male 
t i lapia and a few gua pore ( Cichlasoma managumsf or 
Cirhlasotna do·<:ii), a large predatory cichlid used to con
trol e:-.:ccss small fish. But our plans suffered a setback 
when Oscar l eft to seck work elsewhere. l1 ntil we em 
begin training someone to ta ke  his place, the rilapia wil l  
mark time in the ponds, and we \v ii i endeavor to learn 
Larin patience. 
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As the idea of massive, single-shot solutions to en
ergy demands wanes with the increasing una vaila 
bility of inexpensive, accessible energy sources, the 
appeal and the rather satisfying logic of smaller scale, 
and specific end-use energy applications begins con 
comitantly to win acceptance. In his article, "A n In
tegrated Wind-Powered System to Pump, Store and 
Deliver Heat and Cold, " Joe Seale discusses first the 
theoretical aspects and potential pitfalls of such a 
system and then goes on to some of the practical 
potential applica tions. Joe 's subsequent shorter ar

ticle, "Whate ver Happened to Compressed Air?" fur
ther illustra tes from our own recent experiment that, 
as with the application of any technology still in its 
infancy, there is still considerable trial and, in this one 
specific case, error. 

Gary Hirshberg's "A Water-Pumping Windmill 

Primer" is the continuation of a series of hands-on or 
how-to papers on water-pumping mills that we have 
published o ver the years. As both we and our mills be
come more experienced and durable, we feel very 
eager to pass on what we have learned. Gary has 
worked extensively with our own sailwing water
pumper, Big Red, and built a duplicate in Boston 
for the Boston Urban Gardening program. He has 
also traveled about visiting other windmill sites and 

windmill people and has taken courses in building 

windmills, so it is obvious that his writing springs 
pretty directly and recently from his own experience. 

NJT 
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A Water-Pumping Windmill Primer 
Gary Hirshberg 

Most readers of The Journal of the New A lchemists do 
not need to be l ectured on the merits o f  substituting 
wind power for conventional energy sources . To a 
believer, a windmill is more than an alternate enerav 
device. It is a key to independence and self-s�f
ficiency · --an inspiration and a banner declaration of 
new attitudes. It 's sexy and lots of fun. 

Because most of us a l ternativ e-minded fo lks are 
alreadv convinced, al l we real l v  need is to have our 
heads pointed in the right di rection. As with anv new 
technologv, we need a theoretical understanding of  the 
dev ice, an economic perspective on the appl ication, 
and , perhaps most i mportant, a reasonable and current 
dos<.: o f  product kno wledge in the appropriate ficld(s ) .  
These fo undations having been la id .  the requisite in
fo nm tion for  msta l l ing and maintaining a winci s vs
tcm COlllL'S casil y .  

This article attempts to give y o u  some o f  the fo un
d�rion m each o f  thes e area s .  I shall discuss the com
p<H:Jt ivc ad van tages of water-pumping· \\· indrnil ls and 

look briefly  at their use through history . I shall ex
amine the parts o f  a typical water-pumping windmill 
system and wil l  discuss ho w to select a mill for a 
particular application. Fina l ly ,  I ' l l  share a few "tricks 
of the trade' '  as to erecti ng and maintaining a mil l .  

Wind-powered water pumping is dependable. A 
properly instal led and mamtained wind-powered pump 
can give over forty years of  rel iable service. Recent! y I 
dismantled an 1 893  Corcoran mi l l  that was still pump
ing a fter eighty-six years . A regreasing and the replace
ment of a few parts has it in shape again for at least 
another eighty .  

Water pumping vvith wind is cheap, and needless to 
sa\' , with escalating fuel costs ,  the relative sa vings wil l  
b� mcreasing over ti me . In  1 973 ,  Prof. Stephen Unger 
o f  Colu mbia Univers ity published a note in the New 
York Times in which he analyzed the economics of 
el ectric pump vs .  windmi l ls .  He found that a typical 
\l ·ater-pumping windmil l  costs 50% less than a com
p<uable electrical submersible pump over the l i fespan 
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of the mi l l ,  which is rated conservatively at twenty 
years . 1  

As I hope this article wi l l  make clear, wind-powered 
water pumping is eas y ,  requiring about the same ski l l s  
it takes to perform home plumbing tas ks, or  to hui ld  a 
sma l l  shel ter. 

And fina l ly ,  harnessing the wind for your energy 
needs i s  inspiring and joyful . The gentle, steady sweep 
of mo ving blades and the trickle of water from your 
wel l  gives a sense of independence, respons ibil ity, and 
an attunement with Gaia and her delicate richness .  For 
most of us, the transition to a wind-powered water 
s ystem can be simple and reassuring. For those not yet 
prepared to separate themselves from conventional 
power sources, or  for those with marginal winds, a 
number of efficient and low-cost compromises are 
avai lable. 

WINDMILLS VS . WIND GENERATORS 

For the windmi l l  neophyte, let's fi rst distinguish wind
mi lls from wind generators . Windmil ls are machines 
that capture the energy in the winds directly for such 
mechanical work as water pumping, grinding, com
press ing air ,  etc. Wind generation,  which involves the 
transformation of  wind energy to electricity can be 
efficient but is generally more expensive and obvious! y 
i s  more complex. 

The current, near-exclus ive focus on electrical gen
eration cannot be taken as evidence of the superioritv 
or even the necess ity of  electricity for a l l  wind energy 
uses .  The energy requirement for pumping water is 
less than that for electrical generation.  Water pumpers 
are designed to operate in lower winds and at lower 
power levels than wind gtnerators, and rhus are able to 
operate in a wider range of locations . The lifting and 
transporting of water i s  an appropriate use of wind 
power because i t  is a di rect mechanical appl ication that 
requ i res moderate energy inputs. Energy storage i s  
faci l i tated effectively and cheaply by storing water for 
windless periods. 

A less o bvious advantage of  di rect wind-powered 
water pumping deserves mention.  Sho uld a fire break 
out i n  a house or workplace, one of the fi rst items to go 
is electrical wiring. I f  that is the power that you are 
rely ing on for water, to put it bluntly ,  your goose is 
cooked. 

A BRIEF HISTORY OF THE 
WATER-P UMPING WINDMILL 

The roots of wind-powered water pumping are noble 
indeed . The fi rst recorded mil ls are from seventh
century Pers ia and were used for grain grinding and 
irrigation . The first account of windmil ls in Europe 
1 S. Unger, "Disappearing Windmills,'' Letters ro the Ediror, New York Times, 

January 3 , 1 9 73 .  

dates fr om 1 1 0 5 when a French permit was issued fo r 
the construction of a water-pumping machine. A deed 
from Normandy conta ins the same report from 1 1 80 .  
The thi rteenth century sa\v windmills gain widespread 
acceptance. In the fourteenth century ,  Dutch "scoop" 
or "tower" mi l ls came int o  use for grinding corn and 
pumping water. It is known that there were at one rime 
approx imate ly 9,000 wind machines in Holland, a 
number so s ignificant that in the ea rly 1 600' s  the 
Bishop of Hol land clai med the wind as his own and 
impo sed an annual duty on windmill owners. ( Even 
the uti l i ties have distinguished roots .) Bv the late 
nineteenth cenrur v, there were more than 3 0,000 mills 
operating in Denmark, Germany ,  Holland and Eng
land producing the equivalent (in mechanical po'A1er) 
of  1 b i l lion ki lowatt-hours (kwh) of electricity . 2 

The multibladed American w indmil l  actual l y  hears 
l i ttle relation to the European mi l l s .  During the period 
of the great western thrust of the rai lroad, steam 
locomotives needed dependable water s uppl i es par
ticularly in the remote, dry areas . With classic Y,mkce 
ingenuity, a man named Daniel Hal l iday in vented the 
American mulrib laded mill i n  1 8 5+.  Unlike the ineffi
cient Dutch scoop mi l l  which was incapable of l ifting 
water more than 1 6  feet , Hal l iday's mil ls could draw 
water from hundreds of feet below the s ur face. He sold 
thousands of  these large diameter (25 foot) machines. 
In 1 8 86 ,  Thomas Perry came up with a model for an 
aerodynam ic blade, a design that has not been im
proved upon even by the most sophisticated computer 
projections. Perry's model has been in use ever s ince .  
The period from 1 8 80 to 1 9 1 0  saw over 1 00 manu
facturers in the wmdmil l  busines s .  Between 1 8 8 0  Jnd 
1 900 the combined cap ital investment in the American 
windmil l  industry grew from less than $ 7 00,000 to 
S.:J- .3  mil l ion.  3 Since almost al l  the machines were open
geared, the cowbo ys on large ranches were sent out 
each week with oi l-fi l led saddle pouches , or with 
corked whiskey bottles fi l led with replacement grease, 
to keep stock-watering mi l ls in good shape. Most 
cowboys detested these machines as they did a l l  
mechanical dev ices ( "can' t cat a ,,·i ndm il l  when 
things g-et rough ") .  

In 1 9 1 5 , the Aermotor Company of Chicago pat
ented the fi rst self-o i l ing machine which simply en
closed the open gears under a water- resi stant case. 
This carl v and decisi ve advantage catapulted Aer
moror into being the most vv idely distributed machine 
in the historv of th e business, accounting for ?OC:-(, of 
all sales in the 1 9 2 0 ' s .  Wind mil ls continued to boom 
until the early 1 9 3 0 's when rural clecrrificarion prom
i sed ( decepti vel y) che<l p power to evcrv home and 

2 Wilson Clark, 1 975, Energy FO'r Sur" • .:iv<tl, Garden Ciry. N.Y.:  Anchor Books. p. Sl l .  
3 "Windmills i n  Foreign Countries . ' '  Special Consular Rcporrs, Vol. 3 1 ,  U.S. De

partment of Commerce and Labor (\Vashingron, D.C.: Govcrnmcnr Prinrin� 
Office. 1 904), p. 1 7. 

34 The journal of the New A lchemists 



fa rmstead .  The electric-pump people must have fo l
l o w ed close�\ - behind the electric-l ine Ia  vers , for the 
windmil l  business dropped with a su bsequent sudden 
crash.  There arc sti l l  a few hundred thousand mil l s  
standing our th ere, and a fraction of  th em are s t i l l  
pumpmg.  :'\ow, thanks to skyrocketing energy costs ,  
Three Mi le  Island, and a general dissa t isfaction with 
helpless dependency on the power grids, water 
pumpers are sta rting to se l l  again around the country 
and around the world .  

THF \\ ' .-\TFR-PL' .\ 1 P I :'\ ( ;  \\ T \ ' D \ ! I LL 

I·:X c luding the vvcl l  and storage faci l i t ies , a cu rrent 
\\" ater-pumping "· ind m i l l  consists of most of  the baste 
co mponent s  shown in Figure I .  These arc: 

The What or Rotor Assembly 

The wheel is the part of the machine that catches the 
energy of the wind and converts it to rotary mechani
cal power which is available for work. Wheel d iameter 
is a critica l  factor m determining the appropriate ma
chine for vour needs. The diameters of commercia l lv  
avai lable .,;.heels range from 6 to 16  feet. I n  some cas�s 
2 0  foot wheels are avai lable. I shal l  d iscuss how to 
choose the correct diameter in the next  section. The 
po wer of  a wind machine is proportional to the square 
of the diameter of  the blades. I f  the diameter of the 
blade is do ubled , the po11Tr o utp ut is therefore q uad
rupled.  

·1 "he overall power con version efficiency o f  the large 
surface area water-pumper wheels is much lower than 
the s leek  aerodynamic blades of a high-speed wind 
generator. Most water pumpers are des igned to furl 
our of  the wind at 35 rpm. Such wheels are designed to 
produce high torque at low wind speeds , however, and 
therefore are well suited to di rect mechanical applica
tiOns.  

The Gear or Transmission 

The wheel connects to the gear which converts rotary 
motion into vertica l  motion fo r pumping. Typical 
gear ratios arc 4: I ,  that is four rotor turns for one 
pumping stro ke. Most modern water pumpers have 
closed gearboxes and require only an annual o i l  change. 

The Tail (opt ional) 

\Nindmil ls can be either u p w i n d  or downwind ma
chi nes . Cpwi nd machines require a rai l to keep the nose 
or wh eel into the 11 · ind.  The disad vantage lies in the 
cost of ntra materials .  The ad vantage of a tai l  i s  that it 
can be triggered by a spring connected to the gearbox 
to pull paral lel to the wheel in high winds .  This self-

F igure ! .  

The Compol!l'llt.\ of a Water-Purnpin;,; Windmill. 

fur l ing mechanism, which can be adjusted by the 
spring tension, effecti vely shuts down the mill and 
prevents self-destruction in high winds .  When the 
gusts subside, the tension on the spring releases, the tail 
opens out, and the wheel turns back into the wind. We 
chose a downwind design for our New Alchemy 
sail wing in spite of this asset, in an effort to develop the 
lowest-cost water-pumping solution . I don' t know of 
another downwind water pumper on the market to
day .  

The entire top assembly including the wheel , tail, 
and gearbox are mounted on a turntable or shaft which 
a l lows orientation or yaw with changing wind di
recrton.  

The To'l.ver 

The most important cons ideration for the tower is to 
get the wheel above nearby wind obstructions .  As a 
general rule, the tower should be at least ten feet hi gher 
than an v obs tructions to wind flow within 1 00 y

�
ards 

of the mil l .  Commercial rowers avai lable from water 
pumper manufacturers range in s ize from 2 I to 4 7 feet 
in height .  For higher towers, wind generator cata
logues should be consulted. 

The to wer must be absolutely plumb and the tower-

The ]ozanal of the New Alchemists 35 



top platform level, or the l ifetime of the machine will 
be drastical ly shortened. Needless to say, the tower 
must be strong enough to support the wheel mounted 
on it and to withstand the maximum anticipated wind 
stresses .  Manufacturer's specifications are detailed and 
precise. Should you choose an alternate tower, look 
carefu l ly at the stress specifications, and be very sure 
not to cut corners. Cost savings vanish when the 
machine has to be retrieved off the ground after a 
storm. 

When building your own tower, use only high
quality bolts and hardware. On a well-built tower 
every bolt should be in tension. Bolts from an old 
tower may be fatigued and worn from rower stress and 
shouldn't be re-used. Consult an engineer or local  
concrete contractor on footing specifications. On Cape 
Cod, we use 3 ,500 pound compression concrete for  
towers under 35  feet tall .  

As to choice of building materials :  wood looks nice, 
but is functional only in dry climates l ike  the South
west. In locations with any moisture at a l l ,  it 's better to 
go with steel . We've tried a number of wooden towers 
(see the fifth Journal), but I don't believe any of the 
designs will last longer than eight years. Preserving 
wood is an expensive and potentia l ly poisonous way 
to add a few years to your tower. On the oth er hand, in 
the Southwest, I ' ve seen redwood and other wooden 
towers that are sti l l  sturdy after 7 0  years. But here we 
have decided to go with steel . It 's dependable and 
virtua l !  y maintenance free, and most steel towers wi l l  
out l ive you. A final hint about towers :  hoisting the 
underground pipe assembly for repair and mainte
nance is much easier if the tower height is a few feet 
greater than the longest section of drop pipe and pump 
rod. 

The Well Seal and Pump Rod A ssembly 

The submerged positive d isplacement pump or piston 
pumps are genera l ly  the cheapest and most versat ile 
water movers. Above-ground pumps that suck water 
up are easier to insta l l ,  but even the most efficient 
suction pump can create a negative pressure of only 
one atmosphere. Theoreti cally this  means that at sea 
level you can raise a column of water 3 2 feet by  
suction, but, a s  i t  turns o ut, friction losses and temper
ature changes render a suction pump incapable of 
pulling more than 2 2-2  S feet. 

The linkage between the mi l l  and the pump cylinder 
is called the pump rod. The pump rod begins with a 
shaft that e xtends from the gearbox,  through a swivel .  
This swivel  al lows the upper rod to turn with the yaw 
of the machine without rotating the entire pump-rod 
assembly.  This shaft connects to the red rod . Gener
ally a wooden (ash is most common) 1 "  x 1" p iece, the 
red rod is designed to be the weakest link, or fuse,  in 
the system .  If anything goes wrong above or below it, 

the red rod wil l  usua l ly  break, minimizing damage to 
other more expensive or less accessible parts of the 
mil l .  The red rod extends downward and connects to 
the polished rod which passes through the packer head 
or standpipe and the well sea l .  The well seal is j ust that, 
a s imple expandable cap designed to keep d irt, insects , 
small animals , and other detritus from fall ing into and 
contaminating the well and water supply .  The pol
ished rod is usual ly made of  brass to reduce friction. 
Brass serves to reduce corrosion as  well ,  which is 
important in a part that works in both air and water. 

At the bottom of the pump-rod assembly is the 
sucker rod, which connects to the pump plunger or 
leathers . Shallow wells ( less than 1 00 feet) wi l l  gener
al ly use cheaper, solid steel rods. One-hundred to 2 50 
foot wells will use hollow "Airtite" rods for buoy
ancy, and those deeper than 2 50 feet make use of light, 
buoyant oak or ash rods.  

The Drop Pipe or Pump Cylinder 

Usual ly  the well dril ler cases the well .  This is a must in 
sandy terrain l ike Cape Cod . The drop pipe, which can 
be a good grade galvanized pipe of any size, is then 
lowered to the desired depth. The drop pipe screws 
into the pump cyl inder at the bottom. At the top it is 
screwed into a tee or  coupling which keeps it from 
dropping into the well .  The drop pipe should be 
s lightly l arger than the cylinder to permit removal and 
replacement of the pump leathers without having to 
pull up the whole pipe. It is important that the drop 
pipe be smooth on the inside, otherwise, replacement 
l eathers will be damaged when the plunger is lowered 
back into the cylinder .  

You can purchase either open- o r  closed -top cylin
ders. The closed-top cyli nder is less expensive but 
s ince the plunger and leathers can't be pulled out to 
release the water in the drop pipe, you will be forced to 
pull the entire weight of the water column to replace 
the pump leathers . This comes to about five pounds 
per foot of two-inch pipe and can only be used in 
shal low wells . 

The plunger diameter and length of the plunger 
stroke are major factors in the windmil l 's pumping 
capacity .  Standard cylinders range from 1 Ya to 4 
inch diameters. I t  is best to stick with a 1 Ya inch 
cylinder if possible, to permit leather removal through 
a standard 2 inch drop pipe. Pipe costs can scale 
rapidly above 2 inch diameters. In my area , 2 inch is 
$ 3 . 1 9/foot and 2Y2 inch is $4 .80/ foot, a 50.5% in
crease. The stroke of the windmil l  is the distance that 
the plunger moves up and down. A short stroke 
enables the windmi l l  to begin pumping in l ight breezes, 
but in stronger winds a long stroke allows for greater 
vo lumes of water to be pumped. !Vlany gearboxes are 
designed to permit stroke adjustment. 

It is usual ly wise to put a screen just below the 
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cylinder to prevent sediment from entering the cyl in
der and damaging the leathers.  

The Packer Head or Standpipe 

Once water is l i fted, it is pushed through the drop pipe 
to the surface, and out through a tee or discharge pipe. 
Before discharge , water can either continue to be l i fted 
into a standpipe ( Fi gure 2 ), or can be diverted at a seal 
on top of the drop pipe known as a packer head. The 
standpipe is used when water is being delivered hori
zonta l ly  to storage. The height of the standpipe de
pends on the desired head or pressure needed to trans
port the water. When water is being delivered to an 
elevated storage tank,  or when a seal is desired over the 
drop pipe to guard against contamination or vandal
is m, a packer head must be used . The packer head is an 
inexpensive fitt ing that seals the drop pipe and pre
vents overflow.  Needless to sav ,  in freezing condi
tions, the use of a standpipe would be fool ish .  The 
packer head would n eed to be protected in an ins ulated , 
undergro und housing. 

TR ANSPORT AND STORAGE OF WATER 

Once water has been brought to the surface, what 
next? How do you get it to the desired end-use 
location,  at the optimal pressure and necessary flow 
rate? This section wil l touch on the types of options in 
this phase. 

Whet her water has been l i fted by suction, or by 
positive displacement, the best wa v to build up water 
pressure is to ra ise the water to a greater height than 
the place of end use.  This can be done by pumping it to 
a tank either on a nearby hi l l  or elevated on a tower. 
Every foot of elevation gives you about . 4 3 pounds of 
pressure per square inch (ps i ) .  I n  other words, it takes 
2. 3 feet to get one psi .  Most household applications 
require 18 psi ,  or about 4 1 . 5 feet of head. 

The eas iest way to pump water into a raised tank is 
to extend the drop pipe to a height greater than that of 
the top of the tank .  The upper limit of a standpipe is  the 
height of the pump-rod swivel , or  the top of the tower. 
The d isadvantages of this system are that it el iminates 
the fuse or red rod ,  and in addition it l imits transport to 
pathways below the height of the standpipe. 

I f  elevation is a problem and vou don't want the 
hass le of constructing a tank ,  you can a lways use the 
simple and proven scheme of mo ving water to an on
the- ground holding tank that is coupled to a pressure 
tank through a smal l  electrical centrifugal pump. In 
this way ,  the wmdmi l l  stil l performs the major work of 
bringing water to ground level ,  and elecrricitv is needed 
only for the relativel y  minor job of building up pres
s u r e .  The larger the pres s ure  t:m k ,  the less often the 
centrifugal pump wil l  have to operate. The pressure 
tank should be close to the ho use to save on the amount 

Figure 2.  

A TVater-Purnping Wi11dmill 'I.Dith Standpipe. 

of larger-diameter pipe required to handle the pressure 
tank outflow. 

Pipe frictions must be considered when choosing 
the proper size plumbing for water transport. This is  a 
matter o f  assuring that the psi is stil l adequate after 
friction losses in transport. Consult a standard sched
ule  40 stee l-pipe friction chart or tal k  to your local 
plumbing supplier to avoid this simple but potentia l ly  
costly error. 

E levating a storage tank is not as awesome a task  as it 
might seem. A 5 ,000-gal lon tank can be rolled up a 
moderate! y s loped hi l l  by several people. You can pull 
a tank on to the tops of  driven posts with block and 
tack le, and then build a platform underneath . Another 
simple scheme involves gradua l ly  bui lding up the tank 
from underneath with alternating rai lroad ties. 

The simple rule of  thumb in tank selection seems to 
be in accounting for worst case demand . You can 
assume a dai ly  rural per capita need of 50 gal lons .  In  
the Southwest, windmi l l  people consider a ten-day 
stored supply safe. Yo u' l l  wish you'd planned for 
excess storage capaci ty if a fire should brea k out.  You 
should ah.vays plan for enough head to wet down your 
roof. 
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SELECTING THE MILL 

Decisions about the proper m i l l  are based on three 
basic considerations : 

1 .  How deep is the water (of how much li fe is required)' 
2. How much volume is needed? 
3 .  How fast does the mill have to pump? 

Wells and well technology are beyond the scope of this 
article. There are a number of  do-it-yourself techniques 
for building wells .  The VITA manuals are excel lent 
guides for such schemes .4 Depending on circumstances, 
you can dri l l ,  drive,  or dig your own well .  I t  is 
sometimes best to hire this job out. Profess io nal  well 
dri ll ers can get the job done in a short time. The dri l ler 
should tel l  you the drawdown o r  the rate at which the 
water is repleni shed at different depths . This is more 
critical in  high-speed, high-volume electrical pumps, 
but i t  is useful i nformation if  you are coupling a 
s ubmersible pump with your windmil l .  

Once you have your  well, you need to determine 
the depth to water, and to add ten feet for pump 
submergence. Then calculate how high you need to 
l ift the water to obta in the necessary end-use pressure. 
The distance from pump depth to the upper height is the 
total elevation (see Figure 3 ). Again , the required l i ft 
can be calculated by determining desired end-use pres
sure and multiplying by 2 . 3  to get the minimum 
necessary storage height. With the answer to this 
question you have your necessary head .  

The required water volume can be computed by 
consulting plumbers, farmers,  or neighbors .  Plan for 
water use beyond per capita needs, as coverage against 
fi res , etc. Final ly ,  ca lculate the worst case rate demand, 
remembering that storage can help save on this  item. 

When you have these three figures , you are ready to 
pick the windmill best suited to your circumstances. I 
shall discuss four models currently a vailable: the New 
A lchemy Sai l  wings , the Aermotor, the Baker, and the 
Dempster. Two other water pumpers are available 
commercia II y: they are the Bowjon, a low-vol ume air
l i ft pump, and the Sparco, a smal l  (58  pounds) low
volume machine. As of  this writing, I have had no 
personal experience with the latter two mills, and am 
unable to comment on their perfo rmance. Addresses 
are included at the end of this article, however. 

New Alchemy has designed, developed and demon
strated two successfu l ,  low-cost, water-pumping wind
mi l l s .  Our sai lwing windmil ls (see the fifth journal) 
were developed to meet the need for a low-cost, 
reliable pump that could be constructed using local 
ski l ls and readi ly available material s .  One mil l  is 
currently operating a low-lift (5 foot), high-volume 
aquaculture pump on Cape Cod and the other, imple
mented jo intly with the Area Foundation and the Zen 

4 See in particular: Tiu Vi/lag< Technology Handbook, 1 9 70 by VITA. 3 706 Rhode 
Island Avenue, Mt. Rainier, MD 20822. 
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Total Ele';.:ation and Total Discharge Head of a Water
Pumping Windmill. 

Center, is irrigating a farm valley in Cali fornia with a 
high- l ift ( 1 3 0  foot) ,  double-acting piston pump. Both 
mil ls cost under j!) 1 ,000 to construct with pumps. This 
figure could drop proportionally with resourcefulness . 

The sail wings are proven, reliable machines. There 
are several vital considerations in choosing whether to 
employ this design, however. The mills are not a vaila
ble commercial ly,  although the plans are yours fo r the 
asking, and the mil l  thus yours for the building. A 
seco nd consideration is that, unlike commercial water 
pumpers, the sai lwing does not have an automatic 
furling mechanism for high winds but must be hand
furled to prevent damage in winds over 40 mph, which 
means that it is l ess capable of operating independently .  
If  vou want  to  cur costs and bui l d  your o wn machine, 
a r� wi l l ing to ten d it and to remain nearby, I recom

mend the sai lwing highly .  Aesthetica l ly ,  it has every
thing else beaten cold. 

On the other hand, theconvenienceof "off-the-shclf" 
windmil ls and replacement parts may be worth the 

extra c:osts .  Baker, De mpster and Aermotor a rc rhe onlv 
active, commerci al ,  metal mult ihladed water pump-
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ers on the market today .  Each is proven and reliable 
with long antici pated l i fespans . 

Aermotor is by far the largest manufacturer and 
accounted fo r 80-90% of all windmill sales in the late 
1 9 20 ' s .  They have si nce moved their factory to Ar
gentina , and it is no secret in the industry that the 
quality has been reduced in the move. They are cur
rently known to be cracking down on deficiencies, and 
do offer materials and workmanship guarantees for 
one year .  Baker mi l l s ,  which are manufactured by 
Hel ler- Al ler, arc less cost ly than A.ermotor and have 
excell ent sales and service people and also offer a one
y ear guarantee. Dempster too ma kes an excel lent ma
chine, and offers a l im ited fi ve- year parts and cons truc
tion warranty. 

Each of these compani es provides elaborate and 
detailed l i terature on how to select the correct model 
and size for your needs .  Figure 4 is a typical chart of  
pumping capacities in  a 1 5  mph wind . I t  shows that bv 
mix ing and matching various w indmi l l  and cyl inder 
sizes you can come up with a combination that best 
meets vour needs . It is important to note that thi s  and 
similar cha rts are based on the long stroke of the wind
mi l l .  This is done in order that the respective manufac
turers \v i l l look their bes t on p<1per. An adjus tment to a 
shorter stroke wil l  resu lt in a reduced pumping capac
ity, but the mil l  wi l l  start up in lo wer winds .  Since few 
o f  us ever sec I S  mph t1'1.:erage winds,  it is better to 
choose from the chart on the basis of short-stroke 
measurements i f  thev arc avai lable . .  -\ennotor's pump 
chart, for instance, 

.
ind icates that <1 change from the 

long to short stro k e  wi l l  i mTe<ISC your elevation bv 
one third and wi l l  reduce vo ur pumping capacin· h\' 
one fo urth.  

The best rule is to pick the largest wheel and the 
smal lest n· l indcr for \' Our situation . This not onlv 
a l l o w s  fo r

. 
start-up in 

.
low winds, but  minimi zes th.

e 
mechanica l  strain on the svstem as wel l .  Yet another 
critical considerati on is that i f w i nds arc I �  mph on the 
av erage, the mil l ' s  capacin· is reduced bv �oc:;:. , and in 
I 0 mph a verage winds, the capacity is red uced b\· 

Figure 4. :.J Typical Chart of Windmill Pumping Capacity 
Wind Rotor Diameter 
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+ 2 6  52 2 3 7  780 57 6 � S  H )  s n  1 2 +  7 06 

• ( ;al lons Per Hour  

approximately 3 8 %.  It i s  essential that you know your 
winds. 

:\' eedless to say, tower height com es into play in this 
figure and you should sel ect the to wer accordingly. It 
i s  best to purchase the rower that i s  manufactured for 
vour chosen windmi l l .  . 

If, for example, you have a demand for 250  feet of 
head and 800- 1 ,000 gal lons of water per day, and i f  the 
wind averages 1 0  mph for five hours per day ,  you wil l  
have to choose a 1 2- foot mil l  with a 1 Ys inch cyl inder. 
If the same s ite were subject to 1 2  mph winds for five 
hours per day, a 1 0-foot mi l l  on a l ighter- weight, 
less- expens ive tower would be sufficient. This means 
a cost of about $ 1 ,000 less fo r the wind speed increase 
of 2 mph.  Of course costs could also be cut $ 1 ,000 by 
halving water consumption, but the point is, to know 
vour winds, and to think hard about  your water use. 

Joe Carter, of Wind Pov.:er Digest, calculated that 
according to local pump dealers, a typical submersible 
pump for thi s application would cost about $ 900 in 
I 9 7 9 .  Operating costs would amount to about 2 k w for 
one hour per dav at S.05 kwh, or S3 6 .50 per year. If you 
add in the l ifespan of the pump which, on the average, 
i s  six years, with a replacement cost of 40-50% vs. a 
2 0- year conservatively estimated windmi l l  l i fespan, 
after 20 years vou will have replaced three submers i
bles, costing about S I . � 1 5 . Taken together o ver 20 
years with a 7% electricity price inflation you have 
S 1 3  2 per year in the twentieth vear for the submersible 
co mpared to $20 to $80 per year for the windmill , 
depend ing  on maintenance costs . This crude analysis 
supports Unger ' s  findi ngs . 

One final note on sel ecting the mi l l :  Don't  discount a 
windmill just because your well is not at a great wind 
site, or for that matter in  a place ( l ike under your cel lar) 
v..· here it wo uld be hard to locate a tower. Windmil ls  
can be fa irly  versa tile and in some cases can be offset 
many feet from the actual water source (Figure 5 ) .  
· 1  'here are simple techniques for combining a submersi
ble electric pump vvith a windmi l l .  You can use a 
ga sol ine or el ectric-powered pump jack for emergency 
back-up pumping power. A large mi l l  and a small mil l , 
or booster mi l l ,  can be employed in tandem to give 
added capacity for transporting water over large dis
ranees . \Vindrn il l s  have broader application than most 
people rea l ize. 

ERECTING YOUR WINDM I LL 

The best fi rst s tep is to s i t  down and try to think 
through the entire process of erecting the mil l .  Good 
planning can save rime, money and extra trips to town . 
The wel l  should be built first, and the water tested 
right away.  Then vou can assemble the bas ic tools 
needed for the job. These include lots of  heavy rope, 
some pul leys and chain, hammers, wrenches,  vice 
grips , drift punches, screwdrivers, shovels (maybe a 
crowbar),  pipe wrenches and pipe dope (affection-
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Figure 5 .  
A Water-Pumping Windmill with an Offset Pump. 

ate ly  known as turkey shit at our p lumbing supp ly  
shop) ,  and  a good tape measure. A transit w i l l  help for 
leveling the tower although a long level can do the 
trick . 

Once the well has been cased, the fun of putting in  
the cyl inder and  drop p ipe begins . I nvite a few friends .  
This is  definitely not  a one-person job. 

You can either bui ld your tower now or else bui ld a 
temporary p latform for rais ing your drop p ipe sec
tions vertica l ly before they go down the wel l .  We' l l  
get back to tower construction shortly .  

For the moment, first connect the c y  Iinder and 
screen (never, never, never put a wrench directly 
on the cylinder-grab the coupling) and screw in the 
bottom section of drop pipe. Apply pipe dope l ibera l ly 
to the threads; it pays o ver the long run. 

Lowering the drop pipe i s  both exhi larating and 
nerve-racking. I t  takes a lot of patience. If  you are 
unfortunate enough to drop a section down the wel l ,  
you are sidetracked into a n  auxi l iary excurs ion into 
fishing for i t  which, at  this juncture, i s  no fun at al l .  Tie 
your tools to your belt, and keep all poss ible contami
nants away from your well casing. One easy way to 
lower pipe is vvi th an angled bite with :J. pa i r  of pipe 
wrenches. You can also use a pipe holder ,  or a pipe 
clevis . These hints take on added significance \\·ith 
each added pound of pipe that you lower into the well .  

.-'\ ttach each pipe section with great care so you don't  
have to pul l i t  a l l  back up again. Once you've reached 
the desired depth . fasten on a tee and rest the whole as
semb l v  on the lip of the casing. A typical insta l lation 
\N i l !  have at  least one pipe section below the water table 
as insurance against drawdown. I f  you are coupling a 
submersible into the sy stem, then be sure to have the 
well people calculate drawdo wn for different depths. 

At this point, you can choose either a standpipe or a 
packer head .  Right now l ' l l  assume you arc choosing 
the more common, l atter strategy. The next step is 
seating your bottom check valve and connecting up 
vour p ump rod. 

Seating vour bottom check is as simple as dropping it 
down the drop pipe (l itera l ly)  as long as you do it right 
side up. Make sure the threaded side is up and the valve 
is clear of cotton or paper ball protectors. The threads 
are usefu l  when leather replacement becomes neces
sary, as we'll discuss in the last section. Drop the 
plunger down the pipe, and l isten for the thud . Now 
attach the upper check to the successive pump rod 
sections and lower away continuing to add until you 
are near the top of  the wel l .  Sl ide the packer head over 
the rod and tighten it on to the drop pipe. 

Now you are read v to erect the tower. 
Direct ions for ra ising the tower are well explained in 

the manufacturer 's  specifications . The key is to be cer
tain that the surface over the well casing is level . The 
sl ightest angle wi l l  damage the pump rod, and definitely 
affect the mill 's performance. 

M ost tower footings are about four feet deep. One 
construction method is to build the tower piece by 
piece, to level and plumb, and then to pour the concrete. 
Another i s  to bui ld the to wer on its side and gin pole it 
erect and into place. I recommend the first method as 
i t  is easier to square up the tower. Lifting the rig is 
genera l ly a more hazardous and expensive operation, 
requiring a truck, tractor, or crane. 

The goal, in either case, is to get the tower vertical and 
into its ho les . Shim it to level and pour the concrete. 
Give the footings a day to set and you are ready  to l ift 
rhe machine. Again, you can use a crane, or heavy 
machine i f  one is available, but i t  isn't necessary for the 
average water pumper. 

I f  you are a bit more adventurous (or poor), get a 
sturdy piece of three-inch pipe and chain it firmly  so 
that you have about six or  eight feet above the tower 
top . Block it at an angle so that the pipe end is  di rectly  
over the  rower center, but the pipe wi l l  not obstrucr thc 
machine as it is lo wered into the top fittings. Attach the 
block and tackle or pul ley and thread through the l ift 
rope before vou stand the pipe up, or you arc l iable to be 
shinnying up some rime later. The manufacturer's 
directions should rake over from here. (; rcasc the gears , 
and pull the machine up. :\ guide rope is useful ro help 
keep the machine away from the rower dur ing the 
ascent .  One person topside should be able ro guide the 
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machine into its supports. Now yo u can fi l l  the crank
case with oi l  and attach the brake, tail ,  and furling 
mechanism. Assemble the wheel with care and attention 
to the order of each part. The sail parts should be 
weighed if they are not marked accordingly, to assure a 
balanced rotor. Line up the parts careful ly to avoid 
wobble later on. Tighten it down slowly, rotating the 
w heel around a few times until it's heen tightened 
evenly and firmly.  

To connect the machine to the pump rod, turn the 

/ 

Photo by H1lde Mamga y 

wheel to the bottom of the pump stroke, furl it our of the 
wind, and attach the pump rod and swivel .  While sizing 
u p  the red rod for proper length, make sure that the 
pump rod is blocked at least two inches higher, so that 
the top cyl inder leathers wi l l  not touch the bottom 
pi unger. Cut the sucker rod and through bolt it in. It is 
best to give the wheel a few manual turns to guarantee a 
smooth and unobstructed s troke. With a l ittle luck, 
water should be soon forthcoming. Hook up the l ines 
and you are set to go. 
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MAINTENANCE 

As for an ann ua l  maintenance check , a few tricks will 
suffice. Always use SA £ 7 ·weight non-dete-rgent oil fo r 
gear lubrication. A thicker o i l  wil l  gum up and spil l out, 
and will also a l low metal fragments to float about in 
suspension, rather than sinking harmlessly to the bot
tom of the case. When changing the oi l  during the 
annua l  tune-up, a magnetic drain p lug can be useful for 
picking up fragments . Clean the pan with kerosene, 
drain and refill with fresh o i l .  Check bearings and gears ,  
and i f  one of a pair is broken,  replace both. This  insures 
against uneven stress and wear o ver the machine's 
l i fet ime. The annual tune-up should i nclude a compl ete 
tower retightening. 

When and if  you ever need to replace the leathers, 
s imply let the upper check down into the lower check 
threads,  twist, and pul l  out. Be careful n ot to bend the 
pump rod and remember, d isassemble as each coupl ing 
emerges from the well .  A lways coat new leathers with 
vaseline or a s imi lar nontoxic lubricant .  Give the new 
leathers a chance to soak and swel l ,  a nd again, give the 
mi l l  a few turns before unfurl ing, as a quality control 
check . 

Once operational, it is st i l l  a good idea to fami l iarize 
yourself thoroughly with the manufacturer ' s  charts 
and parts l ists, or in the case ofthe sai l  wing, to reread o ld 
Journal arti cl es . Two excellent sources of  information 
can be fo"und in a series on water pumping by Joe Carter 
of the Wind Power Digest staff(issues 1 4, 1 5 , 1 6- 1 9 79) ,  

and in  an excellent bookl et put out by  the New Mexico 
Energy Institute in  Las Cruces .  The author of this 
booklet, cal l ed Selecting Water Pumping Windmills, is a 
gruff but charming fel low named M .  I .  "Ras' '  Ras
mussen. Ras teaches a top notch, two-weeks, hands-on 
course on water pumping windmil ls twice each year at 
New Mexico State Univers ity, which is a must for 
anyone who's contemplating a future in this business. It 
is a first-class learning experience taught by a true 

master, and is the only course of its kind anv where in 
the world. 

A few other useful addresses arc included to help vou 
on the road to \Vater self-suffici ency . 

Good Luck 1 

USEFL' L  ADDRESSES 

Aermotor 
Divis ion of Vallev Industries 
P 0. Box 1 3 64 
Con way ,  Arkansas 7 2 0 3 2  

Baker 
The Heller-Aller Company 
Perrv and Oakwood Streets 
;'\apoleon, Ohio +3 545 

Bow jon 
The Bowjon Company 
2 829  Burton Avenue 
Burban k,  Cal ifornia 9 1  SO..J. 

Dempster 
Dempster Ind ustries Inc. 
P .O .  Box 8-J.S  

Beatrice. :\'ebraska 683 1 0  

SPAR CO 
Di stributed by Encrtcch 
P .O .  Box +20  
Norwich, \' crmont 0505 5 

Wind .-\ccess Catalogue 
\Vind Power Digest 
5H68 CR 3 1  

Bristol ,  I nd iana ..J.6507 

\V indmil l  Course 
:'-Jew Mexico State University 
A gricultural and Extens ion Education 
P. O .  Box 3 50 1  
Las Cruces, :\'ew Mex ico 8 8003 
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An Integrated Wind-Powered System to Pump, 
Store, and Deliver Heat and Cold 

Energy comes i n  many forms .  Atmospheric wind 
energy i s  kinetic energy,  the energy of mass in motion .  
The best-known way to harvest this energy and chan
nel it to huma n  use is with sails or airfoi ls such as we see 
on sai l ing s hips, gl ider planes, and windmi l l  rotors .  
Sai ls and a i rfoi ls transform the kinetic energy of the 
wind into mechanica l  energy, or work, which is force 
exerted through a distance, or equivalent ly  twisting 
force (torque) exerted through an angular distance. 
For example, mechanical work pumps water by exert
ing force on a piston through the distance of many 
strokes, or mechanica l  work grinds grain by exerting 
torque on a mil l stone through the angular d ista nce of 
many revolutions. These two examples are trad itional 
windmil l  tas ks .  

[n  1 9 7 8,  sta rting from fi rst principl es of physics and 
economics, I set  out to identify and describe a practica l ,  
wind-powered s ystem that might fu lfi l l  a widespread 
human need and to determine to which uses windmil l  
energy is  best adapted .  The solution stems in part 
from the sta rting form of energy, which is mechanical ,  
and depends on  where wind energy is obtained which 
is usual l  v o n the top of a tower, and also on the di stance 
of the windmil l  tower from a location of end use. The 
so lution further depends on the variable availability of 
wind energy over time and consequently on whether a 
tas k can be performed at irregu lar intervals, as ,  for 
e xample, pumping and mil l ing, so that the res ult of the 
tas k such as pumped water or f1our can be stored , or 
whether the energy of the mi l l  instead must be stored 
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in order to perform the tas k on demand. 
This paper documents the outcome of my search: a 

heat/refrigeration pump and thermal storage system. 
The one that fo l lows documents a dead-end attempt at 
a n  a ir  compress ion heat/refrigeration pump and me
chanical energy s torage/recovery system that eventu
a l ly  evolved into the current concept. Started afresh , 
this same kind of search could probabl y  lead to entire! y 
different viable s ystems and many other dead ends as 
wel l .  Much of the message of this paper concerns not 
the particular system but the process of breaking with 
tradi ti onal assumptions, as wi l l  be necessary t ime and 
again in many contexts in order to bui ld a susta inable 
economy based o n  renewable reso urces . 

If the concepts described in this paper continue to 
prove successful (a big "if, "  knowing how eas i ly  sma l l  
matters can trip up the  best thought-out plans a t  any 
stage of  development) ,  we hope they wil l  l ead to sev
eral years of appl ied research, design , and develop
ment, culminating fina l ly in  designs mature enough 
for manufacture and widespread practical use .  The 
reader is warned against believing that the seemingly 
simplest concepts are simple in execution.  There are 
many ways to build s ystems that work poorly, br iefly ,  
o r  not  at a l l ,  and  comparatively few ways to  bui ld 
systems that pay for the trouble, materia ls ,  and energy 
of construction.  Fortunately,  those "comparativel y  
few" ways are sti l l  a n  infinite number. 

TH E P ATH SUGGESTED BY 
THER MODYNA MICS 

Energy production and energy use have become in
creasingly s pecialized and separate. And yet from the 
perspective of whole systems,  effecti vely integrated 
energy systems require attention to the detai led nature 
of both energy res ources and end uses . The recent 
abundance of energy has created no historical demand 
for such attention . Our maladaptive habit£ l inger on so 
that concern for energy in our society i s  st i l l  overl y 
abstract and quantitative at a time when effective energy 
strategy demands attention to particular and qualita
tivel y different tas ks .  In  the case of wind energy, the 
current near-exclusive focus on electricity generation 
cannot be taken as evidence of the superiority of elec
tricity for all wind-energy uses. 

Electricity is an energy form that is easy  to contro l ,  
transmit, and convert to  many other forms. Thermo
dynamically, electricity is a zero-entropy energy 
form, which, by definition, means that its unavailabil
ity to do work is zero. In principle, electricity can be 
entirely converted to mechanical work. As the ther
modynamic definition suggests, mechanical energy, or 
work, i s  the fundamental standard against which 
physicists measure the quality of all other forms of 
energy. 

Since the energy delivered direct ly  by a windmil l  

rotor is  mechanical work,  one question arises. Might 
that form of energy be used di rect ly  to perform some 
task of major economic s ign ificance rather than being 
converted to electricity? The answer is emphatica l ly  
yes . In  the United States , full y  3 5% of delivered 
energy (strictl v ,  enthalpy,  which is gross energy with
out regard to quality of the end-use form) takes the form 
of heat to warm things and cold to coo l  th ings to 
temperature differences from the surrounding environ
ment of less than 1 00°C. ( 1 80°F.  differentia l) . 1 The 
most energetica l ly  efficient knovvn method to move 
heat acro ss such smal l  temperature differentials is by 
mechanical heat pumps.2 Because of its high thermo
dynamic quality, one unit of mechanical energy driving 
a heat pump can move several units of low-quality 
thermal energy, the actual quantity increasing as tem
perature differential goes down. Depending on condi
tions, one unit of mechanical energy can move two to 
four units of thermal energ y, res ulting in an equivalent 
refrigeration of two to fourthermal units, ora refrigera
tion coefficient of performance (C.O. P . )  of two to four .  
The resul ting heat ing on the other side of the heat pump 
is one unit greater, three to five thermal energy units, 
since the energy that drives the hear pump appears as 
extra hear output. (Note that usage of the term "heat 
pump" here inc! udes both refrigeration and hearing 
applicatio ns .  Some authors apply the term only to 
heating end-uses while cal l ing the same device a 
refrigeration unit when coo l ing is the end-use . )  

T H R FF P R .·-\ CT I C.-'\. L H lJ R D L FS 

W hi l e  windmi l l  rotor po\\'er is idea l lv  su i ted to heat 
pumping on theoretical grounds, there remain three 
major practical questions to be answered . 

Tr.!IISII1 ission 
The first question concerns transmiss i o n .  Can heati ng 
an d refrigeration be del ivered ro where th ev arc needed 
i n  a direct and e fficient manner' For s hort t o  medium 
range appl i cation s ( up to a fe \1 ' h u nd red meters or �� 
k i l o meter, depending most lv on sca le) , the answer i s  
yes . Any vapor-c ycle refrigerant ca n s erve as a m ed i u m 
to earn' heat from the place where it evaporates and to 
deposit  hear 11·herc it rec o ndenses . Hea t pipes uti l ize 

1 \mor�· l .o\·in!>, ! 'iofl 1-.'ut'f.!!..' -p,ul!�·: To·t;.'<�rd .-1 !Jttr.lhll' Pr.�(r ( 1 9 7 7 ,  Friend� of rhe 
Earth. Inc. ant.! Bal l in�L'r Publishing- c :o.) pp. HU. H \. Fi�U I"l:S for orher t·ounrr it.:s run 
l'\'l'll hi�her. 3 (("( for Fr:l!lCl". 39(� for C:Hl:llb; 50'"( for \\"�·sr ( ;l"flll:ln�·; ss<·; for 
l" nited King-dom 

2 See Hw Pump Talmnlogy, June l 9 i8, prepared for rhe U.S. Dept. of Energy, pp. 
ii-v. The result is given for electrical hear pumps, whose efficiencies are lower than 
for mcch�nical he:H pur�tps because of minimum I OS"� {3-phase) or 1 5% (single
pluse .decrrica!-ro-mcchaniol conversion losses {ibid., p. +H). The study shows 
that in terms of prim<lf�· cnt·r��-.  i.t·. fuel burntd ar thl' clccr rical powl'r plant, clecrri<.: 
hear pumps arc nor big fuel s:lvcrs o r  money s:1vtrs. Elccrriciry generation, 
distribution, and com'ersion losses totaling 70% climimrc the major advanr:1gcs of 
the final mechanic..d heat-pumping step. Fortunately, none o f  these losses :1pply to 
direct windmill-drin�n ht":'.l t pumps. 
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evaporation, vapo r transport, condensati on, and capil
lary or  gravitational liquid return to transport heat 
efficiently in this way. A vapor-cycle heat pump is 
essentia l l y a heat pipe in  which vapor flow is boosted 
mechanical ly to cause heat to flow "uphi l l" against a 
rcm 1xratu re differential .  Insulated pipelines carrying 
refrigerant gases arc a practical means of hot and cold 
delivery over moderate distances . The mechanical 
work that moves the gases can take p lace in a tower
top compressor l inked directly or through gears to a 
windmil l  rotor shaft, and pipelines deliver the end 
products (hot  and cold) to chosen destinations . 3  

The second question i s ,  ca n hear and cold be  stored at a 
practical cost for use in periods of insufficient wind) 
For many thermal end-usc applications , thermal sror
<lge is much cheaper and simpler than an v ind irect 
energy sto rage, such as clectrici tv-relarcd storage. This 
a ppli es particularly ro the storage of cold, which is 
acco mpli shed through the fu sion of icc or inexpensive 
so lut ions with lower freezing points , as required.4 
Practical storage-time increases with sca le s ince large 
o bj ects have lower surface-area to volume ratios ,  hence 
inhcrcnr lv  longer thermal retention, than smaller ob
j ects . \\'i �h a r�asonablc thickness of good insulating 
f<iam, seas onal therma l storage becomes practical on a 
modcr<Jte scak. For appl ications where unmterrupted 
operation must be insur ed, s ignificant in vestment in 
long-term storage is justified. The alternati ves are 
either to invest in a much larg-er windmil l  roro r ( easi lv 
fi ve to ten rimes the swept a�ea may be required for 

.
a 

svstem with two weeks' storage as opposed to ten 
\;· ceks '  sto rage) to uti l ize l ight summer winds to meet 
ma ximum thermal load dema nds , or to in vest in a 
moror-dri ven back-up compressor. In co ntrast to re
fri geration, space heating demands tend to be much 
bette r correlated with strong winds, so heat storage 
can be s mal ler. In  addition, back-up hearing svstems 
arc much cheaper than back-up refrigeration compo
nent s .  

Rotor I ,oad \latrhi11g 

The third question is more subtle. Can a windmil l  
rotor operate cfficiemlv driving a heat pump, since the 
avai lable torque from the rotor and the optimum rota
tion speed varv consrantl v wi th windspced � Cnmodi-

3
Jn ctSl' of a compressor on � horizonr;�.l a. xis windmill rower-head assembly rhoH 

ori1.:nrs wirh chan gin!! wind direction. a rwo-wa y rotary pneuma ric union is needed 
to �.:onnccr gas now rosrarionary down-pipes while allowing rhc comp ressor to rurn 

wirh rhc mil l .  Sm·h devices arc manufactured commercially. 

4 Shorr-rcrm cold rhcrma.l storage ar freezing and subfreezing rcmpcrJrun:s is com
monpial'C in rhc food shipping industry . For an example of seasonal thermal energy 

sror·.tgl· \\'1..' need on I �· rcl..'al l  rhc unrcfrigcnucd icc houses rhar once ·'powered" icc 

hoxc� in rhc northern L'nircd Stares throughout the summer. 

fied , a compressor wil l  exert a torque that is almost 
independent of rotation s peed. The optimum back
torque for a windmi l l  rotor shou ld  remain quire low up 
to moderate rotation speeds and then i ncrease steeply 
\\'ith further speed increases. Statist ical modeling of 
performance of rotor I com press or  combinations has 
shown that for eco nomical rotor types the rotor effi
c iency loss is greater than 40%, even assuming the 
s imple " fix" of an automatic cl utch to permit rotor 
start-up without load s 

The most effective solution to this problem is a 
special modification to the operation of a refrigerant 
compressor to provide a low starting load and steeply 
increasing high-speed torque. Electronical ly switched 
electromagnets control the closure of the intake val ves 
of the compres sor cylinders, causing the pistons to 
compress on some but not necessari l y all stro kes . At 
low speeds,  no compress ion takes place, so shaft torque 
is low.  As speed increases, compression begins to take 
p lace infrequently , then more and more frequently 
unt i l ,  at maximum speed and torque, every stroke i s  a 
compression stroke. A fl ywheel smooths the j i tter in 
rorq ue when the pistons are alternating between com
prcss!On and no-compression strokes. The electronic 
circui t  is simple and operates entirely from the power 
of timing pulses from a magneto turning with the 
compressor shaft. 

ECO;\JQ,v1 IC PROSPECTS 

No wind-power system has combined the three fea
tures o f  refrigerant gas thermal transmission, thermal 
storage, and compressor matching to windmill rotor 
characteristics, into a working, self-conta ined energy 
s ystem. To our knowl edge, no wind-power system 
has used even one of these features . We believe that the 
total s vstcm described wil l be  cheaper than any simi
larl y advanced, tota l wind-e lectrical energy delivery 
s ystem with comparable energy capability plus stor
age and /or back- up. Because of the additional advan
tages of high mechanical-to-thermal energy gain and 
end-usability of the system out put,  the proposed sys
tem should be directly competi tive with existing util
i ty-based thermal sysrems b And for its price, the 

5 Compurarions by rhc aurhor. Rockwdl lnrcrnarional. the cnnrracr moniror for thL· 
Small \\'ind Energy Conversion Sysn.'ms (S\VFCS) program ar rhc Rm·ky Flats 

planrs, sponsored by rhe L' .S. Department of EnL-rg�·. is t·onducting- a computer 
b:1scd study of srarisrical performance in variable wind n:gimcs of nonoprimum 
L"Oillpromisc marches of rorors and loads. !'he author originally undcrrook this 
stud y to cvalu�HC alrernari n.· appro;H:h�:s to \\'ind-powercJ hc;H pumps 

6 S«.:(' footnote 2, particularly rhc iO% ner losses from gross primary energy ro clecrric
ir,· dcJi,·ered ro the hear pump. Lovins (op.cir., p.88) shows that capital "losses" to 

cl�ctriciry transmission, distribution, and T & D systt:m mainrcnancc arc a hour as 
severe as rhe roral energy conversion loses of clccrriciry production and delivery. 

Onlv about 29% of rcsidemial electric bills in rhe C'.S. and 55% of commercial 

c\cc;ric bills, pays for elecrrici ry. The remainder pays for delivery ro rhe customer. 

We find in rhis a strong argumenr for rhe long-range d iseconomy of wind-po wered 
s\·srcms rhar rch- on urilirv svsrcm energv back-up. The marginal cosrs m a uriliry in 
equipmenr and .ext ra cap�c i�y arc high s

.
ince the demand of such users comes all ar 

once. ar rhc end of a long calm spell. See J .  Scale. "Sun , Wind and the Power Com
panv . . .  CoE,·olutiouQu.maly, >Vinrer 1 978179, pp. 30-3 1 .  
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proposed system, in varying embodiments , \v i i i  per
form such d iverse tasks as space heating; accelerated 
drying of l umber, tobacco , raisins, etc .; air condition
ing; food refrigeration and freezing; and ice man
ufact ure. 

A FI RST E X P ER IMENTA L EMBODI M ENT 

Limited technol ogical ,  financial ,  and the human re
sources avai lable at New A lchem y argue for a modest 
beginning. We intend to concentrate init ia l ly on ex
ploring the novel aspects o f  the proposed s ystem in an 
easy-to-manage, small-scale demonstration using one 
of  our windmil ls  and an air compressor modified to 
match the characteristics of  the windmil l .  The 
compressor wi l l  be placed near the rotor and coupled 
via insulated pipes to freezer and to aquaculture tanks 
that are to be heated. Both are at ground level . 
Insulation wi l l  be placed in hermetic sections of coaxia l  
pipe and the insulating space wil l  be fi l led with a heavy 
gas that affords better insulation than air .  The freezer 
itself wi l l  hold approximately two cubic meters (70  
cubic ft . ) ,  about one-third of which wi l l  be  fi l led with 
containers of  salt brine for subfreezing thermal 
storage. Insulation thickness wi l l  be abut 30 em. (one 
ft . ) .  

The food-freezing component will be  usefu l  for 
seasonal crops and for the fi sh grown by N ew Al
chemi sts , complementing on-going work and provid
ing a demons tration of  some of the major potcmial 
appl ications of  the s ystem . Wimer heating of aq uacul
turc breeding tanks by the heat pump will encourage 
surviva l  and reprodu ction for fi sh sensit i ve to cold 
temperatures . Heat that leaks from the breeding tanks 
wil l  help buffer the cl imate in the Ark and should 
enhance productivity in  cold periods .  

M ARKET AND 
COM MERCI ALI ZATION RESEARCH 

In the ear ly stages we intend to di rect a modest amount 
of  effort to exploring markets for embodiments o f  
the thermal system concept with commercial poten
tia l .  We plan to spend comparatively l ittle money at 
this stage relative to what could be spent on a "rigor
ous" analys is .  Rigor is i l lusory when it comes to pro
jecting what investors will pay for technologies that 
are not at the mercy of OPEC politics . More phi l o
sophical ly,  what an "analysis" says that people wi l l  pay 
fo r renewable al ternatives should not be the sole deter
minant as to whether those al ternatives become avai la
ble. Those who believe tha t human choice should 
guide economics need to take on fa ith that people wil l  
invest in w el l-des igned equipment that accompl is hes 
needed functions at an affo rdable cost in such a way as 
benefits the future as wel l as the next five years ? Such 

fa ith is scientifica l ly unverifiaole, being part ofa larger 
irreducible synrhe ;tzing fo rce called human wil l .  

The tas k of market and co mmercialization research 
therefore \\' i l l  be to idcnr ifv directions rlut arc practi
cal ,  useful, and afforda ble, and to Ltcil i tare choices 
among the most promising di rect ions .  The kind of  
resea rch �1pparcm in rhc  descri ptions in the next section 
should i l lustr:.ltc the kind of �mal vs i s  to be extended in 
the fu ture. 

TENTATIVE FUTURE SYSTEM 
CONFIGURATIONS 

There are two opposing constraints on the choice of  
the embodiment of  a system for initial development. 
The commercial immaturity of large windmil l  rotors 
impl ies excessive lead times to develop a large-scale 
sy stem. Conservatism on initial i nvestments in a new 
area also fav ors smaller systems. On the other hand, 
both commercial and engineering constraints, l ike the 
short thermal-storage times practical in small  systems, 
as mentioned above, dictate that the system not be too 
smal l .  Listed here are the embodiments of  four systems 
in order of  increasing minimum scale. For the first and 
second, sto rage time is the scale-constraining factor .  
For the third and fourth, commercialization constraints 
domi nate. 

1 .  Dairy milk refrigeration combi11ed with cattle wash
'i.L'ater heating. Icc thermal storage, bio-gas back-up. 
Sale of  s urplus gas. Option to usc heat pump to achieve 
pasteurization temperature before chi l l .  

In N cw England an average dairy herd has approxi
mate ly  60 co ws, each producing an average of 1 5  kg. 
of  mi lk  per day.8 Specifications for a system capable of 
handling such a herd in 4 meters/second (9 miles per 
ho ur) annual a verage winds , and a reduced herd of  50 
cows in 3 .6 m. /s .  (8 mph) winds, demand a 1 0 m . ( 35  
ft . )  d iameter rotor with a mechanical power capacity of 
I , 500 wattS to the heat pump. For mil k  cooling com
bined with wash water heat to 3 S0C. (95°F . ) ,  a cool
ing coefficient of performance ( C . O . P . )  of three is 
cu rrentl y achieved, along with a s imultaneous heating 
C.O .P .  of four.9 These figures arc used for the above 
specifications.  Thermal storage consists of 55 metric 
tons of  icewater contained in a 4 m. x 4 m . x 4rn . ( 1 3 ft .  

7 \rc: d o  not abandon o u r  e-.ulicr conremion rhar r h e  hcsr embodiments o f  rhc 

proposed system will he economically superior to competing rcdmologics in rhc 

near-term. if whole-system economics is the criterion. Bur \\'hole-system economics 
is unforrunarely nor always marker economics . .  l.hus, we appeal ro :t higher wisdom 
rhar must recognize unwise subsidies and simple avarice, and work in rhccomcxr of 
these realities to achieve sensible and humane economic goals. 

8 Dr. Stanley Caum. L'.S. :\griculrural Extension Service. Amherst, Mass.:  rcrson:li 
communication 

9 Or. Louis A. Liljedahl, U.S. Dcpr. of Agriculture, wind energy spcci;l!isr; personal 
communication. Dr. SrJnlcy G<�.unr ( foornorc 8)  also reports rhc r�1pidl�· growing 
usc o f  hc-Jt pumps for rhis application. 
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wind- turbine/ 
compressor 

W I N D - D R I V E N  T H E R M A L S Y S T E M  
F O R  A D A I R Y  F A R M  

/ow-pressure ref,.,. rr•nt vapor 
wa rm wash water 

bac.k-up 
;;;..--::.---�• hater 

(bio�os ) 

condenser/ 
w a ter - heate r 

wa nner wqfer 

h ijh - p �"tssurt. 
refrlrr4nf /jflu id cool milk 

cold milk 014t 
(not yrl po sft.cm't.ea) 

r�fri:Jerant reservoi r 
with float valve. 

Pr i n c ,ple :  tran sfer htqf frvm cqftft wa sh wafe r in fwo s feps 1 firs t pa5s ive e)(ch an1e; 

th e n  by wi�o ci - p o we re d  re fr ,·Jeran t purn;>inj· Ust fonr ferl'r! ice cd.l do"�Je, hio -�as iteRf bact-up. 
Nofes : re f r i9era nt fin es a re insu la f ed. If wou ld s a w  ene rJy fo  u s e  tvi11d- powered 
hcCJf  pu mp io fa >feuri ze milk befoYe ch, /lihJ · T/1e sy> fem sho wn i5 co n >lde n f  
with co rn mon fa rm pra cfice fo lea ve pa deun'E i11J fo a cet1 fra l m ilk dJ·> j y  /bufor. 



on a side) water tan k ( inside dimensions) with internal 
heat exchanger and mi lk  tan k .  Insulation is 30 em. (one 
ft . )  thick urethane or  other foam .  Effect ive storage 
time at full use load is 90 days, sufficient for eight-to
one variation betw een the best and worst month aver
age seasonal wind power fl uctuat ion. 1 0 

With a counter-flow heat exchanger and warm
water storage tank it should be possible to exchange 
heat pass ivel y from incoming warm milk to incoming 
cold water, further reducing the work o f  the heat 
pump necessary to achieve fina l temperatures , espe
cia l ly in winter when the incoming water is cold. This 
combined with thermal s torage could help improve 
yea r-round efficiency by a s ubstantial factor so that 
the same win dmi l l  could service much larger herds ,  or 
so that a much smal l er windmill would do the same 
job.  

2 .  Rural community locker plants for freezer space rental 
in possible conjunction with commercial food processing and 

storage. Thermal storage at -2 1° C. ( -6°F . )  by freezing 
a eutectic salt (NaCI) brine. Heat may be used for 
nearby space heati ng. 

The wmdmil l  speci ficatio ns are identical to case 1 .  
Refrigerat ion C.O.  P. estimate: two. Thermal storage 
i s  also analogous: 55 metric tons of sal t brine for 9 0  
days at ful l  use load with a high outdoor average 
temperature of  3 0°C. ( 86°F . ) .  Freezer interior dimen
s ions are 4 m. (high) x 5 m.  x 7 m. ,  with bottom 1 . 5m.  
fil led by a salt br ine pool penetrated by refrigerator 
pipes and passive heat p ipes . I ns ulation is 40 em. ( 1 6  
in . )  thick foam.  User air lock .  Design use load: 70 
visits/day, two-minute stay,  bringing i n  2 kg. o f food 
every other tr ip (proportioned two parts meat  to one 
part fish to two parts watery vegetables, a l l  presumed 
to enter at outdoor temperature, e .g . ,  fresh harvest o r  
s laughter) .  

For case 1 ,  conduction loss through 30 em . foam is 
less than 1 0% of  the total thermal load, whi ch implies 
that the diary system could be scaled down eas i ly .  For 
case 2, conduction loss through 40 em. foam is 60% of 
the total thermal load, so that scale reduction would 
demand more insulation to compensate fo r poorer 
( larger) surface/vo lume rat io .  

3 .  Ice making plants for the  fishing industry. I t  wi l l  be  
practical to  design for  higher windspeeds at  seacoast 
s ites , as contras ted with cases 1 and 2. lee is preferable 
to refrigerati on for fresh-fi sh preservation since layer
ing of fish and ice permits very rapid equi l ibration of  
fish to  near- freezing temperatures w ithout danger of  

1 0  See P. C. Putnam, PfJWer from tlze Wind (Van Nostrand Reinhold Co., 1 948), 

pp. 90-9 1 ,  for om example of seasonal variability in New England. The a:>sutnp(ion 
of eight-to-one variation is conservative (i.e., safe). The calcul:il.tions make a safety 
allowance for a year with 25% less than average wind power for the sire, also 
indicated by Purnum's data (same pages). Data is available to research these 
assumptions much more rigorously. 

fr eezing. ,-\ !though heat can be sold for space heating 
whi le al lo wing a refrigeration C .O .P .  of three, hc<lt 
could be rejected to ocean water at a much lower 
temperarure, permitting a refrigeration C. O.P .  of at 
least five. 

To just ifv the investment in harbor space, dock , 
loading equ{pment, etc . ,  to service large fishing boats, a 
minimum commercial- scale ice plant might need to 
produce 2 , 000 tons/year. 11 A lthough this impl ies al
most ten t imes the annua l  output of systems 1 and 2, 
several factors combine to keep the necessary rotor 
s ize dovvn. With the avai labi l ity  of good seacoas t wind 
sites, a reasonable des ign minim um a veragc winds peed 
is 5 m .ls .  ( 1 1  mph) ins tead of 3 . 6 m./s .  (8 mph). With 
condenser rejection to ocean water, a refrigeration 
C . O . P. of five is assumed. And the safety m;ugins 
necessary, sav ,  for a food locker with valuable con
tents and high cos t of a thaw, will not be necessary fo r 
an icc plant that might have to lose a small fn1ction of its 
regular customers to a non-wind-powered competito r 
in a vear \\'ith belov\- average winds. 

With these considerations,  rotor s ize comes to 1 5 m . 
(49 ft . )  diameter with a rated mechanical power o f  
1 0 ,000 watts . Storage capacity w i l l  depend on sea
sonal demand fluctuations as well as seasonal wind 
variabi l i ty .  

4 .  I<.i/11 drying of lumber oT tobacro. (Simibr systems 
would be applicable to food drving, but as of this 
writing the author lacks concrete experience of food 
drying requirements on which to base even a tentative 
system description . ) \' apor condensation and thermal 
recycling for top efficiency. No thermal storage or 
back-up. 

In  this system, hot <1nd cold side heat exchangers 
operate in t�mdcm as an air dehumidifier: the co ld coil s 
condense water, then the hot coils boost the dried air to 
a hi gher temperature than that o f  the moist air origi
na l lv  entering. Drying takes pbcc in an insu lated 
enclosure and the cvclc remains closed except for the 
input of wet materials and the removal ofdrv materials 
plus water. 

\Vc lack data with which to est imate scale or perfor
mance of a system l ike this . The auth or has witnessed 
huge expenditures on fuel oi l  to drv tob,lcco in i\'l ari
time Canada. Th e winds there arc th e best in �orth 
:-\merica, and arc very good by the tobacco harvest 
time in  the fa l l .  'i 'hc demands for home space heati ng 
escJ iatc at  about the time that tobacco drving is com
pleted . . --\ hv brid drving lhomc- heating sy stem would 
pro bablr be neccssarv for good ut i l i zation and pa \'
back . Summer, the period of no demand, is the period 
of  least w ind .  

1 1  James \V .\lavor, Jr.,\Voods Hole Occanor;raphic lnsriruion: person;!! ronmJuni
cation 
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CLO BAL PROSPECTS 

The techno logy growing out o f  such a program s hould 
be relativcl v  simple and eco nom ical , encouraging small  
businesses ro pro duce diverse subsystems (windmills,  
thermal stores, drying ovens, cold-storage warehouses, 
solar-p lus- wind heated greenhouses) in a competitive 
market. While the United States is  pro bably best 

equipped to s upport the costs of  the ear l y  portion o f  the 
system learni ng curve, the knowledge p roduced will 
requi re technology o f  a scal e and s implicity that is 
access ible  to nations with l ess capital a nd fewer special
i zed engineers and techmcians available.  Wind-driven 
heat pumps and thermal storage systems should come 
to represent a s ignificant quantitative step to a world
wide renewab l y  based techno logy.  

Whatever Happened to Compressed Air? 
jose ph Seale 

r:verybodv said that compressed-air  en ergy storage 
for wind power was a natural and that somebod y 
ou ght to try it. So we d id .  The firs t  s etback was 
su ggested by theorr,  but we thou ght t ha t  \\'e could 
turn rh�n into an asset. Then economics,  engineering 
detai ls ,  and the avai lable, state-of-the-an equipment 
\\'ere l v ing in wait and am bushed us . 

Theon· fi rst. \�'hen you compress a gas, the work 
performed to squeeze it adds encrg)', cau s ing tempera
ture to rise. The temperature increase causes a p ropor
tional rise in pressure, with a res ultant increase in the 
\l 'ork required to compress the gas. If the compressed 
gas coo ls  off before being used to run an air motor fo r 
energy reco verv, then the pressure wi l l  be lo wered and 
the ex tra work required for compression will not be 
recoverable. For compres s ion to 7 atmos pheres ( 100 
po un ds per square inch) the ideal theo retical efficiency 
l imit fo r one stage co mpression and deco mpression is 
on lv 5 Y; . The remaining -1-3% of the energy goes to 
pump h eat. 

Fine. Why nor combine heat pumping with a me
chanical energy storage and recovery s vstem? Use the 
heat from the compressor to warm aquacul ture tanks,  
the cold <1 I r  exhaust from the air motor to freeze food, 
and the sto red mechanical energv to run the blower 
m otor fo r the rock heat storage s ystem in the Ark.  Ir  
look cd l i ke a superb examp le o f  s ynergistic, mult ifunc
tional use of equipment. We were very excited . 

Enter the real world, real air, and real machines.  Air 
contains moisture. As air cools  upon expansion through 
an efficient air motor, ice sublimes our and freezes up the 
motor. There is a way around the problem with an air 
drying device -but that is expensive.  Ju dging from the 
performance tl gures on mo tors ,  ai r motor man ufactur
ers have found a cheaper so lution;  which is to make the 
motor so inefficient that most of the energy in the 
co m p ressed air generates heat to prevent freezing. The 
most efficient combination of compressor and air motor 
that \\C cou!J find is w��, efficient mechanica l ! \ · ,  a nd 
that is \\ 'i th <1!1 efficient two-stage compressor thai: cools  
rhe parrial l v  compressed air to mini mize o verheati ng 

and consequent excess com pression work.  Since most 
o f.rhe energy that m ight have been recovered mechani
cal l y  goes to ov ercome motor freezing, the s ys tem 
makes a very poor refrigerator. Mostl y ,  the compres
sor motor systems that we could buy degrade hi gh
quality mechanical energy to low-grade heat which is 
of some utili tv,  bur not worth the price. 

We con sidered the costs of comp ressed-air energy 
storage costs . :\ l itt le math and ph ysics shows that for 
a gwen strength o f  material (e .g . ,  steel) used to make a 
compressed air tan k ,  the quantity o f  material required 
varies in proporti on to the volume-times-pressure ca
pacity of the reservoi r .  In other words, there is no scale 
�1dvantagc or disadvantage for cost of  materials,  w hich 
i s  the major cost of large tan k s .  The fo ll owing ta ble 
con firms theory in practi cal terms: 

I 'oilllll<', gal 

1 2 S 

1 3 5  

660 

l , SSO 

2 , 2 00 

! 9 7 7  Prim, 
Tanks Safe to 12 5 PSI 

Coil, S Weight, lbs 

s 3 3 8  1 9 6  

s 50.J. 500 

S l , S 2 3  1 , 2 2 5  

S 3 ,  H6 3 ,200 

S 3 ,893 1 , 200 

Co.l't! Vo/ume, $/gal 

sno 
S2. l .J. 

S2 .3 1 

S2 .03  

S l .  7 7  

Our guess is that the largest tan k uses a reduced 
quantity of high er strength, more expens ive steel to 
achieve l ighter weight at a s l ightl y b etter cost. 

Suppose w e  were to use the 2 3 5-ga l lon tanks,  which 
are b i gger than four 5 5  - ga l lon oil drums, with the 
best-combination 8% efficient compressor/motor s ys
tem, to deliver one horsepower to run the blower 
for the rock storage in the A r k .  Assuming an operating 
press ure range from 1 2 5  psi down to 80 psi  ( yo u  can't 
usc up all the pressure and keep the bl ower powered 
sufficiently) ,  one tank will last less than two mi nutes 
and it would cost $2 7 0 per minute storage capacity for 
tan k capi tal al one. For compari son, lead-acid batteries 
of equivalent energy del ivery capacity cost less than a 
tenth as much ($ 1 7  per h orsepower minute, init ial  
capita l ) .  I t  should be noted though that with room fo r 
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roughly tenfold improvement in air motor efficiency, 
and hence in effccti veness of  usc of air storage capacity,  
better equipment could change the whole economic 
picture. 

What o f  future possibilities i f  we envision cquipmenr 
not current! y available? I have al ready indicated that 
the costs of the theoretical tank materials will vary 
roughl y as pressure-times-volume capacit y. The 
energy carrying capacity of a tank, assuming ideal 
recovery, is a somewhat more complicated function. 
The following table expresses theoretical energy car
rying capacity divided by pressure-times-volume in 
order to in dicate how performance / cost ratios might 
be expected to vary with design pressure: 

Pressure. 
atmospheres (gauge) 
Performance 'Cost, 
arbitrary units 

1 . 00 3 . 00 5.00 7 .00 9.00 I 1 .00 1 3 . 00 1 5 .00 

2H .62 .H-t 1 .00 1 . 1 3  1 . 2 -t  l . H J . -t2 

Going up from the ?-atmospheres baseline case, we see 
a s l ight theoretical advantage in higher pressure, but the 

higher the pressure, the more difficult the thermal 
effects. Even \.Vhen by-product heat pumping is taken 
into account, efficient high-pressure operation requires 
multiple stages of compression and decompression 
with inn.:r-stage heat exchan gers. (Th is applies to the 
?-atmospheres range of current equipment.) This i s  
the realm of complex industrial equipment, not simple 
wind machines. 

Where geologi cal reser voirs such as caverns, aban
doned mines , or depleted natural-gas fiel ds provide 
free sto rage, lower pressure operation with s impler 
equipment becomes feasible. There is a possibilitv that 
a compresscd-ai r utility using pipelines, windmill s ,  
and natural storage might work. There was a mumeipal 
compressed-ai r utilitv C<H l y  in this centu ry in Paris. 
But at an v practical pressure, rhennal effects will be 
significant and will represent an efficiency loss wher
ever it is impractical to utilize the heat at points of 
energy production and the cold at points of consump
tion. Rcalisticall y, compres sed-air srorage for isolated 
smal l \\ ' ind-cner�!'y s vstcms seems out of the question . 
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Beyond supplying the vegetables and some of the 
fruit for all of us who work at New Alchemy, the 
gardens are one of the most bea utiful places at the 
farm. And if that were not more than a dequate, our 
gardens, o ver the years, have taught us a great deal 
about the relative merits of various methods and 
practices of raising food. B eginning quite literally 
from the ground up, our first task was to create a 
balanced fertile soil from the sandy terminal moraine 
that forms Cape Cod. L ong before our soil had been 
tested and pronounced lacking in none of the essen
tial nutrients as it has been recently, we had begun 
work with intensive vegetable production, biological 
pest control and the effects of such time-honored but 
not scientifically corrobora ted practices as mulching. 
For four seasons now, Susan Ervin has been engaged 
in a series of mulching experiments. In 1978, ha ving 
eliminated as many variables as possible, she arrived 
at statistically significant and somewhat surprising 

data on the effects of seaweed mulch. 

A !though the garden and the bioshelters ha ve been 
the centers of our agricultural work, Earle Barnhart's 
most recent project has started a considerable out
ward expansion. Earle has begun the extensive and 
longterm undertaking of establishing an arboretum of 
locally adapted fruit and nut trees, and trees to pro vide 
fodder for animals. The eventual goal, as he discusses 
in his article, is to create a mixed and sustaining, 
ecologically viable, agricultural landscape. Planting 
trees is sa tisfying not only in that it embodies a n  
ecological ethic but because it is a gesture that, 
unlike so many others, invests in rather than robs the 
future. In his article "Three Crops, " Earle explains 
some of the theory behind the ecological soundness 
of tree crops and goes on to describe some very 
workable designs. 

NJT 



Photo by R. D. Zwe1g 

Further Experiments on the Effects of Mulches 
on Crop Yields and Soil Conditions 

Susan Ervin 
Over the past several summ ers we have been conduct
ing experiments to test the effects of mulches on crop 
yields and o n  soi l  conditions .  Our interest is in biode
gradable mulches intended to enr ich the soil as well as 
to control weeds, moderate soil temperatures , improve 
soil texture, and retain m o isture .  In one trial in  the 
first pha se of experimentation, unmulched lettuces 
v ielded higher than either those mulched with seaweed 
or with those mulched with azol la ,  which is a sma l l  
aquatic fern that grows on the  surface of  our  fi sh 
ponds. 1 In  a second tr ia l ,  azol la-mulched sections 
yielded higher. In the second phase of  the experimen
tation ,  the effects of seHveed mukh, leaf-mold mulch , 
and the absence o f  mulch were observed on tomatoes,  
sweet peppers, chard, lettuce and beers . Hal f of each 

1 Susan Ervin, 1 977 ,  "The Effects of Mulching with Seaweed and Azolla on Lettuce 
Producrivit�· . . . Thr /oumal of Thr Seu: . ..J./chtmi)·ts. ·k 58-59 . 

crop received supplemen\a l watering; half did not.  
Lettuce tended to be more productive without mulch. 
There was a clear trend to ward higher yields for beers ,  
chard, and tomatoes mulched with seaweed, though 
only chard showed a statistica l ly s ignificant higher 
vicld . The significance of the other yield d ifferences 
\\·as mas ked by the fact that variation was due more to 
site than to treatment. Crops that benefitted from 
mulch had higher yields with seaweed than with leaf 
mold .  Supplemental watering was not a significa nt 
factor i n  any  of th(?se cases 2 

During the summer of 1 9 7 8  we continued experi
mentation, attempting to obtain more conclusive results 
by l imiting the n umber of vanables . Because supple
mental watering had not significantly affected yields 

2 Ervin,  1 9 79, . . Effects of .\lulchcs, ' "  The founhll of The Sev; ...J. Irhemists. 5: 56-6 1 
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the preceding year, we chose not to water any crop 
after a few ini tial waterings at the rime of seeding or 
transplanting. The crops tested were tomatoes, beers, 
and lettuce. The mulch trea tments were confined to 
two, seaweed mulch and no mulch.  The lettuces were 
mulched soon after plant ing;  m ulch was applied to the 
other crops on J une 2-t and renewed on J uly 3 .  It 
settled to a co vering of about 6" .  

The lettuce variety used was Salad Bowl; the beets 
were Ea rl y Wonder, and the tomatoes were Rutgers . 
P lanting and harvesting proceeded as fol lows :  

Lettuce Trial 1: Seedlings were se t  out  June 7 .  Whole plants were 
harvested between July I 0 and 1 8 ,. with an equal 
number of plants harvested per section on each 
harvest day. 

Lettuce Trial II: Seedlings set out July 2 1 .  Harvested between 
September 9 and 1 8 , in the same manner as in 
Trial I .  

Beets Trial !: Seeded June I .  Harvested August 2 and 3 .  
Beets Trial II: Seeded August 5 .  Harvested October 2 3 . 

Tomatoes: Seedlings set out J une 9. Fruits were harvested 
when well ripened, beginning on August 8 and 
ending September 2 6 ,  when the plants were 
damaged by frost. 

Moisture and temperature data were collected using 
a Soil  test MC-300 meter. Sensors were p laced 5" deep 
in two mulched sections (one and s even) ,  and nvo 
unm ulched ones (two and eight) . Two sensors were 
placed in each of these sections to insure accurate data. 
The final figu re recorded was midway between the 
readings of the two sensors .  Variation between the 
two was s l ight at all s ites. A stick thermometer was 
used to determine temperatures at a depth of I " . 
Readings were taken in the mornings between 6 :"00 
and 7 :00 ·\ . 1 1 . ,  and in the afternoo ns between i- :00 and 
4 : 30  P . . \ 1 .  

As expected, mulched plots were coo ler on hot 
days and warmer on cold nights and showed less tem
perature variation overal l .  Ju ly 1 1  is a typical ex
ample: Morning readings of  6 9°F (20 .6°C) and 70°F 
(2 1 . 1  °C), a fternoon readings of 7 1° F (2 1 .  7°C) and 
72° F ( 22 . 2°C) for mulched sections at 5"; morning 
readings of  6 8 °F ( 2 0°C), afternoon readings of 
86°F ( 3 0°C) and 84° F ( 28 . 9°C) for both unmulched 
sections at 5"; morning read ings of  6 1° F  ( 1 6 . 1° C) 
and 63°F ( 1 7 . 2°C) ,  afternoon read ings of 70°F 
(20 .6°C) for the mulched sections at 1 "; morning 
readings of  5 8°F ( 1 44 .4° C), afternoon readings of 
8 8°F ( 3 l . I °C) and 92° F ( 3 3 . r C) for the unmulched 
sections at I " . The mulched sections remained moister 
than unmulched sections throughout the summer, a 
fact of some significance in an area of quickly drymg, 
sandy soil .  M ulched sect ions also retai ned moisture 
longer after rain. 

The follo wing tables arc excerpts from the data 
co l l ected between June 26 and September I S . Com
plete data i s  avai lable on request. 

1Hoisture at 5" Depth 

Mulched Umnulched 

June 2 6  .55 .52 1 . 60 1 . 90 
July 1 0  . 25  . 22  1 . 70 2 . 70 
July 2 4  . 3 0  . 60 1 .55 1 . 95 
August 7 . 1 8  . 2 8  _90 1 .3 0  
August 2 1  _ 67 . 92 3 . 80 5.00 
September 4 .7 1 1 .2 0  9 . 8 0  2 5.00 
September I I  1 .00 1 . 3 0  1 4 .00 3 0. 00 

Temperatures at 5" Depth (degrees Falnl'llheit) 

i\Julrhed Umnulched 
I I 8 

june 2 6  _-\ . . 1 1 .  67° 68° 6-to 6-to 
P . .\l. 68° 69° 79 °  j(> O  

Ju ly  1 0  .-\ . .  1 1 .  68° 69° 6H 0 68° 
P . . \ 1 .  7 1 0 720 8 2 °  79° 

July 24 ,\ . .\!. 72 0 7 3° n o 72 0 
P . .\1. 7 20 75° 8 7° H l 0 

August 7 \ . . \!. 70° 720 72 0 7 1 0 
P . .\1. 7 1 0 n o 80° 76°  

August 2 1  .-\ . .\!. 69° 70° 66° 6 7° 
P. I I .  70° 7 1 ° 740 72 0 

September + .-\ . . 11. 6-to 6-to 58° 59° 
P. ,ll .  6 5° 66° 72 0 72 0 

September I I  _-\ . _1 1 .  62°  6 1 ° 59° 59° 
P . . \ 1 .  62°  6 1 ° 68°  68° 

Temperature.r at I" Depth ( degree.r f-ahrenheit) 

Mulched Unmulched 
7 2 8 

June 2 6 .-1 . . 1 1 .  5 8° 58° 58° 58° 
P . . \ 1 .  68° 67° no 78° 

July 1 0  _-\ . .\!. 6 3 °  6 3 °  6 3 °  63°  
1' . .  11 .  7 1 0 720 85° 8 6° 

july 2+ -1 . . 11 .  66° 66° 64° 6 3° 
P . . \ 1 .  7 1 0 7 1 0 8 7° 86° 

August 7 \ . . 1 1 .  66° 66° 65° 65° 
P. \ I .  6 7° 7 1 0 no No 

August 2 1  .-1 . . 1 1 .  62°  62°  60° 60° 
P. \1. 6 7° 7 1 0 no 80° 

Seprernhcr + -1 . 1\ .  540 
54° 5 \ 0 5 1 ° 

P. \I. 69° 69° 75° 7+0 
September I I  -1 . .  1 \ .  54° 53 0 52 ° 52 ° 

fl . .  \ 1 .  6 3° 63° 70° 70° 

Soil was tested to determine the effects of the mulch 
on soil ferti l i ty .  The analysis of samples was done by 
the Cooperati ve Extension Servi ce of the U.S. Depart
ment of Agriculture at Waltham, Massachusetts. Mulch
related variations were evident for nitrate, pH, potash, 
and soluble salt readings (Table I ) . 
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pH 

Section No. 1 (m) 
2 (nm) 
3 (m) 
4 (nm) 
5 (m) 
6 (nm) 
7 (m) 
S (nm) 

Nitrate 

Section No. 1 (m) 
2 (nm) 
3 (m) 
4 (nm) 
.'i (m)  
6 (nm) 
7 (m) 
8 (nm) 

Potash 

Section No.  1 (m) 
2 (nm) 
3 (m) 
4 ( nm )  
.'i (m) 
6 (nm) 
7 (m) 
S (nm) 

Solublr S,du 

Section :\fo. I ( m )  
2 (nm) 
3 ( m) 
.:j.(nm) 
5 (m) 
6 ( nm) 
7 ( m) 
H (nm) 

Ill = m ulch 
11111 = no m u lch 
FH = F xrra H igh 

VH = Very High 

.\llllclll'd Satioll.f 

Totals 
:·\.\'crage 

L '11n111hhrd 
S'ntion:; 

+ 

Totals 

. -\ n:ragc 

TABLE !-Soil Analysis It i s  known that potash penetrates more deep! y in a 
Test Delle mulched soi l  because of more uniform moisture distri-

612I 7 1 I 2  7122 816 8 1 I 6  8126 bution 3 We had thought initia l ly  that during mulch 
6 .6  6 . 1 6 .4  6 . 3  6.4 6 .8 decompos ition there might be temporary nitrate short-
6 .5  6 .5  6 .  7 6 . 6  6 .  7 6 . 8  ages .  This, however, did not prove to be true. Soluble 
6. 7 6 .3  6 .4  6 .4  6 .5  6 .6  sa l t  level s ,  though much higher in mulched plots than in  
6 . 8  6 . 6  6 .  7 6 .8  6 .  7 7 .0  

unmulched ones , did not reach levels generally consid-6 .9  6 . 2  6 . 5  6.4 6. 7 6 . 6  
6 . 8  6 .  7 6 .9  6 .8  6 .8  7 . 1  ered to be damaging to  most plants. 
6. 7 6 .5  6.4 6.6 6 .  7 6 . 8  The yields are shown below (Table 2 ) . The total 
6 . 8  6 . 6  6 . 8  6 .8  6 .5 7 . 1  y ield from mulched sections i n  the first beet trial was 

78 . S% greater than from unmulched sections.  The 
H EH V H  EH EH EH second trial produced yields 2 2 5% greater than in 

V H  V H  L H M M unmulched sections .  The total yield of mulched toma-
E H  EH V H  E H  VH V H  toes was 7 .3% greater than unmulched ones, a lthough 

MH EH ML VH M L 
M E H  V H  EH EH EH some unmulched sections out-yielded some mulched 

MH EH MH EH L MH sections . In  the first lettuce trial the unmulched sections 
MH EH VH EH EH EH y ielded 3 3 .  9% more than mulched ones, and 2 0% 

H MH M EH VH MH greater in the second trial though some unmulched 
sections were les s productive than some mulched ones . 

V H  VH EH EH EH EH Using the t-test of s ignificance between two sample 
L V H  VH VH VH L means , the fo l lowing resul ted: 

MH EH EH EH EH VH 
M EH V H  VH V H  L t-value significance 

V H  EH EH EH EH VH 
M V H  VH VH M L Beets I 5 .48 99+% 
L EH EH EH EH EH Beets I I  7 .48 99+% 

V H  V H  VH VH V H  M Tomatoes . 2 2  1 5+% 
Lettuce I 2 . 20  92+% 

1 5  1 1 2 5 8  1 50 80 Lettuce I I . 7 8  S2 +% 

2 0  � 1 5  2 0  2 8  2 1  

2 3  ;;: 80 1 1 0 I SO 1 2 2  In both trial s ,  beets mulched with seaweed yielded ::: 
2 0  <(. 1 6  1 7  34 22 s ignificant ly  higher. In  the firs t trial , unmulched let-
I 7 ;:: 1 30 1 3 .'i 1 06 I SS tuces y ielded significantly higher. The di fferences be-
1 4  7. 2 2  1 7  2 2  ) , - ·' 

tween yields of  mulched and unrn ulched plots for the 
1 1 250  96  222  98 

1 2  H 1 4  2 5  1 7  second lettuce trial and for the tomatoes were not 
statistica l ly signi ficant. 

Lettuce is known to have a low salt tolerance whereas 

H = High L = Low that of beets is known to be high. Thus, the salt levels are 
,V! H = M e d i u m  High VL = \'cry Low most l ikely a major factor in resulting yields. Another 
M = Medium 3 c ;corgc I .  S!arc,  1 95 7 ,  · ·How I .\ lulch .\l�·  ( ; ;lrth:n,'' in 1/,wdhrlflk o n  . Hu/r/lt�· 

ML = Medium Low ( Broo k l � ·n Bor:lniL· ( ; ;trdt·n, \:c\\' York) 

TABLE 2- Yitlds 

Lellua I Lettuce II Beets I Beets II Tomatoes 
2 )  plants per plat 20 plants per plot 3 )  plams per plot I 0 plams per plot ) f}_lams per plot 
2,59H g 9 1 . 6+ 07.. 2 , 1 H g  75. 2 7 oz. 3 ,9+5 g 1 3 9 . 1 6  oz. 1 , 1 5 2 g +0.6+ oz. 1 0, 7+ 7  g 3 79.09 oz. 
+.6+0 g 1 6 3 . 6  7 oz. 2,92 8 g 1 03 . 28 oz. 3 ,903 g 1 3 7 .67 oz. 1 , 1 3 0 g 3 9.86 oz. 2 2 ,762 g 802.9 1 oz. 
+,7 3 1 g 1 6 6.�� oz. 1 , 752 g 6 1 .8 0  oz. 5 , 1 1 5  g 1 80 . 78 oz. 9 2 0  g 3 2 . +5 oz. 3 7, 3 H g  1 3 1 6. 2 1 oz. 
+.359 g 1 5 3 . 78 oz. I ,OH g 3 6 . 8 3  oz. +,+9 7 g 1 5 8.63 oz. 1 ,3 H g  +6.35 oz. 1 2 ,88+ " +H.i-7 oz. 

1 6, 3 2 8  g 5 7 5. 95 oz. 7,858 g 2 7 7 . 1 R oz. I 7,+70 g 6 1 6 .2+ oz. +,5 1 6  g 1 59 . 30 oz. 8 3 , 7 0 7  g 2952.68 oz. 
1 63 g 5.76 oz. 9H g 3 .+6 oz. 1 2 5  g +.+0 oz. 1 1 3 g 3 . 9S oz. +, 1 85 g 1 + 7 . 6 3  oz. 

5,0 1 0  g 1 7 6. 7!. oz. 2 ,60+ g 9 ! . 85 oz. I , 9 1 0  g 6 7 . 3 7 oz. 380 g 1 3  . .J.O oz. 1 +,702 g 5 1 8.60 oz. 
6.+51 � 2 1 7.55 oz. 2 ,660 g 9 3 . 8 3  oz. 2 ,-+26 g 85.57 oz. + 1 0  g 1 +.+6 oz. 2 5, 1 00 g  885.3 8 oz. 
+,7+5 g 1 6  7 . 3 8  oz. 1 ,3 9 8  g i-9 .3  I oz. 2 ,8 3  5 g 1 00.00 oz 1 5 2 g 5 .36 oz. 1 9,66 7 g 6 9 3 . 7 3  oz. 
S,667 c- ! 9 9.90 oz. 2, 7HO g 98.06 oz. 2 .6+ 1 " 9 3 . 1 6  oz. H6 " 1 5. 73 oz. 1 8,5 7 9 "  655 .36 oz. 

2 1 ,8 7 3  g 7 7 1 . S5 oz. 9,H2 g 3 3 3 .06 oz. 9 .8 1 2  g 3+6. 1 1  oz. 1 , 3 8 8  g +8. 96 oz. 78,0+8 g 2 7 53.07 oz. 
2 1 9  g 7 . 7 2 oz . 1 1 8  f! +. 1 6  oz.  70 g !. .+7 oz. 3 5 g 1 . 2 2  07.. 3 ,902 g 1 3  7.65 oz. 
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observation that may or may not be valid is that in the 
second lettuce trial section 6 was the lowest v ielding 
unmulched section and had low n itrate levels during 
part of  the t ime of  that tria l .  

The accumulated data f r o m  two years '  experiments 
allow some interest ing incidental observations to be 
made. Tomato y ields were much lower this year using 
the same variety of  tomato as used in  the previous year. 
In 1 97 7, the average production of  seaweed-mulched 
plants was 9 , 1 3 2 .06 grams; in 1 9 78 ,  4, 1 8 5 . 35  grams .  
For unmulched plants, the average 1 9 7 7  yield was 
8,054.63 grams; in 1 9 7 8 , 3 , 902 .4 grams. Temperatures 

were lo wer d uring the 1 9 7 8  season and moisture level s 
hi gher. In the next phase of our experimentation, \V C 
shall continue o ur work with seaweed, attempting to 
isolate its enriching effects on the soil fro m those that 
increase sa l inity .  vVe wil l  a lso begin to rest the effects o f  
mulching with stra w, which is a material that is a va ila
ble more wide lv .  

I should l i ke to  ackno wledge the assistance of  Nancy 
Jack Todd, Rebecca Todd, and Eleanor Labosky in 
carrying out this work, John Wo lfe in the statistical 
evaluation, and of AI Doolittle in plott!ng graphs. 

Photo by R. 0. Zwe1g 
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Tree Crops: Creatin9 the Foundation of a Permanent  Asriculture 

:\!an's (s ic) ver)' exis tence IS being threatened by h1s abysmal igno
rance of what it rakes to run a balanced ccosvstem. 

Eugene P .  Odum 
Fu11damenta/.,· of f.'rology 

This paper is an exploration of the potential value of 
tree crops in agricultural ecosystems. The ecological 
di lemma of  increasing population, rapid agricultural 
eros ion and increasing energy cost is examined. A 
partial solution is presented which proposes tree crops 
as an eco logical counter-strategy to these trends .  
Several  designs are presented as examples of  how tree 
crops may be used in rural ,  suburban and urban bio
technical landscaping. Last ly ,  promising avenues of 
tree-crop propagation research are suggested as neces
sary prerequisites to widespread adoption of improved 
agricultural trees . 

Maintaining food production apace with population 
growth without irrcplaceabley damaging the soil base 
on which productivity depends is a major di lemma in 
agriculture. While conventional agricu lture can un
dcniahl y produce high yields, it cannot pretend to be 
sustaimible in terms of either soil preservation or energy 
consumption (sec References I ,  2, 3 ,  ..J. and ..J.6 ) .  The 
fol lowing analvsis explores current concepts of en
ergy, ecology, and erosion in agricultural ecosystems 
and delineates the interdependence among land re
sources, energv resources and living communities . The 
go�l is to indi

.
cate that high yields can be compatible 

with soil preservation and lower energy consumption 
if successful strategies drawn from natural ones arc 
used as guides . 

To feed 6-7  bil l ion people by the year 2000, main
taining present demand use patterns, food production 
must be greatly increased ( I ) . This increase can come 
from greater productivity on available . lands or  by 
farming more land. Doubling world food production 
on current land would require from 3 to I 0 times the 
energ·y and resources of current agriculture ( I ,  6) .  
Farming additional land implies us ing land of marginal 
qual i ty ,  much of it h i l ly ,  vvhich will require expens ive 
maintenance ro keep it productive agricultura l lv .  The 
United St�nes h<lS alreadY lost an estimated one-third of 
its topsoi l  and an cstim�tcd I 0- 1 5% of  its former po
tential productivity ,  and the eros ion rate is at a record 
high (+, +6) About S I S  bil l ion have been spent on 
conservation measures on the L' . S .  since the mid
! 9 3 ll 's ,  vet each vcar S6 . 8  to S 7 . 1 5  billion worth of 
nitrogen, phosphorus and potassium arc st i l l  being lost, 
;md S I 3 bi l l ion is spent rcpa lflng flood �md sediment 

damage to crops and pastures ( I , +) .  Presently 64% of 
the U.S. cropland needs treatment for soil erosion 
which is occurring at a rate many times higher than that 
considered compatible with permanent agriculture ( I  ,3 ) .  

EROSION CONTROL O PTIONS 

:\.nv country with a serious desire to preserve its soil has 
several options. One path is technological, using me
chanical force and humanl y  constructed structures to 
move soi l  and to restrain it from flowing downhil l  with 
water. Two examples of this approach are contour 
plowing (annual ly) or terracing (permanently). Con
tour plowing costs 5-7% more in time and in fuel but 
can reduce erosion up to 93% ( 1 ) . Terraces arc a 
noteworthy strategy since man y of the longest-farmed 
regions on earth uti l ized them (2 6). Either method must 
deal with about 3-billion tons of sediment per year ( 1 ). 
The terrace solution is a relatively s imple way to invest 
remaining fossil fuels in permanent ferti l ity. I t  would be 
interesting to sec an analysis of the cost efficiency of 
subsidizing permanent terraces wirh the money and 
cnerg\· nO\\" used for flood control and sediment dam
age repa1r. 

:\ second option is erosion control by biological 
forces . The biological solution is attr<J.ctive beca use of 
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the many beneficial by-products and because of its 
reliance on solar energy instead of foss i l  fuel to pay for 
the transition. The concept of using perennial plants, 
particularly trees, to produce human food and animal 
feeds while they protect the soi l  has been proposed bv 
historians of agriculture l ike F.  H .  King (26) ,  geogra
phers of so i l  erosion l i ke J .  R. Smith ( 1 1  ), and econo
mists to whom people matter l i ke E.  F. Schumacher 
( 27 ) . A landscape of perennials is the method nature 
has evolved for soi l  protection for most of the bio
geographical regions of the earth that are now farmed 
(28 ,  2 9) .  Perennial plants tend to accumulate gradua l ly  
such structures as roots, stems, twigs, detritus and top
soi l  humus. These parts of the plant normally shelter 
the so i l  from the direct force of the weather. 

E .  P.  Odum, in  Fundamentals of Ecology, estimates 
that if a natural ecosystem is to maintain its soi l  and to 
sustain a given level of  productivity, more than half o f  
its annual plant growth must be retained a s  structures 
that resist environmental stresses . [f more than this 
fraction of annual plant gro wth is al lo wed to remain ,  the 
ecosystem gradual ly builds up biomass, becoming 
more productive and more resistant to fo rces of  wind 
and water. On the other hand, i f  more than hal f of the 
annual plant growth is consistently removed (as i n  
over-grazing or  over-loggi ng) ,  a n  eco system gradu
a l ly  exhausts its structure and becomes l ess able to 
protect its soil, resulting in losses to eros ion,  and l each
ing, and in less productive capacity .  

O n l y  very smal l  amounts of nutrients a r e  lost from 
mature communities a s  compared to immature or  dis
turbed ones ,  with losses decreasing along a scale from 
row crops to small grains to grasses to perennial forages 
to forests (3 ) . Of particular interest are the management 
practices employed to bring erosion rates down to 
acceptable levels .  Most of these involve various strate
gies to al low a more mature plant community to gro \,. 
up intermittently and to produce soil -protecting "resi
dues . "  Such res idues carry over into the fo l lowing few 
years , decom posing s low! y unti l  they are lost as protec
tion. We can thin k of fami l iar practices inc! uding strip
cropping, crop rotation, manure application, and newer 

"no-ti l l ' '  cultivation as ways of averaging-in materia ls  
from perennial crops and organic matter similar to that 
accumulated by unharvested plants. Al l  maintain or
ganic structure near the soi l  surface that res ists abrasion 
from rain, wind and water. 

:\ow here i s  the spl it  between humanirv and nature m o re d mmatic 
rhan i n  the differing wa\·s ,,-ith which peop l e  and nature cover rhc 
land ,,· ith vegetation. To maintain the ever-normal [!ran,ll' \ ' ,  'tgri
culrura l i sts fa vor the monoculture of  annuals.  :'\arurc has, for the 
most parr. fa vored rhe poh·cul turc o f  perennials. 

\\' e s  Jackson 

The trend of decreasing eros ion with increasing pres
ence of  perenn ials suggests the ultimate stratcgv of 
using trees as major agricultural crops. ·1 'o quote 
J. Sholto Douglas : "The tree i s  the tool with the 
greatest potential for feeding men (sic) and animals, for 
restoring water-systems, for control l ing floods and 
drought, for creating more benevolent micro-climates 
and more comfortable and stimulating living condi
tions for humanity'' (47) .  Perhaps the most striking 
advantage of des igning with trees is that as biological 
elements they are self-repairing and self-perpetuating 
and their natural functions are powered by so la r  en
ergy .  The concept begins to appear more attractive as 
the various benefits are tall ied next to the cost of a l 
ternatives (or the consequences of nonaction) .  To re
place these benefits mechanical l y  we must build erosion 
control works, enlarge reservoirs, upgrade air-pollu
tion control works, i mprove water purification plants, 
increase air conditioning a nd provide new recreation 
faci lities ( 1 5 ) .  

PRODUCTI VITY 

The cumulative advantages of tree crops assume they 
produce a reasonable yield of food. J. Russell Smith in 
Tree Crops contended that trees could match row crops 
in both protein and carbohydrates in yield per acre. 
These arc claims worthy of investigation, for if true, 
tree crops would present an attractive alternat ive to 
conventional agriculture in many regions. In compar-

TA BLE I W O R L D  D I S T R I B U T ION OF PR I M A R Y  P R O DU C T I O N  
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The world distribution of primary production i n  terms of annual gross production (in thousands of 
ki localories per square meter) of major ecosystem types. Only a relatively small part of the biosphere is  naturally 
fertile. (After E. P .  Odum, 1963.) 
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ing ecosystems, ecologists place temperate forests and 
most agricultural land in the same range of primarv 
productivity (Table I ) . On a world average of  crop 
production, growth in fertili zed crop communities is 
gcncra l l v  l o'NCr than that in woodland; deciduous 
forests o ften approach twice the prod uction of dry 
matter as  grains in the same climate (7) .  Of course, total 
plant material is not as important as the edible part of  the 
plant or crop. Wild fores t trees yield on] v a smal l fraction 
of thei r biom<lss as edible food ; domesticated crop plants 
can he nearly halfcdihlc grain .  But recall that much of the 
tree 's biomass which is noncdiblc comprises the struc
ture that performs essential envi ronmental services. 

Domestication is a d  ual selection 'protection relation
ship in which the farmer uses his skill and energy to 
protect a strain of plant that y ields more food-to-fiber 
than the average of  irs kind Arti ficial selection of crop 

T-I H!I .? 

mi l l i on 
k c a l . 
per 
acre 
per 
ye ar 

1 0  
9 
8 
7 
6 
5 

2 

1 . o  
0 . 9 
() . 8  
0 . 7 
0 . 6  
o . s  
0 . 4 

0 . 3  

0 . 2  

T R E E  C R O P S  

average 
Persian 

average 
Fi lbert 

Per•ian-o r 
walnut rg 

� � 

Chinese chestnut 

wi ld oak J 
average 

wild 
pecan 

plants does not normal ly increase the total production of 
the plant so much as it redistributes its productivity so 
that more goes into fo od and less into stems, leaves and 
ro ots. For example, in the last 50 years wheat has been 
bred to yield 66% grain-to-s traw from the S l %  grain
to-straw of earlier strains .  This is not, however, the 
proverbial free lunch, since the energy rechannel led into 
food production is  bred o ut of some other vital function 
of the plant. The improved strain will only perform well 
i f  the farmer is prepared to carry out the lost function. 
His work i s  called an energy subsidy to the crop, freeing 
it to concentrate its energ y in food. Some common 
energv subsidies to conventional crops are pest protec
tion, weed removal ,  nutrient enrichment and constant, 
adequate water. 

If one compares energy subsidy to improved yield, 
early gai ns come cheaply .  Food per acre from primitive 

G RA I N C R O P S 
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farming using human/ animal/ fire energy can yield 1 00 
times that of gathered wild food. Eventual ly, diminish
ing returns occur. Conventional agriculture in  the 
United States has exhibited such a trend since 1 945 
(2) .  At  high levels of energy subsidy, doubling of yields 
can require 3 to 1 0  times more energy. Evidently some 
ecosystem work is easier to subsidize than others. Often 
what appears to be a good management choice, such as 
monocropping to s impli fy cultivation, has h igh hidden 
costs of pest control and nutrient loss which must be 
paid eventual ly .  It is an important challenge to dis
cover which tasks are best performed by  nature and 
which are best met with foss i l  fuels . 

Table 2 is a yield comparison of edible carbohydrates 
from grain crops a nd tree crops .  Two patterns that 
emerge are: 

I. grain crops with high fossil fuel subsidy show higher yields 
than non-fuel subsidized crops, and 

2. yields from improved tree crop cultivars are higher than wild or 
average seedling trees. 

The best tree crop yields are seen to be approaching the 
level of subsidized high-protein grains such as soybeans 
and wheat. I believe that any difference is large! y due to 
rapid genetic changes in annuals that al low a plant 
breeder to take advantage of new energy-rich technolo
gies .  Most tree species, particu larly those nati ve to 
North America ,  have recei ved less intensive breed ing 
research than have annuals .  Prel iminary steps have been 
taken, primari ly  through the efforts of dedicated ama
teurs: outstanding individual trees of  most native 
American fruit, nut and forage types have been identi
fied for qualities including high yields , annual bearing,  
cold hardiness and fruit quality (48, 49) .  In the process 
a few species such as pecan have showed rapid impro ve
ment through selection and are approaching yields of  
barley and soybeans. Table 3 shows the progress that 
has be"en made in identify ing perennial crops that reach 
commercial production  rapidly .  I t  is both surpris ing 
and encouraging that the average time-to-commer
cial ization i s  genera l ly  under 10 years .  

ENVIRONMENTAL SERVICES 

Remember that a tree invests some of its production as 
storage m branches, roots, twigs, and leaves . These are 
the parts that: 

1 .  reduce forces of wind and rain; 
2. capture and control rainfall ;  
3 .  filter the air of dust, ash,  smoke, pollen, carbon dioxide, and 

aerosals; 
4 .  reduce airborne sound with great efficiency; 
5 .  provide generous shade at exactly the appropriate season to 

homes and urban areas. 

In a timber  tree (Table 4) the woodv framework that 
performs thes e services is most of the t�·ee. In domestica
tion some of this wood must be given up in return fo r 

TA BLE 3-Fruiting Age of Tree Crops 

} ·,.ar.r to } ·,.<11".1" to 

bt,rring: l 'tars to btari11g: } ·,.m·s to 
Pnnmial gr<7_{ttd connllerci�ll .relnttd be(1riug: 

Tret Crop wit i·var.r produrt io11 .fl'tdfillgS ·cvild .1"/ork 
CoJ/l/JJI'rrf,,f 

.'l.l monds + 6-7 
Apples 3-+ 8- 1 0  
.\pricots 3 -+ 

Avocados 5-6 
Blueberries 
Chi nese Chestnms 1 0- 1 2  5-H 
Cherries +-6 1 0  
Fngl ish \\"a lnm 5-6 
Filberts 
Macadamia sp. 3 - 7 
Peaches 
Pears 
Pecans 3 -+ 7- 1 0  

.\·o/1-COJJJJJJerci<�l 

Black Walnut 1 2  
Hearrnur 
Hickon· ."l -+ 1 0- 1 5  +O 
Hone1· Locust 5 
.\ lu i  berry 
Oak 6-9 2 0- 3 5  

From Jaynes ( 1 969); Reed and Davidson ( 1 958);  USDA Agricultural Handbook 

450; the Fruit & Vegetable Association. 

TABLE 4 

P R O D U CT I O N  AND U S E  O F  D RY MAT TE R 

Dry 
matter 

Tons 
per 
acre 
per 
year 

12 
( fZ:J - loss o f  roots and branches )  

A. g e ,  Years 

Even-age 
European 
beech stand 
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more food,  v et even in the extreme case of dwarf apple 
there st i l l  is a s ignificant phvsica l structure that i s  of 
benefit to  the h uman env 1ronment. 

Food trees can serve mult iple  servi ces in landscapes . 
Rather than just l i s ting some of them, examples arc 
presented in  the fo l lo wing scenarios o f  tree crops used 
in  rur a l ,  suburban, and urban settings .  

DESIGN PRINCIPLES FOR TREE CROPS 

I .  Trees often serve m u l n pl c  funcnons: 

soi l  cnnchmenr 
food producrron 
sod p rcscn·atron 
\\·atcr control 
a rr  puri fication 
crc,Jnon of nl!croclimates su itable fo r other planrs, anunals ,  
and peo ple .  

' In  m u l ri-srorv agncu lturc , lac,· lo\1·-shade s un-ro leranr u pper
sron· trees form the u p per can o p \· . Shade to lerant t rees form the 

l o \1 -cr c1 nop\ ' .  Pasrurc grasses and legumes form the ground 
co ver bcncarh the trees . .  \'lcadows and field cro ps arc rotated in  
open 'Heas bet\\'een groups of  trees. 

·' · '\itrogen-fi x m g  trees and shrubs a rc distrib uted through the 
Ll ndscapc and contribute n i trogen to rhe ccosvstcnJ th ro u gh 
lcal-...bl l ,  �Tazin� or penodic cropprng. 

-J.. Orchards of domestic trees have the same general microclimato
logical effects as sparse natural forests (9) .  

5.  IV! ore open, less dense stands of trees give the besr yield per tree. 
With increased age, yield from a single tree becomes greater, but 
yield per acre tends to be fi xed if the canopy is closed ( I  0) .  

6. Pasture can thrive under tree canopies i f  they are not extremely 
dense and if nutrients are not limiting. 

RURAL AGRICULTURAL FORESTRY 

The on! y way man (sic) can have both a productive and a stable 
environment is to insure that a good mixture of early and marure 
successional stages are maintained, with interchanges of energy 
and materials. 

Eugene P .  Odum 
Fuudamentals of Ecology 

The average American uses about 1 ton of grain per 
year, 9 3 %  uti l ized indirect ly  as feed for cattle, hogs 
a nd chickens, which supply our main protein sources 
of meat, m i l k  and eggs (3  ). As energy costs rise, con
ventional meat production practices, which requ ire 
considerable transportation of both animals and feed, 

Figure 3. Cwss section of amount of shade cast by an established 
tree. 
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Figure 1 .  Shade pattern produced around a standing tree, in 
percent of full sunlight. This pattern is for the spring season in 
central Europe (after R. Geiger, Climate Near the Ground) . 

r'-l O R T H  
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S O U T H  

Figure 2 .  Plantings around an established tree, matching shade 
zones with shade-tolerant species. Young tree on south side re
ceives almost full sun and wind protection. 

Figure 4. Cross section of three rows, planted to optimize shade 
available and shade requirements of young species planted as 
oTiginal pioneer species grows. 
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L ar g e r  open meadows are 
r o t a t e d  with fi e l d  crop s 

Figure 5 .  Rural agricultural forestry. 

Figure 6 .  Multi-story mixed tree crop agriculture, with live
stock in understory pasture. 
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P e r i me t e r hedges pro v i d e : 

-wind prot e c t i o n 
-brow s e  for l i v e s t ock 
-minor tree crop p ro du c t s  
- p e s t  co nt ro l e cos ys t ems o f  

b i rds , pr edatory i n s e ct s , e t c . 

e l ectric 
fence contrc 
grazing are< 
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wil l  yield to growing feed and meat animals nearer to 
each other and to the consumer. The ultimate integra
tion is to raise meat animals fed on grain and tree feeds 
produced in a matrix of fields and pastures protected 
by perimeter plantings of tree crops (see Figure 6 ) .  
Large fields benefit from being sheltered; the ap
proximately 5% area used for wmdbreaks is well 
compensated b y  higher productivity trom the re
mainder. ;'\" ondomestic hcrbi vorcs (wild game ani
mal s )  are not to be shunned ; highest sustained animal  
producti on from a given piece of  l and wi ll most  often 
result from a mixture of wild and domestic herbi
vores (7 ) .  Tree products s uch as acorns and honey 
locust pods can match corn and oats pound for pound 
as nutritious stored winter feed supplements for l ive
stock . 

CRBAN AND SUBURBAN LA;\.10 

Approximatel y 1 1 . 7% of arable U .S. farmland 1 s  1n 
municipal areas. This is comprised of about 40 mil l ion 
acres that have been converted to urban use, much of i t  
the flattest, most fertile land available. Further, the rate 
of conversion is increasing ( 1  ). Every effort should be 
made to encourage productive use of this space for 
food production and increased environmental qua l i ty .  

INSULATION O F  BUILDING W ITH 

PLANTED vVI NDBR EAKS 

Windbreaks o f  l i ving plants have been well docu
mented for their beneficial effect of reducing heat loss 
from buildings (8 ,9 , 1 7) .  The effect is due to reduced 
infi l tration through cracks ,  reduced exterior convec
tion loss ,  and in some cases reduced radiant heat loss . 
The net result is that a house with good wind protec
tion on three sides (north/west/east) can reduce fuel 
usc up to 30% in comparison to a similar house 
exposed to ful l  wind. Windbreaks  perform as ins ula
tion, j ust as other more fam il iar methods such as dou
ble glazing, materials in wall cavities and weatherstrip
ping do . Like these other methods, establishing a 
windbreak has a capital investment cost, a maintenance 
cost, an expected working l i fetime and a payback 
period that can be eva luated economica l ly .  

Unlike these other methods , windbreaks are biologi
cal and appreciate in value  rather than depreciate. 
They improve their performance automatica l ly, using 
avai lable sunlight rather than an initial input of  fuel 
energy of  manufacture. It is thus a unique insulation 
technique which requires a relati vely small investment 
in order ultimately to obtain large benefits .  

The benefits of growing external insulation wi l l  be 
particu larl v useful to older homes which often have 
high infi ltration rates and walls too thin for adequate 
amounts of wall insulation: both of these d i fficulties 
arc amenable to the effects of a good windbreak .  The 

' 

Figure 7. H'indbreak succession!divenifiu ;tion. As early sun
toleralll pioneer trees gror<L', resulting shade and u•ind protection 
pro'l.·ides microrlimates for less hardy plants. 

strategy of growing insu lation is an example of apply
ing biological solutions to what is  normal ly conceived 
as a technological problem . The concept involved is 
that biological systems (in this case, plants) maintain 
and perpetuate themselves using solar energy, while 
technological systems usual !  y require energy of manu
facture, maintenance, repair and disposal in the form of  
foss i l  fuels under the attention of people. In addition ,  
while protecting from wind the plants can: 
- p roduce food,  
-preserve soi l ,  
-control and p u ri h· water, 
-fi l ter  <l i r  of dust, smoke, odors,  and 
-provide c o m fortable and pleasant l i v in� conditions. 

Each of  these services has values that become apparent 
when a communit y m ust construct substitutes. 
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Figure 8 .  Nitrogen-fixing hedges for sustained fertility. 

Figure 9 .  Windbreak 
Insulation 
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Vegetable 
Gardens 

TREE CROPS FOR CON'TIN UOUS 
POULTRY FEED 

In many respects poultry are ideal for homestead pro
tein production . They recycle edible household and 
garden wastes , produce a high-protein food daily 
(eggs) ,  meat occasionally ,  and require relativel y l ittle 
space and maintenance. They do need feed supple
ments to grass and garbage. Commonly this feed is 
commercial cracked corn or  laying mash, thereby 
making the economics l ittle different to buying eggs 
(apart from quality of egg) .  An alternative to purchased 
feeds is a combination of tree crops and perennial food 
plants. Suggested plants are: 

lvfulberry: for summer feed; drops mulberry fruit in great quantity 
for several months; a traditional animal feed in Chim. 

Honey Locust: for fall feed; produces highly nutritious pods, which 
drop throughout late fall and early winter. 

Burr Oak 

Sa'U.·tootli Oak: for winter feed; acorns arc storable and ha vc feed 
value similar to corn, and can be ground l ike corn. 

Comfrey: for spring feed; a h igh prorcin perennial herb devo ured 
bv chickens if gi ven a chance. It leafs earl y in spring, and if 
grown in rows under scmicvl indrical wire protectors, the 
chickens have access to the dailv g-rowing tips without dcstrov
ing the plant. 

URBAN LANDSCAPES 

As energy supplies dwindle, urban populations wi l l  
undergo maj or changes that wil l  involve transporta
tion, work places and the relative value of  food. One 
option for city dwel lers i s  to convert space now com
mitted to transportation over  gradual ly to agriculture. 
Bv encouraging associations of street residents to 
transform segments of street into street gardens with 
pedestrian/bike corridors, a city can s lowly foster 
local food production and mass transit .  The following 
description and i l lustrations suggest detai ls  o f  such a 
transition.  
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I 9 10 's Normal L'r!hrn Street 
I .  Sur faces of Sllln,·a l ks .  streets <md hui ld int,'s resu l t  1n t,! larc,  gTcar 

!L'I I lpLT<I t U IT f!SCS I ll SU ill ml'f <l nd �rCJ! run-o ff o f  r<l ln fa l i .  
1 .  I .a\\·ns and sh rubs <lrL· pr ima ri h· ornamcllLl l .  

1 .  B lock- lon g· sc�m enrs of :-\ o rrh-Sourh s treets a r c  zoned for 
pcdesrnan , IHnTie <IIlLI moped rraff1c, "·ith <l ssu rJncc of mass 
trans i t  a nd ca r J"l r k m �  at the ends. 

1 Street �;lnkns �1re consrrucrcd on.:r C:\lsnn� pa\·cll lL'TH, rc:t<l ln
I l lg  street d ra m a!!c ;1nd sc \\ 'cr s ysrcn1 .  

.' . Tree crops ,  gardens a nd msulati1 ·e \\·1ndhrca ks a rc establ ished.  

. \ l.rt trre L'rhan .-l gTiculturr 
I .  l ·lo usL·ho ld H·gctablc g·;ndcns, so lar  a q u acu l ture <m d tree crops 

p rcn·�tk loca l food su ppl ies . 
J :\fo rmal citv water supplv provides ho useho lds,  wh1ch then 

rccvcle gravwater from washing and showers to trees and 
gardens. 

·' · lncre<�sed p l a nr co\Tr  moderates tcmpcrarurc.:s. p urifies a 1 r and 
abso rbs r<l l n b l l .  Plants Jlso t(!Tarh· reduce g b rc and noise. 

.J.. Some of the st reet garden srrucru rcs arc greenhouses usmg 
\\ ·astc hear frnm loc1l l ight md ustrles to sup p i ,. \\'Inter food a n d  
g<mlcn secd l in!!s t o  r h c  nc1g·hbo rhood.  

F :\' \' l R O :-\ .\ l F:'\ L\ L QC.-\ LI TY :\ :'\ D  
L' R B A '\:  A C ; R I C U LTL1 R E  

On h o t  sunny days, temperatures i n  urban areas nor
mal ly rise quickly because of high reflection and rad ia
tion from sidewal ks, streets and building. The result is 
discomfort and extensive use of air-conditioning. I n  
contrast. when sunlight str ikes a plant surface, much o f  
i t  i s  absorbed to evaporate water. Temperatures o ver 
grassy s urfaces on a sunny day are 1 0- 1 -I-°F.  cooler 
than on exposed soil or street surface for this reason (8) .  

_j: �''-'C '' ; ""'>t ' e et"-"''J i L"q a <de n >0>J! /'"'' '"'-'' 
I 

- - - - - - - - - - - - -· - - - -

As water makes up 80-90% of a plant's biomass, the 
heat capacity of the water absorbs radiation and releases 
it later s lowly .  Both processes combine to moderate 
fl uctuations in temperature and humidity, making 
conditions more comfortable to l ife .  Trees provide 
shade for the great benefit of people a nd so lar buildings 
at exactly the appropriate seasons .  Deciduous trees 
even a djust to cold extended springs by leafing out 
later, and long warm falls  by dropping leaves later . 

A tmospheric Contaminants 

Streets with trees have been shown to have about 
one third the amount of airborne dust of streets with
out trees. Dust, soot, smoke, odors, and other par
ticulate matter are similarly removed from the air . 
Gases such as C02 are activel y taken up.  Lead from 
auto exhaust tends to accumulate o n  the soi l ,  often in 
dangerous concentrations. Preliminary tests in Bos
ton of tree fruit grown in soil with 3 ,000 parts per 
mill ion of lead showed no lead in the fruits . 

Noise as an atmospheric contaminant is greatly 
reduced by tree stems and leaves ; trees are often planned 
by highway designers to block freewa y traffic sounds 
from residential neighborhoods . Noise reduction ef
fecti veness has become quite well quantifi ed as a result. 

These various environmental effects are quite val
uable: 

These na tural functions are powered by solar  energy, and, to the 
degree that they are lost, rhev must be replaced by extensive and 
continumg mvestments of fossi l  fuel  energy and other natural 
resources. I f  the qual ity of l i fe is  to he mamramed, we must build 
erosion control works, enlarge reservoirs, upgrade a 1r  pol l ution 
control technology, install flood control works, i mprove water 
purificatiOn plants, mcrease air condirionmg and provide new 
recreation faci l i ties . "  

Figure 1 0. L'rban space re-allomtion. North-south street 
.l'tgmmts het11:een city blocks are gradually chauged from roads to 
.\tree! g,mfens . .\'orth-south a·vmues receive sun equally on both 
.!'ides of tlie strut. 

� SOUTH 

· F H .  Bormann · · .-\n l n sqJ:Ir:lhlc l .inkag-c: C:onscrv<1rion of :'\';uural Fcos�·srcms 
:tnd tht.• c :onsl'n';Hion of Fossil Fm.T¥�-. . /JitJ5)tit-'l/(t', 29. �0. 1 1: 75-1--60 
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MATU R E  U R BAN AGRI C U LTU RE 

PROPAGATION O F  TREE CROPS 

The selection and propagation o f  trees for agricultural 
purposes can produce won drous crops from relatively 
insignificant ancestor plants . Crab-apple ancestors were 
selected over time  to create today's apple. More re
cent! y i n  the United States the so uthern pecan has been 
transformed from a wi ld hardshelled small  nut to the 
paper- thin-shelled n uts of modern commerce. Each 
native fruit, nut and forage tree species has much 
genetic variability in such qualities as size and taste of  
fruit, age at first bearing, annual consistency of yield 
and ease of propagation .  By finding an individual wild 
tree with one or more of  these traits and propagating it 
into many identica l  trees , o ne can create orchards of 
high productivity. These can be later cross-pollinated 
with other outstanding cultivars and can result in a 
next generation o f  multiple good traits . 

There is a strik ing difference in the ease of vegeta
tive propagation between long-domesticated tree crops 
such as apple, mulberry, fig and grape and 'Nild trees 
such as walnuts, hickories, oaks and paw-paws . Over 
centuries of cultivation and migration the trees in the 
first group which were most eas i ly and successfu l ly 
propagated were the ones to spread to new lands, 
becoming eas ier and easier to propagate in the proc
ess .  Forest trees , on the other hand, are in nature 
selected by a multitude of forces fo r many qualities , 
and consequently they show a wide variabi l ity in their 
capacity to root or  gra ft successful! y. 

For agricultural forestry research we would l ike to 
use many of  the native species , in addition to proven 
foreign species such as Persian walnuts, Chi nese chest
nuts and Oriental persimmons, adapted to American 
soils and c l imates. These species are relatively difficult 
to propagate, but the fol lowing propagation tech
niques show promise of more rapid and successful 
results than those currentl y  practiced. 

OBTAINING SUPERIOR CUL TIV ARS 

Over the past several centuries of land use in the United 
States, the clearing of forests for agricultural use 
has considerably reduced the genetic scope of native 
tree crops.  Some have become endangered species 
(5 3 ) .  Yet because of their recognized utility, they have 
often been spared by the farmer when clearing land to 
provide food for himself or his l ivestock ( 1 9 ) .  Thus 
good trees have been preserved in fencerows, pastures, 
and farm woodlots . Over the s ubsequent years many 
outstanding cultivars have been named by members of 
the Northern Nut Growers Association and the North 
American Fruit Explorers (48, 49), whose members 
are most! y amateur plant appreciators who have dis
co vered much of what is k nown about the growth 
habits and propagation methods of native food plants . 

Many of the best cultivars known of noncommercial 
species are found on l y  in a few private collections o f  
members of  these organizations a n d  are propagated 
irregularly if at al l .  A few of the most popular can be 
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purchased commercial ly, and many can be custom
grafted with advanced notice, but to our knowledge 
no large arboretum or  nursery of native food plants has 
been established. For valid comparison of varieties , we 
propose collecting many of the named varieties for 
propagation and field experimentation. Ex isting collec
tions by past researchers offer the best access to plant 
material .  Of  particular interest is the remaining tree 
collection of  the late J. Russel l  Smith, a noted pioneer 
in the concept of tree crops . In the first ha lf of  this 
century, Smith collected superior fo od tree culti vars 
from across the United States and established them for 
observation at his nursery near Round Hil l ,  Virginia . 
A few of the species obtained b y  Smith during this 
period, such as the Chinese chestnut and various strains 
of the Oriental pers immon, were imported and have 
since become widespread and valuable commercia l ly .  
World War I I  stopped a l l  work at  the site and the 
serious research ended. The site has since become 
overgrown and unused. 

On several occasions, subcollections of Smith's best 
trees were transferred to other sites for farm-scale test
ing. Most notable of these are the direction of the 
T.V.A.  in Tennessee and a site in Pennsylvania under 

the direction of  John Hershey .  In each case the man in 
charge fell i l l  and the col lections were virtual ly aban
doned although portions of  the tree stock are sti l l  
intact. These three sites are  o f  ardent interest in  resum
ing the tree research of these men. It is l ikely that many 
of the superior trees on each place have produced 
chance hybrids that could be superior to the parents . 
These are the only p laces where tree crops of many 
types are growing in a forest- l ike condition so that a 
study o f  the relati ve abi lity of each variety to exist in a 
mature canopy situation would be possible. 

]. Russell Smith's family,  the present T.V. A. staff, 
and Mrs . Hershey have a l l  ass isted and encouraged 
efforts at exploring the poss ibi l ity of re-evaluating the 
remammg tree resources. If  research support is found, 
we propose to: 

I .  idenrify remaining tree varieties, 
2. observe chance h vbr ids in the vicinities fo r superior qualitv, 
3 . collect and distribute va luable culti va r sci ons ro other re

searchers and commercial nurseries, 
4. clear underbrush and provide permanent labels for known 

varieties, and 
5.  write evaluations and recommendations for future develop

ment. 
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It seems appropriate that a serious study of the tree 
crops concept should pick up where its foremost pro
ponents left off. 

NURSE-SEED GRAFTING 

An outstanding nut-tree cultivar is normally propa
gated by grafting one of its branches onto a young 
nut-tree seedl ing of  the same or  of a closely related 
species. This operation requires considerable s k il l ,  
time and seasonal accuracy. The final expense is h igh ,  
which i s  the  major constra int on large-scale availabil
ity of many important nut trees . 

An a ltCI·nati ve, rclati vel\ '  n ew technique ca lled 
"nurse-seed grafting" ( fi rst described in 1 96-!-) offers 
severa l  potential advantages over normal outdoor 
spring grafting: 

1 .  The rootstock is sprouted nut seed; norma l ly two years are re
quired to grow a large rootstock fo r grafting. 

1. Timing and weather are nor critical; rhe grafting can be carried 
out ar an indoor table or greenhouse bench over severa l monrhs .  
The tech n ique is rcb ti\·;h- S l lllpk, rcqumnf! less sk il l  rhan con
\Tntional n u r-tn:e grafrmg. 

+. I n i tia l roar-scion compatibility can be dcrern1 1ncd wirhm +-5 
weeks without long and expensive nursery growth of rootstock .  

The basic procedure i s  s ummarized in Figure 1 4 . 
Most research to date has been on Chinese chestnuts , 
a vocadoes and camel l ias .  I , imited trials have also in
cluded oaks, pecans, walnuts a nd some of the drupe 
fruits such as peach or  p lum.  Success has varied con
siderably ,  ranging from 8 8 . 9% with certain chestnut 
stock-scion co mbinations to l ittle success with mature 
oak scions or cross-species grafts .  A very l imited 
number of species and cultivars have yet been tested . 

Thi s technique offers an efficient method ro test 

Figure 1 4. () 

� nut 

� 
< < 

tv!OD I F I E D NURS E - S E E D  GRAFT 

quickly and to mass propagate many unavailable cul
tivars. 

A germinating nut is cut to al low a thin-wedged 
dormant scion to be inserted at the point of root/shoot 
growth. A modified method is to insert the scion into 
the spl i t  h ypocotyl .  The graft is then placed in a warm 
medium for heal ing and rooting. It i s  later moved to a 
nursery of the fie ld .  

P LASTIC TUBE CULTURE OF T AP
ROOTED TREES 

Many tree species which are high ly val uable for pro
d uction of food or forage normal ly grow a long tap
root as seedlings. Walnuts, hickories, many oa ks, paw
paws, pecans and horse chestnuts are all examples o f  
food trees that tend t o  be avo ided by  commercial 
nurseries because of the difficulty of digging and suc
cessfu l ly  transplanting them . A taproot without room 
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to develop resu lts in a stunted tree; a taproot damaged 
in early development  serious ly reduces the viability of 
a young tree. Often tap-rooted trees stored and shipped 
barerooted fail to survive ( 1 9) .  

A promising solut ion to propagation and shipping 
of such trees has been developed for pecans . The tech
nique uses inexpensive pol yethylene tubing as deep 
containers for seedl ings, which allows normal taproot 
development. The seedling can be budded or grafted 
while growing in the tube. When needed, the seedling 
is carried in the tube to its final field locat ion, where the 
tube is removed and the rooted seedling is s l ipped into 
i rs hole. Transplanting shock is minimal and the season 
during which planting is possible is  greatly increased 
o ver conventional bare-rooted dormant stock . 

The use of this method is ideal ly suited to small
scale nurseries, el iminating the need for digging ma
chines or expens ive containers normal ly used for the 
same purpose (barrels or lath tubes ) .  

REFERENCES F O R  FIGURE 1 5  
Hinrichs, H .  A . ,  and Smith, M . W .  1 975. "Greenhouse Production 
of Pecan Trees in Plastic Tubes." Northern Nut Growers As
sociation Annual Report, 66: 3 7-40. 
Hinrichs, H. A.  1 976. "The Effect of Supplemental Light on 
Growth of Seedling Pecan Trees Grown in Plastic Tubes " 
Northern Nut Growers Association Annual Report, 6 7 :  90-92. 

Figure I S . Plastic tube culllne of tap-rooted trees. 

TESTING NUT QUA LITY O F  YOUNG 
TREES 

Systematic tree-crop improvement requires growing 
and evaluating hundreds of young seedling trees. These 
seedlings a re usually the result of cross-breeding of  
two high-quality parents in hopes of getting an even 
better hvbrid. Unfortunately there is a long wait until 
the young seedling produces nuts for evaluation of 
qual i ty .  I t  can take  from l 0 to 12 years for walnuts and 
hickories. This waiting period can be reduced by 4 to 6 
years if a branch of the seedling is grafted to a mature 
tree, forcing it into early fruiting ( 1 9) .  Such grafting is 
subject to difficulties of incompatibility between stock 
and scion, h igh ski ll and labor requirements and the 
necessity of maintaining mature stock trees .  

A much easier technique to hasten nut production 
has recently been described by Stoke (5 1 ) .  In several 
different tests with black walnut he chose a small 
minor branch of a walnut seedling that had never 
produced nuts and girdled it with a band of copper 
wire during one growing season. The band was then 
removed in the fa l l .  The next summer that limb alone 
produced a good crop of  nuts . The forcing effect did 
not carry over to the next summer. 

Tree physiologists have reported similar early fruit
ing in other species as a result of controlled girdling 
(52) .  These observations suggest that seedling trees 
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F I RST SEASON W I NTER DORMANCY SECOND SEASON 

w i re g i rd l e  on b ranch g i rd l e  removed b r anch a l one frui t s  
Fi�urc 1 6. Farly fruit qu,dity lt.rlillg b v  COII/rollrd girdli11g. 

under observation in nursery rows could be induced to 
fruit at a very earl y age to quickly eliminate inferi or  
trees . The technique would provide a simple way to 
tes t seedlings growing in the wild when thinning is 
necessary. Perhaps most important, ea rly induced 
flowering and fruiting would make possible rapid 
genetic manipulatio n and tree breeding progress .  Re
search on the effecti veness of  the technique would be 
fa ir! y simple. Commercial nursery stock of  oak ,  wal
nut, hickory and other s low-fruiting seedl ings can be 
tested to determine optimum seasons and d uration of 
controlled girdling that produces earliest fruiting with
out permanent damage. 

EPILOGUE 

Forests perfom irreplaceable ecological services as well a s  provide 
economic products and recreation. They assist in the global cycling 
of water, oxygen, carbon, and nitrogen. They lend stability to 
hydrological systems, reducing the severity of floods and permit
tin� the recharging of sprin�s, streams, and underground waters . 
Trees keep soi l  from washing off mountainsides and sand from 
blowing off deserts; they keep sediment out  of rivers and reser
voirs and, properly placed, help ho ld topsoi l  on agricultural fields .  
Forests house mil l ions of plant and animal species that will disap
pear if  woodlands arc destroyed. 

Erik Eckholm 
"Planting for the Future: 
ForestrY for Human ?\"eeds ," 
Worldwarch Paper 26,  1 9 79 .  
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The eco logical advantages of tree crops are quite 
obvious; the economic consequences a re more subtle. 
Good ecology and good economics often appear to be 
in co nflict when viewed over the short term. Bur a 
time-frame of several generations or several centuries 
reveals an "economics of permanence" in which eco
logical well-being of  a settled people is identical to 
economic well-being. Our present economic theories 
of investment and profit  fail us as a basis of  permanent 
community or cultural security .  The drive to maxi
mize pro fit  results in constant ly searchi ng fo r and ex
ploiting greener pastures rather than nurturing the 
lands at hand . The period of human history is ending 
in which migration can avoid the consequences of 
careless stewardship; we now face the difficult task of 
coming to terms with nature. 

Forging of a land ethic which careful ly considers 
global and future consequences is now paradoxica l ly 
only possible by using fruits o f  kno wledge and tech
nology produced by the civilization which has made 
such a task crucial .  Our energy-intensive, medica l ly  
protected society is immune to the population controls  
most species face, whi le the mechanical power and 
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technical knowledge we control can displace almost 
any natural community.  Necessary eco logical feed
back, which in nature operatef at a subtle structural 
and behavioral l evel , must in (Jur case become con
scious and monitored with a large dose of communica
tive technology. The traditional knowledge of past 
cultures and present science is avai lable for reconstruc
tive design of human landscapes . Air and water quality 
can become sensitive indicators of  stress and degrada
tion of ecos ystems ,  with the aid of low-energy elec
tronic computation and communication systems to 
p inpoint and communicate s ustainable levels .  

Materials technology offers long-lived tools ,  she! ter, 
and agricul tural l y  useful  membranes for plant and 
ani ma l  management. Perhaps most importantly, re
maining fos si l-fuel supplies permit transportation and 
distribution of available n utrients , biotic species , and 
soi l  conservation structures that wi l l  a l low regiona l ly  
self- reliant agricultures to  become established . 

Tree crops and other agricultural perennials are 
important e lements in agricultures of the future. They 
are res i lient, self-maintaining food prod ucers which 
automatica l ly  perform services and functions now 

subsidized by foss i l  fuels .  Their culture and mainte
nance require relative! y simple tool s  and eas i ly acquired 
ski l l s .  Eminently suited to rocky hills, urban, subur
ban and other landscapes not considered agricultural ,  
they offer the best compromise between food pro
duction and landscape amenities , and between en
vironmental protection and materia ls production. 

Creative des ign of agricultural landscapes using tree 
crops is in a very early stage; farmers, orchardists, ci ty 
p lanners , foresters , and eco logists have only begun to 
cooperatively explore the merger of their knowledge 
and recognize the concept of  an agricultural forestry. 
Many agricultural trees and p lants used for centuries in 
various biogeographical regions have only recently 
become available in other similar bioregions as poten
tial agricultural crops . Extinctions and continuous dis
tribution o f  plant and animal species around the bio
sphere has n ear ly eliminated the chance of retaining 
"natura l ' '  ecosystems. Thus ecological designers must 
now begin to create a symbiotic community of  plants , 
animals ,  and humans with the visionary goal of per
manentl y sustaining them a l l .  
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New Alchemy Tree Crop Research 

Paula Gifford and Earle Barnhart 

The fo l lowing article on mulberry productivity is one 
of a number of  special tree-crop research papers inter
mittently being produced for communication with 
other tree-crop researchers and associates . They are 
special-topic reports on  aspects of  tree crops, tree cu l
ture, and agricultural forestry design that we have 
found to be useful or  i mportant in our work .  The 
series is cal led "New Alchem y Tree Crop Notes" and 
includes : 

NO. 1 BmLOGRAPHY OF AGRICULTURAL FoRESTRY 

NO. 2 ORGANIZATIONS, GROUPS AND I NDIVIDUALS 

INVOL\'ED WITH THE TREE CROPS 

NO. 3 NEw ALCHFrv!Y MuLBERRY YIELD M EASUREMENTS, 

1 9 7 8  

NO. 4 NEw ALcHEMY's TRFE CRoPs REsE.-\RCH, 
1 9 7 8- 1 9 79 

NO. 5 N CRSE-SFE!l GRAFT!N(; OF TREES 

NO. 6 PusTIC TuBE Cur.TURE oF TAP-RooTED TREES 

NO. 7 CoNTROLLED GIRDLING OF TREES FOR EARLY 

QuA!.ITY TEsTING 

NO. 8 FEASIBI I .!TY or Dm!EST!C.-\TINc; SQUIRRELS .-\s NuT 
GATHERERS 

NO. 9 W !NDSCAPINC;  WITH TREES 

NO. 10 BFESC:APINc;  WITH PoLLEN AND NECTAR PuNTS 

:'-10. 1 1  So uRcEs oF "ANTIQUE" HA RDY Do:\!F.STIC 
ANI.\1.-\L VARIET II-:S 

NO. 1 2  WI LLow CorPICINc ;  FOR FuEL, FI BER A\ID FoR.-\CE 

Serious tree crop workers rna y obtain copies (at printing 
cost plus mailing) by contacting Earle Barnhart, The 
New Alchemy Institute, P.O. Box 47, Woods Hole, 
Mass. 02 543 . 

Mulberries represent a valuable food for human con
sumption and animal feed. J .  Russell Smith in Tree Crops 
describes a region in Afg·hanistan where dried mulberries 
(Morzts alba) are a major staple .  In the s outhern pans of 
the United States, mulberry trees were often fo und in 
pastures for pigs and poultry, providing feed which 
was harvested by the animals as it fel l .  Several varieties 
described as "everbearing" bear from Mav to August 
in the South. 

· 

Our harvest measurements indicate that on Cape Cod a 
mature tree can yield over 400 pounds of collectible fruit, 

plus an additional amount taken by birds and squirrels . 
I have extrapolated this yield to 5 .68  tons per acre. On 
such a scale the fruit would best be co llected directly 
by the fo raging animals, and various cultivars should 
be interplanted to give a longer, sustained yield of 
many months . 1  

Nutritive information on mulberries is scarce and 
probably nonexistent for the United Stares . USDA 
sources do not mention mulberries as either human 
food (USDA Handbook #72 ;  1 9 7 1 ,  covering 2 ,48 3 
food items) o r  as animal  feed (A tlas of Nutritional Data 
of the U.S. and Canadian Feeds; 1 9 72 ) . 2•3 The only clue 
i s  an analys i s  of the dried mulberries used in Afghanis
tan, which shows them to have about the food value o f  
dried figs 4 

Individuals of the North American Fruit Explorers 
are the only people we know in this country research
ing mulberry cultivars . 5  

Mulberry Yield- 1 9 7 8  

Fal len fruit w a s  harvested from a mature mul berry tree 
(Morus alba) with a trunk diameter of 22 inches and a 
canopy spread of approximately 1 , 5 53 square feet. 
Fruit was col l ected dai ly over 3 0  days from netting on  
the ground which intercepted approx imately 7 5% of  
the canopy spread ( 1 ,  I 1--J.  squ�re feet). Birds �nd 
squirrels consumed an additional unmeas ured qu:m
tity of fruit . Marketable fruit was pro cessed for human 
consumption (70%) and the remainder (3 0%) was fed 
to young chickens. 

Col lection from 74% of the canopy area yielded 
1 3 5 . 7  kg.  of  fruit .  Total col lectible yield was esti
mated to be approximately 1 81- . 2  kg. (i-05.2 lbs . ) .  
Distribution of yield from June 2 8  to  Ju ly  28  i s  shown 
In Tables I and 2 .  Unmar ketable fruit was eagerly 
eaten by young chickens .  

1 J. Russell Smith, 1 9  50, Tru Crops: A Pmnane111 Agricultrm (Devin-Adair Co.), pp. 
97- 1 09.  

2 U.S.D.A . . -\gricultural Handbook No. 8, December 1963 ;  1 90 pp.  covering 2,483 
food items. 

3 A tlas of NutritimMI Datil of L'.S. and Canadian Fuds, 1 972, National Academy of 
Sciences. 

4 Smith. op. cit., pp. I 07-8. 

5 �orrh American Fruir Explorers, l8-t8 Jennings Drive, Madisonville. Ky. +23 1 .  
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TA BLE 1 - Yield of Fallen Mulberries: 1 9 78 

(Double and triple poims on graph are two and three day accumulations averaged over the period.) 
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( " )  Fruit nor col lecrcd unril ncxr day. 
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Our a qua culture research at New A lchemy is proba 
bly among our most innovative. Its goal is pretty prag
ma tic: to explore ec ological and economic ways of 
growing protein. Should a rationale beyond ob vious 
need be needed, John Todd's article, "Where Ha ve 
All the Fishes Gone?" makes clear that aqua tic a s  
well a s  terrestrial a n d  aerial forms of life are endan
gered as things now stand B ut like so much of our 
work that begins with a gloomy or doomwatch prog
nosis, this is sometimes offset by encouraging 
courses of action that  open up to us. This is borne out 
in the success story told by Bill McLarney and Jeff 
Parkin in "Cage Culture. " 

The next piece, "Biological Filters, " by Michael 
Connor, describes an experiment that he conducted 
at New Alchemy in the summer of 1 9 78. Michael is a 
doctoral student in biology at Woods Hole O ceano
graphic Institution. His work has provided us with 
some useful and rele vant information. 

The series of articles that follow this firs t section, 
subsumed under the umbrella title Solar A qua culture, 
with contributions by Ron Zweig, John Wolfe and 

Da vid Engstrom, covers our most recent work with 
aquaculture in artificially simula ted, semi-closed eco
systems. The first article by Ron on the Domes explains 
how our fish get their start in life in a subs urface pool 
in a small geodesic dome. The rest of the series is 
concerned with observations of the solar-alga e ponds 

which are five-foot-high translucent cylinders that 
contain sunligh t-driven ecosystems of surprisingly 
high productivity. Ron summarizes the history of this 
type of solar-driven aquaculture; then the fish cultur8 
techniques, chemistry and energetics are described 
by Ron, John and Da vid. 

Concluding the section is a fantasy by John Todd, 
whose tra ck record of transforming fantasy into real
ity is hard to surpass. He shows how many of the 
ideas that we have developed at  New Alchemy could 
be integra ted into a very small-scale but profitable 
homesteading scheme. It is a comfortably homey 
vision with considerable biological sophisticcation that 
comes together as something like an aqua tic "Have
More" plan. 

NJT 



-------------- -- ------· -

Where Have All the Fishes Gone? 
fohn Todd 

I �ast winter a sign was posted on the door o f  a local 
Cape Cod fish marker. It said :  "Temporarily closed 
due to high prices and lack of fish . ' '  The store is 
supplied by local fishermen and is independent of 
distant supply networks.  Being close to the source, and 
ncar one of  the country ' s  greatest fishing grounds,  it 
should have been less vul nerable than most fish mar
kets . 

Several months later, the price of young, l i ve eels 
mysterious! y and rather ominously shot up to $ 1 ,000 
a pound. Y oung eels were bein g flown to japan where 
aquacu lturists raise them to edible s ize .  They were 
being transported half-way around the world to a 
seemingly insatiable marker. Ironical ly,  severa l months 
later, the price dropped when the japa nese concluded 
that North American eels didn't taste as good as their 
own .  However, with eels in sho rt s upply, I am betting 
that they \\' ill come to appreciate the taste of  our eels .  I 
was told that the atmosphere associated with the fish
crv on th is coast was sinister and not un l ike the drug 
trade where the stakes are high. \'a luablc and rare 
commodities , mcluding eel s ,  attract the underworld. 

Cape Cod is named in honor of a fish which has been 
a traditional mainstay of New England's economy. 
The cod is under pressure too; recently an inshore 
dragger captain with a substantial vessel was quoted in 
the local press .  He complained one bitter January 
morning: " Four passes, four damn passes in the snow. 
And what did I get for it" Not four-hundred fish  . . .  
not forty. But four lousy fish,  and small too, not even 
enough for supper ."  I had thou ght that his problem 
was that he special ized in  such a sought-after species, 
but I was probably wrong. 

I have a friend, Bryce Butler, who is writing a boo k 
on a subject dear to his heart and nearer to his stomach, 
entitled The Trash Fij·h Cookbook which he is co
authoring with Bill M cLarney. The first installment of 
their boo k has already appeared in The Book of The 
,\'e·w Alc/iemists ( E .  P. Dutton Press, New York) .  
Lately,  Bryce has been loo king up fish brokers and 
various markets inquiring about trash fish. Old timers 
here would have one beli eve that half the ocean fishes 
caught in our waters arc inedible and onl y fit to be 
thro'.vn back into the sea . There is a snobberv tied to 
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what one eats and does not eat, or so the local mvth goes . 
It was the little used and unappreciated fish that were the 
objects of my friend 's quest; but he was told by fish 
buyers, in no uncertain terms, that there are no trash 
fish  any more. The term is obsolete. All fish command 
high prices. The wolf fish, a big strange-looking blenny, 
is being used i n  the fish-and-chips t rade, and I under
stand that they are good indeed. Even one of the most 
grotesque-looking fis h in  God's creation, the goose
fish ,  has become a fish of commerce these days. !Vly 
friend was much saddened by this  news. I t' s  harder to 
write about trash-fish coo king if there are no trash fish. 

For some reason I don't ful l y  un derstand,  old no
tions die hard . I t  usuall y  takes years, or even decades, 
for a new reality to catch up with events .  There is  a 
boom in fishing-boat building thes e days that has been 
fueled by the optimism created by th; two-hundred
mile fishing l imit .  Every issue of my favorite news
paper, The National Fisherman, has page after page 
describing bigger and faster ocean-go ing vessels being 
bui lt  in  places like Coos Bay, Oregon ; New B edford, 
Massachusetts; and Mobile, A labama. Thes e boats are 
getting more expens ive-costing up to $ 7-8 mill ion
and they are getting more efficient at gathering up 
what remains in the sea. The hunt is  on. The only force 
that might keep the ocea nic hounds at bay , and save the 
fish stocks, is the rising cost of fuel .  Fishermen with 
financial investments as large as these are going to find 
ways around any regulations that might be set up to 
curtail their activities . Their on l y  alternati ve to bank
ruptcy may wel l be evasion of the law. Further, the 
crisis, and I don't think this is too strong a word for 
what I am describing, is not j us t  confined to North 
America. It is worldwide. 

just over a year ago, when I was traveling i n  
southern Europe, t h e  danger s igns were unmistakable. 
In southern F ranee ocean fish were in very short 
supply and thei r prices in market towns li ke Aix-en
Provence were far higher than beef, lamb or  pork. The 
only reasonabl y priced fish s erved in restaurants were 
trout, which incidenta l ly were superbly cooked. 

In Italy, particularly in  Rome, the situation was 
even more grave. One particular evening we  were 
positi vel y lusting after I tali an fish cooking, and as 
good l uck would have it we spied a smal l  restaurant in 
a narrow, out-of-the-way al ley which serv ed fish 
exclusively. The smells emanating from the place were 
incredible. Waiting in line to be seated I watched a 
couple eating a modest- looking fi sh fol lowed by salad 
a nd wine and coffee for dessert. As they paid their bil l  I 
peered over their shoulders to find out how much i t  
was .  I was  stunned. Their meal had cost them the 
equivalent of  $7  5. With profound culinary regrets, I 
fled to take refuge in pasta e lsewhere. 

The fisheries of  the Greek islands are severel y re
duced. The inshore waters seem picked over. \Vading 
in  tidepools, I found l ittle in  the way of  animal l i fe be-

yond the odd sea urchin and the rare, snl<ll l fish eLuting 
about amongst the rocks .  Considenng the s ize of the 
vessels and the manpo wer in the fi shing tleet, the re
turn on their investment must be s light. One captam 
we befriended financed his vessel through taking tour
ists to out-of-the-way places for respectable prices. 
His l ivel ihood as a fisherman had become almost a 
ritual ized hobby and the odd fish that he cl llght were 
a cause for celebration. 

1\ll y  wanderings have turned up very l itt le good 
news . Even the tropics of the New World are heavi ly 
fished. Near the New Alchemy farm on the Atlantic 
coast of  Costa Rica, on good days the best reef fisher
men catch on! y a fe,..v pounds of  saleable fish, and the 
coveted lobster is in short supply.  Although Vene
zuela would appear to be a particularly favored country 
with a long coastline and major ri vers, including the 
Orinoco, that transect it, a former student of mine, 
Stewart Jacobson, now studying the African ki l ler 
bees there, wrote recently that it was difficult for him 
to learn much about edible species of fishes because 
there were so  few around to learn about. He did say 
that red snapper was becoming scarce in the loca l  
markets and cost  considerably more than fil et mignon 
in the most expensive supermark ets . The famed hagre, 
or river catfish, didn't appear in his city's fish markets 
as in earlier times. And so the story goes . 

It would seem logical to conclude that world fish 
shortages would have catalyzed aquaculture inro action 
to fi l l  the yawning gaps left by the depl etion of wild 
stocks. I don't  think that aquacu l ture has yet responded 
to the chal lenge or to the need. And, with only a few 
notable exceptions , there may wel l be a compa rable 
shortage of cu ltured species. I am basing this s tatement 
on the price and availability of young fi sh to fi sh 
farmers. 

Several of  my cohorts at New Alchemy and I have 
been ma king back-of-the-envelope calculations of 
fi sh-stock prices and in most instances we have found 
that young fish are scarce and cost ly .  The absence of  
hatcheries and fish stock may be a real bottleneck in the 
development of aquaculture. Perhaps the easiest fish to 
breed and hybridize is the ti lapia for they can be 
spawned in large aquaria .  Yet, at the present, some

. 

breeders are getting as much as $2 00 per pound for 
young hybrids. Incidentally, a l l  my calculations arc 
based on batch lots of one-thousand fi sh. Non hybrid 
tilapia can be bought for as low a price as $ 1 2  per 
pound. Some of the hy brid su nfish cost half as much as 
hybrid tilapia or approximately $ 1 00 per pound . The 
white amur, or grass carp, s eem to be a better bargain. 
Their breeding requires hormones and some real ex
peri ence. The young are shipped at a larger s ize and 
they can be purchased for between $2 � and $50 per 
pound. As fa r as we can tel l ,  the best bargain in young 
fish is channel catfish which reflect the volume and the 
fai r ly sophisticated level of catfish culture. Young 
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chJnncl cats cost $4--$5 per pound .  In some parts o f  
the country trout m a y  b e  comparably priced . 

These figures are not mtended as abso lutely accurate 
or up to date. They are rough estimates based on prices 
that we have paid in the past and the weights of fish 
received . They do not include shipping costs which 
are climbing quick ly .  However, shipping may stil l be a 
bargain provided the service is good. 

These figures with thei r wide range of from $4 to 
$200 per pound for young fish, tell us that price and 
volume of cultured speci es are inversely related . This 
i s  certainl y not news, but more eas i l y  bred fis hes l ike  
tilapia shoul d narrow the gap, which is not  now the 
case. What is rel evant and disturbing is the fact that 
many culturable species are in short supply .  Hence the 
high prices and the scarcities .  I am not faulting the fish 
breeders as they are not to blame. The under ly ing  
causes a rc in  the structure o f  present-day aquaculture. 

My purpose in all this 1s to alert the aquaculture 
community to the possibil ity of a worldwide, as well 
as a national, shortage of fish .  These shortages extend 
into aquaculture. In the past, "trash" fish  have been 
elevated to fil l  the gaps created by depleted fisheries 
and have saved the day for fishermen. These replace
ment fish, whether wolf fish or goosefish, are now 
legitimate, leaving precious few unexp loited fisheries. 
Now the onus is on aquaculture, and it wi l l  have to see 
itself in  a new l ight. A whole new generation of fish 
breeders, s uppliers and growers are going to be needed 
and on a magnitude that we can hardly imagine. I have 
one suggestion.  As a starter I propose that several o f  
the lesser-known cultured fishes that feed l o w  o n  food 
chains be farmed to replace ocean fishes in the large 
fish-and-chips market. 

It would be a major task ,  but one well worth at
tempting. 
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Peck's :!tiilmuukrr §un 1877* 
There are fish that should be propagated in the interest 
of the people .  There is a species of fish that never looks 
at the clothes of the man who throws in the bait : a fish 
that takes whatever is thrown to it, and when once 
hold of the hook never tries to shake a friend, but 
submits to the inevitable, crosses its legs and says, 
"Now I lay me, "  and comes out on the bank and seems 
to enjoy being taken. It is a fi sh tha t is the friend of the 
poor,  and one that wi l l  sacrifice itself in the interest of 
humanity. That is the fish that the State should adopt 
as  its trade-mark, and culti vate friendly relations with, 
and stand by. We al lude to the Bul l-head . 

The Bul l-head never went back on a friend .  To 
catch the Bull-head it is not necessary to tempt his 
appetite with porterhouse steak, or to displa y an ex
pensive lot of fishing tack le. A p in-hook, a p iece of 
l iver and cistern pole, is a l l  the capital required to catch 
a Bul l -head . He l ies upon the bottom of a stream or 
pond in the mud, thinking. There is no fish that does 
more thinking, or has a better head for grasping great 
questions, or chunks of l iver, than the Bul l-head. His 
brain is large, his heart beats for humanity,  and if he 
can't get l i ver, a piece of tin tomato-can will make a 
meal for him. It is an interesting study to watch a boy 
catch a Bul l-head. The boy knows where the Bull
head congregates , and when he throws in his hook it is 
do llars to buttons that "in the near future" he wi l l  get a 
bite. 

The Bul l-head is democratic in all its instincts . If  the 
boy's shirt is s leeveless, his hat crownless, and his 
pantaloons a bottomless pit, the Bull-head will bite just 
as  well as though the boy is dressed in purple and fine 
l inen,  with knee-b reeches and pla id stock ings. The 
Bull-head seems to be dozing-bulldozing, we might 
s ay-on the muddy bottom , and a stranger would say 
that he would not bite. But wait. There is a movement 
of his continuation, and his cow-catcher moves gently 
to ward the piece of liver. He does not wait to smel l  of 
it , and canvass in his mind whether the l iver is fresh. It 
makes no difference to him. He argues that here i s  a 
fami l y  out of meat. " My country ca l ls ,  and I m ust go ," 
says the Bull-head to himself, and he opens his mouth 
and the l iver d isappears . 

It is not certain that the boy wi l l  think of his bait for 
hal f an hour, but the Bul l-head is in no hurry . He l ies in 
the mud and proceeds to digest the l iver. He rea l izes 
that his days wil l  not be long in the land , or water more 
properl y speaking, and he argues that if he swal lovvs 
the bait and d igests it before the boy pul ls him out, he 
wi l l  be just so much ahead. Fina l ly  the boy thinks of 
his bait, pul ls it out, and the Bul l-head is landed on the 
bank, and the bo y cuts him open to get the hook out. 

' Theodarus Garlick. M.D. ,  1 8 77 ,  quoting from "Peck's Milwaukee Sun" in 
Artificial Propagation of Fish , ] .  B. Savage Primer, Cleveland. 128  pp. 

Some fish only take the bait gingerl y ,  and are only 
caught around the selvage of  the mouth, and they arc 
comparative ly easy to dis lodge. Not so with the Bull
head. He says if liver is a good thing, you can ' t  have 
too much of it, and it tastes good all the way do wn. 
The boy gets down on his knees to dissect the Bul l
head , and get his hoo k ,  and it may be that the boy 
swears. I t  would not be astonishing, though he must 
feel, when he gets his hook out of the hidden recesses 
of the Bul l-head,  l ike the minister who took up a 
col lection and didn't get a cent, though he expressed 
thanks at getting his hat back .  There is one drawback 
to the Bull-head, and that is his horns . 

We doubt if a boy e ver descended into the patent 
insides of a Bull-head, to mine for Limerick hooks, that 
did not, before the work was done, run a horn into his 
v ital parts. But the boy seems to expect it, and the 
Bull-head en joys it. We have seen a Bull-head lay on 
the bank and become dry, and to a l l  appearances dead to 
a l l  that was going on; and when a boy sat down on him, 
and got a horn in his elbow, and yelled m urder, the 
Bull-head would grin from ear to car, and wag his tail 
a s  though applauding for an encore. 

The Bul l-head never complains . We have seen a boy 
take a dull knife a nd proceed to fol low a fish line down 
a Bull-head from his head to the end of his subsequent 
anatomy, a nd a l l  the time there would be an ex pression 
of S'Neet peace on the countenance of the Bull-head, as 
though he enjoyed it. If we were preparing a picture 
representing "Resignation," for a chromo to give to 
subscribers, and wished to represent a scene of suffer
ing in which the sufferer was l ight-hearted, seeming to 
recognize that a l l  was for the best, we should take for 
the subject a Bull-head, with a boy searching with a 
knife fo r a long-lost fish ho ok. 

The Bull-head is a fish that has no scales, but in lieu 
thereof has a fine India rubber skin, that is as far ahead 
of fiddle-string material for strength and durabil ity as 
possible. The meat of the Bull-head is not as choice as 
that of the mackerel, hut it fi l ls up a sto mach just as 
wel l ,  and The Szw insists that the Fish Commissioners 
shal l  drop the hatching of aristocratic fi sh, and gi ve the 
Bull-heads a chance. There's mil l ions in it . 
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Ptroro by Htlde M:ungay 

Cage Culture 
Bill JlcLmzey and Jeffrey Parkin 

A.t last  we have a cage- culture s uccess sto ry to o ffer 
those of you who want to grow fish fo r home con
su mption bur have fo und that neither conventional 
aquacultur e  nor New A l chemy clos ed-s ystem culture 
serves vour needs . The rati o nale and basic techmques 
for cage culture w ere d is cu ssed in the fo urth journal 
( ,\·l cLarney , I 9 7 7) .  A.t that t ime o u r  case for cage 
culture would have been more convi ncing had we been 
able to back it up with impres sive yields from the cages 
in C rass v  Pond. But for two years we were embar
rass ed ro have ro report a fa i lur e  to produce a respect
able crop of caged fish ( t\i c Larne)',  1 9 7 7 ;  .\kLarner 
and Pa rkin,  1 .9 7 8 ) .  Then in 1 9 78 w e  managed to tu rn 
rhe tables , recou p  o u r  losses  and come i n  \\'ith a 
bum per cro p of b u l l hea ds .  

Whi le  we are more inclined now to share our satis
facrion than to dwell on previous fai l ures, they must be 
recal l ed fo r long eno ugh to ex plain w hat it  was that 
made the difference. The major facto r lay in the s pecies 
selected fo r cul ture. Pnor to our success with yel lo w  
b u ll heads (lctalums nata/is ) ,  w e  h a d  su ffered d isap
poi ntments with brown bul l heads (Ictalurus nebulosus) 
and three su nfishes, the b l uegi l l  (Lepornis macrochirus), 
the pump ki nseed (Lepornis gibbosus), and a "hybrid 
b luegi l l "  (s;2 bluegil l  x a' green sunfish,  Lepomis cyanel
lus ) .  In 1 9nl  we also conducted an unpromising, a lbei t 
perfunctory,  trial with yellow perch (Perea flavescens). 
I do not mean to implv that these fish are unsuitable in 
a l l  cases . Francis Bezdek,  of .-\ quatic Management, 
I nc . ,  in  Lisbon, O hi o ,  who was k ind eno u gh to donate 
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some of his hybrid bluegil l s  to us ,  has had considerable 
success with them. However, he adv ised us that the 
only real ly effective feed he has found for them is 
minced trash fish, which is not practical for us to 
supply in quantity . Pure-strain bluegil ls have been 
successfu l ly  grown in cages at l east once (Ligler, 
1 9 7 1  ) .  

W e  wish w e  could offer our readers some assurance 
that our experience of trial-and-error would save you 
the same. We cannot, bur we submit that the yel iow 
bullhead worked for us and so merits yo ur serious 
considerati on. We are, however, confirmed in our be
l ief  that cage culture, heretofore exploited in North 
America principa l ly  hy commercial sca le  fish farmers, 
will eventua l ly  become a majo r method of rais ing 
protein for home cons umption .  

Our decision to work with ye l low bul lheads was 
actual l y  made by default .  We began the 1 9 78 fish 
culture season by convincing ourselves the previous 
year ' s  mass mortal ities of brown bullheads were 
"fl ukes " (everyone knows you can hardly ki l l  a bull
head) and that very careful handl ing would eliminate 
the problem of post- stocking mortal ity. It is doubtful 
that anyone could have been more sol ici tous than we 
in trappi ng, transporting and transferring our most 
recent batch of  brown bul lheads. But within a few 
days of stocking, the characteristic symptoms of loss 
of appetite, blotches on the skin and disequi l ibrium set 
in, both in the cages and in other tanks and ponds on 
the farm. Almost immediate ly,  we suffered almo st 
total mortal ity of captive brown bul lheads at several 
locations .  All the whi le, brown bull heads were thriv
ing in the wild in Grassy Pond . As if  to rub salt in our 
wounds, they would congregate aro und the cages, 
seeking scraps of feed. 

Bro wn and yel low bullheads are ind istinguishable 
to the casual observer and virtual! y identical in s ize and 
table qualities . (See ta xonomic section at the conclu
sion of this paper.) We initia l ly chose the brown bull
head on the basis of convenience; it is much more 
common on Cape Cod than the otherwise widely 
d is tr ibuted yellow bullhead . With the most recent die
o ff of brown bullheads, i t  was easier to convince our
selves that the d ifference of  species mattered and that it 
might be worth the trouble to seek out and trap yellow 
bul lheads. Bil l  McLarney had partici pated in be
havioral research with yellow bullheads in Michigan, 
Cal i fornia, and Massachusetts, without observing un
due mortal i ty .  And there were those empty cages in 
Grassy Pond . . . 

Trapping a minimal supply of yellow bullheads 
turned out to involve a couple of al l-night adventures . 
We nearly lost a great number when one of us fell 
a sleep and fai led to detect an oxygen problem. But by 
June 2 9, 1 9 78 ,  with a month of the growing season 
already spent watching brown bul lheads die, we were 
able to begin feeding our newly acquired yellow bull-

heads in the cages in G rassy Pond. Despite substan
dard handl ing and a skeptical attitude on our part, the 
yellow bullheads thrived; onl y  seven of the 2 1 +  fish 
(3 . 3%) died during the four months of the experiment. 

Our original plan had been to stock fo ur 1 . 2 m x 1 . 2 
m x 0 .9  m (.J. ft x i- ft x 3 ft) cages at 5 1 6 , 3 67 ,  2 1 9 and 
7i- bullheads per cubic meter ( H.6 ,  HH, 6 . 2  and 2 . 1  
per cubic foot respectivelv ) .  However, the relative 
scarcity of sma l l  yellow bullheads that l ate in the sea
son led us to cut down the number of cages to three, 
and to div ide these cages into two halves with a \' exar® 
mesh partition. In an effort to maximize the amount 
of  obtai nable information, one hal f of each cage was 
stocked with sunfish, the total cons isting of approxi
mately 80% hybrid bl uegil ls , 1 5% bluegil ls , and 5% 
pumpkinseeds, some of  which had been held over from 
the previous year. These fish were fed a diet of Purina 
Trout Chow®, flying insects, which were captured 
using ul tra violet bug-light traps, and cui tured midge 
larvae.  Unl ike the results with the yellow bullheads, 
the yields of the sunfishes were no more enco uraging 
than in previous years and merit neither further re
marks nor data anal vsis .  

The other half of ea ch cage was stocked with I 00, 
70 and 3 9 bul lheads, or H8, I 02 and 56 bul lheads per 
cubic meter ( .J. . 2 ,  2. 9 and I .  6 per cubic foot respec
tively ) .  Since our initial expectations and our stock of 
yellow bul lheads were sim ilarly limited , we confined 
oursel ves to gathering basel ine data by feeding vv ith 
Purina Trout Chow® in 1 9 78 ,  although v\'e arc still 
convinced of the shortcomings of commercial fish 
feeds as outlined in the fourth /ounhll and continue to 
work to ward their total or partial replacement with a 
diet that is cheaper and more appropriate ecological l y .  
Initia l lv  the bullheads were fed at a rate of 3% of  total 
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body weight o f  fish, s ix  days a '..veek .  The amount was 
recalculated every two weeks on the basis of sample 
\.veighing consisting of  1 13  of the fish in each cage . .  \t 
times during the study, pa rticularly in the final month, 
the bul lheads would not consume that much feed.  We 
attempted to reduce the rate of feeding at such times, 
but some feed was wasted. The bullheads were har
vested :\'ovember 3 ;  results are shown in Table 1 .  

As can be seen from Table 3 ,  during the period from 
October 6 to November 3 ,  the bullheads in two of the 
three cages lost weight. Water temperatures in the cages 
during this period remained mostly between 4° and 
1 6° C. ( rv -J.0° and rv 60°F . ) .  The lowest temperature 
recorded between J une 2 9  and October 6 was 1 5°C. 
(59°F. ) We conclude provisional ly that the minimum 
temperature for practical culture of yellow bullheads i s  
to  be around 1 6°C.  ( rv 60°F. ) .  Acco rding to o ur 
estimates , had we harvested on October 6, the results 
shown in Table 2 would have been obtained. 

Based on estimated production as of October 6, we 
ca lculate the monetary cost of  cage culture of  yellow 
bullheads in our most productive cage (Cage 1) as 
fo l lows:  

Cage ,\brcrials (\ '  exar® mesh, wood, 
painr, sr y·rofoam, nylon cord) . . . . . . . . . . . . . . . .  . 

Feed . . . . . . . . . . . . . . . . .  · .  · · .  · · · · · · · · · · · · · · · · · · 

Tot<li \\'eight of Hul lhcads P roduced . . . . .  . 

C :ost Per Cnit  Weight . . . .  

53 .\'.+6 
S I I . SH 

I 0 .66 kg 
(23 .5 lb )  
5 1 .+5 kg  
(50 .66  lb )  

The preceding cost per unit weight figures reflect 
one hal f of  the cost of  cage materials , as only one half o f  
each cage was stocked with the bull heads, with an 
amortization period of five years .  

The labor involved, apart from biweekly sampling, 
which would not be necessary in a production s ystem, 
and cage construction ca me to less than one-half hour a 
day, adding a fu ll day at stocking and harvest time. 

Labor time could be less under other circumstances; to 
reach Grassy Pond from our offices necessitates a 
quarrer-'mile walk and a short boat ride. Many grow
ers could keep cages virtually in their back yards . The 
initial cost of acquiring the bullheads is not included as 
they are easi ly trapped and transportation costs would 
be variable .  

As  discus sed later in this  article, we anticipate reduc
ing the production costs . Even now it is interesting to 
compare the cost of cage-cultured bullheads with that 
of other animal protein foods. Commercial growers of  
channel catfish (lctalurus punctatus) in the lower Mis
sis sippi Valley report similar or s l ightly lower costs 
o ver a twelve-month culture period. From informal 
interviews with New Alchemy visitors who grow 
trout on a smal l  scale, I estimate that in N ew England it 
present! y costs around $ 3 . 3  3 to produce a k ilogram 
( $ 1 . 50/lb) of rainbow trout (Salmo gairdneri) ; large
scale commercial trout farmers do much better-about 
$ 1 . 44/kg ($0 .65 /!b) .  Chicken can be produced com
mercial ly at about $0. 99/kg ($0. 45/lb) for straight
run bro ilers using conventional methods .  I leave it to 
the reader to compare the cost of cage-cultured bull
heads to animal protein purchased from retail markets. 

Those wishing to attempt cage culture can read the 
basics in the fourth Journal. Armed with the informa
tion found there and that presented here, you could 
then consider sugges tions arising from our experience 
for improving on our results. 

The most obvious tactic for improvement for us 
involves timing and rate of  stock ing. We s hould stock 
our cages as soon as water temperatures are su itable for 
growth, probably sometime in May. And we should 
stock cages entirely with bul lheads, eliminating the 
sunfish for the time being. It is perhaps less obvious 
that it should be feasible to stock our cages much more 
dense! v .  The rates used in 1 9 7 8  are lower than those 
used by commercial channel-catfish culturists, and 
were chosen only because of our shortage of  stock . If  

'f'...JBL/;' I R,·_w/ts of L"age wlturr of yello-w bullheads ( lcralurus natalis) in GmHy Pond, Hatclzville, ,V/assachusetts, june 2 9-November 3, 1 9  78. 
Total :Hean Total .4fean Production 
f11itial l11itial Fi11al Fi11al Per Volume Crmvers ion 

.\'o. Fish Weight Weight Wei�;ht Weight kg (/b) of 
C1gt .\'o. Stocked kg (!b) kg (/b) kg (/b) kl!, (/b) m3 (jt3) Feed 

I 1 00 S . 5  ( 1 2  I )  O .OH (0. 1 2 ) 1 5 . 7 ( 3+ 7)  0. 1 6  (0  35 )  1 5 . 1  (0 9+)  2 . 52 

3 9  2 . 0 (+. 5 )  O.OH ( 0  1 2 ) S .H  ( 1 2 . 8) 0. 1 5 (0 3+)  S .6  (0. 3 5 )  2 . 5 7  

7 0  3 . 9  ( 8  S )  O.OH ( 0  1 2 )  I I  . 0  (2+  2 )  0. 1 6  (0. 35 )  1 0 .+ (0 6 5 )  2 .2<+ 

TA BLE 2-Resu/ts of cage culture of yellow bullheads ( l ctalurus naralis) in Grassy Pond, Hatchville, Massachusetts, June 2 9-0ctober 6,  1 9  7 8 . 
Tot.1/ . 1/e,w To!,ll . \t/e,l/1 Production 
lniti,ll fnifi,ll Fi11.11 Final f'l'r Volume Convenirm 

.\'o. Fish Weight l f 'l'ight ll't'ight Weight k�; (!b) of 
C.1gt .\'o. Stocked kg (!b) kg (/b) kg (!b) kg.(lb) m3 (]13) Fad 

1 00 5 . 5  ( 1 2  I )  O.OH (0 .  1 2 )  1 6 . I ( 3 5 . 6 )  0. 1 6  (0. 36 )  1 5 . 7  (0  9 8 )  2 . 1 1  

3 9  2 ( )  (+ .5)  0. 05+ (0  1 2 )  5 .2  ( 1 1 5 )  0 .  I +  (0 30)  +. 6 (0. 2 9 )  2 . 67  

70  3 . 9  ( H . 5 )  O . O H  (0  1 2 )  1 0 . 7  ( 2 3 . 5 )  0 . 1 5  (O.H) 1 0 . 1  (0 .63 ) 2 .03 
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T,iB!J' -Stocking, gro1vti! r,lfi'I and iucidma of injury .wd 
mortality in ti!rel' lots of c.lgl'-wltured yellrnc· />u/1/ie,ld.l" 
( lcra l urus mtal is)  in Gr,usy Pond, f /,7ff/r;;il!l', . \ !.7ss
'7cllllsl'fls, /u11e 2 9-0ctober 6, 1 9  7 S. 

Stocking Rate 
(Fish Per 

Cubic Meter) 
1 48 

56 
1 02 

Percent of Fish 
Scarred or 

l'ncmt Injured From l'rra;;t 

1 9-J.. 7 
1 H. 9  
1 7 6 . 0  

Fighting. . I I ort .1/i ty 

4.0 
3 1 . 6 
20 .3  

1 .0 
7 . 5  

·U 
· These observations were ac.:rually made on :'\ovcmbcr 3. From whar \\'e kno\\' of 

bullhead mct�lholism, these percentages would have very likely hL'L'Il highn on 
October 6. 

channel catfish wil l  survive and grow at 3 00 per cubic 
meter ( 8 . 5  per cubic foot) (Collins, 1 9 78) ,  i t  i s  reason
able to assume that yel low bull heads, general ly a hard
ier fish, will do wel l  at  the s ame, and perhaps at higher, 
densities . More surprising, there is reason to believe 
that, not only is total production in cages like! y to 
increase with denser stocking, up to an as yet unknown 
safe upper l imit, but the growth rate of individual fi sh 
may actuall y improve at higher dens ities . This is the 
oppos ite of  what one w ould logically expect , but our 
1 9 78 data suggest such a trend (Table 3 ) .  

As  i t  happens,  the theoretical framework for ex
p laining the seemingly i l logical trends s uggested by 
Table 3 was provided by the research of John Todd and 
his colleagues at the University of Michigan in the 
sixties .  Summarizing briefly the tale told by John in 
Scientific American (Todd, 1 9 7 1 ) ; at low population 
densities ,  yel low bullheads are ordinari ly soli tary. 
Each adult defends a well-defined territory .  Such con
flicts as occur are between individuals and are most ly 
ritualized , and physica l  injury o f  one fish  by another is 
rare. When bul lhead populations exceed the l evel at 
which all territories are o ccupied, fighting wil l break 
out and injuries, even mortality, may ensue. But at 
sti l l  higher population densities, territorial ity is 
"abolished" and neither ritual defense  nor fighting oc
cur. Mortal ity, injury, and diversion of growth energy 
into aggressive behavior affect the growth of individual 
fish and the productivity of  fish culture s ystems ad
versely. I f  population dens ity high enough to eliminate 
aggressive behavior can be maintained without creating 
pollution problems in the system, it follows that gro wth 
and production might be enhanced. As ex pla ined in 
the fourth Journal, cage cultu re is uniquel y su ited to 
exploit this potentia l .  

Yet another area in which we hope to effect improve
ment is feeding. We may or may not be able  to improve 
the rate of  bullhead growth by modifying feeding 
methods, but we are confident that we can lower costs 
and improve the conversion of commercial feed . Table 
3 shows that the growth rate of o ur bull hea ds varied 
greatl y from one two-week period to the next. Insofar 
a s  this apparent variation reflects a real di fference and 
not mere ly sampling erro r, we should inquire into the 
sources of variation. Some may be due to differences 

in the efficiency with which the fish converted the 
food they consumed. We are of the opinion though 
that the variable gro wth rate is primarily a reflection of 
the percentage of the offered feed that was actual ly 
eaten . At certain ti mes considerable quantities of un
eaten feed had to be removed from the cages. Signif
icant reduction o f  wastage wil l  almost inevitably 
come about as we gain famil iarity with the species and 
sharpen our j udgment as to when to cut back or  inten
s i fy feeding. As a result, over a peri.od of time, we will 
be able to formulate guidelines for correlating feeding 
rate with water temperature, as temperature was cer
tainly the main causative factor in the ncar cessation of  
feeding that was  reflected in the poor gro wth obtained 
during the period October 6-November 3. While we 
did not adjust the feeding rate for temperature this 
year, we did begin to gather information necessary to 
do so .  

I t  is also possible that a l teration of  the dai ly feeding 
schedule would improve our results. Research at the 
,11,1 i lwaukee Public Aquarium (Spieler, 1 97 7 )  sug
gested that, even though goldfish (Caras.rius auratus) 
will feed at any time of day, conversion of feed is 
markedly better at certain times and not others. Ap
pl ying this information to bullheads , which are largely 
nocturna l, it seems not unlike! y that nocturnal feeding 
would res ult in improved growth. Nocturnal feeding 
would be problematical for us logistica l ly, but some 
home growers, for whom feeding might involve no 
more than walking out to the end of a dock, might find 
it convenient. 

We are considering trying to accomplish the same 
end through use of "demand" feeders. Demand feeders 
are devices loaded with feed, suspended over the wa
ter. Fish learn to depress a lever which results in the 
release of  feed. So far we have been disinclined to use 
demand feeders, because they tend to reduce the 
amount of  contact between fish and farmer, and they are 
reported to encourage excess consumption of feed. 
However, they would almost certainly reduce wast
age, and it may be that, given the extreme and so far 
unpredictable variabil i ty in our bullheads' appetite, i t  
would be beneficial . 

Even without \Vastage, the major factor in the pro
duction cost of our bul lheads would have been feed. In 
American aquaculture as a whole, the single most 
cost! y production item is fish food, accounting for 
25% to 80% of total costs, depending upon the 
efficiency and type of operation (Greenwalt ,  1 9 78) .  
This is one reason for our  long- range goal to  develop 
alternative feeds for the fishes we grow. At New Al
chemy we have available at least five sources of  feed 
that may be applied in future research on cage culture 
of  bullheads:  

I .  cultured earthworms; 
2. cultured midge brvac, which have already been shown to have 

cl gro wth-promoting effect in  ti1apia diets ( i\lcl .arncy, Levine 
and Sherman, 1 9 76; 1 9 77) ;  
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3. flying insects captu red with U- V bug lights; 
+. occasional suppl ies of  fish entrails from the cleaning of other 

cultured and wi ld-caught fish;  and 

5 .  srmll cypr inids which �ather around the bul lhead cages at feed
ing time. On seeing these fish, J ohn Todd suggested that they 
co uld be captu red periodica l ly  w ith some device like an u m 
brella n e t ,  a n d  placed rn t h e  cages. In  nature bull heads a r c  not 
vcrv cff<.:cr ive in captu ring small fis h ,  bur in  a s ma l l  enclosure, 
after tbr k, they will run them down.  

None of  these feeds , with the possible exception of 
the earthworms, are available at  the present in quanti
ties adequate for use as the so le food of cage-cultured 
fish .  Nor would any in itself be l ikely to provide as 
well balanced a diet as commercial feed.  However, it is 
possible that supplementing a commercial diet with 
any o f  them might resu l t  in improved growth and/or 
convers ion. And, s ince a l l  the alternate feeds are ex
tremel y low in cost compared to commercial feeds,  
repla cement of even a portion of the commercial diet 
with s uch feeds would result in s igni ficant savings . 

A final, simpler improvement involves covering 
the cages. In I 978,  one half of each cage was covered 
with black plastic, so that both bul lheads and s unfish 
had access to open and shaded areas . The bul lheads 
spent a lmost all their rime in the shaded part. Given 
this indicated preference and the fact that channel car
fish have been shown to grow better in cages with 
opaque covers than in uncovered cages , \Ve plan to 
pro vide full covers for our bullhead cages in I 9 79 . 

Ano ther planned modification is a SO% reduction in 
ca ge s ize, fro m I .  3 to 0 .65 cubic meters ( +8 to 2 +  cubic 
feet) . This is not expected to affect production per unit 
volume, but will permit us to gather more data without 
c luttering up Grassy Pond .  Since yel low bullheads in 
I 9 7 8  grew well in a half of a 1 . 3 cubic meter cage, we 
see no reason why they should not do so in a cage 
one-half that size. Our new 1 . 2  m x 0.6 m x 0. 9 m (4 ft 
x 2 ft x 3 fr ) cages v.:il l  be smaller, particularly in 
s urface area, than the smallest cages mentioned in the 
cage-culture l i terature (0.9 m x 0.9 m x 0 .9  m).  Cages 
of this size, assuming they prove as effecti ve as we 
hope, might be advantageous fo r some smal l -sca le  
growers. 

We have gone into some derail about our plans , 
not because we arc dissatisfied w·ith our I 9 7 8  re
sults ·we think our cost and production figures speak 
well for :"\cw Alchemy cage culture-but because 
we wish to involve our readers in the ongoing ex
periment. North American ho mestead cage culture 
to day is about at the point gardening was when some
one brought in the fi rst lettuce crop and shared it wi th 
the neighbors . We look for manv exciting develop
ments in the years to come and hope that by sharing, 
not  onl v our successes hut some o f  our problems and 
unrricd id eas, we will accelerate the rate o f  progress . 

I .cr us return ro hard fact to conclude this treatise; 
rhc parricular hard fact at hand being that bullheads are 

delicious. This assertion has been made in these pages 
before ( McLarney and Butler, 1 9 76 ;  McLarney, 
1 9 7 7) but November 3, 1 9 78 ,  marked the first time 
we had enough bul lheads on hand to prove i t  to any 
New Alchemist and/or local friend s ti l l  in doubt. A 
portion of rhe crop was fried for the first annual New 
Alchemy bul lhead feast. And, based on the discrimi
nati ng and satisfied smacking witnessed by the par
takers, it appears the bullhead has few rivals in texture 
and taste. 

A NOTE ON BULLHEAD TAXONOMY 

The American Fisheries Society 's  "A List of Common 
and Scientific Names of Fishes from the United States 
and Canada" l ists eleven species in the catfish genus 
lctalurus. Six of them, formerl y classified in their own 
genus, flmeiums, bear the common name of "bull
head ."  Of the remainder, two are obscure species of 
limited distribution, while three (the channel catfish, 
lctalurus punctatus, the blue catfish, lctalurus furcatus; 
and the white catfish, lctalurus catus) are large species of 
commercial importance to fisheries and aquaculture. 
No matter that the taxonomists have " lumped" the 
bul lheads together with the larger lctalurus spp . ,  they 
differ from the channel, blue, and white catfishes in two 
characteristics of im porrance to smal l-scale aquacul
rurisrs . In the first place they are smaller. Most of the 
bul lheads taken by anglers weigh less than a pound. 
Secondly, their delicious red flesh is  very different in 
appearance and flavor from that of the larger lctalurus 
spp. The bullheads are supposedly hardier than the 
other lctalw·us spp . ,  but our experience with brown 
bullheads weakens that generalization. 

Our experience with brown and yellow bullheads 
does indicate the importance of knowing which spe
cies of catfish you are working with-hence these 
para graphs. The inexperienced aquaculturists may not 
know how to distinguish bul lheads from smal l  chan
nel, blue, or white catfishes ; it i s  a s imple enough mat
ter. The larger catfi shes have forked tails, whereas 
bullhead tai ls are rounded or s traight edged . 

Distinguishing between bul lhead species is another 
matter. The three wide! y distributed bullhead spe
cies - -the brown bullhead (lctalums nebulosus), the yel
low bullhead (lctalurus natalis) , and the black bullhead 
(/ct,dums me las) are extreme! y similar in appearance. 
Before offering our assistance in bul lhead identifica
tion, let me su ggest that you not rei y on the word of 
fishermen or fish farmers , who rarel y know vvhich 
species they have. �or are the common names of any 
use, so great is regional and environmental variation in 
bul lhead coloration. On Cape Cod the rule we face
tious! v cite is "brown bul lheads look yellow, but yel
low bullheads appear brown ."  
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Figure 4. Brown bullhead (Ictalurus nebulosus) showing 
portions of the external anatomy of most importance in species 
identification of bullheads. 

The characterist ics of most use i n  identi fying bull
heads are: 

I .  p1gmenration o f  the chin barbels, 
2 .  the length of the anal fi n ,  and 
3 .  the degree o f  serration on the posterior edge of rhe pectoral 

spine. 

Locati on of these characteristics is i l lus trated in Fig
ure 4; their usc in species i dentifi cation is outl ined in 
Table 4 .  

An additional characteristic we find useful on  Cape 
Cod is stridulation which is a "croaking" sound pro
duced by movement of the pectoral fin m its socket. 
We note that brown bullheads often stridulate when 
handled, whereas yellow bul lheads never do. I t  is not 
known whether this tra i t  would be diagnostic else
where. 

The fourth bullhead spec ies , the flat bul lhead (Jcta
lurus platycephalus), is unknown to us ,  but the litera
ture suggests that it should be relatively easi ly dis-

ti nguished from the other bull heads, by virtue of its 
flattened head and more s lender profile, but especiall y 
by a large black spot at the base of the dorsal fin .  Its 
distribution is  apparently l imited to the Carolinas ,  
Georgia, and  Florida .  

The other bullheads are wide! y distributed i n  the 
United States, southern Canada, and northern Mexico . 
Various texts offer d istributio n maps for the three 
species . However, there are so many exceptions to the 
available di stribution information as to render these 
maps virtual! y useless as aids to identification . The fact 
i s  that no t on! y most fishermen, hut even a good many 
fishery biologists, do not bother to distinguish among 
the bullhead species ,  and so they have all been intro
duced, wil ly-nil ly, everywhere. As our experience 
demonstrates, bullhead taxonomy is important, and 
we urge all of you who are even cons idering working 
with bullheads to famil iarize yourself with it and in 
cases of doubtful identity to consult competent author
Hies . 

TA BLE 4-Distinguishing Characteristics of the Tlnee Principal Bullhead Species. 
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Species 

lctalurus nata/is, 
yellow bul lhead 

fctalurus nebulosus, 
brown bullhead 

!ctalurus me/as, 
black bullhead 

Chin Barbel Length of SerT<IIions on Posterior 

Pigmentation Anal Fin Edge of Pector,ll Spine 

None (barbels 
whitish o r  yel lowish) 

B l ack, dark brown 
or wirh dark spors, 
ar least on the base 

f , ike f. lll'hllfOSIIS 

Long ( 23-28  ray s )  

Medium ( 22-24  rays )  

Short ( 1 6-22  rays) 
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Smal l ,  bur disrinn 

Srout (If you grasp the 
spme berween rhumb and 
forefinger and attempt ro 

srroke fro m rhe base roward 
rhe r ip,  the serrations wi l l  

carch rhe sk in . )  

Sp ine  smooth or l ittle 
serra t ions 
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Biological Filters, Water Quality 
and Fresh Water Clams 

Michael Stewart Connor 

There is an o ld vaudeville joke about a man one night 
encountering a drunk era wling under a streetl ight. 
When asked what he was doing, the drunk rep lied, 
" Looking for a penny I dropped ."  The man bent 
down and helped search for awhile before he asked, 
"Just exact ly where did you drop it ? "  The drunk 
pointed to  a spot twenty yards away .  "Well ,  then, 
why are you looking for it way over here? " "Because 
the l ight 's  better here! "  

Much the same story could b e  told about biological  
filters for closed-system aquaculture. Filters w ere fi rst 
built for the aquarium industry , and most aquaculture 
filters are s imply  extrapolations from those. Yet it 
should be obvious that the needs of  an aquarist for 
keeping a few exotic fish alive in a steri le medium differ 
radical ly from those o f  an aquacul turist trying to max
imize productivity at the least cost energetica l ly and 
economical! y .  

How does a fish a ffect the quality of  the water in 

which it lives ?  Most obviously it reduces ox ygen lev
els and increases the amount of carbon dioxide in the 
water. Also it excretes ammonium ions and organic 
wastes that are high in nitro gen, the decomposition of 
which can lower oxy gen levels .  Ammonia was long 
ago shown to be toxic to fish, and water filters were 
developed that catalyzed the microbial transformation 
of ammonium to nitrate. These filters are basica l ly 
tubes containing lots of surface area-cracked oyster 
shells are a popular s ubstrate-and perhaps some sort 
of agitation to get m ore air into the water. Most filters 
also screen out phytoplankton, which are sometimes 
considered a nuisance because massive phytoplankton 
die-offs can seriously deplete the water of oxygen. 
The effectiveness of such filters has been judged by 
how well they convert ammonium to nitrate, not how 
well they allow fish to grow. 

A water filter that converts ammonium to nitrate 
and removes phytoplankton has l ittle relevance to our 
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desire to improve fish growth in so lar-algae ponds .  
Ammonium is  removed from the water by phyto
plankton to levels far below those the fish can dis
cern. Yet the phytoplankton themselves are a resource. 
They oxygenate the water during the day. In addition 
thcv arc a nutritious source of food for herbi vorous til
a pi� . Nevv A lchemy has found repeatedlv that solar
algae ponds without filters grow fish just as well as 
those with fi lters , with ammonia levels low in both 
mstanccs . 

Unfortunately, dismissing ammonia toxicity does 
not so lve a l l  water quality problems . Bes ides excreting 
organic wastes which may foul the water and scaven ge 
ox ygen, fish also release into the water chemicals that 
can cause significant beha viora l  and growth effects . 
John To dd has written extensively about chem ica ls 
that cause passi vity and aggression in catfish. Little is 
known about the eco logical effects of  these chemicals 
in natural systems, about either their residence times o r  
how thev are removed from the water. There i s  a 
growing

. 
amount of evidence that animals , s uch as 

fresh water clams or mussels, that could remove dis
so lved organics by filtration increase fish growth. 

Experiments at Auburn University by H. S. Swin
gle showed that fresh water mussels can increase the 
carrying capacity of largemouth bass-bluegi ll sunfish 
ponds .  For five years the average s tanding stock of fish 
in a pond containing mussels (Lampsilis clairbornensis) 
was 1 Y2 times greater than the control ponds . Swingle 
fel t  the di fference in fi sh production was a function of 
the fi ltering action of  the 40,000 m ussels on  the two
acre pond bottom. The fi ltering net of a mussel has a 
large absorptive surface that can remove dissolved 
organic compounds and improve water claritv . 

Similar results were found in growing catfish in 
1 70 l iter tanks at the Fish Farming Experiment Sta
tion (Stuttgart, Arkansas) where James Ellis and 
Dewey Tackett compared the fi ltering effect of using 
30 mussels (A nodonta spp.) instead of regular water 
fi lters . Catfish in the aquaria containing mussels grew 
I Y2 times as fast as those without mussels. There was no 
significant difference in water quality parameters in 
the tanks .  

Such results seem general izable to a great variety of  
fish-mussel combinations. Over the pas t year I have 
ex perimented with local fresh water and salt water 
species. The fi sh and mussels were placed in I 5' gal lon 
aerated aquaria and fed Purina Trout Chow®. One 
combination used our local fresh water mussel Elliptio 
com planata, common throughout the N orthcast, and 
bluegi l l  sunfish. The other ex periment used a local 
marsh minno\\·, Fu11dultt.l' heteroclitus ,and the horse 
mussel, . \ !odio/u.1· demisms, and S\\'itchcd aquaria halfwav 
through the experiment. In a l l  cases fi sh grew faster in 
aquaria containing mussels . These differences were 
s ignificant at P( .05 in only a few cases because of the 
small sample s izes (Table I ) . 

For the most part fresh water clams and mussels 
have been ignored in th is country. They have little 
comm ercial importance. We usua l ly  associate them 
with a muddy taste, but this need not be so .  Most 
mussels are quite tasty once they have been transferred 
to phytoplankton-rich water for a week . 

Some fresh water clams are so ld here, for instance 
smoked Corbicula at about one inch in width. Intro
duced to this country from China , Corbicula is consid
ered a nuisance in  the United States because it clogs 
irrigation canals and inta ke pipes . But in Asia, partic
ularl y Taiwan where 5 ,000 acres are used for Corbic
ula culture, it is eaten as a delicacy as well as for its 
medicinal value in the treatment of l iver disease. The 
Taiwanese commonly raise them in po lyculture sys
tem s with bighead, sil ver and grass carps . Clam 
growth-rate depends on size, l ocal environment and 
the amount of foo d available. Growth ranges from 
0. 7-3% wet weight/day with an average of about 
I Y2%, fast enough to harvest them after one growing 
season. 

T/IBLE l A - The effect of fresh water mussels (Ei l iprio com
planat<l) 011 tile grrnc·t/i of bluegill .1'1111/is/i. 
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In the summer of I 978 ,  Ray Dinges sent us some 
Corbicula that he had collected in Texas. Ray sent the 
clams air-freight in a styrofoam cooler with several 
moist sponges on top. The clams spent a day sightsee
ing in a LaGuardia terminal due to an airline mix-up. 
Even so, when we received them only a smal l  percent 
were dead, a remarkabl e display of hardines s .  

While waiting to use  the clams in experiments, we 
divided them among severa l solar-algae ponds and a 
lab aquarium . During a fai lure of one of the solar-algae 
pond aerators, we learned an important difference be
tween clams and fi sh, namely, that clams do not swim. 
When ox ygen reached dangerously low levels in a 
tank bottom, the Co-rbicula have no recourse but to 
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TA BLE 2-Growth of Corbicula in Three Different Environments 

.40 

M l r\ 1 A R K  

T I Drained 
12 Aug. 6 Sept. I Ocr. 20 Ocr. 

C J R C L: U. T I '-: G  SL:N Tl'BE 

I ��----�l===�T==�==��===t==�==;L� � -'- ..._ ,... Harvested 
12 Aug. 6 Sept . I Ocr. 20 Ocr. 

clam up. Once a few clams have died, o xygen levels are 
reduced further and mass mortal ity can resu lt. 

Subsequently, we made l ittl e  purses fo r the cl ams 
from V exar® netting and suspended them near the sur
face of the tan ks to improve the clams '  access to oxy
gen . To fol low the growth of individual clams, we 
mar ked each one by attaching sma l l  numbered labels 
and covering the label with Dekophane® (Rona Pear l  
Corp . ,  Bayonne, New Jersey) ,  a non-toxic, quick
drying glue. Most of the labels remained legible for 
about three weeks .  

We placed V exar® purses each containing 2 0 clams in 
two of the "Champa gne Race" so lar-algae ponds and 
in the upper pool of the mini- Ark. Unlike that of  the 
solar ponds , the mini-Ark water flowed constant ly 
and remained clear .  Phytoplankton growth was dens e 
in both solar ponds reducing water visibil ity to a few 
inches . One solar pond was a continual ly flowing, 
siphoning s ystem that received some supplementary 
feed .  The other received only chicken manu re. Both 
were aerated. 

It took a few weeks for the so lar-algae p onds to 
become buffered . Initia l ly ,  pH values fluctuated by 
three or four units during the day. During this accl i
matization period, near! y a third of the clams d ied in 

C H ICKEN .'v\ A N U R E  S U N  TUBE 

Harvested 
6 Sept. I Ocr. 20 Ocr. 

both solar ponds . After that, survival was better. All of 
the clams in the mini-Ark were hea lthy and grew at 
about half the rate of clams of the same s ize in Tai·wan 
and quite a bit faster than those in either of the so lar 
ponds (Table 2 ) . In  all the habitats growth s lowed 
considerably o ver time. This was probably a function 
of declining temperatures . Corbicufa prefers warm 
water which should make it an ideal component of the 
so lar-algae ponds. 

Beyond the decli ne in growth rate, \Ve were disap
pointed that we did not get any of the clams to spawn, 
a process that occurs frequently in Ray Din ges ' ponds. 
Nevertheless , in itial results encouraged us about the 
potentia l of fresh-water clams in pol yculturc systems.  

Clams have several benefi ts .  They reduce algal den
sity, speed nutrient cycling, and may rem ove fi sh 
growth inhibitors. They also produce large amounts 
of pseudo faeces, popularly known as mussel "mud . "  
Initia l ly  the pseudofaeces probably represent large 
packages of food for the fish .  After decompos it ion, 
mussel mud makes a superi or vegetable fertil izer. Most 
importantl y, the clam production itself can be used , 
either as food  for humans or the fi sh - a claim that can 
be made by no other biological fi lter. 
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Solar Aquaculture 

Historical Overview 

Ron Zweig 

Desi gns for aquatic ecos ystems that optimize the entr y 
of solar energy have the advantage of maximi zing the 
potential for biological productivity .  During the past 

three decades , s ignificant research in aquatic biology 
has demons trated that phytoplankton a re the orga
nisms that use solar energy most efficientl y. The 
potential for a lgal culture in sewage and waste treat
ment (Lincoln,  1 9 7 7 ), energy production (Oswald 
and Golueke, 1 960;  McLarney and Todd, 1 9 72 ;  
Zweig, 1 9 78) , and food production (1v1cLarney and 
Todd, 1 9 72 ;  Zweig, 1 9 77 ,  1 9 78)  is being increas ingly 
real i zed. At the New Alchemy Insti tute, many of  the 
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characteristics of a lgae have been incorporated in solar 
a quaculture design. 

The use of l ight-penetrating cylinders for the cul 
ture of a lgae ha s  proved highly efficient. The earliest 
reported des ign (Cook, 1 9  50) used a pyrex g lass 
cy l inder four inches in diameter and six feet in height 
for the cui ture of the phytoplankton , Chlorella pyrenoi
dosa Lin k .  This flow-through, continuous-culture 
apparatus was tested both under laboratory condi tions 
with artificial l ighting, and outdoors with natural sun
l ight. The study determined that 5% of  incident sun
l ight or 2. 5% of the total s olar radiation was converted 
to organic matter. The most favorable convers ion in  
agricu lture has been 0 . 3 %  of the total rad iation of a 
year. Cook concluded that there was a great potential 
for solar-driven algal culture and that further s tudy 
would help to realize its poss ibil ities . 

A l iterature survey (Tamiya, 1 95 7) reviewed the 
mass culture of a lgae and compared several culture 
techniques . The work of Ma yer et al. ( 1 9  55) further 
supported the premise that the optimization of l ight 
improved productivity (gms . of algae/m2/day) .  In a 
deep tank with transparent side wal l s ,  a closed (no 
exchange of water) culture of Chlorella that was s tirred 
constant! y pro ved to be the best sys tem described, of 
both open and closed cul ture schemes . 

In 1 9 7 4  the New Alchem y Institute combined the 
idea of alga l  culture in transparent cyl inders with that 
of raising protei n-rich herbivorous fish (Todd, 1 9  7 5, 
1 9 76 ,  1 97 7 ;  McLarney and Todd, 1 9 77 ) .  The so lar
a lgae ponds which are translucent fiberglass si los five 
feet in diameter and in hei ght mark the most successful 
des ign to date (Zweig, 1 9 7 7) .  These semi-closed 
aquatic ecos ystems a re used primari ly for the culture 
of  fishes as h uman foods. 

A key factor in closed-system fish culture i s  the 
management of toxic  fish wastes .  The most critical 
compound that must be controlled is un-ionized 
ammonia. Concentrations as low as 0 . 1 2  ppm have 
been shown to inhibit channel catfish growth 
(Rob inette, 1 9 76 ) .  A beneficial aspect of a fish culture 
system that is a lgae-based i s  that some Chloroccocale ,  
such as Chlorella and Scenedesmus, are capable of  metab
ol izing ammonium directly, helping to eradicate the 
problem (Syrett, 1 96 2 ) .  

I n  a n  undi sturbed, subsurface pond there i s  a d i ffi
culty with intensive a lgal cultu re in that pho tos yn
thetic acti vity is l imited to the upper layers (Oswald 
and Golueke, 1 960) .  Oxygen concentrations are usu
ally high at the surface and negligible in the lower 
regions of the pond. Periodic st irring of the ponds is 
requi red to prevent anaerobic conditions from devel
oping. The ad vantage of an above-ground transl ucent 
cyl inder is that l ight penetrates the entire column of 
water, making it capable of photosynthes i s  and reduc
ing the chance of anaerobic conditions developi ng. 
Stirring is just needed nocturnal l y. In  a fish culture 

system, fish species can be chosen that assist stirring 
through their s wimming behavior. 

The photos ynthetic activity in the so lar-algae 
ponds has significance beyond improved ozygenation 
of the water and toxic waste removal. In one study 
(McCo nnell, 1 965) ,  it was demonstrated that fish 
gro\vth could be directly correlated to photos ynthetic 
activity .  A l inear relationship was fo und to exist 
between photos ynthes is and the cube root of the mass 
of growth per individual fish (Tilapia mosmrnbica) .  

The most efficient strategy for the uti l ization o f  a 
three-dimensional volume of water was first devel
oped in Chinese polyculture (Fan Lee, 5th century 

B . c : . ;  Chen, 1 9 34) .  In  these des igns, species of food  
fish that could exploit different trophic levels were 
used .  They included plankton feeders and bottom and 
macro ph ytic plant feeders. This concept was inte
grated into solar greenho use aquacu lture des ign 
(McLarney and Todd, 1 9 72 )  where the volume o f  
water was a l s o  used for heat co l lection and stora ge. 
The ferti le fish water was also used to irrigate the 
vegetables gro wn within the structure. 

The polycu lture strategy for the solar-algae ponds 
is based on the nature of  fish feed organi sms that grow 
within them and the supplementary feeds that can he 
introduced from outside. As for the choice of fish 
species , the best poss ibi l i ty is for planktivorous fi s h  
capable o f  util iz ing the zooplankton and phytoplank
ton in the water column . For a tropica l range of 
temperatures, species of tilapia are very efficient. The 
Sacramento River Blackfish, Orthodon microlepidotus, 
is useful when cooler temperatures preva i l  ( Murphy,  
1 950) . These species a l so insure the turnover of the 
phytoplankton pop ulation, preventing a senescent 
condi tion from developing. A species such as the 
Israeli carp, Cyprinus carpio var. specu/arus, capable of  
feces and sediment recycling, would be  advantageous .  
The sessi le organisms growing on the s ide wal ls  and 
bottom are another potential nutrient source that could 
he grazed by any of these fish.  

In an early fi sh-production experiment with the 
solar-algae ponds (Zweig, 1 9 7 7) ,  a polyculture strat
egy was used that incl uded Tilapia amea, I sraeli carp, 
the Chinese bighead and s i lver carps. The ti lapia com
prised a majority of the population. During a 98-day 
trial, 2 . 5 kg. per cubic meter or 3 . 84 kg . of fish was 
produced per square meter surface area with an s con
version of 1 . 0 .  The results of the experiment proved 
this solar-energy-based aquaculture system to be 
nearl y ten times more productive than anv other de
scribed standing body of water (Zweig, 1 97 7 ) .  

The aquacu ltu re s vstem ha s also proven viable eco
nomica l ly, s imply as a passi ve solar collector wirhin 
greenho use structures (Z\veig, 1 9 7 8 ). John Wolfe has 
cal cula ted that over the 2 0-ycar period the !)onds arc 
expected to last, for every caloric used in the manufac
ture of the ponds, five calories of thermal energy can be 
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gained through pa ssive solar col lection in a c l imate 
comparable to that of the Cape. This ca lcu lation is 
based on the heating season fo r Cape Cod .  

The demonstration of the potential of the so lar
a l gae ponds at New Alchem y has stimulated other 
research . At th e A rk Pro ject on Prince Edward Is land, 
the ponds arc being used for heating and for trout  
cultu re. The ponds arc  l in ked to gether to form a recir
culating "solar ri ver" that includes a smal l  hatchery 
operation expected to pro duce 5 0,000 fry per year. 
The Prince Edward Is land Department of  Fisheries 
has reported a ninefo ld  increase in phytoplankton 
feeds for oysters (Campbel l ,  personal communica
tion ). Experiments with solar-algae pond s ystems are 
a lso unden.vay current! y at Fo rdham Univers it y, 
Goddard Col lege, and the University of California , 

Santa Barbara . Severa l  other organizations and pri vate 
individuals have been incorporating solar aquaculture 
in thei r greenhouse des igns .  At Sea Plantations, Inc. , a 
commercial aquacu lture enterprise in Sa lem, Massa
chusetts , translucent, fiberglass tanks are being used to 
culture marine phytoplankto n  as feed for clam produc
tion (Cornel l ,  1 9 78) .  

The importance of  and potential for the innovative 
uti l i zation of solar energy i s  becoming increasingl y 
evident. Spoehr wrote in 1 9  S I that "vision is neces
sary, but the vision must be a discipl ined and practica
ble one . " The rcrm "practicable" here could be 
interpreted to mean useful and res i l ient. "Disci plined" 
should not simply mean rigorous research bur sho uld 
imply a s  wel l that the application of the research be 
beneficial and sensitive to surrounding ecosystems.  
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The Dome as Nursery 
Ron Zweig 

During the summer of 1 9 78 ,  the subsurface pond in 
the Dome was used as a breeding pool for tilapia, 
Sarotheradon aureus.1 The purpose of s uch a mono
culture was to provide fry for the experiments in 
the solar-algae ponds . Several thousand fry were taken 
from the pond. The project provided the means for 
quantitatively evaluating comfrey and Purina Trout 
Chow® as the predominant supplementary feeds for 
the fish .  

In mid-May, 1 7 1 adu l t  t i lapia were put into the 
pond, which holds 1 9  cubic meters of water. On entry 
the fish weighed 8 . 3 4  kg .  During the 1 8 2  days of 
production, they were fed a tota l  of 20 .0  kg .  of 
commercial food and 1 08 .4  kg. wet weight ( 9 . 64 kg. 
dry weight) of  fresh comfrey, Symphytum peregTinum, 
which is high in protein and Vitamin B, bringing the total 
dry weight equivalent feed to 2 9 .64  kg 2 The amount 
of feed was over four times greater than that of the 
previous summer which was 6 . 9 7  kg . 3  We d id thi s  to 
assess the impact of increased feeding on fish growth 

1 W. 0. McLarney andJ. H. Todd, 1972, "Walton Two: A Compleat Guide to Back
yard Fish Farming," Tht /llUmal of Tht Ntw A lclumists, 2: 79- 1 1 1 . 

2 L. D. Hills, 1 975, Comfrty Rtport, 2d ed.; The Rateavers, Pauma Valley, 
California 9206 1 .  

3 R. D .  Zweig, 1 979, "Investigations o f  Semi-Closed .'\quatic Ecosystems," Tlu 
journal of Tht Ntw Alchtmists, 5: 93-104. 

and to try to increase the net productivity of the 
system . Phytoplan kton populations during both trials 
appeared to be of equivalent dens ity although neither 
cell counts nor species identifications \\-'ere made. 

On November 8 ,  1 9 78 ,  a total of 3 8 . 3 1  kg. of fish 
were retrieved from the pond, a net production of over 
6 . 8  kg.  higher than the previous growth tri<l l  in this 
pond .4 This amounts to approximately 1 .6 kg. per 
cubic meter of water or about 1 6 6 gm. of growth per 
day. It is important to note that con v ersion ratios for 
both the dry-weight comfrey and the commercial feed 
to \Vet fish produced was 0. 98 or 0. 6 7 for the 
co mmercial feed alone. To reduce the quantity of 
Purina Trout Chow, the potential of comfrey as the 
primary food in the diet with decreased amounts of 
high protein feeds wil l  be explored in future 
expenments. 

Phvtos bv R 0 Zwt:>l!} 

II") J 

Figure 1 8 .  Comfrey before ,111d aftcr ferdin�-; to fislt. 

O f  the 352 fish  retrieved from this harves t, 1 8 2 were 
fingerl ings and the others were of an edible s ize. The 
smal l  fi sh constitu ted only 1 . 1  kg. of the total weight 
or 3 . 7% of all the fish .  Their numbers were kept low 
most l ikely because we removed the fry as we fo und 

4 Zweig, 1 977,  "Three Experiments with Semi-Closed Fish Culture Systems. 3 .  
The Dome Pond," The foumal of Tlu Ntw .4 /chemists. 4: 73-74. 
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them s wimming at the surface of the poo l .  Fingerling 
growth may have been inhib ited because the com
mercial feed pel let was much too large for them to 
cat, although it was eaten rapidly by the larger fish. 
Smal l  fish are also unable to eat the coarse comfrey 
leaves. Using this stock ing and feeding stra tegy, it 
appears that most o f  the feed wi l l  be taken bv  the larger 
fish .  At the end of  the experiment, the larger fish 
weighed 1 7 1  gm . or over a thi rd of a pound on the 
average. A few were over one pound. 

The production  from this harvest has pro ved 

Summary of Fish Culture 
Techniques in Solar-Algae Ponds 

]olm Wolfe and Ron Zweig 

Although the ultimate aim of the National Science 
Foundation sponsored closed-s ystem aquacu lture 
project is to w rite "The Compleat Guide to 

si gnificant. Although the fish were fed just o ver four 
t imes more than the t i lapia in the previous summer's 
Dome monoculture, the fi sh grew nearly ten times 
more .  Quite l ikely this can be attributed largel y  to the 
nutritiousness of the comfrey which is hardy and 
grows rapidly ,  making it well worth considering as a 
plant to raise as a fish feed . 

The ass istance of Deborah Goodwin, Kaaren 
Janssen and Nancy Wright was inva luable to this 
pro Ject. 

Solar-Algae Pond Fish Culture, " we continue, in the 
meantime, to be inundated with inquiries about how 
to raise those funny fish  in those whatchamacal l it fish 
tanks .  We hope, dear readers , that this short summary 
will at  least partial ly  satisfy your craving for 
information, pending publ ication of the "Compleat 
Guide ."  

Basic Strategy 

Algae grow in s unl ight and absorb roxie wastes . 
Fish eat a lgae, bottom detritus and added feeds. Bottom 
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sediments (dead algae and fish wastes ) are periodical ly 
removed . 

Dimensions and Materials 

Shape: Cylinder on flat base. 
Dimensions: Ponds at N AI are 60" high by  57" ins ide 

d iameter. Water volume is  2 . 4  cubic meters or 630  
gal lons. 

Materials: Sides and base are l ight-transmitting fiber
glass-reinforced polyester (FRP).  Units can be pur
chased from Kahval l 1 *  or assembled on site using .04" 
Kalwall Premium Sunl ite or perhaps Lascol i te2 (tedlar
clad FRP). Seams can be sealed with water res istant 
epoxies such as Arcon 2 79 5  res in combined with 
Versamid 1 40 catalyst3. 

B oth outdoor ponds and those in greenhouses need 
wintertime insulation (vertical reflectors to the north 
and adjacent ground reflectors help too). An insulating 
air space can be created with a second layer of  FRP 
around the s ides , sh immed o ut at  the top and bottom 
with rings of d iscarded garden hose or W' flexible 
plastic p ipe .  Insulate pond bottom with styrofoam. If 
pond is indoors ,  insulate the top with a conical FRP 
cover. If outdoors , flat l i ds can be made from s heets of 
closed-cell styrofoam reinforced with wood, or 
double-walled inner-ribbed acry l ic or pol ycarbonate 
sheets (e.g., Tuffak- Twin wal l  or Acrylite SDP4), 
edges sealed with wide tapes (e .g. ,  duct, or Tuck5). 
Consider wrap-around n ight insulat ion for cl imates 
w ith more than 6,000 degree days. 

· Superior numbers refer ro  the list of suppliers following this article. 

FISH SPECIES A ND 

Planktonic Leafy 

Fish Specits Algae Plm1ts 

Blue Tilapia 
(Sarothemdon aureus)6• X @ 

Tilapia hybrid 
( S. mossambica f. x 

S. honorum m.)l· X @ 
Sacramento River Black fish 

(Orthodon rnicrolepidotiJ) 

Israeli or  Mirror Carp 
(Cyprinus carpio specularis)8 @ 

Grass Carp or White Amur 
(Cte11oplzaryngodou idellus)9 @ 

Black, Brown & Yel low Bullheads 
(lctalurm me/as, nebulosa & nata!iJ) 

"T i lapia die ar rempcr;Hllrts hclnw 5'-tOJ: or 1 1 oc :. @ = adult ti:-;h 

Algae 

Introduce a wide range of wild algae species by adding a 
few ounces of the greenest pond-water avai lable. Try 
several eutrophic (o verl y fertile) ponds. Alternatively, 
l et the pond seed itself. Algae on the fi sh, along with 
exposure to spores from the air, are often sufficient to 
i noculate a pond with a lgae.  Ti lapia, grass carp and Is
rael i  carp can keep the pond sides cl ean of a lgae. 

Feeds 

Leafy plant.>: Confrey plants ( 35% protein), vetch, 
purs lane and a l falfa, among others . Comfrey 
(Symphytum sp . )  can a lso be ground and dried into 
pellets for storable feeds .  

Zooplankton: Excell ent fish  fo od, difficult t o  culture, 
they thrive in shaded water rich in organic matter. 
Zooplankton can also be establ ished in  fish ponds by 
partitioning fish out of an area where the zooplankton 
can't be eaten to extinction. 

Insects: Caught by nets, conical f ly traps or 
Hedlund's bug l ights. 1 0 

Red ·worms: See Jeff Parkin's "Some Other Friends of 
the Earth" in the fifth journal, pp. 69-72 ,  for cultur
ing methods . Our bedrun breeders come from Marv
land.1 1 Feed the worms whole, or blended into grou�d. 
leaf pellets. 

Rabbit feed: Essentia l ly a lfal fa and soy meal bo und 
together with corn gluten ( 20% protein) .  

Trout feed: First three ingredients arc sov meal ,  fish 
meal and ground corn (40% pro tein ) .  

FEEDING HA BITS 

1.- F F l l  J "  Y P F S  
lmectJ & R<1bbit Trout 

Detritm Zooplanktou H'onm Feed Fml 

X 

X X X X 

. 
Fish m:cd r� be introduced ro m: w warcr ctrcfu!ly ro avoid rcm rx:rarurc and chcmi<."'.I I shoc;.-k . Pur rhc fish in a plastic;.- lla�. puftCd up ami ricd dosed, \\'ith l ink w:u":r :md mosrl�· air  

!· loa� rhc b�tg Ill rhc new warcr for  h a l f  an hour (rcm pcr:Hurc :tcdim;ttion). Then exchange 1 :W;- o f  rhc fish's \\':ltL'f, rhn:c rimes :H n:n-minlHL' intt .. T\':lls (<:hem ical at:<.:lim:Hion ) .  Rck",lsc 
rhc ftsh. 
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Fi.rh Densitie.r 

Upper l imit is about  20 k i lograms or 45 pounds. 
Optimal density is probably between 3 to 12  kg. or 7 to 

26 lb .  

Feeding Rates 

.\Iaxirnum (usc whichever is lowest) : 200 grams dry 
weight feed per day or dail y  dry weight feed at 5% of  
l ive fish weight (can be greater for  finger l ings or  fry) or 
al l  the food the fish can eat in three or four hours (use 
floating feeds to check thi s ) .  Any feed ing rate greater 
than the number of gm/ day l i s ted above tends to 
deplete oxygen in water. 

Optimal: 50- 1 00 gm lday or 3% fish weight daily or 
most rel iably, the amount of  food the fish will cat in 1 5  
min utes . 

/Vlinirmn11: !\' othing but inedible organic inputs such 
as manure. The fish will eat the resulting algae, bacteria 
and zooplankton . Expect s low growth. 

Gro'wth Rates 

The food convers ion ratio (FCR) is the unit of dry 
\Veight feed required to grow one unit of wet weight 
fish .  The FCR for t i lapia eating Trout Chow ranges 
from .8 to 2 . 0 .  The ti lap ia FCR for rabbit feed ranges 
from I . S  to 3 .0 .  

The max imum recorded growth rate to date is 1 06 
lb/yr ( 132  gm/day) over an 8 2  day trial conducted at 
Goddard College, us ing fresh insects for feed. 
Consis tent good growth at N AI is 30-50 lb/yr 
(45 day 65 gm/day) over 1 00- trials us ing dry com
mercial feeds. 

A eration 

In moderate! y fed ponds, aeration (air bubbling) to 
supply oxy gen is usua l ly needed from two to four 
hours after sunset to one to two hours after sunnse, 
except on cloudy days when aeration should begin 
near sunset. On cloudy days in heav i ly fed ponds , 
aeration is needed continuously .  

The s implest aeration i s  to pump air through plastic 
tubes into air d iffusing stones located near or on the 
pond bottom. An aquarium pump such as the 3 watt 
Metaframe Hush 1112 can supply two air stones with 
a ir. Two to fou r  ai r s tones are needed per pond . On a 
larger scale (a dozen or more ponds) ,  consider a central 
air compressor such as the one-third horsepower 
Conde air pump13 attached to flexible %" plastic  piping 
with smooth curves rather than right-angle bends. 

Water Purification 

/vf ethod # I :  Remove bottom sediments and replace 
with fresh water. I f  feeding rates are heavy, replace the 
bottom 2 0% of the water co lumn every one to three 
weeks .  I f  feeding rates are l ight, replace 20% every 
fou r  to twel ve weeks. Irri gate plants with the pond 
water; it's loaded with nutrients . If you want to 
become scientific, find an o ld micros cope and look at 
algae in mid-water samples . Replace bottom water 
more frequently a fter seeing major volumetric de
creases in algae. 

Method #2 : Consider a constant fresh water trickle 
inflow, with an outflow siphoning up from the 
bottom. Make water replacement equal or exceed the 
rates described above. 

Method #3 : Insta l l  a sand filter or hydroponics trough 
just  above the surface o f  pond and s lowly flow water 
through it, preferably drawing from bottom waters. 
Sand filters out algae and some organ ics; the plant 
medium fi lters out this plus nitrate, ammonia and 
phosphate. Turn off the flow to the hydroponic filter 
during the day to allow the plant roots to dry, 
preventing root rotting problems .  Use algae-laden 
sand from sand filter as plant ferti l i zer. 

Lots of  other untested possibil i ties exist: adjacent 
sett l ing ta11ks ,  conical bottoms with a drain in the 
center, etc. 

This project has been s upported in part by the 
National Science Foundation Grant #OPA 7 7-
1 6 7 90A0 1 .  

SuPPLIERS' A DDRESSES 

Solar Components Division 
1\.,d wall Corporation 
P.O. Box 2 3 7  
.\Llnchcst\.T, :'\ H  03 1 05 
MH-6oH-H I K6  

2. l .asco I ndusrrics 
HO 1 5  Dixon Dr in� 
Florence, h: Y + 1 0+2 

3.  :\ l l i cd Rcs 1n  Co rporation 
\Vc,·motnh Industrial Park 
h1s� \\' C\'lllOUth, .\,! :\ 02 I H9 

61 7 - 3 3  7-6070 

.J.. Tuff<lk-T"·inwall 
Rohm &. Haas C :ompanv 
I ndependence ,\hi! \V esr 
Phibdclplm, P :\ 1 9 1 05 
2 1 5-592- 3 000 

Acrvl i tc SDP 
C :YRO I ndust ries 
H .\'9 Berdan Avenue 
\Y,lvne, :\'j 07+70 

20 1 -R3  9- .J.ROO 

5. Tuck Industries 
I I .eFevrc Lane 
:\' cw Rochelle, :\IY I ORO I 
9 1 +- 2 3 5- 1 000 
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6. Texas Water Ga rdens 
2 3 3 1 Goodloe 
Houston, TX 7 7 09 3  

7 1 3 -69-J.-HHO I 

<I lid 
Sourhcrn Fish Culrunsts , Inc. 
P.O. Hox 2 .'i l  
l .ccshu rg:, F l . 3 2 7 .J.H 
90+- 7 H 7- I .1 60  
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7 .  

8. 

Natural Svstems, Inc. Perry ,\ l innow Farm 
Rr. 1 , Box 3 1 9  Rr. I .  Box 10 I S  
Palmetto, FL 3 3 5 6 1 Windso r, \' . ..\. 2 HH 7 
8 1 3- 772-89 1 1  H0+- 539- 1 7 09 
Hiwassee M innow Farm 9. ] . 1\l . ,\'!a lone & Son Enterpr i ses 
P 0. Box 3 1 6  P . O. Bo .x 1 58 
Georgetown, TN 3 7 3 3 6  Lonoke, ...\.R 72086 
6 1 5-3 39-22 7 1  50 1 -67 6-2800 

Photo by  H1Jde Mamgay 

Sunliaht Patterns Without, 
Chemistry Patterns Within: 

The VIew from a 
Solar-AJaae Pond 

fohn Wolfe David Engstrom Ron Zweig 

Sunlight, growth, metabo l i sm,  deca y ;  these are the 
basic elements i n  the flow of energy through a l l  living 
systems. The solar-algae ponds, as t iny ecologies, 
demons trate the processes wel l .  The patterns of sun
l ight striking the pond's s ides predict the sunl ight 
entering, and the chemistry patterns within trace the 
balance of plant and animal activ i ty .  With imagination, 
these s patial patterns even predict the future and past of 
any one point within the ponds. Drawing from the 
spatial patterns, we can demonstrate the bas ic process 
by which sunlight enters the ponds, and by which 
solar energy is captured by the l i fe vv ithin .  

Sunlight 

Using verified calculation techniques, we can predict 
how much sun light gets i nto a solar-algae pond s itting 

1 0 . Hedlund's of .\ lcdford 1 2 .  .\ 1ctaframe 

P.O. Box 305  + I  Slater Dm-c 
.\ led ford. \\'I .i'H S  I Elmwood Park ,  '\'j 07+07 

1 1 . Frank C:appadora 2 0 1 - 7 9 1 - HHOO 

\\'archime \\'orm Ranch 1 3 . Co nde .\ l i lk 111!! .\ Ln·h mc Co.,  Inc. 
3 1 00 \\'archimc Road Pump Divis ion 
.\lanchester. .\ lD 2 1 1 02 Sheri ! ! ,  '\ Y  1 9+6 1 
3 0 1 - 2 :W-H500 3 1  S- 363- l SOO 

in a no nreflective, grass-covered field. Unfortunately, 
no theory exi sts to tell us ho w to calcul ate the amount 
of sunlight added by nonshiny refl ectors such as the 
white back walls and marble-chip ground cover of the 
solar courtvard. To understand the refl ected radiation 
from the solar courtyard, w e  had to measure it 
directly .  

Around noon (when reflection was greatest) o n  two 
cloudless days, J une 2 5  and September 2 9, 1 978 ,  we 
rook 7 2 measurements of solar radiation with an 
Eppley black-and-white pyranomctcr, comparing 
vertical readings on the side wal l s  of the solar ponds in 
the courtnrd \\'ith vertical readings taken in a nearby 
(nonrdlective) field .  Figures 1 and 2 graphica l ly repre
sent the data col lected on September 2 9 .  

Figure 1 shows that much of the reflected radiation 
from the back wall strikes the north face of the ponds .  
Little radiation bounces up  directly from the marble 
chips to s tri ke the south face. This docs not s uggest, 
however, that the marble chip ground cover isn't an 
effective reflector. The ground and back \Jv'al l reflectors 
act together. The chips pass much sunlight to the back 
wall ,  which in turn directs this reflected cncrgv into the 
pond. 

SOLAR II!Atllt\1"!0� 
A.U�Mii:,_T"E� 
11-'i Rl'"FLECTOAS , ME""-'iURC� IN 
SOLJ�R C..OURT'jARt:l 

WI-lLIE 
MARBLE C:.MI P 
G R b U N P.  COVt&� 

I : ONE FOO"T 

I : .zs LAN�l.E'Y$ } 1"\l �UT'E"" ( \1"\PLU"\ NC, O)J. \/E"�tC.t\1 .. 
Wlt..\...1.,;� oF SOLAR P'OJJO 

Figure 1 .  Graphirtl! reprtSI'IIWion of tl!r ,1ddcd Sllllligl!t. 
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s imply, sunlight-bathed, photosynthes izing algae 
produce oxygen and absorb carbon dio xide, where as 
a lgae respiring in the dark along with fish, bacteria and 
zooplankton, consume oxygen and release carbon 
dioxide. Since a portion of the carbon dioxide becomes 
carbonic acid, respiration increases acidity and lowers 
pH while photosynthesis reduces acidity and raises 
pH. Photosynthesis and respiration also involve the 
ass imi lation and releas e  of elements such as nitrogen 
and phosphorus, but our concern here l ies with carbon 
and oxygen. 

Biolo gical processes create a basic pattern of water 
chemistry that water currents can shift but can ' t  mask. 
During the afternoon of our measurements, the basic 
pattern was ( 1 )  intens e oxygen production near the 
top a nd sides of the pond, (2 )  moderate net ox ygen 
consumption by respiring plants and a nimals in  the 
dark core, and ( 3 )  intense  oxygen depletion near the 
bottom sediments of dead a lgal cel l s  and fish  wastes 
(look back at Figure 6). The pH fol lows a similar 
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trend, s ince high pH indicates low carbon dioxide 
concentrations .  Surpris ingly, the patterns of all three 
variables (02,  pH, temperature) are s imiliar, with high 
values in upper waters, lower values in deeper areas, 
and the distribution of well-mi xed and still , s tratified 
patches determined by the water currents . 

Figure 8 presents average oxygen concentrations for 
each depth i n  the two ponds on the same afternoon. 

Figure 7 .  Circulation loops within the ponds. 
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TA BLE !-Output of Computer Simulation of Energy Ente-ring a Solar-Algae Pond in the Solar Courtyard. 

A verage 
Daily Prrsmce 

Horizontal of 
Radiation Winter 

Mouth (cal/ cm2 day ) Lid 

Jan 1 70 X 
Feb 2 1 0 X 
Mar 302 X 
Apr 4+3 

May 508 X 
Jun + 7 7  

Ju l  56+ 

Aug +62 

Sep 3 2 2  

Oct 2 2 3  X 
1'\ov 1 +3 X 
Dec I I i X 

Y car lv  Total (billion r,dorieJ") 

from the p lants growing at th e base of the back wal l 
reflector .  The second is whether or not the winter l ids 
of the ponds arc on. \V irhour the l ids,  the onlv thin g  
reducing incoming radiation i s  reflection off t h e  water 
surface. With the lids, light transmittance is treated in 
the S<lmc wav as light penetration o f  the s ides o f  the 
ponds .  

Table I l i sts the es timates o f  the amount  o f  rad iation 
entering the solar courtyard ponds each month, based 
on Pavnc's solar data fo r 1 9 7 7. Because of low winter 
sun a�gles and the pond l ids, far more radiat ion pene
trates the s ides o f  the ponds in the w inter, whi le in the 
summer,  the discrepancy bcnvecn sun l ight enter ing the 
sides and top lessens. 

CHE:\ 'I I S· l -RY 

The solar-algae ponds recei vc three maJor energv 
inputs : ( I )  sunl ight, 0) fish feeds, and ( 3 )  bubbled ai r. 
These three energv inputs i nduce the spatial  patterns o f  
water chcmistrv found w ith in  the ponds . The a ir  bub
bl ing,  or "aeration ,"  pro vides o x y gen at night, aug
menting the photos �'ntheric ox\ · gen produced bv  solar 
en crgv. The feeds supplement the encrgv that i s  avai la
ble to the fish  from caring a lgae. It i s  interes ting to note 
that the a lgae capture at most on! y a small percentage of 
the sun's cncrg\· for growth; the rest becomes hear  soon 
a fter stri k ing water <llld <l lgal cel l s .  Since on lv a fraction 
of the solar energy embodied in algal growth can be 
assimilated by the tilapia, it appears that fish growth 
based soley on phytoplankton growth with the ponds 
could achieve at most 20 pounds of  fish  growth annu
al !  y 0. Todd, R. Z weig, et  a l . ,  " Assessment o f  a Semi
Closed, Renewable Resource Based Aquaculture 
System ," .\ Ia\· 1 9 7H,  pp.  70- 7 1 ) . 

Fi gure 6 i l lus trates the variat ions of temperature, 

S O I . .-\ R  F: :-.: E R C Y  E :-.:  T E R  1:-.: c; P O :-.:  D (million calories pa day) 

Horizollfal Rrfletted Vertical Total 

2 .03  3 . 36  6 . 36  1 1 . 80 
2 .+5 3 . 1 6  6 . 2 +  1 1 . 90 
3 . 3 2  3 . 2 6  6 . 7 7  1 3 .30 
+. 7 1  3 .+8 7 . 5 7  1 5 .80 
5 . 3 9  3+6 7.55 1 6 .40 
8 .90 3 . 2 5  6 . 9 8  1 9 . 1 0  

1 0 . 2 0  3 . 5 3  7 .  7 7  2 1 .50 
8 . 6 8  3 . 3 1 7 . 2 5  1 9 . 2 0  
6 . 6 7  3 .02 6 .+0 1 6 . 1 0  
2 . 55  2 . 86  5 .  79 1 1 . 20 
1 . 89 2 . 53 +. 92 9 . 34  
1 .6 9  2 .50 +. 7 7  8 .97  

u s  1 . 1 5 2 . 3 H  5 .3 1 

o x y gen and pH fo und during one bright June after
noon in two heav i ly  feel so lar-algae ponds. In these 
d rawings, each l ine or "isocl ine" within the pond 
represents a s ingle temperature, oxvgcn or  pH value 
much l i ke a l ine on a contour map represents points of 
equal elevation .  

The temperature pro fi l e  reveal s  the  basic water cir
culation pattern within the two ponds.  ' ! 'he patterns arc 
q u itc different s ince the aerat ion s ystem of one pond 
mi xes the \l·arer continuous ly whi le that o f  the other 
shuts off soon a fter sunrise and turns back on only after 
sunset. Both ponds arc coo les t  at the bottom since cool 
\\ 'atcr rends to sink below warmer water. The nonaer
a red pond has a greater temperature d ifference from top 
to bottom ( 2 . S0C. vs. I . S0C. ) ,  as i ndicated. by the 
greater mumber of isothermal l ines .  The one area 
where the nonaerared pond seems well-mixed is near 
the top, where it seems to be churned by the wind. 

The nonaerated pond exhibits a warm-water outer 
shell and an inner core. Cooler water rings the warm 
core. The pattern suggests a thermo-siphoning loop: 
water warmed at the outer sides convects upward, 
creating a complementary downward suction at the 
pond's  center (sec Figure 7 ) .  Since Figure 6 i s  a cross
sectional view of  a cvl inder, rhe s ide  upwel l i ng and 
central clowncur rcnt i s  quire evident ,  while the return 
loop across the bottom of the pond i sn ' t  appa rent since 
rhar loop radiates in a l l  d i rect ions across the bottom, 
making the flow to the exact north and south q uire 
sma l l .  The aeration svstcrn forces the circulat ion loop 
in the second pond .  Figure 7 shovi'S the long loops 
gcncr<ned bv  rwo pipes ho ld ing  air bubblers wi th in 
that  entr<l in  \I"<Her up\1·ards with the r is ing bubbles . 

These circulation loops buffet and sh ift a bas ic 
oxygen and pH pattern arising from the balance of 
photosynthesis and respiration within the pond. Quite 
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s imply, sunlight-bathed, photosynthes izing algae 
produce oxygen and absorb carbon dio xide, where as 
a lgae respiring in the dark along with fish, bacteria and 
zooplankton, consume oxygen and release carbon 
dioxide. Since a portion of the carbon dioxide becomes 
carbonic acid, respiration increases acidity and lowers 
pH while photosynthesis reduces acidity and raises 
pH. Photosynthesis and respiration also involve the 
ass imi lation and releas e  of elements such as nitrogen 
and phosphorus, but our concern here l ies with carbon 
and oxygen. 

Biolo gical processes create a basic pattern of water 
chemistry that water currents can shift but can ' t  mask. 
During the afternoon of our measurements, the basic 
pattern was ( 1 )  intens e oxygen production near the 
top a nd sides of the pond, (2 )  moderate net ox ygen 
consumption by respiring plants and a nimals in  the 
dark core, and ( 3 )  intense  oxygen depletion near the 
bottom sediments of dead a lgal cel l s  and fish  wastes 
(look back at Figure 6). The pH fol lows a similar 
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trend, s ince high pH indicates low carbon dioxide 
concentrations .  Surpris ingly, the patterns of all three 
variables (02,  pH, temperature) are s imiliar, with high 
values in upper waters, lower values in deeper areas, 
and the distribution of well-mi xed and still , s tratified 
patches determined by the water currents . 

Figure 8 presents average oxygen concentrations for 
each depth i n  the two ponds on the same afternoon. 

Figure 7 .  Circulation loops within the ponds. 
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The anoxic or oxy gen-poor zone extends upwards 
much further in the no naerated pond (refer also to 
Figure 6), but oxygen levels also rise much higher in 
the upper water. These high o xygen values, far above 
the 7 . 8  parts per mi l l ion (ppm) ex pected i f  the pond 
water were in equilibri urn with the air ,  could not occur 
with aeration.  At ox ygen concentrations above satura
tion ( 7 . H  ppm),  aeration actual ly drives oxygen out of 
the water, since it increases the water-air exchange 
rates . The aerated po nd has an oxygen concentration 
nearer saturation and lower than the nonaerated pond 
(7 .  9 vs. 9. 9 ppm) .  Total oxygen consumption  in the 
aerated pond ma y also be greater tha n in the nonaer
atcd pond if the water movement brings sediment 
panicles up into the water col umn to decompose 
rap idly in the relat ively oxygen-rich upper waters, 
rather than leaving the organics sequestered in the 
anoxic, slowly decomposi ng bottom sediments. 

The ponds exhibit a pattern of evo lution through 
time that parallels the vertical spatia l pattern. In newly 
fi l led and inoculated ponds, the low a lgae densities 
a l low each a lga l  cell to recei ve nearly the maximum 
possible am ount of li ght. The y-oung, vigorous algae 
produce tremendous amounts of ox ygen, and abso rb 
a l l  ava ilable ca rbon (disso lved carbon dioxide, and at 
high pH , even bica rbonate ions)  for growth, pushing 
pH very high. A fter a time the a lgae increase to 
self-shading densities, where respiration over the 
day/night cycle nea rly equals daytime photo
synthesis .  Thi s is the max imum sustainable densitv 
of  a lgae; algae will die at the sa me rate as new cel ls 
arc created . Often , the inertia of popul ation growth 
pushes the algae bevond the maximum susta inable 
dcnsit\· ,  and the a lgae poptdations "crash . "  In anv case, 
grav ity pulls the algae a nd sol id fish v.:astes to the 
bottom, where bacteria decompose the detritus,  

lo wering pH and ox ygen levels in  the process .  
Microscopic animals that feed on the bacteria (e .g. , 
ci l iated protozoans) flo urish as a result. 

i'v1eanwhile, suppl ementary fi sh feeds are constantly 
added. The feeds add to oxygen demand directly by 
increasing fish biomass and metabolism. M ore im
portant! y, the wastes from feeding increase the density 
and activity of bacteria and zooplankton. With it, 
oxygen demand and carbon dioxide production grow. 
Eventua l ly ,  anoxic and acidic conditions will develop 
on the pond bottom. If  unchecked, the low oxygen 
and pH condition wi l l  s lowly spread upwards. At this 
point, the balance between photosynthesis  (growth) 
and respiration (decay) can shift so far toward respi
ration that fish culture may become impossible. 

The spatial patterns of the ponds in Figure 6 reflect 
their transformations through time. The top of the 
ponds are supersaturated in oxygen and high in pH, 
reminiscent of conditions prevalent throughout a 
young, freshly inoculated pond. The center of the 
ponds have lower levels of oxygen and pH, indicating 
more respiration relative to photosynthesis, and re
vealing a mature pond, rich in both plant and animal 
activity. The bottoms of the ponds are nearly anox ic, 
m uch as a pond over-enriched with o rganics would 
appear throughout. The two ponds shown in Figures 
6-8 are approach ing the end of thei r transition from 
growth to deca y s ince pH and oxygen drop to low 
levels every night. 

Low oxygen and pH can probably be avoi ded 
indefinitely with simple low-head, low-flow sand or 
hydroponic fi l ters. Alternative! y, s iphoning the 
organic s lurry from the pond bottom and replacing it 
with fresh water can actual l y  freshen and rej uvenate 
the eco system, starting the cycle anew. 

We are indebted to Deborah Goodwin, Kaaren 
Ja nssen and Ken Winniac for help in collecting the data 
used in this paper. 

This project has been supported in part by the 
National Science Foundation Grant #OPA 77-
1 6 790:-\0 1 .  
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The Energetics of 
Solar-Algae Pond 

Aquaculture 

fohn Wolfe 

In assessing the potential of a technology for a s olar 
society an ess ential question is ,  how much energy is 
required to bui ld and operate the technology relative 
to the energy, food and other benefits i t  provides. At 
New Alchem y we have di rected that question to the 
biologica l ly rich, heat-storing, solar-algae ponds .  This 
paper quantifies the energy required to manufa cture 
and operate solar ponds, and compares these inputs to 
the solar heat and fi sh protein produced. 

An input/ output matrix of energy-flows through 
the U.S .  economy, developed by the Center for 
Advanced Computat ion (C .A .C. )  at the University  of  
I l l inois ,  a l lows u s  to  assign energy va lues to solar pond 
construction and maintenance.1 The researchers at 
C .A .C. based their matrix on the concept of embodied 
energy flow; this flow occurs whenever there is a 
movement of energy,  goods or serv ices from one eco
nomic sector  to another. The flow is expressed in 
terms of the total primary energy needed to produce 
the economic entities that are being transferred. For 
example, the energy associated with the mo vement of 
coal to the paper industry represented 3 6 4  trill ion Btu. 
in 1 96 7. That figure s l ight! y exceeds the energy  value 
of the coal received by the paper mi l l s because it takes 
some energy to build and run the equi pment to m ine 
and transport the coal . A computer a lgebraica l l y  
manipu lates the matrix that represents such embodied 

1 ( :J:n� Bui i�Hd I l l . Brun: I bnnnn. and Rohcn l l ncndon. c :cll flT fnr . \d\";1 1 1L'L'd 
( :omput:nion .  1 9 1 5 .  Fn'-:rgy flow rhrou�h rlu: l' nircd St.llc:-> l'l'OIIolll�· { \\ ; l l [  d1:11'!. 
L'nin:rsHy of I l l inois ar l' rh;m:l-( :hoHnp:l�n�..· Press ). 

energy flo·ws to yield the energy used by each eco
nomic sector. The energy embodied in a dol lar's 
worth of the product of each sector can then be 
calculated. 

Appl y ing em bodied energy values to our case, each 
pond requires approx imatel y $2 5 in aeration equip
ment. Deflating to S 1 2 . 50 in I 96 7 do l lars and multi
plying by 86. + thousand Btu . · I 96 7 dollars (the energy 
intensity of the Fabricated t\ leral Products sector) 
yields an energy cost o f  roughl v one mi l l ion Btu .  to 
produce the aeration equipment. Since the equipment 
lasts ten years, rhe annual energy cost, nor including 
the energy consumed during the operation of the 
equipment is one-tenth of the total . 

The ponds do produce -or more accurately, save- · 

energ y .  During the day the ponds absorb sunlight 
directl y, converting it to heat which warms the 
volume o f  water. They a l so soak up heat from the air 
when daytime a ir  temperatures climb higher than 
those of the water. This tends to prevent the Ark from 
overhearing. At night, when air temperatures fa l l  
below those of the pond, heat i s  drawn back out of the 
water. The ponds can store enormous amounts of hear; 
2 ,+00,000 calor ies are released when a pond cools j ust 
one degree Celsius .  

We can then calculate (roughly) and l i st  the energy 
inputs and outputs to and from a pond, as shown in 
Table I .  Two values have been omitted for simplicity's 
sake: the output of plant fertil izer and the input of 
energy to construct the surrounding bioshelter .  Since 

T-I F!U:' I .-1 111111<11 Fttergv !tt{Jitt.l· ,11td Ottt f!ttt.r r1.f <1 .'iol,n- .-/!g,u• 
f'o11d. (L 'IIit.l" .·1 re ill . \ l i!!iott (;rc1Jll C.1loril'.l" L'IIII'.H 
Sp('('i.fied Otlit'I"'J:i_,., .. ) 

/_IJ(,ltion ,..Jrk Solar Courtyard 

_.'I 111011111 /I'l l  6 0  lb. I !0 lb. fi() lb. I ! 0  lb. 

fnputJ' 
Fiberglass Tank 1 82 I S 2 2-l-3 143 
Reflective Chips 0 0 50 50 
Rcflccr ivc Wall 0 0 2 S6 2 8 6  
.-\crarion Equipment 2 8  2 8  1 8  2 8  
.-\crarion Elecrricirv 2 3 S  2 3 8  2 3 8  2 3 8  
Feeds 73 H6 73 1 46 
Labor 1 

Total I nputs 513  5() 6  920 992 
Deducting ,\ [ u lri-

purpose Tanks - I  S2 - 1 82 
.-\q uaculrurc-Spcci fie 

lnpurs 3+ 1  + I +  

Out puts 
Heat S<l\'ings in .-\rk lJOO 900 

Dn· \\'eight Edible 
Pro rein 2+5 kg .  + .90 kg .  1 . +5 kg. +90 kg.  

(Total ( ; r01nh = 5 0 & 
1 00 lb) 
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the building performs many other functions, the latter 
omission is reasonable. Two fish production figures , 
with different associated feeding rates , are used. The 
first figure, 50 pounds per year, reflects a growth rate 
that has been attained consistently over the last few 
years in many of the experiments at New Alchemy .  I 
base the second growth rate, that of 1 00 pounds per 
year, on growth spurts of short duration (two weeks) 
that we have seen, and on a long-term growth rate of 
I 06 pounds per year achieved by Barry Pierce at 
Goddard College during the summer of 1 9 78 .  Barry' s  
secret was  to  feed insects to h i s  fish, a strategy we 
closed-system aquaculturists at New Alchemy have 
strayed from.  Barry's demonstration, reinforced by 
grumbl ings from Bil l McLarney and Susan Ervin, are 
bringing us back around. 

The energetic anal ysis in Table 1 proves extremely 
useful because it  identi fied areas where energy inputs 
might be drastica l ly lowered. Inside the Ark , aeration 
electricity demands the largest portion of the energy 
bud get. A smal l ,  6 to 7 cubic foot per minute, 1/3 h.p. 
a ir  compressor now s uppl ies a ir  to a l l  the ponds in and 
adjacent to the Ark . The power requirement of the 
compresso r a verages to 2 5 watts for each pond. Some 
low-wattage aquarium pumps,  such as the Metafram e 
Hush I I ,  can drive air to the bottom of the ponds . One 
for each pond might prove adequate. The two-air-line, 
three-watt Metaframe pump cou ld reduce aeration 
energy requi rements eight-fo ld .  In the solar courtyard, 
the concrete back reflector adds a large energy cost but 
does add 45% more l ight to the o utside ponds (see 
the discussion of sunl ight in the solar courtyard on 
pages 1 00- 1 05), probably preventing them from freez
ing in winter. Yet other less energy costly possibilities 
exist. The ponds could be triple-glazed with a middle 
layer consisting of  high-light transmittant solar film 
and be given an airtight clamp lock for the top flap. Or a 
flexible insulation layer could be wrapped around the 
pond, doubl ing as a daytime reflector. 

In comparing inputs to outputs we can take three 
approaches . The first subtracts total s ystem energy 
costs from energy benefits, and compares that total to 
fish protein production. The second compares pond 
capital costs to heat output, and then pits the additional 
aquacul ture energy inputs against protein output. The 
third examines the ponds outdoors in the solar 
courtyard , where insu lating lids and adjacent reflectors 
increase the energetic costs and no heat storage 
benefiting a larger building occurs. Table 2 sum
manzes the energy-cost-per-gram-protein fi gures 
generated in the three anal yses . 

The first approach deserves further comment. 
Positive kcal/gm protein numbers show that unlike 
most other protein producing systems,  solar-al gae 
ponds have an energy benefit rather than an energy cost 
associated with them . (I do not wish to push th is 
approach too far, lest the scientists growing a few 

TA BLE 2-Kca/ Spent or Saved per Gmm Edible Fish Protein 
Produced in New Alchemy Solar-Algae Ponds. 

Toral Energcrics 
in :\r k  

.-\q uaculrure-Speci fie 
Energcrics in Ark 

YO lbdyr 

(Attai11ed) 

900- 5 2 3  = + 
2 .45 

7 7  

- H I  = - I .J.O 
2 .45 

1 00 lbs/yr 

( /l chievable 

900-596 
4.9 

-A l .J.  
.J..9 

= +  

-

62 

84 

.-\quaculrure Energerics -920 = - 3 7 5  -993 
= -202 

tn Solar Courrvard ns i-.9 

catfish in the heated effluents of power plants argue 
they get a megawatt-hour of electricity with each gram 
of protein they produce . ) The second approach seems 
preferable. 

Table 3 summarizes this analysis by placing solar
a lgae pond fish culture in the context of a wide 
spectrum of protein-producing methods. Notice that 
the range of indoor solar-algae pond culture (calculated 
by the second approach) brackets Israeli pond 
polyculture ,  commercial egg production and tuna 
fishing. Grains cost les s ,  meats an d luxury seafoods 
much more. The energy costs l isted here do not include 

T.--1 BIJ' 3 - Kc.11 of l:'ne-rgy L'sed to Produce Gram of l:'dible Protein. · 
(l:'dible = Evelllually r:atm Portion, Not Yet Stored or 
Cooked.) 

+ 7 7  Tilapia in Cape Cod Ark,  w /Hear Credir, 50 lbs/y r 
+ 62 Tilapia in Cape Cod Ark,  w/Heat Credit, I 00 lbs/yr 

I 2  Maine Herring 
I .J. Wheat 
28 Arlanric Ocean Perch 
.J.O Rice 
50 Pacific Sa l m on 
S.J. Tilapia in Cape Cod Ark, I 00 lbs / y r  

- I I  0 Israel i Pond Polyculrure 
- I 3 2  Eggs 
- I 3 5  Tuna 

- HO Tilapia in Cape Cod .-\ rk ,  50 lbs / yr 

- H3 Cod, Haddock, Hal ibur 
- 2 01 :--.J AI Seasonal Polyculrure in Solar Courryard, I 00 lbs/yr 
- 1 3 8  Hawaitan Prawn Clurure 
- 250 Chicken 
- 2 63 ,'v! i l k  
- 3 I  0 Pork 
- 3 75 :--.J .-\ 1 Seasonal Polyculturc in Solar Courryard, 50 lbs /yr 
- 650 Ha\\'a i ian Oy·srer Culrure 
- I ,  I .J.O Range-Fed Beef 
- 1 ,3 3 0  Feed-Lot Beef and Gulf Shrimp 
- I , 7 00 .'vlainc Lobsrer 

· Refcrl'lln.:s for Lthk· 3 (fi�urcs from rdcn.:nn:s adjusrcd ro rcOcn prot�.:in yidds 

:tfrl·r pron.:ssin!!): 

lbrdad1. J. F 1 9 /X. · ·hH.:f!.!l'rics of .-\.qu:lcu hun.:." l' npuhlishcd . .  \!Jnuscripr scm w 

J. I I . Todd � I l l  7K. 
PinH:nt( . .:l .  D . ;  I hirshilo, \\' . ;  K nmiTlH.: I ,  J . ;  and Kurzman. J .  1 9 i0 . .  )'ril'JICt', 1 90: i5-+. 

Ra\\· irschcr. .\1 . .  and .\\ay (..T. _kan. 1 9i7 .\'rif'll(t'. \ 9 H: 2 6 1 .  
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storing or coo king costs. Nor are the protein outputs 
corrected for protein quality by NPU (net util izable 
protein) factors. Thus grains, with their long cooking 
times and low protein quality, may ultimately cost as 
much energetically as eggs and Ark-grown tilapia .  
Simi lar ly,  tuna from a can costs more energetica l ly than 
tilapia caught from the Ark and eaten fresh, although 
energy costs at the time of harvest are equal . 

With the perspective that Table 3 gives, and noting 

Figure I .  Backyard waterfarm. 

that i f  anything, its bias is against solar-pond 
aquaculture, we see that solar-a lgae ponds offer a 
unique solution to the problem of creating va luable 
protein in an increas ingly energy-scarce world . 

This project has been suppo rted in parr by the 
National Science Foundation Gram #OPA 7 7-

1 6 7 90A0 1 .  

s�...'l4.!. •t.t\.A..'t 
RASPS� MY 
PR"TC� 

Dreaming in My Own Backyard 
fohn Todd 

I had just fin ished m y  income tax forms one April 
afternoon and realized with shak i ng hands that I owed 
money to the I nternal Revenue Service, i ncontestable 
proof that i t  has become increasingly hard to ignore 
that l iving costs were going up fas ter than my income. 

Gloomily,  I retreated to the pond i n  m y  backyard to 
find my bearings and to forget the tax man . It was , 
thank God, the first warm day of spring and, as I settled 
down, I discovered the muscovy and mallard ducks and 
my zany goats s eemed happy to share this spot with 

me. I did, mind you, bring along a l i ttle extra corn to 
bribe my way into their company.  We were soon 
joined by my then nine-year-old daughter who sensed 
my wornes. 

As the sun and my fr iends helped me to forget, the 
place began to come a live with the sounds and the 
smel ls of spring .  I l ive  in a small ,  vest-pocket val ley that 
i s  treed mainly with oak, locust and cherry .  Bv local 
standards, some of the trees are verv Luge. Seven years 
ago on the north-facing slope, next to t he road, I 
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planted a small orchard of twenty varieties of apples, 
peaches and plums .  The house, a tvpical small Cape 
Codder, sits on a terrace just below the orchard. 

Behind the house, the land drops off, steep! y in 
places, into a basin then ascends again to my neighbor's 
house. The south-facing s lope is a real sun catcher. The 
bottom of the basin is covered by a half-acre pond that 
extends into the yard of another neighbo r to the east .  In 
the middle of rhe pond is a shack on stilts which I built 
as a writing house thar is reached by crossing a rickety 
bridge. I l ike working in the shack surrounded by 
water. It feels right. I am not sure why, but it helps to 
center me. 

I am lucky to live in the woods, close enough to the 
sea to hear the foghorn and the storm-tossed surf. Yet I 
am sti l l  nagged by the bil ls and the tax man. To further 
compl icate matters, I plan to build a so lar addition to 
the house that will include a greenhouse and tropical 
fish tanks which will serve double duty as so lar heat 
storage units . It's an exciting project, dimmed onl y  by 
rhe prospect of more rhan doubling my m ortgage. 

On the grassy patch next to the pond, I enjoyed the 
warmth and the sti l lness broken only by bird song. 
Although I couldn't feel it ,  the wind blew stiffly 
overhead and the gulls rode its wave at tree-top height . 
My daughter and I got up to fol low rhe goats over to an 
old abandoned stone well .  As I stared into the well ,  an 
idea began to form. For a moment I saw the land 
anew-the ponds, the s lopes, the house above, and the 
ducks .  I recol l ected that several years ago my son ,  in a 
single season, had grown bul lheads to eating s ize in the 
shal low, fertile pond. My m ind was drawn back to the 
well .  The water level this spring was a foot from the 
top. The well was a key. 

My head swam with two streams of thou ght, the 
worry o ver money on the one hand and, on the other, 
the formulating dream of wedding sun, wind, the well, 
ponds, aquatic plants, fishes and ducks to create a 
mini-farm in this backyard .  What i f l  were to thin k this 
through carefu l ly?  My water farm might ease m y  
financial burden b y  helping t o  pay for the new 
mortgage and for some of the household running 
costs . Might this be a sound way to wards greater 
financial independence? 

I began paci ng the property, banging on my pocket 
ca lculator, designing the bac kyard water farm and 
becoming more excited as the sketches and plans 
started to unfold (Figure 1 ) . 

It became clear that the existing pond was too small 
to do the j ob as it stoo d.  I t  wouldn't produce more than 
a few hundred po unds of fish a year. However, at its 
western end is an old, elevated wagon road, and 
beyond it, between the road and the wel l ,  there is room 
for a second, deeper, 1J10 acre pond . But to be rea l ly 
productive rhere would have to be some flowing water 
too.  The wind funnels down our va l ley,  so I imagined 
an American multi blade windmil l  pumping well water 

into the ponds when the wind is blo wing. Such a 
windmi l l  would increase the productivity of the water 
farm by an order of magnitude, or so I hoped. I have 
yet to work out all the design details but it would seem 
wise to pump the well water up into a series of solar
algae ponds (yet to he described) and then down 
into the new pond. The course of the water would 
go from the well ,  through a series of solar tanks into 
the first pond, then via duct into the second, existing 
pond. The water would be recycled as it overflowed 
from the second pond back into the first. The ex
change between the two would be dynamic, de
pending on the wind and the respective water 
levels. I had created in my mind a symbiotic, wind
powered water loop between the new 1 /10 acre 
pond and the shal low, 1h acre existing pond . 

I then planned to pump the water into a series of  
interconnected, translucent, fiberglass tanks five feet 
high by five feet in d iameter. Five or six of them would 
be adequate to absorb solar heat and to ox ygenate the 
well water by photosynthesis before it entered the new 
pond. Running the water through a zigzag course of 
black pipe would be a cheaper way of heating it but 
would neither o xygenate it nor provide auxiliary feeds 
and would l ack any storage capacity which might be 
needed during conditions of low oxygen. With such a 
scheme I might take a close look at the cost benefit 
value of a solar "river" composed of a series of solar
algae ponds as a way of optimizing the over-all system. 

My plan would include an emergency % to 1h h .p .  
electric or fuel -fired pump for periods when it i s  hot 
and windless ,  a nd oxygen woul d  drop to dangerous 
levels . I t  would be there for insurance, and I would 
hope that I wouldn ' t  have to use it. Electric aerators are 
not a good answer a nd encouraging their use would 
serve to buttress the a rguments of util ity people who 
are promoting nuclear po wer plants. 

The ponds would be des igned as d iverse ecosystems 
to pro vide a go od amount of the dietary needs of the 
fish. Nutrients would enter the ponds from several 
sources . Our household gray-water would be piped 
through three so lar-algae ponds containing water hya
cinth, aquatic ferns ,  duckweeds and a lgae. This way 
we wouldn't pol lute the ground water, as we now do. 
The water-purifying aquatic plants, in  turn, would be 
fed to the ducks and fi sh .  

The ducks would be another major nutrient source. 
At the present I have only half a dozen, but in my 
mortgage-paying ecosystem, I would plan on 250 or 
so in a 680 square yard fenced impoundment that 
would be connected to the half-acre pond. Their 
manure would fertil ize the pond. The remaining major 
nutrient input would be supplemental feeds for the fish 
and the ducks . Up to 1 2 ,500 pounds might be added to 
the system each year. A s ubstantial percentage of it 
would enter the various food chains within the pond. 
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Fish culture would be seasonal and vary between 
the larger, shal low pond and t he deep, new pond. The 
warm-season cro p in the shal low pond would include 
yellow bullheads, lctalurus nata/is , which are relatively 
fast-growing omnivores ,  blue r i lapia, Sarotherodon 
aureus, a plankton and p lant feeder and quite possibly 
m irror carp, Cyprinius carpio var.  specularus, a benthic 
or bottom feeder. All three l ike warmish water and can 
withstand short periods of low ox ygen. Ten thousand 
fish grown over a six month period starting in April 
might well ,  with fair ly heavy supplemental feeding 
and frequent water exchange, reach a marketable 
weight of  3 ,000-5,000 pounds . It is a guess ,  but I 
don't think an unreal istic one. 

Between October and April another 500 to 1 ,000 
pounds of fish l ike rainbow trout might be grown with 
the addition of sun-warmed well water, although this 
figure is pure speculation. I have never raised tro ut this 
way before. 

The small pond would be deeper, perhaps five feet 
in a l l .  Though it would be connected to the shal low 
pond, it might be less enriched with nutrients because 
it would receive the well water first .  It would be here 
that I would cultivate channel catfish, lctalurus puncta
tus, and if I could get them cheaply enough, white 
catfish,  lctalurus catus. I would also l ike  to try the 
fast-growing exotic characin, CollosiJma sp . ,  a fish that 
eats, and tastes l ike,  fruit. I f  the small po nd remained 
warm for long enough, I m ight get 1 ,000-2 ,000 
pounds or more of  marketable flesh from this pond. In 

the winter, trout should do wel l and perhaps add an
other 500 pounds to the total. 

Marketing would be retai l .  Mos t  of the customers 
would come looking for the crop. Some of the har
vested fish would be kept in so lar-a lgae ponds for l ive 
sale, to loca l  restaurants perhaps among others. Some 
of the fish might be so ld  fresh once a week through the 
loca l  hea lth-food store. The remainder I could cold 
smoke in a new smokehouse built recently at New 
Alchemy using personal funds . Smoked ti lapia and 
bullheads are mouth-watering, and sell for prices that 
fatten the pocket boo k .  

A s  part o f  the whole design process, I diagrammed 
the energy, material and money flows through the 
water form (Figure .2 ) .  On the back of the nearest en
velope (the one containing my electricity bil l ) ,  I tab
ulated some of the economics (Table 1 ) . 

A first pass suggested that there definitely was 
something to m y  backyard plan and that I should 
consider making it a real i ty .  With some care and 
attention I might obtain between 5,000 and 8, 500 
pounds of marketable fish a year. As the crop is small 
and the local market hungry for both smoked and l ive 
fish,  i t  should be possible to gross between $8,500 and 
$ 1 5,000. The smoked fish  sell at a minimum of $2 . 00 a 
pound .  The remainder, I think ,  I could retail at an 
average of $ 1 . 50  per pound .. Tilapia, which are low on 
the food chain ,  when sold as Sr. Peter's fish, should 
command even higher prices with organic food buffs . 
With a l ittle advance notice before harvesting, I ought 

T.4. BLI-: J - Back-of-the-1-:wvelope Calculation.> for a Back.wnf Water Far111 

Costs 

Initial Fixed Cow: 
I .  Backhoe . . . . . . . . . . . . . . . . . . . . . . .  o .  

2 .  Chicken Fencing . . . . . . . . . . . . . . . .  . 

3. Windmi l l  plus Tower . . . . . . . . . . . . . 
4. Solar Si lo s  . . . . . . . . . . . . . . . . . . . . . .  . 

5. Emergency Pump-Used . . . . . . . . .  . 
6. Duck House (Scrounged Materials)  . .  

Annual CoilS: 
I .  Labor . . . . . . . . . . . . . . . . . . . . . . .  o • • •  

2 .  Fuel or E lecrr icirv for Pump . . .  o • • •  

3 .  Feeds 

A: 5,000-8,000 lbs . carfish · 
rrour feed . . . . . . . . . . . . . . . o • •  

B: 2,500-3 , 000 lbs . rabbir 
feed for rilapia /carp . . . . . . .  . 

C: 1 ,000- 1 , 500 lbs . o f  marine 
fish wasre . . . . . . . . . . . . . . . . . . o o 

-l. Young Fish and Ducks 
(Bullheads Loca l ly  Trapped and 
Tilapia Loca l ly  Prod uced . . . . . . . . .  . 

Fixed Cos!J' Amortized Owr Six Vears . . . . .  

110 

A 71101/IIIS 

S 500-S 500 
S 600-S 600 
$2 ,000-$3 ,000 
S 800-S I ,600 
s 50-$ 1 00 

s 0-$ 0 

$ 3 , 950-$5, 800 

s 0-$ 0 

$ 2 5-$ 50 

S I , 2 50-S2 ,000 

S 2 50-S 300 

S 1 00-S 1 50 

S 500-S I ,000 

S 2 0 1 2 5-S3 0500 
S 658-S 96 7 
S2 ,  783 -54,46 7 

Produrt ion and fnumu• 

:Vlarketable 0!11 put: 
Pond / - 3 ,000-5,000 lbs (rhree species)  

500- 1 ,000 lbs .  rrour 

Pond 2 I ,000-2,000 lbs. car fish 
500 lbs .  rrour 

Tot.d . . . 5,000-H,SOO lbs., plus 250 ducks for Th;mksgiving 
marker 

Income: 
2 ,000--+.500 lbs. cold-smoked 52 00 ' lb .  

3 ,000--t.OOO Ills. l i 1T fresh S ! . SO lb. 

2 SO Ducks S 3  .00 apiece . . .  

-.; J . / JU' J L· I\-.; I'J· /( \T \1\ . . . . . . . . . • • . . . . . . .  

S-t,OOO-S <J,OOO 

S-t,SOO-S 6,000 

S 750-S 7SO 

S9 ,2 50-S 1 5 ,750 

S-t, 7H3-S I 2 ;<J67  
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Figure 2 .  

to be able to sell the crop with minimum effo rt and 
transport costs .  

For an initial capital investment of  $3 , 950  to 
S 5, HOO, keeping in mind my backyard already exists, 
and an annual operating cost of between $ 1 , 600 and 
$2 ,+5 0, I co uld real ize a net annual return of between 
S+, 7H3  and $ 1 2 , 96  7,  if the fixed costs were amortized 
over s ix  years . This would be a fami ly enterpri se and 

'"Wi. L.L 

S IL. O  PMTOSifm\\6�, 
W R T£.Q. "'W'Rtm\\l� 

friends would help with the harves t, so  I shouldn 't 
have labor costs. The water farm could more than pay 
for itsel f  in its fi rst year. 

I know that my farm is stil l a dream, but with the 
price of fish climbing, and many people looking for 
decent quality, poison-free, lovingly grown foods, I 
think my fantasy is w orthwhile. My daughter agrees. 
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This issue, this section is practically as eclectic as 
New Alchemy itself. Scien tific investigation, rigorous 

measurement and documenta tion, hands-on working 
experience, and a certain amount of rather opinion

a ted observation are all included. It is not unedited but, 
as originally expressed by fourteen A lchies and two 
So/searchers, it is virtually unexpurgated. As ex
plained earlier, the A rk was finally completed in early 
1 9 77. That gives us, as of this writing, over two full 
years of experience. A s  of this writing as well the price 
of heating oil for the coming winter, has been pegged 
at ninety cents a gallon. B ecause of this, we feel a 
certain urgency to communicate as much as we know 
about .the biologically linked form of solar energy tech
n ology that has proved so heartening in the A rk. 

The panoply of in forma tion to follow is presented in 

six parts. The first part, by John Todd, who organized, 
edited and bullied the information out of everyone, 
recapitulates the rationale and thinking behind the 
Ark. The second part is a physical description of the 

building in words and pictures. The drawings we owe to 
So/search Architects and the words are by Ole 
Hammarlund of So/sea rch and John Wolfe, Colleen 

A rmstrong and Joe Seale. The third part is the least 
technical and I think the most fun with everyone, 
expert and nonexpert alike, giving voice to what they 

think about the A rk. 
The fourth part describes the working of some of the 

Ark's subcomponents; the fifth part, the agriculture in 

th e A rk, and the sixth part, the aquac ulture Editorially, 
as one who didn 't chime in about the building in the 
article, I can only add that ! love it. It's bea utiful. On a 
winter day, slipping over ice and frozen ground to go 
into the Ark and find oneself immersed in warm air, 
living green and smells of earth and plants, kno wing 
that the small, alive world that greets one exists by 
virtue of the sun and not irrepla ceable fossil fuels, is a 
joy not easily overstated. 

NJT 



Photo by Tom Mignone 

From Our Experience : 
The First Three Years 

Aboard the Cape Cod Ark 
By the staff of New A lchemy 

& So/search A rchitec·ts 

PART 
ITS 

fohn Todd 

1 -THE CAPE COD ARK: 
RATION ALE REVISITED 

Since I 9 7 1 ,  we have conceived, bui l t and researched 
eight solar-based structures for culturing diverse foods 
at New Ale hem y . 1  Each has integrated architectura l ,  
ecologica l ,  agricu ltural and aquacultural knowledge 
with solar and wind technologies to create nonfossi l
fuel-dependent cl imatic envelopes for growing food. 
The bioshelters were vehicles through which we at
tempted to formulate and tes t an ecological science of 
design that we hoped would provide the foundation 
for a new direction in agriculture. 

The need for new directions in North A merican 
agriculture has been masked by high productivity. 
There are, however, hidden costs in orthodox 
farming: chemical appl ications a dd to atmospheric and 
terrestrial toxicity; cropping regimes, heavy ma
chinery, and herbicides tend to erode soi ls ;  capital-in
tensiveness displaces rural workers and small farmers . 
1 '(ht fif,r,I· rd Fl1r .\'!'<.:.' ·1 /rhoni.as. I tJ/7.  t.•d . �. j. Todd (\: c\\' Y o r k :  1: P. Dunonl. 

o\·vr\'IL'\\'S l l luch of 1his \\'ork .  

Moreover, the general dependence on increasingly 
scarce substances (natural gas for ferti l izer manufacture 
and petroleulm for fuels, biocides, and transport) and 
imported materials (Phosphorus, for example) places 
conventional agriculture in a position especial ly vulner
able to price hikes, embargoes, or unforeseen market 
market d isruptions. 

Implicit in the rise of high-technology agriculture 
has been the decl ine of regional food systems .  Spe
cialty farms in California, Mexico, and the Great 
Plains have displaced family agriculture in the North
east and other less- favored areas. Yet the conditions 
necessary for such geographic specialization, such as 
abundant fuels and chemicals, a robust industrial sec
tor, and blithe acceptance of the biologica l  consequen
ces of certain techniques , become less dependable 
dai l y .  

In  view o f  this trend , a revival o f  agriculture i n  the 
Northeast takes on new plausibility, especia l ly in 
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view of research carried out in the last ten years . For 
the first time there have come together scientific 
advances in several d iverse fields which, if systemati
ca l !  y reorganized into new forms, could revitalize 
food raising and farming in the region. :\dvances in 
ecology, sys tems theory, materials sciences , micro
electronics and computers as well as in the agricultural 
sciences themselves provide the intellectual underpin
n ings fo r ecological des ign. Food production can be 
min iaturized, decentralized into densely populated 
areas and less climatical! y favored regions, and par
tial ly freed of its dependency upon heavy fuel and 
biocide use .  Over the past three years ,  the bioshelter 
that we call the Ark has helped us chart such a course. 

I n  1 9 74/ 7 5 we began to conceptua lize a bio shelter 
that would point the way toward a solar-based, 
year-round, emplo yment-creating agriculture for 
northern cl imates . Our goal was to devise a 
food-raising ecosystem that would use little space and 
would require roughly one-fifth to one-tenth the 

TA BLE 1 -Bioshelter I 

Structure 

Length . . . . . . . . . . . . . . . . . . . . .  . 90 ft 
Maximum wi dth . . . . . . . . . . . .  . 2 8 ft 
Floor area . . . . . . . . . . . . . . . . . .  . 1 ,950 ft2 
Adjacent aquaculture courtyard 

(not shown in figure) . . . . . .  . 
45

.
0 angle south-facing roof . . .  . 

1 ,2 00 fr2 
2 ,000 ft2 

Vertical south- facing roof . . . .  . 1 60 fr2 
Translucent ends . . . . . . . . . . . .  . 32 0 ft2 
Laboratory pedestal . . . . . . . . . .  . 72 ft2 

Aquawlture 
Pool . .. . . . . . . . . . . . . . . . . . . . . .  . 2 , 8 7 2  gal 
1 4  solar ponds in interior . . . . .  . 9, 1 00 gal 
23 solar ponds in exterior 

cou rtyard . . . . . . . . . . . . . . . . .  . 1 5 ,000 gal 
Total solar pond aquacultu re 

faci l i ty . . . . . . . . . . . . . . . . . . . . 24, 1 00 gal 
Climate 

A i r  circulation: 3 ft diameter I h.p.  fan 
Hot-a i r  collection-subsoil duct return 

Venting: 200 ft2 ( 1 8 . 5 8  m2) on the peak 
Plus doors and vents along south s ide 

Hot-air storage (rocks) 4 3 - yd3 ( 3 2 . 88 m3) 
Translucent s loping roof 

Suspended 5 ft. ( 1 .5 2 m) 

( 2 7 .43 m) 
(8 5 3  m) 

( 1 8 1 . 1 6 m2) 

( 1 1 1 .+8 m2) 
( 1 8 5 . 80 m2) 
( 1 4 . 8 6  m2) 
(29 .92  m2) 
(6 68 m2) 

( I  0,870 l i ters) 
(3 4,580 l i ters) 

(57 ,000 l iters) 

( 9 1  ,580 I iters) 

Fiberglass in catenary cu rve. Double-walled separared 
by 1 " ( 2 . 54 em) air space 

Material: Kalwa ! !  Corporation Sun-Lite Prem i u m  0. 040" 
thickness (0 . 1 0 em) 

Single-layer ul tra-violet transmission: 5% at .33 rmcron 
85% at . 3 8  micron 
Visible light transmiss ion:  90+% ( . 3 8  -. 76 microns) 
Short-wave infra-red: most transmitted ( .  7 6  2.2 microns) 
Long-wa ve infra-red: most blocked and retained in interior 

( 2 . 2 -50 microns) 
North wal ls and roof, W' p l ywood on each side, 6 in .  ( 1 5 . 2 +  em) 

fiberglass insulation 
Shingled 

Foundation insulation: 2 i n . :  (5 .08 em) stvrofoam 
Auxi l iary heat: none 

capital of an orthodox farm. Our original target was 
for a bioshelter-based microfarm costing $50,000, 
land included . 

Our strategy was to avoid mimicking or scaling 
down s ingle crop commercial farms.  Instead we 
adopted an ecological perspective, incorporating into 
the design high levels of integration, a m ultiplicity of 
pathways, a blend of soft technologies and mixed 
crops (including greens, vegetables, flowers, fish and 
other aquatic fo ods), and the mass propagation of 
trees . The structure for the micro farm was to be a solar 
building with internal climate and disease and pest 
controls carried out by ecological, structural and 
data-processing subcomponents . 

The i l lustrations and photos in the fol lowing 
sections depict the interior of the Ark including the 
solar-algae pond aquaculture and the light reflecting 
courtyard in winter. Table 1 provides specifications, 
size and capacity of the solar structure. 

The Ark was a collaborative des ign effort between 
Solsearch A rchitects and The New Alchemy I nstitute. 
The sun provides all of the heating. In 1 978 ,  a 
stand-by stove was removed after the bioshelter 
managed to thrive through two relatively harsh New 
England winters . Heat is stored mainly in the 
translucent aquaculture ponds . A 43 cubic yard 
rock-sto rage/hot-air system provides short-term heat 
storage and thermal regulation. 

The west end room of the bioshelter houses the 
interior aquaculture facility of nine solar-algae ponds . 
Five additional ponds are located in the central agricul
tural zo ne. 

Next to the aquaculture room is the rock-storage 
area and a 2 , 8  72  gallon ( 1  0, 870 liter) sunken fish
culturing pond, which also serves as a source of 
nutrient-enriched irrigation water. On top of the rock 
storage is an experimental vine crop area. Behind it 
stands a m icro-computer encased in a humidity
control led , glass -fronted hous ing. Above this i s  a 
small laboratory suspended from the vault of the 
structure. 

The centra l area is agricultura l ,  and is used to evalu
ate food crops suited to s uch a so lar cl imate. In this 
section va rietal resting of marketable crops is carried 
out on fo ur  tiers . Against the south wall is a long bench 
area used fo r the mass propagation of tree, flower and 
vegetable seedl ings . In l ight-limited zones, small 
micro-contro l ecosystems, o r  biological "islands," 
have been establi shed as habitats fo r organisms that 
poll inate crops and control crop pests. Deep enriched 
soils are used as the growing medium as wel l as for gas 
production,  particu lar ly carbon dioxide. 

The eastern end of the structure includes a work area 
and a production bed for vine crops such as tomatoes . 

There are many linkages between the aquaculture 
and agriculture. The fish tanks pro vide irrigation 
water and nutrients in the form of fish feces and dead 
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a lgae to the crops while weeds, cuttings , and agricul
tural by-products are in turn often emplo yed as fish 
feeds, comfrey being a prime example of this . 

Such a prototype microfarm differs from existing 
greenhouse facilities in several fundamental ways, 
including: 

1 .  SoL1r heating instead o f conventional fossil fuel systems, 
wh1ch account for more than SO% of food-raising costs in 
cold climate greenhouses/ 

1 .  Heat storage
-

uti l i 7. ing the fish culture faci l it ies as well as  a 
subterranean rock-fi l led chamber; 

3. The usc of warmed aquaculture water contain ing nurrients fo r  
irrigation and fertilization, e l iminating the need fo r  most 
purchased fertil izers; 

.J.. Using terrestrial plant wastes as feeds for fishes and indigenous 
culture of feed stocks for the fishes, particular! y algae but 
also zooplankton; 

S. Using algae-fi l led solar ponds that operate as solar heat col
lectors as well as fish culture components; 

6 .  The integration of aquaculture with greenhouse plant-raising 
components employing Chinese pol yculture strategies in the 
former and ecological, multi-story design in the larter; 

7.  Pest control through such biological pathwavs as lizards 
and insects rhat arc predatory on pest species; 

H. Emphasis on investigating food plant species and varieties 
adapted to natural interior climatic variations as an alternative 
to energy expensive climatic manipulation; 

9 . . 
! .he eventual usc of an integral windmill-powered freezing and 
food-storage plant; and 

1 0. :\ structure that util izes insulated north walls and roof and 
reflective interior walls to re-radiate l ight from the sun and 
southern sky onto the growing area, so as to conserve heat 
without seriously reducing the light available for plants.3 

The Ark shares a number of characteristics with 
orthodox greenhouses and cu ltivation practices, in
cluding: 

2 D. C. Dalr�·mpk·.  1 9 73, "Conrrollcd Enviro111m.:nt .-\gTindrurc." L'SD.-\ E<.:onomic 

Rcsc:•rch Rcporr #H9: 63-6X. 

3 T  . .-\ . L1w:tnd cr al.. \ 975.  So/11r fnrrgy, 1 6: 307- 1 2 .  

I .  Plant propagation and  culture techniques; 
1 .  Soi l  moisture control through migation; 
3. Humidity control and air  circulation to lessen d isease; 
+. Disease-resistant varieties; 
5 .  Intensive planting and management techniques; and 
6. Experimentation in one section of the bioshelter with the most 

valuable crops commercia l ly ,  including tomaroes, cucumbers 
and lcrtuce. 4 

Three years of research have s o  far done much to 
vindicate the bioshelter concept . Ecological stability 
and disease- and pest-control have been achieved 
without recourse to biocides . The agricultural/aqua
cultural environments have proven productive. The 
aquaculture has achieved the highest yields of any 
standing body of water yet described. We have grown 
valuable cash crops to maturity in winter and identi
fied a number of food crop varieties adapted to the 
bioshelter so lar environment. We have started work 
on a micro-control ecosystem and biological manage
ment program. Unquestionabl y,  our ecological and 
"space ship" approaches to food culture are showing 
evidence of viability . 

As a consequence of working with the Ark we are 
now reaching a new plateau, namely, the synthesis of 
economics with an ecological design science .  We seek 
to bring together ideas of earth stewardship, food 
growing and the creation of exciting new ways of 
making a liv ing. I believe that such a fusion is now 
possible. 

I hope the fol lowing sections chronicling our expe
riences will cause you to consider the bioshelter as a 
way of feeding fami ly and friends or as a livelihood in 
the future. 

4 IJ. (;, Dalr�·mplc. loc. cir. 
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eXTERIOR LAND::JCAP!N6 

PART 2 --PHYSICAL DESCRIPTI0'J 

O F  THE A RK 

Drawings of the A rk by So/search Architects 

Building the Ark: A Brief Overview 

Ole Hammarlund 

Work on the Ark began as soon as the funding was 
assured, which happened to be January. After a month 
of  design we were ready to start building. The weather 
on the Cape is not rea l ly  suitable for outside work in 
the winter, but the frost is not too deep and our 
resourceful excavating-concrete contractor Ted Wolfe 
had no trouble digging for the footings. Pouring was 
more of a problem. The weather had to be warm 
enough to prevent the concrete from freezing, yet cold 
(or dry) enough to permit the concrete truck access 
through the field .  One winter morning looked right 
and we started, but two hours later, three trucks were 
stuck in the mud and Ted and I chopped practical ly 
every tree in sight and threw the branches under the 
muddy wheels .  

Hours later we had s ucceeded in moving all the 
trucks and pouring the concrete. We were ready to 
start framing as soon as the forms were stripped. 

The work force for the Ark consisted of myself, in 
charge of on-the-spot designing, work coordination 
and getting materials ,  and the crew of New A lche-

mists, taking time off from their regular chores, as well as 
skilled and unskilled volunteers for the day or week. 

Some sections of the roof were prefabricated on the 
ground and raised with a great crew of Saturday vis
itors. Other sections were built by two carpenters 
from Lindisfarne. Meanwhile, in the barn, I was pre
paring for the prefabrication of the curved double
glazing panel s .  The first step was the production of a 
2 2 '  long and 4W wide curved mold. In that mold the 
two layers of Kalwall fiberglass would be riveted onto 
%" U channels creating the insulating airspace between. 
On one side of the panel the 2" x 2" rafter would be 
mounted with a I "  x 2" coverplate. On the other side a 
I "  x 3 "  coverplate was fastened. Upon erection just 
one row of screws would fasten all the panel s together 
into a strong, integral roof system. 

On D-day we were a crew of six suspended from 
ladders reaching from the ground to the peal< . It was 
incredible how the wobbley panels became stiff when 
mounted together. When I drove home in the night 
after installing the last panel, I was considering elimi
nating a truss suppo rting the panels at midpoint. What 
fo l ly ' The next night a ga le rose, and I was called to the 
site to find most of the long, glazed panels caved in. 
The welds in  the top brackets had failed causing the 
now unsupported 2 x 2 rafter to co llapse. 

It took several weeks to replace the damaged panel s, 
this time wel l-supported at midpoint .  About th is ti me, 
Peter Laue took over my role .  Al l  the beautiful finish
ing work is his creations, done during the following 
year. 
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Conceptual drawing of the Cape Cod A rk from the South. 

The A rk interior. 

Cross sectiou through aquaculture room. 

Cros.r section through rock storage chamber. 
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1 INTAKE VENT FOR ROCKSTORAGE: WARM AIR FROM THE TOP OF THE GREENHOUSE IS ORA \'IN 

DOI'IN BY A I> HP FAN & BLOWN INTO ONE CORNER OF THE ROCKSTORAGE 

2 ROCKSTORAGE: A 2000 CU. FT. BED OF 3""-5" DIAMETER ROCKS TRAPS & HOLDS HEAT FROM 

WARM AIR DURING THE DAY. AT NIGHT. COLD AIR COMING THROUGH THE ROCKS PICKS 

UP STORED HEAT FROM THE ROCKS ANO HELPS MAINTAIN GREENHOUSE TEMPERATURE. 

3 OUTLET PLCNUM; AIR FROM ROCKSTORAGE IS RETURNED TO THE LOI'I PART OF THE 

PLANTED AREA THROUGH ADJUSTABLE BLOCK VENTS IN THE CONCRETE BLOCK 

PLENUM WALL. WARM AIR HELPS PREVENT FREEZING ON SUNLESS DAYS & AT 

NIGHT; AIR MOTION BREAKS UP STRAT I F I E D  AIR. REDUCING PR08!.EMS SUCH AS 

MILDEW & OTHER MOISTURE·RE!.ATED OIFFICUL TIES 

4 TOP OF OUTLET PLENUM. WOOD PLANK SURFACE SERVES AS RAISED. WARMED 

SEEDLING & CUTTING PROPAGATION AREA 

S OPEN POND 4.0" DEEP CONCRETE POOL SERVES AS A LOW· TEMPERATURE 

HEAT RESERVOIR. A SOURCE OF PAE·I'IARMEO IR RIGATION WATER. AN 08· 

SERVATION TANK FOR FISH·FEEOING EXPERIMENTS. AND ASAN INDOOR 

HABITAT FOR FROGS. TURTLES AND OTHER DESIRABLE AQUATIC & 
AMPHIIUOUS ANIMALS & MICROORGANISMS 

6 ""SOLAR PONDS"" TRANSLUCENT PLASTIC FISHTANKS 5" TALL X 

5" OIAMETER.9 TANKS ON 2 LEVELS FOR THE INTENSIVE 

AQUACULTURE OF TILAPIA AND OTHER EDIBLE FISH 

7 LOFT: A SUSPENDED LABORATORY/OBSERVATION PLATFORM 

8 HINGED KALWALL VAULT SKYLIGHT· ENTIRE ASSEMBLY 

LIFTS TO EXHAUST HOT AIR IN WARM WEATHER 

CURVED OUTER MEMBRANE & FLAT INNER MEMBRANE 

ARE NAILED TO A 2 X 4 PERIMETEfl FRAME l.o CURVED 

PLYWOOD SUfPORTS RUNNING VERTICALLY 

EVERY S.-D .. 
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9 LAMINATED I'L YWOOD BOTTOM SUPPORT: 3 LAYERS OF 3/4" PLYWOOD GLUED & NAILED 

NOTCHED IN & NAILED TO 2 X 8 1'LATE ON CONC. FOUNDATION WALLGI 4"·G"" ON CENTER 

10 CABLE-BRACED KINGI'OST TfiUSS ROOF RIB: AN EXPERIMENT IN MINIMAL STRUCTURE 

2 X 21'1000 TOP CHORDS@ 4"-6"" ON CENTER 

11 CABLE & KINGPOST: 3/16"" STEEL CABLE; ADJUSTABLE LENGTH STAINLESS 

STEEL KINGPOST ALLOWS ADJUSTMENT IN CABLE TENSION. 

12 TOP BRACKET ASSEMBLY: WELDED STEEL PLATES & ANGLE. SCREWED 

TO 2 X 2 RIB. RABBETED IN & SC.'\EI'IEO TO FACE OF MAIN BEAM ASSEMBLY 

13 DOUBLE KALWALL GREENHOUSE ROOF. TWO LAYERS OF K,\U'IALL 

.04"" ""SUN LITE"" PLASTIC WITH A 1" INSULATING AIRSPACE BETWEEN 

INVERTED VAULT SHAPE ADOS RIGIDITY 

14 PL YWOOO CLOSER PIECE: 314"" PL Yl'/000 CUT TO CURVE OF 

KALWALL. SEALED TO ROOF MEMBRANE W/FOAM PIPE INSULATION 

15 CONCRETE FOUNDATION '.'I"ALL: TYPICAL 1'/,>,LL a·· THICK. 

FOOTING 0 NORTH BEARING WALLS ONLY. DEPTH WILL 

16 PERIMETER INSULATIONc 2"" STYROFOAM HEADBOARD 

PROTECTED TO BELOW GRADE LEVEL BY 1/4" THICK 

CEMENT/ASBESTOS PANELS NAILED TO 2 X B PLATE 

17 TYPICAL [',"OATH-FACING ROOF· 2 X 8 RAFTERS 2>1 • 
ON CENTER WITH liT PLY\'IOOD BOTH SIDES & 
CEDAR SHINGLES. ,;;·· FISER BATT INSULATION & 
2 MIL POLYETHYLENE VAPOR BARRIER GIVE THIS 

ASSEM8L 'I A U·FACTDR OF 0.031. THIS ROOF 

LOSES HEAT 21 TIMES MORE SLOWLY THAN 

CONVENTIONAL GfiEE.tiHOUSE ROOFS 
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Changes in the Ark Since Building 

The Ark is constantly evolving and being improved . 
The fol lowing changes have impro ved its effective
ness as an agricultural bioshelter. 

john Wolfe 

Since the completion of the Ark any changes have 
been minor. In January of 1 9 77 ,  we boldly decided to 
remove the woodstove which was the back-up heat 
source. During the summer of 1 9 78, two skil led 
friends,  John Jennings and Christian Jacqz, installed a 
7' by 7' triangular vent overlooking the sunken pond, 
thereby improving air  circulation. For the winter 
1978/79 season we added five s ingle-glazed , 6 3 0  
gal lon solar-algae ponds t o  the building. 

A smattering of additional  modifications are immi
nent. We surmise that the area below the southern 
glazing bleeds heat more quickly than we'd l ike. The 
plywood soffits at the base of the curved fiberglass 
panels need an inch of board insulation, and the hot -air 
duct running from the rock bin along the so uth founda
tion wall needs its inner wall  and floor lined with board 
insulation as well . Kathi Ryan would like to see sti l l  a 
little more overall s ummer ventilation and winter a ir  
movement for the high northern tier of growing beds. 
One or two more vents will help to bring the vent-area
to-air-volume ratio close to the breezy and cooler 
Six Pack ,  and boring a hole into the side of the rock 
box to short circuit some of the forced air will solve the 
latter problem. 

During the autumn preparatio ns, tropical aquacul
ture and temperate agriculture seem at cross purposes. 
Warm-weather crops need sustaining well into the fal l  
and A r k  temperatures approach these plants' upper 
tolerances . We plan to test a new fan and vent strategy, 
controlled by thermostats or the Microlog computer. 
The fan wil l  start drawing hot air into storage w hen 
low air t emperatures reach 7 2°F. (upper air w ould be 
80°); if this doesn't keep air temperatures cool enough, 
venting wi l l  be activated at 7 7° as a last resort. If the 
aquaculturists want to store still more heat in the 
ponds than these elevated temperatures permit, we 
may temporari ly partition off the west wing which 
holds nine solar-al gae ponds (a total of about 5, 700 
gallons or 2 1 .6  cubic meters of  water), and virtual ly 
simmer the aquaculture area in late August,  September 
and October. 

These nine solar-algae ponds act not only as fish 
culturing units , but also as passive solar collectors with 
internal heat storage. Dai ly wintertime temperature 
fluctuations in the ponds pro vide some indication of 
the amount of heat that is  stored and l ater released.  
Amplitudes in temperature oscil lations averaged at 
least 2 Y2°C. this past winter. Since the ponds conta in  
2 . 3  to 2 .5  cubic meters of  water, this represents s ix  

mil l ion calories absorbed, stored and released by each 
pond over an average 2 4-hour period. Over four win
ters this heat will equal the amount of energy expended 
in manufacturing the pond (calculations are detailed in  
the Aquaculture section) .  Over the expected l i fetime 
of the pond, five times as much useful energy will be 
generated than was spent in its creation. 

Colleen Armstrong 

Lo oking at the Ark in theory and design, most of  
the changes that have taken place are secondary.  
Besides removing the rusty potbel ly stove (where l it
tle beasties habited), i ncorporating additional solar
algae ponds, and mainta ining the building itself, 
various wood constructions have increased the Ark 's 
val ue as a functional bioshelter. 

In  the s ummer months, the west wall along the 
sunken fish pond can be replaced by a screen duplicate. 
With this screen wall and after opening the east end 
doors, a stream o f  cross winds can pass through the 
growing area. Consequently,  the high temperatures 
inside drop a few degrees and the plants benefit from 
the extra aeration. Many efforts have been made to 
optimize the vertical space within the building. Crops 
are grown on trel l ises that can be removed when un
necessary. Wooden struts have been attached to the 
support beams where hanging pots are suspended . 
Large box es placed on top of the rock storage area 
have been filled with com posted so i l  and various crops 
have been grown wi thin.  This particular growing area 
is special because the soi l  absorbs some of the heat 
given off by the rock storage and the area itself is the 
warmest and brightest in the Ark. Tree cuttings, large 
herb plants and tropical vegetation have all been suc
cessful in this warm zone. 

How the Building Works 

joe Seale 

The Ark is a solar-heated, windmill-assisted bioshelter 
which functions year-round without foss i l  fuel or aux
i l iary heating. It employs electricity in an air-ci rcu
lating fan, a microcomputer and for the nocturnal 
aeration of its aquacul ture facilities. Our present de
sign emphasis is toward the reduction of the Ark ' s  
electrical needs .  Happi ly,  the solar performance of the 
bui lding has exceeded our expectations . 

The summer functions of the Ark are less critical 
tha n  those of winter. Li ght is abundant in summer, 
alt hough much of  the l ight comes from the cast and 
west. In addition to the south glazing, the Ark's east 
and west windows are important to its summer func
tioning. The only potential climate problem is over-
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heating, and the antidote is ample venti lation. 
The architectural requirements posed b y  winter are 

more demanding. Sunlight comes in at low sun eleva
tion angles for a shorter period of the day from the 
southeast to the southwest. The photos ynthesis by 
p lants and algae as \.vel! as the maintenance of warmth 
rel y on the light-gathering capability of the building. 
The steep pitch of the south glazing reaches up to catch 
n ear-horizontal rays of the sun effectively .  A white 
back wall reflects incoming light down onto the p lants 
and the so lar-al gae po nds . Marble chips in front of the 
A rk reflect li ght up into the building. 

Such a cl imatic en vel ope has to retain the heat of the 
incoming sunlight. Sufficient air-tightness helps , and 
some doors arc taped shut for the winter to cut infi ltra
tion. Double glazing on the windows and a second 
la ycr of  Kal wall for the south aperture create dead air 
spaces for further insulation.  The north s ide of the 
building, which sees l i ttle light, is opaq ue and heavi ly  
insulated. In our case, very hea vy insulation does not 
pay, as glazing heat losses dwarf small gains to be made 
through extra north-side insulation. I ns ulating sk irts 
penetrate down into the soil around the building pe
riphery to retard heat los s .  

To  avoid plant-stressing temperature fluctuations, 
and particularly to avoid freezing temperatures at 
n ight and in cloudy weather, heat storage must com
plement good heat retention. The structure itself pro
vides some inherent heat storage in the thermal mass of 
concrete walls, soil, etc. Bur the bulk of the thermal mass 
comes from the solar-algae ponds and a rock storage 
bin. 

The rock storage bin uses a blower to draw air from 
near the ceiling, force the air through a rock pile, then 
o ut through d ucts at floor level. The rocks absorb 
daytime warmth from the air, reta in it, and give up that 
warmth as the building cool s  at night and in cloudy 
weather. Besides storing and relinquishing heat to 
reduce temperature f1uctuations, the rock storage sys
tem pro vides important air movement necessary 1 )  for 
healthy plant growth without excessi ve mold and fun
gus problems,  and 2) for disrupting the s tratification o f  
cold air that can otherwise co llect in  l o w  places and 
even ca use frost damage under extreme conditions . 

The solar-algae ponds complement the rock stor
age. They absorb heat by air convection, infra-red 
absorption from warmed surfaces in the building, and 

by absorption of  di rect and ref1ected sunlight. They 
give up heat by con vection and infra-red radiation. 
Water is a very effective heat absorber, three times as 
effective by volume as bro ken rocks. And the solar
algae ponds serve a dual economic function as thermal 
reservoirs and as spaces to raise fish. While the thermal 
functions of the solar-al gae ponds require no direct 
input of mechanical energy, the rock storage air circu
lation helps make the solar-al gae ponds work more 
effectively by break ing thermal stratification and en
hancing convective heat exchange to the pon ds. I f  
more ponds were to replace the thermal mass o f  the 
rock storage s ystem, mechanical blowers of some sort 
would stil l be necessary, although total mechanical 
energy consumption co u ld he reduced su bstantiall y .  

The cycling o f  water vapor through the Ark intro
duces a factor whose climatic and biological conse
q uences we are just beginning to understand. When air 
temperatures exceed about 2 0°C. (68°F.)  the thermal 
energy lost in the water vapor carried by escaping air 
can (depending on indo or and outdoor temperature 
and relative humidity) equal or exceed the thermal 
energy lost in the dry air itself. Therefo re, daytime 
ex-filtration of water vapor can represent a s ignificant 
net heat loss .  That loss is felt selectively by surfaces of  
evaporation :  the solar-algae ponds, leaves , and wet 
soi ls .  Condensation on glazings reduces their effective 
thermal res istance. Consider the heat loss on surfaces 
o f  evaporation .  Th�t heat of vaporization reappears 
with condensation on the glazing surfaces and is con
ducted to the outdoors .  The warming of inner glazing 
surfaces by water condensation reduces convective 
heat loss to those surfaces , but in a total accounting the 
building loses more heat .  Condensation on glazings in 
a bioshelter at certain times is practical ly inevitable, so  
condensed water must  be channeled and kept from 
surfaces it might damage. After the initial evening chi l l  
has condensed most of  the water out of  the air in the 
Ark, water vapo r almost ceases to affect thermal 
energy transport. 

An article in the fi fth Journal, "A Thermal Budget 
for the Greenhouse of the Ark on Prince Edward 
I sland : Where Does All The Heat Go ? "  gives a quan
titative analysis and time domain simulation of the 
thermal energetics of the P. E. I .  Ark.  A s imilar model 
for the Cape Cod Ark is being underta ken . 
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PART 3-CRITIQUE OF THE ARK: 

FOUR TEEN NE W A LCHEMISTS AND 

THE TWO A RCHITECTS REPORT ON 

THEIR IMPRESSIONS AFTER THREE 

WINTERS OF A RK PERFORMANCE 

Alchemy: Colleen Armstrong, Denise Backus, 
Earle Barnhart, AI Doolittle, David Engstrom, 
Tanis Lane, Conn Nugent, Jeff Parkin, Kathi 
Ryan, Robert Sardinsky ,  Joe Seale, John 
Todd, J ohn Wolfe, and Ron Zweig 

So/search A rchitecture: David Bergmark and Ole 
Hammarlund 

Questions asked by John Todd. 

Here those of us most closely associated with the 
Ark tell of our experiences and our concerns about the 
bioshelter. We also try to explore the deeper meaning 
of the Ark and its place in the future. Any redundanc y  
between u s  has been retained to indicate those areas 
where agreement is strong. No comments have been 
deleted so the fu ll range of feelings is expressed. 

Section 1: Bitches, Suggestions and Changes 

A. What  Do You Think Is Most Wrong With 
the Ark? 

B. How Would You Correct It? 

Colleen : 
A. The biggest problem is proper venti lation. Espe

cia l ly  in summer months, we have seen unhealthy 
temperature extremes over the past two years. As much 
as 40°F. in one day. Adequate ventilation would pro
vide a steady current of air at all levels inside the Ark . 
Plants would be hardier; there would be less stagnant 
air and better cross-pol l ination. Cooler, stabler a ir  
temperatures would facilitate the summer growing 
reg1me. 

B. Top vents that covered the entire growing range 
and side vents like those in the Six Pack (a smaller 
bioshelter at N .A. I .) would be a start. Automatic ven
tilation would be a consideration .  The motors are not 
that large and there are many on the market that are 
quite dependable. Although I hate to admit it, these 
l ittle mechanisms are more responsive than some of  the 
Ark keepers, i .e .  Me. 

Earle: 
A. The active heat distribution with the fan is now 

functional ly separate from the heat retained with the 
aquaculture water. The major management hassle has 
been that the gardeners want to vent excess heat in the 
spring and fal l ,  while the aquaculture people want to 
absorb heat in the spring and fall .  There is now no 
structural way to transfer heat, except by letting the 
internal temperature rise and passively heat the fish 
ponds. 

B. Alter active distribution to place excess heat from 
the air directly into the aquaculture water. 

Solution 1: Separate the aquaculture section from the 
main plant growing zones. First send solar heated a i r  
to  the aquaculture room, to  return by flowing through 
a new opemng m the rock storage area (see the 
fol lowing sketch) .  
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Solution 2: Put a Kalwa l l  jacket around the 
aquaculture tanks. This jacket need not be tota l ly air 
tight, and wi l l  also act as night insulation. It can be 
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made to be removable (see the above sketch). This 
i s  functional ly  a good solution, but with many 
drawbacks, including difficult access .  

So/utio11 3 :  Hot air i s  channeled t o  ponds i n  ducts, 
and passed through finned tubes in each tank,  in  order 
to transfer heat directly into the water (see the 
fo l lowing sketches for deta i l ) .  

David B . :  

' - - j l(oc r< 
S'ToRAGT � 
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A .  I happen to have a rather soft spot for the Cape 
Cod Ark over and above the other buildings we have 
designed and built. So what's most wrong with the 
Ark:  It i s  a "one-of-a-kind" structure, simple in theory 

and construction, but too d ifficult to duplicate in its 
present form and/or increased scale. The components 
of the building-north wal l ,  tensioned structural 
members, the glazing panels-are themselves too 
sophisticated (perhaps unnecessari ly)  for conventional 
home-bui lt  or factory-built greenhouses . 

B. I would advocate a simpler building systems 
approach . We've become increasingly excited about 
conventional systems which have been available on the 
market for some time, for example, double-film green
houses using double polyvinyl-fluoride instead of 
fiberglass, with insulation curtains and back-up wood 
heat. Heat stretched P . V . F. (Tedlar) has been catch
ing our eye, as well ,  because it can be used as a durable 
glazing s ystem (high light transmissions and higher R
factor) as the north insulation wall with insulation 
placed between Tedlar sheets . 

AI :  
A .  The double . 040" glazing Kalwall on the south 

wall is too much. I t  possibly needs some transparent 
materia l .  The building is too noisy ,  and the sounds are 
wrong for this building. 

B. If we were using Kalwall I would try a s ingle 
layer of .040" with a thin layer of either 0 .025" or some 
other material .  

David E. : 
A. One shortcoming is the exterior caulking and 

finishing in the Kalwal l  areas. Sil icone sealant was used 
and has peeled over most of the surfaces in contact with 
Kalwal l .  The boards lapping over the Kalwall are 
untreated wood and consequently poor adhesions . As a 
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Phoro by John Todd 

result east and west ends of building look s loppy. 
B. Use high-grade wood-spruce rather than pine

with urethane on areas of glue contact. Also the Kal
wall areas in contact with the wood should be sanded 
and properly prepared for flue adhesion. 

Ole: 
A. The internal air change speed is too s low. I 'm not 

happy with the low inlets for natural ventilation. 
B. A low static pressure, high volume fan would be. 

The problem with the low inlets has been partially cor
rected by summer screen panels .  

Conn N . :  
A .  The problems I s e e  with the Ark  are bad venting, 

an inefficient use of space, some poor workmanship, 
and difficult fabriations such as the concave Kalwa! ! .  

Jeff: 
A. I feel the Ark should and could be a much more 

sensuous experience. To catalyze people's awareness 
of  the fulfi l lment possible in nurturing ecosystems, the 
root of that timeless organic bond between people and 
nature should be the primary focal point. 

B. Perhaps grow as wide a variety of flowers as 
possible for both visual  and aromatic contributions .  

We could incorporate into some utilitarian functions, 
some fal l ing water (i .e. a small waterfa l l ) .  The sound of 
this with that of bees, maybe some birds ,  and silence 
would help to say it. I would somehow minimize the 

noise generated by the fan.  The appearance of lushness 
should be kept at a maximum, even if this means the 
introduction of some nonutil itarian plants . Hanging 
and/or climbing plants would add a lot to this .  

Even when immersed in the interior of the Ark, one 
should not lose touch with the o utside world. Trans
parent glazing (portholes if you like) should be inter
spersed with the translucent so that the sky and rest of 
the surrounding environment is visible from many 
places inside a lthough some balance would have to be 
achieved with one's need for privacy. The transparent 
southern vertical windows serve only a token function 
in this sense. 

Kat hi :  
A. To retain as much heat as possible there are no 

windows in the north roof and walls . This can create 
some difficulties with the agriculture. I 've noticed that 
the plants grown on the upper levels of the Ark are 
extremely phototropic, often spind ly .  The flowering 
and fruiting plants rend to produce a lot of foliage bur 
often few flowers or fruit. In the design there was a 
laboratory deck at the top of the building directly over 
the northwest section of the growing area : The incom
ing light that would normall y  he available to those 
plants was blocked . 

B. The lab is not essential to the function of the 
greenhouse and should be omitted from future designs . 
We are now using the area below the lab for two large 
solar tanks and have dismantled parts of  it to allow 
more light through . 

If the benefits of l ight gained were more than those 
of heat lost, I think that small windows on the north 
roof like those in the Six Pack would be beneficia l ,  
possibly with an  insulated shutter. However, there are 
ways in which the north wall area can be util ized for 
purposes other than growing plants. For example, the 
workbench in the Ark is in a prime growing area , 
although it may be less convenient on the hack wall, it 
would free up that area for plants . 

Other ways of utilizing the back wall are water 
storage, sprout growing, the raising of earthworms or 
rabbits, or for herbs and varieties of ornamentals that 
do well in conditions of lower l ight. 

Sardo : 
A. It 's empty !  The Ark has approximately 1 750 

square feet of  floor space. About 57 5 sq. ft .  arc used for 
agriculture and 400 for aquaculture. The remaining 
77 5 is used for walkways, not including the suspended 
observation area. In addition, we are currently using 
only about 1fs of the Ark 's volume ( 1 7 ,000 ft3) . 

B. I would use vertical space more efficiently 
terrace the hell out of it--and make al l  walkways 
multifunctional ,  serving as  thermal mass , retammg 
walls ,  and walkways at the same time. 
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Joe: 
A.  The air flow through the rock thermal storage 

bin and out through the ducts is far too constricted , 
and as a result ,  the energy requirements to move air are 
excessive. Some mechanica l ly assi sted air movement is 
desirable to turn air over, but good , open design of a 
rock storage could al low the same function at only ten 
to rwenty percent of the present energy cost. 

B. The problem is  built in .  In a d ifferent building, I 
would create spacious plenums for air flow and space 
for a low-speed, large-diameter fan-perhaps s ix-feet 
diameter for an Ark-sized building. 

John W. : 
A. The electric power requirement (a ki lowatt for 

air pump and rock bin fan; another intermittent 2kw 
for pond resistance heaters in fish breeding tanks at 
least this winter) is much too high. 

B. See redesign notes previous section . John 
Wolfe .  

Ron :  
A. The des ign is much too complex to  be approach

able by anyone short of a gi fted artis<In .  The building 
is good for N .A .  I . . because it demonstrates how excir
ing solar architecture can be. This is both a positive 
and a negative attribute. The design does provide 
some interesting design success stories, e .g . ,  structure 
Wires . 

B. I would use a more comprehensible, and simple, 
design. It would have to be one that would be adapta
ble as a whole or in part for d ifferent size bioshelters . 
Readily available and easi ly assembled materials should 
be used. 

C. What Other Mistakes Were Made? 
D. How Would You Fix Them ? 

Colleen : 
C. Now, I do not know too much about architec

ture but, . . .  if we could keep the same important angles 
of the building but lower the cei l ing, I think we would 
have a tighter bioshelter. 

In the agri-area , the third level is a dead pocket with 
less light, less air movement and quicker erosion than 
other level s .  No go. 

No wooden walkways .  These are eas y spots for 
rodents, s lugs, and sow and pill bugs to hide during 
daylight. 

The gro wing area is  d ivided into many sections . A 
lot of this space becomes pathways .  i\:lore feet tromp
ing around means higher fata l i ty for voung plant l i fe. I 
can 't get into "Keep off the plant" signs . The division 
of plots also makes watering much more cumbersome. 

The east end of  building was never sufficient ly in
su lated. 

D. I would sink the bioshelter a third into the 
ground, or somehow decrease the height of building. 

I would have two levels in the growing area . Each 
level would have one or at the most two central plots . 

I would prefer earth, gravel or cement walkways. 

Earle: 
C. and D. The ventilation by convection in summer 

is too s low to cool the building. I would design for 
venti lation by convection. The best solution is Six 
Pack type low south vents , but these are not possible in 
this case. The next best solution would be screened 
vents opening inward on the west end wal ls ,  and on 
both east end wal ls .  

The entrance thresholds are at ground level ,so ice 
and snow block the doors in the winter. But it's too late 
to change the entrances . 

The south wal l  is inadequate ly  insulated. Insulation 
should be p laced; (a) outside, on the exterior of the 
plywood; (b) ins ide, between the air duct and the 
south foundation wal l ;  and (c) on the floor of the duct 
(using loose vemiculite ? ) .  

Detail of south wall and interior duct. 

VEr-JT 

The forced venti lation from the rock box is 
misdirected and misproportioned . We could cut new 
vents in the east side of the rock box to shoot air over 
the upper terraces .  

There is wood at places where condensation 
collects, which will rot. We could cast special south 
foundation shapes to collect both rain and condensa
tion water (see the fol lowing sketch) .  
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Improved south wall design. 

David B . : 
C. and D. Electrical consumption is h igher than 

necessary to operate the a ir  circulation s ystem in the 
greenhouse. An axial fan should be substituted for the 
centrifugal fan now used to store heat in the rocks and 
supply heat to the greenhouse. Axial fans have a better 
ratio of horsepower to CF M for low pressure drops 
than centrifugal fans .  Electrical consumption would be 
l owered s ign i ficantly .  

The natural venting system is n o t  o f  s u fficient size 
to remove excess heat effectively in the s ummer. The 
lower vents of the greenhouse should approximate the 
surface area of the upper vent. 

Infi ltration in the winter is higher than necessary. 
The exterior openings should be weatherstripped . 

Humidity levels could be reduced ; an air-to-air  heat 
exchange s ystem would expel humidity and capture 
80% of the exhausted reusable heat. 

A I :  
C. The noise in the building does not  match the 

visual effect . The sound of motors and fans overrides 
the natural sounds. 

D. Place a l l  motors and fans in more soundproof 
enclosures, and produce neutral sounds l ike water to 
override the background. A lead or ceramic frog or 
flower in the concrete pond spitting water in the air ,  or 
anything that makes bubbling water sounds with low 
energy costs would do it . 

David E. : 
C. The other exterior areas wi l l  not weather well, 

particularly the areas between the Kalwall on  the 
south solar roof. The triangular peak wood areas are 
warped and severely weathered . 

D. Again, cho ice of wood and craftsmanship of fit 
are would-be preservation methods .  

Ole :  
C. and D. There is no airlock winter entry. Build 

one on the north side. 

Jeff: 
C. We should attempt, even i f  in peripheral ways ,  to 

have the bioshelter and its concept appeal ("strike 
home" maybe) to as wide a variety of people as 
possible. 

D. I 'm thinking mainly of incorporating the grow
ing of  flowers and houseplants into the exis ting agri
culture program. Again I feel that these would be a 
major aesthetic plus on their own. Although a lot of  
people find it easier to  identify with these than chard , 
but once the door is open, I believe they wi l l  get as 
much, if not more, ful fi llment from raising edible 
plants (and all that entai ls) as wel l .  Conceptual ly,  the 
same holds true for aquaculture and the tropical fish 
hobbyist, though the logistics in integrating the two 
appear to be more difficult .  

Sardo :  
C. and D. The curved southern glazing has more 

surface area than a flat glazing, increasing heat loss and 
material costs . It is also a much more difficult and thus 
expensive design to fabricate. A flat southern glazing 
i s  more energy efficient, cheaper, and easier to con
struct. Also,  the curved southern glazing sections are 
extreme! y difficult to repair or replace. I would try flat 
glazing sections with eas i ly removable fastenings. 

The so uthern kneewal l  is not high enough. Snow 
backs up the Kalwall panels quick ly as i t  accumulates 
at the bottom of each sect ion.  I would raise the knee
wall  to 5', to collect all the sno wfall that s l ides off the 
glazing. 

No thought was given to the drainage of  interior 
condensation water. We could put a water barrier 
across the bottom of  the glazing, which would empty 
water into a common gutter that gravity feeds into a 
pond (similar to our present operation, but a cleaner 
set-up). 

The suspended observation area heavily shades the 
growing area underneath it. If a suspended "observa
tion-seedling-propagation" area is to be included in 
the design, the space underneath it should be used for 
work space or equipment (potting, fans, the computer, 
etc. ) .  

A lot o f  warm a ir  is lost through the doors being 
frequently  opened . We should add a vestibule to the 
winter access door. 

The inner glazing could have better light transmit
ting characteristics . We could use lighter and more 
transmittant multiple inner glazings . 

The south k neewall venti lators are not large 
enough. We could add several outward s winging ven
tilator doors in the kneewall ,  using the sane mechanism 
as we have on the roof venti lator. 

Circulation of  the air could be used to turn large 
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cei l ing fans to force warmed air back down to so i l  level 
(see above sketch) .  

We should have large amounts of thermal mass c lose 
to the bottom of the bui lding,  to al low heat collected 
during the day to rise by convection to the gro wing 
areas above at night. Or we could use wind-powered 
recirculating fans (using electricity stored in 1 2  volt 
batteries, l ike those in cars) to bring warmed air from 
the ceiling back down to the growing area during the 
night. 

Propagation boxes shouldn't be heated electrica l ly 
even for short periods.  I would like to put these boxes 
on top of the compost box for heat and CO,, or in the 
warmest part of the building, such as the suspended 
observation area . Right now they are in the coldest 
part of the Ark. 

The water used in the Ark is too cold in the winter; 
any water used for irrigation should be preheated by 
the sun to warm the so i l  and avoid shocking the plants. 

We could use thermal s iphon solar collectors tied into 
a gravity fed water distribution  and storage system. 

The agricultural  and aquacultural areas should be 
separated by a partition, to let temperatures in the aqua 
section rise above levels which would be harmful to 
plants in the agri section.  We could design high and 
low vents into the partition, which would be closed 
during the day and open at night to let a ir  from the 
aqua section be carried by convection into the agricul
ture area . 

The small east-end door is not wide enough to let a 
wheelbarrow pass through-I 'd l ike to widen the door 
to accommodate one. To have to open both doors 
results in lots of heat loss in the winter. 

I rrigating crops with a hose takes too long. I would 
prefer a gravity fed drip irrigation system. 
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Joe: 
C. I am suspicious that we have condensation prob

lems in the north wall insulation. 
D. I f  the problem exists , I would create screened 

vent holes with a gutter-like  fixture above them to 
keep out ra in. 

Ron:  
C. and D. All s i l l s  should rapidly drain conden

sation to prevent growth of mold and algae. The lower 
panels at base of fiberglass should be insulated. More 
vents should have been included in the design. 

The work space around the solar-algae ponds 
should be enlarged to make tending easier. The 
research platform shades too m uch. I would relocate it 
on the rock box. The rock storage box needs insula
tion on the bottom-rna ybe not, considering tempera
ture of the earth and its contribution of insulation. 

The irrigation pool should have been put at higher 
level ,  to al low for siphoning instead of pumping it. We 
should have included air-lock arrangement to prevent 
excessive winter air exchange; possibly revolving 
door, but this is perhaps too expens ive. 

Since the building is a demonstration we could use 
more glass windo ws.  This would allow the public 
visual access of the building even when it is locked .  An 
internal source of water is needed, either from a well or 
from town lines . Finally ,  the south footings should be 
deeper, to keep heat escaping underneath the building. 

E. If You Were Rebuilding or Redesigning the Ark, 
How Would You Do It? 

Colleen: 
I f  I were redes igning the Ark, I would drop one

third of it down into the ground . The earth is  a good 
and cheap organic insulator. I would combine the 
working area , the seed germination box and the trans
plant seedl ing area at the east end of the building into 

one anteroom.  There would be a tight-knit mesh 
screen dividing this area from the rest of building. The 
rationale behind this "nursery" is primarily protec
tion. If the general pest population could be deterred 
from getting to the youngsters, they would have a 
much better start in the Ark world . In the anteroom, I 
would build a step-type set of benches parallel to the 
south roof to get the maximum out of some of the 
space. The racks on the north wall would be for var
ious pots and built-in bins for soil mixes would lie 
underneath the workbench. A sink with running 
water would help both the aqua and agri people. 

Opening the screen door into the Ark, the growing 
area would have two levels . On the ground level, a 
gravel footpath would cut across to west end. Going 
east to west on the lefthand s ide, first, there would be a 
raised propagation bed with an automatic mist system. 
In  the center, a sunken fish pond with a charming 
mermaid and beside it, a raised bed . Adequate side 
vents would line the entire south side. 

This section would be two-and-a-ha lf feet in height 
and, compared to the outdoors, would be under
ground by half a foot. Across it would lie one long bed 
also raised two-and-a-half feet from pathway .  If  there 
were a rock storage area (and I would have one because 
I can see now that it's important, where before I was 
skeptica l ) ,  this bed would run up to it. Along the rock 
storage wall ,  permanent, dwarf trees could disguise 
the wall and create a relatively undisturbed warm 
zone. A path would lead to the second level. 

This section, about two feet higher, combines many 
old ideas . The back wal l  would be l ined with solar-
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algae ponds spaced for vents to blow air in between . 
The vents would be low to the ground and the a ir  
would come off the rock storage bed . There would be 
s imi lar  vents in the south wal l  of this level to circulate 
the air o ver the ground level . 

To build into a hi l l s ide would be convenient. If the 
second level and the rock storage were the same height, 
one could extend the growing section and solar-algae 
ponds over rock storage. This  would be a great per
manent tropical forest area. A vine arborway would 
lead to the aqua kingdom. The second level growing 
area would consist of two central beds .  

Earle: 
I would arrange the aquaculture tanks in the high

est position with a gravity flow water cycle from 
rain -> storage __,. aquaculture --+ hydroponics --+ iFi,ga
tiOn-+out. 

David B. :  
With the above changes the Ark is a sensible and 

aesthetic approach to greenhouse architecture. Floor 
plans and areas might be changed to accommodate 
different growing areas. 

The Cape Cod Ark successfully fulfilled the pro
gram requirements which were weighed by both the 
growing (agrilaqua) requirements and the "new 
architecture" approach. 

AI :  
We should possibly replace the rock storage with 

surface exposure storage and use overhead (slow 
turning) fans to mix the air. We could use more 
transparent glazing but I ' d  otherwise stick to the same 
type of design; but improve vertical space utilization. 

David E. : 
The shape and general structure are excellent. There 

are several areas I would focus on, to ease labor, and 
insure greater longetivity to the structure and s upport 
s ystem. On the uppermost level , I would l ike to see a 
meditation area with mildew resistant cushions; we 
could a l so  have a glass section direct ly 111 front of the 

desk for outside visual  contact (these changes would 
require a sl ight enlargement of the uppermost level ) .  

With regard t o  the electrical components (relative to 
research versus personal use and l i festyle),we need 
more grounded receptacles near solar tanks for heaters, 
etc. (if used extensively) .  There is a real danger with 
heaters now, s ince they are not grounded and moisture 
near the tanks is high. The aquaculture staff is aware of 
this ,  and is careful .  Light fixtures hang from wiring, 
and there i s  rust appearing near the junction with the 
electrical boxes. We need a covering of permanent pipe 
with good seals here. My personal option for the Ark's 
electrical system would be 24  volt DC wind l imited 
power. 

My first preference for heat is l ike the P .E . I .  design
limited contact with the l iving area . Auxiliary heat 
would be wood fuel for a "sauna" room, with vents to 
the Ark to maintain the winter fish stock, as necessary. 

We need further emphasis upon a permanent drain
age system for the solar-algae ponds (always necessary 
to some degree for detritus removal), which is inte
grated into a good irrigation system for the agricultural 
areas . 

Ole:  
I would consider Tedlar or teflon for higher levels 

of l ight and energy. I think an additional I 0% could be 
obtained. 

Jeff: 
I rea l ly haven't considered this question in many of 

i ts  exhilarating and complex details .  Basical ly  though, I 
would. make it the hub, as it were, of m y  home. The 
only access between "rooms" would be via the 
greenhouse portion and many of the "rooms" would 
be virtually indistinguishable from it; the place for 
eating and a studio of sorts are two that come to mind 
immediately as well as a sauna and bathroom nestled in 
groves of bamboo in containers. 

Photo by Haae Mamgay 
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Sardo: 
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Joe: 
I would retain the basic design-it is sound. But I 

would investigate the feasibil ity of eliminating the rock 
thermal storage function entirely in favor of increased 
thermal contact with water and soil .  To accomplish this 
would require low-speed, low-wattage blade fans to 
maintain air movement, replacing that function of the 
rock storage blower. More water mass could be 
needed, closer to the proportions of water mass to 
glazing area of the P .E . I .  Ark. A greater number of  
smaller solar-algae ponds would provide a better 
surface area/volume ratio for passive heat exchange. I 
l ike John Wolfe's suggestion of raised beds both for the 
benefit of workers and for soil-to-air thermal contact 
over a much greater area . 

John W. :  
I wou ld  avoid the rock storage and b ig  fan and store 

more heat in the soil. Raised beds with masonry side 
walls could reduce back strain and increase the 
effective thermal mass of the soil .  Masonry ducts (of 
concrete blocks or ceramic pipes) through the soil 
would also increase surface area and heat exchange. 

I would reduce the power needed for aeration. We 
now use 25 watts of power per pond. We could use 3 
watts for almost the same amount of air. The problem 
is frictional loss in  the long, sharply bent compressed 
air lines; 3 watt Metaframe aquarium pumps for 2 4  
ponds (used 1 2  hours each day) have a l o w  enough 
power requirement for wind electricity. 

I would augment C01 and heat with large-sca le  
composting: low plant yields and low temperatures 
this year (despite warm cloudy weather) may be 
partial ly due to having no compost pile. If Sardo's 
calculations are correct, the moderate 4' x 4' x 4' pile 
last year produced enormous amounts of heat and 
C01. 

I think we should avoid thermal circuits . Shal low 
foundation wails , such as the south edge of the Ark, 
can't be insulated deep enough to avoid a short path 
through the ground to the outside air for escaping heat. 
Dig deeper! Use a thinner, more transparent inner 
layer of Kalwall ( .025"  rather than .04") .  Make the 
glazing flat rather than rroughed, to reduce surface 
area, and thus heat losses (by 1 2 % through the 
face ! ) .  Increase light transmittance by presenting a less 
oblique plane to direct solar radiation. Triple glaze 
with a third, middle solar film (very high in light 
transmission characteristics ) ,  or with a movable 
insulating night curtain. 

We should get resistance heaters out of the seedling 
beds .  We could put the seedling box on the compost 
for warmth, or put the box above a tank of  hot 
antifreeze, attached to a thermosiphoning l iquid 
co llector (us ing Sean Buckley's simple "thermic 
diode" oi l  valve to avoid back siphoning at night). Or 
we could insulate the heck out of the box (e.g. use a 

clamp-locking board insulation top, rather than the 
flimsy Kalwall cover) and drive resistance heaters with 
(very little) wind electricity .  

Ron:  
I ' d  first buy a case of beer-better make that two 

cases . Then I ' d  get together a solar engineer, an archi
tect, a builder, a greenhouse agriculturist, an aquacul
turist (closed-s ystem type) , an interested backyard 
gardener, a couple of people who've  had experience in 
such a structure (these could be some of those alread y 
l i sted) ,  and a visionary with good economic perspec
tive to round things out. I ' d  then take the child-in-a
cand y-store approach and make the first task to have 
each of them describe what the ideal  design would be 
to accommodate their particular interest, each also put
ting in  their own aesthetic preferences . The real work 
would begin in the synthesis of this kind of structure. 
We would evaluate designs that had been considered 
or built previously. After this first session a series 
would fo l low with everyone working independently 
between them to bring up possibil ities not initial l y  
considered . This would take more time and a l o t  more 
beer . 

I guess the under! ying basis for the design would be 
to make the building as pass ive as possible in terms of 

. energy use. 
Also, the outdoor courtyards would have to be 

assessed for their economic viabil ity. Concrete lasts a 
long time, but it may be too expensive. 

F. Miscellaneous Comments Related to Prior 

Criticisms and Changes 

Colleen : 
Music (l ive or otherwise) would be appreciate

'
d by 

a l l .  The mermaid would curse you i f  the Ark were not 
kept clean. If anyone smoked a cigarette or such, he or 
she would be transformed into a toad. On the serious 
side, the building would have to be better insulated 
than the existing Ark, on all four s ides. If the tech were 
ready with an insulated type glass, I would consider 
the outside roof sheet of such material, and the inside 
fiberglass .  A night shade, maybe. 

Denise: 
On occasion I am aware of the large, unoccupied air 

spaces in the Ark. If it were to be used for community 
gardening, more of its space would be needed for 
growing-multi-levels or glass shelves or increased 
terracing or hanging gardens? 

Earle: 
The electric immersion heaters in the aquaculture 

breeding tanks must be recognized as a significant 
fossi l  fuel input to the functioning of the building, and 
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an indication of an inappropriate choice of fish or an 
ineffective solar design, and a tendency toward high
energy aeration, heating, etc. , which is frowned upon. 

The estimated l ifetime of the s tructure before major 
problems  is  st i l l  short in  any long-term conserver 
society scenario . 

David B . :  
As  a postscript t o  E .  In  designing the Ark, w e  

endeavored t o  d o  more than create a n  environment. We 
tried to develop a greenhouse vernacular-say a visual 
statement-something that wouldn't wear off quick! y .  
I wouldn ' t  rebuild or redesign the Ark as an object, but 
rather reorganize the concepts into a new form. Let 's 
face it, we' ve l earned lots of new stuff since then. 

AI :  
Before expanding or doing again, the problem of 

door sealing and wood exposure should be given some 
attention. 

Ole :  
Light levels should be compared with levels in 

regular greenhouses in the area. What is the premium 
paid in terms of loss of light? 

Conn: 
I ts beauty is its central value. Keep things beautifu l !  

Jeff: 
I feel that the use of microprocessors to disseminate 

information and mediate between the processes of the 
ecosystem and its human nurturer(s) i s  antithetic to the 
u ltimate benefit to humanity which might be derived 
from bioshelter. How is a person to begin to revere and 
understand l ife-one's own, others, and nature
when communication with their natural l ife support 
(enhancement at any rate) processes is performed vi
cariously and mechanica l ly .  I ' m  convinced that the use 
of microprocessors to enhance the "market appea l"  of 
bioshelter wi l l  result in superficial victory (positive 
and resulting from misconceived means) at best, a 
Faustian pact at worst. 

Sardo :  
Our management of  the Ark as a solar-heated 

structure needs improvement. A seasonal management 
scheme needs to be established for crop selection, 
ventilation, fan duration and whatever. I realize this is 
evolving s lowly.  We need to learn how to exploit ful ly  
the temperature extremes in the Ark  over the year 
i nstead of fighting them by ventilating or  adding 
heaters to fish tanks .  For example, large thermal 
reservoirs (water, stone, etc . )  could be designed into, 
under, or near future bioshelters to absorb the 
summer's heat for s low release over the winter. 

Joe: 
I have considered other bioshelter shapes, in 

particular the geodesic dome, A potential advantage of 
a dome would be high volume at low cost and a shape 
that promotes natural convection. However, the ratio 
of so lar aperture to heat-losing glazing area would be 
poorer even if part of the dome cover is opaque 
insulation with high thermal resistance. Reduction of 
this ratio would lower average winter temperatures 
unless scale is made so large as to permit seasonal heat 
storage, which would require a deep internal water 
body, regardless of dome area . It seems that great 
volume for plants is of l imited value, as solar aperture 
and the resulting insulation is the growth-limiting 
factor. I would pay the moderate energy cost of 
mechanical ly driven air movement and stick with the 
elongated east-west building shape. 

John W. :  
Consider . . .  Ark  as huge crop dryer i n  autumn to 

build up heat stores and dry out fungus and mildew that 
normal ly  attack wood. 

Ron: 
At  this time, I would suggest that a meeting be 

conducted with all those interested to try and put 
together the changes that the Cape Cod Ark needs 
now. Those most s ignificant should be implemented as 
soon as possible. I think the building has been an 
excellent start toward this kind of architectural 
design-an excellent learning too l .  

Section 2 

A. How Did The Ark Open Your Sense of Future 

Possibilities? 

Colleen : 
Basica l ly ,  the Ark has broadened m y  future by 

creating an environment where food and ornamental 
crops can be grown successful ly without chemical 
pesticides and fungicides. Even though food has been 
grown for hundreds, thousands of years without the 
chemical agents , in my own l ifetime, insecticides have 
been used as a crutch for maximum productivity. As a 
grower, abuse of chemicals d rove me away from 
greenhouses . Not only has the Ark al lowed me to 
return to a practice that I thoroughly enjoy, but it 
provides an atmosphere to develop and experiment 
various techniques in contro ll ing insect pests. The Ark 
is a challenge. Over two years,  I have seen progress 
and setbacks. There are many unexplained phenom
ena . There are endless possibilities as to where the 
Ark can be applied. 

Denise: 
I t  is a ral lying cry for passive solar with attendant 

possibi l ities of creative uses for that heat. 
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David B . :  
N .A . I .  and  Solsearch have been a successful rela

tionship because of freedoms we enjoyed in develop
ing the conceptual and architectural work of creating 
Arks. The most o utstanding feature about the Arks 
has been their unprecedented success as heat capturing 
and trapping structures which has led us all to believe 
that these concepts can be expanded into both the 
production and residential fields .  

A I :  
A s  a nonverbal statement that says i t  can b e  done

to use the sun as a heat sourse without high technology 
or  plumbers ' nightmares. 

David E . :  
I now contemplate no personal or  group l iving 

structure without a s imilar ark structure phys ical ly  
connected to or associated with it. 

Ole :  
Limitation on money and energy proved not to be 

l imits but rather to offer new a nd exciting possibil ities . 

Tanis : 
The introduction of new materials and the new 

sense of  space in that context has opened a window for 
me both visually and practical ly .  

Conn: 
By offering hope to northern climes . Helps elude 

nasty choice of going nuclear so as to sustain cold 
civi l izations, or going primitive and dispersing inhab
itants (or kil l ing them off). 

Jeff: 
It has opened up some of my ideas of future possibil

ities by manifesting them into reality. It offers an 
al luring and pragmatic vehicle through which people 
can come i nto closer contact with l ife's basic processes. 
A rime when people's lives are balanced our with a 
deep-felt reverence and responsibility towards nature 
in whatever form now seems a great leap closer. 

Sardo: 
Immensely !  It's one thing to talk about a solar

heated building and another thing to experience the 
daily and seasonal cycles and rhythms within one. I 
now know, without a doubt, that the sun can supply a 
major portion of our energy needs safely and cleanly i f  
people would only le t  i t .  The latest so lar  forecasts 
predict the s un could s upply 2 5% of our heating needs 
by the year 2 000. Why wait until the year 2 000? ? ? ?  
We already have the knowledge, skil ls and material 
needed for a major transition toward a solar-oriented 
society.  I believe this percentage could be much 
greater if people were turned onto the real ities of using 

solar energy .  The Ark has "blown away" every win
ter vis itor I 've seen walk in. The hidden beauty and 
warmth trapped within the Ark's translucent glazings 
have converted one hell of a lot of people into solar 
advocates . Let's hear it for educating the masses ! As 
H. G. Wells said, "Human history more and more 
becomes a race between education and catastrophe ."  

Joe: 
It has demonstrated to me the technical feasibility of 

year-round local food production in temperate cli
mates with potentia l ly  vast energy savings and desira
ble decentral ization.  I am discouraged that institu
tional and social inertia may slow the spread of such 
appropriate technology to the degree that its wide
spread use will be  foreclosed by institutionalized hard 
technology and/ or economic collapse. 

John T.: 
Some of the things going on in the Ark are litera l ly  

extraordinary.  The agricultural ecosystem is  behaving 
like a coherent, integrated whole that has responded 
creatively to our initial design-including not using 
poisons and the "seeding" of a wide diversity of orga
nisms from very different kinds of "parent" eco
systems-and to the care and affection lavished on it 
by its tenders . 

It 's as if by doing a l l  the above we have increased its 
genetic possibi lities and its ecological strategies to the 
point where it has created an ecos ystem highly adapted 
to the unique environment that is  the Ark. 

I hoped this would happen, but I didn't dare believe 
it. The results fly in the face of conventional wisdom 
which says greenhouse environments are hot beds for 
disease and pestilence. Normal ly,  this is true. In our 
case, organisms , which are our agricultural allies, have 
invaded the Ark on their own, or have been brought in 
as passengers by seeding it with diverse soi ls .  Other 
al l ies, l ike the ami-whitefly wasp, Encarsia ,  have been 
consciousl y introduced together, and over time they 
have enabled the Ark's ecosystem to develop a healthy 
balance and to keep pests and disease at bay. Somehow 
it has been given enough bio logical information to 
evolve ecologically to this exceptional state. 

I am aware of the meaning of all this. It opens a tiny 
portal to a new kind of agriculture that borrows 
widely from the planet for its ecological integrity, an 
agriculture with internal patterns akin to those of the 
forest, but with dynamic components uniquely its 
own. 

John W. :  
By showing the enormous benefits from a living, 

breathing and imperfect so lar design. The next gener
ation of bioshelters will be stupendous !  This one has 
honed our understanding to a keen edge. 
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Ron: 
By working in and around the building, my under

standing of cl imate, ecology, food production, archi
tecture, and their integration has been broadened and 
deepened. It has been a stepping stone toward the 
design of how an ecological, renewable resource based 
society may be formed. This is true of all N .A . I .  
bioshelters. 

B. How Has the A rk Affected Your Work and Career? 

Colleen: 
That's a tough one to say because I can never predict 

my own future. I am rea l ly  one of those day-to-day 
people. However . . . without even hearing about 
N .A . I . ,  I might have fol lowed two courses . The first 
would have been return to school and become some 
kind of  professiona l .  Whether or not I would have 
found a direction into integrated pest management is 
questionable. My h umanistic tendencies may have 
thrown me into a service job. Or secondly,  I might 
have leaned toward a horticultura l  therapy field, 
applying these techniques in various rehabilitation 
modes for institutional people re-entering into com
munity l ife. If I had been desperate, I would have gone 
into a horticultural business . Final ly ,  and this will 
truly come in the future, I will farm. The Ark has 
a l lowed me to bypass many things I real ly  did not 
want to do and to put my foot in the right direction
not to mention the fact that it constantly makes me 
think. 

Denise: 
It has certain ly focused my family's attention on 

plants, solar, conservation; it has expanded our aware
ness of the lovely green possibi lities in a black-topped 
world. Here, it "restoreth my soul" -to go from 
inside the house to inside the Ark is a constant plea
sure .  Taj Mahal  of Cape Cod. 

David B: 
The concepts developed in the Ark can be applied to 

other architectural forms . It has been our effort to 
package these ideas into projects as a new philosophi
cal approach to a new architecture. 

A I :  
Most people have  goals to  "get to  the country" 

whether as  a weekend retreat for a corporate executive 
or as a vacation for a young couple. Our kind seems to 
be part of a balanced triangle, with flora and fauna 
being the other elements. Any imbalance seems to 
drive for compensation as in the first statement above. 
By bringing these e lements together in a working 
environment which has some adaptabil ity to modern 

l iving situations , a more harmonious l ife can be ob
tained. 

David E . :  
It has emphasized the need to  collect pertinent infor

mation such that I personal ly  understand is the con
struction, design and implementation of such a struc
ture. 

Ole:  
The Cape Cod Ark proved that bioshelters can have 

their own strong form of language. 

Tanis : 
The Ark hasn't had a concrete effect on me yet-I 

am stil l  absorbing that. The l ight is quite different to 
my visual sense. 

Sardo:  
Over the past year, I have been able to explore many 

diverse and interdependent biological and physical 
components inside the Ark. The Ark has been an 
incredible classroom for me and for a l l  of the students I 
have worked with. Thanks to many inspiring mo
ments in the Ark I plan to continue integrating biol
ogy, engineering and education in my formal studies 
and career over the coming years. 

Joe: 
Only indirectly .  

John W. :  
C'mon,  you're kidding? I t ' s  given this tender, re

cent college graduate both work and a strengthened 
direction. 

Specifical ly ,  it 's  let me combine ecology and en
gineering. Now that they've fused, I 'm not going to let 
them separate in my work . 

Ron:  
Hey! i t  gave me a job !  This aside, i t  a lso opened me 

to working and thinking toward the understanding of 
how an ex istence would be woven into a symbiosis 
with the environment. Being in the building on a cold 
winter day stimulates the imagination and frees one 
from thinking of a temperate climate as a restrictive, 
expensive one in which to exist during the colder times 
of the year. 

C. Has It Been a Creative Integrative Statement, 
as a Bioshelter? 

Colleen : 
No question about it. Yes. In many ways the Ark is 

both integrative and creative, simply in combining 
aquaculture and agriculture under the same roof and 
seeing them work together. The Ark changes every 
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week with new apparatus, different modes of manage
ment, and different populations of countless l iving 
organisms .  The most outstanding is  in the word bio
shelter itself. A structure with an ongoing community 
of  l i fe .  

Denise: 
Oh m y  yes . 

Earle :  
Not a bad first shot,  but the water cycle, water 

heat-storage distribution and air circulation are stil l 
fragmented. 

David B . :  
The A r k  a s  a n  architectural solution i s  certainly a n  

integration of form and function. Its subtlety o f  struc
ture and internal s ystems based on laws of thermal 
d ynamics produced within severe l imitations of simple 
technologies and l imited economics, suggest the im
portance of the bioshelter as an important alternative 
to present food-producing model s .  

A I :  
Yes . 

David E . :  
To a l imited degree, s ince no one  l ives in  the Ark 

or  feels a 2 4-hour "l iving" association with the 
d ynamics of the biological systems .  Another l imita
tion-wind power is not yet integrated (understand
ably) .  

Ole :  
Yes . Cost ,  structure, and function are a l l  integrated 

into an aesthetical ly exciting environment. 

Tanis : 
I would l ike to see more play with space both 

grounded and s uspended, with either materials or 
growing things. 

Conn :  
Yep .  What it now needs is context. Perhaps via vil

lage design. 

Jeff: 
It has been a creative integrative statement period !  

Bravo ! 

Sardo : 
Absolutely !  It 's funky,  al ive, beautiful and by golly ,  

i t  works !  What more can  you  ask?  Of course, some 
mistakes were made as would be expected . The onl y 
way to real ize these is by doing it though. As F.. F. 
Schumacher said, "We are always having a l l  sorts of 
clever ideas about optimizing something before it even 

exists . I think the stupid 'man ' who says 'some
thing is better than nothing' is much more intelligent 
than the clever chap who wil l  not touch anything 
unless it is optimal . "  

Joe: 
Yes . 

John W . :  
Yes, amazingly so .  Ecologists l ike Robert May now 

maintain that species diversity indicates environmental 
stability. The rich flora and fauna diversity in the Ark 
(species from both temperate and tropical regions) 
demonstrates a stable, inviting climate. 

Ron:  
Yes. As I stated before, it has been a very good 

introduction into possibilities of solar architecture with 
integrated food-producing components within its de
Sign. 

D. What Kinds of Future Work Would You Like 

to See? 

Colleen : 
Now this is going to be strictly biased. I would l ike 

to see a rigorous program developed to evaluate the 
economics of food production inside the Ark. This 
would include accounting for space, time, ferti lization, 
pest control ,  waste and production of the most popular 
and marketable vegetables . I would like to see a pro
gression of biological agents, mostly insects, intro
duced into the Ark and an observation of their estab
l ishment  or extinction. I f  this did happen successful ly,  
what would be the order of these new insects ? I would 
also like to see some development of vegetable varie
ties that acclimatized to A rk-type buildings for future 
production. 

Denise: 
More sampling for possible accumulation of con

taminants . More pest control management; more cash 
crop experiments. Is the ratio of solar-algae ponds to 
Ark space already determined ? Energetics of compost
ing, solar energetics : how is the glazing holding up? Is 
condensation leaching anything out? Wind hook-up 
for aeration. 

Earle: 
I would l ike to see a heat budget analysis of building, 

wind-chil l  and windbreak effects; gray water treat
ment; greater use of perennial s ;  vegetables chosen for 
nutrition rather than profit; pol yculture aquaculture 
run on a constant rather than seasonal batch; internal 
water supply and storage; walk-in root storage in the 
earth berm. 
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AI :  
How about including animals in the Ark "system " ?  

I know this i s  not readily possible, a t  N . A . I . ,  but even 
a loose l ink would be preferable. 

David E. : 
See section I .E .  

Conn: 
I'd like two disciplined projects :  One, to test food

growing capabi l ity for X number of adults (and no one 
else) .  Two, to test non-food crops (e.g. tree seedlings) .  

Jeff: 
See Section I ,  B. and D. 

Sardo:  
We should study :  COz d ynamics , seasonal thermal 

storage, and night insulation o ver p lant beds .  Sprouts 
(test seeds which need soi l  to sprout) would be a high 
turnover crop !  

Joe :  
I would l ike to see comprehensive energetics and 

mass flow research to show where heat, air, and water 
travel through, into and out of the building o ver time. I 
would also l ike to see the continuation of integrated 
agriculture and aquaculture research that is going on 
current ly .  

.! 
Photo by John Todd 

John W. :  
I would l i ke  to  study C02 dynamics (measure the 

stuff) ; the possibility of annual heat storage in soil 
beneath the Ark;  using the Ark as a huge crop dryer in 
autumn. We could reintroduce tropical food plants; 
integrate solar ponds into a low-flow solar river, with 
hydroponics to strip out nitrogen compounds.  I 'd l ike 
to see more tree propagation work.  I ' d  also like the 
economic analyses to be expanded. This will give us 
good baseline data for future design. 

As is, there are a number of projects present! y 
underway .  With their conclusion, I think they wil l  
lead us to the next priorities to be researched. 

Section 3: Optional .  

A .  Discuss Scale, Function and Social Use That 
A rks Might Be Developed For. Please Discuss 
the Ones That Personally Interest You. 

Colleen : 
I have a strong desire to develop the use o f  an Ark as 

an educational tool, a place where everyday people, 
not just new-age, or middle-class types, could learn 
simple, efficient techniques to grow food for their 
famil y in a bioshelter year round, something on the 
order of  an intensive seminar. 

Denise: 
The community garden idea, or a community green

house (for houseplants, exotics, and shrubs on a com
mercial scale) most interest me. That scale would make 
it financially feasible . . .  l ike arboreta or aviaries , it ca lls 
forth a loyalty and pride and del ight in function that 
could attract a group dedicated to irs growth and main
tenance. 
(A thought-The Ark as a research space is different 
from Ark as an agricultural (or whatever) space. We 
have a complicated system there due to fragility of fish 
that must be simplified to be widely accepted outside 
this Farm. Is it just the search for the Perfect Fish that 
wi l l  do it? How best reduce the criticalness of these 
cold spell s ? )  

David B . :  
Energy concepts developed in N .A . I .  Arks have 

been picked up by other research groups and govern
ments as approaches to food production . Unfortu
nately some of the philosophies of the bioshelter design 
get lost in these interpretations . 

We've been seriously proposing "Granny Arks" as 
housing and horticulture centers as an alternative to 
"elderly housing ."  

These systems are easi ly translated into urban solu
tions for housing and growing . 
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David E . :  
Indiv idual arks offer biodiversity, and  food for a 

fami ly or a small group. Community arks could be for 
specific crops, or groups of crops with an environ
mental control bias . 

The functions of individual or community arks 
could be research (if appropriate) into psychophysio
logical interplay, towards understanding the rhythms 
of success or fai lure in growth systems; teaching; and 
l ifestyle at any level, a constant interplay of individuals 
with the biological process of the ark. 

Social possibilities include music, small group medi
tation, and other acti vities which harmonize with a 
greenhouse atmosphere. Social function is limited by 
economics to some degree, which necessitates that its 
primary use be growing food.  More appropriate uses 
m ight be as a solar house, a solar-wood sauna or a 
large bathing hot tub. 

Ole :  
The Ark as a place to be is overwhelming to me  and 

we keep trying to integrate the bioshelter environment 
into our houses. We are particularly interested in 
building a "Granny Ark," an old people's home
food production center. 

Tanis :  
What interests me personally is smal l  Arks-there 

could be any number of uses -I see most as educa
tional facilities. However, in my wildest dream I see 
myself running a large commercial venture composed 
of a few Arks. Their uses would reflect the real com
mercial needs of the community. Trade of informa
tion, materia-ls , foods that were pertinent to the 
particular culture of that particular location.  Solar 
shopping center ! !  Imagine! Appropriate Technology 
Bureau for each locale-and a cup of espresso !  

Conn : 
I ' d  l ike to see on-site experiments in scale of Arks, 

which would create, by necessity, experiments in 
functions. Examples : Arks as a nucleus for a 6-house
hold cluster-zone development; Arks as nco-barns ;  
Arks as discreet single-dwelling adjuncts . 

Sardo :  
I ' d  l ike  to see an Ark on every block or in  every 

neighborhood.  Ideal ly ,  they could be cooperatively 
financed and managed. Each one might be the s ize of a 
small-to-medium-s ized warehouse. They could sup
plement people 's  diets with tasty and nutritious plant 
and fish crops throughout the cooler months and pro
vide vegetable and tree seed lings for outdoor planting. 

Equal ly important, they would offer a peaceful place 
to retreat to where one could experience many of the 
colors, smel ls ,  and sounds of summer in the dead of 
winter. 

Here 's a funky cooperative/capital istic idea : I 've 
been dreaming about opening up a bioshelter cafe for 
quite a while. It would be a great way to combine 
many of  my own interests (growing food, designing 
shelter, cooking, turning people onto more ecological 
ways of l iving, etc . ) .  What could be more elegant than 
seeing your dinner picked and prepared in front of 
your very eyes ! 

Joe: 
Thermal performance of the bui lding depends pri

marily on area-to-area ratios (e.g . ,  glazing area versus 
heat-exchange surface area) and area to water volume 
ratios that become independent of  overall building size 
i f  water is kept in particular s ize containers covering a 
particular fraction of the floor area. As a result, there is 
no substantial advantage here to very large size. The 
architectural cost-per-square-foot as a function of scale 
should be investigated. For commercial uses, the Ark 
may be too small for the current business paradigm, 
bur that does not address the issue of household in
dustry. 

John W . :  
The present scale o f  the Ark, about two thousand 

square feet, looks energetica l ly  and economically effi
cient. Many social arrangements to build and use this 
scale bioshelter can be imagined . These include use as a 
local food cooperative that could finance construction, 
hire a part-time tender, and sell the produce to co-op 
members ; a group of famil ies that could share costs, 
labor and yields ; high quality restaurants that could join 
bioshelter and dining room:  Patrons could watch 
(through a glass partition wall) their salad being 
picked or their fresh fish dinner being caught ! People 
would come from miles around to eat at such a place. 

Ron : 
Arks can be used for education, to increase our 

awareness of alternative paths for sur vi val . Arks can be 
used to put people, even in urban settings, in direct 
contact with the living world .  This will give them a 
sense of what often is taken for granted for their own 
existences. It wil l  also present them with a feeling of 
the responsibility they must take for the environment 
that supports them. I t  will show them how sensitive an 
ecosystem is. This should increase their awareness of 
the impact of human industrial enterprises upon the 
environment. 

The journal of the New Alchemists 139 



B. Do You Think a Design Like the Ark Can Help 
Revise and Rationalize Agriculture in the North 
east?  If so, How ?  

David E . :  
Economic agriculture? I t  cannot compete with many 

crops from farm machines, relative to wholesa le price 
structure. We have the same problem with fish culture 
to some degree. Hence economics of "organic" or 
"good" food is a l imited but rea lized market. 

For home grown, "garden" oriented food supply, 
the Ark does help to revise by more growing time, and 
more personal food 01; small community or family 
level .  

Relative to economics, certain unusual crops (black 
forest mushrooms) might eventua l ly be harvested 
($3 .00 lb .  wholesale) and be successful in competition 
with agribusiness . 

Ole: 
More production trials need to be done. We are 

currently working on a proposal for Sudbury, On
tario with an acre of solar greenhouses . 

Conn: 
For sure. 
Essential i s  the establishment of direct-marketing 

schemes . Farmers' markets are doing gonzo business .  
With proper infrastructure, one could see a reliable 
year-round market for fresh,  nontoxic produce. 

A lone Ark tender, however, would have a hell of a 
hard time selling his/her stuff. 

Jeff: 
I certainly hope so !  

Joe: 
I feel that the impact on commercial scale agriculture 

for distribution to supermarkets will be the s lowest, 
since that s ystem is  the most centralized. I see three 
quicker changes . One is at the household level , for 
solar add-on spaces for existing houses as well as solar 
design of new houses . From a thermal point of view, 
greenhouse add-ons in the northeast are about a break
even proposition especia l ly with efficient night shut
ters. They also offer extra space to stretch and breathe 
good smell s ,  be in the sun, and to work with soi l  in the 
winter as a recreation from the jobs most people have. 
For retai l ing of food, the farm-stand type of business 
seems best adapted for application of bioshel ters . An
other important area is in restaurants growing and 
providing fresher foods .  Vegetarian restaurants are 
likely to take the lead in this area, s ince their clientele 
is more likely to appreciate the difference. In  addition, 
vegetarian restaurant proprietors wil l  be socia l ly and 
ps ychologica l ly  more inclined to fa vor growing their 
own food.  

John W. :  
Arks could provide low-cost tree and vegetable 

seedlings to local farmers ; dry crops such as apples in 
the fal l ;  expand aquaculture, by overwintering fish fry 
and breeder-size adults that could be cultured in cages 
or shallow ponds in summer; provide off-season pro
duce to local markets. 

Ron: 
I'm glad this question is optional. It reminds me of 

history questions I used to get on high school exams : 
"Compare and contrast the economics, and social and 
political systems of the first Ming Dynasty to  present 
Chinese systems ."  (!0 minutes ) .  

I don't  think we can rea l ly miss with the Ark-type 
design. The prices of fuel and food are skyrocketing. 
The most important criteria to consider are the cost of 
materials in construction and the lifetime and mainte
nance of these structures . I fee l  the Ark has demon
strated that solar-based designs will work. We just 
need to tighten up and eliminate some of the problems 
we've discovered and it  should be a viable technology. 
Of al l  the problems that have been discussed over the 
last two years, I have yet to hear of one that someone 
within N .A . I .  has not been able to resolve .  January 
will always be January, but who knows-a little assis
tance from photovoltaics may eliminate our low light 
problems. Wind power auxiliaries incorporated in de
signs should help bring us to an even more integrated 
working system. 

P ART 4-EXPERIENCES W ITH SOME OF 

THE ARK'S  SUBCOMPONENTS 

Solar Aquaculture Energetics and Its Contribution to the 
Ark Climate 

john Wolfe 

The 1 4  solar-algae ponds now inside the Ark act not 
only as fish culturing units, but also as passive solar 
collectors with internal heat storage. Dai ly wintertime 
temperature fluctuations in the ponds provide some 
indication of the amount of heat stored and later re
leased. Amplitudes in temperature oscil lations aver
aged at least 21h0C. this past winter. Since the ponds 
contain 2 .  3 to 2 . 5  cubic meters of water, this represents 
s ix  mil l ion calories absorbed, s tored and released by 
each pond over an a verage 2 4-hour period . This repre
sents a total of 84 mi ll ion calories daily  contributed by 
the aquaculture faci l ity.  In four winters this heat wil l  
equal the amount of  energy expended in manufactur
ing the pond (calculations are detailed in the Aquacul
ture section) .  Over the expected lifetime of the pond, 
five times as much useful energy will be generated than 
was spent in its creation .  
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Condensation Cycles 

Robert Sardinsky 

A portion o f  the solar energy trapped in the Ark 
interacts with plants, soi l  and uncovered fish ponds to 
create a relati vely humid environment. The resultant 
water vapor eventually either condenses inside the 
building or ex-filtrates to the outside. Large amounts 
of energy are transferred in these processes. During 
February and March of 19 78, we measured the 
amount of water that condensed on the southern glaz
ing. We were interested in  b oth tracing the flow of 
water through the Ark's hydrologic cycle and in the 
heat losses from evaporation inside the building. 

The 20 curved panels of fi berglass on the southern 
facade lend themselves to the ready col lection of  
condensed water. Water co ndenses a t  ni ght on the 
inner s ide of the two fiberglass sk ins  and runs to the 
bottom of each column . To collect it we appl i ed a bead 
of s i l icon ca ulk across each glazing a foot above the 
bottom end, but the caulk was d i fficult to work with 
and its rounded bead d id not stop the flo w  o f  conden
sation water. Then we tried a %-inch band of closed
cel l ,  adhesive-backed weather stripping which fun
neled all condensation water to the center of the 
glazing where it accumulated and dripped down into a 
collection pan.  Previous ly ,  condensation water 
drained onto a wooden sil l  plate where e ventual l y  i t  
would have caused rotting problems .  

Pholo by Jotm T oaa 

We meas ured condensation run-off from the 1 4  
eastern panel s .  Approximate ly 3 . S  pints o f  water was 
col lected from each of the five eastern-most panels 
dail y, one pint from the middle four, a nd 3 . 2 pints 
from the five westernmost panels . Variation in the 
microclimate inside the Ark can account for the differ
ences in condensed water. The eastern end has the 
lo west temperatures because of the negl igible thermal 
mass ,  large glazed area and the long distance from the 
rock storage venti lation s ystem . When moisture-laden 
air enters this s ection its ability to hold water decreases 
with the lower temperatures and once the water vapor 
touches the glazing, less cooling has to occur for the 
water vapor to reach its d ew point and co ndense. The 
westernmost panels stand above an open fi sh pond, 
which accounts for the large quantity of water col
lected there. 

Tremendous amounts of energy are consumed and 
released in  the evaporation process .  D uring the day, 
evaporation can occur until the a i r  becomes saturated. 
The saturation point depends on the a i r  temperatures ;  
the amount of  water that can be held by  air doubles 
with every 2 0°F. increa se in temperature. The evapo
ration process absorbs heat at  a rate of 600 calo ries per 
gram of water. Water vapor produced inside the Ark 
eventual! y either condenses on some cool object, such 
as the glazing, or is carried outside by escaping air. 
Most condensation on the glazing occurs during and 
shortly after sunset when air temperatures rapidl y  
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drop, decreasing the amount of water the air can hold.  
The subsequent condensation of water on the inner 
glazings creates a heat transfer path to the conducti ve 
and radiative paths .  Between five and fifteen gal lons of 
water condense on the southern glazings each winter 
n ight .  In the process , 4,500- 1 3 ,000 Btu . stored in the 
water vapor are tra nsferred to the glazings as the heat 
of vaporization (600 cal lg water) i s  released . This 
evaporati ve heat transfer increases thermal conduction 
to the inner glazing surface but does not affect the 
insulation value of  the air s pace between the glazings . 
A s  a result ,  net thermal conduction 1s increased b y  
con densation, but only s l ightly .  

Composting and Carbon Dioxide Production 

Robert Sardinsky 

For many years we have been interes ted in the 
potential benefits of recycling orga nic  wastes through 
composting. During the winter of  1 9 77- 78, we car
ried out an experimental composting program inside 
the Ark.  We ho ped to convert organic wastes into a 
nutrient-rich, soil-build ing product and to supply the 
Ark with additional heat and with atmospheric carbon 
dioxide (CO,), by-products of microbial activities . 
We were curious about CO, contribution o f  the com
post for plant fertil i zation as well as fo r supplementary 
heat for climate contro l .  This paper describes our com
posting  activities in the Ark and estimates the amounts 
of CO , and heat released . 

We bui l t  a 4' x 4' x 4' New Zealand compost box 
with scrap lumber. It had an elevated floor made of 
chicken wire to facilitate aeration .  There was a 
w ooden channel on two of the corner posts to a l low 
the front wal l  boards to be s l id in and o ut ,  and provide 
eas y access for loading and unloading . We p laced the 
compost box in the far eas tern end of the Ark w here a 
w heelbarrow could be brought in through the adjacent 
doors .  

Collecti ng compost ingredients during the winter 
was a chal lenge. We gathered water hyacinths and 
azol la  (a small aquatic fern) from the Ark's concrete 
fish  pond , leaves accumulated o ver  the fa l l ,  and the 
kitchen wastes . We managed to scavenge produce and 
tabl e  scraps from nearby m arkets and restaurants .  
With the farm truck we hauled " seaweed" (mostly eel 
grass and codium) from local beaches, as wel l as horse 
manure and spoiled hay from neighboring stables . 

Between December 20 , 1 97 7 ,  and June 3 ,  1 9 78 ,  we 
made four batches of compost. Collecting and unload
ing materials for one batch took two people from one 
to three hours . 

Al l  ingredients were gro und up with a 7 
horsepower shredder which hastened decomposition 
by  exposing more surface area to bacteria and fungi, 

improved aeration a nd moisture control ,  and made 
handling the compost much eas ier. Shredding reduced 
the volume of  plant wastes by 50-75%. The average 
batch of compost weighed 1 ,500 pounds and took two 
people about two hours to shred. 

We control led the p roportion of various organic 
materials in a batch , since each kind contains di fferent 
amounts of carbon and n itrogen. An optimal C/N 
ratio is 30 : 1 .  Microorganisms use carbon for energy 
and growth, and nitrogen for protein synthesis .  The 
manure had a C/N ratio of approximately 20-2 5 : 1 
('A·ith bed ding), vegetable trimmings 20-30: 1 ,  oak 
leaves 40-60 : 1 ,  and hay 1 5 : 1  ( from l egumes ) .  A mois
ture level of 45'-60% was mainta ined in each batch . 
We wet dry materials with nutrient-rich fish pond 
water or manure tea as the piles were bui lt .  When the 
moisture levels were too high, dry materials l ike ha y 
were added to absorb excess m ois ture. The assembly 
t ime for each batch averaged 3 0  minutes for two 
people. 

The piles were kept as aerobic as possible in order to 
avoid putrid odors, encourage higher temperatures 
and promote rapid decomposition. A batch was turned 
every three to four days and the contents replaced in a 
d i fferent order to ensure that a l l  the compost was 
mixed and aerated. We turned the piles on sunny days 
only bet\.veen 1 0  .·\ . \ ! . and 2 P . . \1. so that the greenhouse 
plants could benefit from the large amounts of C02 
being released at that time. CO2 is essential fo r photo
synthesis and frequently limits plant growth in green
houses during sunny periods. Two people could turn 
the pile in 20- 3 0  minutes . A p ungent smell of  ammo
nia was noticeable during several turnings. This was 
probably beca use of a low C/N rati o res ulting in the 
loss of excess nitrogen as ammonia. At other times, a 
woodsy fragrance prevai led. 

The ingredi ents for the four batches arc shown in 
Table 1 .  The availabil ity of materials determined what 
was used. Proportions were calculated to provide an 
optimal C/N ratio for the micro bes . 

T-i B!.F f . · Cmnpost ,\lateri,ds 

Batch I 
3 parts plant matter ( garden and kitchen wastes) 

1 part horse manure ( 25o; hedding) 
Y2 part compost 

f3,ztch .? 
3 parts plant matter (seaweed, water h yacinths. ha v a nd kitchen 

wastes) 

1 part horse manure 

B.rtch 3 
3 parts plant matter (sea11· ecd , lea 1·cs. and kitc hen 11·asres ) 

1 part man ure 

R,ztr/1 -f 

.J. p<Hts leaves (mosrl y oak )  

1 parr man u re 

Y2 parr kitchen wastes 
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The core temperatures of batches 2 and + are shown 
in Tables 2 and 3. As the graphs i l lustrate, the core 
temperatures in both piles remained at thermophi lic 
temperatures (above 105°F . )  for one to three weeks 
and then descended to ambient levels within one week . 
This is impo rtant as weed seeds and most pathogens 
are kil led at high temperatures . Measurements taken at 
the outer edges of several batches were 2 -40°F .  lower 
than those at the core. 

Temp .  

TA BLE 2-ATk Compost Pile, Batch 2 

Temp 

liD 
lfQ 
I� 
130 
I� 
IIO 
loO 
'1D 
so 
10 
� 

so 
lt4 
3o 

.lO 
IO 

Days 

The vo lume of each batch was reduced by 1 0-20%. 
In the first two weeks, the appearance of the o rganic 
materials  changed dramatical ly from l ightl y-colored 
and di scernible pieces of seaweed, hay and leaves and 
o ther matter to a dark brown,  crumb] y,  homogenous 
mixture. Over the winter, rough ly  one ton of the 
finished compost was used inside the Ark for mulches 
and for special soil mixes. The remainder was spread 
on planting beds surrounding the Ark.  

!::.. P i l e  turned 

0 I � J ... ..s " 1 s 'I 10 II Ia- IJ lit !J '" 11 li I� � �I ,.,. dJ J.lt. :JS _, i. 1 ;J.8 .. , J• Jl ]:1. JJ }It J> � )1 Jl 

Days 6. f 'i  le t u rned 

TA BLf.' 3- -,·:1-rk Compost Pile, Batch 4 
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A range of COz and heat production rates varying 
from conservative to most-probable were extrapolated 
from several references and from data on pile weight 
loss  (see Appendix) .  Cal culations indicate that the 
compost pi le mi ght have generated 1 ,4 1 0- 3 ,650 Btu. 
o f  heat and 1 20-3 1 5  grams o f COz each hour. M uch of  
the heat and COz were probably released when the pi le 
was turned . About 1 2 4  Btu. an hour were consumed 
in  evaporating water within the pile. The remaining 
1 ,2 9 0-3 , 5 30  Btu. produced in an hour raised the Ark 
temp erature by . 9-2 .5°F. COz level s in the Ark aver
aged 85-650 parts per mil l ion ( ppm) higher with the 
compost pi le than without, depending on the air 
exchange rate in the building. Ambient outdoor COz 
levels average around 300 ppm. Ins ide concentrations 
o f  CO2 tend to drop below those outs ide when photo
s ynthesis exceeds respiration, and rise above 300 ppm 
when respiration exceeds photosynthesis which 
occurs mostly during the n ight. 

A total of five gallons of  gaso l ine for the truck and 
shredder and 15 hours of physical work went into 
producing each batch of compost. The fuel had an 
approximate energy value of 63 5,00 0  Btu. That of the 
labor was 3 1 ,000 Btu.  According to our estimated 
rates, 7 1 1 ,000- 1 ,840,000 Btu. and 1 3 6-352  pounds 
of C02 were produced in addition to one-half ton of 
finished compost. This made the composting project a 
net energy producer. 

Our composting trials were very encouraging. We 
provided a home for mi l l ions of  microscopic friends in 
the compost box and catered to al l  of their n eeds . I n  
exchange, they contributed heat and COz to the Ark 
while rapid ly converting organic wastes into a rich, 
fert i le  humus . Tending the microbe community in 
each batch of  compost was a relatively labor-intensive 
proces s .  To reduce labor costs and s pace requirements 
in the future, a large, round, w ire mesh covered con
tainer would be constructed and tested instead of  the 
compost box.  It could be placed on ro l lers to faci l i tate 
turnin g, mix ing and aeration. 

Obtaining even higher COz levels and more heat 
fro m  composting requires a more sophisticated com
posting regime. Three or four compost piles could be 
established in a time series, a l lowing for a turning of 
one of the pi les each day, and a concurrent release of 
heat and COz. Energy requirements for turni ng the 
compost could be reduced by terracing the northern 
portions of l arge greenhouses and l etting gravity help 
in  turning the compos t. The pi les or windrows could 
be built on the top section and subsequentl y  moved 
down the terraced s lope. An alternative to control l ing 
COz and heat release by turning a pi l e  might be the 
controll ed release of  air from enclosed compost piles . 
Such bins might require special aeration techniques, 
such as internal forced air  circulation .  Compost sys
tems for solar greenhouses are conceptual ly  sti l l  in 
their infancy. 

Appendix: Estimating Heat and Carbon Dioxide 

Production From Composting 

The amount of heat and C02 production during a 
compost cycle wi l l  vary with materials and environ
mental conditions .  We used two methods to esti
mate heat and C02 production rates from a o ne-ton 
batch of  compost active over three weeks and then 
calculated the effect of these products on the Ark's 
atmosphere. 

I .  How to Calculate C02 and Heat Produced by Pile 

A. Method 1 :  
I .  Measure wet weight (-wru.•) o f  uncomposred material. 

I ,2 90 lb 'W'W uncomposted materd 

2. C02 production: multiplv compost 7L"W (kg)  bv conserva

tive estimate of C02 production rare (5 g C02/kg ww 
day) . 1  

( 1 , 2 9 0  lb ·ww ) x (0.454 kg/lb. ) = 586 wu> 

(586 kg ww ) x ( 5  g C02/kg u·u· dav) x ( .00 1 kg/g) 
= 2 . 9 3  kg C02idav 

3. Hear production:  mult iply C02 prod uced (g C02 /hr) by 
heat of reaction ( 2 . 9  kcal /g C02) 2 

( 2 .93  kg C02/day ) x ( 1 ,000 g/kg) x ( 1 1 24 day /hr) 
= 1 2 2 g COv'hr 

! 2 2  g CQ, lh r  x 2 . 9  kcal 'g CO, (heat of reaction ) 
= 3H kcal /hr 

( 354 kcal 1 hr)  x ( 3 . 9 7  Bru lkcal) = 1 ,4 1 0  Bru 'hr 

1 Fi�un .. ·s w�:rc compiled �md synrht·si1.cd from man�· sources b�· .\ lirlud Saxron in 

\ 9 iH in ' 'Production of Carbon Dioxide and Hear in c:omposring .
. , 

· r ·hcsc include: 

K. Gray, K. Sherman, and :\. Biddlcsronc, "Rcvic\\' of Composring. PJ.rt 
1 :  The Pr:1cr ic<J I Process,"� BiorhrmiJtry. Ocr . 1 9 71, p. 2 6  

John Jcris and Raymond Regan. "Controlling Environmental Parameters fo r 

Optimum Cornposring," Compost Stil'nre. \'ol I ..J.. :'\'o. I .  Jan.- Feb . I 9 7 3 .  I ..J.. 

K. Schulze. ' 'R<ltC of Ox �rgcn Consumption and Rt•spir:ltory Quotients Durin� 
rhc Aerobic DC('Oill position of a Synrhcric c ;arhage, ' Compost Sci('JJ((', .-\ll[!USt 
19 60, pp. 3H-40. 

K Schulze, "Continuous Thermophilic Composti ng. ' .·1 pplied .�licmbiolo5!,y. 10 

( 1 962) ,  1 1 5- 1 6  

D .  Sulcr and ,\·L Finsrein. "Effect o f  TcrnplT<Iturc, .-\crJ.tion, and ,\loisturc 

on c:o� Fonmuion in Bench-Scale, Conrinuously . l .hcrmophilic c:omposting 

of Solid \Vasrc," .-l pplird ,md l:'wviromnemal . \ firmbioln.e,y, � 3 .  :'\'o. 2 (Fchru:1ry 

1 9 77). HH. 

John \\'i lcy , "Studies of High-Rare C:omposring- of ( ;;trb<Jge and Refuse .
.
. 

Pro c. I Orh Industrial \-\'asrL' Con f.. Purdue L'n i \'ersir�·. I 95 5. p. 3 I I .  

Wiley, · ·Progress Rcpo rr o n  High-Rare C:omposring Studies, .. Proc l l rh 
Industrial \\'asrc Conf., Purdue L'ni\Trsir�·, 1 956. p. 339 .  

\\'ilc�·. "Progress . ' '  Proc 1 2th lndusrrial \\';JSf<.: C o n f  . . Purdue l'ni-
vcrsirv, 1 9 S7. pp. 600-60 1 .  

2 Sa:-.:wn. Ibid. 
( ;r:1�·. Shcnn:tn. :tnd Biddlcsronc. np. cit . . p.2H.  
\\'iky, Proc l �th lndusrri;l! \\'asrc c :onf. . op.  cir. . p.MlO. 
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B. Method 2:  
I .  Measure dry weight (dw) lo s s  o f  organic material over 

compost cycle. 

(6+3 lh dw before composring) - (45 1 lb dw after com
posting) = 1 92 lb dw loss 

2. Carbon loss: multiply dw lost (usually 30%-50%) by .5 ro 
determine carbon loss. 

( 1 9 2 lb) x ( .5  fractional carbon loss) 
= 96 lb carbon lost over 21 days 

3. C02 production: since rhe molecular weight (mv:) of 
C02 is ++ and rhe molecular weight of C is 1 2 , multiply 
C weight by H/1 2 ro obtain C02 weight. 

(44/ 1 2 )  x (96 1b. carbon loss) = 352 lb. C02 losr over 
2 1  days 

( 3 5 2  lb  C02) x (.454 kg/lb) x ( 1 /2 1 days) x ( 1 ,000 g/kg) 
x ( 1 /24 days/hr) = 3 1 7  g C02/hr 

4. Hear production: multiply C02 produced (g C02/hr) by 
rhe hear of reaction ( 2 . 9  kcal/g C02). 

(3 1 7  g C02) x ( 2 . 9  kcal/g C02) x ( 3 .9 7  Bru/kcal) 
"" 3 ,650 Bru/hr 

I I .  How to Calculate Effects of Added Heat and C02 on 
Building 's A tmosphere 

A. Heat: find out how much energy went to evaporate 
water from compost pile. 

1 .  Measure water loss from pile. 
[(ww before) - (dw before)] - [(ww after) - (dv: after) ] 

[ ( 1 ,2 90 lb ·ww) - (6+3 lb d·w)]-[( 1 ,040 lb ww) - (+5 1 lb dw) ] 
= 58 lb H20) lost 

(58 1b H20 ) x ( .454 kg/lb) x ( I  ,000 g/kg) = 26 , 300 g H20 losr 

2 .  To compute hear required for water evaporation, multiply 
water lost (roral grams) by .6 kcal lg (hear of vaporization) 
and convert ro Bru. 

( 26,300 g I-120 lost) x ( . 6  kcal/g) x ( 3 . 9 7  Bru/kcal) 
= 62 ,600 Bru transferred ro water vapor 

3. Compute average rare of  evaporative hear loss over the 
duration of the compost cycle. (i\llajor portions of evap
oration and hear transfer occur during turning.) Divide roral 
Bru (2 1 days) for evaporation by composring period (hours). 

62,600 Bru 2 1  davs 
504 hrs (2 1 days) 

1 24 Bru lost per hour (average) 
in vaporization of water 

Net Btu produced/hr 

{ 1 ,4 1 0  Bru/hr - 1 24 Bru/hr 

= 
= 1 ,2 90 Bru/h� (Method # I )  

3 ,650 Bru/hr - 1 24 Bru/hr 
= 3 ,530  Bru/hr (Method # 2 )  

B. Heat: calculate effect o f  added Btu in  building. ( hear loss per hour 
I .  Find G factor of building indoor-outdoor 

temperature differential ) 
This accounts for hear loss through the ground, walls, ceiling, 
glazings and air exchange. Methods for doing this are 
available in many energy conservation and architectural 
handbooks. 

G factor of Ark is  roughly 1 ,400 Bru/hr° F 

2. Divide net Btu produced each hour (nor including Bru/hr 
diverted ro water vaporization) by the G factor (Bru/hr °F) .  
The quotient tells rhe approximate average temperature in
crease due ro the effect of the compost "furnace." This 
estimate does nor include additional hear released upon con
densation of vapor from compost. 

Method 1 :  Method 2: 
1 , 290 Bru/hr 

.9oF 
3 530  Bru/hr - 2 .5 °F 

1 ,400 Btu/hr 1 ,400 Bru/hr 
The air temperature in the Ark will be raised . 9-2 .5°F by 
rhe compost pile. 

C. C02 production: calculate effect of added C02 on 
greenhouse atmospheric concentration. 

1 .  i'vle>ISlire volume of building. 

Ark volume "" 1 7,600 fr3 

2. Multiply volume by air exchange rare to find rhe dilution of 
C02 by infiltrating air. 

Low e.rtimate: 
( 1 7 ,600 fr3/air exchange) x ( .5  air exchange /hr) 

= H,HOO fr3/hr 

High estimate: 
( 1 7 ,600 fr3/air exchange) x ( 1 . 5 air exchangeihr ) 

= 26 ,+00 fr3 1hr 

3. Divide weight per hour of C02 production (grams) by its 
molecular weight o f ++ (i .e . ,  rhe weight of 6 x 1 023 C02 
molecules) ro ger moles per hour. Then multiply by 22 .+  
liters .'mole ro get liters per  hour. Convert ro cubic feet 
( fr3) per hour. 

(.'() 2 Production r:.,·timate from .\lrtliod 1 :  

( 1 2 2 g C02 /hr\ 7 (++ g 1 mok) = 2 . 77 moles per hour 
( 2 . 77 moles/hour) x ( 2 2 .4 liters/mole) = 6 2 . \ lirers/hr 

( 62 . 1  liters/hour) x (03S3  fr3/ lircr) = 2 . 2  fr3/hr 

C(h Production F:.rtimate from .Hetliod 2: 
(3 1 7  g C02/hr) 7 (44 g C02/mole) = 7 . 2 0  moles per hour 

( 7 . 20  moles/br) x ( 22 .4 1irers/mole) = 1 6 1  lirers/hr 
( 1 6 1  liters/hr) x ( .0353  ft3/lirer) = 5.7 fr3/hr 

+. Divide the frl /hr found in step 3 by dilution rare found in step 2 
ro get the volume concentration of C02. 

C02 Production Estimate from Method 1: 

( 2 . 2  fr3 'hr) 7 (8 , 800 fr3/hr lower air exchange estimate) 
= .00025 
= 250 parts per million (ppm) 

(2 . 2  fr3 hr) 7 (2 6,+00 fr3 · hr higher air exchange estimate) 

= .OOOOH 3 3  
= H 3  ppm 

(.'()2 Production F:.rtim.rte from ,1-/et/iod 2: 

(5 .  7 fr3 ·hr) J 7 H,HOO fr3 hr lower air exchange esrim<Ite) 
= .000648 
= 648 pm 

(5. 7 fr3 hr) 7 (26 ,400 fr3/hr higher air exchange estimate) 
= .0002 1 6  
= 2 1 6  ppm 

The C02 concentration in the Ark will be raised 83-648 ppm 
above existing levels by the compost pile. This compares with a 
normal atmospheric concentration of approximately 300 ppm 
C02. Commercial greenhouse growers routinely enrich their 
greenhouse atmospheres with C02, raising levels up ro 1 ,000-
1 ,500 ppm. This has been shown to accelerate crop maturity and 
increase crop yields. 

The journal of the New A lchemists 145 



It is very difficult to measure heat, C02 and water 
production from decomposing organic materia l s .  The 
actual conditions found in most compost piles can be 
very different from those experienced in laboratory 
experiments where very small qualtities or organic 
materials are observed under controlled conditions.  
The two methods outlined for estimating heat and 
col production rates provide "ball park " figures . 
Method 2 wil l  give more accurate estimations than 
method 1 because it is based on the actual carbon loss 
of  the pile whereas method 1 uses a conservative Co2 
production rate based on laboratory trials .  The proce
dures described can also be used to estimate the size 
compost pile or number of pi les needed to contribute a 
desired quantity o f  heat and C02 for a greenhouse. For 
example, the heat and C01 produced from the Ark 
compost pile would have a very s igni ficant effect on 
the atmosphere in a smaller bioshelter. To further raise 
the temperature and C01 levels in the Ark would 
require a series of equal ly sized compost piles or sev
eral larger ones . If  three or four piles were constructed , 
each could be started at different times . This would 
al low one pile to be turned each day at which time 
large amounts of  heat and C02 are released. 

We are indebted to Michael Saxton of the Univer
sity of Connecticut for his help compiling extensive 
references for this research . I would also l ike to thank 
Joe Seal for his assistance in calculating the estimations . 

Winter Light Reflectors 

Robert Sardinsky 

In the Ark, microcl imates are created b y  the stra
tegic placement of  reflective and absorptive surfaces 

PART 5-AGRICUL TURE IN THE ARK 

Soil Building 

Kathi Ryan 

The Ark is built on a sandy field. Organic matter 
was added to the existing dirt floor  immediately after 
the completion of the structure. Truckloads of sea
weed, leaves and manure, all of which are available 
locally ,  were dug into the growing beds . We "seeded" 
the above mixture with samples of soi l  from an oak/ 
beech forest floor, from a meadow in an al luvial 
outwash in southern New England, and with "muck" 
from an old Cape Cod kettle hole that is  now fi l l ing 
with a rich mixture of  organic matter. 

The rationale behind the seeding experiment was as 

and materials .  In mid-November of 1 9 7 7 ,  we started 
experimenting with foil reflectors to observe their 
effect on plant growth. We planted two wooden boxes 
(2' x 2' x 2 ' )  with Dwarf Siberian kale, Swiss chard, 
Ruby chard and three varieties of lettuce. All the plants 
were similar in size and leaf number. On a 2-foot
wide, 2Y2-foot-high plywood board nailed to the 
north side of one box we stapled aluminum foil to 
make a reflector. It increased plant growth dramati
call y .  In two to four week s ,  the plants in the reflector 
box were twice the si ze of those in the control box . At 
the end of December, we started picking the mature, 
o uter leaves from all the plants. The pru ned plants in 
the reflector box consistantly grew hack faster than 
those in the control box . We harvested and weighed all 
the plants on March 1 0, 19 7 8 .  In the reflector box a 
total of 5, 7 7  5 grams of salad greens was produced . 
The control box gave us 4,900 grams .  The trial dem
onstrated accelerated plant growth with a reflector. 

In February we compared light reflected from the 
north wal l  and ceil ing with the light reflected off the 
foil fixed behind the experimental box. Depending on 
the time of  day, total l ight intensities proved 24-42 % 
greater with the reflector. 

In the Ark the lowest light levels measured were 
along the upper northern beds of the deep middle 
sectio n .  We have tried several wa ys of  increasing light 
levels in this area including coating the concrete wal l s  
with white paint. 1 

1 Sever.! I studies show rhc d i ffuse lighr rdlccrcd hy whirc-painrcd surfan:s t:nlt.l n<.Ts 

vq!ctablc production more r l�n sp<.·cubr rcflccrors, sm·h :1s a luminum foil. Conrad 

Hccschcn. 1 9  7 8 .  · •"J'hc ( ;rccnhousc ;IS :1 Solar ( :ol lccro r, ' '  '!IJr' .\ol<�r (;rallhoff.l"f' Hool·. 
cu .  Jam<> C :  . .  \ kCullah, (�-:inman>. l'a .: Rocblc Pre») 

fol lows :  The bioshelter represents a total ly new envi
ronment. Ecological agriculture is  possible only if a 
d ynamic ecosystem capable of dea ling with pests and 
animals is established and al lowed to mature over time. 
Within diverse soil as sociations there ma y exist the 
bacterial , viral, funga l ,  protozoan and invertebrate 
animal as sociations which together could create the 
basis of an ecosystem unique to bioshelters. Seeding in 
this context is supplying the genetic bas is for the 
development of new ecosystems for growing fo od. 
Every year, at the time of  the fa l l  transition, approxi
mate ly a ton of compost is added and dug in. Top 
appl ications of compost are appl ied as n eeded through
out the year. Organic matter necessary for the struc
ture of the so il as well as for fertility, is bro ken down 
rapidly under conditions of high heat and humidity. 
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SoiL Chemistry and Structure 

Colleen Armstrong 

Bedding Soil. All  three levels o f  agricultural plots 
have similar soil structure. For three consecutive fal l  
seasons compost has been wo rked into the top foot ( 1 2  
in . )  of  each plot. The texture is a blend o f  loam and 
sand . Compared to the s urrounding l ocal soils, the 
Ark 's soi l  is high in humus content, 7%. The combina
tion of leaf mold, compost and sandy substrate offers 
very good perco lation when watering. Through the 
U. of Mass . Extension Service, Waltham Experimental 
Station and Woods End Laboratory in Maine, several 
soil samples have been examined since 1 97 7 .  Over the 
two years, the pH has fluctuated between 6.5 and 7 . 2 .  
For most vegetable production, these readings are 
ideal ;  a neutral soil has a pH of 7 .0 .  M ost vegetables 
prefer the s lightest acidic soil in the range of 6 . 5-7  .0 .  
Looking at the macro-nutrients requ ired for good 
growth, the Ark again is rich with these elements. 

Soil Report, Woods f:'nd L1boratory 

Nitrogen :\nnual Release 
Phosphorus 
Potass ium 
1\bgncsium 
Ca lci um 

November 1 9 7 7  November 1 9 78 
t'vl M 
MH !VIH 
M ,\IH 
M H 
MH ,VI 

(M) Medium (MH) Medium-High (H)  High 
Both Nitrogen and Phosphorus are analyzed as nutrient anions. 
Potassium, Magnesium and Calcium are analyzed as ex-

changeable cations. 

With each soi l  report from the Woods End Labora 
tory, we  receive a colorful humus chromatograph, a 
visual representation o f  the composition o f  the organic 
matter. Along with it is a graph indicating how well 
the soil is providing the necessary nutrients . Many 
factors are cons idered : quantity and diversity of the 
organic matter, d ivers ity of soi l  organisms, mineral 
content, moisture and temperature. The Ark's soil is 
described as a "Mul l  Humus" with rapid mineraliza
tion, a moderate amount of carbonates , which affects 
the determination of cation exchange capacity; micro
flora present; organic and clay constituents, all pro
ducing a good so i l  structure with an adequate reserve 
of  carbonaceo us material . 

There has been concern for a high concentration of 
the total soluble salts in  the soi l  in the Ark since natural 
phenomena like rainfa l l  do  not occur to leach the soi l  
thoroughl y. When interpreting the data received from 
the laboratory, a total so luble  salt index above 1 00 is 
dangerous for crop productivity. We have found that 
compost can be well above this index and when so i l  
reports indicate a high soluble sa l t  content in the so i l  
with fresh compost we leach the soil .  Sporadic l each 
was necessary during the fal l - 1 9 78  and winter- 1 9 7 9  
seasons . 

Seed Germination. Although this is a secret recipe, it 
has proven very s uccessfu l  for seed germination .  No 
matter what quantity of  soil you desire, mix together 
one part s i fted peat/ one part s ifted compost1 I one part 
sand, perlite or  vermiculite. The vermiculite will 
absorb water (sand and perlite do not) hence the soi l  
medium wil l  be heavier. Add water when ready to 
seed. If I am seeding very tiny ,  minuscule seeds, which 
need a light medium to send roots and root hairs 
through, I may use one-hundred percent vermicul ite. 
It has worked well with celery, pars ley, a l lysum and 
other small ish s eed s .  

After the  seeds have germinated, it is o ften necessary 
to transplant them into a second medium before their 
final destiny into the bedding soi l .  This soi l  i s  usuall y  
many combinations. The best has proven t o  b e  a blend 
of  one part old seeding soil mix to one part s i fted 
compost. At this time in the seedling's l i fe, the young 
plant is  able to util ize the nutrients in the composted 
soi l .  

Varietal Testing of Domestic and Dutch Lettuce Varieties 

Kathi Ryan 

Over the past three winters, we have tested many 
different varieties of vegetables, seeking those that are 
highly adapted to the environment created by solar 
greenhouses. We have found that vegetable varieties 
bred especial l y  for greenhouse production are better 
adapted to the lower and higher humidity present in a 
greenhouse during the winter months . Consequently 
we have had less fungus and mold problems, and the 
plants have been sturdy and healthy. In comparing 
greenhouse varieties of lettuce from Holland with 
domestic varieties last winter ( 1 9 77/78) ,  we found 
that the Dutch varieties out- yielded most of the others 
and that the heads were of exquisite commercial 
quality. (See Table 1 . ) 

We have just begun to work with Dutch varieties of  
tomatoes with the same positive observations. This 
spring we will be growing two types as part of an 
economic study .  

During the late part of  November, through Decem
ber and into January, the light levels in the greenhouse 
are low and growth s lows to a minimum. We have 
found several crops that continue to grow wel l  and to 
produce food during this t ime, despite these condi
tions .  Endive and New Zealand spinach, both of higher 
nutritional quality than lettuce, do well at this time. 

Other crops that gro w  succes s ful l y during the win
ter months are parsley, kale, chard , celery, chinese 
cabbage, dill, cole crops and of  course, lettuce. 

I f  �ood forl'Si!!ht is us<:J, rhc compost 11l:H<.:ria\ should be leJchcd, limed and Jf!Cd 

before usc: . 
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TA BLE 1- Varietal Testing 1 9 7 7  & 1 9 7 8  
Seeded 915 

Transplanted I 0/3 
Harves ted I I  /2 1 
Number of Plants I 0 

Domestic Varieties 

Bibb 
Grand Rapids 

Grear Lakes 
Salad Bowl 

Early Prizehead 

Seeded I I  13 
Transplanted 1 2 / 1 1  
Harvested 3 /8 
Number of Plants 5 

Dutch Varieties 

Bibb 
Grand Rapids 

Salad Bowl 
Far !  y· Prizehead 

Tomatoes 

Kathi Ryan 

Total 
Weight 

1 043  g 
1 1 06  g 

8 1 6  g 
1 3 08 g 
1 2 1 7  g 

Total 
Weight 

+70 g 
203  g 
2 1 0 g 
+7 1 g 

Dutch Varieties 

Dcci-Miner 
Dccisco 
Ross ini 

Ravel 
,\1isrra 

Dutch VaTieties 

1\lisrra 
Ravel 

Rossini 
Decisco 

Total 

Weight 

973 g 
1 0 3 5  g 
2 3 9 6  g 
2088 g 
1 7 30 g 

Total 
Weight 

+97 u "' 

678  g 
5 2() g 
.:J-99 g 

Twenty-four plants, twelve of each variety, were 
planted at an inters pace of 1 8" .  The plot had a total 
growing area of 55 sq. ft . The varieties chosen, Tropic 
or regular size and Small Fry, a cherry variety, were 
seeds we had on hand and were not chosen for any 
particular quality .  They both turned out to bear tasty 
fruit. 

Seeds were started in the basement of t he farmhouse 
( 1 - 30-78 )  where the temperature is warm and stable. 
They were later transplanted to individual milk car
tons and left in the basement under grow lamps. Three 
weeks later ( 3-20- 7 8) they were transplanted into the 
ground in Ark . Each p lant was given a foliar feeding of  
seaweed extract a t  the  time of transplant and  every two 
weeks thereafter. 

Once the soi l  warmed to desirable temperatures the 
plot was mulched with seaweed . Periodicall y, as plants 
began to bear fruit ,  applications of manure or comfrey 
tea were given. The whitefl y  population that invaded 
the tomato plot was controlled by the parasitic wasp, 
Encarsiaformosa. The experiment was terminated when 
tomatoes from our outdoor gardens began to compete 
with those from the Ark.  

Seeded: 
.
l .ransplantcd: 
First Flowers : 
First Ripe Fruit :  
Peak Production: 
Total Weights: 

Small Fry 

1 -3 0- 7 8  
3-20-78 

4- 1 0-78  
5-2 8-78 
7- 1 9-78 
3+ lbs . 

Tropic 

1 -30-78 
3 -2 0- 78 
+-2 8- 78 
6- 1 9-78  
H- 8- 7H 
98  lbs. 

This represents yields of up to four pounds per 
square foot for the Tropic variety in the less than two
month experimental cropping period. This is com
parable to commercial greenhouse production.  

Present Work and Future Plans 

Ka thi Ryan 

We wil l  be testing two varieties of greenhouse-bred 
tomatoes in production tria l s .  One of these varieties 
Lito , was grown in  the fa l l  of 1 9 78, producing frui; 
until late November and ripening continually into 
January. These plants are better adapted than those we 
grew previous ly  to greenhouse conditions and are 
fair ly disease-resistant. 

Onto the established Lito rootstock presentl y in the 
greenho use, we will graft plants seeded for spring 
prod uctiOn and compare yields with those plants that 
are not grafted but i ns tead set directly in the ground . 

An experiment carried out at the Ark on Prince 
Edward I s land compared double-pruni ng to matoes 
w1th those grown on a s ingle stem. To double-prune a 
tomato, the third sucker is al lowed to grow and be
come i ts own stem, thereby creating two main stems 
instead of the conventional one. On P .E .L  they found 
the yields from this method of pruning to be more than 
double. We will be using this  method for Lito and 
Type 1 2 7, both from Rij k Zwaan Co. in Holland . 
Those varieries used s uccess ful ly on P . E.L were 
Vendor and Tuck Queen from Stokes Seed Co . 

Another crop of economic value is the cucumber .  
Our past expenence (summer of 1 97 7 )  with 
cucumbers in  the Ark was discouraging d ue to their 
susceptibility to whitefl y. Since then , we have brought 
the wh1tefl1es under control with the wasp Encarsia 
formosa and several other control agents . 

This year the Ark will be producing vegetable, 
flower and herb seedlings for the entire garden and 
surrounding landscape. Between March and mid- May 
seedlmgs of tomatoes, eggplants and peppers wil l  be 
grown in rhe structure fo r subsequent o utdoor plant
mg. A m1st pro pa gation system will be instal led for 
fruit  and nut tree seed ling production. 

Insects in the Ark 

Colleen Armstrong 

Insects pia y an important role in the ecosystem o f  
the Ark .  The semitropical climate of the building 
encourages prolific populations of common green
house pests .  But this a lso makes possible the estab l i sh
ment of native and exotic predators and parasites to 
regu late pest populations . Inside the Ark, tempera ture, 
re lative h umidity, light intensity, photoperiod, the 
vigo r of the seasonal vegetation and other factors as 
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wel l ,  a l l  affect the rate of development of ind ividual 
insect population s .  And to the chagrin of my pesty 
friends , we too are a part of the Ark community and 
our ro le as pest managers must be as dynamic as that o f  
the ecos ystem o f  the Ark.  O u r  intrusions on their  
development are both physica l  and biologica l .  We are 
engaged in the process of information gathering, mon
itoring numbers of insect pests, evaluating the agricul
tural environment, and fina l ly ,  deci ding what actions 
to ta ke. In this section I will focus on the important 
biolo gical controls in  our semi-closed ecosystem, nat
ural and introduced. 

In the spring of 1 9  7 7 ,  Trialeurodes ·vaporariorum, a 
greenhouse whi tefl y infested young tomato plants 
inside the Ark. Whiteflies feed on a variety of plants, 
vegetable and ornamental . In  greenhouses they favor 
tomatoes, cucurbits , lantanas and fuschias . The l ife
span of an adult whitefly is 3 0-40 days, during which 
time a female insect may lay as many as 500 eggs . 
There are six stages in the l i fe cycle that include the 
egg, three larval sta ges (often called instars ), pupae and 
adult . The larvae lod; l ike scales; oval ,  transl ucent, flat 
discs .  Their rate of development is a function of tem
perature. At l 5°C. (59°F. ) ,  maturation from egg to 
adult takes four weeks ;  at 2 l 0C. (70°F . )  complete 
development takes three weeks.  

Whiteflies are well known for the damage they ca use 
to food and ornamental crops. Both adult and larva 
suck essential plant juices and excrete a sticky "honey
dew" that coats leaf surfaces. You can imagine how 
discouraging it is to have a three-month jump on nor
mal tomato production and then to lose your crop to a 
dainty white winged creature 1 . 5 mm. long! 

A Canadian biologist, Dr.  R.  J .  McClanahan is one 
of  several entomologists who have been investigating 
the parasitism of the whitefly by a minute wasp, Encar
sia formosa. The female wasp oviposits one egg in a 
whitefly  scale, usual ly  during the second or third lar
val stage. Within a few days, the egg gives rise to i ts 
own larva, which consumes the whitefly scale from 
within, turning the hard outer coat black .  When devel-

opment is complete, an adult wasp emerges from the 
parasitized scale. Like that of its host, Encarsia formo
sa 's rate of development varies with temperature. At 
l 8°C. (65°F. ) ,  both host and parasi te mature from egg 
to adult in 3 1  days. The Encarsia's l i fe cycle is shortest 
and its oviposition rare is highes t between 2 4°-2 7°C. 
(75°-8 l °F . ) .  The whitefly is not as fecund at 24°C. 
(7 5°F . )  however as it is at a lower temperature. At 
warm temperatures ( 2 4°C. and above), the ovip osi
tion rate begins to decrease. 

Table 2 shows its development from egg to adult of 
whitefly and E. formosa. 

In J une 1 9 77 ,  Dr. McClanahan sent us 2 ,000 para
sitized whitefly scales to be dispersed among the in
fected crops . The parasitized scales came on tobacco 
leaves and were pinned to the underside of tomatoes' 
lower foliage. Within two weeks, we found parasit
i zed, blackened scales on our own plants, although 
actual ly reducing the numbers of whiteflies took time. 
In late July, Dr. McClanahan sent an additional 5 ,000 
parasitized scales to raise our proportion of Encarsia to 
that of the abundant whitefl ies . The suggested effec
tive proportion is one paras ite to thirty whiteflies. 
The second introduction provided enough parasites to 
check the population of pests. Daily temperatures 
inside the Ark at this time averaged between 2 5°-
2 90C. ( 77°-84°F. )  which al lowed the parasite to 
multiply quick ly .  By August, the host population had 
been drastical ly reduced and was no longer a threat to 
tomato production. 

For our first attempt at introducing a specific and 
exotic insect into the bioshelter, the Encarsia was most 
effective as a biological agent . Being a tropical species, 
we expected to lose our wasp friends in the cool winter 
m onths. An unanticipated surprise came in March, 
1 9 78 ,  when the famil iar black ,  parasitized scales were 
discovered on an unruly tomato plant above the rock 
storage area. Indeed, the Encarsia had prevailed through 
the winter and found a home in the Ark .  Throughout 
the spring months, we tal l ied the number of whitefly 
scales and redistributed parasitized scales on the 1 97 8 

TA BLE 2-A uteco/ogy of Trialeurodes and Encarsia with respect to temperature 

/ t{ O (.'. 2 -f O C. 
'/i-i,r. f-:J1(,1fSic1 Tri<1. l·.'l!c,?rsitl 

Longevit\' (da v s )  +2 . 5  27 0  1 7 . 2 1 5 . 7 
Fccundit)' (eggs <? )  .I 1 9  6 2 8 . 2  1 2 3 . 9  3 2 .  7 
Rate of O v iposit ion 

(eggs � da, · )  8 . 2  1 . 7  7 . 5  2 .  7 
Stcr i l i rv ( per cent) 5 .  7 5. 7 8 . 6  2 . 9  
Length o f  development 

(davs ) 3 1 . 5 3 1 . 1  2 + 7 1 5 . 1  
Hosr Susceptible to Para-

sitizarion (days ) 1 6  1 3  
.\ lo rra l i n· (per cent) 6 . 6  1 6 . 6  

Thom:�s HurnL'tr, "The Fffcns of Tt·mperarurc o n  an lnsccr Hosr Par:1sirc Population .· · F..coloJt,y, 30,  \.' o. 2 ( .-\pril 3 0 ) :  1 1 3-33 .  
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8 . 3  
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8 .2  
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tomato crop. In the spring and summer, the whitefly 
population never reached levels that would create eco
nomic losses . I must add that the Encarsia o peration 
was successful with a minimum of assistance. We sug
gest that the home-greenhouse gardener could use 
Encarsia formosa as an effecri ve means of control over 
greenhouse whitefly, provided a high enough temper
ature is maintained. 

Most l ikely, aphids are the bane of any grower's  
existence. Countless numbers of  species s uck on  
leaves, petioles ,  stems, buds and  flo wers. Many are not 
plant specific for their food; they do prefer succulent, 
tender, young plant tissue. Aphids reproduce at a 
phenomenal rare; some generations have both winged 
and unwinged forms.  They are most prolific in the 
springtime when sexual ly produced eggs hatch and 
new aphids begin to bear their young alive. In  our 
gardens or  even in  larger agricultural areas, natural 
predators and parasites contribute to aphid control .  
The Ark ,  being a semi-closed ecosystem, may limit 
the number of natural ,  beneficial insects entering the 
building. However, over the past two years,  we have 
noticed insect activities that have repressed aphid pop
ulations. Ind ividual ly,  they did not demonstrate a s ig
nificant amount of control ,  although their combined 
efforts exhibited potential for integrated control .  In 
this case we use integrated in the sense of blending 
physical, mechanical and biological agents in an effort 
to subdue this greenhouse pest. 

Myzus persicae, the green peach aphid is the predom
inant aphid species residing in the Ark. Unfortunately, 
they select their food from a wide range of  vegetables 
(brass icas, lettuce, celery, carrots, and beets) along 
with annual and perennial flowering plants .  Usual ly,  
they have a l ight green body approximately 2 mm. 
long. The female may reproduce asexual ly and her 
n ymphs may either develop wings or remain wingless .  
In  the spring, at temperatures between l 5 °-20 °C. 
(59° -6 8°F .  ) ,  each generation could poss ibl y increase 
by seventyfold .  A tough act to beat ! 

In the beginning o f  1 9 78 ,  green peach aphids were 
discovered on vegetable s tems and foilage on all levels 
in the Ark . The degree of  infestation varied from plant 
to plant. Considering the presence of  this pest, vegeta
ble producti vity continued to be remarkabl y high. 
Once a week ,  particular plants (Chinese cabbage, let
tuce, kale, beets ,  chard and celery) were checked for 
the numbers of aphids on a 50 cm2 surface . They were 
described as winged or unwinged, nymph or adult. On 
susceptible plants, we observed a rise in their birth rate 
and intervened when the aphid population became 
intolerably h igh. We washed the plants with water and 
occasionall y  a biodegradable soap. 

Observing the aphids revealed several fascinating 
natural contro ls .  A fungus,  Entomophthora that thri ves 
in a cool, humid environment and feeds on the green 
peach aphid was discovered to be a control agent . The 

fungus grows within the aphid's body and transforms 
its host 's gelatinous tissues into a mass of short fibers 
called hyphae. After the fungi break down the cel lular 
structures , the insect dies and the reproductive hyphae 
push our through the shel l  of the aphid's remains , 
transforming it into a fuzzy, cream-colored dot. The 
reproductive hyphae, cal led conidia release spores to 
be carried o ff by the wind or water. In the cool winter 
months, the parasitic fungus can be seen througho ut 
the Ark, local ized in the dampest areas .  During Janu
ary and February, as the aphid birth rate begins to 
accelerate, the Entomophthorous fungi infect clusters of  
aphids, resulting in mortality to  both nymphs and 
adults . However, as the year progresses, the bioshelter 
acquires enough heat to retard the fungi's growth. 

On the other hand, longer days and warmer temper
atures encouraged the aphids to bear more young. As 
the pest population multip l ied, an insect parasite of the 
green peach aphid was identified inside the bioshelter .  
In February, a mummified aphid shel l  was discovered 
attached to a nasturtium leaf. A few days later, a tin y  
wasp emerged and began t o  sting nearby aphids .  The 
aphid parasite was identified as A phidius matricaria e. 
Research in Europe and California has shown A. 
matricariae to be an effective biological agent for con
trol of aphids, especial ly green peach aphids .  The para
sitic insect Ia ys irs eggs inside her host. The egg 
hatches and the subsequent larva feeds of the aphid 's 
fat tissues . After several larval molts, the pupae rests 
ins ide the shel l  of the aphid, which has been trans
formed into a hard copper-bro wn case. About two 
weeks later, it finally emerges as an adult wasp, close to 
2 mm. in length. A female wasp is capable of laying 
more than one hundred eggs. In the Ark, parasitism 
rate was low, with 5% of  the aphid population parasi
tized by A. matricariae. 

Both the Endornophthora fungus and Aphidius wasp 
are good il lustrations of natural enemies of M. persicae. 
Even though the numbers of parasites were insuffi
cient to totally check the explosive population of 
aphids, their presence contributed to the pest's mortal
ity rate. In the future, additional parasites such as A .  
matricariae will  b e  released t o  obtain a higher percen
tage of parasitism. 

Now, what about aphid predators " Couldn't they 
be at least as efficient as parasites? The ladybird beetle, 
Hippodarnia convergens i s  a fine example of a common 
aphid predator. The colorful larva has a voracious 
appetite, and is capable of consuming as many as forty 
aphids in one hour. Adult ladybird beetles may live for 
an entire year and travel many miles. In addition to the 
ladybird beetle, syrphid fly larva, many spiders and 
damsel flies are predators of aphids and all reside in the 
Ark. The most frequently seen is the yellow syrphid fly 
larvae; however, when compared to the number of 
aphids, their presence is occasional and their popula
tions are small. It would be to our advantage to further 
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establish a diverse community of beneficial insects. 
Biological control of  pests, i . e. M. persicae, could 
be spread among different insect parasites and preda
tors. Fewer mechanical methods would be necessary 
and the control itself would be more effective. 

Not unlike other greenhouses ,  the Ark has a variety 
of pests that are associated with certa in seasons of  the 
year. Red spider mite,  Tetranychus urticae, arrives wi th 
the summer months. To date, thei r damage has been 
smal l  and restricted to ornamental crops . As insurance 
against red spider mites reaching destructive level s ,  we 
have released a predatory mite, Phytosielus persimilis 
that has shown effective control over this pest in Cana
dian research. Y ct another nuisance are thrips , main ly  
Thrips tabaci. This soft-bodied pest feeds on leaf tissue, 
sucking out cell contents. Their damage can be recog
nized by a s i lver sheen on the leaf surface. Actually, 
the appearance of  sheen is given by air occupying the 
empty space of the cell structure. Thrips prefer a warm 
climate. A voiding susceptible plants such as nastur
tiums will aid in their contro l .  Another method to dis
courage thrip propagation can be eliminating annual 
crops when they have reached maturity cutting short 
the thrip l i fe cycle. 

Overal l ,  ta ken as an environment, nothing can com
pare to the Ark .  I ts nature is unique. In  theory, people 
created it, but as an enti ty ,  it evolves beyond our 
expecta tions . After reviewing important insect activ
ity, advantageous or  otherwise, I anticipate a relati vel y 
stable domain. With each s eason, population swings 
and outbreaks decrease in intensity and frequency .  
The increasing stability over time suggests that an  
eco logical s uccession o f  sorts i s  raking place. How 

PART 6-A REVIEW O F  
AQUACULTURE IN THE A R K  

Ron Zweig 

The initial idea and practice of raising fish in solar
algae ponds has revealed more about aquaculture than 
we expected . The 6 3 0  ga l lon highly translucent fiber
glass cylinders five feet in diameter and in height have 
increased our understanding of  the nature of aquatic 
ecosystems. At first the idea was to maximize the 
amount of solar energy entering a body of  water. This 
increased the primary productivity in the water 
column. The dense algal blooms (greater than 1 06 cells 
per mi . )  provided an efficient substrate for the absorp
tion of  sunlight by  acting as passive solar col lectors .  
The phytoplankton was also a rich source of  food for a 
phytophagous fish, tilapia, whose filter feeding behav
ior will also prevent algal senescence. 

In the first summer trial in  1 9 7 5 ,  a pond was set up 
outdoors in  the open. We fol lowed a semi-conven
tional approach to closed-s ystem aquaculture and in-

long it wil l  take to reach a steady state and how often 
we must interfere remains an unknown .Total bio logi
cal control of  insect pests may never happen. Too 
many abiotic factors shift the scales; especial ly in the 
Ark's ecosystem, nature itse lf  i s  the s trongest regula
tor of population dynamics. 

Nevertheless ,  the Ark holds vast potential for prac
tice in methods o f  biological contro l .  Practica l ly 
speaking, i t  must insure i ts  reliabil ity as an economic 
enterpri se. We have seen natural phenomena such as 
the Endomophthora fungi a nd A. matricariae contribute 
to aphid mo rta l i ty .  Encarsia formosa has been a success
ful biological agent specifical ly introduced fo r the con
trol of  greenhouse whitefl y. The fol lowing strategies 
could optimize the biological  control of insect pests in  
an integrated management s ystem. First, begin a pro
gram to col lect native beneficial insects. Green and 
bro wn lacewings ,  ladybird beetles, various ground 
beetles, s yrphid fl ies , spiders and various parasitic 
wasps would be excellent candidates. Second, select 
the most successful predators and parasites to breed in 
a small ins ectary for the New Alchemy bioshelters and 
farm . These insects could be released when their con
trol was needed . Third, use vegetable varieties tha t are 
resistant to insects by their appearance or physical 
conditions . In th is vein, continue to develop cultura l  
techniques for vegetable production that can b e  inte
grated with biological methods for the control o f  
insect pests. Final l y, experiment and create an insect 
ecology that provides the habitat for the Ark's benefi 
cial insect community. Practical pest management 
takes a lot of effort, but in the long run, we will 
continue to reap the benefits .  

stal led an oyster shell bacterial filter. The hope was to 
oxidize the toxic ammonia secreted by the fish, to keep 
it within a safe range for the fish and to prevent the pH 
of the water from becoming acidic. The ponds were 
inoculated with samples of algae collected from a 
number of ponds on Cape Cod. One hundred tilapia, 
Sarotherodon aureus, fingerlings were added to the 
pond . A dense algal bloom fol lowed. The colorless 
pond became a bril l iant green. The temperature in the 
pond rose to near! y 3 o.oc. anq remained close to this 
through July,  August, and the first half of  September. 
The most remarkable aspect of this was that these 
temperatures are believed optimal for ti lapia growth. 
The pH also remained basic until early October, when 
on a rainy, dark day the pond became unstable and the 
phytoplankton population collapsed. The pond changed 
from rich green color to brown, but the entire fish 
population survived attesting to the hardiness o f  the 
tilapia. This near disaster po inted out that more 
ecologica l ly  complete solar aquaculture s ystems were 
needed . 
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Consequently ,  we removed the oxygen-draining 
shell filters and exchanged half the water in the ponds . 
Since the pH of the water was higher than the natural 
equilibrium pH of  the shells we began to suspect they 
were unnecessary. The bacteria on the shells were 
creating an intensive oxygen drain on the pond. With
in a week a new algal population became established, 
and the pond returned to its former brilliant green 
color. 

After exploring the literature, we learned that sev
eral species of green algae are capable of  metabolizing 
ammonia d i rect! y from the pond water. This led us to 
believe that a phytoplankton-based aquatic ecos ystem 
could be designed using only the contained productive 
o rganisms to co ntrol both phys ical and chemical prob
lems . The algae alone p ro ved useful as ( 1 )  a feed for 
phytophagous food organisms, (2 )  oxygenators of the 
water through photosynthesis, ( 3 )  purifiers of the 
water through directly metabol izing toxic fish wastes, 
and (4) m icro-heat exchangers through absorbing 
solar energy. 

With the coming of  winter, we decided to test a 
pond outdoors replacing the tilapia with a population 
of  temperate fish species-the mirror carp and the 
Chinese s i lver and big head carps . An additional layer 
of fiberglass was added to the pond wall .  A 1 em . air 
space s eparated the inner and outer layers so it func
tioned as a thermal weather pane. Also,  the pond was 
covered with a double-paned geodesic l id .  Later a 
parabolic reflector was built to the north o f  the pond to 
increase the amount of l ight entering it and to protect it 
from the frigid north winds. With these additions, we 
crossed our fingers and hoped we wouldn't have to 
terminate the experiment by breaking through a 
column of ice to retrieve the fish .  

To our amazement the wat
.
er temperature never 

dropped below 4°C. even with the outside air tem
peratures dropping to -2 1°C. The average temper
atures achieved in this so lar-algae pond where well 
above those in the subsurface ponds within the Six
Pack and Dome structures . Besides the important 
results in regard to thermal energetics, the fish in the 
pond not only survived but also increased in weight. 

At the time of the winter solar pond trial ,  the design
ing of  the Cape Cod Ark was in  progress .  The signifi
cance of  the solar energy absorption characteristics of 
the outdoor solar pond won them a position in  the 
architecture of the building. They were incorporated 
as passive solar collectors and fish production units 
within the structure. An exterior reflective courtyard 
was designed for the building. The full potential of the 
ponds both for fish productivity and as solar collectors 
had yet to be evaluated. The next summer's experi
ments were designed with this  in mind. 

The first production  trial for the summer of  1 9 76 
used the pond with the reflector that we had built the 
winter before. The Ark was still under construction. 

In  this experiment, tilapia, m irror carp, and the Chi
nese s i lver and big head carps were raised together. 
The net productivity was 6 . 98  kg. during the 98-day 
tria l .  This figure was nearly ten times greater per unit 
surface area or volume than ever reported for a stand
ing body of water. The conversion ratio was 1 .0, 
meaning that one pound dry weight o f  feed produced 
one pound of fish .  Subsequent s ingle species or mono
culture experiments have not yielded as high a com
bination of  growth and conversion rates, although 
they are relatively close. Through improved manage
ment and species selection the true potential i s  still to 
be rea lized .  

We began an  intensive evaluation with the 2 3  ponds 
available to us within the Ark complex. These experi
ments were to include the linking of ponds in a "solar 
river" design and the testing of  different fish species and 
densities. We embarked on this sy stematically with a 
series of controlled experiments. We chose to work to
ward the development of an ecological model of the 
ponds that would be used as a tool to assist in maximiz
ing productivity. For this, we realized we'd need a 
means to monitor  the ponds and to analyze the data. 

Toward the end of the summer of 1 9 76,  a prelimi
nary analysis of the Dome aquaculture pool was 
undertaken. This led us to conclude that the develop
ment of  our aquaculture would require the assistance 
of  a computer-based data acquisition system. The proj
ect we devised would not only supply us with a means 
of increased food productivity but also put our work 
in the realm of  basic ecological research. The proposal 
was submitted to the National Science Foundation. 
The grant was approved. 

The impact of this funding was three-fold. First it 
o ffered us the potential of  three years ' support. This 
allowed for the design of  a series of systematic experi
ments . Secondly, we were able to bring in a water 
chemist and systems analyst who would be helpful 
with all the Institute's research. Third, and perhaps 
most important, was the creation of a forum composed 
of  a coordinated research team enabling us to focus on 
the aquatic systems at several levels. We chose two 
parallel courses of  investigation. One was to evaluate 
the solar-algae ponds with sophisticated monitoring 
instruments, and the second to compare these results 
with information gained from human observation, 
e .g . ,  color, smell, fish  behavior, etc. The results from 
this wil l  be used to develop a s imple guide to fish 
culture which wil l  employ the use of instruments no 
more complex than a Secchi disc ,  a feed ing routine for 
differing culture designs, and a management procedure 
to anticipate and alleviate problems that may evolve. 
We also hope to gain a deeper understanding of  natural 
ecosystems from this work. To date, several important 
criteria have been elucidated . 

The most important aspect of present research is 
that it has broadened our perspective of rai s ing fish in 
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sma l l  aquatic s vstems . At first, we thought it was 
critical to monitor ammonia in the ponds. As  already 
mentioned, the compound is toxic to fish . The signifi
cance of the presence of this compound proves to be 
greater than just an indicator of the fishes' health. It is 
also an indicaror of the stabi l i ty of the ecology within a 
pond . \.Ve ha\'e learned this through a sequential ana ly
sis of the water chem istry throu gh the course of a 
production trial .  (We have expanded the number of 
measured factors ro include ammonia, nitrite, nitrate, 
phosphate, sulfide, s ulfate, alkal inity, turbiditv, pH, 
dissolved oxvgcn, solar radiation , and temperature.) 
If, for instance, s ignificant quantities of ammonia are 
present, i t  becomes l ikely that a series of unstable 
chemical fluctuations will fo l low; i.e. a build-up of 
nitrite fo l lowed bv nitrate . This is the sequence in the 
oxi dation reactions fol lowing ammonia by the .\'itro
sorno11<1S and Nitrobacte-r bacteria. The direct impact of 
these compo unds upon fish  growth and the evolution 
of micro organisms associ ated with them is a puzzle we 
a re currentl y  attempting to piece together. (See Aqua
culture s ection of this journal . )  These factors allow us 
now to perceive fish culture in terms of the entire 
ecology of the culture ponds. This perspective brought 
us to another important consideration in pond manage
ment and maximization of fish productivity. 

It is imporrcmt not to base calculations for supple
mentary feeding solclv on a percentage of the fish 
biomass .  It is also necessary to consider the nutrient 
loading c1pabil ity of the ecosystem. Excessive feeding 
loads the pond, and the capacity of the l iving 
organisms to assim ilate the fish waste products is 
reduced . With regard to the build-up of ammonia, the 
nitrogen content of a specific feed has a direct 
correlation to the amount of nitrogen compounds 
released into the system in the fish wastes. The 
efficiency of assimilation has proven to be different 
between species . It is ,  therefore, necessarv to match the 
kind of feeds and rate of feeding with the o rganisms 
present in the pond, and not to exceed the loading 
capabi lities, regardless of  fish biomass. A particular 
polyculture strategy in a finite volume of water wil l  
have its own inherent maximum feeding rate 
depending upon the s ize and nature of the ecosystem . 
We are working on several design possibilities to 
optimize productivity. 

Four strategies are being cons idered . An integra
tion of certain factors from a l l  four wi l l  probably lead 
to the best design. The first cons ideration is  the choice 
of species to be cultured. These should be selected to 
optimize the nutrients available at the different trophic 
levels in the ponds ,  as well as feeds that are added . 
These include in the solar-algae ponds the ph yroplank
ton, solid fish vvastes and sediments, and sessile orga
nisms that grow on the sides of the pond. The second 
strategy IS to match the kind and quantity of the feeds 
with the efficiency of their assimilation by the living 

organisms within the pond. The third is to investigate 
a recirculating hydroponics design to utilize excess 
wastes that build up during an accelerated feeding 
regime. This may increase the productivity of a pond 
through redirecting nutrients that can cause instability 
by stabilizing algae populations through nutrient com
petition, space, etc. The last strategy would  be either an 
incremental or constant s low dilution of the pond water 
from a fresh supply .  This replaced water could be used 
to provide nutrients for agriculture through irrigation. 
The composite design of the Cape Cod Ark makes this 
tactic possible inside the building. 

The solar-algae ponds, therefore, have several uses 
in bioshelter des ign. They provide a means of passive 
solar energy collection and aquaculture inside. They 
can be used to provide fish waste nutrients for agricul
ture through irrigation, and at the same time reduce the 
chance of thermal shock to plant roots by prewarming 
the water. At this time, the potential for usirig the pond 
sediments for methane generation is also being consid
ered 

The experience we've gained in evaluating solar
a lgae pond aquaculture for the Cape Cod Ark has been 
manyfold.  The benefits from their integration in archi
tecture proved to be significant. The research and 
daily contact with these aquatic systems has increased 
our knowledge and perspective of the nature of eco
systems . It is bringing us closer to understanding the 
dynamics and sensitivity of the biosphere, a semi
closed ecosystem of which we are a l l  a part. 

POSTSCRIPT 

john Todd 

It goes without saying that the presence of the Ark at 
�ew Alchemy has changed how all of us feel about the 
future. U ltimately, Arks and the thinking that they 
engender are the best antinuclear devices we can con
ceive. They envision a world based on the sun, wind, 
and biofuels; a world on a human scale within which 
each of us helps orchestrate the forces that sustain us, 
and a human community that works in a sacred har
monv with the l iving world upon which we ultimately 
depend. 
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This section of the Journal traditionally has been a 
mixed bag, a space in which New Alchemists and 
their friends could pursue their personal quests in 
areas that did not necessarily fall definitively into any 
of our other categories. This time, with "Sensitive 
Societies, " Ron Zweig extends the thinking that he 
developed in an earlier article, entitled "Bioshelters 
as Organisms, " to social applications of a biological 
analogy for the present mechanistic social structure. 
Like Lewis Thomas, he is a firm believer in those 
"spectacular symbionts -the chloroplasts and mito
chondria tapping the sun and making use of it in aid of 
all the rest of us. " 

In "Near Horizon Economics, " Joe Seale indica tes 
the dispa rities in thought be tween proponents of con
tinued economic growth and those of us who come to 
weigh our actions in the judgment of coming genera
tions, contrasting the traditional economic and the 
ecological ethic. 

With Jeff Parkin's interview of Sava Morgan, the 
puzzling over learning which underlies so much of 
what we do is tackled straight on. Sa va has been 
struggling for many years to find means by which one 
can Jearn what Gregory Bateson has called "ecology 
of mind. " The medium that she has found most sa tis-
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factory for doing so is art, specifically dra wing and 

painting. Most of the people who have worked with her 
maintain that she is the best art teacher they have had. 
Jeff, who has studied with her, shares this view and 
through his interview with her some of the reasons for 
it become apparent. 

The last article is the transcript of a talk that was 
given by Francisco Varela at the Lindisfarne Fellows 
Conference in New York in June 1 9 78 and was subse

quently reprinted in the Lindisfarne L etter (8) . I was 
profoundly impressed by the talk on first hearing it at 
Lindisfarne, equally so on rerea ding it. Bill Thompson 
has a/ways warned that no matter how well inten
tioned one's a cts, they contain the seeds of their oppo
site or shadow side. As the politics of ecology become 
more heated with the debate over nuclear energy and 
fuel shortages, the lesson of Francisco's experience 
of the political polarization that developed during the 
A llende years in Chile seems to me particularly apt. 
Weathering what is bound to be a fairly stormy transi
tional p eriod in the next few years may depend less on 
vigorous partisanship than on learning to think, in as 
much as we can, about the entirety of the situation, 
upon what Varela and Bateson call our epistemology. 

NJT 
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Sensitive Societies: A Biological Perspective 

Roll Z'<.Nig 

"How can \ 'Our ph i l osophy of decentra l i zat ion and 
eco logy be concreti zed i n to a useful framework for 
socicnY ' This ques tion  was posed bv a vis itor one 
Saturdav at a workshop at  '\ew .-'\lchcmv l ed bv .\lur
ra y Bookchin.  I fo und the question of  in te rest for t \\ 'O 
reasons :  the fi rst being the man's s electi on  o f  wo rds ,  
and  the  second, the  theme 1 111 plicit i n  h i s  qut:s t ion .  

It  i s  irnpo rranr r o  cons ider rhe war I l l  \\ h ich a ques
t ion is asked to be <lh l e  tc give an a nswer \\·i t h  the 
proper pers pect ive. In  the case of our  visnor the rigid
ness of his termmo l og:y cal l ed for an C .'\ te n s i v c  rcph- .  

In pursumg the idea o f  an  eco logi ca l  perspective for 
social desi gn,  the word "concret ize" creates some d i f
fi cu l tv  because the very general nature of the quest ion 
impl it:s a un i  versa! so lut ion,  appl i cable to di verse soc ia l  
c l ima tes which , even i n  '\orth .-'\merica , are the  case .  
Such a concept without flex ib i l i ty  for the pa rt iculan
ries of  regio n  would,  in i tself, be uneco logica l .  The 
mtegrating o f  decentra l i zat ion with eco l ogical pr inci
ples is  critical  i n  seek ing a viable approach ro design for 
human communi ties . 

l 'h1s becomes evident 1n considering the vanous 
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bioregions of the continents throughout the world . 
The "biogeographical provinces" which Dasmond 
and Udvardy's  work i l lustrates indicate the necessity 
for specific evaluation of a particular region as to its 
resources and cl imate, asset s  and l im itations . 1  With 
these criteria in mind , the paradigm for an ecologi
cal ly based human society, one that adapts with min
imal impact into the larger ecosystem, can be formed. 
The des ign principles inherent in biological systems 
offer an excellent early foundation for an enduring 
social structure. Many of these are found consistently  
in a l l  l iving organisms, and considerable data from 
research on individual cells to that of  ecosystems has 
been documented in scientific l i terature. 

Cell s  are the modular units, or simplest forms, of 
l i fe .  Essentia l ly ,  cel lu lar processes a re miniature a na
logs of the mechanisms of larger l i fe forms .  A remarka
ble number of the better des igns for human com
m unity have been engineered to para l le l  cel l ular func
tions. The s ections foll owing wil l  describe some of the 
potential for the adaptation of the principles of cellular 
processes, but before doing so I should l i ke to restate 
the question that prompted this inquiry into one that 1s 
m ore workable. "How can we use the principles of 
decentra l ization and ecology to restructure a guide for 
human society?" 

THE PARADIGM OF THE CELL 

The analogy of a cell to larger s ystems has been used 
before to increase our comprehension of l iving sys
tems .  In  The Lives of the Cell, Lewis Thomas portrays 
the earth as reflecting the image of the l iving cel l . 2  
Lynn Margulis and James Lovelock, in  their Gaia 
h ypothesis,3 look at the earth as a s ingle ecosystem
the biosphere-and postulate that a deleterious impact 
on any portion of it would threaten the health of the 
entire planet. Such a perspective, conceptual izing the 
earth as a single, i nterconnected, l iv ing organism 
opens our minds to planetary consciousness .  Such a 
supposition ma kes it impossible to ignore any longer 
that human enterprise must be considered w ithin such 
a framewo rk.  Human activity must be integrated to 
have minimal impact on indigeno us ecosystems yet be 
woven intimate! y into speci fic environments. The 
perceivable intricacies found within the microcosm of  
the  cel l teach us  how l i vin g s ystems function. Their 
mechanisms have been developed through bi l l ions of 
years of  evo lution . An understanding of the processes 
of the cel lular microcosm can be extrapolated to the 
study of the dynamics of the macrocosm of the bio-

1 R. Dasmond, 1 9 76 .  "Bi ogeog raphical Provinces. · · 'f'ht Coh'·-;.·olulion QuMtaly. 
I I  l 2-3S 

2 1 .. Thomas, 1 97-t, Tllf l.i'i.'i'S of 1ilr Ctl! ( :'\cw Y o r k :  \ ' i k i n ¥  Press) .  

3 L. 1\brgulis. �md J. 1 .ovdoC"k. 1 9 75. ''The Armosphcrc a: - Cirnd:tror�· S�· srt:m 

of dH: Bi osph<.:rc: The (;aill H yporht.:sis. Tlu· Co l:',;.:o!utirm Qwrtaly. 6: .W-+0 

sphere and for this reason, the use of the cell as a model 
i s  appropriate. 

\Ve shall nor cease from ex ploration 
:\nd rhe end of all our exploring 
Wil l  be ro a rri ve where we srarrcd 
.--\nd know rhc place fo r rhc firsr r imc 4 

BIOENGINEERING & THE ORGANELLES 

The mechanisms in cell biology applicable to the 
design of a human society are ( 1 )  the means of energy 
production.  (2 ) transformation of energy to a w1dely 
appl icable form, (3) the use of resources 111 productiv
ity, and (4) the way in which productiVIty 1s ma.naged 
and contro lled. These are associated w1th d1fferent 
structures in the protoplasm of the cell .  

The process b y  which the l iv ing cell incorporates 
these processes into means of internal product!Vlty m
volves a complexity of networks in c lose biochemical 
communication. Within the cell ,  energy production 
and uti lization, and protein production are in delicate 
balance and there is a di rect relationship between 
chloroplasts, which are the organel les involved in  
photosynthesis, the mitochondria or  subcellular com
ponents producing biochemical energy, and the nbo
somes, which are the sites of protein production. 

Essentia l ly  the chloroplasts are solar-driven facto
ries within the plant cel l s .  Through photosynthesi s ,  
the organel les produce sugars which arc a pri ma r y  
energy s ource for other cel l processes. The mam com
pounds are water and carbon dioxide. Oxygen, as well 
as sugar, i s  a by-product of the reactions. Some of the 
oxygen is used by the cell in respiration .  Excess quan
tities are released into the atmosphere. The excessive 
quantities of oxygen, in  a sense, are waste products 
res ulting from intensive productivity. Such efficiency 
and incorporatio n of all residual products, would be 
well worth emulating in industrial enterprises. The 
energy in the s ugar produced by the chloroplasts is in a 
form that can be stored and used readi l y  by the 
mitochondria. 

The mitochondria function as generators of energy 
for biochemical reactions. They util ize the chemica l ly 
bonded energy stored in the sugar molecules to pro
duce A TP (adenos ine triphosphate) from ADP (aden
osine diphosphate) ,  a compound that is a lower form of 
energy.  Thi s process is cycl ic .  A TP is read i ly  accepted 
by almost a l l  cell processes and provides the energy 
necessary for their  operation. I t  is the task of the 
mitochondria to transform the energy in sugar into a 
mode useful  for other biochemical processes within the 
cell. This activity of the organelle could he l ikened to 
that of an e lectricity generator. The chloroplast 
would he analogous to a windmi l l .  Without its storage 

4 T S. Elior. Fanr QftMir!J, J '  
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capacity, the sugar could be compa red to the mechani
cal energy of a machine that can be used to drive a 
generator to produce electricity and to charge batter
ies , a nd is like the mitochondria in relation to the ADP 
to  A TP reaction. The weakness in this  analogy lies in 
the stages of energy storage, but the basic premise 
remains val id .  

The respective sizes of the mitochondria and chlo
roplasts are nearly uniform. They are not contained in 
a s ingle structure. Rather, the requirements that are 
ans wered by thei r processes are spread throughout the 
cytoplasm of the cel l s .  Each cel l contains di fferent 
numbers of organelles , depending upon need. The 
entire cell is not dependent upon a single, large energy 
producing station .  Both organelles contain their own 
genetic material and are capable of independent repli
cation, dispersing the control of  some processes 
throughout the cel l ,  and leaving the responsibility fo r 
other activities to those entities directly involved in the 
particular process .  Current ideas for decentralizing 
energy production are some\.vhat analogous to those 
of the cell and its micro-ecosystem. 

This design permits a specific cellular reaction to 
take place at  the s ite where it is required, reducing the 
need for extensive internal transport s ystems. P rotein 
synthesis, for example, takes place thro ughout the 
cytoplasm, wherever there are ribo somes . Proteins are 
necessary for all structural and en zymatic activities .  
A T P  is required for energy for their s ynthes i s .  The 
mitochondria fou nd near a ribosome faci l i ta tes the 
supply of the energy compound . This is also the case 
for chloroplasts and mitochondria. 

Proteins are made from a series of  linked amino acids 
that can be used over and over again . Rather than 
repeat the energy-intens ive process of s ynthes izing at  

every level in the food chain,  bi ochemical m eans have 
evolved capable of breaking down proteins into indi
vidual amino-acid bui lding blocks . For example, when 
one ears a carrot, the proteins in the carrot tissue cannot 
be used d irect! y but, through the digestive proces s ,  are 
broken down into separate amino acids and then reas
sembled into useful  proteins. Although extensive re
cycling of materials is a relatively novel concept in our 
society, it  i s  an efficient process ,  well -tested in cel l 
systems that are not involved in primary producti vity .  

M ANAGEMENT AND 

BIOLOGICAL FEEDBACK 

A last mechanism of the cell should be discussed before 
beginning an attempt to extrapolate to human settle
ments . There is, within cel l s ,  a tight management 
scheme for internal functions which are extensively 
governed through feedback pathways. It is known, for 
example, that the codes for protein synthesis are found 
in the cel l  nucleus .  The nucleus secretes messages used 
by the ribosomex to produce a particular protein .  I t  
ha s  been found that this sequence of  events i s  con
trolled by the amount of  protein available. A particular 
protein ,  in  sufficient concentration, is capable of self
regulating the processes of its own synthes i s .  The 
effectiveness of  this mechanism in any production 
scheme is obvious--the more direct the communica
tion, the better the chances for healthy equi l ibrium or a 
viable economy. 

A PP LI CATION O F  CELL PRINCIPLES 

TO A HUMAN COM MUN ITY 

One way to approach ecological design is  to look at 
existing engineered technologies. The chloroplas t 
could be seen as offering an analogy that could be used 
to create more efficient sewage treatment plants that 
could con vert wastes to usable products . At the pres
ent, there are facil ities that have been designed and are 
in operation containing several of  the stages of  opera
tion necessary to achieve such a goal . In such sys tems 
ra w sewage is put first into primary treatment ponds 
where the sol id material is converted to s ludge through 
bacterial activity .  Methane gas is generated through 
this a naerobic process in quantities sufficient for the 
mechanical operation of the sewage plant. Possib ly  
excess heat from the process could be channeled into a 
district heating scheme, but this would depend upon 
the quantities available. The heat made available 
through this and other manufacturing processes co uld 
be uti l ized as a back-up for auxil iary passive solar 
architecture designs . As with cel ls ,  such an intercon
nected network is  essential for the most efficient use of  
available resources. 
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The s ludge can be converted to o rganic fertil izer fo r 
agricul ture. The conversion process could be done 
us ing earthworms, and these in tum co uld be used in 
fish cul ture s Perhaps the amount of s ludge could be 
cons idered as an indicator of the amount of food neces
sary to sustain a community. If all food res idues and 
human wastes were run through such s ystems , it 
should be possible to calculate the amo unt of food 
needed, providing a mechanism for direct feedback . 
Agriculture of a sca le  suitable to provide sufficient 
food could be designed to surround the settlement . 
Sl udge fertil i zer would be combined with compost 
from local plants and from inedible parts of harvested 
food plants . 

Designs a re being developed in the s eco ndary stages 
of sewage purification that use algae in treating resid
ual  gray water. The algal cells can be removed through 
fil tration and the water returned purified to the envi
ronment. The stability of such a system is obviously 
dependent on the qual ity of the sewage entering the 
plant and would ha ve to be restricted to organic wastes 
free of hea vy metals and toxic hydrocarbons. This  

5 J . Parkin, 1 978, "Other Friends o f  the Earth," The journal of Thr Sci!.· 
Alchrmist.<, >: 69-72 .  P.O. Bo.x {7, \Voods Hole, ,\L\ 02H3.  

remains a problem in  most cities where municipal 
wastes enter a common se\ver system. As is true \vith 
s ize of cel l s  and o rgane l les ,  the scale of a community 
remains an important cons ideration.  

Clearly, the abo ve example i s  a simplified version of 
what wil l  be necessary .  What i t  does is offer a partial 
format for community des igns that would be analo
gous to biological systems .  I t  would be naive to 
assume that the model of a cel l is a complete answer. 
The greatest strength of any biological system comes 
from the diversitv of its components. Just as with the 
mixing of genes , inbreeding within a species gives rise 
to an increased po tential for matching weak genes that 
could threaten the vitality of an individual and should, 
therefore, be avo ided. I t  is best at this crossroads in 
design for human communiti es to combine the strong
est components from· a wide range of parad igms to 
create the most broadly applicable unders tanding. 
\Vhat has been true in the evo lution of l ife itself should 
be true in evo lv ing fundamental principles for com
munity development. Synthes i s  with relevant ecologi
cal concepts provides the greatest chance for I ong-term 
stabil ity in a society .  Hopeful ly ,  the outcome wil l  he a 
sensiti ve symbiosis .  
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Near Horizon Economics and 
Renewable Resource Based Technologies 

jose ph Seale 

Modern industria l ized countries virtual ly do not en
gage in any planning that extends beyond a decade 
ahead . In capitalist countries go vernment planning is 
viewed with suspicion a nd fear of regulation and 
bureaucrati zation.  It i s  discount rates, which represent 
competitive interest plus inflation and dictate the pres
ent value of anticipated future returns on invested 
capital ,  that substantially determine the ti me horizons 
of corporate p lanning. This sets those horizons very 
near in inflationary times. 1 Economic planning by 

1 For example, by geometric discounring (only one method), at a �5% annual 
rare (nor uncommon for inrernal industry invesrmenrs), next year's S 1 .00  earnings 
has a "presenr value . . of 5.80 (divide by 1 .25), or 5.6� two years hence (divide 
again hv 1 .25) . rhen S.5 1 . S.+ I and S .33 for rhe S 1 .00 earned five years hence. 
F�u-fururc anricipared returns, ncgarivc or positive, carry lirrlc weight in invest
ment computations 

ind ividuals and famil ies shapes the future onl y  at the 
fami ly level . The purchase of a house, for example, 
affects where and how one l ives, or saving to send 
children to college a ffects their education and voca
tional future. But the way in which invested famil y 
money is used outside the fa mi ly  is seldom a family  
concern . J'v1onetary abstractions of  security, earnings, 
and gro wth rate obscure the particular impacts of  
in vestments on  the direction o f  technological evolu
tion. Capital return becomes the sole measure of in
vestment value despite the multidimensiona l  conse
quences of in vestments . 

Before the industrial revolution,  and to a lesser 
extent even up to the beginning of this century, there 
was considerable planning inherent in cultural tradi-
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rions as the long-range consequences of certain activi
ties were known by cul tural experience. Planning did 
not depend on anticipating a future unlike any time in 
the past. But i f  cultural experience once bore some 
weight in decision making, modern forecasting seems 
usefu l ,  in practice, mainly to buttress s el f-righteous 
I-told-you-so's after a gloomy forecast comes true. It 
seems that now, as throughout history, people learn 
lessons the hard way a s  they are confronted by tangi
ble consequences .  

Increasingly tangible evidence is  bringing many 
people to believe, however, that the future debts in
curred by present types of industrial activity are 
rapidly overtaking us, and that, if our civi l ization is 
not to be swamped, o ur planning must begin to make 
al lowance for debts bestowed on the future. The s im
ple pol lution-control measures of a few years ago are 
beginning to acquire d imensions of ecosystem man
agement and future planning. Advocates are arguing 
for renewable resou rce based technologies to curb the 
depletion of and dependence on finite resources. They 
argue for an economy that future generations can carry 
forward . 

Others contend that the s trongest buffer against 
pol lution and economic collapse is a s trong industria l 
economy equipped with energy producing technolo
gies that are equal to the trem endous energy costs of 
recycling materials and fighting pol lution. Most of 
those of this persuasion consider that nuclear technolo
gies alone can be implemented on  a scale necessary for 
long-term needs, with pol l ution costs and hazards we 
can accept. Although man y disagree with their assess
ment of nuclear pollution and hazards, few contest the 
warnings of nuclear proponents about the environ
mental costs of  massive-scale coa l-electric generation.  
Many people  look to s pace for future resources. High
technology advocates argue that historica l ly we have 
always been able to discover new resources, unimag
ined by our predecessors, as the need has arisen. 
They contend that the future can best take care of itself 
i f  we build a strong present, by which they mean not 
breaking the stride of a success fu l  growth economy. 

Both sides argue for national-scal e  priorities, a l
though many renewable technology proponents favor 
that the priorities be accomplished not monolithicall y,  
but in  ways that are appropriate regiona l ly  and by 
rela tively small groups . This essay propo ses that it is 
only as individuals and groups , in  our economic and 
vocational activities,  that we can effective! y take re
sponsibility for directing technology development 
according to long-range, whole-s ystem value  criteria . 
Such di rection will not be accomplished by govern
m ental edict that bureaucracies be funded to study 
large systems of the future, nor by legis lation that 
industries fo l low the recommendations of experts or 
lobbies . We have a s ys tem in which individuals, and 
consequent! y the corporations they form, are encour-

aged to act entire! y according to self-interest while the 
government is as ked to determine what activities work 
to our collective detriment a nd to regulate economic 
activity according! y. Yet regulation of one secto r of 
the economy affects other sectors and other activities 
in ways that are as yet on! y poor! y understood, and the 
impact of regulation is to generate confus ion and 
waste.2 The problem inherent in the free enterprise 
alternative, when self-interest degenerates into greed 
in the context of a corporate economy, is that anticom
petirive activities can destroy the freedom of enter
pnse. 

I have littl e confidence in either government regula
tion or in regulation entire! y by "the market . "  If indi
viduals are to intervene to the benefit of the whole 
system, which I believe is  the only viable path, that 
intervention must arise from a basis broader than nar
ro w self- interest .  Intellectual tool s ,  l ike an understand
ing of the downstream consequences of present 
choices, will only help. More critical is a sense of  
cultural continuity, an  awareness of relationships to 
generations past as wel l as future, and an awareness of  
and  reverence to ward the interdependencies of a l l  l ife 
in an ecosystem. While various trad itional mora l  codes 
incorporate particular dimensions of ecosystem aware
ness, we, for a broadly ecological ethic, must look 
to a few long-li ved primitive soci eties. Where we find 
such an ethic, it is not imposed by higher authority so 
m uch as it is integral to the prevail ing concept of the 
self in relation to nature.3 I should l ike to look a t  such 
cultural themes in relation to the theme of economic 
time horizons , and consider a few historical examples 
of changing rime spans for investment planning. 

In 1 9 00, a young father might have invested his 
family capital and subsequently his labor, in land that 
he hoped to improve for the benefit of his new fami ly 
and his  grandchi ldren . His  great-grandchildren would 
have l ived beyond the rime frame of his l ifetime and his 
1magmanon.  

In the Middle Ages, artisans labored to bui ld cathe
drals started before their birth and completed long after 
their death. Cathedrals were an investment to the 
glory of God on the part of the whole society to come 
full term with the Second Coming of Christ .  

Before they made contact with Europeans, the Plains 
Indians of North America tried to l ive as to leave no 
trace of their l ife' s  passage on the land. Lasting value 
lay nor in monuments , but in the uninterrupted cycles 
of nature. One's fina l investment toward maintaining 
natural cycles was one's body, whose decomposition 

2 Sec ( ; rq!or�· lhrcson, · ·Conscious Purposl' \ · '-·rsus :'\;nun:· · and · ·Fffccrs of  
Conscious Purpose on l l unun .-\d;tpr:mon, · ·  cs:-.:1�·s appcuin¥ 1 1 1  Parr \ ' of h is  
S!t'JH '''  . w  t-:colfJ'.!.Y tl .\ lind (C :h:mdlcr Pul1lishin� ( :olllp;tn� · )  . . , .hL'SL' t·ss:ty s  :lppl�· 
nor only ro rL'¥HLtrion of 1.:t'onomit.· :�cl i \·ir�·. bur ro lnun:lll n.:!!ubrion o f  n:nur.d 
ecosysrcms. a topic of rhc n.:maindcr of rhis paper 

3 SL·c \\"L·ndcll lk·rn··s L'S�;��· . . . \ Secular Pil¥ rint;t¥e . .  front his 1.:ol lL\:r ion, . · / 
Coutiuuofl.( I /,1mlfmy (a f larn:sr hook. I brcourr Br.H.'L' joLlllll\'il.:h) 
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would return the last of borrowed sustenance to the 
soil that gave l ife, a lthough the word "investment" 
hard ly  fits here, for its modern usage implies the chan
neling of human effort or the currency of human 
effort, capita l ,  to improve on the natural state of things . 
Currentl y investments are not based on the eternal 
cycles of nature. 

Modern industrial equipment is amortized ful ly  in 
about five years . Beyond that horizon,  today's equip
ment is scrap. An example can be seen in the IRS 
schedules whereby companies depreciate capital 
equipment to salvage value in about five years . Com
puters give 'Nay to faster, more powerful computers .  
Typewriters give way to word processors . Fixed type
writer fonts y ield to interchangeable fonts. Mechanical 
linotype fonts give way to evolving phototypesetting 
methods. Next come cathode ray tube (CRT) scanned 
optical fonts, then digital fonts that control CRT 
letter fo rmation, and now digital fonts that steer laser 
beams to make offset plates in one step. 

For a more derailed example of economic pressures 
leading to rapid technological advancement and 
equal ly rapid obsolescence, we should consider 
oil-well dril l ing technologies . Mud dril l ing, based on 
pi pe rotation to turn rol l ing conical stud ded bits, mud 

· flow to carry away cuttings , and dri l l  stem weight for 
cutting fo rce, is being chal lenged in dry continental 
formations by faster air dri l l ing, which uses a flat 
studded bit face, compressed air to carry cuttings up 
the hole, and pressure differential between air and high 
internal pressure rock to e l iminate the need for great 
mechanical cutting force 4 Dril l ing with bits may be 
made obsolete in the future by fast erosion dril l ing, 
which uses very high pressure (up to 1 5 ,000 psi) 
drilling mud jets to cut through rock.5 

Equipment becomes more special ized, complex, ex
pensive, and far more prod uctive-of necessity . To 
continue with the example of fast dril l ing technolo
gies, large shal low continental fields run dry, forcing 
dril lers to go deeper, or out to sea, for smaller returns 
in o i l .  Production demands drive companies from 
${,000 per day shal low dri l l ing in east Texas to 
$ 10 , 000 per da y dri l l ing in deeper, harder formations 
in the Rock y Mountains to $25 ,000 per day for shal
low Gulf of Mexico drilling as high paying onshore 
reserves dwindle. From there, costs climb to $40,000 
per day for U .S.  East Coast offs hore dri l l ing, $40,000 
to $60,000 per day for North Sea drill ing, as waves, 
weather, and remoteness add their costs, and to 
S 1 00,000 per day to dri l l  through Arctic ice in north
ern Canada i n  search of even more difficult reserves .  
Completion times increase exponential ly with depth , 

4 .\ l i h:-dccp rod is under cxtn:me pressure of rock \n:ighing dmn1 from abon:. 
I n  : 1 ir drilling. rlus inrt:rnal pressure clusc:s f{l(,:k r o  hrt·J k  loos�o· t:asi ly imo d11..: 
rnuch lo\\'t:f pn.:ssun: air cnvironnH.:nr. The.: drill bi( dm::; comp:tr:uin:ly link \\'ork 

5 Rt,�· ! .on!!. J r. ,  l'cmH:ro ()j l  C:o.,  pro,·id�.:d 111osr of rhe SjJL'cifics !'or rhl· abo \"l' 
par:l!!raph. 

from a day or two in east Texas to four to six days for 
8,000 ft. wells in southern Louisiana , to more than a 
year for 25 ,000 ft. mid-continent wel l s .  Pressures for 
increased productivity, dril l ing speed in this case, 
come from the need to go to great depths ,  from high 
daily  operating costs (crews, fue l ,  management) , from 
interes t on tied-up capital (dri l l ing rigs, ships, o ffshore 
platforms and leases ), from inflation, taxes, and ulti
mately from competing equipment manufacturers .  
These pressures force rapid technological evolution 
and corresponding! y rapid obso lescence of equipment. 
Inflation is rea l ly having to spend more to get the same 
thing; however, some people claim that inflation can 
be cured by redirected government economic policy 
and ignore patterns like this . Do they  think we can 
legislate easy-to-recover petro leum back into the 
ground? 

On a deeper level , short horizon economics a re a 
symptom of a race to stay in one place, to maintain our 
economy and our l i festyles even whi le nonrenewable 
resources va ni sh and must be replaced by resources 
that are harder to obtain, like offshore petroleum; or are 
currently more chal lenging to use, l ike solar energy (as 
contrasted with fuel oi l) ,  or depleted soils (as contrasted 
with the rich soils our ancestors used) .  The costs of 
environmental pol lution and ecosystem damage have 
begun to acquire important economic proportio ns . We 
are racing to invent our way out of the consequences of 
past actions. 

How do markets move from long to short range 
economics ' Take agricultural land as an example. 
Land was once a very long-term investment, espe-

. cial ly  in Europe, where a tradition of conservative land 
management had evolved around centuries of use of a 
finite resource, which is an example of "planning" 
integrated with cultura l  traditi on. Much of the invest
ment was not so  much in the land as acreage, as it was 
in the soi l s .  Management included rotations of n itro
gen-fixing legumes , soil-holding cover crops ,  a nd 
nonmarker "green manure" crops to be turned under 
for so i l  ferti l ity. Animal husbandry and market farm
ing were complementary, as manure was a necessary 
part of agriculture. The land produced "fuel" for draft 
animals, and the animals returned ferti l izer. 

With the settling of America, people di scovered that 
they co uld use land more easi l y  as a nonrenewable 
resource and neglected conservation practices. De
pleted soils could be abandoned for land further west 
which led eventual ly to the geographic separation of 
farms and markets, a pattern that now locks us into 
cost! y long-range transport of food.  Later with chemi
cal fertilizers, farmers found a technological fi x for the 
accumulating consequences of  their nonconserving 
practices . The tremendous s uccess of ferti l izers led 
farmers to ignore tra dition altogether. Increasing 
mechanization encouraged larger field size .  Mechani
za tion, economic pressure, and loss of a cul tural 
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memory that trees are useful in agriculture led to the 
cutting of wi ndbreaks .  Consequently, wind-caused 
crop damage and erosion increased. Birds would not 
venture out across large fields ,  far from protective 
cover, to feed on agricultural pests. And the simpl ified 
soil ecos ystems bred of chemical fertilization and pest 
management d id  not support the biological balances 
that once held man y pests in check .  Selective evolu
tionary pressures fro m pesticides caused fast-evol ving 
insects to develop res istance while bird populations 
that evolve more slow] y dwindled, enforcing the esca
lation of the pes ticide war. Further destruction of soi l  
microbial ecosystems reduced the pathways by which 
soil m inerals were converted to compounds avai lable 
for uptake by roots, while breeding for optimal pro
ducti vity with ferti l ization led to dwarfed root sys
tems equipped to feed only on  soluble ferti l izers. 

In modern practice, "soil " is used in the singular ,  fo r 
its use is largely undifferentiated . Soil is space fo r 
plants to grow in s un l ight. Soil is a floor to bear the 
passage of plant-tending machinery .  Soil is a mechani
cal structure stable enough to hold plants upright b y  
thei r  miniaturized root systems . Soil i s  capi l lary struc
ture to hold the nutrient chemical solutions on which 
roots feed and the vermicul ite of the most economical 
form of mass hydroponic food production. Soil ferti l 
i ty  has moved from an investment lasting for genera
tions to a one-season investment: chemicals on, crops 
off. Land under this type of management acquires a 
time horizon for agricul tural use of decades , not 
centunes. 

Current economies rei y large! y on resources that are 
either nonrenewable and in short s upply or else in 
imminent danger of depletion faster tha n can be re
suppl ied by nature. It seems relevant to ask which 
forms of  resource depletion  are most l ike !  y to affect the 
race to invent o ur way out of past consequences . 

Fossil fuel s ,  particularly petro leum , are becoming 
harder to recover as prime reserves vanish . Long 
before suppli es are gone, several r is ing costs 'vvi l l  com
bine to outweigh the value of  these reso urces as fuel . 
These include the ri s ing recovery and extraction costs 
mentioned earlier, as  in offshore petroleum , oil shales , 
tar sands, land reclamation  costs in relation to strip
mined coal and oil shales, a nd the costs of pollution 
control for substances l ike high-su lfur coal and petro
leum. The uses of fos si l  reso urces in chemicals and 
materials are l ikel"y to outlast fuel uses , but at a price. 

Metals are becoming harder to recover. In cases l ike  
aluminum, ores are abundant, but  the tremendous 
energy requirements for electro! ytic refining binds the 
costs of aluminum to energy costs . In other cases, 
supplies of good ores wil l  be more l imiting, and meta l 
recovery from poorer ores costs much more in labor, 
equipment, and energy . These rising costs pose a 
threat to the construction of many of the devices sup-

posed to form the basis of renewable resource 
technologies . 

Soi ls  are being depleted in two wa ys . Erosion has 
already claimed about one-third of American topsoi l s ,  
and loss  is accelerating despite $ 1 5  billion spent since 
the 1 9 30's  to fight eros ion. The destruction of soil 
structure, organic matter, and microbial ecosystems is 
reversible in principle, but only over decades, and at 
cons iderable expense. This soil destruction enforces 
the continuation of the agncultural methods that 
brought it on, w·hile the qual ity of soi l ,  even as a 
hydroponic medium, deteriorates with the on-going 
loss of organic matter. Microbial ecos ystems arc essen
tial both for the conversio n of soil minerals to com
pounds us eful to plants and in  the return of  potcntiall y 
recyclable components removed with the harvested 
crop. 

Water res ources are coming to be used to capacity .  
In  agriculture, destruction of soil structure reduces 
water reten tion, increas ing both the demand for ir riga
tion and ra inwater runoff, accelerating erosion, and 
creating expensi ve flood-control problems. It is easy  
to forget that the  kind of damaging floods we  com
monly experience or read about were rare in North 
Am erica 200 years ago. Industrial uses of water, such 
as pumping water-s uspensions of crushed coal from 
mines to generating plant s ,  threaten to lower water 
table and disrupt ecosystems , ultimately destroying 
soils and species. 

Mi neral phosphate reserves are decl ining rapidl y .  
This i s  tied again to unsustainable s o i l  management ,  
which fai ls to  recycle phosphrus-bearing manures, 
sewage, and garbage, and al lows the leaching of phos
phorus from poor soil structure. 

The genetic stocks of the biosphere are being de
stroyed, as the last areas of arable land arc brought 
under ti l lage .  Modern agriculture has relied on the 
infusion of diversity from wild genetic plant-stocks to 
develop new domesticated breeds that combine good 
prod uctivity under specific growth environments 
with pest and disease resistance. But the green revolu
tion l ed to the development of plants optimi zed fo r 
petro-chemical-based agriculture. The decl ine of foss i l  
fuel resources wil l  generate needs for very di fferent 
crops and these cannot be developed without genetic 
raw materials . 

It is current! y common to call the depletion of such 
resources an "energy crisis . "  While energy is indeed 
very impo rtant to an industrialized econo my and to 
industria lized agriculture, the term "energy cris i s" 
seems frighten ingly narrow,  as the issues raised above 
should suggest .  And the measures that are proposed 
to fight the "energy crisis, with vast energy
producing technologies, are stil l more frightening for 
the capital and the intelligent thinking that such proj
ects would divert from whole-system problems and 
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from the underly ing roots of the s ymptomatic energy 
shortages. Increasing numbers of people are advocat
ing cfforrs toward breeder fiss ion and hydrogen fus ion 
technologies that would require commitment of a large 
fraction of the national GNP. While the costs of dea l
ing with the s i de effects of nuclear power cannot be 
argued concrete ly,  as they are unknown, and the 
necessary techno logies do not exist, the fact that the 
costs of di smantling the first s pent reactors had ex
ceeded thei r huge construction costs warns of future 
economic debts on an unprecedented sca le .  Unfortu
nately,  some proposals for renewable-resource-based 
technol ogies, particular! y those focused single
minded ly  on t-he production of energy outside con
texts of  use, sound equa ll y inadequate, if a l i ttle more 
benign. Two examples wil l i l lustrate. 

Many engineers propose planting monocrop stands 
of fas t-growing fuel trees , clear cutting and replanting 
every two to four years . Whole trees would be re
moved and burned in electric generating plants . Co uld 
such practice result in net profit and sustainable yie ld s ,  
or wou ld  it u se  fo rest soi ls a s  nonrenewable resources ? 
Agricultural experience by now should indicate the 
high energy costs of maintaining stable immature 
monocrop ecosystems against a biosphere that at
tempts to reimpose diversi ty. Pests a re certain to 
requi re constant contro l .  Regular irrigation, ferti l i za
tion and herbicide control are  anticipated as  though 
there would be plenty of water for this new and mas
sive need, and as though the energetics of  fertil izer and 
herbicide manufacture without petrochemicals would 
permit such practices. 

What would be taken from soi l ? Nitrogen. Phos
pho rus .  Potassium. Carbon , which is organic matter 
from decay .  Minerals .  Short-horizon agriculture rec
ognizes the first three elements primaril y. The nitro
gen compo unds in wood would generate volati le, 
poll uting stack effluents . Would such compounds be 
scrubbed from stack gases and processe'd to a form 
more suitable for ferti l ization? Or would it be cheaper 
to dispose of scrubbed effluents and synthes ize ferti
l izer from atmospheric nitrogen? Power-plant ash 
would contain phosphorus, potassium, and trace min
erals that hopefu l ly  cou ld easi ly  be returned to so i l s .  
What of carbon? Fuel woods would be  hardwoods ,  
whose lea ves are better so i l  bui lders than needles . I s  
that sufficient? O r  wil l  the soi l  structure deteriorate? 

Natural forests, and some managed European 
forests as well, contain deca ying trees that provide 
food for bacteria, fungi, insects , a nd ul timate! y birds 
and smal l  mammals .  Varieties of seeds from different 
tree species feed birds and animals, thereby creating 
niches for larger predators . The droppings and deca y
ing bodi es of the insect, animal and bird life sheltered 
by a forest provide soil-building inputs beyond the 
mere chemical elements necessary. Enduring soil eco-

s ystems which maintain structure and microbe-driven 
nutrient cycles have evol ved with these inputs. Pests 
are a result of predator-prey imbalances that seldom 
occur in forests with mature trees, species di versity 
and the accompanying d iversity of animals ,  birds, and 
msects .  

Forest managers try to maintain early succession 
ecosystems that are more productive than climax 
forests .  In nature, less mature forests are more diverse 
than slow-moving climax forests. To push for both 
extreme immaturity and uniformity implies difficult, 
energy-intensive management. It s eems doubtful that 
many current biofuel forest plans would fundamen
tal ly  ha ve a more renewable ba sis -in fact, coal would 
probabl y be a much longer-lasting resource than un
wisely exploited forests J 

Can windmil l s  become part of a sustainable econ
omy? Once, wind machines were used to accomplish 
mechanical tasks directly, primarily  those  of grain mill
ing and water pumping. The products of these tasks, 
flours and pumped water, could be stored for the 
d uration of calm spel l s .  Now that energy production 
and task performance have evolved into separate s pe
cial ties , windmil ls are being designed almost exclu
sivel y to produce one of the prime commodities of 
energy exchange, electricity. For that single purpose, 
windmill s  are being made more efficiently year by 
year in the manner of industrial products in genera l .  
But ,  unlike grain mi l l ing o r  water pumping, the task of  
e lectricity generation alone is incomplete and requires 
an arra y of other devices to serve human needs. Elec
trical systems cost enormous amounts of capital, 
energ y, and materials to build .8 For wind-generated 
electricity systems of the near future, fossi l  fuels are 
l ikely to provide much of the back-up power for peri
ods of inadequate wind . But once the chemical energy 
stored in fossi l  fuels is depleted, as when the energy 
costs of recovery exceed the energy value of the fuel s ,  
then the high costs of  other forms o f  electrical energy 
storage and back-up power wi l l  further d iminish the 
net absolute worth of wind-powered electricity gen
erators .  

This is not an argument against the relative merits of 
the wind-generation of e lectricity ,  which look quite 
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favorable. For certain premium uses where continuous 
energy in electrical form is ind ispensable, or where 
power can be intermittent with the wind,  wind-gen
erated electricity is l ikely to rank with the best energy 
resources . The question of  net absolute worth is as 
fo l lows : Will the costs of  future total wind energy 
systems for continuous power approach or  exceed the 
value of  their l i fetime energy production? I f  the costs 
are too high, then such s ystems would require a net 
subsidy ,  even though the y might be constructed for 
their special uti lity in limited appl ications . This caveat 
applies to other renewable resource technologies . On! y 
the best-conceived renewable-resource-based econ
omy, as a well-integrated assembly of component 
technologies , is l ikely to be sel f- sustaining. The "out" 
of  continuing much longer to discover new nonrenew
able resources to exploit seems less promising. On! y 
clear systematic think ing and planning wil l  sustain us .  

As l said earlier, the  problems we face are  much too 
broad to be termed an "energy crisi s ."  G regory Bate
son reminds us that what is cal l ed "human energy," 
and especial ly  "ps ychic energy," seldom means the 
k ind of energy defined by Newto nian and Einsteinian 
physics, and would better be termed information, con
trol ,  or intell igence.9 That a l ight bulb and a computer 
consume equal wattages says nothing of their compar
ative "computing power." The "energy" cris is  might 
more proper! y be cal led an information cris i s ,  a fail ure 
of intell igent control of our techno logy. The examples 

from agriculture and forest management should indi
cate the ways in which ignorance of how ecosystems 
can help us achieve human ends has led to prodigious 
expenditures of real energy, the kind measured in Btu ' s  
or  horsepower hours or  kilowatt hours .  Eugene P. 
Odum made a statement about plant "energy" and 
human "energy, " meaning energy pi us information or 
organization: "A lot of energy (human or  otherwise) 
other than fuel is required to keep machines running , 
repaired , and replaced ; it is not fair  to compare engines 
and biological systems unless this is considered , be
cause the latter are self-repairing and sclf-perpetu
ating."10  The folk adage is, "Things break down. "  
\Vhereas broken-down machines are scrap requiring 
energy for disposal or recycling, dead plants and ani
mals in a healthy ecosystem provide both nutrients and 
food energy to the microbes that carry their material 
back into the cycles of plant and animal life. 

American Indians were the last residents of  this land 
to participate ful ly in s uch cycles . Can our society find 
wa ys to build sustainable technologies with intelli
gence, especial ly biological intel l igence, where brute 
energy has fa iled us? Beginnings of positive ans wers 

9 ( ; n .. : �or� · lhr<:son, 'Form. Subsr;lll!,:l" and J ) j fft:rL'Ill"L' :· op cir. :\ frl'r rl':Idin� 
rhis ;md rlu: rn·n (:ss;�ys m<.:nrionnl pn .. · ,·ious l �· . dw n..·ad �.·r mar w�_·ll Ill' in
spin.:d ro f<H:kk· rhc \dml<: book of '-:ss;J�·s. whirh is wondcrfulh· ,,·jsc ;Ind 
cohcrenr. 

. 

1 °  Fu�Cill' P. Odum. Fund:UIIt'lll.ds flj r:.riJ!ogy, \\" B.  �Hllldl'fS Co .. p. 7 1  
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l i e  a l l  around us .  Solar greenhouses that a void the costs 
of heating fuel and produce vegetables in the area 
where they are consumed cut into the cost and re
so urce depletion of long-range food shipment. Bio
shclters combining greenhouse agriculture with 
aquaculture make double use of water for thermal 
storage and fi sh rais ing, use algae and bacteria to purify 
the water and help feed the fish,  use fish wastes to 
fert i l ize plants, and use compost heat and CO, to 
enhance plant productivity before the fini shed com
post builds soil ferti l i ty and vitality.1 1 A waste-water 
treatment facil ity that was half as expensive to build 
as its chemical-based counterparts uses sunlight, 
rather than fossi l  or nuclear-derived energy, and 
plants for energy conversion to purify waterY Some 
of the plants promise to become usefu l  as cattle feed. 
A large mixed farm in Iowa operated according to 
biological principles has sl ightly lower productivity 
per acre than neighboring farms using chemicals but 
i t  operates in the black, because of reduced operating 
costs , whereas neighboring farms are owned b y  
the banks . 1 3  

Another issue of  trade-off between energy and intel
l igence invol ves the conflict between corporate struc
ture and the efficient integration of s ystems . Industry 
i s  geared toward the manufacture of modules and wi l l ,  
for reasons of  profit, promote the sa le  of complete 
modular systems over the sale of materia l s  that require 
finishing outside i ndustry. On the marketing s ide, ad
vertising is effective at s el l ing mod ules, not concepts. 
The best practical example of this is solar space
heating s ystems. Industries have developed and pro
moted modular component systems consisting of solar 
col lectors, heat-storage reservoirs , heat exchangers, 
blowers and/or pumps, and contro l s .  These modules 
ta ken together are a direct physical and conceptual 
replacement fo r a furnace heating system . The concept 
being sold is s imple: "The fuel for this furnace is free . "  
This  sort of marketing molds popular opinion, even 
though high costs prevent large sales . How many 
places do we see slogans l ike "Plug into the Sun and 
Wind !"  or "Switch to Solar Energy !"  as if s imple 
substitution of  one form of energy for another, a l l  in 
the same unintegrated framework,  would cure o ur i l l s ?  
Now that so lar  space-hearing has been identified in  the 
popular consciousness with acri ve solar-co l lector sys
tems, intel l igently edited magazines and journals carry 
the post-mortems :  " . . .  uneconomica l  . . .  " ; " . . .  
unfulfilled promise . . .  " ; " . . .  complex and unrel iable 

" ;  " . . .  roo costl y for the homeowner. . . .  " 
Meanwhile, a new tradition of integrated solar archi-

1 1 "From ( )ur 1·\:p�oTit.:nn.:. · · Parr 5, stT p. I -HI. 
1 2  Frank lhl�·n, ··Solar St·\\'agc Treatment . " PtJpu/Jr Stima .\ la�-- 1 979.  pp. 1 06-7. 

1 3 RH:h:1rd and Sh:uon Thompson opcr�Ht' +20 .H:n.:s: rhcy spt:cia l izc.: in corn ;md 
c1rrk r:l i!>ing. Fo r :In :uxounr, send for: Prnt·n·din�s nf rhc Firsr Conference on 

Hi<,]n�icii .-\ �rinlirtln.:, Spri11!! 1 9/H. C:harll lrTl'W\\' 11, P.F.I  .. ( :;1Jlad:l. Sc:nd 57.00 
1 o \ la n ha .\lus!.!rm·�..: . l nstirurc.: of .\L111 and Rt.:sourccs. 50 \\"arcr S1 . .  Charlorrc
To\\'t l ,  Prinn· Fdw:1rd / :-; l:ind. C ::1nad:1. 

recture based on the initiative of many individuals and 
not supported by mass mark eting is gaining a foot
hold .  Glass walls with insulating shades are more 
expensive than ins ulated wal l s ,  but far less expensive 
than insulated walls plus solar collectors plus thermal 
transport mechanisms. Desi gned-in masonry or water 
containers exposed direct! y to sunlight are more cost
effective storage media than rock storage pi les with 
blowers and ducts , or than water tanks with pumps 
and b low cm and heat e xchangers and ducts .  Granted, 
the more passive i ntegrated solar approaches offer l ess 
right temperature contro l ,  but that is a trade-off that 
increasing numbers of homeowners are will ing to 
accept for reasons of econom y and security. Home
owners are also reluctant to become dependent on 
repair specia l ists to k eep complex p lumbing, motors, 
pumps, and controls operating. The "energy cris i s"  
l ies in  hundreds of thousands of badl y  constructed, 
leaky ,  large (oversize by my pre jud ices) houses going 
up each year, where well-constructed, integrated solar 
houses would not create such large new energy de
mands .  

To ca l l  consumers the victims of industry in  si tua
tions l ike this is to point to the counterproductive but 
mutual ly  reinforcing habits of industries and consu
mers . It takes two parties to make a mental i l lness .  The 
two parries here are the warring factions of the body 
politic, our divided selves . 14 As consumers, we are 
vict ims.  Bur as consumers making purchases, we con
trol part of the capital flow of the economy . If we 
invest, our investment cho ices reinfo rce or discourage 
corporate patterns . If we are blind to all but maximum 
investment returns, we reinforce the short eco nomic 
horizons that are a formidable barrier to long-range 
renewable  technology investments . To be employees 
of a system we may wish to change, or to be in a 
vocation that does not help shape a future we would 
choose, is perhaps unavoidable in the short run . Bur 
eventua l ly  there is a lways other work to move into by 
our own choice, if  we make it. Economic inducements 
usual ly discourage vocational innovation. High
school and col lege career-placement counselors too 
often play the role of market anal ysts, using computer
based job marker forecasts to suggest where we (or our 
children) might best cast our abilities, how we might 
most profitably se l l  ourselves in the market place. At 
col leges, the Future wears a business suit and v isits 
campuses near the r ime of graduation, i l lustrating how 
Still the Future can choose us with the apparent inevita
bil ity of Progress .  

Or we can choose the future. 

14 \\'t:ndc/1 Bcrr�· offers a fine exposition o f  this l·oncept in Thr L'nu!lliiiJ!. of 

-lmrrir,l Culturr .wd .--IJ!, riwlturr (Sierra Club Books; published by :\von Books). 
espc:cially in t:hJprcr 2.  He contrasts the inrcgrating cffccrs of rradirion�tl agri
cu l run: JS nurturing srcw;trdship \\'ith the fr:�gmcnring cffccrs of c.xploirivc in
dusrrr and industria l ized a�riculrurc. Though .\1r. Berry's emphases MC cultural 

and agricultural, his rhoughr h<�.s been a corncrsronc for these argumcnrs fo
t:uscd on cc:onomics and technology dcvclopmenr . 
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From a pam/mg bv S.w:: Morgan 

Learning and Unlearning: 
Some Patterns and Connections 

jeffrey Parkin and Sa7-'a Morgan 

The interview that fo l lows arose from a strong feel ing,  
one that I share with many other people, that Sava 
Morgan's approach to painting and to teaching, w hich 
amounts essential l y  to l earning from one's self and 
from others, should be shared . I first met Sava when I 
became a participant in her painting workshops .  The 
beauty of her classes i s  that they are meant for ev
eryone not just for artists per se. Through our painting, 
she prompted each of us to take a hard look at our
selves . In many instances , this was quite a revelation. 

I n  m y  case, much of m y  pre-college l i fe was devo ted 
to formal training in art, then my col lege days were 
spent predominantly in  science. For many years, I 
thought of m y  a rt and my science as complementing 
one a nother, the subjecti ve and the objective, the yin 
and the yang. Throughout my first twelve years of 
school, I was taught in  art to render my reality objec-

tively .  While thi s  is perhaps a logical, in itial step for 
aspiri ng artists, most of us , particularly when we are 
very young, are not aspiring artists. Yet largely with
out exception, elementary-school children are encour
aged to compose the inevitable witches on broom
sticks at Halloween , predictable turkeys and Pilgrims 
at Thank sgi ving, assembl y-line Santa Clauses and 
evergreens at Christmas, and so on as the years and 
child ren go on. Our perception of rea lity thus , as 
objective, through various forms of art, is not funda
menta l ly  d i fferent from science. With my background, 
I found it difficul t  in Sava's classes to displace my 
objectivity for long enough to find a greater balance 
within mvself. It is the rare teacher outside the d isci
pline of Zen Buddhism who asks questions without 
ans wers, offering a rt as a vehicle for self-expression 
and self-awareness, as a true complement to science. 
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Sa va is such a teacher . A lthough she defies translation 
onto paper, I have not been able to res ist the impulse to 
try. 

Jeff: What do you think are the most important 
aspects of  your teaching of painting? 

Sa·va: Many modern artists , l ike Dubuffet, Klee,  and 
Picasso, studied young chi ldren's art in the hope of 
capturing some of its spontaneity .  I wondered if it was 
possible to trigger comparably spontaneous activity in 
adults. In my adul t  art classes, I attempt to have partici
pants relate individual ly to ex periences sti l l  within 
them , from their pre-school sta ge (from about two to 
six y ears of age) . The period is o ften referred to as the 
myrho-poetic or what Piaget termed the preopera
tional stage of childhood. It is a time in people's l ives 
when they can directly express their  perceptions of  
real ity through mo vement, feel ings, colo r, m usic and 
through metaphor, without intellectualizing or being 
bothered about the final product or o utcome. In  our 
workshops, we play. We experiment with materials 
like l arge brushes, primary poster paints and inexpen
sive paper, as children do. You express yourself with 
individual spontaneity, through color and forms. As 
part of the process, you feel the extent to which you 
want the colors to flow, to combine to new hues, to fil l  
spaces, and s o  on. 

Working l ike this you might move into a new phase. 
When presented with the exploration of  materials 
exclusive ly ,  you focus on co nstructi ng configurations 
m rela tion to the paper and to your perceptions . These 
configurations may be developed into a world of  your 
own - fi gurati ve, associati ve, or abstract. The appl ica
tio n of paint may be lacy, heavy or patterned . When 
painting a plant, I may suggest that you imagine how it 
would feel if i t  were made out of bricks or  feathers. By 
doing so, you cou ld communicate many of the quali
ties inherent in nature- -the hardness of a trunk, the 
softness of a leaf. Often, you rna y not understand what 
you arc doing, but connections evolve out of enjoying 
the work rather than aiming at  res ults. You reach 
to ward your own understanding and expression rather 
than making something that is going to be pleasing to 
others. You become childlike in that you are searching. 
A joy l ike thar in dancing, j umping, or  playing is 
experienced in your pa inting. 

An important element in real izing this l ies in  dis
carding tools usual ly employed for achieveing perfec
tion. The pencil, pen or fine brush in the child or adult 
hand is  directed to ward achieving results acceptable to 
other people. You must be able to write l egibl y and 
dra w  clear, straight l ines , or a smooth circle .  Through
out all these years , yo u are conditioned to direct yo ur 
hands toward planned, nonspontaneous activity . At
temptin g to achieve this, you have inhib ited other 
parts of your sel f-expression, fragmenting yourself. If 
you did not enjoy your work, you relinquished plea
sure for approval . 

Photo by Hilde Maingay 

C sing large brushes and primary colors, you are 
reintroduced to attributes of nature l ike color, space 
and movement, as detached from a parti cular object. 
This is characteristic of tribal art, which is an integrated 
communication of total experience in symbolic form, 
through construction rather than imitation. The qual
ity of essential communication about a state o f  mind 
connects the art of  tribal people with that of chi ldren. 
In  tribal art, util ity and spiritual values were one. A 
drinking vessel can have both ceremonial and sym
bol ic meaning. The work o f  the artist has spiritual 
significance, rooted in the collective l ife of  the tribe. In 
my classes, you approach attributes of nature from 
your own subconscious and preconscious experience 
in  an analogous way .  You begin to perceive and treat 
these interconnected attributes as flo wing through 
you. You are not by-passing your subconscious to 
fabricate a product that might be admired. I try to help 
you take away the stri ving for perfection, so that you 
can begin to confront your basic, creative imperfec
tion. This may lead you toward new concepts and 
d iscoveries. 

This i s  why I emphasize change when we work. 
Each time you do something to your sati sfaction, I 
encourage you to do something entirel y  different in 
which you wil l  have to use other capacities .  This wi l l  
l ead to balancing achievement in one direction with 
other aspects of exploration .  My hope is that you 
begin to enjoy every aspect of  yourself, which wil l  
gradua l ly  result in a n  i mprovement of  ski l ls through 
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the process of self-evaluation in terms of your own 
complexity .  The hope is for a person with an aware
ness of self rather than one who has been programmed 
to achieve a standard ized performance. 

If  you ask me, "is my painting good ?," I turn it back 
to you and ask ,  in the manner of Carl Rogers , "Does it 
p lease  you ?  Is the feel ing good? Did you discover 
something?" You achi eve control of your own activi
ties in terms o f  your demands on yoursel f. 

In broader terms ,  the type of education I envis ion 
has many of its roots in the procedure of F ri tz Perl s .  I 
try deliberately to d isturb you b y  confronting you 
with your stereotype. Through your paintings, or 
whatever fo rm of expres s ion you have used, I show 
you that often you do not speak for your real self: you 
have been stuck for many years in a certain manner o f  
working because that is  what y o u  were taught. Like 
one o f  P erls' clients, you may use a greeting to avoid 
rather than make contact with people. Then when you 
real ize this aspect of  yourself, you wonder what to do. 
I may encourage you to try working with co lor, to use 
i t  in a new way,  to perceive it as overlapp ing s paces , to 
stop making outlines , to confront that painting as you 
would a new person. And that new person is yourself. 
Because you are unfamiliar with this , you may implode 
and then explode your negative feelings about this con
frontation. Yet, as you begin to conceive of a new 
aspect of  yourself, I try to help you to view it a nd 
express it . But I do this only when you have developed 
criteria that are valid for you, not only for me. This is 
why, when I teach painting, I encourage people to 
discover things important in their own l ives that be
come valid artistica l ly ,  and then make a statement of  
strong conviction.  Original ly ,  the intent is not  to  make 
statements to others . I t  i s  to explore the process of  
your  own growth, your  own capacities, and your own 
satisfaction . 

jeff: Why do you think painting  is uniquel y suited 
for the self-explo ration and expres s ion you speak o f? 

Sava: When you dance o r  play mus ic, it escapes from 
you minute by minute. Photography and film tend to 
be technical expressions of selection and association 
s uspended in time. Construction into s i ngle frames 
mediated by an instrument can remain a process of 
fragmentation. The moment you read back writing, it 
becomes l inear; words and sentences ordinari ly fo llow 
one another according to grammatical s equence and 
are viewed analytical ly .  Even s cu lpture can be viewed 
from a li near point of view, as you walk around it. You 
rna y see it one part after another. In painting,  the image 
i s  flat and confronts you as a whole. 

While you are painting, you may, within your 
painting, have a mirror of  yourself, moment to mo
ment. You can see what you felt because unlike music 
the temporal dimension is hidden. Through painting 
you can sense your own control o ver the space as it oc
curs in time. This is important. According to Cassirer, 

the spatial concept came before the temporal. In the 
templum, which was space, one could contemplate, 
and thus tempus ,  time, arose. So you go from space, to 
considering space in time, to the o rigin of the concept 
of time. Painting i l lustrates this process .  

Jeff: Having taught in  elementary school and col
leges, how do you view the current educational proc
ess? 

Sava: !Vluch of education today is based on the cu
mulative theories of the behaviorists, particularly those 
of Skinner. By eliminating the dimensions and com
plexities that are part of children' s  personalities ,  they 
can be treated as "black boxes ,"  repositories for facts 
and programs. Then it is j ustifiable to reinforce those 
qualities important for optimal operation as a cog in the 
wheel of our progressive social machine. Education is 
analogous to feeding. The child may consume what is 
o ffered by way of education, and may even find it 
palatable. Because of the great pl iability of the young 
child, this is overtly successful in the short term. 

New curricula are devised to increase the level of 
performance rather than competence. The flaw in this 
lies in the fact, as Chomsk y  states, "that production is a 
small fraction of competence" at every stage of growth 
and development. Not only is the fraction an inconsis
tent, inaccurate tool for evaluation, but encour
aging performance (production) has an effect that at 
best is indi rect in revealing competence. Actually, 
stressing performance in education has led to an in
creased level of incompetence in many students because 
of rebellion inherent in many l iving organisms against 
being cast into molds not their own. I t  is useless to 
attempt to change an eagle into a duck. 

The product orientation of education is comparable 
to our approach to agriculture .  Crop yields are in
creased through the application of synthetic fert ilizers 
A direct relation between the input of fertilizer and the 
output, or performance, of crops can be measured, and 
serves as the basis for evaluation. The natural balance or 
needs of the environment arc not considered. As we 
judge a crop by one standard, that of  yield, we assess 
children by two: How much of the input of pro
grammed information is processed and at what rate? 
Real understanding is disregarded. If either, and cer
tainly if both, of the two outputs fal l  below a certain 
standard of achievement, the children are pronounced 
fai lures by their educators and then by themselves . 
Such so-ca l led failures arise because the children do not 
accept the inputs they are given as relating to them
selves. The particularities of thei r growth and expres
sion are not nurtured. In fact, our de-emphasis and, in 
many cases, ignorance of the processes leading to 
fruition, whether in an individual or a crop, has resulted 
in the long-term despoiling of two of our most pre
Cious resources . 

Jeff: Returning momentari ly to the "education" you 
give in your art class, I was fascinated by your obscrva-
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tions on early childhood. What do you feel are the 
important aspects of  the mytho-poetic stage of child
hood and what might we learn from it as adults ?  

Sava: The ability t o  view each experience i n  a unified 
sense is one of the most important aspects of the mytho
poetic stage of childhood . It is in this stage that children 
sri ! ! perceive a story as a story, a ho listic image, not as a 
series of paragraphs, sentences, dictionary words or 
letters . Reading stories in order to learn words and 
grammar and to spell remo ves the children from the 
content and meaning of the story. In promoting forms 
of linear thinking, such as spelling or counting , among 
children of this age, we destroy their potential for 
unifying each experience through their own connec
tions. It is hardly surprising that many children reject 
their reacher's attempts a r  injections of ski l ls  that are 
devoid of connections vvith themselves. In our haste to 
groom children for adulthood , we deprive them of a 
rich inner l ife at a time when it is ripe for development. 
We promote stereotypes. I don't deny that historical ly 
linear thinking has been and is of tremendous impor
tance, but I do think that the skills can be taught too 
early in children's lives . 

In rhe mytho-poeric stage, the integration of one 
process with another o ccurs not through logical anal
ogy but through artistic metaphor. Children may pro
ject the emotions they feel at a given moment on an 
animal or object; the y identify their experiences with an 
external world. Their realities are composed of passing 
series of experiences and feelings related, connected, to 
them . This is how they perceive their world as unified. 
If I understand morality as an interdependence of the 
entire world, then the mytho-poetic stage forms a basis 
of feeling for ethics. 

I have seen a little girl of four walk up to a fire 
hydrant, clutch the two arms and say, "How are you, 
my little teddy bear? It is so  nice to meet you. " Chil
dren see the events of  the world as things connected to 
th eir own lives; they befriend objects as an imals .  Each 
event, each animal, and object has a special s ignificance 
in terms of a child 's needs, not unlike tribal people who 
create gods rhar correlate s ignificances in their l ives. 
Tribal hunters and gatherers represented plants, ani
mals and natural phenomenon through language, re
l igion and myth, seeing in them innumerable connec
tions and meanings. In tribal culture as in childhood, a 
person l ives in a world of s ignificance and connections. 
Though some of their perceptions might not appear 
objecti vely val id to us, it i s  important to keep in mind 
that rhev were and arc va l id to their hol istic worlds. 

The relating of object and s ignificance is  exemplified 
in children's paintings. In depicting her mother and 
father seated at a table, one child greatly exaggerated 
the size of her parents relative to the table, s ignifying 
comparative importance. M y  grandson has portrayed 
his mother as a lady with two (he has a little brother) 
small birds on her shoulder, the s ignificance being in the 

large, nourishing, goddess mother and the two little 
birds whom she feeds .  This is a reccurring metaphor 
in children's paintings and drawings . 

Cassirer said that creating connections between ob
jects is more important to humanity than formulating 
the classes to which the objects belong. As I mentioned 
earlier, it is these relations between objects and events as 
they change from moment to moment that form the 
basis of tribal psychology. This concept can be found 
in the immersion in the here-and-now in Chinese phi
losophy and in nomadic cultures . People constantly on 
the move, rooted in impermanence, must be aware of 
the here-and-now. Similarly, when children, absorbed 
in the moment, are asked what they were doing a little 
while ago, they don't remember. They are so com
pletely involved in the present task,  the here-and-now.  
Events as  experienced by children are structured in  the 
mind as a series of sporadic occurrences, not as a contin
uum. This may have a physiological basis in the 
growth of the brain cel ls .  

jeff: Schumacher considered education "the greatest 
resource ."  For the potential of this resource to be real
ized, it's obvious that the role of the teacher is of utmost 
importance. In the classroom, what do you consider to 
be the most important functions of  the teacher? 

Sava: The period when children have the greatest 
potential for perceiving wholes as well as essential 
qualities occurs in the mytho-poetic stage. This is well
documented in the literature of  developmental psychol
ogy. With traditional educnion children learn spel ling, 
grammar and other formal aspects of communication 
rather than content through which they can identify 
and experience. Children are trained to judge by formal 
qualities rather than ro relate the instruction as applying 
ro themselves. Gradual ly the ability to distinguish 
between the essential and the irrelevant in order to 
function optimal ly in balance with the environment 
becomes clouded. Such a shift in perception can eventu
al ly result in people who vote for a candidate on the 
basis of appearance, or buy a chair because of the 
veneer. More serio us is  the jus tification of prejudice and 
war which can be the consequences of bonding emo
tional states with theories, as we saw in Nazi raci sm and 
social Darwinism. 

This is an example of  how this might occur. Walking 
through a zoo with a child, an adult may say, " ick . . .  
that hippopotamus is d isgusting; look at how he wal
lows in the mud!" Such a judgment is both directed 
toward the animal and child. How can anything dirty 
be beautifu l ?  And the hippo is  dismissed.  With children 
it is most important that you examine the beauty of a 
particular structure within its own environment, sepa
rating subjective responses from objective qualities . 
Through my teaching, I attempt to help people of any 
age to discriminate between what is essential to them 
and to their work and what is peripheral, between what 
is true and what is merely pretty. 
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This process has a wide and much-needed applica
tion in education. This m ight wel l  be adapted to the 
method often used in teaching numbers .  Children fre
quentl y  are presented with three horses, five chickens, 
s ix houses , seven spoons , and the l ike, from which 
they are s upposed to learn the abstract concept of 
number. It becomes easy for the child to fuse or con
fuse horsiness, or whatever, with the quality of  num
bers . Rather than e l iciting the abstract understanding 
of number, the teacher achieves a fixation on those 
qualities . This is how people can come to attribute 
qualities to a concept or an object that have li ttle or 
nothing 

.
to do with it, being unable, many times, to 

distinguish between what is inherent and essential to it 
and what is not. Suppose instead the children were 
exposed to four sets of the same number of objects, a l l  
o f  which were different. Eliminating color ,  the quali
ties of  the animals and al l  concrete qualities at which 
children in th is particular developmental stage are so 
apt, they would arrive through the process of reason
ing at the abstract quality of number. The concept thus 
becomes general rather than qualified by irrelevant 
data. 

Jeff: It seems to me that an important aspect of the 
teacher-student relation (or maybe any relation for 
that matter) is the difference between approval and 
acceptance. What do you think about thi s ?  

Sava: Very few instances arise in any classroom in 
which approval can be gi ven with a long-term positive 
outcome. In most cases it has the effect of stunting. 
The only time I tend to sho w  approval i s  when some
one lacks a sel f-image with which to promote them
selves or their work -when they 1re floundering. I 
give appro val immediately fol lowed by acceptance of 
that person. In essence I am saying "It  is good that you 
have lost your way. This is evidence of your search
ing. The world is indeed complicated and it is some
thing we a l l  struggle with at one time or another." 

On the other hand, the bestowing of approval upon 
a chil d  or  adult can be viewed as condescension . When 
people have low self-images , they may feel that you 
are flattering them rather than respecting them or val u
ing their intellectual capacities . Also approval can iso
late a chil d  from other children by making the others 
feel rejected . The self-ana lysis ,  or self-admiration re
su lting, distracts the chi ldren. When someone is given 
a grade or a distinction of whatever sort, the process of 
learning rna y actual! y be arrested . 

This comes back to the bonding o f  irrelevant qual i
ties to concepts , events or objects . The children's dis
tincti ons between thei r own processes of l earning, or 
their s ubjective feelings of  growth, and the objective 
grading of thei r performances by the teacher become 
obscured . As educators impose and reinforce these 
irrelevant connections, students often turn to bask in 
an artificial sun that gives warmth but no i l lumination. 

Approval stratifies you as good, mediocre and/ or 

bad; acceptance means I am interested in you and what 
you are doing. Whereas approval serves to assert the 
authority of the teacher, acceptance denotes an egali
tarian situation within the classroom as a whole. Accept
ance offers internal support for the person's growth 
and expression, rather than a crutch .  Often in class, 
something may happen outside the window that di
verts the attention of  the children, perhaps the flight of 
an interesting bird. The excitement awakened by this 
event co uld be channeled creative! y. They could ex
press the ways in which they experienced it into a 
drawing, a musical composition, a drama, a written 
story, or in any combination of these. The crux is the 
acceptance of an event which has come into the chil
dren's world, of the children and their excitement into 
the entirety of the learning situation. 

jeff: What is your approach to integrating with
dra wn and disruptive children into the learning 
situation? 

Sava: Withdrawn children are often responding to 
damage that has been done to them by refusing to face 
the world. Frequentl y,  they don't want to participate 
in class room activities and hesitate to tal k .  Their activ
i ties can be j ust as disruptive to the class as those of 
hype rk inetic children. I once had a l ittle girl in one of 
my classes who was seeking the teacher's attention and 
affection constantly .  She was given a box of bandaids 
and as ked if s he would take care of the o ther chi ldren' s  
hurts . Gradual ly  her  desperate n eed to be loved was 
extended outward to helping others as wel l .  Instead of 
pestering and cl inging to the teacher, she became 
aware of the other children. Whenever s omeone cut 
themselves , she was there in a flash with her box of 
bandaids . Realizing that her actions were of value to 
others increased her self-esteem . Her need for a special 
bond with. an "important person" began to disappear 
and she began to take on activities in which she acted 
on her own. It was through this special function that 
she became accepted by her classmates and was able to 
receive acceptance not onl y from them , but also .from 
the teacher and ultimately from herself. While with
drawn children need approval even while they can't 
welcome it, acceptance can be the dynamic, growing 
approval needed for healthy relations. 

Disruptive chi ldren tend to respond to the way that 
they have been hurt by acting it out. The child I have 
j ust told  you about came from a fami ly of ten in which 
she had no chance to ex press herself or to receive any 
individual recognition . In other cases, the disruptive
nes s of the action ca n depend upon what is required to 
elicit a respo nse. When children are confronted daily 
with the difficulties of a ghetto, this is compl icated and 
accentuated to an extreme. 

When I was a teacher at Public School 1 1 3 in Har
lem, I was given a small group of fourth-grade stu
dents that the other teachers couldn't manage because 
of their disrupti ve tendencies. I disapproved of or 
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punished these children very infrequently, but rather I 
tried to create for them a special s ituation that would 
utilize the intensity of their energy. I might say some
thing l ike, " Let 's try something new; what would you 
l ike to do? " Usual ly they would have no answer; then 
I might s uggest ,  " Let 's get some instruments and play 
a rainy-day tune. Let 's l isten to the drops fal l  and each 

one of you make the sounds in your own way. Find 
your own beat. Just put the sounds together so that 
you enjo y  listening to them, and then play with 
them . "  They pla yed for awhile, then went o ff, with 
my encouragement, to the kindergarten, first and 
second grade classes to explain to their l ittle brothers 
and sisters about improvised music. 

I tried to do some reading with them. At that point, 
a lthough they were in the fourth grade, none of them 
were able to read . They were uninspired to do so, and 
had a strong a version to books, particularly ones they 
felt were for younger chi.ldren. Here I said ,  "You want 
your little brothers and sisters to learn ho w to read, 
don't you? The onl y books they can understand are 
the ones written for children, not adult books l ike the 
ones you use ." Wel l ,  the ego-bolstering thoughts of 
being older and partial ly responsible for others they 
cared abo ut was enough to interest them. The first 
book I gave them was about medieval manners. It 
began something l ike, "What would you do if  you fel l  
through the roof of  a Queen 's palace � "  The children 
responded with "Excuse me please, Your Highness ,"  
holding their pants legs out to the sides. This was a 
marvelous parody by these "macho " children . They 
were able to act unselfconsciously and to begin to 
break down sexual stereotypes, as they indicated by 
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their curtsies. After practicing reading and acting out 
numerous epi sodes, they decided that they were ready 
to go down and perform for the kindergarten class. 
One returned shortly, tears roll ing down his face, 
"Teacher, they don't l i sten to me." I said, "Man, now 
you know the problems I have. What shall I tell you? 
Let's  think about how we can make them l isten, maybe 
you can make them l isten if . . .  " 

The most disruptive children in the school had 
beco111e teachers. They had come to reali ze that they 
were functiona l m embers of this social grouping and 
individual ly were accepted for themselves . With some 
inventiveness ,  sensitivi ty and experience in interrela
tions with children, formerly disruptive activities had 
been , and again can be, translated into positive, satisfy
mg ones. 

jeff: You've made numerous references to ecologi
cal balance. Could you clarify this ? 

Sava: I use the phrase ecolo gical balance as a wa y of 
describing the enrichment and intrinsic integration of 
those elements that I feel al l children need in order to 
grow, just as one of your bioshelters at New Alchemy 
can offer a balanced environment for plants. In an 
enclosed area nutrients can be supplied and utilized 
with sensitivity. We brought seeds, compost, water, 
plants, animals, and machines into our classroom. 
These represent elements human beings have needed 
always in their passage from childhood to adulthood. 
The sprouting plant selects what it requires for its 
development from its environment, balancing growth 
with ecological restraints. The classroom should offer 
optimal conditions for the children to attain within 
themselves, with other individuals, and with the envi
ronment. The evolution of particular modes of think
ing, imagination and projection on interrelatedness can 
be built and unfolded in such surroundings. 

Within this situation, the teacher is a gardener, a 
cata l yst for growth, a nurturer. The sensitivity and 
respec.t the teacher should bring cannot be over em
phasized . The education of teachers should span not 
on! y the l earning of sk i l l s ,  but a lso an understanding of 
the eco lo gy of  chi ldren. This must obviously be based 
in part on the self-balanc ing in the teacher. 

jeff: How do you as a teacher bring this about? 
Sava: I feel it's important to have animals, of what

ever sort, in the classroom and allow children to 
observe them. So the adaptiveness of the animals can 
be seen as meaningful, I try to see that their environ
ment is made as natural as possible for them. My class 
at P.S. 1 1 3 had a pair of gerbils in a "cage" that was 
about four by five feet and three feet deep. It contained 
earth and other natural materials l ike twigs , leaves, 
feathers, grass clippings and the l i ke, col lected by the 
children during our walks through the park. Back in the 
classroom, we would decide what to introduce into the 
gerbils '  "cage." The children consulted on every aspect 
pertinent to the life of their "pets," giving rise to on-

going social interactions. 
At one point, much to our delight, one of the gerbi ls 

appeared to have become pregnant because the other 
one, the male we thought, selected all the softest mate
rials we put in the "cage," shredded them up, and , w ith 
the Mama gerbi l ' s  help, used them to l ine one of their 
burro ws. And there was the nest ,  well-padded and 
protected from drafts . The next morning when we 
came in, we all stared incredulously at a magnificent 
gerbil city which they had built with the materials that 
we had given them . They had separated the materials 
and then either stored them away or used them for a 
variety of purposes . The gerbi l s  had formed bridge
l i ke structures by matting together some of the twigs 
and had dug an intricate maze of tunnels through the 
earth . 

The children felt they had discovered how a gerbil 
might behave in natural surroundings. They began to 
ask questions about where gerbi l s  live and what their 
l i fe is l ike .  We s earched through numerous books .  
Through their absorptio n in the gerbi ls ,  the  children 
used their perceptions as metaphors in tel l ing and writ
ing stories, in composing songs and in painting. 

One day we made tapes of the children tel l ing stories 
of what they'd like to be when they were older. One 
boy wanted to be a fireman, a girl wanted to be a 
mother or a nurse. Then a boy started his story, 
"When I grows up, I wants to be a Papa gerbi l . Papa 
gerbil does the most beautiful things in the world. He 
builds tunnels, bridges and a house. He loves Mama 
gerb i l .  Whenever he passes Mama gerbi l 's room, she 
sticks out her head and he kis ses her and gives her a 
carrot. I 'm sure when the babies come, they're gonna 
be happy .  When I grows up, I wants to be a Papa 
gerbi l . "  

I t  was very moving. As  tribal people who admire 
and identify with the bear or  the hawk, our child ren 
had developed a larger understanding based on their 
ex periential involvement with the gerbil .  

Not  l ong afterward, Mama gerbil gave birth to  five 
babies. Watching over the gerbils gave the chi ldren, 
each in her or  his o wn way, an admirable and des i rable 
image of the famil y-a story grounded in l ife out of  
which everyone created a personal moral . Children 
often reject mora listic books written for them because 
they feel man ipulated . In our case, the children were in 
touch with the environment, the gerbils and with each 
other. I d idn ' t  have to warn them about dro wning the 
gerbi l s ,  for example .  The children saw that the gerbi l s  
needed a certai n amount of  moisture to be comfortable. 
I f  the ground was too wet, their tunnels col lapsed .  If  it 
was too dry,  they crumbled. The children learned to 
meas ure more exactly and appreciated the importance 
of exactness in appl icable instances. 

The children had learned something about nature 
and their c oexistence with it . They used materia ls ,  
math,  writing, painting, music ,  d rama, and themselves 
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to further integrate their understanding. It wa s com
pletely self-motivated . They became more aware of 
their own feel ings and potentials ,  of  other people, and 
of course of nature. 

Later the principal asked me whether I would want a 
school l ike this in which the children would be there 
twenty-four hours a day-my ans wer was no .  I feel 
that children belong to the people and to the society in 

which they have been brought up. They should not 
become withdra wn from thei r way of l i fe. That is not 
the purpose. The purpose rather is for them to carry 
the excitement and the message of their education back 
to the people with whom they l ive. In this wa y it 
might not be an iso lated experience, but be extended to 
help to create a way of l ife. 

' 
I 
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Reflections on the Chilean Civil War 

This article is the transcript  of a talk gi'L-'e/1 by Francisco 
Varela at the Lindisfarne Fellows Conference i11 june, 1 9  78. 
It was .wlmfitelltly published in the Lindisfarne Letter (8) 
and is rr primrd here through the cour/t'S V of the ,wtlwr. 
Tf'illiam frcwin Tlwmp.ro11, and the Lindi.,jarne .i.,·sociation. 

I ca n't  IT<i l l v  t<l lk  about rhc Ci vi! War in Chi le  w i rhour 
being vcn· perso na l .  .--\ n d  therefore, I am quire uncas\ 
ta l k i ng here roda�· ,  beca use I haven ' t  s po k en publ ich· 
on this matter s i nce those events ,  fi 1-c n:a rs <1go.  I g ues' 
tn this  group of people and gi ven rhe circum >rances, It 
is >omewhat possible ro do i t  n o w .  Bur l ha1·c !lC I'Cr 
done ir. I would be m uch m o re co m fo rtable ta l k mg 

about d i fferentia l  equati ons,  or the l i mb ic s ystem, or 
someth ing.  So vou wi l l  have to bear with me,  beca use 
it is not rhe k i nd of thing where I can p repare some
thing vcrv logica l l y  structured . 

So l guess I am j u st going ro usc the b ro ad paint
brush and draw a few images fo r you. Ho'vvcvcr, I 
d o n · t  t h i n k  it would do us a n y  good to have j ust  a 
bunch o f  anecdotes or experiences \\ ' i thout an v co n
te x t .  So l \\'Ould l i k e  to p ropose a conte x t  for these 
ideas or  e xperiences : what these experi ences have 
meant ro me, on the ba s is  of 11· hat \I'C have hea rd at  rhis 
conference 1·cstcrdal '  a n d  ro da 1 · .  You sec, my basic 
bias,  1 1 11 ·  funcbmcmal na rrow-lll i ndcdncss , i s  thar I 
don ' t  bc!tcvc \\T can talk ahour a world v i e w ,  or a n y  
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representation o f  what the world is ,  without at the same 
time observing and critical ly examining how these 
ideas come about. No content should be divorced from 
where this content has been produced. This goes 
under the name of epistemology. And so I would like 
to do a little epistemology. 

I take epis temology quite seriously .  I think it does 
matter. It is not a game or a fine pastime. Very specifi
cally I want to go back to yesterday .  And I want to 
make a distinction  which I was very disappointed we 
did not make yesterday .  Maybe there was no time. I 
want to retake  the question of energy as an example of 
what I mean by  getting us into a frame of  mind about 
our ideas, which would include an epistemological side 
to it .  The energy issue can s erve as my example, 
beca use  it was discussed yesterday and it thus becomes 
more tangible. And in that sense I want to make a very 
clear distinction between the kind of picture that How
ard Odum was presenting to us and the k ind of picture 
that Amory Lovins was presenting to us .  They are 
fundamental ly distinct: What Lovins was saying is 
something I can relate to and side with in many ways; 
Pro fessor Odum's point of view I consider, in  many 
respects, nonsensical .  I am sorry he is not here, because 
I would have loved to have him hear what I have to 
say; in fact, one of the reasons I can say this at all is 
because we are in a gathering of friends, and he was 
present. 

Now, why do I make this distinction? Well, because 
Odum's position about energy contains in a nutshell 
what I believe are the most dangerous hangovers of a 
k ind of w orld view based on a purely mechanistic 
observer-free science and philo sophy. Take, for exam
ple, his notion of the quality of energy in analogy with 
food chains: as you move "up"in a certain direction, 
you increase the "quality" of energy. And it 's this nice 
exponential that he draws; that the Pres ident, with the 
negligible energy o f  pushing a button, can blow up a 
whole continent. In more s pecific terms the way he 
draws i t  i s  by having a s ystem with a so urce and a 
waste, then somewhere here in the middle, in the flow, 
there is a nice l ittle s ymbol which he cal l s  order. You 
can call it information. This ,  for me, flattens out com
pletely what I would consider what information can 
possibly be. Because order and information are not 
absolute concepts . They depend on the system that is 
being described, and on the describer that sees it .  

I f  I am going to take literal ly what Odum is saying, 
then energy somehow decreases and gets to the point 
where it is packed with information. We ask, what 
kind of information is this? Is  that the bureaucracy? Or 
is that the power of  the media? Or is that the power 
of the workers? Whether I see the bureaucracy as 
having the information or the media as having the 
information, or the workers as having the information, 
these are very different points of view. I am not saying 
that one is particularly better than the other. Depend-

ing on where you are, order and information are going 
to mean different things to you. 

I n  a compact form I could say that order is nothing 
more than my ability to distinguish a pattern. And 
randomness, by contrast, is my inability to distinguish a 
pattern. There is nothing "in" nature that is order, and 
nothing that is chaotic. There is for us the possibility 
of  making some distinctions and drawing some infer
ences. And that says more about what we are doing 
than about what poor Mother Nature is supposed to be 
doing. If I show you a piece of paper and you say that 
it i s  a dirty picture, it says nothing about the paper, it 
says a lot about you. Similarly, if  I say that there is 
order in society, it says nothing about where that order 
comes from, or how it is specified. Who is specifying 
that order? To put in continuity energy and informa
tion flattens o ut the most essential aspect of both. 
These notions are a reflection of a point of view , a 
reflection of a human stance, a cultural tradition which 
we all have, and in which we all move. Each of those 
views of  order and information is going to come from 
such a tradition and is going to produce nothing else 
but another interpretation of  that tradition. And it is 
not going to constitute a description of a state of affairs 
in any sense of outs ide, in any sense of out there. 

I am claiming, in direct opposition to Odum, that 
information and energy have little to do with each 
other. Energy says as much about information as, say, 
blo ck print will say about language. There is obvious! y 
the need to have some sort of structure, of a concrete 
phys ical conveyor, of a certain action that we classify 
as informative. It says nothing about what the inform
ative act i s  all about. And to put those two levels 
together is to fal l  into the trap of the old objectivistic 
ideology.  I believe that when it comes to issues l ike 
energy and information, particularly information, we 
need to bring to the foreground, and not to flatten out 
in neat block diagrams, these questions: Where is infor
mation generated? How is it generated? By whom is it 
generated? In this I am, you know, a student of Greg
ory Bateson,  who i s ,  as far as I know, one of the few 
people who real ly  argued about this, as a lonely voice 
in  the desert, for many years . Well, it's about time for 
him to be not so lonely. When somebody says things 
such as Odum did in this kind of a gathering, it's time 
for us not to just sit and relax and say, " Isn't that al l  
very groovy? " Maybe he was using the analogy be
tween energy and information in a metaphorical sense. 
It can be taken that way. But it contains a lot of 
technological assumptions that I don't think we can 
just  let go unchallenged . Now, I am taking obvious! y a 
somewhat opinionated position. It is not that I am that 
convinced about it, but given the kind of group that 
this is, I thought that I might as well he somewhat less 
nice than I tend to be. 

Energy itself is a concept that is rare] y questioned at 
all. We forget, for example, that energy as a concept 
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has al l  the conn otations of organic action at its origin in 
the seventeenth century .  Tha t's what energy means 
also,  etymolo gical ly .  It is usual ly forgotten that the 
d iscovery (or the so-cal led discovcn·) of the notion 
that one form of energy can be converted into another 
is a very interesting case of how a world view can, all 
of a sudden, be congealed into a sol id perspective, and 
that people become completely oblivious to the ori
gins. Tom Kuhn has written a marvelous paper on the 
idea of the interconversion of energy as a case of sim ul
taneous di sco verv , how, within a period of  three 
years, many people stumbled upon the same notion 
that I can take l ight or electricity and somchovv find an 
intcrconvers ion factor with heat or with other forms of  
energy .  Now , i t  i s  a historical fact that many people in 
Furope stumbled at the same time upon the notion that 
you could define this facto r of interchangeabil ity . 
That's what people were looking for. But that becomes 
an operationa l  mean ing; so many calories can be con
vened into so many watts or whatever, there is a very 
defin ite relationship between the nvo .  How I interpret 
that is an enti rely different matter. And it was in the 
fancy o r  frame of mind at the end of the nineteenth 
century to proj ect the possibili ty of interchanging d if
ferent fo rms of these fo rces that we cal l  energy, to 
proj ect that possibi l ity of transformation, into a uni
fied notion that energy is a fundamental "substance" 
out of which the universe is made. That is very nice 
metaphysics ,  but it is neither more nor l ess than that. It 
is nor a statement ;�bout the ultimate picture of the 
universe. As a matter of fact, if you read, fo r example ,  
Feynman's Lectures on  Physics, published in 1 9 65,  he 
has no qualms in saying, in effect: "Look, I don't 
know what en ergy is .  I haven't the fa intest idea. Al l  we 
know is that this frame of mind (of looking at different 
forms of measurement, these different forms of  
phenomena , and  seeing that they can be  converted into 
one another by some quantitative factors ) is a useful 
one. So I go along with it . But don't ask me what 
energy i s .  I don't have the sli ghtest idea ." When good 
technologists forget Feynman ' s  point and go along 
with the notion that the universe is fundamental ly  
made out  of energy, their quantitative point of  view 
says that we have an energy crisis . I say we don't  have 
an energy cris i s .  We have a crisis in  our ideas about 
energy .  Obvi ous!  y, again,  I am being one-sided about 
thi s .  The case can be argued on  the o ther s ide. But I 
won't .  

Wel l ,  why docs al l  this have anything to do with 
Chi le�  

Wel l ,  i t  has to do with Chi le ,  because the Civi l  War 
gave me the experience that epis temologies arc not 
someth ing abstract to be given over only to hi storians 
of science; epistemology creates the kind of world tha t 
we live in and the kind of human values that we have. 
Nor to he a ware of the fact that we construct this world 
pcrspecti ve with an epistemology is even more 

dangerous than a bitter argument between two 
philosophies. And I was trying to make a case for this 
in the example of energy. 

You see, here the whole thing becomes personal .  
Chil e  was, for me ,  a process of  understanding, in  the 
midst of a traumatic social transformation .  Onl y  then 
were these iss ues made apparent to me, or at least that 
was my l esson from the process .  And to my surprise 
when I left my country, I rea l ized that whatever 
happened in Chile had acquired somewhat of a 
m ythi ca l  connotation, had become somewhat of a 
paradigm . A lot of people were so interested in it that i t  
was hard for me to understand wh y ,  unt i l  I saw that i t  
is a capsule statement for many simi lar situations, 
local ly ,  national ly ,  and international l y .  A friend of 
mine recently gave me a book of poems about Chile. 
It ' s  entitled For Neruda, For Chile, and the most 
interesting thing about the book wasn't what was 
printed, but what she wrote on the cover of the book: 
"There is  not such a thing as a personal story . "  This 
seems to be quite true. Everybody's story becomes our 
story , and some of them seem to res onate more than 
others . So I guess this is why I tho ught it might not be 
idle to convey to you some of the experiences in Chi le .  

Chile is a strange country. I cannot separate it from 
i ts landscape. You go to Chile to find yourself in the 
middle of a mountain and at the edge of the sea. You 
cannot get away from that haunting sensation of being 
sort of dangling almost out of nowhere, with only 
about two hundred miles to move across .  The fact that 
it is such a long country, going a lmost a l l  the way from 
the equator to the antarctic, gives one the feeling of  
being in  a long corridor. That gives the Chi leans a 
character somewhat different from that of other South 
American peoples in the Inca-based countries (Peru, 
Bali vi a, Ecuador) and very different from heavi l y  
European-influenced Argentinians. Argentina i s  more 
l i ke the United States than any other South American 
country. Chi leans, by contrast, are very withdrawn
a somewhat melancholic people used to the rain and 
cold.  One of the most impres sive things about the 
country is the Chileans '  love for poetry.  For some 
reason, everybody in Chile writes-or at least loves
poetry, and poets are the best national heroes. I have 
never been to a country where ten or twelve major 
poets are sold together with the po rno magazines and 
Donald Ducic Wel l ,  that is part ly what the country i s .  

In  1 9 7 0  came the well-known elect ion of Allende, 
the first Marxist pol itician ever elected in a free 
election . The thing to real ize here is that the 1 9 70 
election cannot be taken in isolation,  cannot be taken 
out of context, but must be seen in a forty year or 
forty-five year long and s lo w-moving growth of a 
broadly based worker movement. When 1 9 70 came, 
Chi le probably had, percem-w1se, the largest 
organi zed labor fo rce in the whole world . Litera l ly 
half of the workers were part of acti ve political 
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mo vements and had been invol ved for years in the 
labor movement and in labor participation, so that the 
l evel of politica l sophistica tion is something unusual in 
South America . Al lende wasn't an accident, he was n't 
a weird thing, but the conc lusion of a l ong process and 
a long tradition.  

Now, I suppose it is verv hard to convc\· the sense of 
what the election generated for al l of  us , the sense that 
everything was possible. The 4th of September, the 
night of the election, I remember everybody poured 
out onto the street and started jumping l ike kids. For 
about two hours you could see 500,000 people jump
ing up and down l ike kids .  We had a sense of a tre
mendous opening, a tremendous hope. I won't make a 
polit ical analvsis of the three years of A l lende, because 
I couldn' t do it. I 'm not rea l l v  a polinc11 scientist .  
Others probahl v  would know much more about it 
than I would .  But what I do want to paint fo r \ 'OU arc 
some of the events during those three years, the 
general way things began to go, and what forces were 
brought to bear upon it, internal and external .  From 
this sense of opening a nd exploration, what began to 
happen was the development of polarit y: in other 
words, po larity in terms of  either supporting, being on  
the side of or against the movement, not the 
government, particular ly .  That ' s  another misconcep
tion that I a lways find . The government wasn't so 
important as the parties behi nd the government. The 
coalition of  parties was an indication of the kind o f  
po litical mentality prevai l ing at that time. Allende 
wasn't caudi l lo .  He wasn't a leader per se. He was the 
head of a vast force, a political party. And that was 
what rea l ly  carried punch. So polarity revol ved 
around siding for or against the popular fron, which 
by 1 9 73  was about 43 percent of the vote. It quite 
l itera l ly  split the country in two. 

I cannot be emphatic enough in saying that this is  
li tera l ly  spli tting it in two. You could go to the 
newsstands in the m orning and one newspaper would 
say "It' s  raining,"  the o ther would say " It 's  nor 
raining. " "A is a son of a bitch" ;  "A is the king of  the 
universe ." It was l i tera l l y  l i ke  that. And you kno w,  
three years before, these two were reasonable news
papers, who agreed that a table is  a table and blue is 
blue. But by 1 9 73  this was not possible any more. 
They couldn't litera l ly  agree on anything, the time of 
the day or the color of  the sky. It was abso lutely and 
right down the middle a complete split .  And that sense 
of  polarity created a sense of " we're right ," or  "thev 
are right. " The polarity created a continual exagger;
rion of the sense of boundary and territorial i ty :  "This 
i s  ours; get out of  here ." 

For me, this  was the t ime at which things began to 
get ver y ,  ver y confusing. I started out being veq' 
supportive of the whole  thi ng. I worked pretty hard, 
l i ke many other people, doing what I felt was possible .  
I was doing nothing fancy .  I wasn't ever a high official 

in the government; I was just doing my sort of 
grassroots work. But by the second year the polarity 
began to develop, and I began to have my serious 
suspicions, to doubt whether this was making sense or 
not. I couldn't believe that the other gu vs ,  on the other 
side of  the fence, were so bad, stupid, wrong, immoral, 
ugly. and so on and so forth, as I was supposed to 
believe. There was someth ing that wasn't j ibing 
any more. And I was very, very confused by the whole 
thing and caught in a di lemma o f  lovalty to what I felt 
vvas essential l y  my people ,  my friends who were into 
this together. I mean, I wasn 't apt to jump out of the 
boat, hut I \\"aS beginning to lose mv whole 
conviction, my whole commitment to the idea of 
defending this thing. 

That was the state of  affairs in which I was by the 
end of  1 9 7 3 .  I didn 't have any sense of understand ing 
at all . I was in the uttermost confusion about the whole 
thing. And the only thing that vvas keeping me going 
was simply a sense of solidarity . I remember walking 
down the streets the fi rst days of September, having a 
burden on my shoulders, I guess l ike everybody else. I 
had a sense of impending doom and no undcrst�mding 
any more of  what this was al l about. Where did it all 
begin;l I don't know how to say it vividly enough; it 
was abso lutely and completcl v  chaotic. In the l iteral 
sense of the word chaotic. There was no possibility of 
distinguishing any order or any rule any more. 

So it is T uesda v,  September 1 1 th,  1 9  73 .  It is not 
raining, but the radio says it is raining. I am waking up 
in the morning at around 6 : 30 , taking my li ttl e 
daughter to her nursery school and the radio keeps 
saying "it is raining," but it i s  not raining .  I thought: 
These guys arc crazy.  And as I am wal king out of the 
house to take my car, the young neighbor runs across 
the s treet and says; "Don't you know ;l ' '  "No ,  I don't  
know."  And on! v then did I l earn that ha lf of  the radio 
stations are taken over by the army.  And they arc 
broadcasting their deci sion to overthrow the govern
ment. Then I remember- -s tupid of me - --that the cod e, 
" I t 's ra ining" means that a coup has begun . I had been 
tol d that about a month before and had forgotten. So I 
take my daughter back to the ho use and ta kc the rest o f  
the famil y to  a next-door neighbor, who was a vcrv 
qui et person .  And I go to join, a s  it was agreed, the 
people that I was working with at the uni vcrs i ry to sec, 
you know, whatever is to be done. Supposed ly  It is 
civil war, so every bod y is ass igned certain tas ks. So it 
is ten o 'clock in the morning, and thrce-q uartcrs of the 
radio stations are a l ready taken bv the army. And 
we're all s itting; we are supposed to be waiting for the 
mstructions to do whatever. But no instructions come. 
\Ve a l l  sit there with the same sense of impend ing 
doom, not bel ieving that this i s  happening. · r ·hc w a r  is 
sti l l  an abstract thought, sti l l  somethmg that is nor 
rea l l y  happening. We have never had a war 111 Chile 
before .  I have never seen a war. l\'obod \· Ius ever seen 
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the armv on the streets before. N obod v has ever seen 
the pol ice be anything ex cept verv nice people.  So 
there is no frame of reference. Th1s 1s abstract. 

So it's tcn- tlmt v in the morning, and most of  the 
rad io s tat ions,  except one, arc al ready taken bv the 
arm v .  And I begi n to sec ranks rol l ing down the 
streets, and I begin to see \oVagons loaded with s oldiers 
dr i \· ing d o wn the street, and I begin to see the 
ai rplanes, war planes , fl v ing over the citv . And I begin 
to reco gni ze that funn v sound of  s ubmachine guns, 
distant fro m  where I am. It is eleven o "clock i n  the 
morning, and we know that evcrv fani on of  the army 
Ius turned against the gov ernment, o r  those that 
h�1 vcn't  have been iso lated . We kno\\" tha t the 
P res ident has decided not to sur ren der, bur to sta y in  
the presidential palace. and rhcv gi  vc him a n  ul timatum 
before bombing.  So we know that there is no \\· a \ .  
back . Bul lets arc a lrea dy screaming over rour head , so 
vou know that  the war is not abs tract. I t  has a ven· 
�oncretc s o und to it, that funnv whistle of the bul le� , 
that \"OU can 'r locate except after it is gone. And st i l l  \\· e 
don't  have instructions . So the local leader decides tha t 
we a rc to disperse to di fferent places and hide out unri l  
we receive instructions.  So I go with fou r  other friends 
ro a p lace in which we arc going to hide our and wait 
u nti l the mo ment to do s o mething comes . We must 
walk ,  o h ,  twent y blocks to where we ought to go . :\nd 
as I walk  o ur, the rca l i tv  of war becomes alreadv viv id .  
I sec  a ta n k  bul ld ozing

. 
over  a wal l  in  a fact or:; that is 

occu pi ed b >· some nv cnty-odd people w it h  some l ight 
guns . .  !

.
he ran k blasts through it and turns around the 

thing a fter it i s  blasted, s o  I see some twentv or 
twenty -fi ve people, the first twent y-five or  s o  people, 
i n  which polarity is not anv more an abstract idea but 
twenty-five people whom I can hear .  I a m  scared. I 
h a ve never been in a fight before. r hardly  know how 
to usc a gun. Down the street, a couple o f bl ocks a way 
from \-\'here I am, a man runs down the street to the 
i ntersect ion,  and as he reaches the corner, I see coming 
from the other end a soldier who riddles h im with 
bul let�. So \\ c keep walk ing and we final l y  get to the 
place where we arc supposed to go.  

Nov.', at th is  point ,  one o ' clo c k ,  the presidential 
palace has been bo mbed. We can sti l l  sec the Ha w ker
Hunter plane hovering a rou nd not only  the palace but 
other i m portant places in the city .  And we k now that 
the rug has been pu l kd from under us, that there is no 
sense in which we kno\1' what is happening anv more. 
There arc n o  ins tructi on s .  There i s  no go1·ernment. 
The mil i ran· ,  whom we had s een befo re as  somewhat 
respecta ble p eople, no w \\' C ca n s ec that the\" arc not .  I 
remember \ "Cr\ ·  well  that the so ldier, \\·hom l saw 
machine-gunning the o ther fcll o \\. who \\·as runn ing 
down the street, was prob;lb ly  a nincrccn - vea r-old 
boy from somewhere in the south. A tvpica l  face o f  the 
people o f  the south. Probabl v ,  i f  you h<Id met him t \\·o 
months befo re in a bar, vou wo uld ha ve had a S \\·cl l 

conversation-a S \veet boy.  He couldn't be more than 
nineteen , \'Ct I could see in h i s  face what I had never 
seen, a s trange combinat ion o f  fear a nd power. So 
those people  I don't recognize any more; I don't know 
their faces anv more. We are a l l  stranded in this place, 
and we know that there is s imply no hope. If they 
decide to com e after us w ith a u tomatic M-2 rifles ,  the 
best you can hope for is nor to be treated too roughly. So, 
it is three o 'clock in the a fternoon, and the whole ci ty 
has been vacated . There is nobo d y  o n  the streets ,  
because curfew has  been imposed.  The onlv thing you 
can hear is the constant ratt le  of the machine guns, a 
sound that v o u  hea r  for the next two weeks,  which b y  
n o w  i s  a fami l iar  s ound to m e .  And you s tart waiting. 
:\nd there i s  no radio,  no communicati ons .  So I waited 
Tuesday afternoon, Wed nesday m orning, Wednesday 
evening, Thursda y morning, Thursda y afterno on. 
Cu r few i s  l i fted. So we can go out.  But t ho se days we 
11·a it w i th that strange sense that yo u don't know when 
vour last moment wi l l be. Anytime they m i ght come 
in, and that's going to be it. So yo u have that funn y 
relationship with people, knowmg that you might be 
doing the last thing you w i l l  ever do,  you might be 
sa ying the last thi ng you w i l l ever say .  So what do you 
say?  Little s i l ly  things. You draw l itt le figures on the 
foggv windows. 

For me, at that time, the ground had been pul led 
from under me.  Nothing else was l eft to hold on to .  At 
the same time a very fun n y  and contrary process 
happened; <JS th ings got more and more c haotic, the 
c\ · i dencc of w hat a war i s ,  there was a strange form of 
c lar i ty co ming more and more,  a s trange form of 
understanding, which l can 't rea l ly  expres s .  I suppose 
i t  is somewhat like a semi-dream state. At the same 
time it was very rea l ,  because in thi s room with these 
people I could l iteral ly sec how this whole thing 
1vasn't  me here and they there. But I could l i tera l l y  see 
how the arm y ,  and that nineteen-year-old boy 
shootin g somebo dy down, wasn't  d istinct real ly from 
me.  I could somehow conremplate that murder with a 
sense of brotherhood at the same time. Polarity was n't  
any more this  and that side, but something that we had 
collectivel y  constructed. Litera l ly  a co l lecti ve action 
that we had ::!11 done. As this became m o re and more 
clear to me, it da wned on me t hat whatever m y  stances 
had been , my opinions had been , or whatever 
somebo d y  else's o pi n ions had been (and t he workers'  
opinions a nd what not ) ,  w ere fragments tha t 
consti tuted this whole,  th i s  complete m andala of sorts.  
That a l l  of a sudden it revealed a craziness .  Total 
c razines s .  I mean, this is somewhat as when l i tera l ly  
s omeon e is rea l l v  crazv.  You see  the  mind completel y 
out ,  the brain turned upside down or i nside out.  Wel l ,  
this  \\'<lS l ike  that ,  e.xcept this was a whole countr y ,  or a 
whole cit\' of th ree mi l l ion people.  That's what m y  
acrual experience was; three mi l l ion people being 
turned upside down the same wa y .  And you see the 
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craziness ,  the way in which there was a col lective 
pattern in which I was responsible, everybod y was ,  
and i n  which my views couldn 't  a n y  more signify 
anything except that piece of a larger puzzle for which 
I rea l ly didn't have any answer. 

So, it might sound strange, but Wednesday night I 
gave in to it, and I sat down and wrote some twenty or 
so pages that I entitled "The Logic o f  Paradise," be
cause it s eemed to me for the first time that this had a 
logic to it . The whole thing had an intrinsic logic that 
was essential! y good, in that it gave me a handle on what 
paradise is, for the first time. I know that might sound 
strange, but that is what it felt l ike-that being rooted in 
the complete chaos and mass ki l l ing, out of that was 
emerging a compl etel y inverse understanding. And I 
was too sca red or something to res i st i t .  So s omehow i t  
just got transformed into those pages . 

Now, that experience is what was gi ven to me, i s  
what I have had to dea l  with ever since. Because i t  
revealed to me the connection between the world 
view, polit ica l  action and personal transformation.  It  
revealed to me, in a way that I knew but rea l ly  d idn 't  
know, that I somehow vaguely unders tood but hadn' t 
experienced, that unless I was able to cut through my 
sense of identity and attachment and identification 
with what I believe are my ideas,  my things, my 
territor y ,  my l imits, I had no hope of understanding 
what the hel l  was going on. And it l i teral ly  turned my 
l i fe inside o ut .  What that experience told me was :  
"Unless y o u  build on the foundation of  working with 
that sense of spir itual ity, (what later on I began to 
understand was what rel igions are tal king about) unless 
you build on that base there i s  simply no hope of 
u nderstanding. " I have found, for myself, expression 
of  that understanding in Buddhist practice. I can not 
separate that practice, that sense of working with the 
contemplation of how my mind and my actions 
generate and operate. I cannot separate that from 
politica l  action and from what my understa nding o f  
the world i s .  I suppose th is i s  w h y  I become so 
passionate about issues on epistemology.  Because 
epistemology does matter. As far as I am concerned, 
that c iv i l  war was caused by a wrong epistemo logy. I t  

cost my friends their l ives , thei r torture, and the same 
for 80,000 or so  people  unkno wn to me. 

So it  is not an abs tract propositi on fo r me when I say 
that we must incorporate in the enactment, in the 
projecting our of our world vie\vs ,  at rhr same rime the 
sense in which that projection i s  on] v one perspective, 
that it i s  a relati ve frame, that i t  must conrain a \Nay to 
undo itsel f. And unless we find a way of creating 
express ions of that nature, we arc going to be 
constant ly going around the same circle. VVhcthcr that 
can be done or not I do not knovv .  Bur if it can be done  
a t  all , it can be  ccrtainlv done with a group of  people 
l ike this . ;vi y  deep conviction is that we must trv to sec 
to '-'··hat extent our polit ical v iews and our projections 
on the world can express this form of relativity, the 
fact that every posi tion we take wil l  also contain the 
opposite one. That ultimate!)' I cannot follow a form 
of pol itical action that is based on truth <lll}" more. I 
cannot say that my political stance is true as opposed to 
yours, which is false. But e very pol itical stance 
contains the elements on which the truth of the other is 
based, and that all we are doing is a l i ttle dance. Sure, I 
have to ta ke this side, and that is coo l ,  b ur how do I 
rea l ly embod y in that action that I acknowledge the 
importance of the other s ide  and the essential 
brotherhood between those two positions� Ho w can I 
go to Pinochet and say, "Hel lo ,  my brother ?"  I don't 
know. I don't think that I am that enlightened at all .  I 
wouldn't be abl e to do that, but in some sense I realize 
that is a great l imitation .  That should be in some sense 
possible. 

I am going to end here by summarizing this theme 
that is one of my major concerns: I don't believe any 
more in the notion of a cultura l  revolution in the sense 
that one form of pol itics and knowledge and rel igion is 
superseded by a new one. If I am interested in doing 
anything at thi s point, it is in creating a form of  culture, 
knowledge, rel igion, or pol itics rhar does not view 
i tself as replacing another, in any sense, but one that 
can conta in in itself a way of undoing itself. If we are 
not here to do that, I quite frankly wo uld rather go 
skiing. 
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