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The ruleof norealm is mine, butall worthy things 

that are in peril as the world now stands, those are my care. 
And for my part, I shall not wholly fail in my task 
if anything passes through this night that can still 
grow fair or bear fruit and flower again in days to come. 
For I too am a steward. Did you not know? 

For E. E Schumacher 



The interim between the publication of this and the 
previous Journal has been one of transition for New 

Alchemy. In the outside world, the severe winter of 

1376/77 with res~,l*an* fuel shortsges gave greater 
numbers of pe*p:e a more ;“*;nla*e acquaintance 

with the reality of their dependence on finite resources 

than they had been previously inclined to recognize. 

Those who, like ourselves, had been sounding the knell 
of dw;“d,;ng resources began to sound slightly /ess like 

voices crying in the wilderness. In pub/L life, the 

heightened respectability of alternatives was personified 

by the attendance of Prime Minister Trodew and 
Premier A/r?= Campbell at the official opening of the 

Prince Edward Island Ark in September, 1976. In the 

United Stares as we go to press. President Carter’s 

Energy Policy is still news and still controversial. While 

absolutely opposed to his advocation of nuclear power, 

we are encouraged by his strong statements in favor of 
a drastic change in life style and his urging of seriws 

efforts in conserva*ion. 

Apart from a less limited or /as esoteric public ie- 

ception, the year has been a turning point within New 
Alchemy as we//. Although we have come to articulate 

it more succinctly with time, the underlying purpose 

of New Alchemy has always been the search for an 
answer to a very basic question - one we now refer to 

as the biological analogue. What the question asks is, 

“Are there biologically and ecologically viable alter. 
natives to the capital~~ntensive, highly industriahzed 

methods and technologies by which human popula- 

tioos currently sustain the.nselves?” Can we find ways 

in which, in Gary Snyder’s often quoted phrase. we 
may l;ve lightly on the earth? This was and is, when we 



put aside all the complications of being and running 

a” Institute, what we wanted to know. We were 

opt;m;sr;c, but we were not certain. We hoped, by 
turning to natural models for guidance, by becoming 

increasingly attuned to the lessons of biology and 

natora/ sysrems, that we might, like karma yogis, gain 

in understanding through our work. This year, with 
the high producdviry 3f the so&r algae ponds and the 

wwxpectedly successful weathering of the winter by 

the biosbelters, our question is slowly beginning to be 

answered in the affirmative - to be an affirmation. 
The hard path - the path of ongoing industrial ex- 

pansion, of exploitation of landscapes andpeople and 
of noclear power is not *be exclusive or even most 

desirable one. We are beginning to accumulate know/- 
edge that broadens our options for the future and 

offers the opportun;ty of a choice. If our ear,“, 

modest successes are regxded asprototypes, as the 
the model Ts and biplanes of the possible, then the 
options open to us widen markedly. This is a// the 

more so in view of the emergfng information of *ran- 
sition& technologies advocated by Amory Lovins 

in his article entitled “The Road &IO* Taken ” in the 

Fall, 1976, issue of “Foreign Affairs. ” Such strategies 

could ease the changeover to a colture based on the 

use of renewable resources, appropriate technologies, 
and on an attitude of stewaroship toward the natural 

world. It is unlikely that it is too /ate for us to opt 

for such a coarse, should we elect to do so. Should 
we be wise enough - or lucky e/rough - to choose 

this path, we should find ourselves, to quote Amory 
Lovins quoting Pago, “confronted with insurmountable 

opportunities. ,’ 
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With the publication of this issue, the Mew Alchemy 

section of the Journal has had to extend itself to cover 

events, no? on/y at the center on Cape Cod, but on 

Prince Edward !sland and in Costa Rica as well. Be- 
cause the opening of the Arks, both on the Cape and 

on the Island, were landmark occasions of the pest 

year. the stories of each are related. From Costa Rica, 

Bill McLerney gives the fkst detailed account of the 
establishment of MAISA and of the work in progress 

there. His article on the Herb Tee Project is concerned 

with New Alchemy’s first attempt to integrate some 
of our ideas with the needs of en indigenous corn. 

munity. Ear/e Bernhart spent some time in Costa Rica 

with Bill and Susan Erwin in 1976 and, in his capacity 

es New Alchemy’s briccoleur et large, devised some 
much needed strategies and tools to further the work 

there. His sketches and descriptions are in the article, 

“Technology Appropriate to the Gandoca Region of 

Costa Rica. ” 

Also in this section is thk realizaion of at /east the 

beginnings of a project that has been percolating 

among us for a long time. As a rather earthy, basic lot 

of people. we spend quite a bit of time working with 

and thinh~ing about food. We em, es Eeeyore was~oi~ his 
teif, “fond of it” - not that in itseelf that is particular- 

/y worihy of note. But on the occasional crowded 

Farm Saturday. es we set out our usual rice and beans, 

kale soups, garden salads and homemade yogurt, there 
is the odd remark or snigger about the peculiar food. 

Mutters uf weird! - and so on. Peculiar or otherwise, 
we have fair/y strong ideas on the subject of food. We 
favor using things that are seasonal or readily available 

in one’s local area and avoid es much as possible 
expensive or prepared foods. The general drift of our 

common modus operandi can be found in the Cook 
Book of the New A/chemists in this section. 



In this section, in pre; ,diog Jouroals, there have 
been descriprions of som of the day-to-day and 
seasonal aspects of the ac ivities that revolve around 

the center on Cape Cod. t 

i, 

ver the past year, our work 
has continued much as be are, centering on food- 
growing ad fish-raising, n ndmills and bioshelters, 

and on the administration, :orrespondence, data COI- 

letting and recording that : le work with living systems, 
which is really the primary bcos, engenders. The most 

\ 

recent developrents in the: I areas are reported through- 
oat this issue. In many way: our work has remained 

basically unchanged, with a‘ ive outside summers. 
\.. 

only now we have far mo, : vmtors. Wnh 

gradual transitions throng 
work is largely 

nd much of our 

time writing, reporting, asses 
planning. In other ways, the 

less pressured earlier years 
quality -a time when we play 
work quite all the time. 

to share our ideas 

decided that we need 
Saturdays more informative and z! :ful to the people 
who stopped by. Old bands will r; nember that Farm 

t Satdays began as an open, comm tintry sort of day 
when a few people dropped by and we would a:1 wcrk 

\ 
for a whiie, break for a great feast a no”“, then 
stagger, replete, back to u,ork again. 

\ 
By sometime 

during the sommer of 19i4, there \I Ire too many 
people to mske i;dormal exchanges < Y:: lunch or 
work sufficient explanation of what 
to do. It was then that wv instituted 

\ 

ie were trying 
ie “tour”, 

,wbicb consisted of one or sevcml of L giving a fairly 

:lengtby description of our work, con‘ 

t 

icring people 
to and through the various poiats of i,’ terwt i* wv 

: did so. But even before last ammer, ill ‘.Y i.9 ,,.oing 
dear that there were too many visitors .o be squeezed 
through the Dome wimom losing sever I to the Tllapia, 

\ 

or to be led through the other strucrlr,res without 
sacrificing the plants. In our deliberations before the 
opening of the ‘76 season, we hit upon the tactic of 
giving workshops. 

TO dax we are pleased with this solution and plan 
to continue with it. We feel it gives people a general 
background and then frees them to pursue partic&r 
inrerests in greater depth anil to have more questions 
answered than would be possible in a single extended 
talk. We do ask those planning to come to arrive by 
noon. At this time, there is a general introduction on 
the background, paradigm and ideas underlying New 
Alchemy’s work. After this, evctyone revives witb 
lunch. WC ark oar visitors to bring food with them - 
a bit more than they are likely to eat themselves 
and, preferably, something like bread or fruit or 

cheese that is easily shared. This way there is almost 
always enough and people get a chance to meet each 
other as they serve the food. 

The workshops proper begin at one-fifteen to one- 
thirty, after a clean-up. There are usually two, some. 
times three, taking place at once. The topics cover 
our basic ureas of research and, accordingly, are on 
vsrious aspects of agriculture, aquaculture, energy 
and bioshcltcrs. The specific subject for each of these 
varies from week to week. Pest resistance or agri- 
cultural forests may be discussed under “agricultore”, 
cage cultore or semi-enclosed systems under “aqua- 
culture.” There is usually an additional workshop 
on the social and political implications of alternatives 
which can range from feminism :o the opposition 
of nodear power. 1t is our intent that these sessions 
be genuine discussions and not lectures on 0‘ : part. 
An exchange seems to us B more genuine ar L re 
warding form of communication. 



WC have never written in the Journal about the 
Woods Hdc community which forms the larger 
social fabric with which our lives as individuals and 
as New Alchemists are interwwen. Our degrees 
of attachment to it are as varied as we arc as people, 
but. over the years, strong bonds have grown,,up 
between many of us and some of the people m the 
community of which we feel ourselves to be a part. 

One of those dearest to many of us was Peter 
Kaplan, who ended his life on February 25th this 
year by jumping from the Newport Bridge. He was 
nineteen. He was a peer and a publisher, a waiter 
and a cook, brash, brilliant and loving, endearing 
and complex. He embraced life with the same 
compulsive enthusiasm with which he, in turn, 
,embraccd his death. 

Last fall he gave me the poem below which he 
wrote for Don Esty. another pact who was with 
US for a while and who also died very young. 

REMEMBERING DON ESTY (1951-1975) 

The old mm sitting nt the cafe table 
forks his food 

gingerly, with sidelong 

giavces of the kitchen. 

at the suspicious waiter. 
Under furrowed eyelids 

be bntcks plots, 

remembers unsolved 
OySttTit?S. 

His hu;xbed mozmnents 

bring back your owt. 

your wizened face straining for compreheasioa. 
towards the end, 

when it ws w;ret 
automatic. 

I look up from the counter 

md see you sitting there. 

A shaft ofyellow-mated 
sifting sirnligbt 

has cattgbt you by the shoulders 
mdyou do )r‘ot 

shrug it off, 
grateftd for a ?no?ne?tt 

to be so sharply outlined. 

Tbis is your celebratim, 

to be alone with light; 

wbetber this flood of de.finition 
or the moon’s fiber 

sifting otw New Alchemy. 

A/oze with light, 

yet ahays stooping 

to form shadows -- 
the shadows you found 

beneath the wings of motmtai~ts, 

the shadows owls make 
in the brittle moonlight 

zeroing in 

on tbe prey that flees 

suspicious 
uwesigwd 

bat fimd(y 





Another reason - or r::ason- ~- ior tii- ;,ressu,cd 
rmc w havr xperirr: d clvcr :zhr pst year has 
bwn L:.. i,uilc!w~T; and u~~;~pt.:tioo of f:,e Cape Cod 
a!,d I’rince Edward 1slai.i Arti. fake” separately 
either of thur strucfure~ x bioihelters, >vhicb ore 
dcscribcd in detail in the section entitled Goshelters, 
wwld have qualified as the digger single project WC 
utad underra:;m. Not even Noah was cavalier enough 
to attempt to launch two Arks at once and his back- 
ing was fairly solid. To do so was a stupendous 
effort particularly on the parts of archirectlbuilders 
Ole Hammadund and David Bergmark. Bob Angevine 
and John Todd had almost equally demanding jobs 
in administering to the work in progress and, in the 
case of the Canadian Ark, meeting the deadline of 
last September 22nd. 





a 



which plastic could be tacked ta provide enough 
rbrltcr to keep going. David Eergmark worked with 
an Islmd ctew all that winter, with Ole dividing his 
time between the Island and the Cape. By spring and 
an initial go\-ernmcnt inspection in May, the building 
had taken shape. In fact, to the unitiated, it didn’t 
seem there could be that much left tc do. The motns 
had been enclosed, much of the built-in furniture 
ws.s in place and the living mom bad been panelled. 
But a bioshelter is a complex structure. In addition 
to the wiring, plumbing, flooring and painting need- 



cd to complete a standard house. there are such a- 
ttas as installation of s&r collectors nml the boild- 
ing of beat rtumgc cbamben. The physicul \y;tcms 
hwc to br fairly well complrtc bcfotc the Iwtng 
systems arc added. Wifb thr cwning of wtmnct, tbc 
pxr inrrearrd and war made no less frantic by the 
uscnding rtrrmt of visitors, both tourists and well- 
wishers, autbarircd and othenr-ir. The vety real 
courtesy of hian~ Willis and David Bergmark, who 
managed to receire people with trowels and hammers 
in band, was the main reason that the project con- 
tinued ID progtcss tbroughour the rummet. The influx 
of be!;) in terms of numbers didn’t really begin until 
the first week of September, &bough people hsd been 
mmmuting between both centers much of the time. 
But from that week mail the opening, the number of 
people that turnal up and the intensity and dedication 
uf thr work was tcmatkable. Toward the end, many 
of us wcw working twenty-hour days and subsisting 
Iargcly on caffcin. Tbcte were periods where I’m 
newt S~IW wbctber David or Ole e~et found P chance 
to sleep. Most of the time, it seemed preposterous that 
we should ever be ready on time. 

As it has always bren with New Alchemy gatherings, 
the people who arrived, for whaterer reasons, were 
varied and wonderful. Many of the long-baited young 
appeared in watts, on foot or with packsacks. Of these, 
a few really want+d to be part of things enough to 
work. They stayed, some of them proving invaluable. 
Others watched for a while, then left. Old friends 
came and neighbors from the Woods Hole community, 
summer people, tefarives, families and long-time 
fellow cravelIen like Steward Brand and Kathl and 
Jay Baldwin. Academics wielded hammers and paint 
brushes beside poets and homesteaders. Island neigh- 
hors gave up their Sundays to stay on the job. 

With the number of days dwindling to less titan a 
week, the intensity wmwd to increase exponentially. 

(” In ways, it was the cluxst experience any of us we 
likely to have to participating in an ant colony. Def- 
inite patterns began to emerge. People were greeted 
exuberantly on arrival. They would spend an hour 
or so looking around and then were absorbed into 
the dyttamic. becoming conttibuting members of 
the humming, ordered pattern, the organization of 
which was not discernible to the casual eye. It was 
not utxxmunon to see an undone but essential task 
undertaken, carried out and completed abnosr as 
one watched, rather like time-lapse photography. 
Forty-eight hours before the opening, virtually no 
landscaping had been done, beyond an earlier seed- 
ing of tbc immediate area to grass, which was just 
beginning to germinate. The Ark was surrounded 
by mined mud. In the intervening time, the front 
walk war~avellcd and smotxhed, shrubs were dug 
up from the fields and transplanted, rocks were 

:, &wled from the beach for walkways. paths were lnid 

out and liticrl witb stones itnd 2 scawccd mulch 
%%I8 sprLYtd ovw the cxposcd gmond. Solrmn 
industtiws !incs of pwplc raked 01’ trckkcd 
scwecd or lugged rocks r\owr!xr ctcw pnintrd 
windtnv fnrner uttd vwtin; Ib~tchw ‘The biologists 
and thcit assirtants worked with the solar-algae 
ponds, fending off cnthusiustic c!Gklten who had 
slightly different ideas about the purpose and 
flow of aquatic systems. The only major failing 
in managing such goal-oriented yet diffuse opera- 
tions was that we had made no provision for 
meals - leaving individuals ot groups to fend for 
themselves. People often worked until they wete 
exhausted before they took a break to eat. A food 
crew could ar easily have been organized as any of 
the others and, should we undertake a similar extra- 
wganm, it wiil not be without some organization 
for food. 

In spite of sporadic meals, the hours ticked by 
and one by one the jobs were completed. Compli- 
cated ones, like installing the sprinkling system in 
the greenhouse, which kept Jay and Ksthl aloft on 
the scaffolding for several days, were eventually 
finished as well as mote domestic ones like sanding 

and polishing the living room floor, which was done 
between one and four on the morning of the fateful 
day by Michaela Walsh, Ole, a large unidentified 
barded fellow who knew how to do everything, 
and myself. By ten that morning the living quarters 
were declared ready for interior decorating. In the 
same final hours, the hydrowind crew, consisting 



of os wcrc careful not to display oar hands or 
gcsticolur too lavishly. If hc ~no!iccd torpcmioc 
to bc thy prcdomitw~t pcrfunc, hc was too lpolite 
to COnItIIPllt. 

More or less ready, “l,,lU or less drcsscd, somc\VhQt 
clcaocr than WC had been in sotnc tin-, with the Ark 
fonctional and gleaming, the lot of us. NW Alchemists 
and friends, in the company of sevewl hundred Is- 
lunders and the inevitable swarm of media. were 
clustered and gazing skyward by the time the two 
helicopters bearing Mr. Trudeau and Premier and 
Mrs. Campbell of Prince Edward island appeared in 
the sky. The children shrieked sod surged in the 
tornado of the landing. The dignitaries disembarked, 
made their way through the throng and across the 
field, and the official opening began. Mr. Trudeau, 
Mr. Campbell, Arthur MacDonald and John Todd 

of Ty Cashman and Vince Dempzzy, who had spent 
several weeks being buffeted oo the windmill tower, 
made their final adjustment while .A! Doolittle 
monitored the contdr and in a final heI3 of gloty 
-or effort - the hydrowind pumped electricity 
into the Island utility grid for the first time. 

hlr. Trudeau’s arrival was sfhedttled for one-thirty. 
At twelve-thirty, we pronounced ourselves finished 
and scattetvd to change. ht addition to inadequate 

: : : food arrattgemeots, there were virtoally oo washing 
‘, facilities for the group, whieb now amounted to a 

hundred or so. We had all been livittg in tents or 
vans and were thoroughly coated in paint, dirt, 
fire smoke, grease, or any combination of the 
above. The nearest available sbmvers were at 
Brodenell. the provincial catttp grounds, and those 
of tts who did not deseettd on Nancy Willis and 
,her housebold (by then more than twenty) gathered 
kids and went off to wash there. It probably wasn’t 
the first time hlr. Trudeau ha been greeted by 
people with paint-encmsted tittgemails, and most 

spoke briefly and appropriately oo the meaning of 
the occasion. It was clear that Mr. Trudeau onder- 
stood the implications of what we are trying to do. 
He read aloud the words on the plaque that dedi- 
eates the Ark and in doing so placed it into time. 
The bioshelter became P reality - another possi- 
bility open to os should we choose to mahc use 
of it. 

Witlt the formalities over. Mr. ‘Trudeoo and the 
Campbells were given a fairly detailed toor and 
explnnstion of the Ark and its workiogr. Bccousc 



there was not cnouglt space for fw~;ooe to come 
through at oocc, our neighbors ICthyl ICwkttt sod 
Tommy Baoks sang and played for c\ct?ooc. Othcrr 
of our ocighbors bad prcpore.I refrcshmrets a/l 
the mow nw2lcomc for tbc rcccm dearth :rf food 
;~mottg IN Mr. ‘Trudraa soacked and chatted with 
the lslaoders who had come to see him before his 
aides whisked him away and be was whirlrd off 
into tlw sky agaio. Our friend. Bill Thompson, has 
said that, by opening the Ark and thereby acknowl- 
edging the possibili~ of an alternative coarse for the 
foture~ Mr. Trudeau performed the most significant 
act Ix a major political tigure in the last decade. 
it is onpossible for soy of us to be objectiw, hot to 
have hcen tbcrc and noted Mr. Trudeau’s tleribili? 
sod his grztsp of the ideas embodied in th,: Ark was 

Yhc opening did not end with the departure of 
the brlicootrrs. That oiebt brooeht a celchration 
by Island ‘oeighbors, tbt visiting work crew and 
the rest of os in fine Sew Alchemy tradition. 
Our neighbors provided the music and everyooe 
danced with cveryooc - kids and goremnent 
officials, hippies and farmers and professors 
- all jounced about tbc packed liviog room until 
after midnight. Such was the height of the cheer 

‘Tiwc lud hcco wowthing clsc ~pli~owd to wood 
oat rhr opcoing wrcmonics which. to n~;o*~ of L~S, 
wss the most importitnt parr a silent sonrisc vigil 
on the momiog of the autumn c~loioox. But dawo 
that morning brought the rain that WC had been hold- 
ins at bry by sheer will all the prcccding da);. It slid 
off tlx sides of the tents io sheets. It wits wet and dis- 
mal ;md most of us were too tired to mwe. \\‘r waited 
sod kilter that day, after WC had restored the Ark from 
the ravages of the previous night, WC patbcrcd again to 
finish the opening. IIavid Spaoglcr of the Lcrrico Asso- 
ciation had beco asked to come for this part. We sst in 
a circle in the living room and he spoke quietI) and 
simply, articulating, as fen of us could haw, what WC 
hoped the Ark nod ideas like it might EWIIC to mean 
of a dream of a rcnewcd understanding ot the larger 
patterns oflifc and of the human place within such 
patterns. 

With this, our housc was consecrated sod the 
“petting was complete. People began to pack and to 
lea\,e, rather quietly. I don’t think that anythiog 
quite like those few days. either in the intensit> 
of the preparations or of the headiness of the axle- 
brations, is likely to happen to us too often. 



A New Alrherq imn in Corm Kica has been oo our 
minds since oar v&y earliest dau in San Diego - prior 

: to the incorporatioin of the &itute. In the earliest 

: dircussions among John and Nancy Todd, Doug Evans 
and myself, WE repeated!y touched on the attractions 

‘, and problems of the tropical world - how very dif- 
ferent they acre from those of the temperate zone, 
bur yet bow approprixe (to our minds at least) a New 
Alchemy presence in the tropics would be. Sioce that 
time, al! of tbc New Alchemists Itwe thought and 
talked about the tropics and many of us Itwe worked 
and traveled in tropical countries - Ileli~e, Mexico, 
Nicaragua, Colu.mbia, Haiti. Jamaica, lodin, Thailand 
and, of course, Costa Rica. But it would be dishonest 
to say that the responsibility for our prescoce in 
Costa Rica falls on anybody but myself. WIxo people 

ask me ‘Why New Alchemy in Costa Rica?“, one of 
the first reasons has to be that it is an outlet for my 
lifelong interest in the nupics. 

Srill, there are less personal reasons for being in 
rhc tropin. Rather than list problems. possible 
solotions, and the wayr in which New Alchemy can 
participate in finding and applying solutions, I would 
like to present an essay an the histoty and present 
status of New Alchemy in Costa Rica. along with a 
wry few specific go& and fantasies, and hope that 
a clear picture will cmqc. 

There is snotl~rr question people ask: “Why Costa 
Rica?” one can begin by cx!~!ainiog the logisttc diffi- 
adtics of working in aopica! Africa or Asia. Hut still 
some people point out rltat Costa Kica is one of the 
most fortunate of Latin American couotrics. if one 
were really interested in the pnblews of Latin 
Aoterira, they say, one would work in Haiti or El 

Salvador or Bolivia, countries wbcre ecological, 
economic and social crisis is a daily fact of life. It 
is true that. in terms of such conrentional measures’ 
as health, literacy, crime rttte. educational level and 
gorermnenta! stability, Costa Kica is ahead of roost of 
its neighbors. So why work there? 

Again there is a personal answer interwoven with 
the practical and circumstantial. Costa Rica is the 
country where ! had my first tropical experience and 
where I how spent the most time. The country has 
been good to me, and ! admit there is, for me. some of 
the irrational attraction of B love affair. But the attrac- 
tion has its practical side. For a Gringo, there is no 
Latin American country easier to work in; the generally 
positive attitotle of the people and the lack of legal and 
political eocombrance permit one to get on with the 
work. 

And there is work. hlosr of the negative trends which 
can be observed L:I other tropical countries have started 
there - runaway popotarion growth, massive defores- 
tation (a national emergeency, according to President 
Daniel Odohcr), the posh toward monocoltore crops, 
unthinking use of agricultural chemicals, replacement 
of the small farmer by the absentee landholder and the 
corporation, shortage of basic foods, migration to the 
cities, etc. It is these trends we are concerned with - 
wherever they occor. Finally. we are there simply be- 
cwsc we feel that it is where WE an do the most good. 
If we succeed. our successes pilo bc pdssed oo to otlters 
throughout the tro!?ics. 

My first visit to Costa Kia was in 1968. before 
there was it New Alchemy. In 1970, !)oog !<vans made 
an exploratory trill there. and the following year. John 
Tocld and I weot down with the goal of locating a site 



Finally, in 1973, Shells Hcndenon and I rnadc the 
trip which e,,e”t”ally resulted in the purchase of ““I 
present fifteen-andune-half acre fat”,. The purrbase 
was made possible I,? generous gifts and loans from 
Tyrone Cashman, John and Peggy Elter, Richard 
Etheridgc, Stephanie Hancoor, Dorothy Todd H&nn”t 
and Jdr. and Mrs. Robert Mclarney. Subsequently, 
Bill Haveland and Bob McCullough have made dona- 
tions specifically earmarked for our tropical work. 

The NAISA farm is located in rural Lb& province. 
Lim&. the Atlantic coastal provi,,ce of Corm Rica, is 
physically and cukurall~ dirtinct fr”m tbc rest “f the 
couna)i. The low elevatmn of much of the province 
and the moderate to hea%? rainfall make it a” em- 
phatically tropical place. Until 1971, there ,ws n” 
highway, and only one railroad connected Lb& witb 
the rest of the country. A majority of the relatively 
small population was composed of bilingual (English- 
Spanish) Black people of $amaican and West India” 
origin. The subs@mti& Spanish minority and the 
Chinese shopkeepers nrostly were born and raised in 
Lb&n. The greater part of Costa Rica’s tribal Indians 
lived in the isolated Talarnanca mountains, hut they 
were scarce\+ noticed, and few outsiders ventured 
into their wilderness. 

Today, mocb has cltmged.Tlte road has tncilitated 
immigration from the densely pupulrted Central Pla- 
teau. The appointment “f Hcman Guru”, B Lb&- 
cnx, as Minister of Agrictdture in this highly p+cuI- 

tural country, has helped to put Lint& on the map. 
uld the govcmtnent is encouraging all wrts “f devcl- 
“pment in both the coastal and highland regi”,,s of tbr 
long-neglected prorioce. At the same time, Li&c”res 
are developing a greater awareness cf themselves as 

Still, IL, a Cring”. Li”,& Icl”kr and feclr vcrv diffcrcnt 
fr”,,, tbr rest of Costa Ric;,. It is more “f a Ca;ibbcu, 
than a Ccntrd Americm place. Life in Limb” is, as tl,c 
lords “ftc” remind a visitor, “mu) :ra”q”il”“. 

If that is tn,c in tbc city of Purrto Limb,,, it is mul- 
tiply fru~ at the NAISA far”,. We are located il, one of 
tl,c m”rc remote c”astill areas. There arc continued 
run,orr “f a ruxl, but for fl,C nest few years Bf t,,c VW> 
least. the only 3cccss will he hy foot or by sea. Evc~ 
Saturda)~. weatbcr pcr,,,itting. a mcrcl,:,,,t frnr,, a “ear- 
by t”w,, (;,lw witho,lt roads) brings go”& in his dugam 
canoe to sell at Ibis littlc shx+ “11 tl,~ bcncb. Tbrrc we, 
like ercryonc clsc, buy coffee, salt, sugi,r, and swl, es- 
smtial household items as flashi~gbt batteries and razor 
blades. For tbc rest of our fo”d supply, WC are forced 
to be self-sufficient “r t” tradr “r barter with our seigh- 
bon. T” post a letter, Gsit a ,,,c.lical clinic or drink a 
cold beer means a minim,lm tbrec hour hike. 

Our Black nrighbors live mostly along the beach 
while the Spanish live along the single font road which 
leads into the interior. Tlrc Blacks are the “Id settlers; 
the SpanisI, populati”” is a relatively new phenomenon. 
Curi”“+ cnougb, virtually “““c of our Spanish neigh- 
burr arc native bon, Costa Ricaes. Mainly, they are 
Nicaraguan and Pansmanian. with a sprinkling from 
other Ccntrxl and South Amcricr” c”““tries, trying to 
provide for t,*.ir farnil& bcre in a region where there 
is stili land t,, be bomcstraded. 

,411 “f “w neighbors arc what I would call “bsrd- 
EOI~ can~peshws” .‘.” pwplc who h:w rh”sin not a, 
lice i,, the citv, wbntewr the fimmcial inducements. 
Their only cash crops are cacao and eopm. but our 
area is not prime caca” land and c”c”n”t palms do 
best along the beacb. Any nw,,ber of salable crops 
- bananas, citrus. pineapples, yuca, etc. - do well 
here, hut tne lack of transport facilities renders it 
impossible to get perishable craps to market. A few 
people specialize in turtle bunting. There is a small 
local trade in meat. fish, eggs, beans, dairy products, 
and coc”n”t oil but, apart frum the sale of cacao, 
people get by mainly on subsistence agriculture, 
hunti;,g. fishmg and gathering. %ey do well at it. 
Althougi, their diets seem bigb in starch to o”, 
tastes, tbcre is 1,” cvklcncc crf nutritional healti, 
l,r”ble,l,r. 

Many non.:‘ood “ccds arc ;,lso pr;vidcd locally. 
tloascr are cw,struct~d i,, wbolc LIT i,, part witl, 
,,,aterials fwa, tlw local fwest. Tbr “oly busts are 
dugout ca”“cs. Tbc n,:,j”rity “f families c”“k on 
wuod firer. The Rlackr wake c”c”““t “il fur cnok- 
ing. Forert vines arc at for clcrtherlincr. 



tiovernmrm, too. is 9 do-it-~omself affair. Thcrc 
P,@ ,,C” sch‘m111o”s~s. Will, scltd”ari:rs from ‘,,,I- 
side, but virtonliy 110 other “official” prescscc. Thcrc 
eray nm br much law, hut order prevails. 

It is this self-soificienry and opacity for survival 
rbst is, in my view, the region’s~eatestasset. There 
is something similar to tbht which drew Pctcr Van 
Dresser to northern New Mexico iVan Dresser, 1572) 
- a functioning loaf@conom~. .At this time, there is 
danger of its being nvallo;v@d up b>- the national and 
international economy. But there is also the pussibil- 
i% of imelligent dirersificatisn - of reinforcing self- 
sufficiency whi1.z at the ~nx time building appropriate 
links with the outride world, thus improving the stan- 
dard of Ii&g in an atmosphere of stability. We hope 

that the kttter will happm. and that the NAISA farm 
mill bf B ccmcr fur this son of development. 

llrfrrrc we rould function in the community, it 
wa5 aecerury to render the farm functional. The pre- 
viow owixr had had ambitious plans for raising live- 
stock. hot left the property when he got de appor- 
tuniq to eowert a nearby, abandoned airstrip into a 
pasture. The place had been virtuall~~ abandoned at 
the time we acquired it Abcwt half of it is in virgin 

forest. We plan to presetse this. The remainder was 
“bush” and overgrown pasture. The principal food 
rcsourccs were somwhat less than at acre of neglected 
plantains and r few prodwing cocotmt and banana 

: trees. There was a large stand of wild caoe aud P mag- 

n&cent bamboo grove to provide constntction matc- 
&Is. The only amenities wete a barely habitable shack, 
semiencimed cooking area. and a marginal well. 

In 1975. Sow En&t and I 5et out to see what could 
be .mad@ of the placc. The first few weeks in the area 
were devoted to getting red of a “parasito” (squatter). 
When Swan had to le.w@, it looked a5 though I would 
have to face the prospect of establishing a farm 
sioglehandedly. It didak work out exactly that way. 
I had some help from three visitors from the States, 
Mel Baker, Su5aan Malcolm and .Alvin Stilman. But I 
especiall\~ want to thank the local people. 

1 was forcmtate in that the first peaon I met in the 
area was Jolx Haider, DIP@ of the most selfiufficient 
peons 1 have ever known. He introduced me to the 
man who sold us dre farm, gave us food and lodging 
during the par&to episode, and helped in a thousand 
small ways. When it came time to build a house, I 
hired John to diit and assist with the construction. 
which began with felling a g&fan ttee and hauling 
Iway timbers out of the woods. He recommended 
amother man, Miiueliw. 10 help in &wing land. I 
war somewhat camccmed wer spending our mea&re 
MAISA funds on lahw. but thrrp was II” other way; 
I had neitber the time nor the skills. Then one day 
John n:,fwzd his pay. Soon after, Miguelito rhowcd 
up for work uitb a friend. They ret&d for a cup of 
coffee. 

Siocc that day. wc have had any number of helpers. 
A man may wdk five milts in the rain to chop bush. 
Two cbiklrcn I had never seen before hwc arrived. 
Their first question WJS “How many machetes do 
you have?.” Others may bring gifts - a sack of beans, 
a pumpkin, seeds, baby fruit trees with neatly balled 
roots. a jar of guava pm. I haven’t been able to pay 
one of them. 

I don’t mean to give the impression that all of our 
neighbors are saints. There have been problems. too: 
cows in the pineapples because a neighbor refused II, 
fir his fence; coconuts we wanted to eat spirited away, 
presumably for sale; a man trying to sell us nearby 
land with phony papers. But by being in the position 
of needing help, I found out who xould help. I had 
littlr to offer besides “thank you” and an occasional 
fish, but once the scrioosncss of our faming ventore 
and my own willingness to work had been established, 
that was enough. 

By late May, when I started back for the States, the 
farm looked pretty good. Tile frame and roof of a new 
house were up. All the plaintains and coconuts had 
been cleaned oat and a substantial number of young 
fruit trees reclaimed in the process. Sizable plantations 
of pineapple and yoca, a vegetable garden, and B fruit 
tree nursery had been started. 

Unfortunately, there was no one to look after the 
place during my absence. Various plans involving 
friends from the States had fallen through. and the 
best of the local people had their own farms, leaving 
me only the drifters and drinkers to choose from. 
The neighbors would be glad to look in on the place 
occasionally, but it would be oat of the question to 
ask them to do the daily maintenance which is a must 

for a tropical farm. 
In desperation. I hired P young man who passed hy, 

claiming be was from Belize. (I am too fond of that 
country to want to believe it.) He WPE 1 disaster. Ile 
wrote New Alchemy regularly. explaining how he was 
cleaning the yoca, putting walls on the house, plant- 
ing corn and beans, etc. He signed his letters “Farmer 
Man.” Farmer Man did none of the things his letters 
claimed. Worse, he stole from the neighbors; there 
is not much lower than someone who steals a poor 
man’s boots. E?entually, the local “legal system” 
worked in the customary manner. After at least one 
attempt on his life, Farmer Man was driven from the 
community. 

Susan and I returned in February, 1976, to find all 
of our plantations in yard-high bush, termites in the 
new house. rats in the yoca and dead crabs in the well 
- total desolation. Some of the work could be sal- 
“aged. Other parts could only be door over. Wbaf \*“I. 
tied os more than the cost in labor and money WPS the 
harm done to our neighbors and how that would af- 
feet our position in the community. To our amaze’ 
ment. not me person has held the Farmer Man fiasco 





nutrition:zl lcvci\ :trc I,igk. kut cask i~wunc is low. (An 
a\cr;tgv full4mc worlw ci~n~s abwt $50 U. S. per 
axmtl3.) (Askc, 1975). ilnd pricca of csscntial goods are 
only slightly Iwwr than in the United States. 

Other possible projects (pending funding) which have 
atisrn from our contacts with the people here: 

I. Our ceil dryers arc based on the cacao and copra 
dryrs (“barbecues”) which arc a fixture on most local 
farms. Their use could be expanded to drying food 
products. For example, pineapple, which grows splcn- 
didly in the area, is excellent dried. As with tbc teas, 
nil that is ncedcd is the kncwledge that if is salable 
in quantity. 

2. WC would like tkc farm to become a source of 
reds and planting materials for the community. In a 
sm,dl way this has zdrcady happcncd. I have mentioned 
tbc visitors who ark for yuul sticks. Anotker example 
is malebar spinach. Tkis little-known plant. available 
from Rurpee, is, to my mind, the best pot green to 
grow in the lowland tropics or during bot summer 
months in the States. It produces well, withstands the 
hottest weather, and unlike native tropical greens such 
as cnlalu and jaboncilln, there is no need to throw off 
the cooking water. WC introduced m&bar spinach to 
tbc region in 1975, and nlrcady a number of people 
are plrrxq and enjoying it. 

I Having cstal4iskcd a minor reputation as a source 
of yeed, we should like to expand into di&buting 

\ man) types of vegetable and fruit seeds. There is in 
; Costa Rica a national shortage of almost all types of 
1 seed. It is a click6 that tbc pcoplc of Latin America 
‘, are not wry interested in vegetables, but we have re- 

xiv4 many requests for such seeds as squash, pea- 
,ufs. watermelon, cnntaloupe, green beans. cucutn- 

i crs. ~O~ENOCS, cggplnnts and okra. People ranging 
,) ‘wm ten-year-old children to old men lkavc planted 
.’ le few SC& wc were nblc to spare. 
i Tkis year we plan to expand our gardening acti- 

\ 1 pies. 0~ rJf our neighbors, Casimiro Dosman, has 
gi; ‘en us a substantial piece of his farm to use for this 
pi*posc. There. Susan and John Holder. who have 
ex; wrience in small-scale commercial vegetable grow- 
inp will bc trying to put together a combination of 
tkr’ best of native food-growing methods and appli- 
cal: e North American techniques, such as cornposting. 
In 2, ldition to providing a needed source of vegetables 
for ‘te community, we want to be able to give seed to 
otkr’ ‘s in fbe area, and to offer intormal instruction 
in vr~:cttnblc g&dening. If anyone has seed of varieties 
tkr! ,, wlieve wou!d be well suited for this project, or 
km,\. : of sources of suck seal. we should low to 
kfar i 0nt YOU. 

‘l.ka;,:c is CPCII morn demand for goad fruit tree seed, 
largcl~~ due i1> tke cwnrnercihl potential of some types 
4 wet As one local milt3 put it: “I nnnt ~IJ plant 
fruit tr! es now, becau~c some day WC will have a road, 
and. *.i’ .:n it comes. my trees will bc bearing already.” 

/ 



But perhaps more important is the notritiotnl role of 
fruits. A eommoo sight in Corm Rica is that of chil- 
dtctt throwing sticks at a guava or mango or stinkin’ 
toe tree. it is my impression that, in the areas of Latin 
America which are above par nutritionally, this sort 
of casual fruit consumption is a critical factor. At 
present, most of Lim& Province is well W&died with 
fruit. But most of the trees the children harvest were 
planted by their graandparents and there is a tendency 
to take them for gnnted. 

We would undertake to swore stock of local ot 
superior new varieties of whaterer fruits arc in demand. 
plant them. and distribute seedlings frx for yard and 
garden planting. and at a nominal cost for small eom- 
mcrcial scale plantations. There is a local man with 
skills in fruit tree propagation who could be hired to 
tcml web an operation. if foods permitted. 

5. A worldwide agricultural problem receiving in- 
creasing recognition is the loss of local varieties of food 
plants. Our region is not without outstanding local 
varieties and we would like to secure stocks of these 
varieties adequate to preserve them. We arc just begin- 
ning to lcarn the local cultivated plants. Among those 
which seem significant ate the perennial sweet pepper 
mentioned above, a small, round and incredibly deli- 
cious avocado. and P hardy local cucumber. 

4. An alternative to the possibility of the road would 
be a laoneh which could pick up produce at points a- 
long the coast. Prior to World War II, such a launch 
existed, but it was owned by a German company and. at 
the start of the war, it war oationalized and moved to 
the Pacific coast. We have not defined what role NAISA 
could play in the reestablishment of a launch service, 
but it woold certainly bc a valuable service and we arc 
ready to cooperate. 

5. A long-term goal for the area would be the estah- 
lishment of forat fanning as described by Smith (1929) 
2nd Douglas and de J. Hart (1976). as a dominant agri- 
eoltural mode. Should we be able to expand the farm 
or work out a cooperative arrangement with one or 
more of the local farmers, we would be ready to begin. 

6. Although tbc farm $ in a coastal arca, there is not 
an ovcrabundanee of fish, and the supply is very de- 
pendent on the seasons and the weatbet. The small fish 
pond constructed oo the farm is a start, but we would 
like to see B Ia-ger aquaculture system. designed to 
supply the community. We have been circulating a pro- 
posal to build a system similar to the ate set up by 
Prof. Anibal Patiiio in Colombia and dcxrihed~in the 
third ~ountd of The ~Vecc Alcbmists (PatGo. 1976). 

Such a system would be scr up on ooe of ow neighbors’ 
farms, and some member of the family could be trained 
to operate it 

There arc, in dl, three functions which we hope the 
NAISA famt would serve. The first two have already 
been mentioned -a center for community oriented 
programs and a functio~l subsistence farm, organized 

along the liner of a Samaka farm (Iloskins. 1973) 
for the use and eojoymcnt of whocvcr is living here. 
loterwovcn with these is an educatiomtl function. Ccr- 
tainly the farm has already contributed to the educa- 
tion of the Gringoes who haw worked there. WC would 
like to extend this; we think that the farm could aecom~- 
modate a few stutleot~ without creating too large a 
foreign presence. Students in biology or ccolog) would 
find a great diversity of habitats in the vicinity ~ virgin 
forcst. second growth, agricultural land. swamps, rivers, 
bcaehes and the oecmx We believe that, in the long ton, 
tropical eoontricr will hcncfit as much from basic uo- 
dcrstanding of tropical ecology as from grandiose “de- 
velopment” and “aid” projects. The potential of the 
farm for students in Latin American studies is obvious, 
and there is also mueh to offer students of ogriculturc. 
ccooomics. sociology and other disciplines. 

It is possible that n student program of u)mc sott 
could contribute to the solution of our caretaker 
problem. as at prcscent none of us arc able to be here 
all of the time, nor does this seem possible in the 
near future. A six month or one year stint caretaking 
the farm rould be a tremendous educational experi- 
cncc, and having at least ottc non-local person there 
throughout the year would strengthen our position 
in the local community. 
~. We should also like to be in a position to pay 
salaries. In the last two years, New Alchemy person- 
nel from the States have received air fare only. with 
no pay whatever f~or the time spent in Costa Rica. 
As mentioned, in 1975 a small am~ont of loca! day 
labor was hired. In 1976 the Arca grant paid stipends 
to seven Costa Kican farmcrs participating in the tea 
growing experiment. WC should like to be xblc to 
pay B subsistence wage to New Alchemy personnel 
who travel to Costa Rica to work, bat it is more in,. 
portant to be able to continue being a local employer. 
It is our policy always to give preference to il Costa 
Rieao person for any job in Costa Rica. If the idea of 
a student caretaker works oat, it will he necessary to 
hire a local person to ttair?, advise and ovcrsec the 
student. If it does not work, we shall need to hire a 
earctaker. If the fruit and vegetable nursery becomes 
a reality, we will need additional labor to maintain it. 

Expansion of the farm is a virtual necessity, es- 
pccially if wc are to prcxrvc our small piece of virgin 
forest. Currently there is land, some of it not in use, 
in the vicinitv of the farm which might be purchased, 

had we suffifintt funds. 
There are, of course, a number of items of cquip- 

ment we would purehasc or constroct if funds pcr- 
mitted. I have already mentioned a kerosene stove. 
There arc definite limits, though, to the ilccumukttion 
of equipment; it is out policy never to exceed the 
limits of what one of the more prosperoos campesino 
families might own. A kerosene stove or an outboard 
motor would be permissible; a gas refrigerator or an 



More money would be@> ~5. but as long *s we cilo 
manage a couple of roond-trip tickets to Costa Rica 
annually, and somcbow armngc for a carctukcr. wc will 
bc there. We arc there bcc~usc \rc want to be, and we 
rbi3k our presence will continue to bc a valuable ooc. 

I hope that all redden of this report first will have 
red my longer piece in rhisJoarnd (page 17). de- 
xttbittg the prvsr of the New Alcbcmy farm in 
Corm Rica which explains why New Alchemy has 
become involved in CRC development of a cash crop 
in Cosa Kia. !4%eteas wcrcmpbasis on cash crops for 
expatt has cotmiboted to the problems of tropical 
“third world” countries, each environment should be 
considcl~d individmtll~ This projest seemed an ap- 
propriace undcrtakittg m out panic&r case. 

In a decision reached mutually with our Costa Rican 
ncighbr~, it xws felt that it would be socially healthy 
to diw riify the cash crop basis of our community. In 

attemiamg to do so, w arc handicapped by the fact 
that the region lacks roads. which limits the export 
“i ~~d&k crops. 0~ first &C as tO what to do 
came front examining tkr c;ops which arc wccew 

‘The f%t~t anwer to that question came from my 
,, 

> ex@emnce as: e Gringo living in Lim& Province. Pcr- 

haps nowhere in the world do people utilize such P 
variety of herb teas - “bush tea” they call it -as in 
the Caribbean coastal region of Centml .America. 
Some barb teas, such as lemon grass and various mints, 
are widely drunk in other parts of the world as well. 
Others, like cowfoot and Mary Shakewell, are vit- 
toally unknown outside the region. Some are drunk 
only for the taste, others are reputed to have medic- 
inal value. None of them arc grown commercially to 
any extent. People may plant B bush in the yard mtd 
keep the weeds away from it, but that’s about all. 

Currently the herb tea business is one of the more 
rapidly growing agriculturally-based businesses in the 
United States. If people are growing bosh tea com- 
mercially, why shouldn’t the Ccntrai American 
farmer get in on it? With that thought, and a small 
grant from the Arca Foundation, New Alchemy went 
into the tee tmde. 

The first step wits to conmet poicntial buyers in 
tbc States. I sent out letters to sixty some packngcrs 
and distributors of herb teas. explaining that we were 
working on behalf of B farmi.tg community in Costa 
Rica and that we hoped our letter would interest 



‘Tkc wril Iplilnl is a 4lruII whick pant\ 1~ ia Initxi- 

mum hcigot uf &wt right fPcI. In wiwm, which ih 
Qccemlm or January in Lim&:, it hears a proforicn 
of “fluwers” which haw somewhat the shape xnd 
wxtur~ of ill, okra pod although they arc r,,,~l, s,,,& 
cr and me the deep ml coior of the lhihiscur flawrr. It 
is the thick. Icath@ry cuter coat of this “flawcr” which 
is used to make :he tea. At this time fhe principal 
sources of cwrm~erci~d soril are Egyl’t and the Sudan, 
and they cilnnot meet the demand. 

Is LirrrGn, soril ma)- bc drunk hot or cold. plain or 
with ginger, as a soft drink x an alco!wlic one (“roril 
ciile”, made by mixmg the tea with rum). It is drunk 
tradirionail~ mm& Chrism~as time. Levi 1%rymt, one 
of the farmers working with us. rcc~ll@d how the Black 
farmers used to ship soril to fh~ city of Purrto LimGn. 
“tiirrt time. they gron plenty sod this side, but when 
they car) to Port LimSn, the Spairrds dash it in the 
harbor. Because when the ;,copl@ get that lmsh, they 
don’t want to buy the Spaniards wine.” 4pxt From 
its USC in making drinks, the soril leaf is a wry 
palatable green. 

The soril plant war not dcsigncd with our conv@n- 
icnce in mind. By the time we had settled on soril 
as the crop fur our cxperimcnts, thr harvest season 
was over and seed wm SEarCe. \V@ mannged to l”CBfC 
a F@w late-bearing plants, but it was going to be a 
small experiment in&cd, until Levi wmcd up several 
thousand seeds his brother had been Earing. 

With the seed secured, the attitude of the farmers 
war ~ncc again entixkastic. I must say that the “con- 
s@rwtive” campesinos shuned a better grasp of the 
conwpt of art “cxp@riment” than imost lay people I 
hwc deult with in the StJter. ‘There was no “Ccc. 
Mister Science, what do wc dv neat?” Bather, each 
Farmer offered lhis own ideas For plandng two different 
ways. or in two different types of ground, and com- 
paring yields. 

The major part of the Arca grant money ws spent 
on stipends to the farmers who would be working 
with us. I felt it was unfair to ask people who are 
constantly close to the line cconomiczlly to invcst 
their time in a project which possibly would bring nn 
return. As of my departure For the States in Ma), 
seven Costa Kiom farmers Levi Bnant, Willie 
Batnett, Cssimira Dorman, Pablo Kijas, Miguel Herrcm, 
Isairh Vallejo and Jenmimn Matute - were par- 
ticipating, along with WI@ American rerident of an- 
other part of Limcin Prwince. Todd Scorlant. In 
addition, there arc about ninety plants coming alung 
uirely on the NAISA fnrm. where thou arc intcr- 
planted with pineapples. The soril pkmt makes vcr) 
lirtlc shade, and so is good for interplaming with low- 
growing crop plants. 

I will pr:,hal$ miss the harvest this S~R~OII, unless 
it is WV late, hut Tony Lavcndcr will be on hrnd to 
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Xhnology Appropriate 

to Gandoca,CostaRica 

The Gandaca area of Costa Rica. where the New 
Alchemy center is located, is a remote tropical rural 
sommonitv. It is described in more detail in Bill 
Mc~arney’s articles on our Costa Rican farm and on 
the Herb Tea Project. Transportation of people and 
materials to the nearest road is limited to walking, 
borsehack or small boat and any of these requires at 
least srveral hours of travel. Overland, the trails are 
arduous and can be impassable at times in the rainy 
season. By sea, dugout canoes and larger motorized 
dugouts which are Used have a limited capacity and 
are often restricted by rough seas. These conditions 
of transportation have played a major role in local 
technology by restricting tbe size and quantity of 
transported items, in and out. This partial isolation 
has many other social consequences and should he 
kept in mind in the following discussion. 



Indigcnaus materisis .xdlahlc in the vicinity arc: 
Forest P~.mt Pvoducrs hardwood logs nod sap- 

lings, vines suitable for cord, palm leaves for thatching. 
Domestic Phrt Products - bamboo, cane, c&bash 

goords. coconuts. 
Driftmood and D&-is - bring some lumber, 

bottles and miscellzneoun plastic items. 
00~~ from local deposits, oat used. 
Storx3 very scilrce, except for coral fragments. 
The most common too! is the machete, which has a 

diver&v cod quality far above any nther tool used. 
Most daily tasks can be performed hy a machete and P 
short hooked cane which is also usually carried. There 
are special shapes of machetes for special jobs. The 
standard long one is often used in lip.~ of a variety of 
ofhcr basic tools. A skilled person can use the same 
machete to chop down a good-sized tree, clear brush, 
mow grass, dig holes. plant crops, open coconuts. 

peel oranges and cot fingernails. An entire house can 
he built with this one tool, using material from the 
forest. Other metal tools are used, but much less 
often. Axes for felling large trees are often shared a- 
mong neighbors. Most farms have hammers, nails 
and screwdrivers. Some craftspeople have planes and 
adzes. it is important to keep in mind that there ate 
virtoally no machines to maintain, any unprotected 
metal rusts very rapidly. and most hand tools avail- 
able regionally are unfortunately of low quality. 

The most basic needs of families are met as follows: 
Water-shallow hand-dug wells from four to twenty 

feet deep are most common, with a bucket and rope 
for liting water. In most cases these wells have a 
raised rim made from a steel drum and have a loose 
cover to keep oot leaves and animals. Some households 
collect rainwater from roofs and store it in steel drums 
for washing and drinking. 

Agriadture - food supplies are a combination of 
tropical fruits and vegetables, dairy, poulrry, pigs, fish, 
beans, and purchased staples such as rice, flour, sugar, 

and spices. The technology of agriculture is limited 
primdrily to the machete, hut wire fencing, bamboo 
pig pens, and cacao drying racks are also used. The 
drying racks roll on small railmzd rails salvaged from 
a long-gone bannna plantation nearby. 

Hmmw~ Waste hand-dug outhouse holes, sometimes 
enclosed, are most commoo. Mass-produced cement 
privy floor plates and seats can be seen leaning unused 
against many houses, apparently part of some sanita- 
tion program. 

Sl~elter - houses range from simple thatched shacks 
of loosely fitting hoards to fairly elaborate, large two- 
story houses with porches. Most houses are raised on 
pilings, made with sawn lumber, and have tin or fiher- 
asphalt roofing. Termites are combated with liberal 
annual doses of DDT. Cooking is done on open wood 
fires, or occasionally with kerosene. Lighting is by 
kerosene lamps and candles. Washing is done outdoors, 
and dishwashing on a window sill draining outside. 
Storage of food includes smoked fish, jars of coconut 
oil, tins of beans, rice, flour, salt, sugar, and other 
staples. Most fruits, vegetables, and animal products 
most be eaten within a few days. 

Transportation - many families have one or more 
horses for hauling hewy objects, such as cacao, to 
market, or lumber from the mill. Par: of any journey 
involves rugged and steep hills and streams must he 
forded along the beach. There is an inland route to 
Paaama. A motorboat comes once a week from the 
neatest store with supplies. Arrangements can he made 
to have special items brought from Lim& by this boat, 
hut the waiting period may he many weeks. It takes 
occasional passengers. 

Comnzunicatiom - most homes own transistor 
radios, which supply welcome music, news, and weather 
information. Mail delivery and a wireless telephone is 



many hours away at the closest towo. 1’1~ pace of 
living is slow enough that traveling neighbors al~d Sator- 
day markers keep most people in cootact. 

The utilization of local plants for materials and ser- 
vices is quite advanced and often elegant. Outstanding 
examples are: 

Living Fences. There are seveml tropical trees that 
form living fcneepostr if cuttings are rooted in straight 
lines. The liviog posts slowly thicken and strengthen, 
requiring only periodic pruning of sprouts. Common 
pkmts for this purpose are madera oegm. guava, and 
c&hash. C&hash is cspccially appropriate, as it 
produces large, durable gourds useful for water con- 
tainers and food storage. 
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Pipa Pipa is a special variety of small cocaout, 
whose fruit, when green, is filled with clear, sweet 
water. In some places, pipa is grown near trails as a 
convenient source of pore water for travelers. Such 
an inexpensive luxury should he more widely 
adopted, especially as it will grow oo hot, salt-water 
beaches. 

Ltamboo. Bamboo grows to a large size and can 
be used for innumerable structural purposes, such as 
peat pots for tree seedlings. bamboo hoards for floors 

: and walls. trellises, pig fences, and many others. 
Unfortunately the number of species is quite limited. 

: ~Considerahle benefit could result from introducing 
a type suitable for mats and baskets. 

There are other interesting oses of plar;ts. Banana 
leaves can be informal plater or food wrapping, 
jungle vines which are as strong amI pliable as cord 
are used as such, and pahn leaves of various types can 
he that&cd to form waterproof roofs and walls. 

We are trying to base our technology in Costa Rica 
oo the successful experiences of people who live 
there. We have constructed a house, furnishings and 
a herb dryer mainly from local materials. In fact, we 
are using local material to a larger degree than is the 
present trend. In most situations, local costom pro- 
vides patterns which can he adapted. This coastal 
region has been settled only recently. In a few in- 
stances, such as termite proofing, simple local 
strategies had often oat had time to evolve before 
modern solutions such as DDT became available. In 
such cases, ideas from other tropical regions such as 
Southeast Asia or the South Pacific should he con- 
sidered, Now that the basic housing and other living 
requirements at the New Alchemy center have been 
completed, we arc eager to investigate several rootcs 
of technical experimentation to discover their 

appropriateness. 
(1) From an architectural view, there is great need 

for specialized bamboos and reeds suitable for wall 
and floor mats and haskerry. Attractive flat surfaces 
for covering walls and floors currently are difficult 
to consttuct. The best solution would he a structoral 
bamboo which also produces edible shoots. 



FISH SPEAR 

OLD METAL TUB 



Rut I likr the book for masons olhrr thitn its urrfol- 
ncss. Jim’s ~~ppro~cb to scicocc and rccboology is of tbc 
hcidthirst imagimdrlc sort: “We Ihiwc two progrcsscd 
to the point where we can accurately cstinutc the 
number of amperes be$ ~ u omerilted bv our wind-electric 
system, just by feeling tbc wind on oar faces and obscrv- 
ing how the trees bend. Technology nccd oat estrange 
us from nature - it can pot US io tone with it.“ 

The \Vrlden Foundation is the Dekornc family and 
the book (available for $7.50 by mail only) is part of 
their survival kit. The last page gives us a clue as to 
the do-it-yourself natore of tbcir opcratioo: “This book 
was typeset on an old and wry used IllXl Fxccutiw 
Typawiter. Layout was dooc during October and 
Norember, 1975, in a 61 year-old adobe f;lrmboosc. 
Any uncaplainrd marks on thcsc ~~~gcr xc probabl> 
photocopies of soot specks from tbc wood-burning 
heater.” And that is perhaps tbc strongest rccommen- 
dation I can make - not just that the Dekornes have 
done interesting and useful reseacb. described and 
illustrated it well sod published it, but that tbcy have 
lir,ed it, in the difficult environment of northern New 
Mexico. It gives us renewed confidence in our con- 
cepts. 

1 think any readers who are interested in New Al- 
chemy’s biosheltcrs in more than a theoretical wa) 
will want to read The Swviual Greedmuse. 

We get inquiries about just about every aspect of 
aquaculture. \Ve try to handle these questions, par- 
ticslarly from our Associate Members, but we are 
not always the hest source of information. A recent 
issue of the Commercial Fish Fanwer listed the fol- 
lowing sources uf aquaculture information. nearing 
in mind the basic “ngribusincss” bias of most “cs- 
tablisbment” information soorccs, you should feel 
free to contact them with general aqonculture ques- 
tioor. (\\‘e, of course, are free of all biacs.) 

Commercial Fish Fanner Magazine 

P. 0. Box 2451 
Little Rock, Arkansas 72203 

Fish Farming Experimental Station 
U. S. Fish and \Vildlife Service 
P. 0. Box 860 
Stuttgart, Arkansas 72160 

U.S. Fish and Wildlife Scrvicc 
John Giodice, Fishery Riologist 
P. 0. Box 4389 
Jackson, Mississippi 39216 

National Marine Firbcrics Service 
NumbcrOne, Union National Plaza. Suitr 1160 
Little Rock, Arkansas 72201 

One of the specific subjects we get the most qoes- 
tions about is trout culture. If you xc iis a position to 
go into trout cult..~~. you are one jump ahead of many 
other prospective a~~xulturists; *root culture is one 

and failed at some where we have bad some success. 
particularly aquacolrure. In other words. they are 
different people, in a different place, doing their 

: own kind of New Alchem?. 
Now Jim Dekomrbas brought oat a book, describ- 

ing their continuing effort to build a small food- 
producing ecosystem for their own survival and enjoy- 
ment. He is tot+ candid about their succcss~s and 
failures: “You won’t find here a blueprint for the 
construction of a ooc hundred-per cent efficient free 
Ion& machine, but instead the descriptiao of an 
experiment in progress, including some educnted 
opinions oo how it might be improved.” If you. 
like me, bare had P surfeit of “experts” on the one 
hand and gushing “Ncr Age” visionaries on the 
other, you will welcome this down-to-earth descrip- 
tion of a piece of tbc red world. 

After a philosophical and historical introduction, 
which will introduce nothing new to most readers, but 
should make you like the author, the book goes on to 
describe the design. constroction and operation of the 
Dekomes’ !,2* ‘1 2q solar-heated. wind-powered green- 
house-cum-aquaculture ystem. There are also appen- 
dices on “do-it-yourself wind generators” and green- 
houses attached to dwellings. 

The word “ecor)stem” is central to the Dekorner’ 
approach, and it is a refreshing change from the stan- 
dard works on greenhouse management. Among their 

‘, dixovcries are a really effective urgmic bydmponic 
system and the use of rabbits as “carbon dioxide 
generatorr” for the plants. The book is lo&d with 
other discoveries. tips and insights that will prove 
valuable to many readers. 



of a vrr!; fw forms 4 aquxultorr wbicb is wll ~lc- 
veloped in North America. md rbcrc are a nmnb~r of 
b”\~-l”.d”.it b00kr on tbr marker. so far I IllYC seen 
nw which I like: 

Scdgwick. S. Drummond. 1976. Trout Fmwir~g 

fi~2ndimk Sccley Service and Co.. London, dis- 
rributcd in the U. S. .A by Scholiom international, 
Inc. ISO-jfl 31s Avenue. Flushing, New York 
I I354. 163 PI’. SPj.50. 

troot farmers ix> tlw I!. S. is that virtually all the liten- 
Iurc. ,fnd rcpr&dIy books, starts from the assumption 
tba~ tbr rcadcr is intcrc\tcd in competing with the 
gi;rms of the mwt culture indurtrv. fhr ram@ criticism 
applier to the catfish farming Iit@&r@. I am acquaint- 
cd \vitl, as! number of successful trout farmers who 
grow fish for their owe tables or for small, specialized 
commercial markets, but from the literature one would 
never helieee they existed. 

Of the two books reviewed here, Sedgwick’s suffers 
mos from this bias toward bigness. But the basics of 
trout colmre are the came at a~? wale, and Sedgwick 
presents them more cleari>- and concisely than any 
other author I am familiar with He covers all the 
subjects of major concern t* a troot farmer, starting 
with the biology of from and on through safer supply 
and pond coostroction, f~ rearing, diseases. hygiene, 
feeding, brood stock, economics, and troot farm 
equipment. There are aIr0 sections on matters which, 
while not uf universal concern. will be imporuot to 
some farmers, such as hatchery operation, cage cul- 
ture, salt, water trout farming, and fisb for angling. 

Sedgwick bar taken care to weed out material 
which is theoretical, incidental or anecdotal and get 
down to the real meat of his subject. As n result, 
he conveys more information in a pocket size book 
than other authors have done in tomes. The disease 
chapter is especia& noteworthy in this respect; 
much of the literature oo fish diseases is difficult to 
read for anyone but a trained pathologist, but 
Sedgwick’s treatment is usable by any troot farmer. 

There are flaws; most of them minor. The most 
serious omission in terms of content is in the feed- 
ing chapter. Sedgwick (in common with most trout 
culturist-authors) leaps directl? from the dietary I@- 
quirements of rroot in terms of protein, amino acids, 
~~iramins, etc., to a discussion of commercial feeds. 
The impliwtions are that there is no alternative to 
commercial feeds and that natural foods have no 
value in frcmt culture. (See Cage Culture. page 77. 
for this writer’s feelkgs on that subject.) 

The other major flaw is the complete lack of 
teference material. Reference is made to other 

polrlirarion\ ill the fcxt. liar cum~dc. 01) lufic 67 
wc lcarll thlt “llalrcr ( 1964) Ihas soggcstcd ccrtilin 
mioimmn imliowacid rcqoircmcnts for salmooid 
fish,” hot nowhere io the book is there any clue as 
to the title of whatever papw Halver published in 
1964. 

Sedgwick writes with a calm aothoriv which be- 
speaks his many years of experience io two: and sal- 
mon culture. North American readers should not be 
put off by the fact that most of that experieoce is 
in the British Isles. Our raiobow trout, Snbno gaird- 

nrri, is virtually the only trout grown for food any- 
where in the world, and basic techniques are the same 
the world over. His conservatism should keep the 
mcrcly enthusiastic from running off aod losing 
their shirts. I would like to see more sentences like 
“It (‘root farming) is n hard und often dirty job, 
which most go on in all weather and at all times.” 
Ycf he is oat of touch with the needs of the non- 
commercial and smail-scale grower when he advises all 
prospective troot growers first to take employment 
on a fish farm “for a minimum period of one year, 
and preferably for not less than three years.” 

Paul B. hlcAdam, like S. Drommond Sedgwick, 
is an experienced troot farmer, but he seems to be 
a very different person and he has written a different 
book. Literarily, he definitely takes B back seat to 
Sedgwick. His anecdotal, rambling, poorly organized 
sod sometimes grammatically confused prose makes 
his book much less of a “handbook.” And, as 
McAdam’s frequent osc of italics and exclamation 
points indicates, hc is an en:husiast: “Become a 
pioneer Trout Farmer. Yoo’rc needed today!” 

McAdam’s enthusiasm is perhaps the greatest 
virtue of the book, Ile seems to be the only author 
to recognize the existence of small troot farmers and 
to encourage them. In the Preface, he makes this 
distinction: ‘With the descriptive words ‘Trout 
Farming’we distinguish a new industry from 
that of the Commercial Trout Growers. Commer- 
cial Trout Growers have troot hatcheries, supply 
fingerlings, then grow the troot in raceways. 
‘Trout Farming’ generally indicates the use of 
the natural environment to raise troot.” In the book, 
he attempts to treat both aspects 2nd to help the read- 
er decide which approach to take. The lwge commet- 
cial grower will have little further use for the book, 
but the small grower will find many ideas and tidbits 
of information. 

In geneml. McAdnm covers the same subjects as 
Sedgwick but you will haw a harder time finding the 
subject you wmt in McAdam. Easily the wcakcst scc- 
fion is on disease. McAdem advises Malachite Green 
for “fungus” and Terramycin for wcrything else. This 
is not enough for the modern troot farmer to know. 



‘Thcrc arc fairly useful lists af rrfrrcorc and equip. 
mat sopplicrs, as well 9s rccipcs. coowrsiw tables 
ant! other hclpfol bta oat esscmial items. 

For the prospective or beginning trout miser, Sedg- 
wick’s is the basic work, while &Adam s”pplcmcnts 
it as an “idea book”. particular!~ for the small farmer 
in North America. 

The last book to be reviewed here is out so aqua- 
culture book, but if should be: 

Caddie. Ronald E.. Sr.. ;md Donald E. Douglas. 
,975. E‘rrrbu~o”ns for Erolngy nsd Profit. Vol. 1: 

Scientific Earthworm Fanning. Bookworm Publish- 
ing Compmy, 12127 Sooth Palmetto, Ontario. 
California 91761. 176 pp. 

‘Thr title lacks nrmctbing in gmce. but that is about 
111 that is wrcrog with t!Gs book, one of the m”st 
thorough and best “rganired “how-to-da-it” volumes 
I’ve ever seen oo any subject. The authors, like the 
ambors of the tr”ot ctdture books reviewed above, 
‘**e experienced commercial growers of their animal. 
.ncy have covered evev facet of their field I can 
imagine, from basic earthworm biology right down to 
how to advertise worms for sale. 

.UI that’s missing is an index, but this is largely com- 
pensated for by the exhaustive table of contents. A 
few minutesscanning the table will get you to the 
right page to learo about any aspect of worm culture. 

Why do I say this should be an aquacultorc book? 
Because here is nor only the archetypal fish bait, 
something fish obviously like to eat, but also one of 

THE BOOK OF THE NEW ALCHEMISTS 

John Holr is a long-time friend sod 
Associate of New Alchemy. A while ago, 
he showed our Journals to Bill Whitehead. 
a senior editor with E. P. Dutton & Company. 
Bill Whitehead contacted us and, as a result 
of the subsequent collaboration, Dutton is 
publishing The Book of The New Alchemists. 

It is a compendium of articles from Jounds 

One through Four and should appear in the 
fall of 1977. 

the fcrv iovcrtebmfcs for which thcrc xc well-dcuclap~‘d 
mctb~~ds for mass coltore itt home. Ycr the earthworm 
leas not been “discavcrcd” by fis h farmers lookiog for 
ao alrcrnative t” commercial feeds. The pasriblc use of 
worms as fish food is accorded one paragraph under 
“~\li~xilnneoos earthworm markets.” 

There are of c”orse other reasnns to grow earthworms 
which may interest “or readers. Their ralue in farm and 
garden soils is well known, they arc msrvcloos con- 
verters of most kinds of organic “wastes”. earthworm 
“castings” make fine fertilizer or potting soil and, as 
the title acknowledges, some of you may bclookingfor 
a way to make a living. According to the authors, “The 
raising and selling of earthworms is approaching a 
billion-dollar-a-year business.” 

Gaddie and Douglas discuss all these and other uses 
of the earthworm. The how-to-do-it sections include 
construction diagrams and tables that arc really helpful 
and photogmphs that are more than decorative. The 
usefulness of the book as a reference is enhanced by 
the authors’ practice of breaking the chapters down 
into numbered sections and providing extensive cross- 
references. For example. in Chapter 3, Paragraph 
3-6.3 on “Preparation of Bedding” is the n”tc “Eartb- 
worm beds may be watered as stated in Paragraph 
6.8.” Patcntial pitfalls and how to avoid them are 
presented in bold-face sections, inset and headed 

“CAUTION.” 
This book should enable any competent pcrson to 

grow ezrihworms for whatever purpose. 



Someho,v, in the wh;rlpool of issues in which so 

many of us are caught by virtue of living at this time 

and in this culture, our attitudes toward some very 

basic and straightforward questions often have 

come, symptomatically, to reflect our confusion. 
Typic&of this is t’le weltw of conflicting ideas that 

center around the issue of food. As a culture, we 

are vast,” overfed, while m;ll;ons of pee,& are 

,na,mx,r;shed, go hwgry or stane. Yet our leviafhan 

econo,mic structure mad6 h difficult for us to share 
our abundance. We are wasteful beyond belief. !Ne 

t&rate the production of foods that have been 

procewd to be almost without nutritive value, 

that are extravagant’y, ven unnecessarily, packaged 

and are priced w;:hour regard for their real worth. 
With the resurgence of feminism, the preparation 

of food has become a symbol of the oppression of 
twxnen by men, perhaps because of ditfering inter- 

pretations over the qclestion of power. That life=food 

=power, as Erich Meumani, says, is understood by 
everyone. But it is a masculine conception of power, 

although one :o which women are becoming prey, 

to see it as mear;;ng dom!nation and hierxchy or 

“power over. ” In our attitude to the growing and 

preparation of food, we am choosing to think of 

its inherentp0v.w as immanental or “power in 
&ing”and, as such, power to sustain life. At New 

Alchemy we have always felt that work with food 

is work to be honored. To have enough food in a 

hungry world, to have access to land and to grow 

one’s cm food ir; a co.mmercialized cuItu.v is to 

be privileged. To nourish people one cares for 

and yet tc leave the soil undepleted is a gratifying 

and a fulfilling aspect oi human existence. 

lt is in this spirit tha we offer our cook book. 

We make no ,,rete”s;ons as to its be;“g ent;rely 

based on self-sufficiency. /I is rather the reflections 

of the experiences of a group of seasoned. mainly 
se&of-the-pants cooks who are fond of eating and 

are try;ng to make the best use of what is arailabic 

under varying seasons and conditions. Hi/de and 

Susan are both first-rate exam,?/es of this type of 
cook. H;,de reduces the wasting of food to a degree 

that would be considered a,“,ost ;mposs;ble by “?OCt 

North Amwica:, cooks. Susan grows, gathers and 

preserves a great deal of what she and Bill McLarney 

eat. Sterling as these practises are, as a partially 
weaned Francophile, / should be able to muster 

only :heoretical enthusiasm if what they come up 

with wasn’t almost ~WJYS good. This is, of course, 
a matter of opinion. Susan and Bill, be!ng high/v 

principled, maintain the same dietary practises in 
Costa Rica where “what’s there” is obviously very 

different. Both Bill and Susan retur” after their 
time there looking undiminished, but Ear/e, during 

his virit, shed a great deal of weight and did not 

think too high/y of the diet on which he had been 
stibsisiing. ln general, however, the attitudes and 

recipes we have included are fairly representative 

of what might very loosely be ca!led our philosophy 

of foo0. 

The following recipes are not particularly precise, 

but more ideas or suggestions for meals when con- 

fronted with surpluses at one time and shortages 

a: another. We offer them in the hope that the 

very red pleasure we have had in working with food 

w;,, extend ot,t,,wd to be shared by marry others. 
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In the third Journal, we in&d4 a section called the 
Tr-sh Fish Cook L3ook. T&s year ;ue want to share 
some of 03x1 other favorite things to do with food. If 
we called it the “Trzsh Food Cook Bock”, you’d get 
the wrong idea - it2 about good food - mainly food 
we grow wrselves. but like the “trash” fish, these 
good foods xe often little known or underutilized. 
We have found that growing the food is only the 
first step. In living both more economicaUy and more 
ecclogicaliy. people have tc learn to change their food 
preparing habits and the% eating habits. In too many 
case, the need for food tiggen the foot to push the 
gas pedai to go to the stcze. 1 have seen store-bought 
lettnce in a friend’s refriwator when there was much 
better available in the garden or, more subtly, rice 
on the table tight after night when the garden could 
supply a variety of starchy foods that didn’t have to 
be grown somewhere else and shipped. 

I think the main thing in laming to us8 food 
properly is to t&e stock of what you’ve got and use 
that rather than to think 3f some particular dish you 
want or are used to having and then buying whatever 
you need in order to make that. It’s creative. it’s fun, 
and it’s an important step in trying not to be a drain 
on the rest crf nature. 

Itk late fall now and I am beginning to rely on 
stored and preserved foods with a few hardy things 
still coming from the garden and fresh treats from the 
greenhouses. Each season offers different foods but, 

if you respond to the changes. you can prcvide for 
yourself in all seasons. A big pot of soup made with 
preserved vegetables will make better lunches than 
endless c4eese sandwiches. Baked pumpkin or squash 
pudding is as good as cereal for breakfast. 

As important as not wasting it or taking unnecessary 
energy from somewhere else to get it, appropriate use 
of food means making it taste good. As Dr. Samuel 
Johnson said many years ago: 

“Some people have a foolish way of not minding 
or pretending not to mind, what they eat. For 
my part, I mind my belly very studiously and 
very carefully, for I look upon it that he who 
does not mind his belly wiil hardly mind any- 
thing else.” 

Here are some of the good things we make. 

BEANS 

Beansaren’t just beans - the three dishes I describe are 
as different as can be. Encouraging note: If red beans 
cause belly disturbances for you, try some other 
color, such as black or white beans. Many people find 
these much less aggressive. 

BLACK BEANS AND RICE 

This recipe is for about two cups of uncooked be&x 
They should cook three hours, more or less, depend- 
ir,g on whether you soak them before cooking, how 
large they are, how hard, etc. It is better, of course, to 
save time and energy and soak them overnight. Cover 
the beans with water and, if they get dry any time 
during the cooking, add more water. After about two 
hours, chop and add a couple of garlic cloves, an 
onion and as much hot pepper as you like. Season 
with at least a teaspoon of cumin and a little oregano 
and sage. Add a couple of tablespoons of coconut 
oil if you have it (it’s very common in Costa Rica and 
we always bring a bottle back) or some grated coconut. 
Serve the beans on just plain buttered rice or for a 
really special dish, rice cooked in coconut milk. Make 
a hot sauce by soaking minced hot peppers in warm 
oil for twenty-four hours. For a different taste, season 
black beans with bay leaf and cloves instead of cumin. 



An orange sauce is good on any variety of simply 
cooked dried beans. Chop a hot pepper dnd two garlic 
cioves finely and simmer them in a little white wine 

a half cup should be enough. but add m?? if it cooks 
away. Meanwhile, squeeze the juice from twa oranges, 
add two tablespoons of vinegar and mix a tablespoon 
of cornstarch into tl.~ iiqrud:. Stir this into the wine 
and peppers and simmer x12 it thickens. Thin with 
boiling water if necessan. 

CHILI 8EANS 

If you soaked the beans, cook them in that water 
pius a jar of tomatoes. Add lots of onion and 3arlic 
and hot pepper sfier an how of cooking Season 
strongly with oregano, sage, paprika and parsley. 
Serve with cornbread or tortiilx 

MIDDLE EASTERN BEAN PUREE 

Cook white b wx until they’re tende:. Strain off 
most of the iiquid and save. In a blender, puree about 
two cups of beans with a garlic bud, about three 
tablespoons of oil, the juice of a lemon, s&t and 
pepper. Vary amoa~ts according to taste. I sometimes 
add a little vinegar for extra tartness. Add bean cook- 
ing liquid to achieve the consistency you want. You 
can dip bread into the puree. Syrian bread is especially 
good, but I wouldn’t complain about homenade 
whole wheat. You can also serve it on tomato quarters 

” or lettuce. I’ve made the same sort of puree with 
overly mature green peas, the seed part of green beam, 
and dried lima. 

,, FISH CURRY 

You can use left-over baked or fried fish or your 
,’ less desirable frozen f&b. Left-overriceisfine. too. 

For two people: Chop a large onion and a handful 
of parsley. De-bone the cooked fish and break into 
smau pieces. Threequarters of a cup is plenty for two 
people. Fry the fish, onions and parsley until the fish 
is slightly browned. Add more oil and put in as muc?r 
rice as you’ll eat. S-mn with lots of good curry 
powder, a little sage and oregano and garlic. Stir fry 
until the rice is a little browned, too. It’s good served 
with cold yogurt or cranberry sauce or pickles. 

COSTG RICAN RUN-DOWN 

We lamed to make Run-Down from a lady in 
Lim& who cooks on a crooked stove. in a frying 
pan with an iron stuck under one side to level it out. 

: We asked her why the dish is called “Run.Down” and 
: she said, ‘%tecause it’s made with coconut milk..... ” 

For two people tiho eat a lot, grate one coconut. 
Through this pour about two cups of water slowly, 

,’ squeezing out the milky 1iq.d;. This is the coconut 

milk as opposed to :I I watery liquid in~;ide the cocos 
nut, which is coconut water. The remi,:ling coconut 
meat should have hadlll its goodness rr+maved by 
this process if you’ve :!, lueezed enough wd so should 
be thrown away. (Ed. !, iote: i. e., eithe: compcsted 
or fed to the chickens), Cwk the milk ‘,wn while 
you get the rest of the 1 hings ready. 

Cut into pieces and 1’ y unbattered frrh till&s or 
steaks. A large hand-s& 3 piece cut int.1 one~‘Tch 
chunks should be enou-;! : for each person. ,,‘$so fry 
a chopped onion and a s: ?a11 hot peppti ai;d / v,hzn 
they’re ready, add a cut., up tomato. PLI. the fish. 
onions, etc., into the cot >nut milk, simmer a few 
minutes and serve over ric e. 

CABBAGE AND SOUP : 7EAM PIE 

Shred fourand-one-half ‘:ups of cabiaahs Steam 
it just a few minutes, not z,, much that it’s done. Drain 
the cabbage and mix with o’, cap of sow c:eam, a 
tablespoon of flour, a tablt.. peon of caraway seed, 
some dill and salt and peppt r. Put the ?illi:,g intc a 
ryular twoxrust pie ami br, ke. 

VEGETABLE CURRY 

Another flexible favorite i: vegetab!e curry. Use 
any mixture of fresh or froze, vegetables you like, 

but be sure to include a chop;: :d onk n. I particularl-; 
like green beans, crooknecrt svlash and broccoli to- 
gether. Cut al! tha vegetables L ,:o small pidces and 
simmer mtd each is the approp riate raoneness. When 
the vegetables are done, drain ( ?f the juises and stir 
L? yoguzt to make a ,hick saxw He?,t ‘:rougb. You 
can stabilize the yogurt by stti:,lg :n a little co n- 
starch while it’s cold, if you ww t to make sun it 
doesn’t curdle. Season with got; cvxy, garlic and 
fresh parsley. 

ZUCCHINI CASSEKXE : ,.I 

This ir?cipe is adapted from Cl6 &a Roden’s A Bc?k 
ofMiddle Eastern Food !‘i;iltlge :!c.o’e 1974), my 
very iavorite cookboc,k. Tne book, u ver] well suited 
to mostly-vegetarian cc~oking - frU, of lcvely things 
like eggplant cream, carrc! soup. SE inach cheese pie 
and Jerusalem artichokes with tom .to sauce. 

For the casserole, slice 2 sonpie c : .nedium-sized 

zucchini, ecough far two people. St.?am CT simmer 
tmtiI barely tFndr.-. Drain and pu; iI, Lnto a buttere5 

casserole with a :‘ried onion, salt an~.sepper. Beat an 



egg or perhaps two and mix with a cup of grated 
cheese. We Ike a combination of parmesan and cheddar. 
Pour ever thezucchini. Sprinkle the top with nutmag 
or fencgreek or both arid bake for twenty to twenty- 
five minutes. The egg mixes with the juice from the 
zncchini and forms a custard. Of course; crookneck 
or scalloped squash are fine, too. 

Frozen squash is often spoken of harshl-y, but I 
think it’s fine if you sinmer it in its own water, 
squeeze out the water and proceed with the casser- 
01s above or a good tomato-cheesy-spicy one. 

ARMENIAN YOGURT SOUP 

This is another one adapted from Claildia Roden’s 
Middle Eastern cockbook. 

This summer we had a lot of goat’s milk at the farm. 
which led to some interesting milky things. This is an 
exceilent recipe to use if your yogurt, like mine, isn’t 
exactly thick. It’s an excellent recipe even if you can 
make thick yogur:. 

Beat two eggs with far cups of yogurt. Bring slow- 
ly to a boil, stirring frequently. The eggs should keep 

: the yogurt from curdling, but you can stabilize it 
with cornstarch to make sure. Stir in two cups of 

water and about two cups of noodles. : prefer 
spinach noodles. Simmer until the noodies are done. 

,’ Salt and pepper. Meanwhile, fry a chopped onion and 
three tablespoons of crumbled dried mint in four or 
more tablespoons of butter. Pour the mint butter on 
top of each bowl of soup. Sounds strange but it’s good. 
Really, it is. 

VEGETARIAN MOUSSAKA 

Slice a couple of eggplants, saIt the slices and, after 
fifteen minutes, dry them. Flour and fry until brown. 

‘, Also fry a chopped onion and a couple of garlic cloves. 
Make a couple of cups of thick white sauce, beating 
in an egg ior a richer sauce. Layer the eggplant with 
the sauce, seasoning generously with cinnamon, nut- 
meg, fenugreek and coriander, or whichever of them 
you have. Top with a thin layer of cheese and bake. 
(You can cover the eggplant layers with an inch-thick 
layer of mashed potatoes for a more substantial dish.) 

iM?ROVED STIR-FRY 

I guess everybody stir-fries vegetables, but a few 
things can make a s!ir-fry really special. I always saute 
lots of garlic and fresh ginger rcot before I put in the 
other vegetables. A little soy sauce, sherry and corn- 
starch ad&d at the last inproxws things too. Put a few 
fried cashews or peanuts on top. A rea!ly nice thing is 
a hot peanut butter s,uce mixed in with the vegetables 
when they’re done. It’s good on a single vegetable too. 

Mix: Three tabirspoons peanat butter, two table- 
spoons oil, two tablespoons soy sauce, two table, 
spoons dry sherry, two tablespoons sugar; four table- 
spoons water, a little bit of hot proper and two 
tablespoons tomato paste (or use cooked-down to- 
matoes and leave out the water). Beat everything to- 
gether and serve over vegetables. (Adapted from 
Chinese Vegetarian Cooking by Kenneth H. C. Lo, 
Panthzon Books, 1974.) 

BREAKFAST IDEAS 

We’ve come up with some good breakfasts. using 
the foods we’x grown You can make a squash or 
pumpkin pudding by following any recipe for pump- 
kin pie filling or just by mixing two to three cups 
of squash with an egg, a cup of milk, sugar, butter 
and spices, and baking it. Or you can just cu? the 
squash in tvm and bake it with butter, spices and 
brown sugar or maple syrup. It’s fine to ceok it 
the night before and heat it up for breakfast. We 
also like to make tortillas and put hot homemade 
fruit sauce (apple, pear, mulberry) on them and 
melt a little cheese on top. Corn can be mixed 
with an egg, a little milk and just enough flour to 
hold it together and then fried like pancakes. In 
Latin America, leftover rice and beans are often 
fried together for breakfast and served with a 
fried egg on top. A lovely thing that’s good at any 
meal is to stew fruit, fresh or frozen, in a big pot 
with spoonfuls of biscuit dough dropped in to 
make dumplings. (Keep the lid on during cooking.) 
Strawberries are perfect. Serve with butter and 
cream or milk. 

GREEN BEAN AND ZUCCHINi SOUP 

Sounds awful, doesn’t it? I had taken out a package 
of frozen zucchini and one of green beans, with no 



particular oian. At dinnertime. I came up with this 
and i: VJ~S so good 1 decided to serve ?’ to Nancy Jack, 
who does not speak fondly of frozen beans or zucchini. 
She has relented. 

Thaw and simner, with wry little iiqvid, frozen 
zucchi”i and green beans-a coup& cf cups of each. 
(Of course, fresh would be we” better.) Chop end fry 
a few spring oniorq ticludi”g the green tops for color, 
and two garlic cloves. P&e everything in a blender, 
addi?g two eggs, w‘t. pepper, a little butter. and spices 

! used rosemary and savory. lightly. Retwn to the 
pan and simmer for a few more minutes. !t’s good with 
fried bread and cheew. 

FRIED 9REA3 (Chapattis) 

Mrx me cup of water with four cups of flour and 
% teaspoon salt. Knead well at least five minutes. You 
can make the bread im;rediateIy or store the dough 
several days i” the refrigerator. Take emall lumps of 
dl;igh end roll jet into %” thick circles six inches 
across. Fry *hese in aneinchdeep bot oil until 
brcvmed. This is a chewy crisp bread, quite different in 
texture from a baking powder bread. 

- Susan 

NECESSITY IS THE BREAD OF INVENTION 

This bread is created from pikes of this and that left 
in the cupboad such as tablespoons of oatmeal, 
barley, rice, brown rice, cream of wheat, wheatena. 
wheat germ, etc. Gather these jreins ard grind them 
to a bough powder. Cook them in 2 CUPS of water 
as you wolld hot cereai. 

‘, It usuaNy takes the better part of a day for the 
whole pmcess. 

! package of yeast 
1 cup w- water 
2 Tbsp. hcney Allow to grow. 

i envelope powdered milk, d&olved in 
2 cups warm water 
3TbSP.d 

2 Tbsp. salt 
3 Tbsp sirong r”oPasses or II3 c;lp regular molesses 
2 cups cooked wheat berries 

% cup honey 
2 cups cooked ground s;ains 
2 t’) 3 cups rye or whole witeat ilour 
2 Tbsp. chicory 
5 cups white flour 

Mix well. Allow to rise unt8 double. Knead very 
thoroughly with a little white flour. Sqxrate into two 
or three ioaves. Allow to rise again. Brush with beaten 

‘egr-. !kke at 3000 to* one how. 
- Tanis 

SOUP AND SALAD 

To me. soup and s&d is such a lovely combination. 
Since salad makings are plentiful in the summer, I 
began combining garden vegetables to make some 
really excellent soups. This recipe, adapted from 
Claudia Rosen, makes an unusual use of eggplant. 
It’s become a favorite of mine. 

Grill the eggplants over a naked flame or under a 
broiler until their skins are black and blistered all 
over. Peel them carefully. removing all the charred 
particles. 

Melt 5 tablemoons butter in a saucew”. Add 
3 tablespoons fiour (more if you went-m eggplant 
cream) and stir over very low heat till well blended. 
Remove from heat. 

Drain the eggplants and mesh them or put them 
in the blender. P&e with butter and flour mixture. 
Return to the heat and gradueliy add two to two- 
and-e-half cups of milk, stirring constantly until it 
thickens and the taste of flour is gone. Season with 
salt and pepper. Add ‘h. cup Parmesan cheese. Stir 
till melted. Chop lots of parsley to add before 

serving. 
Another excellent soup that is thick and creamy 

but uses no milk is this potato soup. 
In 51% cups rater, cook a combination of onions, 

carrots, celery and potatoes. When tender, remove, 
saving a cup of the water. P&e the remaining mix- 
ture in the blender. Dissolve a chicken houllion cube 
in the reserved cup of water to meke a stock. Add 
this to the purged mixture. Return to the heat. 
Season witlt salt and pepper and lots of chopped 

PersleY. 

Although this idea came to me too late in the 
season tc try it, I’m very pleased to know that one 
can make use of sunflower heeds. 

Take the whole head of the sunfiower and clean 
the seeds off it. Put it in R pot with water and boil it 
until brown in color or until the outer skins can he 
peeled away easily. You now have a white mass that 
testes like mushrooms. Season with salt ad pepper. 

Here’s a” interesting “se of the milkweed which 
grows abundantly around here. You can use it for 
pokeweed. 

When plants are young. take the whole plant, 
minus the roots, and place it in boiling salted water. 
Boil until soft and serve with butter. It resembles 

spinach. 



BREAD RECIPES 

This is a recipe we have used over and over ageir.. 
When Marsha Zillis introduced it to us years ego, it 
was said to be an old Grange recipe. It’s a bread or, with 
one addition. a cake. Both are moist, tasty and rich. 
Makes 1 loaf. 

Mix info a bowl: 2 cups fIow. 2 CUPS sugar (1 CUP 
of flow may be whole wheat and the sugx-may be 
cut down. Iionejr can be used in place of the szgar 
but it alters the consistency) ,2 teaspoons baking 
powder, 2 teaspoons cinnemon, 15/2 teaspoon soda 
end 1 teaspoon salt. Beat in I::2 cups oil and 4 eggs, 
one at a time. Then add 6 cups grated cerrots. Vanilla 
end nuts will heigbten the flevor cod texture. You 
can add 1 cup crushed pineapple to it, which adds a 
lot of moistness and makes it more like a cake. When 
1 add the pineapple 1 usualIy make the cream cheese 
frosting. 

For a voluptuous icing, beat together 1 cup butter, 
18amce ~ackase of cream cheese. 1 teaspoon vanilla 
end a 1 po&d box powdered sugar: This rkcipe makes 
more frosting than I need. so you may want to cut it 
in half. 

The abundance of tit= squash end pumpkin we 
h.ad this winter resulted in t%s excellent bread. The 

general commentary was that it is a v:h& meal in a 
piece of bread! 

Mix 1% cup sugar with % cup oil, and add 2 slightly 
beaten eggs, 1 cup pumpkin or squash (i usually use a 
bit more) and I:3 cup water. 

Sift together 2 cups flour, 1 teaspoon soda, 1 tea- 
sooon salt, % teaspoon each of allspice, cinnamon, 
cloves and nutmeg, ‘A teaspoon baking powder. Add 
to the squash mixture and blend well, then throw in 
some raisins and nuts and bake the breid in a loaf pan 
at 3500 for an hour or until it’s done. 

Kathi 

There is a small but stubborn caucus of New AI- 
chemists who have not submitted to the charms of 
some Jf your sturdis. greens. Kale, for instance. .4ck- 
nowledging its marvelous nutritional qualities we 
remain suJhJy obstinate. Yes. Portuguese Kale Soup 
is lovely, but look at the quantities of Linguica ne- 
cessary to discipline it. We look upon it with disfavor 
when it is sprung on us in a salad. However, when 
H?lde puts it in a souffle It becomes not only 
palatable but delicious. The following recipe should 
be taken serious!y if for no other reason. One never 
knows rrhen one might be confronted with ominous 

SOUFFLE- 

Conk a batch of greens such es broccoli, kale, spinach, 
beet greens or ewiss chard and chop them very fine you 
should wind up with about the amount in a 10.ounce pack- 
age of frozen greens. Drain them thoroughly and add 2 
tablespoons butter or margarine. St;- in a saucepan over 
high heat until the butte? is melted and any excess 
moisture has evaporated,. Then add chopped onions 
end parsley to taste and blend in 2 tablespoons ell- 
purpose flour, % teaspod” salt end some pressed 
gark. Add % cup milk ell et once (you may need more 
depending on her; many vegetables are wed). 

Cook ell over medium heat, stirring until mixture 
thicken ar.d bubbles, then stir in% cup grated cheese. 

Beet 4 egg yolks until thick and lemoncolored 
to these, add the cooked greens mixture; stirring con- 

StalltlY. 
Beet stiff 4 egg whites and fold them thoroughly izto 

the mixture and pour all into an ungreased l-quart 
souffle-dish. Bake in a moderxe oven (3500) for 35 
minutes or until an inserted knife comes out clean. 
This should be served and eaten immed!etely. 
Here’s another method for keeping exuberant greens 
at bay: 

QUICHE LORRAINE 

Use regular or whole wheat pie dough -- spread it 
in a pan with sides at least 1%” high. Sprinkle a layer of 
grated cheese on top of the dough (Opticnal: YOU can 



add. if you are inclined. a layer of cooked, spiced, 
crumbled hamburger meat, or a layer of cooked, thin- 
sliced, finely chopped ham or bacon crumbs). Then 

add a layer of slightly cooked, finely chopped greens 
(broccoli, kale, beet greens, Swiss chard or spinach). 
Sprinkle a layer of grated cheese on top. Another 
layer of either meat or tomato or green pepper slices 

is optional. Now make the milk mixture. % cup white 
flour and K cup whole wheat flour, some salt, pepper, 
paprika powder. Add 4 cups of mi!k slowly to this to 
make a smooth sauce end stir in 6 beaten eggs. Now, 
pow rhe mixture over the other layers in the Quiche 
and beke it ti 6 moderate oven about 30 minutes (or 
perhaps a bit more, if there are many layers). This is 
good eaten hot or cold. 

(You may arrange strips of dough on top of milk 
mixture and then bake). 

-Hilde 

GREEN BEANS (or SPINACH) with EINBRENNE 
(German Recipe) 

Here is a way to make green beans (either fresh or 
frozen) more interestins. Cook 1 pound fresh green 
beans or 1 package frozen green beans (not too long - 
they should still he green end slightly firm) in water 
to just barely cover. Meanwhile. chop a smell onion 

and ccok it in butter in a skillet until transparent 
not brown. Add about 1% teaspoons flour, stirring 
well. Now, drain the liquid from the cooked beans 
into the onion-flour mixture, stirring till smooth. 
Taste for salt and pepper and add the green beans, 
then heat through. 

You can treat spinach the same way. Cook fresh 
spinach (about a pound) end chop it (an old- 
fashioned wooden chopping bowl and chopping 
knife are good for this) or you can use a package of 
chopped frozen spinach. 

COLCANNON (Irish Recipe) 

This can be made at any tim? of the year, but it is 
especially useful when potatoes and cabbage are hx- 
vested at the same time. Cook as many sma!l potatoes 
as you want (the iittle red ones are very good) with 
their skins. Peel them when cooked (let them cool a 
little or you’ll burn your fingers) and ma& them very 
coarsely into a couple of tablespoons of butter in a 
skillet (Youcan use oil, but butter rally testes bcrter). 

Chop a smell heed of cabbage (actually, shred itj 
and add it to the potatoes. Cook potatoes and cabbage 
together about 5 minutes, stirring often. Cabbage 
should not be limp, but still nice end crispy. 

- Claire 



The Trash Fish 
Cook Book 

CHAIN PICKEREL i -. ,li 
t:l‘ -’ 

The pickerel, one of the commonest predators 
of weedy waters east of the Appalachians, from New 
Brunswick to Florida, is a fish I hadn’t thought of as 
a “trash fish.” For years, I’ve been having too much 
fun catching and eating them. But this summer we 
witnessed a couple fishing a small pond, alternately 
catching largemouth bass and pickerel. They kept 
the bass and put back the pickerel which, I have 
discovered, seems to be the general practice. The 
pond was small, so we didn’t reduce our own har- 
vests by enlightening them. But I trust our readers 
don’t iish in rhe same smaii ponds, so I will share 
this secret. Those pickerel would have been a whole lot 
better on the table than the bass. I am especially par- 
tial to the texture of pickerel, fried cr baked. Cn this 
count, it has few equals among fresh water fishes. 

I don’t know why pickerel are not more accepted. 
Before I ever lived within their range, ! was told that 
most of the pickerel one catches are small and skinny 

,, (true) and therefore terribly bony (not true). Massa- 
~,: chusetts law stipulates a minimum length of fourteen 

,: inches for pickerel and I would take home smaller 
ones if I could. Even the fourteen-inchers are less 
bony than most panfish. 

Sometimes pickerel taste “lakey.” This taste appears 
to be characteristic of certain bodies of water, particu- 
larly shallow ones with a lot of water weeds (other 
than lily pads) and aIgae. But I have yet to meet the 
pickerel too “lakey” to be made de”~ ‘-~1s; just lay on 

‘, the herbs a little more heavily. 

PANFRIED PICKEREL 

There’s nothing unusual about panfiying a pickerel 
but here are details in case you don’t know how to 
panfry anything. I cut the fish in several pieces about 
six inches long. If the fish has gotten excessively slimy, 
rinse it off, and then roll each piece in flour seasoned 
with salt and pepper and a little dill, if you like. Fry 
tie pieces in about three-quarters of an inch of hot 
oil until nicely browned. Cook it well - underdone 
fish is not good fish. We like fried pickerel for break- 
fast. 

BAKED PICKEREL WITH HERB STUFFING 

This is a faneler method for cooking large pickerel. 
The proportions I give are for a single fish large 
enough to feed two hungry people. 

Melt a couple of tablespoons of butter in a pan and 
fry a chopped onion in it until it’s soft. Then mix in 

about a cup of bread crumbs. Addlots of herbs. I 
like a mixture of thyme, rosemary and sage, about a 
tablespoon of each. Fill the cavity of the fish with 
the stuffing and bake at 3750 until the fish is flaky 
in the thickest parts probably forty-five minutes. 
A few minutes before the fish is done, make a cup 
and a haIf or so of white sauce. Mix a little of the 
sauce with the juice of a lemon (or two) and then 
slowly stir the juice and sauce mixture into the rest 
of the sauce. &It and pepper. When the fish is done, 
pour the sauce over it and serve. The fame sauce 
k !ove!y on brocco!i, so ! !iko to m&s enough to 
have sauce on everything. 

FRESH WATER BLACK BASS 

Having maligned the largemouth bass in the above 
section on chain pickerel, let me clarify my position. 
I realize that very few people will classify the black 
basses (largemouth, smallmouth and spotted) as”trash 
fish”, but I submit that they, and particuiarly the 
largemouth, are greatly over-rated as food fish. I sup- 
pose their table status is related to the high regard in 
which they are, rightly, held as sport fish. I spend a 
fair amount of time fishing for bass, and there are 
times when I feel foolish looking several pounds of 
food in the face, thinking about putting it back in 
the water. So, I make the best of a good situation by 
applying a tip from my erstwhile coauthor and 01’ 
fishin’buddy, Bryce Butler: Fillet the bass and fry 
it fast in deep oil, using your choice of breading, oil 
and spices. Bryce uses a mixture of flour and, of all 
things, Ralston. a breakfast cereal. I don’t know why 
this is so, but I have found filleted and deep fried 
bass to be far superior to bass prepared any other 
Way. 

BULLHEADS 

Bul?neads are one of the chief fish in OUI diet; 
see the first installment of the TRASH FISH COOK 
BOOK in the third Journal for basic bullhead recipes. 
This summer we tried a couple of new ways of pre- 
paring them. The first was a different smoking 
method contributed by a visitor from Holland. 
Jacques V&r. Jacques’method worked waU with 
other fish, too, but the bullheads were everyone’s 
favorite. This is a very soft smoke with no preserva- 
tive value, but wonderful to eat. 

Jacques constructed a simple smoker with an old 
oil drum. He cut a hoie about nine inches square 



near the bottom of the drum and made a piece that 
was used as a damper over the hole. Two holes were 
drilled about six inches from rhe top of the drum so 
that a skewer could be run across it. 

The fish shwald be gutted but not skinned or be- 
headed, then salted and allowed ro sit for a couple 
of hours. Meanwhile, burn enough wood to get a 
good bed of coa!s. When the flames have almost died 
down, dry the fish thorooghiy and run a skewer 
through the gills. Put the skewer through the holes 
provided in the drum, suspending the fish down in- 
side, put a cover wer the drum and close the damper. 
When the fish are good and hot, dip several handfuls 
of fresh cedar needles in water az~d throw them on 
the coals. Keep an eye on the fish. If you’ve got the 
right amount of fire, you can just let the coals burn 
themselves out, bjj which time the fish should be 
done. But don’t let them burn or dry out. 

We have also smoked b?l!!!!eadr cowentionally, 
with good results. This summer we were invited to 
contribute to a wedding feast and, having caught 
forty some bullheads the night before the wedding, 
decided to smoke them. Smoking is not something 

‘~ you can rush and, as the hour drew near, we could 
” see that our bullheads were going to be “almost done”, 
: : ,, which is not satisfactory for a xedding feast (or any 

meal, for that matter). Susan solved the problem by 
:’ ,’ putting butter and rosemary on the almost-done fish 

and broiling them for just a few minutes. 

The next two creatures are not fish, but they do 
~:I, live in the water ad are often encountered or even 

: accidentally caught by anglen. 

FRESH WATER “MUSSELS’ 

These are actualiy not mussels, but fresh water 
clams, of which there are many :TC%J, found in aU 
North American waters except the smaller creeks and 
brooks and those waters which are severely polluted. 
They are especially numerous in large rivers, but here 
in New England we find them in abundance in ponds. 
To ccdlect fresh water clams, look for shells on shore 
or in the shallows, then iook a little deeper, probing 
in the sand and mud. 

I was brought up to believe that fresh water clams 
are inedible, and I must admit that I have sampled 
some that would substantiate that claim. But I have 
also had some that were wonderful. The best I have 

ever eaten were the exotic Asian fresh water clam 
Corbicula, which has become established in much 

of the United States, hut many of our native species 
can also be quite good. If you need to convince 
yourself of the gustatory potential of fresh water 
clams, stop by your nearest gourmet foods store and 
pick up a tin of “smoked baby clams”, which are 
actually full-grown Corbicula. imported from Japan. 

So far we haven’t gotten fancy with fresh water 
clam cookery: we just put them overnight in a pot 
of water with corn meal (this is supposed to clean 
the sand from them; we aen? sure it is critical), 
steam them just enough to open the shells, and 
saute the whole animal in garlic butter. The results 
vary considerably, which apparently has more to do 
with the body of water where the clams were taken 
than anything else, though it may have somethinq 
to do with the species as well. So far, we aren’t able 
to look at a live clam or a body of water and predict 
the food quality. We welcome comments from 
readers on this or other aspects of preparing fresh 
water clams for the table. 

One word of caution: Clams are filter feeders and 
thus concentrate whatever is in the water in their 
tissues. So be more careful about where you get them 
than YOU would with fish. Avoid any waters known 
to receive sewage or pesticide pollution. 

SNAPPING TURTLE 

One of the true gourmet treats of North American 
fresh waters is the snapping turtle. Anglers often see 
them and occasionally catch them (usually to every- 
one’s dismay). They can be caught on set lines or with 
special traps but the easiest way to get a snapping turtle is 
to look for one on land in the late spring or early 
summer, when the females leave the water to lay 
their eggs. The males seem to wander quite a bit at 
this time, too, and they can often be seen crossing 
roads near ponds and swamps. To capture a snapping 
turtle on land, simply pick it up by the tail and hold 
it well away from your body. Don’t do it any other 
way. unless you have fingers to spare. 

Before you go out and catch a snapping turtle, 
though, you should ask yourself, “Do I really want 
to eat one?” My father used to say “A snapping turtle 
has seven different kinds of meat, all good, and 
seventy different smells, al1 bad.” That prepared me 
for only one aspect of the tedious and mildiy disgusting 
task of dressing a snapper. There are a few who love 
snapping turtle soup more than I, ad I do in abwt 
one turtle a year. 



In one respeci, turtle bnfchering is easy; there are 
few animals harder to love than a snapper. And your 
conservationist friends wti applaud yw; this super- 
predator eats just about anything that moves in the 
wafer, up to and including ducklings. It is not an en- 
dangered species. 

So, having made a commitment to do the deed and 
set aside the better part of a day for it. the first task 
is to kill the twtIe. This should be done the night be- 
fore ycm plan to butcher and cook it and, if feasible, 
two days before you plan to feast on turtle soup. If 
your turtle doesn’t turn up on a convenient day, 
don’t worry, it will live for many days as long as you 
keep it damp and shaded. The standard instructions 
for killing a snapper say to chop its head off. To do 
this you will need to stretch the neck out. A variety 
of instructions have been given for this; in my experi- 
ence they mostly don’t work. and only result in much 
strm~gle for all and auffertig for ?be turtle. I prefer to 
axe the turtle between the eyes, anyway. Snappers, 
urdike other turtles, cannot completely retract their 
heads into the shell You can get a clear shot there, 
and there is a lot of meat in the neck and right on 
up over the top of the head, where the brain should 
be. However you proceed, use a very sharp axe - 
turtles are tougb.Once the turtle has been killed. 
hang it up by the tail to drain overnight. 

The next step is to open up the shell, which is 
easier than it sounds. Just bring a large pot of water 
to boil and put the turtle in. on its back. You will 
probably need to place a rock or brick on the belly 
of the animal to hold it down. At this point, try to 
overlook any left-overkicksand twitches. Just how 
long to boil the turtle depends on its size; about an 
hour will do for the average snapper. One of my more 
poetic colleagues says to boil it “until it looks like 
a horse with a head cold that sneezed in its nosebag.” 
The point of boiling the turtle whole is to soften the 

under shell and loosen the skin, while retaining the 
fhids In the main shell. So don’t overdo it; over- 
boiling will cause the shell to break up and the figids 
to be lost. You can make an occasional test poke 
with 2 ‘--‘Fe at the pair .? wbe:e the tvm she!Is, lipper 
and lower. are joined. 

When the turtle has boiled sufficiently, decant the 
water and allow it to cool. If you heve done the job 
well, YOU should be able to remove the bottom shell 
titb your fingers. Pour off and save the juice inside 

ent smells. This involves skinning out the legs, feet, 
neck and tail and poking around every cranny in- 
side, including up next to the top of the shel:. 
Turtles have muscles in the most amazing places. In 
the process you will discover not only various new 
odors, but more sticky fat than you ever dreamed 
of. Would you believe fat between the tees? I find 
it helps to make up disgusting songs about turt!e 
fat. Soon you wiU discover more flies than you 
thought existed in your neighborhood. The job 
will take long enough that YOU will discover why I 
only do it once a year. 

If you persist, you will end up with a surprising- 
ly large amount of meat of a variety of colors and 
textures. Some real turtle connoisseurs save the liver 
and other parts; I don’t like them. It is now up to 
you to make a gourmet dish to justify all that time, 
labor and stench. 

The classic snapping turtle dish is snapper soup, 
which we prepare as follows. 

Simmer the turtle meat, cut into sm.41 pieces, until 
it is approaching tenderness. We use the liquid me% 
from inside the turtle shell but some people find our 
results distinctly funky. If you prefer less funk (or 
less taste, Bill would say) use tomatoes and water. 
Then we add onions, corn, celery, green peas and 
carrots (you can use any vegetables you like in soup): 
and simmer until they’re tender, adding spices and 
seasonings to taste. The soup is better the second day. 

A fancier dish which everybody liked, even those 
who didn’t like the soup, was adapted from The Joy 
of Cooking recipe for terrapin. Follow the steps 
given above, ending up with clean meat and the broth 
from the shell. Melt several tablespoons of butter in 
a pan and stir in an equal amount of flour. Slowly add 
the broth from the shell and a cup of tomato sauce. 
Stir until the mixture is smooth. Add the chopped 
turtle meat and a chopped onion. Simmer until the 
turtle meat is almost tender, adding water if neces- 
sary. Turtle isn’t one of your naturally tender beasts, 
so you should be content with a hearty chewy meat. 
At this stage, season to taste with thyme, b&I. mar- 
joram, bay leaf, etc., and add a couple of tablespoons 
of dry sherry. The sherry is important. Simmer a while 
longer and serve on rice. 

These two recipes, and particularly the second one, 
should make your snapping turtle one of the most 
memorable meals of the year, and not only because the shell. Now comes the hard; time-consuming part 

You have to pick out laboriously the seven differ- 
ent kinds of meat. .?hiIe savorinq the seventv differ- 

I. 
of the preparation. -... 





We are not including an Energy section ;n Journal 
Four. This does not reflect a lack of either interest 

or progress in ihis area. The success of the bioshelters 

testifies to the applicability of solar energy. However, 
we have a/ways been cautious aboutpubl;sh;ng ;n- 

formation on any of our projects without adequate 
testing. This is the case with the Hydrowind, the 

hydraulic, electr;c;ty-generat;“g windmill that was 

designed as the accompanying power plant to the 
P. E. 1. Ark. The mill is completed and is operational, 

but we intend to subject it to a battery of further 
tests before making definitive pronouncements t” 
its workability. Our fi?ost successful windmill so 

far. the Water-Pumping Windmill that Works. de- 

scribed in Journal Two and updated in Journal 
Three in “A” Advanced Sail-wing for Water-Pumping 

Wi”dmills”is currently being built by TV Cashmw 

for Green Gulch Farm in California. They intend to 

use it to pump water for irrigation. 
There is another side to our work in this area. 

We have long bee” unalterably opposed to nuclear 

energy. New Alchemy itself is, among other things, a” 

anti-nuclearstatemeni. Last summer John Todd 

happened to be lecturing at Goddard College in 
Vermont at the same time as Margaret Mead. That 

redoubtable lady approvingly surveyed the various 

trappings of alternatives in evidence there, but added, 

“/t’s a// very fine, but “C”P of it will be any “se at 
all if we don’t stop nock?# power. “As this only 

reinforced our own uneasy feelings on the subject, 

we have been making an attempt to cover this 
front as well. Christina Rawley, in particular, has 

~managed to find time for anti-nuclear work. She is 
our liaison with the Clamshell Alliance and the 

anti-nuclear co//ectiveatMontagoe Farm, Massachusetts. 

Although our tangible contributions are minimal, 

we fa-I strongly supportive of the work of these 

and other such groups. As indicated in Australia 
with the Green Bans and in West Germany and 

France, the anti-nuclear issue has considerable poten- 

tial for a genuine grass roots movement. As Ralph 

Nader has said, “/t’s like Vietnam, only this time 

we’re a// the peasants. ” 





Our gardens seem to get better each year. Over the 

past few years, Hi/de Maingay has incorporated the 
use of raised beds and sheet cornposting to our reper- 

toire of general organic gardening practises. She has 

concentrated on intensive growing techniques and 

on high productivity. Hi/de describes the work in 
her article entitied “Intensive Vegetable Production. ” 

Susan Ervin’s attitude toward agriculture like that 

of her cooking reflects characteristic practicality in 

learning what crops are adapted to a” area in terms 
of productivity, soil health and nutritive value. 

Her articles on “Experimenting with Growing Beans’: 

“Mulching”, and ‘irrigating with Fertile Fish Pond 
Water”are the results of her attempts to achieve useful 

data in a field in which folklore and hearsay tend to 

predominate. 



Intensive vegetable produnion utiliring raised beds 
has proved suitable for both the small farmet and the 
backyard gardener. Unlike +-business, it uses sir:p!c, 
low cosr equipment, does not telv on non-renewable 

: fossil fuds for fertilizers and pes6cides. uses the soil 
area and the sun’s enev effectively and recycles 

the outside and on labor remains stable or in some 
casesdeclines. This type of horticulture uses 
companion and succession planting, raised beds. 
mulching and composting, techniques which have 
been established over thousands of years in coo- 
junction with the new understanding and knowledge 
gkaned from modern science. 

Current American intensive gardening tccbniques are 
derived from a combination of two European borticul- 
tures; biodynamic tccbniques developed under the in- 
thence of Rudolph Steiner in Europe in the 1920’s and 
French intensive techniques begun in the 1890’s in the 
suburbs of Paris. Biodynamics contribute raised beds, 
companion planting and organic manures. The French 
intensive method indodes doserpacing techniques 
which reduce weeds and bold water. 

Eugene Odum hasstated that agricultural scientists 
have repeatedly found that maximum productivity of 

broad-lexed crops wcuts when the leaf surface 
area exposed to the incoming light from above is 
about four to five times the surface area of the 
ground. Average conventional agriculture falls well 

lo an intensive agriculture wing a complex plant- 
ing scheme with variety and succession, maximum 
productivity of broad-leaved crops can he achieved 
while demands on water and labor requirements 
decrease. 

Pepnmtion of the Raised Beds 

To prepare the beds in the New Alchemy gardens 
for intensive cultivation, a strip of soil ox foot wide 
was dug to a depth of six to twelve inchr5. The soil 
was spread over an area four to five feet in width to 
form a planting bed. The strips that had been dug 
out became the pathways between successive raised 
beds. Twenty suc!~ beds lierc made, each approximately 
forty to forty-five feet long. 

Tools: The garden tools used were a shovel to build 
the beds and dig the pntbs and a rake to smooth the 
surface. Auxilirry tools included a pitchfork to spread 
leaves, seaweed and other organic matter. a posthole 
digger for the bean posts, a trowel to set out the seed- 
lings and string as a guide in making straight lines. 

Labor: It took one woman of average size and 
strength two days to build these twenty beds. 

Advnrrtages: Raised beds are more convenient to 

work than those at ground level. There is less 
bending. A clear distbwion is created between path- 
way and growing area so there is less chance of step- 
ping on freshly seeded rows. Pathways can be a 
nuisance to keep weeded. With raised beds, a layer of 
top soil can be added where it is most needed without 
robbing another growing area. 

The sides of the raised beds create more total sur- 
face area although the total amount of radiation re- 
ceivcd by tbcm m;ty be the samr as witb flat beds. 
It is distributed differently over tbc ridges, however. 
During tbc day, scrds and small plants, before they 
are big eeougb to alter the microclimate, gain sub- 



stantial be3t. cspc&lly in brds which run nxfh 

and south as oursd.;. Tbc plants rcspoml to tbc extra Ibc:~t 
by sprouting sooner and growing more quicklv. 
Oncr rrtablisbrd, tbc pkmrr crcatc ia microclimafc 
around and cspccially under tbc lcwes, which protects 
the soil rurfacc from becoming overbcatcd, drying out 
or rruding. 

The sides of the beds are still exposed to tbc 
weather. wind, run and rain, and protection is neccs- 
saiflv. This can be achieved by p!acing wooden boards 
against the sides. They are effective but costly and 
make a less flexible garden set-up. A thick mulch 
works well, but the slope of the sides of the beds must 
be gentle for the mulch to stay on_ which takes B fair 
amwnt of space. The solution we adopted was that 
of sheet comporting. 

SbWC Cmmporr in the PothL.,ys 

Sheer rom!lo+ring differs from a standard compost 
pile in that thin layers of organic materials xc spread 
over the soil, rather than being piled in one heap It 
has an advantage in that gabering and spreading can 
be done at any time whereas a regular compost pile 
most have all the material within a one or two day 
period. We were able to take all material except grass 
clippings from unknown sources, since they often 
contain residues of herbicides and other lawn fertilizers. 
When pos$ble a layer of manure was added after two 
layers of green matter. Our mmwre is maioly from 
stable horses bedded on woodchips. The rest of the 
organic materials consisted of dry leaves, unwashed 
seaweed, garden wastes like weeds. vegetable parts and 
Rowers, and once a few loads of strzw from the local 
county fair with an exotic selection of elephant, tiger 
and goat manores. 

As the season progressed, the pathways were filled, 
deterring the weeds and keeping the sides of the beds 
covered and cool. There were additional unanticipated 
advantages: 
- Rumting back and forth with weeds and garden 

wastes was eliminated 
- A single unloading of compost materials 
- Improved absorption and retention of water in the 

beds 
- Beds moister and cooler than with mulch 

The comporting materials absorbed more rainwater 
and run-off water from the beds than the same amount 
of materials in a compost pile would have. No additional 

water was necessary to decompose the materials. If ir- 
rigating is done by flooding the pathway ditches, the 
plants receive water enriched with leached out nutrients 
from the sheet compost and the decomposition of ma- 
terials is hastened. We noted a large population of rarth- 
worms under the strips. 

During the relatively slow decomposition process, 

CO2 is given off. Insufficient CO2 is one major limit- 
ing factor in plant growth. In pathway sheet eompost- 
ing, CO2 is released slowly and constantly. Later, when 

\Virh idI tbcsr ;whant;igc*. slwct romposting still 
dots wt complctcly rcplxc f!~ regular compost pile. 
In a well-built, balenccd pile. tbc beat crented during 
tbe first decomposition process cam kill grubs, eggs 
and wme pathogenic organisms. In the next steps of 
the breakdown process. the action of fungi produces 
antibiotics and growth bormoncs in higher conccotra- 
tion than is possible in regular soil. 

At the cod of the growing scaxm, ail the beds were 
moved a third of their width by digging up part of the 
beds and putting dirt on top of the sbcct compost 
filled pathways. At the sane time new pathways were 
created. 

Iucorporatirrg Orgmric Mottw All tbc organic mateP 
ials wcrc buried bencatb a laycr of top soil where further 
decomposition occurred nvcr fbc winter, forming *be 
gowing medium for the next ycrr’s plants. Over e 
period of three years, 2 new layer of humus approxi- 
mately six inches thick will have been placed under 
about six inches of top soil. Last spring, due to lack of 
snow in the winter and win in tbc spring, the previous 
year’s layer had not decomposed properly and a re- 
sidual mat of dry leaves under the soil concerned us. 
!* was decided to plant non-root crops like broccoli, 
brussels sprouts, eggplant and soybeans there and to 
seed carrots in plain dirt. All grew well. The leaves and 
the other organic material under the dirt decomposed 

folly over the summer. 
Stimulating Soil Orgasisms: To maintain soil health, 

periodic addition of organic matter has proved to 
stimulate soil organisms. Earthworms play an important 
role in this process by stabilizing and even increasing 
soil fertility, Their numbers. appcarmce and vigor are 
good indicators of fertility They improve the physical 
structure of the soil and produce nutritive materials 
for growing plants as well as being in themselves a food 
for a large variety of birds. Earthworms break down 
large quantities of leaves and other litter. They con- 
tribotz to the nitrogen confent of the soil as well as 
to its aeration. 

Using the intensive raised bed method, we found 
little or none of the usual cultivation necessary. 

Weed Control: 

Mulch -Where and whenever possible, a mulch con- 
sisting in tbc main of a mixture of rcawecds and eel- 
grass was applied between tbc plants. Mulch helps 
retain moisture in the soil and helps prevent weed 

germination. 

Iwtemivc Phting All plants in tbc beds were brown 
as close together as healthy gmwtb would allow. The 
canopy of leaves produced once the plants have begun 



to grow shader oat undrrirahlc competitors and crc;Nes 
a beneficial microclimate for tbc plilots th~msclwzs. 

III our raised beds we oscd Foor methods of adding 
nutrients to the soil. 

Compost: Several compost piles were built. Some 
were slow decomposing piles left over winter, others 
were quicker nod decomposed folly in a few weeks. The 
sum proportions of two to one of green and animal 
manures as in the sheet compost method were used. 
The finished material was used as a fertilizer. sprinkled 
around the base of each plant. 

;\la/c~: Most of our mulch consisted of dry leaws 
gathered during the previous fall and piled up over 
winter or seaweed collect~cd from the local beaches 
during the growiog season. The seaweed is left on- 
washed to avoid leaching of nutrients. There is con- 
siderable precedence for this as a gardeniog practice. 
No tests hwe been done as yet to establish the salt 
content of our soil or the possiiile incrrase of salinity 
over the last five years. Depending on the time in the 
scason as well as the year. our mulch consists on the 

average of 85% eelgrass which is not a seaweed sod 
15% a mixture of codium and other seaweed species. 
In tbe fzll it is dug in or covered over by top soil to 
trigger decomposition. 

Rock Miner&: Small amounts of commercial rock 
minerals were used including glauconite greensand 
which is an iron potassium silicate and an undersea 
deposit. Dolomite was applied to raise the pH of the soil. 

Sheet Compost: See previous disccssion. 

To achieve maximum plart growth, water should be 
available constantly to plant roots. A heavy rainfall 
cao satorate the soil, but even when it fulfills the 
moistore requirements of the plants it is not consis- 
tently available. Most of the water drains away below 
the toot zone or evaporates into the air, making it 
necessary to replenish water between rainfalls. 

ffo.re Sprinkling: Most of out watering was done by 
hand with a garden hose and tap water. Each bed re- 
ceived three minutes for a light watering and five 
minutes for a heavy watering. Hand irrigation has 
many drawbacks including the expense of tap water, 
and the application of chlorine and other possible 
additives with adverse side effects. It is time-coo- 
suming. It is also inefficien’ we of water in that dis- 
tribution is oneveo. There is loss through evaporation 
and high water pressore requirements. To alleviate 
some of these oroblems the following system wits 

Two wooden !IOSPS, f,,rmcrll\- ox d as fish rnok., 

4’ x 4’ x 4’ in size. ~erc placed at the cod of tbc 
oeds (Fig. 1). Each was filled with tap water zx! 
left to stand for at least 24 hortrs to rclc~se the 
cblorioc. Flexible black plnstic tubing 1%” in : 
diameter and at least 20’ in length was attached to I, 
the bottom of the box. The tubing wars placed aiong 
the pathway. In five to ten minutes the contents of 
the box dramed into the pathway. Slowly the water 
soaked into the beds as well as draining into the 
ground. We were pleased that the soil had the capa- : 
city to hold the water for long enough to fill the 40’ 
pathway ditch and to retain it for a while. The pree- 
ceding summer, water in a trench would not flow 
forthc: than three feet before draining straight damn. 

We found this watering system to be quite satis- 
factory. The plastic tubing was moved easily from one 
path to anothv. The low pressure, gravity-fed appli- 
cation is gentle and evenly distributed. Loss by cvap- 
oratios is kept to a minimum. In late summer when 
the paths became increasingly filled with mulch, the 
need for irrigation lessened. The next step is to gain ) 
direct access to water, either from the water table !, 
or a nearby pond. We shall most likely use wind / 

power as the energy soorce. 
1, 

Drip Irrigation: WC tried making seeping hoses from 
black plastic pipe. We placed the small holes in the 
hose at the base of each plant. The hose was fed by 
gravity !rom one of our cement fish ponds. Even the 
dightest unevenness in the ground, however. affected 

the water flow. 

tried. 
Because soils with a high percentage of organic 

matter and good water holding capabilities have P 
~’ profile of underground water seepage that extends 

,horizontally before it drains down, we hoped 

‘i 



fmects Obsenvd: The following is it list of the most 
significant insect pests obsened in the intensive gar- 
dens, the problems tbc>- represcoted and what was 
dooe aboot them: 

PCSlS 
\Vbite Flies, Aphids, Flea Beetles: no significant damage 
Cabbage Worms, Squasl: Borers: band picked, minimal 

‘hwge 
Corn llorers: oo picking or other control, clamage in 

aboot 113 of fbe cars, limited mu& to tips 
~:ouuml~cr Bertles: oo control, rcselting io cucumber 

wilt which killed 3t least iY?& 0: the plnnrs 
Xlcxicao Kean Beetler: ,:lecreased production, all plants 

cwntually killed, ertensir,e hand picking done 

Burrefici.4 A nimds Obsuzed 

larva and adult of Lady Bird Beetle 
praying mantis 
tuads: created cool, muddy places to attract them, but 

they found their own fzrorirc ptaccs elsewbcre 
between the regembtes 

: ‘, 

birds: many typesof bird houses tried, as well as fences 
and posts, and sunfloacr~ as a food source 

Responses 

Cultivation Metbo~‘;: Traditional methods were used. 
No extreme methods ;och as flooding or burning were 
necessary. 

Planting Schemes: Plant varieties were chosen for dis- 
ease and pest resistar x. When possible they were grown 
from purchased seed: produced in climatic conditions 
similar to ours, witho n chemical fertilizers a .I pesti- 
tides. .A wide range f red varieties wts used for each 
type of vegetable. 

Companion Plantit+ This was used extensively to 
optimize space in relati vx to incoming sunlight and 
available nutrients and \ ‘aret. Many combinations of 
plan% have been suggpsr ,d as beneficial in pest control 
becmme of their ability t., attract or repel certain insects 
by color, taste, smell or I,, ,’ chemical excretions from 
the roots. For example. n arigolds ate thought to con- 
trol nematodes for as lank as three years. 
Meadow nematodes are m! ~roscopic wormsrvhich feed 
on roots of many different slants. For maximum effec- 
tiveness marigolds should b., .roCired with food crops. 
This has been a probfcm fm us a we have an aesthetic 
preference f~,~r~%&r border G ~rou,~d vegetable plots. 
z&st companion planting is tot Gxwificrlly docu- 

: ‘, mented but is based on the c, ~llectivc experience of 

,, gardeners over many years. 

Even less well documented arc the ratios in which 
companion plants should Ire grown togcthcr. One 
study has shown that planting ooc onion t(, ewry five 
or ten cxbbd~es promoted growth in cabb~gcs, but 
that more omens inhibited growth. 
The aromatic powers of the food and companion 
plants hwe to he syochroniz;d for effcctiuencss. 

Other flowers patticola Y those of the Compositae 

“a family. like rbs sunflower. nd man\- herbs, are helpful 
in pest control by providing‘rhcltcr and necmr for 
predatms or pests. We used them for this porpose. 

Biologicnl Sprays: In general, oar focus lbas been 
oo improving the soil i&et than cxpcrimcnting with 
home-made or commercial biological sprays. ‘Tbis 
cautious approach is not without reasm1. In the past, 
our experiences with home-made garlic and pepper 
type sprays were newt sufficiently successful to coo- 
tinue their use. Any successful trchniqocs known to 
our readers woul.d be wclcomc. 

Because there is littie extensive long-term know 
ledge of the effects of so-called natural insecticides 
like pyrethrum and rotenone oo animal life in general 
and of their residues in the soil in~particular. it is 
difficult to accept thcsc natural insecticides as harm- 
less on the basis of their ability to break down in B 
short period of time. Because of this, all natural iI,- 
secticides were avoided in the intensiw beds although 
rotenon? was used elsewhere in the gardens. 

Since the Cucumber Beetle aul the hiexicao Been 
Beetle were nor major pest problems aml coold not 
be controlled by hand picking, ilo effort was made 
to grow those vegetables affected by them elscwbcre 
in the gardens with the help of rotenooe. In tbcsc 
cases the vines were hand picked as soon as the 
beetles appeared, which is always when the first 
towers sbovs. no matter when the seed is planted. 
Even with extensive picking, the numbers of beet!es 
seemed just as high the following day. 

After hand picking, rotenone dust was sprinkled 
on the leaves by hand. Insect damage was hatted. 
Less than two weeks after the first application, the 

beetle population had ag.zin reached a proportion 
damaging to the p!ants. A similnr application was 
made and no mote was needed. Using this com- 
bination of hand picking and natoral pestlzidc, two 
30’ rows of green beans provided us with g*ccn bemn 
for fresh food 81~1 for winter prcserwtion its well. For 
unknown reasons, the hecttcs were more pcrsistcnr 
on the dry beans than oo the grcrrt bean ptmns and 
more applications of torenone were necessar);. 



CLOCHES 

I,trmductios: 

Extending the gr.ming scilson is a:1 cffiricnt wny 
to Milize thr sun’s mew. As nor last killing frosts of 
the scawn on the Cape arc in mid-May and our first 
often in mid-Scptcmhr, the growing season for may 
plants is considerably shorter than six months. 

A clothe may Ix defined as a bell-shaped glass 
cowr which is placed over a plant to protect it from 
frost and to force itsgrowth. A modern plastic version 
is on the market under the brand name “Hot Caps.” 
These ate expensive and do not last longer than B 
SCas”“. 

To era\-imire our growing period, we made modified 
clothes. They ;onsisted of simple covers for the plants 
madr from left-over piecer of Kalwall. the fiherglrss 
materi:d used on our greenhouse structures. In size 
imd :q~,w~r~ncc they fall brt\wcn a cioche and a green- 
!~ou~P. ‘Thry wcrc made as follow\: 

Clocbes wilb Frm,c 

A rectangular frame of 2 x qs was made for the 
bare. Kal\va!l fiberglass was curved to form an arc and 

: attxhed to the wood bare. Donrs were attached to 
: the ends leaving space for free air flow and &&at- 

‘, ing overheating problems (see Figures 2 and 3). 

On April 19. 1976, five Sway King Cahlxngc rwd- 
lings and five Broccoli dc Cicco seedlings wcrc planted 
In 1 row. Uloomsd;dc Spinach was wcdcd to the left, 
Kuby QUCEII Ueets on the right. A clochc was plxwl 
over them. On April 19, 1976, five Kroccoli de Cicco 
seedlings were planted beside the clochc as control 
plants. The clothe acted as P windbreak giving some 
protection against the winds and the cold air stream 
from the hill in a low spot of the garden valley. 

Ezuilrrat;o~r : 

The difference in growth was striking. A month 
after setting out, the plants under the clothe were 
two to three times as big as the controls. Two months 
after the planting date, the first broccoli was hatvested, 
The plants kept producing until the second week of 
October. The cabbages were ready for harvcst by the 
last week of July. Vegetal~les planted a month early 
and placed under the protective cover of a clochr 
wxe matwe a month earlier than had a c!oche not 
been used. 

Neither watering nor weeding a clothe this size 
created a problem. The watering was done with a 
regular garden hose and a” accurately regulated spray. 
As it was very light, the clothe was easily lifted and 
put aside for weeding. 

Clocbe Witbout Frame: 

Encouraged by our first success, a larger clothe 
was made. To zvoid the storage problems of the 
previous model, this one was made to be disassem- 
bled (see Figure 4). 

In late April. 1976, kohlrabi, eggplant, tomato. 
hail and Bibb Iettuce seedlings as well as onion 
sets were planted under this clothe. 



By May 4. all plants \vere thriving. Wateriog was 
difficult because of the length of the cover. On a 
calm day two people, by undoing the top bars. could 
take off all the fiberglass and put it aside or roll it 
up temporarily. This was necessary the few times 
weeding and/or mulching had to be done. A more 
practical design is needed which would enable one 
person to open and close it. yet would have sufficient 
strength in resist high winds. An untested prototype 
is included in the drawings (see Figores 5-7). I” areas 

First harvest days of the plants tcsred wcrc ns 
f”ll”\w: 

Kohlxhi July 1 
Eggplant Augost I 
Tomato Jonc 24 
Uasil Jwe 21 
Bibb June 21 
Onion August 20 

Of the varieties tested under clothes and compared 
with tt.nse growa simultaneously in the open, the most 
successful were broccoli, cabbage, tomato and eggplant. 

It is also possible to extend the season in the fall 
over small plants such as lettuce. parsley, kohlrabi, 
beets and many of the herbs, We were still picking 
vegetable:, from under the clochcs in mid-November. 

LABOR/TIME, WATER AND PRODUCTION ANALYSIS 

This year a” attempt was made to record the number 
of hours spent working in the garde”, the amoont of 
water used for growing a certain quantity of vegetables 
and the total weight of vegetab!es harvested from these 
intensive beds, 

Labor: 

The number of work hows are somewhat inexact 
as such interruptions as a phone call, visitors or a dog 
chase made it hard to be orecise. But a oattern is emerz- 
ing. 

The following activities were included in the recorded 
hours: seeding, weeding, unloading of organic materials, 
mulching and filling paths, watering, transplanting, bug 
picking. staking and stringing. Not included were: 
digging and building of beds (done previous fall), seed- 
ing flats and caring for seedlings before setting not, 
trucking in organic materials (manure, seaweed, straw), 
harvest time and winter storage of vegetables. 

beds: 
April 18’S hours 

&Y 34 hours 
June 78% hours 

July 86% hours 
August 13 hours 
September 5 hours 

This totals 235% hours over a six-month period, an 
average of forty hoots a moo&or one hour and sixteen 
minutes a day. 

In October, the old plants were pulled and put in the 
pathways which by that time hzd become level with the 

with strong winds, posts should be placed close together. tops of the beds. ‘This time wx not recorded. In Novem- 
In weighing the advantages of those with and without ber, the beds were moved, re-built, shaped. raked and 
frames, the former are stronger and easier to lift but made ready for the next season. This required a total 
require some caipentty skill and are harder to store. of twenty hours or approximately one hour per bed. 

Pege 52 



The amouot of water used to irrigate the raised l&s 
can only be estimated. Tbe greaest vari&lc may bc 
the change in water pressure from day to day or bow 
to how. Under constant water pressure, the average 
flow from a standard 518 garden hose was four gal- 
lons a minute. The number of beds receiving water 
and the approximate time per bed was recorded from 
-April until October. A light watering took three to 
live minutes per bed, a heavy watering six to ten 
minutes. In the chart tbe upper limit of five minutes 
for a light watering and teen minutes for a heavy 
watering was used. 

It took a total of 3640 minutes or 60 bouts and 40 
minutes to irrigate this area over the entire growing 

;:_:‘J, season. This represents almost one-fourth of the total 
;‘:::, “~ amount of labor hours. :4,560 gallons of wter were 
:, ‘, used. Light waterlogs of small areas or individual spots 

: ,,~ often done with a watering can have not been included 
‘,,, ,’ in the previous chart. 

Garden Size: 

The total area of the intensive raised beds was 
110’ x 40’ or 4400 ft2 which is approximately 1110 
of an acre. Each bed bad a width of four feet and a 
length of forty feet. 

Only thirty feet of most beds were truly produc- 
tivc as plans in the last ten feet had to compete with 
the thick roots of the briar buslres, weeds and trees 
from tbe adjacent woods. Few plants survived or 
grew substantially there. 

Production Figures: 

The following table gives the total vegetable 
production from the intensive raised beds. It also 
cs;imate; the total number of servings of each 
crop. 

For a clearer idea of the quantity of food over the 
span of a year, certain vegetables were grouped to- 
getber by type. This selection was based on our aver- 
age eating habits. not on B rating of nutrients. 

The total number of servings in each group was 
divided by 365 to detemline the number of people 
who would have one serving per day per year of one 
or any combination of vegetables in that group. 

Edible Greens; Some of these were not consumed 
and therefore not in&&d. These were the greens of 
kohlrabi, parsnip, rutabaga and turnips, broccoli, 
cauliflower, brussels sprouts and the outer leaves 
of cabbage. 

Froze~z Cmund: Some vegetables such as leeks, 
turnip and rutabaga were stored in the root cellar and 
others were left in the ground. The weights of those 
left in the ground are unknown. 

fnsects: Cucumber and bean plants were heavily 
damaged by cucumber and Mexican bean beetles. 
Had rotenone or a biological control been used the 
harvested weight would have been greater. In our 
area every year at the end of the season (October.) 
kale and brosscls sprouts are infested with aphids. 
As there is an abundance of food at that time, the 
interest in harvesting infested vegetables was less, 
affecting the recorded weights. 

Lack of Picking: An effort was made to pick all 
vegetables as soon as edible size was reached. In some 
instances, however, it was almost impossible to keep 

up with the harvest. 

Drought: The peas were unproductive due to lack 
of water. The corn did not gexoinate well. Seedlings 
were finally transplanted from shallow ditches that 
had been mulched with leaves in another section of 
the garden. Two beds were therefore unproduct;ve 
for more than a month. 

O&r Animals: Several varieties of soybeans were 
grown. As soon as the plants were established, they 
were levelled by rabbits. Later in the season they 
left the bean plants alone. A few plants did mature, 
resulting in P small crop of soybeans. 



Discussios: 

The preceding fwres give some idea of producti- 
vity. The amoont of harvest of one garden tow of 
vegetables can be projected to 3 figure per acre, then 
compared with a state or national average. 

Such comparisons have little validity unless differ- 
ences in energy consumption with standard agricultoral 

practices are considered in such areas as mechanization, 
irriganon, pest control and fertilization, as well as in 
attention and attitude toward the land. Where com- 
panion planting, interplanting and succession plant- 
ing are practiced. comparing square footage or 
linear footage of grmving area are nearly impossible. 
Comparing one garden with another is even less 
valid. Original soil stroefore, natural fertility, growing 
season, microslimate and immediate environment all 
play an important role. Many of these are not easily 

‘~ controlled and differ from place to place. 

On a plot of less than a tenth of an acne, one serving 
each of a raw vegetable, a green cooked vegetable and 
a root or other non-green cooked vegetable was grown 
for ten people for each day for a year, with some 

SUrplUS. 

This took 235 work hours over a six-month period 
or an average of one hour and sixteen minutes a day 
for one person. Included are sixty hours and forty 
minutes of hand watering. 

Approximate water use was 14,560 gallons over a 
period of six months. 

No chemical or biological pesticides were used. 

Only traditional non-commercial insect control 

methods were used. including companion planing and 
hand picking. 

No chemical fertilizers were used. 



Rock minerals, seeds, hand tools, garden hosts and 
black tubing u’cre the only commercial items used. 

No equipment requiring fossil fuels was used. 
The only energy was human labor. 

It is our hope that the same twenty beds could 
prodsce the same combination and types of vegetables 
for fifteen people instead of ten next year. This is 
based on the fact that several crops failed or were 
severely damaged by mbbits, insects and/or drought, 
all of which could be controlled to some degree. 

With improved soil and more effective growing 
space in the area closest to the woods, there is a pos- 

sibility of growing all the wgctablcs for twenty 
people on this one-tenth of an xrc two years from 
now. 

Gardening intensively on a small acreage, using 
such practices as extending the season with clothes 
and solar-heated greenhouses, selecting local plant 
varieties for pest and disease resistance and for suit- 
ability to soil and climate, improving soil fertiiity, 
the establishment of food-producing forests and 
animal husbandry are all strategies within our reach 
to heal the earth and to secure the existence of 
future generations. All that isnetded is people willing 
to tend the land and ourtore the plants that in tom 
sustain them. 



Experimenting 
with Growing Beans 

At New Alchemy, we are interested in the 
growing of dried beans, both for their nutritive value 
and because, as nitrogen-fixing legumes, they restore 
rather than deplete the soil. Our bean experiments 
are attempts to realize our conviction that adequate 
protein is a basic human necessity and that to pro- 
duce protein ccologicnlly is equally essential. 

This past sommer we grew sixteen varieties of 
beans for drying. lo addition to the standard kidney 
bean, these included several old New England varie- 
ties, a Mexican black bean, B black bean which has 
been grown locally for many years by Delinda LaBeet, 
who is of Wampanoag lcdizm descent, two Oriental 
sprouting beans and a half-dozen of the many beautiful 
kinds of beans grown in Costa Rica. Rather than design 

a controlled experiment, we chose, at this stage, 
to do a pilot study relying mostly on observation, 
and a sampling sod comparison of yields from the 
different varieties at harvest. The sixteen varieties 
grow” were: 

1. Dark Red Kidney 
2. Light Red Kidney 
3. Charlevoix Kidney 
4. Trout (New England) 
5. Soldier (New England) 
6. Main Yellow Eye (New England) 
7. Navy (New England) 
8. Mexican Black Bean 
9. Local Black Bean 

10. Adzuki 
11. Mung 
12. Costa Rican Black 
13. Costa Rican Red “Colorado” 
14. Costa Rican Pink “Coloradito” 
15. Costa Rican Yellow “Mantequilla” 
16. Costa Rican Purple Striped “Tigre” 

Each variety was harvested when the majority of 
the beans on the plant was dry, Before harvest, six 
plants were chosen at random from each row and the 
weight of tbe beans recorded. Also, the total weight 
of beans for each variety was recorded. All yields 
given below are for two 25’ rows unless otherwise 
specified. 

Throughout the season, the plants bearing the Light 
Red Kidneys were the largest and the healthiest green 
and were least damaged by rust or attack by Mexican 
Bean Battles with the exception of the Mung and 
Adzuki beans which received virtually no beetle dam- 
age, probably because of their hairy leaves: Consistent 
with their generally healthy condition, the Light Red 



Kidney Beans had the highest yield of any variety nt 
8 pounds. The hlainc Yellow Eye Beans had 
serious rust id some yellowing at various stages but 
gave the second highest yield at 6% pounds. There 
was a general yellowing of most of the bean plants 
in early Jonc, but the deep green color returned with- 
in a week. Rust was quite extensive oo some varieties 
and persisted throughout the summer, causing pre- 
mature loss of leaves in a few cases, the Nay beans 
being the worst affected. The Mung beans were the 
third highest in yield at 3 pounds from one 25’ row. 
Earty Flaming in their case is essential therefore. They 
were vq slow growing and oat all of the beans were 
matow by frost. 

Of ihe three black beans, the local variety did the 
best (5 pounds). The Mexican Black Bean produced 
4 pounds. Though neither was as high yielding as the 
varieties already listed, yields were in line with those 
predicted for a 50’ row of beans by Johnny’s Selected 
Srcdr Company in Maine. 

The Corm Rican beans did not grow as large as the 
.wme varieties do in Costa Rica and they were much 
smaller than the temperate varieties. However, the 
Mantcquilla, at 4% pounds, yielded nearly as much 
as the best temperate varieties. 

Looking over the yields, all varieties were up to 
average with the exception of the Soldier beans 
which germinated poorly, the Tigre from Costa 
Rica (which are, however, very pretty), the 
Colorado, the Costa Rican Black and the Adzuki, 
which had many pods that were not fully mature 
by frost. Thus, even with some disease and insect 
problems, a number of varieties were average or 
above average in production. 

Highest yield is not the only criterion for suit- 
ability of a crop. Light Red Kidneys happen to be 
my least favorite bean, because they are large and 
starchy. The small beans, which include all the 
Costa Ricans, and blacks, are in my opinion, a 
higher quality food. The cooking time tends to be 
shorter also. The small Costa Rican beans are 
,tender in one hour, whereas the large kidneys may 
rake three hams. So, although yields for small 
beans may be lower and shelling time longer, one 
saves fuel and eao have cooked beans in a shorter 
time. We include recipes and suggestions for cook- 
ing dried beans in The Cook Book of the New Al- 
chemists and further recommend The Bean Book 

by Crescent Dragonwagon from Workman Publishing 
Company. When eaten in combination with other 
protein-providing foods, beans add a high quality prw 
tein to the diet, as the amino acids which they lack 
a$ available in grains and some seeds and nuts. A 

cup and qne-half of beans on their own provide 
usable prqtein equivalent to six and one-quarter 
&nces of steak; four cups of rice alone provide 
prptein equivalent to seven oonces of steak. But the 

rice and beans together provide usable protein 
equivalent to nineteen ounces of steak, a 43% in- 
crease over the two eaten sepamtcly. (Diet fov n 

SmaN Planet, Frances Moore Lapp<, pp. 156-I 57. 
Ballantine). American Indians and Mexicans com- 
bine beans with corn, and the Caribbean and Sooth 
American cultures combine beans and rice. Lentils 
and rice xc combined in India, and soy and rice in 
China. Legumes hzwe been a beneficial source of 
protein for many peoples for many thousands of 
years without upsetting the balance between the 
needs of the human population and the immedi- 
ate ecosystem. 



Mulching is a common gardening practice, used to 
control weeds, retain soil moistuw and add organic 
matter to the soil. We have used it extensively in 
the New Alchemy gardens. In 1976 we conducted 
an erpcriment comparing the producti+ of 
unmulched lettuce to that of lettuce mulched with 
“seaweed” (actually a misturc of eel grass and co- 
dium) and of lettuce mulched wirb azolla (prabah- 
ly Am/h pimotu). Azolla is a small aquatic fern 
on which grows tbe nitrogen-fixing blue-green 
ulgw, A~~el~o~va sp. In experiments conducted 
in Drnmark. it war found that the symbiotic al- 
gae OS the arolla fix up to 95 kg/ha of nitrogen 
in small ponds in one season’s growth. t Azolla is 

i,‘, commonly grown in rice paddies in Vietnam, re- 

;;:i,;: 
suiting in SO?& to lOO?b greater yiclds.2 We thought 

::,c:,, that the excess azolla from our fish ponds. used as 

f;>!,, mulcb, might be a rich source of nitrogen for the 
;:,:, ,:_ garden plants. Seaweed was chosen for the trials 

‘g ,,, because it is plentiful here and has been our 
primary mulching n~aterial at New Alchemy, as 

g;;‘,,,: ,, well as having been used trxditionall>- on Cape Cod. 
The 15’ by lo experimental plot was divided 

into six sections. On June 14, three 3’ mws, con- 
:j;;::,y:, ‘~ sisting of fifteen (Bibb lettuce, Ferry-Morse) plants 
$:<g; : ~, ““~““’ ,‘: ” each, were set in each section and mulched. The 
I ,<I ~~, 

,~, 

on Lettuce Productivity 
S~mm Er-tkr 

seaweed mulch was approximatcl)~ 4” thick but 
settled to a thin covering and had to bc renewed 
several times to maintain a depth of about 1” to 
1%“. The plot was watered as needed, with each 
section receiving an equal amount of tap water. 
Plants were harvested and edible portions weighed 
on July 15 and 16. Contrary to our cxpccwtions, 
the unmulched plants gave higher yields than 
those receiving either of the two mulches (Table 
1). 

The following pairs were compared using a Wilcoxon 
signed rank test:3 

A (azolla) vs. 6 (seaweed) 
C (seaweed) vs. D (no mulch) 
E (no mulch) vs. F (aznlla) 

The Effects of Mulching with “Seaweed” and Azolla 



The rcspcctive wluer 1.. .ETserc 2X1.5, 216 anti 1OS~S 

Is each cast, tberc was a difference hctww the trcilt- 

ment effects significant zt tbr 5% lcrcl or better. 
Oo July 20 the row ncrc re-seeded with Crcat Lakes 

lettuce (Ilurpcc) and on August 6 thinned to fifteen 
plants per row, again giving a total of forty-five plants 
per section. Mulching was done with seaweed and a- 
zolla as described in the first trial; however, as azolla 
wss scarce a~ this time, the mulch was not as thick 
as before until P second application was made on 
September 2. To offset an? possible inherent natural 
advantage in any particular section, treatment was 
rotated between tbc first and the second trials. 

All plants were harvested on September 20 and the 
edible portions were weighed. In Plot E (atolls) nearly 
half the plitnts were damaged, with only roots and/or 
mull Icaws remaining so obese were not considered 
in thr analysis. 

4 (seaweed) vs. B (a&la) 
C (no mulch) vs. D (seaweed) 

,The respecti\,e values of T were 138.5 and 57, a dif- 

ference. in cacb arc, significant to the 5’X level or 

bcttcr. 
Thr results of the expcrimcot arc by na owms clew. 

In tbc first trial. a lack of mulch of either type war 
advant:~gcous for the plants. lo the second trial, il 
light ;Ipplication of azolbt resulted in the highest 
yields. The variability observed may have been due 
to the following variables: rainfall and wter availabil- 
ity between the two trials, competition for oxygen 
and nitrogen between lettuce seedlings axi mulches, 
particularly in Trial 1, and to the dymmics of soil and 
plant. mulch interactions which are as yet lit& under- 
stood. 

Next summer we will continue our mulching trials. 
growing a root crop, a fruiting crop and a leafy crop. 
Unmulched plots will be compared to plots receiving 
reveral different mulches. Identical trials will be run 
with and without supplemental watering. We have 
observed that azolla can take root on the soil in the 
high humidity of the greenhouses, particularly in 
small planting boxes and pots. Perhaps further re- 
search should be done with these plants as a living 
mulch rather than a decomposing one. 

Any observations from readers on the effects of 
mulches are invited. 

Fertile Fish Pond Water Irrigation Ttials 

During the summers of 1973 and 1974, we con- 
ducted experiments comparing the productivity of 
plants irrigated with fertile water from fish ponds to 
that of plants watered with ordinary tap water. The 
most significant difference occurred with lettuce; 
collards showed some benefit from the fish pond 
water; beets, chard and zucchini showed no signifi- 
can differences (the fnt and second Journals of the 
New Alchemists). 

In 1976, we conducted further lettuce trials. To- 
matoes were tested as a fruit crop. The lettuce trials 
were repeated not only in order to strengthen our 
findings by replic&m. but also because we planned 
to an~yze and comprre the ammonia content of the 
$vo types Of water. Unfortunately, the water analy- 
s& equipment was defective on arrival and replace- 
men: arrived too late for adequate data collections. 
,Water analysis ~estdts will be published next year. 

The experimental plot was rectangular, 20’ x 28’, 
divided into four equal sections. Two sections were 
watered with tap water and two with water from 
aquaculmre ponds. To prevent water run-off and 
mixing between sections, concave “nests” were dug 
for individual tomato plants and troughs made for 
the lettuce rows. A small amount of compost was 
mixed with the soil before planting. On June 6, each 
section was planted with ten tomato seedlings 
(Better Boy, Burpee) in two tows of five plants each, 
with thirty lettuces (Bibb, Ferty-Morse) planted in a 
single row. Watering was done at least once a week 
throughout the summer, more frequently when soil 
and weather conditions required. The 4’ plots re- 
ceived equal amounts of water. At each watering, 
individual tomato plxnts received one gallon except 
during several very dry periods when they received 
two gallons each. At each watering, every lettuce 



trough received three gallons when the plnnts were 
small. This was later increased to four gallons. and 
to six grdions during dry periods. 

‘The Bibb !ettuce was barvcsted on July 6 and 7. 
Lettuce troughs were mpiamed with Prirchcad lettuce 
(Northrup-King) on August 2 and harvested again on 
October 11. In both nials. raw weights of edible por- 
tions of the lettuce were recorded. Tomatoes were 
harvested and weighed individually when fully ripe 
until the first light frost when all remaining fruits 
were harvested. 

Results of the experiments are show below (Tables 
1 anrl 2). 

N”. Phum TOfl, w*. Mean wt. 

Trio, 1 
-L(ibh I.crture 

Pond warcr 56 1714g 30.61 g 
Tap water 56 11*4g 21.24g 

Trial 2 
Prizehead l.erruee 

P”“d Watcer 58 ,823 g 31.43 g 
Tap water 58 1297 g 22.36 g 

Statistical analysis of the data was carried out using 
a Wilcoxan signed rank test.3 In the first lettuce trial, 
T = 367.5 indicating that the experimental plants were 
larger than the controls, significant at the 5% level. In 
the second trial, T = 559, which barely misses signifi- 
cance at the 5% level. 

Even though the pond water produced larger fruits 
and the tap wwr a larger number and higher average 
yield per plant, there was no significant difference 
betwcca the yields of tomatoes watered with pond 
w:!tcr and those wntered with tap water. 

wuer 2” 77” 153.053kg 198.,7 g 7652.65 g 

The results of these experiments are in accord with 
our earlier work. It appears that shallow rooted leafy 
crops arc likely to benefit from irrigation with fertile 
fish pond water, whereas fruit crops are not as likely 
to benefit. 





In spite of ongoing efforts on all fronts, our real 
news this year has come from the work in a9uaculture 

and bioshelters. About two years ego, John Todd had 
an idea for the creation of what we have come to call 

“Solar-Algae Ponds. ‘I These are transtocent cylinders 

which allow ‘he interaction of algae with light on a// 
pond surfaces except the bottom. They are proving 

far more productive of algae and consequently of 

fish than we had anticipated. Ron Zweig describes 

working with them in the artic!e called, “The Saga of 
the Solar-Algae Ponds. ” We see potential applica- 

bility for them in the fact that the cylinders are 

economical in terms of cost and space and can be 

used inside and out, in urban. suburban and rural 

areas. Our o ther semi-closed aquaculture projects in 
estsblisheti systems are described and contrasted 

in Ron’s other articles. 

Meanwhile, Bill McLarney. when he can be lured 

back from Costa Rica, is directing his attentioo to 

“Cage Culture.” !t seems, as he explains, a practical 

direction fw people wt o have axess to standing 

bodies of water. As a major limitation on fish raising 
is the high cost of fish feed, much of his effort and 

thinking is toward the search for alternatives to 

commercial fish food. His ?irst summer’s work is 

summari.?ed in “Cage Culture. ” 



,?,, The development and use of Solar-Algae Ponds is 
rhe latest innowtioe in New Alchr;ny’s aqunculturc 
These ponds which are in themselves se.%-closed 

‘,ecosystems are cylindrical tanks made of highly 
‘~rrawlucent fiberglass. They have 2 depth and diameter 
of 1.5 meters (5 feet) and contain up to 2.78 cubic 
meters (734 gallons) of water. They were constructed 
by the Kalwall Corporation at approximately $150.00 
per pond. We have also experimented with tanks of 
the same material. with a depth of 1.5 rlvxers but 

~havmg c diamerer of approximately B.45 meters. 

The fiberglass material is .Q6 inches thirk and is ex- 
pected to last twenty years. 

i 

Pmd Theory and the Algae Composenr 

The theory behind experimenting with these ponds 
was to increase the aaoont of pond surface area ex- 
posed to solar energy. With these tanks, oat only is 

tbc upper rurface exposed to light penetration, 
as in a conventional pond. the sides of the wok 
are as well. This has proved a most effective 
meas of collecting and storing solar energy, 

especially in nortbcrn laritodcz, when during the 
winter months the suns position io relation to the 
horizon is quite low and the low angle rays can 
penetrate the water mass. ‘fhe sane would bold true 

‘~ for complementary sootbern latitudes. 
‘The tanks can be used both outside and inside 

structures including ordinary houses. A numher of 
tanks can be linked together to form a “Solar River.” 

Both the Cape Cod and Prince Edward Island .2rks 
have been designed with this in mind. Some of the 

linked ponds could be used as fish polyculture tanks, 
others as filtering components, and still others 
as zooplankton production ponds. Water can be 
transferred between them using an air lift pump. It 
has been found that air bubbled into a oarrow tube 
cm lift water one-half the depth of B pond. This 
air could he provided by an air compressing windmill 
and could he stored in pressure tanks. One-half pound 
of air pressure is reqoircd for each foot of depth. An 
initial pump of this type would be required and then 
the water would be cycled through the other ponds 
in the “river” by the use of siphons. 

The phytaplanktan population in these ponds can 
become extremely dense, due to the high quantity 
of light entering them. Last winter at Yale University, 
John Goldman used a small solar pond to experiment 
with Tilapia and the phytoplankton that grov in our 
systems. The predominant species was the Chlorococ- 
ales Go/err&ia sp. This alga is a small spherical cell 
with thin spine-like structures extending in all direc- 
tions, which give it pelagic capabilities. Since water 
movement within an independent pond is restricted 
to the stirring caused by the swimming of the fish, 
cha:acteristics such as thnsc of the Golenkiriia sp. 
arc necessary to keep the nlgnc from settling to the 
bottom. In addition ro Golenkinin sp., some 

Sceamlcsaun sp, and a few other algx species were 
also found. The functions of phytoplcokton in these 



systems are listed in the description of the Miniature 

Ark. 
Goldmao found that the population densities of 

Golerkiiria increased logarithmicslly in a proper 
nutrient medium. In some trials, h@ria popula- 
tions were established prior to the algae, preventing 
the algae from blooming. This sopparts the hypo- 
thesis that bacteria compete with phytoplanktan. 
When Tilapia were introduced into algae-rich sys- 
tems, they were found to crop back the population 
through filter feeding. A transparent cylindrical cul- 
turing system has been used by Cook, consisting of 
a pyre” glass mhe 4 inches in diameter and 6 feet in 
height. He cultured the Chloroccocales Chlorella 
pyrertoidosa which he calculated to he capable of using 
2. j% of tbe incident solar radiation. He harvested his 
colturc regularly, however, replacing it with nutrient- 
rich medium as desired densities were achieved. Both 
Goldman and Cook used artificial light to drive their 
cultures continuously. 

placed beoeatb tbc pond. A soulI, double-layer 
geodesic tlomc I .5 meter-base diameter was placed on 
the upper pcrimctcr of the cylinder. losulatetl in this 
way, the outside tanks nvaintnined the highest ten 
peraturcs of all our aquatic systems including those 
within the other solar-heated structores. During the 
‘75-‘76 winter. the Miniature R-k, Damc aod Six- 
Pack Ponds fell to freezing, whereas the Solar-Algae 
Ponds were measured at 4°C with the outside tem- 
perature at -21°C. A temperature profile of these 
ponds with maximum and minimum outside air 
temperatures is found in Graph 1. The ‘75‘76 
winter was oat particularly cold, however, there 
were short periods of intense cold for Cape Cod, 
as indicated by the chart. 

Goldman foound that with his Golenkinia sp. cul- 
to:er at an average temperature of 2PC, Tilapia 
aure~ grew 0.1 grams per day. Phytoplankton alone 
does not provide optimal growth. It does provide 
enough food for maintenance and a little growth. An- 
other alga such as Spin&u plotensis, which is dis- 
cussed in the Miniature Arksection, might improve 
production. For specific questions regarding Goldman’s 
data, please write to us. 

Winterization 

The outside solar ponds required several adjustments 
for winter. A second layer of fiberglass was added to 
the outside vertical wait of the cylinder. This was done 
by winding garden hose 1.6 cm (5/S inch) in diameter 
a$ a spacer aro,und the top and bottom of the pond. 
Then a second layer of fiberglass was tightly wrapped 
aroonrl +‘I? *+:i and sealed with clear silicone sealant. 
,rc;;iog a uermal pane. Thick styrofoam insulation 
j cm (2 iorb) cot in a 1.5 meter diameter disk was 

On March 12, 1976, a parabolic reflector was in- 
stalled behind Solar-Algae Pond No. 2 which was 
outside. It was focused on the center of the pond. 
The reflector was constrocted of five vertical, ten- 
foot 2 x4’s, placed four feet apart and buried two 
feet in concrete. Four 4’ x 8’ quarter-inch reinforced 
sheets of plywood were bolted to the studs, iong 
cd e up and braced on the north side. The 128 
ft B 

: 
of surface area was covered with a reflective 

met&cd polyester laminant attached with duct 
tape. This attachment method was used to allow 
for the possibility of detaching it, in the event of 
the loss of reflectivity, and turning it around to 
use the other side, as both sides are reflective. 
This has not been necessary. The first side is in 
excellent condition as of this writing (Winter ‘77). 

The material was made by the Hy-Sil Manufacturing 
Company of Revere, Massachusetts. 

To construct the parabolic arc a line was defined 
equidistant from a given point and straight line 
(see Diagram 1). In this case, the point was the ceo- 
ter of the pond and the straight line ran east and west, 
ten feet north of this point. During the spring, the 
difference in temperatore between the pond with the 



Over the past year, we completed six fish produc- 
tion trials, using the larger 1.5 meter diameter ponds 
and one series of experiments using the 0.45 meter 
ponds coupled together. 

Coupling asd I?ensity Experiments Using the Smaller 

Solar Pmds: The first trials with linked solar ponds 
were done last rummer. Sixteen of the smaller ponds 
were used, connected in eight individual couplets. 
Water flowed between them continuously. It was 
pumped by a simple air pump device over into the 
adjacent tank (see Diagram 2) and flowed back 
through a siphon. The rate of flow varied because 
the ~~reens on the ends of the exchange tubes became 
clogged with growing algae, necessitating repeated 
cleaning. The screens were necessary because the sire 
of the fish used in the experiment was so smal! that 
they swam through the tubes fo the adjacent pond. 
This experiment was designed to test the efficiency of 
fish growth at different numbers per volume of water. 
Three densities were tested - one fish per gallon, one 
fish per two gallons and one fish per four gallons. The 
one fish per gallon experiment was duplicated with 
filter screens of crushed oyster shells glued ro sheets 
of fiberglass which were hung in the tanks. Densities 
were tested in two ways. In the first, all the fish were 
in one of the coupled ponds. In the second, the fish 
were evenly divided between the two. The two ponds 

SOLAR-ALGAE POND WITH 
PARABOLIC REFLECTOR 
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reflector (Solar-Algae Pond No. 2) and the one with- 
oaf (Solar-Algae Pond No. 1) wasapproximately 4°C. 
The reflector’s position to the north of the pond pro- 
vided a good wind break from the cold north winds. 
On a sunny day, Solar-Pond No. 2 was capable of an 
increase in temperature of 4.500 (r8oF) which 
amounfs to an increase of 12,510 Kcal (49,000 BTU’s) 
for the 2,780 kg (6,123 pounds) of water in the pond. 
The tops were left on the tanks throughout this period. 
Energy studies are also being done with the solar ponds 
inside the Cape Cod and Prince Edward Island Arks. 

There is ai advantage to building a vertical reflector. 
It provides excellent reflectivity on the pond during 
the winter months when the sun is low in the sky yet 
less effective during the summer, especially around 
the summer solstice, when added heat is unnecessary. 
The sun is then very high in the sky and most of the direct 
sunlight striking the reflector e deflected to the ground on 
the space beoveen the pond and the reflector. The 

SMALL SOLAR-ALGAE 
POND COUPLET 

f& 1’ f &> 
.,, . 

intensity was vev concentrated -strong enough to 
melt the Styrofoam extending beyond the base of the 
pond. The ponds reached optimal TiIapia growth tem- 
peratures of 260 to 36°C during the summer with the 
tops removed. 

The reflector became more effective as the sun sank 

air 

siphon 

in the southern sky during July and August. Overheat- 
ing can become a problem, however. If so, the reflec- 
tor can either be removed or masked with tall plants. 
This year. unintentionally, several plants, including 
lamb’s-quwters, which usually grow waist-high, grew 
to two meters between the pond and the reflector. 
The phenomenal weed growth was probably because 
of the plants receiving light from all sides while being 

‘protected from the wind. Dwarf fruit frees in move- 

SIDE VIEW 

1’ 

Di‘qp7’” 2. 



together contained a maximum of I32 gallons of 
water. In tbe first inrtilncr, 130 iirh were placed in 
one of the ponds aml. in the rccond, 65 were put in 
eileh of the two. 

The results are preliminary and n& sufficient to 
draw definitive conclusions without further trials 
io ternn of density efficiency; however, some useful 
obse:-ltioes were made. With respect to growth, at 
all the New Alchemy cxperimcnts, the greatest mass 
per unit vo!omc or surface area wns produced in 

these small pwds. The fish used were small. weighing 
about 0.1 gram ezch. Twice daily, six days a week, 
tbev were fed 3% of zhcir total body weight of 
Puhna Trout Chow per p.xd. They grew to a maxi- 
mum of 361.25 grams in one uf the systems. The 
werage rho per couplet of wet fiat‘ to dry feed was 
2.14 with a maximum of 3.59. These high efficiencies 
arc probably due to the small diameter of tile ,~“n+, 
which increases the intcnsitv of solar radiation per 
unit volume of water, res&ng in more efficient 
photosynthesis and high algal production and 
oxygen levels. As the phytoplankton absorbs the 
entering light in larger systems with high algal dcn- 
sit&, there would be a limitation of photosynthesis 
in the internal area of the tanks. 

The design of the experiment demonstmted several 
‘: phenomena about coupling the tanks. to the cases of 

the couplets with fish on one side, a build-up of sedi- 
~’ ment occurred in the complementary tank which 

fouled the water and raised levels of such toxins 
as ammonia. This was due to a lack of stirring of 
rbe sediments. The ponds with fish on both sides re- 
mained healthy with the exception of the trials 
with one fish per four g&ons of wnter. The fish in 
these ponds probably were neither large nor numer- 
ous enough to stir the sediments sufficiently. Ral- 
axes must be carefully worked oat. If the couplets 
with the fish isolated o” one side prove most effi- 
cient, a stirring method must be developed. Crayfish 
possibly could be wed in the bottom of the fishless 
ponds to keep the bottom stirred or the sediments 
could be removed through periodic siphoning. 

In the pond containing 130 Tilapia on one side, 
Simocephnlus sp., a Cladoceran, bloom occurred. 
This was the first zooplankton bloom in one of these 
ponds. The sediment build-up was considerable at the 
time of the bloom which may indicate that potential- 
ly unbeaitby conditions for the fish may be necessary 
for a good zooplankton population, Raising rooplank- 
ton as fish feed is another parameter to out Solar- 
Algae Pond research. This may lad to independent 
ponds for independent functions. 

Expwimerrt I - Winter Trials: The two 1.5.meter out. 
door Solar-Algse Ponds containing temperate species 
of fish were used. These included Israeli carp, Chinese 

Rig Head carp and Chincsr Sihcr carp All the fish died 
I” one of the ponds, probably bccilusc of the rclcase of 
lethal copper ions from a branrc air valve which. on- 
detected by us, fell into the pond. 

Solar Pond No. 1, bowcvcr, remained viable ~ml 
productiw. On November 28, 1975, 11 Israeli carp 
weighing 875 grama were intmduccd. 0” December 
9, a twelfth WDS added at 125 grams, making a total 
weight of 1,000 grams. On December L. 40 Chinese 
carp were added weighing 85.2 grams. On April 8, 
1976, the 12 Israeli carp were removed, by then 
weighing 1,750 grams. The 34 surviving Chinese 
carp weighed 160 grams - a total increase of 844.8 
grams. During the course of the experiment, the 
fish were fed 2,880 grams of Trout Chow and 96 
grams of TetraMin. making a total of 2,946 grams of 
feed. The wet fish to dry feed ratio was 0.29 to 1.0. 
Although this was low, it demonstrated the viability 
of the tanks. During the course of the experiment, 
?emperaturcs were quite low, during sonw periods 
just above the lower lethal limit. The trial was not 
a highly prudwtive period in terms of fish mass gained, 
but it did demomtrnte that the fish could live and 
grow in these ponds. 

Experiment 2 - High Density PcXy$ture: Ihe first 
warm weather experiment was intended to determine 
the maximom number of fish that could live in a 
single tank. Over the winter, 146 Tilapia were kept 
in a small 66.gallon solar pond in the house, totaling 
2.2 Tilapia~ergallon at 20°C. The number of fish 
pot into Solar Pond No. 2 was 247 Tilapia at 3,995 
gr’ams, 13 Israeli carp at 1,950’grams and 34 Chinese 
carp at 180 grams, a tutal of 344 fish at 6,125 grams. 
The fish were added between April 8 and May 4, 
1976. The last 54 Tilapia were added on May 4. May 
7 was a dark, cloudy day resulting in oxygen levels 
too low to maintain the population because of 
insufficient solar energy to drive the photosynthetic 
process. As a result, on May 8, sin Israeli carp at 
775 grams, 45 Tilapia at 960 grams and one silver 
carp at 4 grams were discovered to be dead and re- 
moved. A mechanical hack-up aeration system was 
added, but it faiied on the night of May 9. The fol- 
lowing day, 19 Chinese carp at 140 grams and one 
Israeli carp at 190 gmms died and were removed. 
The water temperature rose to 30°C on May 10. The 
aeration was continued throughout the experiment. 

Several times during the experiment, ammonia 
conccrmations were quite high - up to six parts per 
million. (Less than one part pet million will kill 
rainbow tro”tj.* Supplemental feeding was halted 



and bctwcen one-quarter 8nd one-third of the wmr 
in the tanks was changed Jilily by riphonit;g wute 
water from the bottoo, of the tank. The watw was 
used to irrigate parts of the garden. It was replaced 
with tap water. Tbe process was continocd until 
ammooia ~on~entratian~ were reduced. Generally, it 
is a good practice to dilute once a week any chemical 
factors which could arrest fish growth or could be 
dangerous to the fish. During this trial, we pushed the 
viable limits in terms of feeding and popolatioo density. 

Tbe experiment was complsted oo July 15. Tbc 
entire population increased in weight by 6,980 grams. 
During the experiment, 6,675 grans of Trout Chow. 
101 grams of TctraMin and i75 grams of soy flour 
were fed to the fish, resulting in a wet fisb to dry 
feed mtio of 1.0 to 1.0. This includes the dead fish 
wbicb were removed. The fish were fed a supplement 
of Azolla. Hydrod;ct~yyor, md Lemma. The tank lbad 
a rich phytoplanktoo bloom. Thrsr were not meas- 
ured quantitatively. 

Experb,xnt 3 Zooplmkton Culture: While this 
experiment was in progress, Solar Pond No. 1 was 
inoculated with large populations of indigenous 
zooplankton caught from a local pond. This was 
done to try to grow populations of zooplankton in a 
solar pond as sopplemental fish feed. The initial at- 
rempt was not successful. Although there war a good 
phytoplankton bloom in the pond, the water <hem- 
istry, nutrient balance or temperature were not 
soited to the small animals. Inoculations were made 
twice weekly from April 8 to May 14. 

Experiment 4 Tihpia Breeding: Six of the largest 
Tilapia were pot in Solar-Algae Pond No. 1 on May 
14. This was done as a breeding experiment to find 
whether the Tilapia would breed in this type of pond. 
In addition, we hoped to use their progcnv to select 
for a fast-growing population. The fish &hed 475, 
375, 350, ZOOand 150gramsoratottd of 1,550 
grams. AF of July 7, there was no evidence of repro- 
duction, leading us to question whether all the fish 
were either male or female. Tilapia mating behwior 
requires tbc ma!e to prepare a cleared spot against a 
dark object or surface. Because of the translucent 
sides of the ponds, a malt backing against a surface 
would hack into the light. This could disropt mating 
behavior ot limit it to night activity. lo addition, 
the fish can see people walking past the tanks and 
become startlell. Tilapia mothers haw been known 
to swallow their brood if sharply disturbed. Repro- 
duction could possibly have been arrested by a 
periodic striking of the side of a tank. Moriarty 
found that disturbing the T. rrilotica caused incffi- 
ciency in their digestion for a time. 

‘To help eliminate thesc variables and provide B 
breeding area, oo July 7 two concrete blocks wrc- 
placed in the tank and z piece of black polyctbylenc 

was wrapped BroomI tbc Iowcr half of tbc Ioortb ride. 
On July 29, three wcekr litter. the first young ‘Tiblpia 
wcrc scco. of which uoly tbrw wcrc octtcd out. 
Tbesc were the only yooog fish found ewn with 
furtbcr masking of the lower half of the sooth side 
on Augttst 4. These tanks case serious reproducti~m 
retardation if not failure. Further research isrequired. 

The cxpcrimcntendcd November 9. The fish were fed 
a total 6.700 grams of Trout Chow Floating Pellets. 
The fish grew 3,550 grams with B conversion ratio of 
0.53 to 1.0 wet fish to dry feed. There was a total of 
20 fish 14 young from breeding activity. 

Tbc largest fish weighed I.100 grams (2.42 pounds). 
The fart that the fish grew so large demonstrated that 
the size of the ponds does not limit fish growth. In 
fact, the fish achieved a weight near:) f&c times 
larger than we feel necessav for useful production. 
The low ratio of food convcreioo is probably due to 
a lowering in growth efficiency Gth the larger fish. 
WC abandoned sclccring for a fast-growing population 
in Solar-Algae Ponds becnuse it might resolt in the 
selection of aggressive characteristics. To do so would 
require highly controlled conditions with individual 
fish in individual tanks. That growth potential is a 
genetic variable in Tilapia has never been demonstrated 
Again, work is necessary in this area. 

Experiment 5 - TilnpinMonoc~~lture: Beginning July 
15. 1976, a second trial was run in Solar Pond No. 2. 
Two hundred and fifty Tilapia (one per three gallons) 
weighing a total of 40.5 grams were pot into the pond. 
The fish came from the new population bred in the 
Dome. Tbcy were fed a total of 3,825.5 grams (8.41 
pounds) ofTmutChow.The fish grew to 3,480.5 grams 
or an increase of 3.44 kilograms. The wet fisb to dry 
commercial feed mass was 0.9 to 1.0. This figure is 
probably due to inability of the fry to assimilate 
phytoplnnkton during the early stages of their de- 
velopment, relying, therefore, cbietly on the commer- 
cial feed. In nature, T. n;‘otica, anotbcr phytoplankton 
feeder, have been observed by Moriarty and Moriarty 
(1973b) to be mainly carnivorous until they reach 
3-6 ctn in size. The mass of fisb obtained from this 
pond will bc discussed in regard to the other systems 
in the sommaty 

The Solar-Algae Ponds have demonstrated phenom- 
enal fish productivity. The smaller ponds, used in 
couplets, demonstrated the highest productivity. The 
rcsolts, however, were inconsistent. In the two large 
pond producti+ experiments. prodoctivin; was cx- 
cellent. It is necessary to extrapolate the size of the 
ponds and the time span involved to tbnt of a hectare 
per yen* in order to gain compamtivc figorcs. Fish pro- 
ductivity is computed in ky/bectarc. 

The best productivity recorded ill pond aquacaltorc 
ranges bctwcen 1.000 sod 15,131 kglbcctarclyrar. 



using South China bcrbivorer io fcrtilircd ponds with 
supplemental feeding (Odum. 1971). lo Solar Pond 
No. 2, in the first trial of the summer, production wns 

tbc equivalent of 142,840 kg/ha&r. newly ten times 
greater than the best natural pond culture. The second 
trial at 63,962 kg/ha&r is nearly five times greater. 
The difference in the two is probably due to one of 
two reasoos. It could have been because four different 

species of fish were cultured in the first trial and. in 
the second, a monoculture of Tilapia was used. 

The other reason could bc that immature Tilapia wete 
used. lo the second trial, the y.ouog Tilapia were 
mainly omnivorous during most of the experiment, 
subsisting chiefly on the commercial feed, whereas, 
in the prior experiment the fish were older hcrbi- 
votes capable of feeding upon the dense pbytoplankton 
in the rank. It wotdd, therefore. be best in the case of 
pbytopl~nktan feeders to use fish of approximately 
six ccntimcters in let.gth. wbeo they can hc mainly 
herbivorous. They could hc bred and grown separate- 
ly to this sire for high production purposes. 

The Solar-Algae Ponds are efticicnt largely because 
of the high amount of solar energy allowed to enter 
the pond. This energy drives the photosynthetic pro 
cess which produces large amounts of dissolved oxy- 
gen in the water and increases the primary producti- 

vity of the pond, producing dcosc populations of 
pl~ytoplankton for food for rbe ‘Tilapia. \\‘atcr tcm- 
peraturcr and oxygen cooccotratioos arc more uo- 
form than in a cowcntinnal pond due to the exposure 
of the entire column of writer to light energy. 

McConnell has found that the growth of Tilapio 

nmsrarebica, which is mainly a bottom feeder, cao 
he correlated directly to the amoont of photosyothcsis 
occurring in a pond. Using opaque tanks with open 
tops, hc computed a linear relationship between 
the cube root of the mass of growth per indiv- 
idual and photosynthesis. His measure of photo- 
synthesis was hased on oxygen production. If this 
relationship can be extended to Tilapia ~uwa, the 
efficiency should be greater. Not only would the 
water chemistry affect the T. aurea growth, through 
photosynthesis, as in T. nzosambica, it would also 
encourage greater phytoplankton productivity, a 
food source for the T. (INWO. Therefore, due to 
greater photosynthetic potential, T. awea should 
grow more efficiently using traosluceot solar ponds, 
althaugb normal sub-surface ponds with good phyto- 
plankton populations would also have greater effi- 
ciency with T. awea. Our aquatic system demon- 
strates a direct link between Tilapia growth and 
pbytoplankton photosynthesis. 
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Three Experiments with 
Semi-enclosed Fish Culture Systems 

Roll Zweig 

The Miniature Ark 

Tbr Miniature Ark consists of a small, experimental 
closed-loop “river” which courses through three small 
prernhouses. The water is circulated through the closed 
system by the pumping action of a sail-wing windmill 
and a small electric pomp. Tbc circular ‘tier” is solar 
heated. receiving supplemental heat from a solar col- 
lector as well as through natoral passive heating of its 
small greenhouse covers. 

The water is pumped up from rhe bottom pool into 
the upper section where hiopurification takes place. 
It then flows by gravity down into the covered mid- 
dle pool where zooplankton are cultured as auxiliary 
fish feeds. These tiny aquatic animals are swept down- 
ward with the water on its retom to the lowest pond 
in the loop. This largest and deepest pond houses 
dense populations of fishes. 

The Miniature Ark wzs designed to test the effec- 
tiveness of flow or rapid nutrient exchange and bio- 
purification in a small closed aquaculture facility. 
Its primary energy inputs are the son and the wind. 
which provide light, heat and water flow. The Mini- 
ature Ark, as originally designed, was described by 
MeLarney and Todd in the second Journal ofthe 

New Alchemists. This article chronicles attempts 
to improve its design as a contained food-producing 
ecosystem and to increase its productivity. 

Redesigning the Miniature Ark’s Biological Elements 

The first step in the redesign of the biological 
elements of the Miniatore Ark was to change the 
components of the biological filter. AII the shells, 
plants, earth and barriers between the sub-units 
in the upper pool were removed completely, leaving 
only the cement tank. Although the fdter had been 
very effective, there were drawbacks to it. It helped 
in the conversion of toxic ammonia to nitrates and 
in the breakdown of fish pheromones. However, 
because both the ninifying bacteria and the fish in 
this system are aerobic, the bacteria compete with 
the fisS fx oxygen. Further competition occurs 
between the bacteriaand phytoplankton in the 
system. 

Most aquatic plants, including phytoplankton, 
compete biochemically. For instance, Murphy et al. 
reported that a species of blue-grew algae Ambarw 
produces hydroxamates which cbelate iron ions. 
By binding to the ferric ions in the system, they com- 
pete for iron, preventing other plants from utilizing 
it although it is a necessary nutrient in their diet. 
Thus, the Anabaena is capable of suppressing other 
populations of algae. This is one example of what 
seems to be a i-ighly intricate chemical interaction 
and competition among the plants in an aquatic 
system. As the interaction includes bacteria, the 
quahog shells which provide a growth substrate 
were removed from the pool in the Miniature Ark. 
The phytoplankton serve four important functions 
in the system, and their populations should not be 
in competition with the bacteria. The functions 
are: (1) Oxygenation of the water through photo- 
synthesis; (2) Food for the Tilapia aurea which are 
phytoplankton feeders; (3) Heating. By acting as 
microheaters, they absorb the energy of the sun- 
light as it strikes them, converting some of it to 
heat energy and warming the water; and (4) Puri- 
fication. Chloraccocales such as Cblorella and 
Scenedesmus are capable of metabolizing ammonia 
directly and even preferentially to nitrates, as has 
been demonstrated by Syrett and others. This means 
they will use all ammonia present before using 
nitrates. This is interesting because it indicates that 
the phytoplankton perform at least one of the same 
functions as the bacteria in the filter. With Cblorella 
pyrenoidm, the use of ammonia nitrogen as opposed 
to nitrate provides a 30% higher efficiency in the use 
of light enetgy. Therefore, some phytoplankton pro- 
ductivity is enhanced by the ammonia from the fish 
wastes. For the first time, we developed an excellent 
phytoplankton bloom which had a Secchi disc read- 
ing of 40 cm or less. 

We are still uncertain as to all the functions “i-the 
filter bacteria such as pheromone metabolism, in 
terms of whether or not the pheromones also would 
be removed through phytoplnnk;on metaboiization. 
The sides and bottoms of the pools in the Mini-Ark 



are cement, w,bicb pro~~ides B cillciuni carbonate sol)- 
strafe for some bacteria, and Ibis oray bc enough 
surface ara to dilotv fbc cbcmicals iwolvcd in fish 
density communication 

The removal of the rbells elimioared a component 
thought to be useful in buffering the pl~l of tbc water. 
This, however, would have been a short-lived mechan- 
ism according to Spotte. as the shells rapidly become 
covered wi:h an organic coating which nearly elimi- 
nates their buffering capacity The cemcot walls also 
buffer the pH, but they, too, arc quickly coated and 
serve cbieflv as a substrate for bacteria and other 
sessile orgs~isms to grow 

In terms of operaciao, the chief problems were 
with low levels of dissolved oxygeo and a high popula- 
tion of snails. On cloudy days, tbc oxygen levels went 
as low as 0.5 parts per million and, on sunny days, as 
bigb as 12 parts per million. The cloudy days induced 
respirnrcq stress on tbc fish, forcing a reduction in 
feeding sod a consequent reduction in growth. Tbc 

~, depth of the main polyculture pool is partially re- 
,’ sponsible. An increased flow rate through splash 
‘; down between pools, which would oxygenate greater 

volumes of water, would help. The flow rate varied 
“i between 600 and 1,200 gallons per hour, with the 
: windmill and electric auxiliary pomp moving up to 

,600 gallons per hour each. The windmiil required ,, 
:, ,,, ,goad wind conditions to pomp 600 gallons per hour. 

~‘~ i, A large population of snails in the Mini-Ark last 
summer competed witb theTilapia for both oxygen 
and algae growing on the walls of the tank. To com- 

‘bat this, we introduced our first specimens of 
Cicblosontn labiaturn and C. citrinelh, two Central 
American cicblids, which we received from Ken 
MacKaye at Yale Universi~. They are known snail 
eaters, whereas the Tilapia eat snails only if they 

,“,are crushed first. 
‘The zooplankton populations in the middle pool 

were quite low. There was only an occasional bloom 
although the pool was seeded sereral times with in- 
digenous rpccies from a pond adjacent to the farm. 
This limited animal protein for the fish. As reported 
by Porter, zooplankton has been found to help in 
the propagation of phytoplankton. Porter indicated 
that Dapbnti mrogna break up colonies of planktonic 
green algae but assimilate only part of them, allowing 
up to 9C% of the remaining cells to grow into ocw 
colonies, thereby increasing their density. With a 
greater zooplankton population, a higher conceo- 
tration of phytoplankton could develop, providing 
a food source for both the zooplankton and the 
Tilapia. 

,‘:‘, This sqmmer’s experimentation in the Miniature 
,,&rk involved a monoculture of Tilapia ~lw~a. One 

,~, tbbusand fish were introduced into the 34.5 cubic 
‘,~meter (9,000 gallons) system on 22 June 1976. They 

j ’ ‘were vqry small (2-3 mm) having hatched in the 

A total of 27 kg (59.3 pounds at $12.00/50 pounds) 
of Purina Trout Chow was fed to the fish during the 
experiment which lasted until 26 October 1976, 126 
days. The temperature profile of the main aqoacultore 
pool for this period is illustrated on Graph 1. The 
experiment was extended this long to determine the 
potential growth of the fish. Tilapin owea are believed 
to grow fastest in the first seventy days of their lives. 
The long trial was largely a social consideration be- 
cause people in this culture generally prefer eating 
large fish. The protein content is just as bigh in 
smaller fish and the overall nutritive potential may 
be better, for, when fried hard, small Tilapia may be 
eaten whole. They are good and the small bones are 
not n problem. In places like Java, people are lucky 
to have a 2-3 cm long fish with their meals. The 
surplus feeding was also intended to help reduce 
the aggressive factor in order to select for fast grow- 

The cbicf ropplcment;d soorcc of food for tbcsc 
fisb war Purim Traot Chow ‘This was to crtablisl~ 
quanriiativc results in terms of ratio between fish 
mass and feed maass. ‘The trout chow was partialI> 
supplcmcntcd with crushed snails. mosquito larvae. 
zooplankton, purslanc, marigold flowers, comfrey, 
soy flour, Azollo, llydrodictyon nod phytoplankton 
(predominantly Coleokioia) in tbc system Quanti- 
tative mcwwx~ents were not taken from the latter 
feeds. The vegetative feeds were given to the fish io 
large quantities starting in late July. Before that, 
tbcy were mainly carnix,orous. The most significant 
dietary obsen~ation made. not only in this system 
but also in the otbcrs. was that the fish chose tbc 
bigbest protcio source first. For instance, comfrey, 
SyvIpl2ytuvt, was sclecred over illI otlxr vegetative 
matter. Comfrey is up IO 33% protein. dry weight, 
and lo\v in fiber, which makes it easily digestible. 
It is zdso high in vitamin B12 which it extracts from 
the soil and subsequently stores. Comfrey has been 
used for many human medicimd purposes and makes 
an cxccllent food for berbi\,oraus fish. The Tilspia 
like it. It is a perennial and easy to grow in tbis 
climate. ‘The drawback, as with most plants, is that 
it is 80% to 90% water and requires a good solar 
drying technique. (See the reference by Hills in the 
Bibliography.) 

AzoNa, a water fern, is also an excellent food for 
bcrbi\,orous fish as it is a symbiont with the blue-green 
alga Anabaena, which is capable of fixing atmospheric 
nitrogen. It, too, is high in protein content. 

Live feeds, such as insects, worms and zooplankton, 
were also important and seemed to add to the vitality 
of the fish. Altbougb midges were not osed this 
season, they would have enhanced productivity. We 
are currently involved in the extensive development 
of live feed cu!tures. 



ing individual ‘Tilnpia. ‘The largest lhmc hew kept 

ar twxderr fbi IlC\f *cn\o”. Such rrlection will dy 

be possible if growth cfficicnry is a gcnctic wriablc 
in these fisb. 

The fish grew to 29 kg (63.8 pounds), an increase 
of 28.85 kg for 1,148 individuals. Tbc wet fish to 
dry commercial feed conversion ratio was : .I. In 
the past, cbc grearesr prodactivi~ in the Miniature 
Ark was 25 kg (55 pounds) of fish. This was using 
polycuitore techniques. Tbis ?~car’s incrcasc could 
be due co both the commercial feed input and the 
dense pbytop!aokton populations. Crecn algae 
is not nearly as easily assimilated by Tilapia as 
hluc-green rlgae and bacteria becaosc it is harder 
for tbc fidt to break down tbc c&dose walls of the 
grrcn algae through acid lysis in their stomachs. 
hlorkwq (1973) found that Tikpia rrilotica, also a 

phytoplankton feeder. was capable of ascimilsting 
5(!% of r!w carbon from a species of C6lorell~, 
mother Chloruccacler, hut up to 70% to 80% in 
A,,nbmwa and .Ilkuoc,&, blue-green algae. If a 
culture of the African bloc-green algae Spinrlirrn 

plnteasis could he grown compatibly in our system, 
it would bc a superior food, for it is up to 68% pra- 
win and containsvitamins A, HI, R2, R6, B12 and C. 
Culturing techniques are being developed in Japan 

(see the Nakamura reference). Some prelrminary work 
in combination with our Tilapia research is being 
done at The Woods Hole Oceanographic Institution 
by Larry Brand. The Spinrha is also a good human 
food and is used as a flour supplement in parts of 
Africa. It is easily strained oat of water and does not 
require high technologies of centrifogation for harvest. 
Like Tilapia, it requires a high pH nod, so far as is 
known, a 0.1% salt solution is required, which would 
limit its use in terms of garden irrigation. There may 
bc a strain, however, that would eliminate the neces- 
sity of the salt component. We do, as B rule, attempt 
to use indigenous species of phytoplnnkton which do 
not require sophisticated culturing techniques, but. if 
a simple technology could be found to allow the cul- 
turing of an alga like Spirulirza platensis in OUT s.~stems, 
it would be a tremendous advantage as both fish and 
human food. 

The quality of the fla\,or of the fish from the Mini- 
ature Ark was the most disappointing factor. This 
year, for the first time, the fish from this system tasted 
slightly like stale fish pond algae, which is known as 
“off-flavor.” The quality of the meat, however, was as 
good as ever. In trying to determine the reason for the 
“off-flavor”, we noted two small areas on the bottom 
of the main fish culture pooi which iooked and smelled 
as if they had become anaerobic. Oxygen levels wcrc 
lowest on the bottom, especially in the shaded south- 
em portion. This ritoation did not develop in the 

Six-Pack pool. which is ;l ~‘CII~CIII porxl without an!’ 
circuli~ti~m. dwpcr Ihiw the hliniilrurc Adi. Ihnvin: it 
rbirkcr layrr of scdimcnt\ ON) tbr b,ftom ‘Tbr produc- 
tiw in the Sir-Pack 1pond will bc di~iiisd in the fo- 
lowing section. Tbc “off-flavor” in one and not in 
the other may bc crpkdnrd by tbc spccics of fisbcs 
involved in fbe rxperimcnts. The chief differcorc 
in orgzanismr between fhc Miniarure Ark md the 
Six Pack was that, while tbc former contained a 
Tilapia moooculturc, the latter housed a polyculturc 
of both Tilapia and Israeli carp. Tbr hlini-Ark was 
populated with jawnilc Tilapia which did not engage 
in sexual behavior until lace in the experiment, if 
at all; doe to lack of sexual maturity. Unlike carp, 
Tilapia do not dig and stir up the bottom except 
during mating when, in courting bcbavior, tbc malt 
Tilapia clews a spot on the bottom. The shallow scdi- 
mcnt laycr on tbc bottom of tbr Mini-Ark rcmaincd 
reb&elv undisturbed and, therefore, possibly became 
anacrob~c. This could account for populations of 
anaerobic blue-green algae with gcosmin isolated from 
some bacteria and blue-green algae. Geosmin has been 
found to bc the compound causicg “off-flavor” in an 
Actinomycetes, Streptomyces, by Yurkowski and 
Tabacbck. and in a blue-green algae, Symploca mus- 
comm, hy Saffetman et al. The “off-fla,,or” can be 
removed from the live fish by transferring them to 
fresh water for z few days. This is a common practice 
and has been done successfully with trout and catfish. 

It would seem that the stirring of the bottom by the 
carp in the Six-Pack prevented a dense population of 
“off-tasting” organisms from becoming established. 
There were also adult Tilapia in the Six-Pack and their 
sexual behavior would increase the bottom stirring. 
WC are considering using edible crayfish to aid further 
in stirring up the substrate, which would fill a niche 
using potential food sources from bottom detritus. 

There may be another advantage to the inclusion 
of carp in a fish production ‘system, as has been illus- 
trated by Rabanal. In ponds in Alabama, where carp 
and goldfish were grown scp~rately, he foond lower 
ammonia concentrations in rhe carp pond. He be- 

lieves that the stirring of the bottom by the carp 
caused more efficient absorption of ammonia by the 
clay colloids mixed in the water. There were higher 
nitrate concentrations in the carp ponds which he 
feels were doe to the fact that the water was muddier 
and allowed in less light to drive the photosynthetic 
process which would have used up the nitrates. This 
resulted in less plant productivity. 

These findings are important in optimizing our 
polvculture strategies. Our Miniature Ark research 
which focused on increasing prodwtivirv would have 
benefited from including other spccics, if for no other 
reason than to improve the wte of the fish. 



The Six-Pack Pond and the Midge Pond 

We conducted two studies last summer involving 
aquaculture in stagnaot, unfiltered ponds. One pond 
was in the bioshelter, which was the prototype for 
the Ark which we call the Six-Pack, and the other 
was an unosed pool in the midge production system. 
There arc three basic physir;l differences between 
tbc poods. The Six-Pack pond is made of cement, 
enclosed in a building, ;nd square in shape measuring 
4.1 meters on the sides and 1.7 meters in depth. It 
contains 29.25 cubic meters (7,725 gallons) of water. 
‘The midge pond has a piastie liner, is outdoors, and 
is a long narxw trench measuring 15.85 by 0.91 

~,,, meters. It is 0.74 meters deep with a capacity of 
:: 10.7 cubic meters CZ,820gallons). The midge pond 

had a build-up of organic matter oo the bottom and 
‘, was open to invasion by many organisms from its 

,’ : surrounding environment. Both of these ponds re- 
:,,’ ceivcd fish which had over-wintered in the house 
~‘2: under crowded conditions. At the outset of the 

;: ‘: : trials, both ponds were relatively sterile with rc- 
Li:-: spect to phytoplankton populations. 

,,,,, 
‘,,:‘:’ The Six-Pack ,,,, 

“, Fish were put in the Six-Pack pool at two different 
‘~ ,times. On 7 July 1976.47 adult Tilapia aurea weigh- 

ing 1,840 grams were introduced, and on 15 July, 40 
more Tilapia weighing 3,820 grams were added, along 
with 6 mirror carp weighing 1,320 grams. The fish 

,‘, were fed 7.65 kg of Purina Trout Chow at about 100 
:, grams per day plus cuttings and vegetable waste from 

the interior garden of the Six-Pack. The fish were bar- 
,” ,vested on 29 October 1976. At that time 60 Tilapia 

were found weighing 7.600 grams, an increase of 
1,940 grams. Ten mirror carp were found weighing 
5,350 grams, an increase of 4,030 grams. The total 
wet mass fish growth to mass of dry commercial 
feed ratio was 0.78 to 1. The relatively large growth of 
mirror carp in relation to that a.’ the Tilapia is most 
,likcly due to tbcir out-competing the Tilapia for the 
commercial feed. Observations during feeding con- 
firtoed the greater ability of the mirror carp to fend 
off the Tilapia. There was never a significant phyro- 

plankton bloom which is a good Tifapia food source. 
This is due to the design of the building which 

,, allows l,ittle light to penetrate the pond. The northern 
: 1’ ,half of the pool is coveted by an opaque roof which 

‘%ni?ates some of the sommcr sunlight by shadowing 

‘; : pti’&f t&e ,pool. The temperature profile of the pond 
. 

‘. ,,,i ,$unng the experiment is described on Graph I. 

:, ,‘, ,, 

I! ::p&7L Tb~,oumal of *be New A,cbemirr* 

The success of this simple shallow pond aquaculture 
is a hopeful indicator for Tilapia culture in rural areas 
or in any place where space is available. This kind of 
system is relatively easy to maintain. It could be used, 
for example, in crop rotation with rice in paddy cul- 
ture, though the main drawback noted would be that 
pesticides arc used to destroy rice parasites, like tadpole 
shrimp. Organic rice growing techniques have been 
undertaken at the Wehah Farm near Chico, California, 

The Midge Pool 

196 Tilapia weighing 5,520 grams (15.1 pounds) were 
pot in the midge pool on 15 July 1976. Like those in 
the Six-Pack, these fish were at least one year old and 
had come from the over-wintered population. They 
were fed 6,840 grams of Purina Trout Chow. The pond 
was rich in other organisms, some edible and others 
not. These included frogs, tadpoles, a large painted 
turtle, zooplankton and a freshwater bryozoan colony. 
When the fish were put in. the water had a brownish 
hue and lacked a dense phytoplankton population. 
Within two weeks a dense phytoplanktan population 
had developed. An adjacent pond without fish retained 
its brownish sterile appearance. Within a week the 
Tilapia had killed nearly all the tadpoles in the pond. 
Most were found floating with bite wounds on their 
bodies. hIany of the tails had either been partially or 
completely bitten off. 

On October 6, 157 fish were harvested. They weigh- 
ed 14.2 kg, which indicated a growth increase of 8.6 
kg (19.1 pounds). The wet fish to dry commercial feed 
ratio was 1.27. fn terms of the active feeding, this 
relatively high number was probably due to the other 
foods available in this pond and also to the consump- 
tion of insects which may have come to rest on its 
surface. The fish were extremely aggressive in their 
feeding behavior. 

These fish were excellent in taste in spite of a rather 
thick sediment on the horrom. There are several 
probable reasons why a thick concentration of “off- 
flavoring” anaerobic organisms did not develop. The 
Tilapia were all adult and therefore active breeders 
involved in digging and turning over the bottom. The 
turtle’s activity, depending on how long it was prc- 
sent, probably caused further stirring. The frogs also 
may have contributed to this. The shallowness of the 
pond would have provided for greater surface exchange 
with atmospheric oxygen both day and night in rc- 
spect to volume of water. This would insure better 
respiration for the fish resulting in better metabolism. 
Dissolved oxygen levels were not measxed. 



by the Lundbags. This is reported by Floyd Allen in 
Organic Gnrdmiq and Fanning hfagmine. They lhavc 
begun using Gambusia, the mosquito fish, ils a biolog 
icat control for some of the parasites. Their rice har- 
vest WBS only about ooe-half that usually produced by 
chemical methods. This was largely due to the con- 
dition of the soil and possibly could be remedied 
through such organic means as cornposting ot the use 
of Azollat 

In the past thy Chinesr apparently worked oat rice 
and fish coltore strutegics in coojunction with each 
other. The timing of planting and fish iotroductioo 
have been worked on. I do not have detailed infor- 
mation as yet, but hopefully productive methods 
using organic, ecological techniques are being de- 
vefoped. We are beginning to look into these sttate- 
gics. 

The Dome Pond 

This year the aquacultore pond in the dome was 
used chiefly as a breeding pool for Tilnpti awea. 
Changes in the design and structute of the dome are 
described in the Bioshelter Section. They included 
the addition of a second thermal octet layer of 
Kalwall fiberglass, Sunlite premium grade. The intet- 
nal elements remained relatively unchanged in terms 
of the l8.8rn3 (4,960 gai., pool and the filters. The 
fish cultured were mainly Ti/apia with a few of the 
Chinese big head and silver carp. The carp were new 

,, to this system. 
We had considerable SUEC~SS with Tiiapia breeding 

in the pond. Between 3000 and 4000 young fish 
were Produced. Criginally 116 adult TiIa$~lo were 
introduced. As the young were found and netted, 
they were placed in a small fine-meshed cage which 
was suspended in the pond. 

The first Tihpia adults were pot into the pond on 
23 April 1976. The first young were spotted on 4 
June 1976 -six weeks later. Wore adult Tihpin 
were added on 8 May ?9?6 ‘36 fish), 12 June 1976 
(11 fish) and 23 )une 1976 (14 fish). The total weight 
of these fish was 4,238 gms. Previously, on 9 December 
1975, we had introduced 20 Chinese big head and 

so small. The total mass of fish pot into the system 
was 4,314.S gms. 

The main feed used in the dome was vegetative 
matter with some additional commercial feed. The 
fish were given an excess of edible plants each day. 
The inedible parts that were too hard for them to eat 
were removed to reduce the build-up of organic mat- 
ter in the pond. The feed consisted of a seasonal mix- 
ture of “etch. comfrey, mangold flowers, soy flout, 
Hydrodictyon, and Aaolla and, in addition, some 
zooplankton, crushed snailc and Purina Trout Chow. 
The only quantitative measure made was of the trout 
chow which amounted to 10.03 kg (23.8 Ibs). The 
pond had a rich phytoplankton population measuring 
40 cm ot less with a Secchi disc. Both the Tihpia and 
the Chinese carp are capable of feeding upon this 
phytoplankton. 

The carp can live at mocb cooler temperatwes than 
the Tilapia - 4°C as opposed to 12oC, hut there are 
at least three drawbacks to using them. They do not 
breed in out system and must he induced to do so 
artificially. They ate quite fragile fish and require 
careful handling. In addition, they did not grow very 
well, as the following data will indicate. This growth 
problem could be attributed to their being out-corn- 
peted for food by the Tihpia or to their inability to 
assimilate well indigenous species of phytoplankton ot 
other available feeds. 

The total mass of fish removed from the dome pond 



23:4 kg (5 1 :i lb4 which giver a wet fish tu dry com- 
mercial feed ratio of 2.2. This high nombcr is due to 
their primarily feeding on a large mass of unweighed 
vegetative matter and phytopiankton not included in 
the food input to production estimate. 

Tbc fish from the dome had an esccllcnt flavor 
and the pond bottom was free of any questionable 
smell. Although this expcrimcm was like the one 
conducted in tbc Mini Ark in that it was chieflv a 
Imono-culture, a possible anaerobic condition did not 
prevail for at least two reasons. The first WBS that the 
bortom of the dome pond is corered with a couple 
of ccntimcters of easily stirred sand put there to 
protect the plastic liner from being punctured when 
the pool is drailtetlduringhnrvesting. Although 
Tilapia grnerally do not dig and stir bottom material, 
seroal!y matux fish were included initially and the 
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kn w&s Iletwccn maklgs. but it is not necessar- 
ily a se;lsonal event and, tbcreforc, with a sufficicnt- 
ly large male population, the digging behavior and 
stirring of the bottom is pmlvably continuous. A 
second reason for the absence of smell could bc that 
the dissolved oxygen concentrations in the dome 
pond were generally higher than those in the Mini 
Ark, so chances of an anaerobic condition develop 
ing were much reduced 

The dome aquaculture system had its highest pro- 
ductivity to date this season, providing an abundanr 
new population of Tihpia nuren. As in our other ex- 
pcrimcnts, we are working toward the elimination of 
the commercial feed component. A description of 
some of the physical and chemical parameters being 
tried can be found in rhc Bioshcltcr Section of this 
Joumnl. 



SUMMARY OF THE \VO,W WITH 
SEMI-CLOSED AQUATIC SYSEI\,S 

Tbc past year’s work with semi-clorcd aquatic 
systems dcmoastrstcd a significant step toward un- 
dcmranding fbeir biological complexity and pro- 
duction potential. Tbc fiwz systems tested showed 
how tbc wrious semi-closed s~~stem strategies com- 
pare in ferns of energj~ requiremcnrs and their 
effects on fish growth. The findings provide impor- 
tant guidelines for future work in aquaculturc 
rercarch. 

Aquaculturc l‘ablc I lists the physical dimensions 
of CXll system and tbc data with rcspcct to fish 
production, feed growth ratios and rime required 
for growth. A discussion of each of tbcse spstcms an 
be found in the preceding articles. Table II pwvides 
comparisons between tbc systems in ferms of t,olume, 
time and surface arca. The data for Solar Pond No. 2 
illustrate the viability of this kind of intensive aqoa- 
culture for protein production. If should be remcm- 
bered that tbcsc are the results of our first trials. 
Additional cxpcriments should increase production. 
Tbc results indicate the significance of light on 
herbivorous fisb Production. The increased popula- 
tion of phytoplankton resulting provides higb oxy- 
genation and algae production through heighrcned 
photosynthesis. The high concentmtions of dissolved 
oxygrn accelerate the metnbolism of the fish, cs- 
pccially in warm wafer species, and the increased 
phytoplankton productivity provides more feed 
for mature Tilapia. 

The open trench system in the midge works had 
significantly lower fish production than the solar 
ponds. If required the least energy input, however. 
as it was neither aerated nor used pumps for wafer 
circulation as was the case with the Six Pack Pond. 
The open trench was the shallowest of the sub-sur- 
face systems allowing both for the greatest gas 
exchange with the atmosphere and phytoplankton 
photosynthesis per :tnit volume of total water mass. 



It was the simplest in cosstruction and functioo and 
it produced a significant amoum oE fish - one and 
n third times greater cban comparable sorfxc,arcas 
of South China hecbivorc production. 

A compnrison of cbc s&surface and Solar Algae 
poods illustrates the sigoificarxe of light upon the 
productivity of aquatic systems using herbivores as 
consumers. The understanding of tbc interrelationship 

sod utilization of light by algar is tbc most important 
finding from the yra~ s rcscarcb l’bc osr of solar eocrf:) 
to heat. oaygcoare sod potif:: pond water using phyco- 
planktoo wbicb, in addition, sccvf as feed for tbc 
Tilapia is cxtrcmrly oscful in fish colcow. The oses 
of light will be o strong consideration in our con- 
tinuing aquatic system design strategies and main- 
tenance procedures. 



Cage Culture 
Wilfiam 0. Mcinrwy 

New Alchemy’s newest aquaculture project is the 
rearing of fish in floating cages. The cages were placed 
in Grasp Pond, which borders or. the New Alchemy 
farm. ! had hoped to be able to write P glowing ‘*SW- 
cess story” about “or first experience in cage culture 
but it didn’t work ““t that way, for reasons under- 
stood and othenvisc. Instead of a soccess story with 
how-to-do-it instructions, this is a progress report essay 
on the art of cage culture and a commentary on the 
stati of fish farming in North America. 

Let mc hnsten to state that I have not lost faith in 
the concept of cage culture. Growing f&b irr fioating 
cages is a more or less traditional technique in Cam- 
bodia, Java and other parts of Southeast Asia. More 
recently, it has been applied successfully in large scale 
commercial fish culture in Japan and the United States. 
More to the point is the recent success in small scale 
cage culture of bluegills (Lepowir macrochirus) and 
hybrid sunfishes in the Midwest where fish farmers 
have bee” able to raise up to 100 pounds of sunfish 
in 3’x3’a3’ cages in a single growing season. (I.iglcr, 
1971) 

1. The confinement of fish in a small volume of 
water. as in the Back Yard Fish Fame. nccessitatcs re- 
circulation and filtration of tbc water i&ubsta”tial 
amounts of fish are to ‘ic grown. In a large outdoor 
body of water, these needs are eliminated, Lot the 
particular advantapes of keeping the fish in a small 
enclosure are lost. Cage culture combines the best of 
both approaches by confining the firb in a small spare. 
but nor a small volume of water. That is, the water in 
the cage is continually being replaced by clean water 
from the surrounding pond. In fact, the fish through 
their norm21 breathing and swimming movements 
act as a “pomp” to circulate their “WI water. 

2. In many cases, fish which already inhabit the pond 
can be placed in the cages for intcnsivc culture. In this 
way, ponds which are “verpopolatcd or otbcrwise poor- 
ly suiwd for food fish culture cam be used as natural 
“hatcheries”, eliminating the expense sod labor of 
purchasing or breeding stock. 

1 think the potential of this form of fish culture as 
a family or small-scale commercial food source is 
obvious. The implication of successful fish culture in 
so@ cages is that anyone with access to ““polluted 
standing water could raise tish for the table and 
perhaps for sale. Not everyone has such access, but a 
lot of people do. In Massachusetts alone, for example, 
there are 151.739 acres of ponds and lakes. To apply 
the idea to a part of the country “of so favored with 
natural lakes and ponds, there are 75,000 artificial 
“farm ponds” in the state of Illinois alone, which 
amounts to at least 50,000 acres of potentially produc- 
tive water. 

Cage culture has the further advantage of being one 
of the few methods of fish culture which is compatible 
with the other valocs and uses of a pond. A pond like 
Grassy Pond, with its extensive shallows, brush and 
“weeds”, irregular shoreline, natural fish predators, 
etc., viewed solely from a food fish production stand- 
point, is very “inefficient.” But to convert it to B con- 
ventional, “efficient” fish culture pond would serious- 
ly compromise or destroy its value in tetms of sport 
fishing and other recreational use, wildlife habitat, 
and esthetic pleasure. To “SC it for cage c~ltore, on the 
other band, modifies only 2; few square feet of the 
pond’s surface. The cages may eve” enhance fishing; we 
find that bullheads, in particular, tend to congregate 
under the cages, fattening on morsels of food which dip 
by the caged fish. 

I have been asked how our cage culture work re- We ate by no mcam the first ones to perceive these 
lates to .he Back Yard Fish Farm and similar srmi- advantages. The editors of iarm Pond Harvest maga- 

closed fish culture systems for which New Alchemy has zine, in particular, have been active in promoting the 

previousiy been known. (McLamcy and Todd, 1974) use of cage colrure and other methods to restate the 
Both ate intended to produce fish at !.,v cost in a America” farm pond to its intended role as a food- 
small space and in quantities appropriate for bome- producing resource (see addresses at end of article). 
stead “se. In both methods, rhe fish ate confined in a However, their wn:k. like that of most others in the 
wry small space, which simplifies feed+, inspection, field, bss bee” heavily dependent a” the “se of co”>- 
and hatvesting. Those without access ta a natural body mercial fish feeds. For those of you who lbavc not been 
of wster or a site suitable for huildiog a” outdoor exposed to conventional American fish culture, I should 
pond will have to resort to sometbiog on the order of point out that it is moving rapidly in the “agribusiness” 
our Back Yard Fish Farm in order to mise fish. But for direction. One of the clearest symptoms of this is the 
,those who do “w” a pond, or bwe access to one, “I c.,” composition of commercial fisb fccda. There are “umcr- 
build one. there are at least two adwntitger to cage ous mioufacturcrr of dv feeds for tmut and catfish, our 
culture: two principal aquaculture crops. ‘Tbc first ten ingrrdicnts 



listed “13 the label of one bnnd of troot feed arc: “fisl, 
meal. meat “,cLBI. soya bea” “,Cill. wbcilt germ meal, 
tisb fiber and glandular meal, zmimal liver mal, cofn 
glurcw meal. debydmtcd alfalfa mcol, dried skim milk, 
dried wbcy products..... ” ‘The list goes on and cow 
cludcs with no Icss *ban 13 ryntbetic Yitamins 2nd 6 
nddcd minemlr. 

Scientifically inclined readers may be appalled at the 
encrptics of formulating such a feed. O:bcrs will 
question tbe appropriateness of feeding fish on potcn- 
tially useful human food. Still others will criticize tbc 
ethics or politics of using iocrpensi\,c fish from the 
coats of South America to make expensive fish for the 
Snrtb ,American table. Tbc least debatable drawback 
to such prepared feeds is tbc expenrc. Each of the in- 
precli~ntr costs, and these costs are rising. I know of one 
cwc whcrc a fish farm. with the he!p of an economist, 
fwmulatrd its owe Lou cost, high growth feed for a 
p:nrtiaI,rr species of fish: the cost of fbis feed lhas in- 
crca*rd bv a factor of 6 io as many years. It is hard to 
grcrv firl~~in~\penri~cl~~ with an expcnriw food. 

The prepared feeds are effective; at the present time 
we cannot say “Feed this and that and your fish will 
grow as well or better tha they will on P prepared 
commercial feed.” This is because, given the nature of 
American businer; and agriculture, \~irrually all the rc- 
search that has been done on fish nutrition hasaimed 
t;,ward the development of “complete” prepared diets. 
It is assumed. not proven, that natural or fresh foods 

,‘,: 
cannot compete economically. 

I therefore conceived that it would be useful to 
:‘, 

grow fish in cages in Grar~ Pond, feeding some on 
prepared diets at conventiona! rates and others on 
“natural” foods \ve could provide at vet? low cost and 
without competing wit!2 our own diets. For reasons 
which we do not fully underwmd, we failed to produce 
significant quantities of edible size fisb cm either diet. 
Howwer, I think *xc: work sheds som,z light on both 
the relative vsiue of both rvpes of diet and on the 
problems and techniques of cage culture. It is therc- 
fore reported here. 

\Ve began with only 3 cages. due to a lack of funding 
for the project. The mesh material for the cages was 
\‘exnr, a nylon made b!~ DuPont specifically for use in 
fish cager. Fish cages haw -.Iw been made of plastic 
coated wire, but fish farmers report this bag not been 
as rcliabie as Verar. Imagine the dirappointmcnt of 
the fish farmer who polls up his year’s crop - and 
watches it fall through the bottom of the cage. It has 
happened. The part winter. in Colombia, I observed 
some beautiful and durable cages made from strips of 
guuadua, P type of bamboo. but ! know of no indigenous 
North American materlai with similar qualities. \Yb:tt- 
ever t?‘iw of cage materinl you choose, to mnimizc 
water cmxdation and minimize tbc need for cleaning, 
use the IarRest me+ siz that will contain tbc fish. 
Ourr t*as one quarter in&. 

Oui. cay0 were provided with P rigid woude~~ frame 
at the rurf;lre. but wcrc orhcrwisr unwpponcd The? 
were conslrocted by rcwinp topcthrr scctiorts of Vcxx 
ncrring with 1,vlon liw. Cwnmcrcialiy manufactured 
cages hare a r&id franc on all sides, and we found oat 
why. ‘The unsupported cage WBIIS tendcd to buckle 
slightly, not enough to deform seriously the cages, but 
enough to begin forming cracks in tbc Vexsr. In one 
cage, thcsc cracks eventually opened. forming holes 
large enough m pemlit tbc escape of fish. 

Flomtion for the cages was provided by 4 pieces of 
stvrofosm 36” I 9” I ,“, attached near the top so that 
l joot of the total cage height of 4 feet was above the 
surf;lcc. WC felt this eliminated the necessity for tops 
on the cages, though if one were growing a species of 
fish more given to jumping than sunfish, tops would 
be nesessay. Tbc floats were enclosed in CBI,WS bags 
so that the atyrofoam, should it break. would not 
non t way. 

The cages were anchored in the pond by means of 
cinder blocks attached to tu’o of the comers with 
nylon line. They were set in water deep enough that 
the bottoms of the cages were clear of tl,e pond bot- 
tom at all times. 

Figure 1 is a sketch of one of our cages, with a 
wooden frame added on all sides. Another feature 
we want to add next time is some sort of snap ar- 
rangement, so that a boat can be quickly and snugly 
fastened to the side of the cage. 



For those who do not want I<> go to the bothrr of 
building their owe cages, I have appended the ad- 
dresses of a ownher of commercial cage manufactur- 
ers. onr “f tt,cm, Illqoa C”rpor:nioo. also offcrr il 
$1 booklet mtittcd “Profitable Ca$e Cultarc”, 
(Ncff & thwrett, 1975) which goes mm the why 
and how of growing fish io floating cages in much 
greater detail that, I can here. 

Each cage wzw stocked with 200 “hybrid bluegills”, 
a cross between mate green sunfish. Lepomis cynnellur 
and female btrwgitts. The use of these fir:) is oat esseo- 
tial to cage culture, which can 1: applied to most 
species which can be cultured at all. I chose the hybrid 
because it is supposedly a particularly fast growing fish 
which combines all the desirable chatactcristics of the 
htoegill with a mooth nearly as large as that of the 
green sunfish, so that it is easier to feed. 

Each of the 3 cages war stocked on May 14 with ap- 
proximately 200 young fish weighing a little over 2 
pmw each. The cages wcrc dcsignatcd A, Band C. For 
the first I5 weeks of the experiment. the fish io Cage 
A received only natural foods, white those in Cage B 
were fed daily except Sundays with l/8 inch Silver 
Cup floating trout feed in an amount equivalent to 
2% of the estimated total weight of fish in the cage. To 
form an idea as to the importance of foods which cntcr- 
ed the cages natorally, the fish in Cage C were wt fed 
during this time. 

There were three principal components of the natural 
food diet: 

1. Earthworms: This is of course the archetypal fish 
bait, and for good :easoo. Fish, including our sunfish. 
lob-e them. Earthworms hare another advantage for 
the fish farmer in that good methods have been dew- 
oped for raising them (see Book Re!,iew -- page 29) 
though fish farmers hare not taken advantage of this. 
We started a small earthvonn culture this year, but 
the bulk of our wor,ns were gathered from compost 
or Iewes. Worms were fed to the fish by placing them 
on a perforated Styrofoam float. They were eaten one 
by one as they \wrked down through the h&s. 

2. Flying insects: These we:c captured with the aid 
of ultraviolet “bug lights.” We had ao old style bog 
light with an electric killing grid, which was donated 
several years ago by Gilberr Electronics of Jonesboro, 
Arkansas, and tbir \ ‘as oscd. But this year we received 
the generous donation of two “WittO-the \Visp” bog 
tights from Hedlonds of Medford, \t’isconsin (see list 
of addresses). These lights are manufactured cxpress- 
ly for use in fish culture. The insects are sttrncted to 
the tight, sucked in by an imprt:er fan ami bto~n down 
into the water. Doe to B lack of eteciricdt wire, we WCK 
unable to install ours eve? the cages, but instead had to 
attach B bag to collect the inscctr. Certainty the tr:lp’s 
effectiveness was reduced, hot on good nights we har- 
vested as much as a quarter pound of insects, mainI) 
midges and moths. On ha<! nights the barvest was 

virtually nil, wen during June. our prick “bog scasor~.” 
I imagine thcx ligbtr wooId Ix more effecti\-c cow 
sistently in the hlidwcrt or Sooth whcrc hot, sulrr? 
sunmwr nights pwvail. rarhcr than on Cape Cod whcrc1 
wiodv nights we tile rule. Nrwrthclcrs. the cost of 
providing his!, quality fish food in this manner was 
less than a nickel a day using convcnrionxd ctcctric 
power. Were WC to succeed in developing a U-V bug 
tight powered by B wind-charged battery. that would 
be as close to a free noct~r,~ilt lunch for fish as ooc 
could get. 

3. Midge larvae: Cage C was proGded with a 2’ x 6’ 
burlap sheet of these larvae e\rry other day; their 
culture is described in previous issues of T/x Jourml 
of t/x New Alcl,erxistr (McLarney, 1971: McLarney, 
Levine and Sherman. lP76). 

Occnsionat tidbits of other live or fresh foods were 
added. but not in significant amoont~. It was wore 
difficulr to quantify accuratcty the n~torat foods than 
the dry feed The amooot of insects caught by the 
iights, in particular. was out of our cootrot. The quo- 
tity of midges fed also varied from feeding to feeding; 
assuming our production rates are essentially the same 
as in previous years, the average feeding amounted to 
about 100 gmms. The quantity of forms fed was more 
amcndbie to regulation, being a function of the amount 
of labor expended. However, since the primary goal 
was to dcvclop a feeding system which would be prac- 
tical for a homesteader or small farmer, the total 
amount of natoral foods used was limited to what could 
be gathered in an hour. Thus, on some days, particularly 
later in the scasoo, the combined dt?, weight of the 
three types of natural food felt short of the total 
weight of dry food fed. The approximate proportions 
(dry weight) of worms, flying insects and midge tarwc 
in the natural foods diet were 75%, 20% and 5% re- 
spectivety. 

About every two weeks a sample of 30 fish ws taken 
from each cage and weighed. This figure was used to 
estimate the total weight of fish in the cage, which was 
in two used in preparing new feeding rates. Comparison 
with the actoat weight of all the fish in a cage, on the 

three instances when such a comparison was made. showed 
that our estimatcr ran about 10% low. 

The feeding and sampling regimes jest described were 
followed throughout the study, with the following 
changes: 

I. On June 29 it was dstwmined that the fish ir Cage 
C had ceased growing altogether, and perhaps had started 
to tore weight. The mean weight of the sample fish on 
that date Ivan 2.2 grams; o,, June 14 if had been 3.3 
@m,s. From Jene 30 ttrroegt, September 1, they rc- 
eeivcd the sane drv feed a!. dlc fish in Cage B, but in 
daily amounrs rquivnlcnt 18, 3~6 of the total wright of 
fish ii;,thc cage. 

2. As the daily feed ratiow became larger, it becanw 
less certnin that ifll the food w:l* being consumed. On 



August 4 we therefore began feeding twice a day. 
3. Sometime between August 31 and Scptembcr Ii 

a hole was formed in Cage B. permitting the escape of 
about 75% of the fish. When this was discovered, the 
remainder of the fish were removed. weighed and re- 
distributed behvecn Cages A and C. From thee on the 
experiment was altered as follows: Cage C was fed 
with dry food at the 2% rate, Cage A received the 
same plus 100 worms (approximately 60 grams dry 
weight) and an average of 2.5 grams (dry weight) of 
flying insects daitv. 

4. Our first kiting frost occurred on October 12; 
this coincided with a drastic drop in the water tem- 
perature. This was reflected in a marked reduction in 
feeding by the fish. It was thus decided to make the 
final harvest on October 19. 

We had aimed at producing U lb. (114 gram) fish by 
Se the end of October. Assuming 100% survival and no 

escape of fish, this would have given us 600 sunfish 
weighing a total of 150 Ibs. (68,100 grams). Our actual 
final harvest was 367 fish weighing 14.4 Ibs. (6,325 
grams) or 9.6% of our goal. The mean weight of these 
fish was 0.04 lb. (17.8 gmns) or 16% of the target 
weight. From a production point of view, a failure; 
hut there is something to be learned from rhc experience 

“, and it has not caused me to tore faith in the potential 
of cage culture as a means af producing food fish on 
Cape Cod or elsewhere. 

In an attempt to analyze where WC went wrong sod 
to illustrate what WC hwe pcrha~s Icarned, let mc offer 
a scrics oP graphs and tablcr illustrating the escimatcd 
total and nwiln weights of fish in Cages A, B and C, 
and their rate of growth during 3 Qortions of the study 
period. 

Graph/Tsbte 1 cwers the period from stocking (May 
14) through June 29; feeding commenced Mzy 18. The 
first thing one notices from the graph is that we got off 
to a bad start. White in the latter part of the period 
(June 14 to 29) growth was satisfactory, it was certain- 
ly not so prior to that time. It may be that both the 
118” peltcts and the natural foods we?c too large for 
the fish, and that they were forced to derive a signif- 
icant part of their nutrition from plankton entering the 
cages naturally. That this is possible is shown by the 
cutve for Cage C. where the fish realized some growth 
during the period May 14 to June 14, although they 
were not fed. 

Graph/Table 2 covets the Qeriod June 30 to Septem- 
ber 11, during which time all three cages were being 
fed. Although the fish in Cage C wetc receiving 3% of 
their estimated body weight in dry food, white those 
in Cage B received only 2%. there is no apparent differ- 
ence in growth rate except during the first two weeks 
of the period, which was the first time Cage C was fed 
at all. 

The abrupt decline in mean weight of Cage B fish 
in the last two weeks of the period is apparently con- 
nected to the escape of 157 fish of a total of 208 during 
that time. Had individual fish actually lost weight at 
the rate indicated by the cuwe, it would certainty 
have manifested itself in QOOr physical condition of the 
fish, which was not noted during the September 11 bar- 
vest. For the sake uf facilitating comparison, data from 
the August 3 1 sampling rather than the September 11 
one are presented in Table 2. 

Graph/T&btc 3 cows cbc final 6 &kr of the study, 
during which time both cages received dry feed, white 
Cage A also received a natural foods supplement. 
Growth. white very poor in bath cages, was somewhat 
better in Cage A. The toss of weight in the last 2 weeks 
is associated with a shav decline in water temperature 
during that time. During October most of the fish rc- 
fused to accept dry feed, although natural foods were 
acccpteu whenever they were offered. 

The superior growth rates of the fish which 
received dry feed may tetlect not so much a& 
superiority of that diet, but the difficulty If 
providing an adequate amoont of natural f0o.L 
It is virtually inconceivable that a diet com- 
posed of live earthworms and a great variety of 
fresh insects could be deficient in proteins or 
vitamins. but it may have fallen short of the 
fishes’ carbohydrate needs. We could. of 
course. incrcue the total weight of natural 
foods and therefore the amount of c;~rbohy- 
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‘, drates reaching the fish by improving dx ef- 
ficienq of ourwormculturc or by adding ad- 
ditional types of food. But we should also can- 

sider a compromise feeding strategy. Carbohy- 
drate is relarively easy and inexpensivs to sup- 
ply in dv form: the cost of prepared fish feeds 
is largely due to the protein components. On 
the other hand, protein and vitamins arc prc- 
sent in high proportions in most natural foods. 
if may be that rhhe “ideal” fish diet would he a 
dry feed made of cheap grains, plus a smaller 
quanriy of live or fresh food of animal 
&?i”. 

(‘~mparison of the different diets aside, the 
halvests trrvn the cages were uniformly dis- 
appointing. One factor which may have con. 

,:, ,, tributed to this has already been mentioned .- 
,, use of fupd pnrticles coo large for the small 
‘: fis) in the first,month of the study. 

~‘,: ;:‘: “, There may alro have been some problems 
,’ ~with wafer qualiv. Periodic testing of dis- 



solveJ oxygc,n C”llcmtrati”ll md pll ill the 
cages and in fhc open po”J always rcwa!cd 
“car-optimum levels. No differences were 
observed between the two c”virwwe”ts. But 
there may have bee” other problems \rr wcrc 
unequipped to detect. line to uni~s”cJ hy<!m- 
logical conditions which prevailed in 1976, the 
rolumc of water in Grass>- Pond was well bc- 
low normal and the clrannel which ordinarily 
co”“ccts it with a iarger lw”d Jricd up. This 
combi”ation of circumsranccs may bavc con- 
triburcd to a build-up of sulfur comp~u~ls or 
other hnrn,f”l subst.~“crs rhici, would “ormal- 
Iy have bee” flushed out or diluted. (The pre- 
SPIICC of slilfur was obvious TV anyone wa:!i”g 
in the pond.) 

Timr of ferding may have hec” “core in 
portant tba” we at first surmised. Initially the 
fish wetc fcJ onI\ in tbs muraing; kter a 
#ate afternoon f&ding was added to ihe schc- 
dule. Feeding during :he full heat of the day 
was avoided, but a strict schedule was not 
kept. At first, the fish fed en~‘~~k~stically 
whenever food was offered: but, as rhe scaso” 
progressed. they became more rel”cta”t to ac- 
cept the dry feed. Late in the sewon ;L few 

feedings wete done very near dawn ot dusk, and the fish 
appeared much more enthusiastic. It seems BE though 
better food utilization :night have occurred if WC main- 





If, like home cultures, we were given to character- 

izing our years ;,I some /es prosaic manner than 
chrono,og;cal numbers, as in the Year of the T;ger 

or the Year of the Dragon, or, as the t;me we f;rsf 

knew Bill McLarney has come to be called the 

Summer of the New Potato, then th/s past year for 
us would have to have been the Year of the Arks. 

We have somehow surv;ved their construction, com- 

pletion, openings and f;rst winter. And the results 

op to now seem to more than justify the effort ex- 
pended. They work. The word m”st be fair/y well 

around by now that the bkxhelters on both Cape 

Cod and Pr;nce Edward /s/and weathered the past 
w;nter, the f;ercest in years, ;n fine fetde, having 

only infrequent recourse to wood and coa! back- 

up systems. 

Because of this and because we think that, having 

launched the idea, it is ripe for 3s many adapirations 

and applications as people choose to make of it, we 

are initiating with this issue a separaie section of the 

Journal for their discussion. From now on, the ap- 
,d;cat;on ;s the thing. To date, we are aware of two. 

lo Massachusetts, John Ames is undertaking the 

manufacture and sale of a small sofar greenhouse 

based on the design of our Six-Packs described ic 
Laura Engstrom’s article. And in Nova Scotia, O/e 

Hammarlund and David Bergmark of So/search have 
designed a bioshelter annex which has been added 

to the back of an old farmhouse. Barbara Jack and 
Dick Hinners, who did much of the constructimi 

themselves, have built it for Dick’s mother, Mrs. 
Ann Hinners, a long time New Alchemy Associate. 

If is called the Granny Ark and will unquestionably 

qualify as the first antique-furnished bioshelter. 

Theotherarricles in thissection / like to thick ofasa 

trilogy. TheyarepartiaNy included in the Book of the 

New Alchemists. The first, by John Todd, advocates 

a fundamental shift in the paradigm of design, using 

the P. E. /. Ark as the model of the tangible results 

of such an approach. In “Bioshelters as Organisms”, 

Ron Zweig elaborates on this type of thinking, using 

the enalogy of the dome and a cell as a working il- 
lostration of what we mean by the Biological Meta- 

phor. Ear/e Barnhart in the “Bioshelter Primer”, 

describes in theory and actuality the creation of a 

semi-closed ecosystem in the Cape Ark. As with the 

solar algae ponds, the secret of the bioshelters seems 

to /ie in a great/y increased receptivity to light. 



I An WY Exploration I 

fields, has shattered unities inherent in pwindustrinl 
cultures. In the absence of a powerful and moral rc- 
liginus tmdirion, a Y~CUU~ has been created within 
which bits and pieces of knowledge fly about us. Some 
are comprehensible, many are not. If will bc the re- 
molding of the bits and pieces, ancient and new, that 
will bring ;I rebirth of a more wbolistic vision. 





In the living world ewh~rionz~~ design is for SonW 
onesplaioed reason combwoos and highly adaptive. 
Inherent in its adapcahilir~ may lit some of the clues 
essential to rttempting if synrhcris of modern knowl- 
edge. Such rontinu*us adqmd~ili~ is wry imporrmt. 
It is at once archifecfure and rfrucfure: it is also 3 
dynamic procesr. dewloping unity where chaos would 
od~erwise ensue. The First LAW of tbermodyrramics 
says that ener~ is neither created nor destroyed. The 
Second Law of thermodynamics s!yr fbilt energy can 
only be ~jcgradcd or dirpcrwj. Tbn IS entropy or a 
mrarure of disorder. Bcczwse no transformation is 
100 ~pcr ccm efficient. there is 3 continuous cjcgrada- 
tion of tbc qualit)- of energy: Bat in tjle universe and 
in living forms riltber than degradation into chaos, 
through the process of catropy. we llave tbc crc.atinn 
of rpscial forms nod morphic order. This may well bc 

,‘, energy’s last hurrah. Physics x’s. biology; energy vs. 
:‘t, life. 
,, ,, 

Such must be the basis not only for a reinrcgratioo 
,’ of modern kno\vledgee, but for the nx,ps or models 

i,,. : we de\,ise for restructuring the ways in which bumao 
,:i::: communities are sustained. Should we onco~~r the 
$;,‘i ‘morphic form of t!le earth and of life within it so 
$::;‘,,, that we onderswnd ia o~@za:ion and self-rending 
?I:~:, abilities, the keys to design will he attainable. The :,,;,,,~ 
i:,‘,:‘: term “morphic” is borrowed from Lancelot Law 
,; 
,’ ‘,, ,\Vhyte who used it to describe all processes that 

,generate sjmcial form. He used “morphic”, a word 
‘C;, 

derived from Greek, as a modern name for tbc spa&l 
~,’ expression of the tendency towards unity, o&r and 
~’ intelligibility. Tbir tendency in nature has been recog- 

nized as long ago as Plato, but there has been no 
:’ theory fully explaining ir. After 150 years of intensive 

“:, ,biological stucjy, bowever, there are the rudimentary 
‘, ‘~ beginnings of a satisfying explanation of how tbc 

world works. Some grasp of the adaptive strategies 
:, that enable nature to accomplish so much with so 

little becomes possible. In the term nature I mean to 
mclude its ecology, successional changes and pathways 
and in a larger time frame, its evolutionary course. 

Organismic and wholirtic biology is perhaps one of 

In this general overview, 1 have tried to describe 
the process by wbicb nature changes over time. Such 
occurrences BS fires and flood or changes in climilte 
can ~CYE~SC this process. It is not lincw. But nature 
is constantly organizing, wen uodcr stress. Lift lbab 
adopted a wriety of a,,p’““cjx~ :o accomplish 
given ends. One of fbc ironies of burn>>> history is 
that roost civilizations from ibc ancient hydraulic 
ones of the great river valleys through colonial cul- 
tures to modern industrial societies hue based their 
support on practicer antithetic to the course of 
oatore. All of them have violated principles which, 
although not yet folly understood, bwe proven 
extraordinarily succesrful for all other Corms of life. 

the least appreciated and least taught arcas in science. Yet, 
within this century, an enormous increase has taken 
place in our understanding of the fluxes, movement 
of energy and the physical dynamics of living systems. 
If is beginning to be understood how living systems 
reorganize themselves, becoming higher expressions 
of the possibilities inherent in life. By “higher” 1 mean 

,: si~~ply that which is attainabie by the interaction of 
::,‘i life forms. Ecosystems change with time. These 

‘:, clxanges are limited by a variety of factors, including 
climate, tlw availability of nutrients and the oatore 
Aneighboring ecosystems. Ecosystems shift from 

: ‘: entities’which, for example, bwe initially linear food 
:: 

We bwe not yet considered devising a culture which 
emuiates the proc<sses of r,ature. I sboold like to 
propose that culture can be transformed tbrouglr 
such an emulation. 

WC are lenming that tbe st~~ctore of a ,y:tem, 
and not its coefficients, determines its ulti- 
mate hehavior.2d This discovery, if true, will have 
an enormous impact on all levels of design. It 
implies that the behavior sod fate of B swtcm is 
determined by its organization and strocturc and 
not by its rate of expression or its cocfficicnts. 

The strwxure of modero industrial Western 
civilizations and. to a large degree. that of all 



sucic:ics has bcw Fundamemtlly and radirlll! 
tr~osformcd iincc the indurtrizl rcv~~luti~m. The 
prcsenr r*ru~xtwe w** predinrrd 0~1 the fr;lpmrnt- 
ing of fuwtion. Manufxwriq. cnmmcrcc and 
*griculturc hecamc rep*r*ted in borh SI~EC nnd 
time, and there is a division of the civ from the 
countryside. Superimposed on this was a glohnl 
support network of resources. like minerals, fibers 
and, in more recent timer, food. In a period of a 
few centuries, the \\‘estem nwrld passed from I 
condition of somcwhx ~~ton~mo~s subunits that 
wcrc relatively intcgraed 2nd internally self- 
regulxing to partial units operating in it global an- 
text. Originally, this was based on im:xrialisnt and 
doCdiim. mrm rcccntly upon multi-national 
cconon~ic unirs. A dranatic change in the cncr~ 
infused into these systems caused a radical tram- 
fwmPrion. f<ner~~ in onr form or another was con- 
crivrd of as bcintg cheap and limitless. either as tlw 
coo! :c or the slave in the c&my or as massive 
quantities of coal. The dependence on petroleum and 
its .lerivatires in the last hundred years is an even more 
dramatic example. 

The struct~rc of the contempora~ world assu,,,cs 
a foundation of limitlesssupplies of cheap petroleum. 
This assumption underlies fossil fuel fired generating 
plants attached to central power networks and in- 
dustrial agriculture which uses between 5 and 20 
calories of petroleum-derived ener,~ to put one 
calorie of food on the American able. Architecture 
is comparable in its practices. with massive use of 
glass, air conditioning and heating. Transport networks 
and manufacturing, sustained by fuel demanding en- 

Srructure dctermincs fate. Coefficients wry rates 
and relative dominances witbin a system. The physi- 
cist Amoq Lovins 5 has suggested that, if structure 
and not system coefficients detemtines behavior, as 
hc believes, our prcaent civilization is fated and will 
prow unsustainable. 

Unfortunately, at the same time that structure is 
beginning to be seen as pivotal, science and tech- 
nology are addressing themslves almost exclusively 
to cocfficicnts. For example. in the tmusport sector. 
automobile engines are being designed fur greater 
efficiency. The goal is to double gas mileage over 
that of a few years ago. This is a coefficient-related 
activity on the part of technologists. .4t no point 
is the transport structure itself including the high- 
way system and the fuel base being seriously ques- 
tioned. Because WC have built a society to which 
this structure is essential and because, as we know 
it, it will collapse without the automobile, the 
larger question of transport remains taboo for scicn- 
tists and designers. The same holds true in archi- 
tecture. Although architects are devising ways of 
conserving energy. little attention is being paid to 
the function of building; in society. We use separate 
buildings for teaching, commercc,m3nufacturingand 
living. Food is grown in separate greenhouse sfruc- 
tures. The functions of buildings have been separated 
into distinct units which are incomplete from an 
energy and social perspective. 

Architecture addresses itself to coefficients; structure 
is left intact. Combining the various functions through 
integrative design, which could lead to a vision of build- 
ings as “ecologies”, is not being considered. This is 
true in agriculture and in many other key amas of 
human endeavor. By focusing on the coefficients. 
science and technology are buying time for society. 
The ability of contemporary science to improve tech- 
nology but not alter the fundamental structure of 
society helps explain the drive to develop nuclear 
power so that there will be enough power within this 
century to sustain the existing industrial base. A blind 
attempt is being made to sustain P system that is un- 
sustainable with its highly centralized interconnected 
energy grids and its massive use of energy. Genuine 
alternatives are not readily conceivable. An alternative, 
which would require a radical restructuring, could lead 
to more humanly hased techniques and environmental- 
ly restorative methods of providing for the needs of 
people. At the present we ate trapped in .tn intellectual 
cage, created by our own science. Tbc future is either 
apocalyptic or materialistically euphoric, ‘a la 
Herman Kahn. 



If it is assomud that corffirirors xc ool!; boyiog 
time, the vital support eIcmcot\ of our roctety most 
be totally redesigned. For * traositioo to txkc plxx!. 
the oew processes being crcarcd mtwt bc ;rllos;cd to 
co-exist witbin the present strucrore. A beginning can 
Ix made by asking rimple, fundameot~l questions. 
Only by asking such questionr can a societal stroctorc 
that is truly adaptive be foreseen. 

It is perhaps the first time in histo? that people are 
being asked to EWSC, on a multiplicity of levels, the 
landscape of the future. There will be little time for 
the slow adaptation of techniques that has characterized 
change in hunno experience until now. The central task 
now is to find no adaptive structore in which individual 
lives are optimized. In the first place. it should he a 
stroctore in which a majority of people parn:ipate in 
the processes that sustain them: in \\bich part of their 
time is involved iv the prodaction of energy and food 
owl io tending their shelters aod the landscrpcs that 
nowish them. Nen kinds of stroctorc imply unpre- 
cedented levdr of synthesis, for part of the neccssnry 
reintegration of the human experience most include a 

,, heightened awareness of the natural order upon which 
we depend. People and process nest become one. 

The second aspect in the design of an adaptiw 
homan support system is that SE& or sire be reduced. 

:‘,, Present technological societies operate through tech- 
nocratic elites. Because of such elites most people are 

:, 
removed not only from the activities that support them 

,,, 
:,, but also from control of political and econotmc pro- 

cesses. If people lived in smaller systems, their euper- 
ience would he more direct and political judgment on 
the part of the majority would become more sensitive. 
It should be possible to red&t science along partici- 
patory lines in terms of both the physical aspects of 
life and in terms of the :rody politic. 

A third basis for an adaptive society is that human 
needs be fused with the needs of the biosphere. The 
biosphere is the vehicle which provides us with the 
gases we breathe, our foods and the purification of our 
wastes. From it come all the materials upon which we 
depend. Ecosystems far laxer, far more complex 
than ourselves or our societies, are essential to us. This 
needs to be acknowledged in the new synthesis. The 
highest prioritv is that these ecosystems be enhanced, 
that their fahhc be strengthened by our presence. Only 
throogtt working with the biosphere can we help our- 
selves. This is not impossihle if it is a basic premise of 
design. 

‘The fourth essential part is that inexhaustible energy 
*aurces - the sutt. the wind and biofoels - should be 
the primary inputs within an adaptive framework. 
Natural systems are predicated on these forces. Human 
ones oughtto be. Each region should develop a stroc- 
tore based on the energy fluxes impinging upoo it. 
If this becomes the basis for design, more aotonomoos 
subunits would evolve. They would be more highly in- 

I, 

rcgratcd in*0 the I:ugcr ro~irooow~t iaotl In* \ olocr- 
iMc to di*roptioo* 01’ scarcific5. I<cmaioin;: ~pctrolcom 
would not bc lwwxl c;wlr*sly ht uwld lw uwl for 

Iooy-IiveJ miftcriills. *pcciitl owliciow iand 11x l&c. If 
the wtorxl cocrgy falling oo il region wcrc ~mxlc the 
basis for life support, nwrc rubtlc, less violcot tech- 
nologier would cosoe, which woold allow for B degree 
of human involvcmcot now impossible because of the 
nature of most of our machines. This is the case with 
New Alcbem~‘a Ark on Prince Edwxd Isb~od which is 
powered by the son and the wind. \\‘holistic design 
within an ecological model gives birth :o what are 
now dimly conceived possibilities. 

What is an adaptive structt<re? It would lxwr to 
include the above characteristics. but to be successful 
it most go one step furrhcr. WC most ask: arc thcrc 
in the living world cquivJrnt processes which. when 
subtly adapted :o stroctornl and electronic compoo- 
ems, cm sustain socities , performing the jobs pre’ 
scntly done by capit;! intcosive. energy-conruming 
and polluting proccsscs? Can organic. Iwing cquiv- 
alcots to the mechanical and energy dernandiog sop- 
port components bc found in nature? At New Al- 
chemy we have been exploring this question for 
several years and we are finding such li\sing cqoiv- 
alcots; Agriculture and eocr6?, cao be structured on 
the modeis of living systems. To do so, it is oecessary 
to integrate biotic elements with structural, electronic 
sod appropriate technological components. employing 
rhc strategies of oatorc. There may be an adaptive 
design unity inhcrenr in nature which can be used 
for humac ends. 
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It is Y fact perhaps not fully apprcciatcd that north- 
ern societies or tbosc in Iharsh climittcs lhilvc greater 
energy needs and dcpcndcncics than those with milder 
clim;ltcs. More energ); is rcquircd to accomplish given 
societal tasks and to mainfain a paticular standard of 
living. In u&r to ac!lievc present day standards of 
IiGtg, modern industrial cirilizations &peed upon 
global networks requiring ~lir~~ruportiuaatcly large 
atrwunts of fuels. foods and shelter. Canada and the 
United Stutcs USC more mcrgy per capita than an> 
other nation.7 ~4 good share of Canada’s pctrolcum is 
burned in beating buiklings.S 

About 55 per cent of the Canadian cncrgy use is 
in heat, nearly all of it at a relatively Ion tcmpcrtt- 
cure, below 140” Ccntipdc. Space brat (less than 
100° Centigrade) xcounts for wcr 58 percent of 
the tomI hear budget with the domestic sector using 
the great bulk of it. Electricity, the subject of so much 
debate and the scene for so much capital investment, 
pIa)-s a far less significant role in Canada’s energy bud- 
get. In 1969 more than half of the total encrp was 
consumed PI heat and only 14 per cent tis electriciq 

(op. cit.). 





.:x~cn..i~m of the concepts devcloprd in the Cape 

:y, 

an habitation is not just 2 
it may look quite similar. 

5 :i,d, side, the Ark on Prince Edward Island 
conservative house which 
prerence of tt!e earthen 

its hulk (Photograph 2\. 
the Ark and an orthodox 
entd; the Ark is d micra- 

fully cwtsumin;: finite ruhstances such as petroleum 
and 0th~ fuclr. it attains its rlimaic from rcncwrblc 
encr~y sources. nrmely the \\.:nd .UNI the sun. A ram- 
pwison of the Ark vith crrthodw housing is INKIC in 
Table I. From a design point of view the diffcrencer 
arc radical. The table lists 20 categories or nttributen 
of design. Economics and costs are considcrcd as well 
as the social and the environmental impxt of the tn\c 
approaches to design. ‘Table I attempts to put the dc- 
sign theory, outlined in Part I, inro concrete form. 
The existing sttucture of housing and housing net- 
works, with sewage sytems which dump human 
wastes into lakes and rivers aud inefficient hearing 
with finite substances like n~stural gas which require 
cxtrnsive distribution networks, cnn he compared 
with a bioshcltcr which is a whale scmi~~utonomuus 
entity. Sevxd impormnt diffcrcnccs iwtwccn IlouScs 
md the Ark shoeid lx wuchcd on; the contcnrpmar~ 
~OUU. is wasteful of the hcitt if crmwmcs, while the 
Ark stores hnt, includitlg wmmcr hc;tt. ;ut various 



A COMPARISON OF THE ARK WITH ORTHODOX HOUSING 



temperatures and in different ways for use in several 
climatic and biological roles. Instead of drawing con- 
tinuously on external clccnical and other energ) 
sources, the Ark will ultimately become an exporter 

ot power by gcenerating more elecnicity than it needs. 
A wind-driven power station adapted simultaneously 
to rhe needs of the Ark and the requirements of the 
local utility nctxork has been developed so that 
power cm bc produced both for the Province and for 
tbe Ark. The AIk accepts power from the Island utility 
when the wind is not blowing and returns it to the 
network when it is bknring hard (Photograph 4). The 
New Alchemy expcrimentzl windmill, known as Hydro- 
wind. is hydraulic. 

L&cause most houses pollute not only through the 
burning of fossil fuels but also tkrouph thr discharge 
of sewage. the biosbrltcr wasrcs are trratcd internally 
in a dry toiletcomposting system. After being puri- 
tied wastes are used as nutrient sources in living cycles 

Gtbin. Since the bulk of the beating is solar, emissions 
from burning arc reduced and confined tu wood gases 
from an mxilirv combination fireplace-stove. 

ti,,“schold dwrllcrs norm;llly coI1stImc fwdr fhil1 
hwc hcun sforcd for Ion): pcriwl*, cl;dwrltel~ ~~arlupcd. 
highly proccsscd and trwsp~rtcd OYPI’ long dirtancrr. 
particularly in winter. ‘The Ark products fresh Foods on 
a yenwound basis. \‘ihile food autonomy is not B design 
goal for the Ark, a wide array uf fresh produce is cul- 
turcd within, including fish, vcgetahlcs azid greens for 
the residents. Photograph 5 shows part of the rcsiden- 
&al iood growing arca adjacent to the kitchen. There is 
an economic dimension to the Ark unknown in con- 
temporary single-family houses or condominiums. 
which rcprcscnt major economic burdens. The Ark is 
designed to produce significant amounts of food, 
flowers and young trees. Much of the Ark rcscarch has 
been and will continue to he directed toward devising 
ir~rernal food-producing ccos)~stcms that will provide 
a viable economic base for bioshclter dwcllcrs. Photo- 
graph 6 is an outside view of the Ark’s cast end. The 
barn and food processing arca is on the right and the 
commercial food growing arca is on the left. Although 
an Ark is more expensive to build than a conventional 

house, the fact that it is a combined residence and 
microfarn wi:h its own internal economy helps it to pa) 
for itself. The processing and sale of crops could undcr- 
write construction, finance and maintatancc costs. This 
is P design objective. however. It Will take a nt.mbe- of 
years of research to reach it. 

There is an urgent need, especinily in northern 
nations. for a dramatic shift in attitudes toward 
human habitations. In many ways the suburban hnusc 
rcprescnts a failure of design. Thr designers Day Chah- 



light-cnrrgy ahr~~rbin~ ;~lp”c. ~l’hf dgac 3nor only prw 
vidc fcrd-stock Ior thr fish hut acl it* cfficicnt solu 
collectw s”rfaccr. ‘ThP \varcr-fillrd ,p011d* ,“rf,w,’ as 
Icat stwagr unifs. Unprcccdcntcd Icvcls 01 biological 
productivity have bcc~~ rc:~chcd in fhc solar alyac 
po~ds.~~,~ 3 I:inh prodocrioo per unit t oluw of water 
is the highest recorded for a standing water body. This 
is not the sole function of fhc aquaculture facility. 
\Vhen temper ,turcs drop io the large grrcnhoust area 
and in adjacent rooms including the l&orator!;. heat 
is radiated from the ponds sod the boildiog is warme~i. 
tn a three-day blwkout during a vi&m, late November 
storto, the solar-algae pond complex was the oniy 

roudi and Scan Wellesley-Miller have summarized the dc- 
sign failure. 
“Historically, the various utility systems and ?erviccs 

that go to make up a home have been devclopcd in 7 
a piecemes! manner in isoiation from each other. 
Conserpently, ::bIle *olne compo”‘“ts or sub- 
systems may bc ;war optimum, the total system is 
seriously sob-optimal. This state of affairs was 

‘,: ,, relatively onimporunt, at least in the short term, 
during the historicai qcriod when the ability of 
the natural enrironmcr:r to process WBPES and 
sopply cheap energ)- anti water was well in excess 

of the short term demands placed upon it. Now 
that we arc approaching foterceablc limits. this 
is no longer the case and somethin more than a 
piecemeal approach is called for. 4 

DISCOVEKIES THROUGH ECOLOGICAL DES&N 

Efforts to appl,lv ecological strategies in the design 
of the Ark have led to a number of hio-technical 
breakthroughs. An example of the benefits of a stroc- 
tan.4 shift to a new de+ paradigm is that the Ark is 
not only a house. It is among other thioi;” a fish farm. 
The fish culture system is not only for rearing thous- 
ands ot‘ fish for market but a!;u provides some of the 
Ark’s climatic needs. 

The aquaculture facility was designed 2s both a 
low temperature (30-35” Centigrade) solar powered 
hear coilecror and a fish culture compiex. Illusvation 
No. 1 depicts two :ows of 4lJ solar-algae ponds within 
the Ark in the center of the drawing. Light enters the 
building tbrougb the ttansluceeilt south roof :i::d wall 
exposing the ponds to solar radiation. Photograph 
7 shows the algae-filled ponds and the commercial food 
growing area of the Ark. The aquaculture ponds have 
highly translucent walls and contain dense blooms of 



operational heating sysrcm. Tcmper~turcs outside 
dropped b&u .5” Centrigmde and winds were in cx- 
ECSS of 50 kmlhr, yet the crops within sun&cd. 

The design of the solar-heated aquaculturc facility 
was the result of our deliberate search fol, processes io 
nature w!Gch, when combiocd with appropriate tech- 
nologics. would substitute for fuel-coosumiog. capital 
intensi\~e hardware. In this case, living orgaoisms and 
a rcnewnble form of enerF were asked to replace some 
of the functions of mnchines. For example, light was 
substituted for a range of energy-consuming and ex- 
pensive equipment normally used for biological re- 
generation and circulation in the aquaculture ponds. 
The ponds are made with walls that allow over 90 
per ceotai of the light to enter through the sides. 
Their pIncement is the stroctore where they can best 
rccciw solar mere, and the introduction of micro- 
scopic algae which absorb the iocoming energy, 

purify tbe water of fish toxins and provide fced- 
stoc::~ for fish result in 2 ocw sod e;o!ogica! np- 
preach to fish coltorc and climate regulation. The 
bulk of machinery, energy demands and external fish 
feeds are eliminated. Light, algae, herbivorous fish, 
translucent building materials and a cylindrical and 
modular de+ allowed such a substitution. The in- 
teL&on of heating and food p-oduction freed us 
from dependence on tcchooh*gically ccmpleh solar 
heating which involrcs collectors containing expensive 
copper, relective black absorber surfacer, pomps, pip- 
ing and beat exchangers. Fossil fuel-burning furnaces 
are not used in the facility. 

Symbiotic relationships af various levels of design 
are sought actively. Again, the example of the aqua- 
culture facility in the Ark is fitting. In addition to nur- 
turing a commercial fish crop and heating a greenhouse, 
it is a source of irrigation and fertilization for the vcg- 
etable, fruit and frc~e seedlings within. Metabolic by- 
products and organic matter from the ponds cm in- 
crease shallow rooted leafy crop yields up to 120 per 
cent.1~ The process of creatiog ocw linkages between 
ecological and engineered clemcnts is ongoing and 
may be increasing?\- mediated by sensors and elec- 
tronics devised for this purpose. In one experiment 
we ate coopiing fish raising with leafy crop hydro- 
ponics on the pond surfaces. In this experiment the 
rigid insulating pond tops are replaced with a float- 
ing “raft” of Styrofoam beads which provide in- 
sulation and support for leafy crops such as lettuce. 
Lettuce is a moisture-loviog crop. Its roots must be 
in an oxygen-rich milieu for rapid growth.15 lo the 
experimental system the lettuce roots will penetrate 
betwren the floaing beads and cntcr the warmed _ 
water. \\‘armed water that maintains P fairly stable 
temperature should incresr Icttucc growth considcr- 
ably. The plaots will derisc most of their nutritional 

needs and cd~on dimidc directly from by-products 
of aquacoltorc. The oaygcn critical for the roots 
will also come from tbc pond having Ibecn gcncrated 
l~h~~tosyotllctic;lly Iby the algae in a daily rhythm 
which may match the oscillating requirements of 
the Icffucc. 

In Table II the biological/structural approach to 
design in the Ark’s fish facility is compared with 
the most advanced enginccreditcchnological closed- 
system aquacultures. The fundameotnl shift in de- 
sign toward a new structorc can bc visualized through 
this comparison. bl the Ark an ecosystem powered 

by light effectiwlp replaces a mechanical approach 
for raising fish in small spaces. It is more comprehensive 
in that it provides climate and resources for terrestrial 
agriculture within. Biologic-l str.ttegies become a 
genuine alternative in food, eoergy and shelter de- 
<igo. Although Table II is confined to aquatic systems, 
it conveys the scope of the new synthesis as well. 

The biological metaphor inherent in the shape, 
heating or food raising aspects of the Ark is valid. The 
cod points of the design process meet basic human 
needs. lo this cootext stroctore is redefined and moved 
towards culturally adaptive ends. 

We have dealt with the new bioarchitectural design 
ideas at the point of interaction of aquaculture and 
energy within the Ark. Many other aspects of its de- 

sign iire ecologically inspired. Some of the 
characteristics the Ark shares with ecosystems are: 

i, Integration 

Energy. nutrient, structural and biotic components 
interact through a range of pathways to create i unique 
environment. An attempt has been made to achieve 
relative stability, sharing of limited resources and high 
efficiencies within each sub-element. Illustration No. 2 



BIOLOGICAi.LY OESIGNED VS. ENGINEERED CLOSED SYSTEM AQUACULTURE 

shows how closely the rarious components arc tied 
together in an architectural contc~t. The rcsidcntinl 
food garden is on the left. The hot water storage which 
contains 20,000 U. S. gallons in three adjnccnt cham- 
bers, the solar heating controls and the cornposting 
chamber of the compostingdry toilet are in the bssc- 
rncnt. Immediately ahow the hot water storage zbnm- 
hcea are the tivirtgdining areas. The living room is 
shown in Photograph 8 and the dining area and porch 
overlooking the sea to the southwest in Photograph 9. 
The bedroom areas are directly above. 

The intqration ktween stmctural, heating and 
biotic elements is depicted further in Illustration No. 1 
Below the barn-food presetution area is the 118 cubic 
yard rock-hot air storage chamber for the 2000 square 
foot (185.8 I&) gw.enhour action. lmmedizttely in 
front is the 20,000 U. S. gallon aquaculturc fxility. 
Under the transluce-nt ZSOOsquarc foot (232.31112) 
smh roof are arcar used for vcgemble and ~lcrwcr 
crops. The bench against the south wall is for fhc 
rooting and propagating of young trees using mist 
irrigation. Photograph IO shows part of this WEI. 

The Ark’s climate is achieved through nine dirersc. 
complementary techniques. It relics upon two active 
solar hot wter systems. including a 700 square foot 
(x65 m2) collector for space heating and a passive 
warm water aquaculture facility for the hulk of its 
Itsting. An active warm air and hot rock storage 
system in which a fan circulates the air in and out of 
storage utilizes solar heat trapped by the building he- 
math its translucent south face. A heat exchanger 
transfers cncr~ from the hot water to the hot air 
system. providing a rclativcly sophisticated degree of 
rcdundnncy and control. A wood-fircd furnace, yet 
to Ix used, lur hccn installed as an rmergcncy back- 
“,, eyrtrm. 



CLIMATE YS ARK GREENHOUSE ZONE PERFORMANCE 

I (no supplemenlol healing) 

‘~ the ceiling. The overall energy budget is further re- 
duced through attention to micro-climatologieal 
possdxlales. Windbreaks help protect the Ark on all 

‘~‘sides hut the north. Here XI earthen berm was coo- 
,&ted to deflect north winds over the building. 

The whole system approach to climate control has 
already proven its worth. During the same Novemher 
storm mentioned earlier, the Ark’s windmill was shut 
down and Island Utility electrical power was off for 
three days. The building was without either its hot 
air at its fan-coil hot water heating and the standby 
wood furnace was out wed because the resident was 
in the hospital. The solaralgae ponds provided most 
of the heat, releasing an estimated million B.T.U.‘s to 
maintain a safe internal climate in the food growing 
area despite sub-zero conditions outdoors. Figure 1 
shows the building’s performance during that period. 

‘, ,,The Ark emulates nature by depending upon rhc ef- 
:,,,fective utilization of solar enrrg~ and its derivatives. 
: The dominant input is the son. \Vinds provide some of 
: the rlecrrical pow+ Wood is used for supplemental 
heat. Biotic components provide gas exchange, humid- 

‘ityre&lation, air purification and waste treatment, 
~‘absorb solar energ?- and produce foods in commercial 

The Swedish composting dry toilet reduces water 
use by approximately ten thousand gallons per person 
per year. Since wastes, apart from grey water, arc treat- 
cd internally, no scwagc is dumped into the sea, our 
does the Ark rcquirc a central scwagc treatment plant. 
Such a stroctorc situated in a dens+ popuiatcd urban 
area would save society an estimated $~o,ooo!~ 

The dry toilet-compost system eliminates sewage 
sludge which is a major enr~ironotental pollutant and 

quantities. The diversity of renewable energy net- 
works enables it to functi.m as a semi-autooomoos 
hiosheltcr. 

iv. Pbotosyntbetically Based Food Cl,a;m 

As in a pond. field or forest, photosynthesis in the 
Ark provides the basis for its food chains. In the 
aquaculture facil$, several species of green algae 
proliferate, provldmg feedstocks for fish and regulat- 
ing the metabolism of the fish cultore ponds. (See 
Table II for details.) The growing of food sod tree 
crops is a direct photosynthetic process. 

Waste is decomposed using microbial means. Human 
sewage, kitchen and garden wastes are comported and 
sterilized biologically. 



products tnstcad a high qunlity ?crtilizcr that is free of 
hunm~ pathogens.” ‘The Ark wi!l produce an esti- 
mated 550 to 600 pounds of hign quality fcrriliz.cr 
per year containing appmximatcly 16 pounds (20.9 
kilograms) of nitrogen, I+% pounds (6.6 kilograms) 
of potassium and 6% pounds (2.8 kilograms) of phor 
phorus from human warfcs and kitchen garbage. In 
addition to the fertilizer from household wastes, grecn- 
house refuse including weeds, roots and outer ieaves 
of the crops, seaweed, fish offal and miscellaneous 
organic matter will he generated. After one year. wasfe 
matrrial is reduced some 95 per cenr Ly volume and 
is complctcly compostcd and safe <or use as a fertilizer. 

‘The dr\~ toiler is a Swedish Cliws Multrum. If is 
technolo&dl\- simple hut, in order to fun~iiun, it 
contains a biological!y complex ccosystcm that is based 
on chcmosymhetic auatmphs. These orgaitisms do 
ma rcqoirc light to reduce carbon dioxide and to syn- 
thcsizc nutritiw substances. A few simple instructions 
are all that is required to operate dry toilets despite 
their biological complcrit)-.18 

Micrrrhial pathway arc critical in other components 
within fhc Ark. ‘The mcfabolic WUIC pwd~cts of the 
fish arc trcatcd in the scdimcnt lwcrs of thr solar- 
algae ponds. Thq arc cwntually ~iphoncd into the 
deep garden beds whrre thy arc uscd as fertilixr. 
Divene microbial communities have been introduced 
into the greenhouse soils to help cheek pianr dis- 
eases and pests and to incrcasc carbon dioxide pn,- 
duction. l.o\r levels of carbon diosidc would other- 
wise limit grewhouse crop production. 

Homcososis is accomplished by diffcrcnt rouf~s. 
Several of these hwe hecn dcscrihed. Our dcsigri ob- 
jcctive has been to achievr a high degree of homco- 
stasis or control within the Ark with a minimum of 
energy and cost. Much has yet to br learned as this 
is au area in architecture that has hecn little cxplorcd~ 
We have made an effort to crcafc biologically, ac- 
chitecturally and electronically a number of internal 
symbiotic clemcnts. Symbiosis characwrizcs stable 



and energy efficient living systems. By coupling food 
production to internal purification cycles, nutrients 
+wc conserved and continuously recycled. We chose 
to assemble deep and diverse soil ecosystems for the 
Ark. We wanted soils that would be productive for 
commercial crops, fertile and intrinsically capable of 
regulating disease and pest organisms. Our “homeo- 
,static” approach to terrestrial greenhouse gardening 
is nor common. It differs from commercial greenhouse 
jxactices in that the latter incorporate sterile growing 
mixtures in shallow benches or growing beds as a 
substrate for crop culture and are heavily fcrtiliz. 3 
and frequently sprayed, fumigated and sterilized. 

In the Ark, we sought tu create soils that were semi- 
permanent and would continue to increase in fertility 
over time. 

A greenhouse glazing (Rohaglass SDP16 - a new 
acrylic double-glazing) was used that permits ultra- 
violet wavclengtbs to penetrate and strike soil and plant 
surfaces, helping to regulate bactezial and fungal popu- 
lations and possibly reduce the probability of plant 
diseases. There were a number of reasons for opt:‘:3 for 
a deep soil ecosystem instead of sterilized, chemically 
managed shallow growing beds. In the first place, the 

‘, former does not require hiocides which threaten fish 
life.‘Secondly, sterilization is an energy intensive pro- 
cess requiring heat or toxic fumigants such as methyl 
bromide or chloropicrin. whereas viable soils are eco- 
systems capable of utilizing available energy and are 

highly efficient in energy use. Thirdly, a rich soil en- 

vironment can generate the high levels of carbon di- 
oxide necessary for optinml plant production. These 
high levels are often supplied industrially in many 
commercial gwenhouses which are otherwise in- 
capable of supplying their own CO2 needs. Fourthly, 
weeds and crop by-products, if not sprayed, can he 
fed to the fishes. Over the next few years, it is our 
intention to compare the biological approach em- 
ployed in the Ark’s contained environments with 
standard greenhouse practices. During Fall-Winter 
1976-1977, lettuce, kale, spinach, chard, broccoli, 
pa&y, bean, herb and flower crops have grown 
well, being free of disease and relatively unaffected 
by pests. 

The Ark’s climatic stability or resistance to csternal 
perturbations seems to be remarkably high for a 
northern climate solar facility that is situated in a 
region of sporadic sunlight. With its large s&r iacade. 
the structure oscillates thermally more than a thcr- 
mostatically regulated building heated with fossil 
fuels but, as Figure 1 shows, the environment within 
remains stable with outside temperatures as much as 
34.5” Centigrade colder than inside the greenhouse 
area. After November 5, the minimum interior air 
temperature varied only So Ccntigradc, the pond tem- 
peratures 3.5” Centigrade and soil tcmpcratures 2.5o 
Centigrade. After n year of collecting solar heat, full 
storage capacity will be attained. At that point, 
oscillations should dampen and the Ark’s thermal 
stability will he further enhanced. 



In common with natural ecosystem.. the Ark leas 
high levels of internal information and low entropy. 
It is a mioiaturc world. Its information tends to hc 
organized, internal and complctc rsthcr thao sprcld 
loosely among interconnected rlmments as occurs io 
highly stressed environments or i!r relatively wasteful 
industrial societies. The comparatively low Levels of 
entropy within the hioshelter enable it to make a 
morr positive contribution than an ordinary house- 
hold to the exterior environments or to society. We 
XL attempting to study hameostasis, informstion aqd 
eoerg,ctics witbin tbc Ark. Photograph 11 shows the 
laboratory where thirtv-three climztological, biological 
and performance chxactcristics are monitored. It is 
hoped that through mea:.wement, analysis and com- 
putcr modeling using “real time” information, the 
broader question of design can he extended. 

vii. lnrerphsbzg with Anjocerrr Ecosysteurs 

Designers tend to neglect creative interphasing with 
adjacent ecosystems. It should he possible for a house- 

‘:, hold or a building to contribute to its surrounding en- 
;:,:~I vironmcnt.l9 Most reduce neighboring ecological in- 
$~j,,‘-, tegriy and pollute. Ecosystems tend to interact with 

:, each other in more subtle and beneficial ways which 
i;: ,, include ameliorating and stabilizing climates and ex- 
-;z$,: ‘,: changing nutrients and organisms. The Ark minimizes 
#$;:, ,’ the rclcax >f toxic materials from a human habitation. 

It conflins a tree-~~r~,~~~~g;~tinp facility which is intcnd- 
cd to help rcforcst the surrounding region. Mist 
propagatcrs assist in germinating seedlings and in 
propagating rooting cuttings of thousands of valuable ” 
trees. Most will be fruit, nut and fodder trees des- 
tined fo; orchards, windbreaks and ccalogicnlly dc- 
rived agricultural forests. The tree facility epitomizes 
the ideal that hioshcltcrs not bc retreats from the 
larger world hut building blocks for B society rooted 
in concepts of stewardship. 

ACCEPTANCE OF AN AKK-TYYE LIFESTYLE 

The following comments are subjective impressions 
condensed from those of the designers, architects, 
builders and tenders. 

Living in the Ark can be do extraordinary experience. 
Living and working i;: LI structorc where the sun, the 
wind, architccturc and ecosystems are operating in 
concert has affected most of us. It seems to foretell 
what the future could bring. Each of us involved in 
the project would like to live ore day in an Ark-in- 
spired biashelter. Its psychological impact is not 
easily articulated. The Ark, as a humanly-derived 
microcosm, creates a sense of wholeness and in- 
tegrity engendered by a high degree of self suffi- 
ciency. The growing areas function as half-way sta- 
tions between the residential interior and the ex- 
ternal environment. There are no harriers, only 
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exterior io bouscbolds. it Ibegins to redefine bow 
people might live. Tbc Ark is nor no end point, but 
an early inve4gation of a rhblc 11cw direction. As 
such it gives concrete form to conservcr socirty 
CO”CCptS. 

EXTRAPOLATION OF AUK CONCEPTS 
TO OTHEK DESIGNS AND REGIONS 

The Ark has over thirty rensorr wbicb cootinuausly 
monitor the performance of encr~~, climatological and 
biolo+d processes and phenomrns. There are printed 
out, It present, in analog form onto recorders. This 
year WP will install a computer-bawd system for modcl- 
ling and sinwlations. 

Computer models using the experience of the Ark 
will rapidlv improve the design of binsbelters. Tbc Ark 
is unusual~in the scnsc that it c&o be monitored as a 
“complete” system containing biotic and engineered 
elements. It can also bc divided into subcomponents 

,:, to clucidatc couplings and depcndcncics. The monitor- 
: ing already has defined tbc Ark as a dynamic system 
,’ of interacting components. This growing body of 
:: information can be used to develcip computer models 
:’ ~’ of the Ark’s dyumic systems. The models can be 
;‘,, ,:::, :~ verified accurately by comparing their predictions 
-:,’ to the subsequent behavior of the Ark. Once the model 

,. 
? IS proven realistic and accurate, it can be extended to 
;,,I:~~ ,model hypothetical bioshelters of differing design in 

environments unlike that of Prince Edward Island. 
Such uses of simulation are well known in industry. 

While they hare been attempted for environmental 
studies and ecosystems. it is rare that the systems 

,, ,under study can be carefully monitored or manip- 
ulated. The Ark provides us with P powerful tool for 

,,approaching larger theoretical questions of design. 
The computer techniques applied to design aircraft or 
chemical plants can be applied within the Ark to ex- 

,, ploring wholistic design theories from an ecological 
point of view. Ecologists have used systems analysis 
before but not in the conceptual and useful way as 
will be possible with the Ark.23 A mini-computer 
installed in the stroctore can be used for much of 
the initial modclling as well as for monitoring and 
regulating the behavior of the systems. Thus simula- 
tion and observation can be done together in “real 
time.” 

THE APPLICATION OF ARKS THROUGHOUT 
SQCIETY 

,’ The widespread osefolncss of biosbclters and bio- 
‘, : shelter concepts will be questioned and opposed on a 

numb42 of social, Iega!, agriculturai and economic 

,: ,, IReIs. One senior agriculturalist has criticizcd the con- 
cept on the grounds that Canadians are demanding in- 

~,, cre+Gngly that their food be pre-packaged, pre-digested, 

pre-prepared and ready to beat and scn~e. I3iosbeltcrs 
producing fresh food run counter to correct trends. 
Yet, despite rising food costs. frcsb produce from 
Florida, California and Mexico is extensively imported 
and Canada sti!l susfains an approximately 515800,000 
a year greenhouse food crop in the face of rising fuel 
costs and inefficiently designed stroctwes. 

At the same time, there is B smdl but growing mm>- 
ber of people wanting high quality foods. Another 
sector, one,whicb often overlaps with the prior group. 
wants to know the source of their foods and to be 
assured that they are grown in relatively biocide-free 
environments. They will pay a premium for such 
foods. On Prince Edward Island, wb~re food tastes 
a:e not generally sopbisticnted, the demand for produce 
from tbe Ark has ootstrippcd oar supplies. Ewn if tbr 
Ark wcrc ~lfered from an expcrimcnrid to a production 
facility. we cooki not mccr the dcnund in the roul 
area wbcre tbt Institute is situntcd. A large number 
of biosl,cl*ers ,,l”d,,ring ?car-r‘,ond foods \\.l1ldd h;wr 
ready PEECSS to local ootlcts as such it nwkct is not 
easily sziltoratcd. \Vbco Iwojcctcd ap;iinrr incrciwcs in 
f&d, transport, processing aml cruragc costs. bi~isbcltcr 

prdwe might become cooqxtitivc ii: tbc near future. 



The foil wluc of l~i~~hcltcrs for ~oorth~rn *o&tic* will 
nor be realixd until powci awl fuel co*t* iocrciw lurk 
ther and rhortagcr and dirruptioor of fuel supplies take 
place, as has been the case with ~x~twal pas in mq 
parts in rhe Li. j. Compared wirh poor!y huilf and 

ooorly insulnted oil or gls heilted houses. the higher 
&d&d cairir.d costs of hios!wlterr rna>~ finlit their adol,- 
fion for a number of veers. ‘This period should allow 
for the design and testing of record aoil third genera- 
tion str~cw~s with increasing emphasis “11 sophirtica- 
don of design nlld mi”imi7aion of costs. \\e ilrc 
beginning fo foresee a potent 1x3 direction fur bio- 
shcltcr developmrnr where pxsivc Ilcatin~,rchitecturill 
componem~ and cc~+%xd eotitics ~!a!, an cwn presto 
role th311 in ihe present Ncn Alchemy Arks. 

Possibly the most *f&us criticism of biosheltcrs is 
that rhc)- arc to” complcs. Bciog cngineercd ecosystems 
oonlaining lhigi: Icwlr of inf~wn:tri~.n, they are csotwic, 
bryond flie atrrqc person fo operate imd maintain. 
While it is trw that the Ark is the product of a synthesis 
created by biological designcrr, marerials experts, agri- 

rultoialists, 3 soil specialist, an integmtcr! pest control 
scientist, s!~“logists, firhe? experts and fish cultor- 
alists, architects, solx cncr~) scientists, electronic and 
compursr dcsiyners, a s>-rrems ecologist, n philosopher 

and aeronautical and hydraulic engineers, it is also true 
that the overall desigo objective was to fabricate a rys- 

>‘, tern with its accompanying controls that can be taught ,; 
:~ ‘, 
:,,, 

to and even improved “pan by ““a-specialists. There 

,: has been a conscious effort to desigo the Ark for lay 
people. 

New Alchemist Ron Zweig12 describes part of this 
process in cbronicli~~ga soxnll fnod growing biosbclrer 
built over four years ago. Just Prior to the quote he 
has described the sensor-monitorio~ iostr~mcots hc 

,: ” has devised. 
,,, 

“Through theuse of infomution &ccl with this in- 

strumentarioa, it will bc posriblc to dcxribc ho\\ 
such a micro-enrironment could bc mainmincd “p- 
timally with moth simpier tcsording devices. Also 
WC shall be able eventually to compile a list of 
parameters which can be monitored chiefI? through 
human observation. This cooid be done in terms of 
humidity, temperature. sight. smell, etc. If; for in- 
stance. a pond bcga” to smell wildly. one would 
know that possibly a portion of the water should be 
changed with fresh ci that the flow through the 
fdteriog system should be increased. A color change, 
from green to brownish hoe. for example, would 
evoke a similar reaction. High tempcr~twes or 
humiditv could require venting tbc iosidc atows- 
phere with the outride cooler, drier one. An wcr- 
cast day would indicate 3 dccressc in tlw amowt 

:~ of feed for the fish during fbe cloudy period t<” 
‘, auow for the low oxygen or twiic U1astc mcta- 

bplism: 1. e., ammonia, by the phyroplatnktao. 
‘~ There arc man)- facrr; ,a rhnt bwe been well 

Through sophisticated sod sensitive infrumenfa- 
fion wc xc rrarching for sign posts and keys to 
e~:&lc future tcoders of biosheltcrs to do without 
r\-pcnsivc mcchaaical and clccrrical controls. 

$1 complemcntar~ approxh is b&g followed by 
Albcri Doolittle, monitoring-romputer specialist for 
the Arl-. He is devising tiny micro-computers to match 
prcciscly the needs of tbc Ark’s subsystems. Their 
cq’zcity and programming will be simplified and the 
cost of flxir fabrication will ultimately bc much less 
than most micro-processors available today. His work 
will interpbasc human, biological and electronic con- 
trols so that a relatively inexperienced hioshclter 
resident could be trsincd by the systems thcmsclves 
without having to worry that his or her inexperience 
might !cad to failure io any major subcomponent. For 

exnmple, on an overcast day, the micro-processor, 
basing its decision on accumulated inforolntion and 
incoming sensory inputs, might print out or display 
instructions telling the resident to cutback 50 per 
ccot on supplementary feediog to the fish. If would 
further cxplaio L:M the low light had reduced the 
ability of the algae to producc enough oxygen to 
cope with the biological oxygen demand that would 
be created by normal levels of ~upplcmental feeding. 
Under other circumsomces, it might request xduccd 
feeding becsusc of a” unexplaioablc build-op of 
ammonia. Karcd on “rrai time” information, it 
could go on to suggest dingnostic procedures. 

In our specialist society we tend to underrate the 
cq~nbilitics of a majority of people. There is a deep 
human tcodency to seek a dialogue with non-human 
organisms. While it oftco appears in an atrophied 
form in pet owners, for example, the tendency is 
almost universal. Plant-filled windows of high-rise 
apartments attest to this. Although feeding B dog 
from a can or watering a plant is hardly tending a 
complex ecosystem, thcrc arc people who maintain 
vegetable gardens “t tropical fish aquaria and in so 
doing arc, in a simplified form, caring for ecosystems. 
The step from the garden or the xluarium to a bio- 
rheltrr is one of dcgrcc, oat kind. In I976 over half 
of tbc hoorchoklcrs in North America had some kind 
of food gardco, There arc many million tropical fish 
lhobbyi*tr. Hoth thcsc facts suggcsr thilt people arc 
willing to wor!i with ecologies bwxl on the SBmc prin- 
ciples as c&t within the Ark, These pcoplc rcprcscot 

a brand cross-SCCfi”” of r”ciet>~. 
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Our work with the design and operation of bio- 
~S~elrcr~ is perhaps the most complex aspect of the 
research at New Alchemy. Initially, translucent strut- 
tares such as the dome, the miniature Ark and our 
bioshelter prototype, a small solar-heated greenhouse, 
w&built to extend the growing season for both 
tropical and temperate organisms to be used for 
human food. Tnis was done through the collection 
and storage of solar energy in aquatic systems using 
the pools in these systems to raise fish. store heat and 
irrigate both inside aod outside crops. From these 
initial experimental r-udi.s, the biological camplex- 
ities and interrelationships within such systems became 
more apparent. The ~rmctores themselves were found 
to function as “liring” organisms using the micro- 
environment defined by their external membranes 
as the basis of their “life.” Subsequently, two large 

:structwes, the Cape Cod and the Prince Edward 
IslandA,rki h&e been dejigncd and constructed based 
on both the inforrpation &bered from our own work 
anid oti other soUrces that were discovered in biological 
an@ ~arhouse literature. The Prince Edward Island 
Ark incbideS living quarters for a family. 

These bioshelters or semi-closed ecosystems can be 
seen to be analogous to life as it is found on this 
planet. Ir. looking at the Earth, it becomes evident that 
it, too, is a semi-closed ecosystem, receiving much of 
its energy from an outside source, the son. Sunlight 
strikes the atmosphere or outer translucent membrane 
enveloping the planet. Its ooter ozone layer creates 
a semi-permeability which filters out much of the lethal 
ultraviolet rays, allowing most of the other warelengths 
to pass through unaffected. Life, thereby protected, 
exists on the Earth’s surface witbin its owe evolved, 
ecological balance, changing through cwlution or 
through major physical disruptions such 21s es~thquakcr, 
floods, droughts, etc. This is to, klenlizcd st;! .I, working 
solely within ecological paraneters withooL boown 

interference. 

‘:, 

Our approach to the selection of the components for 
these stroctures came first from lookiog to the natural 
environment and choosing the biological phenomenon 
that would be necessary for them to function as living 
stroctores and to be productive and healthy. We 
focused on biological solutions as oppsed to tcch- 
nological ones, choosing the former whenever possible. 



11 looking from the macrocosm of the Esrth to the 
microcosm of the individual cell and from these to 
bioshelters, many simila:irier can be found. Like the 
Earth, the single cell is also a semi-clo*-, d ecosysrcm. 
It requires nutrients from ontside to adow i: to 
function and replicate. The comi>icxity witbin is 
enormaus and the balance oi its ior*: ction allows tbc 
cell to live. An analogy sorprising~~ c!ose to the 
eucar~ xc1 cell can be made with our d ,me or back- 
yard iish farm, the early bioshelter, u described in the 
second Jmmal ofthe New Alchemists. This will be the 
focus of t!lis cssw. 

The outer stru&ore of the dome is covered with two 
layers of translucent fiberglass ‘/i inch apart, which 
fom a thermal pane and function as a protective mem- 
braoe for the system. There is a 2 inch-thi:k vertical 
layer of styrofoam 8 feet deep beneath the d-me’s cir- 
cumference. This membrane, much like that of the 
earth’s atmosphere and of the single cell, allows soo- 
light to enter and to be absorbed and converted into 
heat energy. The thermal pant traps this heat energy 
and retards its loss, a function of semi-permeability. 

The microenvironment within the dome can be com- 
pared to the protoplasm of the eucaryatic cell. There 
are many orgdnelles2 within the cytoplasm and many 
components including organisms within the air and 
wafer encompassed by the dome. Seven! loose anal- 
ogies can be made between these systems. The chloro- 
plats of a living plant cell produce oxygen through 

‘photosynthesis which, in terms of the dome system, 
can be compared to the activities of both the aquatic 
and terrestrial plants living within it. These include 
the vegetables and herbs growing around the periphery 
of the ponds and the pbytoplankton and other photo- 
synthesizing organisms in the pool and in the bio- 

‘,, logical filter. Each component of the biological filter 
and the polyculmre pool can be related to the va- 
cooles3 of a single cell. Their function is the purifi- 
&tioi. of toxic compounds that could kill the animal 
components. The relationship between the use of the 
fish waste in the pond water as a fertile nutrient source 
for aquatic and terrestrial plants can be seen to be 
‘similar to that of some bioshemical pathways within 
the cell, in the action of the nitrifying bacteria in both 
the soil and on the quahog shells in the filter. The use 
of these procaryotid bacteria is clearly an example of 

cucaryotic mechanisms in rcrms 0 f incorporarirlg fhcm 
as a sobcomponent in tix dome system. By converting 
the ammonia within tlx system ;o a nitrate form, a 
plant food is created. The pl; ,its which feed on these 
oitrates are then fed to the herbivorous fish, such as 
the Tihpin. This, ,v:$ctrs the cycle, for ir was orig 
inally the fish th;:: I 4cased the wastes into the system 
because of their iw.4ity to ux more than about 10% 
of what the\ ;?gc .:. The rest is waste. The cycle is 
cootinuous. : )II a macra%4c, the filuation system cm 
be comparrd to that of P circular river. 

The electric pump used to circulate th; water through 
the filtering beds can be compared to a ribosome at thr 
cell level. A ribosomc, so far as is known, is the center 
for the coordination of protein synthesis in a cell. It 
is, however, autonomous from its final protein pro- 
duct io a chemical scox as the pomp, at the same time, 
is autonomous from the pond water. 

The energy for the electric pump could come from 
a wind gcnera’w. At the present in the dome we are 
still using public utilities. If a windmill were to be 
used. it could be considered the mitochondriaj of the 
dome and other water pumping systems. IO this 
analogy this electrical energy would be the replacement 
of the chemical energy of the cell. The windmill, though, 
would be an external cnmponent. Excess electrical 
energy could be stored ‘in batteries as in the cell it iv 
stored in sugars and starches. 

The chief information center for the cell is known 
to be the nucleus and its genetic material -DNA. 
In this regard, much of the control and monitoring 
of the dome system and the other biosheltcrs is left 
to the human element. We are now considering the 
use of small computers to aid in this. They could be 
used not only to record information but also to 
regulnte the environment within the ecosystems. For 
instance, if the dome’s environment were to become 
too warm, the mini-computer could trigger the opcn- 
ing of vents. This kind of system would he an exten- 
sion of homan involvement through programming 
the de\,ice for what we understand to be optimal 

conditions. 
The nucleus within the cell is not the only center 

of information. The mitochondria Y. ’ chloroplasts 
have their own genetic material which governs their 
replication and behavior. This, theoretically, is 
carried over from their initial procaryote existence 
before their evolution within eucaryote cells. Other 
genetic factors have been known to lie elsewhere in 
the cytoplasm regarding heredity. In the dome, in 
addition to tbc larger physical components them- 
selves, there are interactions between them which 
can be observed and in many cases predicted. There 
is a situation similar to the semi-independencr of 

- 



the mitochondris and the chloroplarts, in terms of 
the plants, fish and other animals within tbc stroctwe. 
Tbcy are controlled. to a large extcm, by their phys- 
icd and chcmiral covirooment. Tbcrc a*c many ioter- 
actions. hnth biological aod cbrmicul, in tbc dome 
system tisaf PI yet WC have ncitbcr defined our under- 
stood. ‘This is cspcciall~ tree of the ouoy micro- 
cnviromnents within the confines of tlw dome. 

The dome system was designed to mire food, a de- 
finitive biological activity, but the design of many 
structures could advantageously incorporate existing 
oaturd phcnomens. A:;tong tbe most obvious are 
proper orientation for the use of solar energy, the 
collection of rain water or ewn 3 cornposting toilet. 
Small grccnhouscs could be inclodcd as has been 
demoostratcd bv the Prince Edward Island Ark. 

Throughout this analogy, the dome has demonstrated 
the possibility of looking a: physical ~hoctores as 
living systems. This is done through ao initial considem- 
tion of thr biological compoocots to be established in a 

system sod by building to idlow for the ncccsrary para- 
owters. The itlt~rrel~tti~~ttsl~il~s bctwca~ the org:misms 
inside most be taken into coosidcratiw to ;tchieve a 
halanccd IlcllthY wstcm. WC baw included in the dome, 
as mcotioocd pwvioesly. u polycolturc pood. a tilter- 
iog system and ao agricultural arua on the poods’ 
periphery. All of these intcrrclatc. We hart begun 
measuring certain physical and chemical pxametcrs 
within the structure including air and water ternpew 
fores. relative humidity. pH of the water and dis- 
solved oxygen in the water. Solar radiation striking 
the outside membrane as well as that penetrating the 
fiberglass membrane and reaching tbc porrd su;face 
is monitored. In rddition, WC shall be mcasoring am- 
monia concentraions in the polyculturc ponds, carbon 
dioxide concentrations in both the pond and air, and 
moisture levelr in the soil. These measurements will be 
used not only to understand how these systems behave 
and how they respond to eovironmenfal changes as they 
are set op, but they also will be used to optimize food 



producrion through modcling. \Vith such physical ;md 
cl.cmical data, we cm interrelrtc nor prcvioualy rc- 
corded information on firb and vegetable production. 
>uch as tile mm~ben of each species in relation to tbc 
make-up of tbe total population for the most success- 
ful polycolture srratcgics. Most of the following data 
focus no the aquaculture in the damc. 

The following graph illustrates how five different 
parameters interrelate: they are temperature, dis- 
solved oxygeen and pH of the pond water. sola radia- 
tion striking the outside of the dome and that pene- 

trating through tbc doobie fibrrpl~sr mcn~brxoc to the 
inside. All the mearoremcnts were rccordcd cootim- 
ously on an Esterline-Angus twenty.foar cluomcl hlulti- 
point chart recorder - hlodcl E I I2JE -- rxccpt for the 
pond temperature which wits mciwred once duily at 
the points indicated. The previous graph was transcribed 
from its millivolt equivaleots to the voges as described. 
The chart recorder WBS set to run at eight inches per 
hour. It did oat, however, have ao interoal clock. This 
explains the discrepancy between solar time in terms 
of mid-day and the scale at the bottom. It is on 

Eastern Daylight SavingsTime. The lines of the graph 
were estabiished by connecting the points between 
hourly readings taken from the chart paper. This re- 
doted over one hundred and twenty feet of chart 
paper to the above size. The dissolved oxygen was 
mea&d with a Chemtrix Oxygen meter Type 30 and 
thg PH with a Chemtrix pH meter Type 40E. The 

solar radiation was measured in milli,~olts per square 
centimeter with an Agromet-Lintrom- Dome Solari- 

meter. 
The kind of inforoution that can be o~~tained from 

such a graph can help determine titc health of our 
“organism.” For instance, should the dissolved oxygen 
fall below B certain level, it could result in stress or 



soffocation for botb tbc firb sod algz in rhc pool 
depending upon tbc toicranrc of the species. It is 
essential that dissnlrcd oxygen bc mooitorcd to in- 
sore a propeT balaocc b,.weeo oumbcrr of fish ilnd 
potential oxygen production through phetosyntbcsis. 

The sunlight that pcnerrates the dame to the sur- 
face of the pood is absorbed by the phytoplankton 
in the water, triggering photoE;nthesis. The prc- 
dominant phyroplankton species has been identified 
as Goleekerria sp. with some Srerredesmaa sp. and a 
few other mace species. The diurnal pattern of solar 
radiation for both inside and outside the dome 
structore is clearly illustrated. During the week of 
the recordings, measorements were as high as 
31.1 mvlcm2 outside ambient with all readings go- 
ing to zero each nigh:. Some days had periods of 
rrutrcred clouds. On September 2 the sky was over- 
cast for the cotire day as illustrated by the low mdia- 
tion radings, Some days, such as September 3, had 
periods of scattered clouds illustrated by the varia- 
rions that day as compared with August 31 which 
was free of clouds. On September 3 the outside 
radiation was higher than on September 4, but the 
inside levels were inverted -that is. it registered 
higher inside on September 4. iMore water condeo- 
sation between the fiberglass Ia>-ers on September 
3 could be the reason for this. 

To determine the rates of photos)-ntbesis, fluctu- 
ation of concentration of dissolred oxygen in the 
water was recorded. The oxyge- tended to follow 
the intentsi* of the solar energy received. The oxygen 
level went up during the day and down at night. 
There was a delay after light readings were recorded 
before the oxygen level would level off and begin to 
increase. For ms~ance, on August 31.8.9 mvlcm2 
were required and.on September 1, 7.6 mvlcm2 were 
required. This indicates there is a required threshold 
level of solar energy coming into the system before 
oxygen is produced in excess of that necessary to 
maintain the respiration of both the animal and plant 
life in the pool. Other sources of oxygen coming into 
the water cat be a result of atmospheric exchange at 
the surface or from splash from the water flowing 
down the different levels in the filter.* These, however., 
are relatively stable and the pumping rate is also 
f”“sta”f. 

The pH or acidity of the pond water followed the 
oxygen concentration very closely in terms of activity. 
When the dissolved oxygen concentration increases or 
deereaes the pti follows, as indicated by the graph. 
This is largely because of the photosynthetic activity 
within the pond. During a runny day, the photasyn- 
theric process utilizes carbon dioxide and releases 
oxygen as one of its b3~-products. The higirer the 

: carbon dioxide concentration, the greater the acidity; 
and, therefore, the lower the pH or vice versa. Alka- 

: linity was not measured. Since we did not possess a 

From the dafa collected. it is possible :o determine 
roughly the amouot of carbon fixed each day io the 
primary production of the pbotosynthctic process io 
the dome pond. From the graph, primary productivity 
seems to he limited by the amoont of carbon dioxide 
in the water. On August 3 1, a clear, cloud-free day, 
the solar radiation striking the pood reached 17.4 
milliwatts per square ceotimeter nod the dissolved 
oxygen lewl climbed to 12.2 parts per million at its 
peak. from a low of 5. I parts per million the night 
before -a change of 7-l parts per million. In cam 
paring this information with that of Septembrr 4, wc 
see how primary productivity is limited. This state- 
ment is bawd on the basic photos)-nthetic equation 
- CO2 + H20 z$ (CH20) + 02. This is the basic 
summation of the chemical reaction; however, there 
are sweral steps involred, ns described by Calvin 
and Bassham, showing overall that the oxygen pro- 
duced is in balance with tbc carbon dioxide con- 
sumed. Doting August 31. a clear day. the solar radia- 
tion striking the dome pond reached 17.4 mwlcm2 
and the dissolved oxygen level climbed to 12.2 parts 
per million at its peak, from a low of 5.1 parts per 
million the night before - a change of 7.1 parts per 
million. On September 3, with some morning cloud 
interference, the solar energy striking ttx pond climb- 
ed to 17.1 mwlcm2 while t!le oxygen level reached a 
peak of i2.S parts per million from a low of 1.45 parts 
per million the night beiore, an increase of 11.35 parts 
per million. The difference in temperature of 2°C for 
the two days nut account for only a 0.26 parts per 
millioo DO2 in terms of saturation at 26.5oC and 
24.5oC - saturation is approximately 7.92 parts per 
million and 8.18 respectively (Lind). This would in- 
dicate that with the dark, cloudy day of September 3. 
there was 2 build-up of CO2 in the system doe to a 
lack of conversion to oxygen as a result of low levels 
of solar energy available to drive the photosynthetic 
reaction. Even with the higher energy striking the pond 
on August 31, the oxygen level did not get as high as 

that of September 3. The minimum pH on August 
31 was as low as 7.45, whereas on September 3 i: 
was down to pH 7.1, indicating a higher CO2 con- 
centration than no September 4. Therefore, CO2 
would seem to be the limiting fact,x for photosyn- 
thesis in the pond on at least these two bright days. 
Everything else, so far as we cm find, was constant 
for both days in terms of inputs into the pond. This 
informntian will be computed in terms of primary 
productivity later in this paper. 

As already mentioned, this kind of informntion 
can indicate the health and productivity of so& a 







Bioshelter Primer - Earle Banlbort 

THE INTENTIONAL DESIGN 
OF MICROCOSMS 

I. 1hTROlW’CTIO.V 

The proccss of creating a microcosm of life, pro- 
tected and nurtured by an architecture that is rcspon- 
sire to its environment, ir at once exhilarating and 
sobering. The realization of the human role within 
the mystcr) and complexity of biological systems 
comes slowly. As designers and maintainers of bio- 
sheltcn, wc arc attempting to unravel rhc complex 
tc!ationships which exist between living organisms 
and their substrates, between biological organizations 

and their environment. and between human actions 
and their consequences. In biosheltcrs we have a 
unique opportunity for investigating some of these 
relationships on a human scale, simultaneously pto- 
viding ours&es with year-round food supplies. 

MI of the plants, animals, and micro-organisms 
used in agriculture have dcwlopcd, over time. in a 
matrix of ph+xl and biological conditions that in- 
fluence their prescn: suitability for humat manipula- 
tion and USC Where human communities are mindful 

Ob ,imvestigator, do mtflatter 
yourself tbatyou know tbe 
things natwe perfwms for her- 
self, but rejoice in knowing tbe 
pu’pos~ of those things designed 
by your own mind. 

of their physical dependence on the health of their 
landscape, symbiotic partnerships develop. When 
human communities ignore or forget basic ecological 
dynamics, the biological environment that protects 
and nutturcs them deteriorates, often resulting in 
deserts or floods, droughts or famine. The rate at 
which latgc-scale degradation can occur is frighten- 
ing. In Costa Rica recently, large regions have 
evolved from tropical forest to desert in less than a 
decade. If humanity is to surviuc, we must learn 
to recognize and respect successful ecological pat- 
terns, whether in the wilderness, a garden, ot a 
bioshelter. Sensitivitv to the dynamics of the whole 
is crucial. The investigation of biological micro- 
cosms is one path to the kind of sensitivity rcquircd 
to comprehend wholes. It is hoped that the subse- 
quenr knowlcdgc will enable us to act mote wisely 
in the world. 

The reality of a winter food garden in northcrt~ 
climates lhils I~ccomc pussihlc for significant naml~crr 
of people only in this century. Enclosed plant com- 
munities range from sterile commercial monocrop 
factory-greenhouses to exquisite and exotic zoological 



gardens. New Alchemy’s dcrclopmeut of bioshelters 
is part of a long-raogc program for year-roand fresh 

food production. We ate trying a number of methods 
of extending the ammal growing season. We are 
working with cold frames. solar-based clothes, and 
scvcml kinds of greenhouses for vegetable and aqua- 
culture gardening. For mid-winter conditions, research 
is now centered oo medium-sired, solar-heated stroc- 
fores which enclose an internal garden ecosystem of 
plant, animal, and soil communities. The aim is to 
develop an interesting, productive microcosm of 
veg~tables~ vines, insects, trees, and aquaculture ponds 
for winter food production. 

The Cape Cod and Prince Edward Island Biosheltcrs. 
which WC call Arks, arc comparable in size to small, 
family-operated,commercial preenhouscs. Each was 
dcsigoed io rcsponsc to its particular climate and is 
intrnded to require oo fossil fuels for maintaining its 
internal climate. The Cape Cod Ark is limited to 
vegetable and fish production and has appropriate 
climate control facilities to sustain it. The Prince Ed- 

” ward Island Ark includes not only agriculture and 
aqoacultorc, but also a residential area for a family, 

‘, which takes advantage of the heating and climate 
control of the rest of the stroctore. Similar archi- 

: tectural and ecological strategies are employed in 
,‘, both Arks, many of which will be discussed. 

‘, II. ARCHITECTURAL STRATEGIES 

The general appearance of the Cape Cod Ark is 
,~,, shown by accompanying architectural drawings and 

,’ photographs. The major featores arc calculated to 

I’ stabilize the effects of external weather oscillations and 
to form diverse iotemal microclimates at tcmpemturc, 
light md moisture conditions. The ecologist, Eugene 

~~,:~ ‘; Odum, suggests that, in oatore, the great diversity and or- 
: “, ganic strwturc of a matore ecosystem have survival value ,~ ,,,,, 

in the rcsoltiog ability to achieve some measorc of stabil- 
: ity or homcostasis. but that, in a fluctuating physical 

‘,, ” environment, this is at the cost of a decrease in net 
,’ productivity. We arc testing the idea of using the 

physical ~troctorc of the Ark to supply the desired 
&ironmental stability of a matore ecosystem, while 
maintaining the productivity of a “youog” one. By 
sustaining a mote stable internal climate comprised of 
many diverse microclimates, WC are able to grow a 
large variety of food plants in the winter season. This 
results in a more diverse biotic commonity in the Ark 
and in an interesting winter diet for us. Architectural 
elements such as terraces, aquaculture ponds, stone 
walls, and vertical trellises all contribute to the stror 
tural complexity of the interior. 

The major, components of the building include: 
SokvMernbrases. The south-facing roof and parts of 

,‘~ the ,+ and west walls are formed of double-glazed 
~~fibetglass which allows light to enter the structure but 

,; ;: t+?s ~yatm air. The fiberglass tends to diffuse incoming 

,,,, 
,, ,:, 

Tbbe,0”ma, oftbe New ll,cbemis** 
,, 

light, spreading it evenly to a II corners of the growing 
area. This characteristic avoids “horning” of delicate 
grcenhoase plants io scnsoos of intcosc radiation. The 
fiberglass also admits some of the maturnl ultraviolet 
light, important in the control of fungus. Corvcd into 
transparent cylinders, the same material is used in solar 
aquaculture ponds, becaosc it allows for maximum 
photosynthesis and dense algae growth. 

Passive Thermal Mass. Only a fraction of the light en- 
tering the Biashcltcr is used directly by the plants for 
photosynthesis. Much of it turns to heat and is used in 
the evaporation of water. Some is ahsorbcd as heat 11) 
soil and plants. The absorbed heat is valuable in warming 
the plants’ micraclimnte at night. We Ihave tried to 
maximize the mid-day passive heat absorption process 
to use for later night warming in the following ways: 

(1) The retaining walls of the vcgctable terraces 
arc made of field stone. 

(2) The high north foundation wall and the walls 
of the rock storage bin are of solid concrete and arc 
insulated from the outside soil to redoce conductive 
lasscs. These walls absorb heat from both direct son- 
light and warm daytime air. 

(5) The so!zr aquaco!mre ponds used in the Ark 
arc important units of heat storage. Previous experience 



warm air posses through the matrix ofstoors. it Ioscs some 
of its hat to the stows hcforr hcing ch!wostcd back into 
the imiiding again Iloring fhr wimo portion of the 
day, cxccss lhcat is stored io the stoocs, Ikccpiog the 
plnnts from overheating. Halfway through the ocxf 
night, when the passive thermal rnasscs IIWC already 
cooled, the fan comes oo and circulates air through the 
warm stones, then into the greanhoosc in the prc- 
morning hours when it is most ncedcd. 

Light Reflecting Cedirrg. The sloping inner surface 
of the insulated north roof is painted white to reflect 
light downward onto the plant canopy. lo some north- 
--o grecnhousc tests of this design, light intensities at 
the plant caaopy were greatly increased due to the re- 
flection. 

Convective Venting. In the summer months when 
no heat storage is required and excess heat most he 
removed, ventilation panels at the peak of the roof 
are left open and hot air rises from the building by 
convection nod is replaced by air entering through the 
opco doors. If necessary. the fan cm actively exhaust 
hot air to the exterior. 

I,,. BIOTECHNICS 

Within the confines of the climate-modifying 
structure just described, WC hart begun to sssemblc an 
ecosystem of plant, animal, and soil communities which 

will be productive, healthy, and beautiful. Many of the 
basic principles of ecosystem stroctorc and function 
have been formt&tcd by diligent scientific research, 

with these ponds in greenhouses where the ponds arc 
the major thcrmai mass has shown thnt a body of water 
is remarkably effective at moderating the diurnal 

: temperature cycle. We arc now discovering that above- 
grqund traosparcnr ponds containing an algae culture 
ate even more effective than in-ground ponds. The solar 
ponds have a better ahsorbing surface in low-angle 
winter sunlight. Liihr entering at all levels allows 
thermal mixing instead of thermal stratification as in 
in-ground ponds. At night, mote heat enters the air by 
convection because less is lost into the ground by con- 
duction. Bv careful piaccment of solar ponds, one can 
ctcate sp&iai temperature zones for tender plants, and 
the rate of heat release at night can be regulated by 
doubleglazing the pond or using a lid. 

(4) The open concrete pond absorbs light and heat, 
and the warnled wtct is used for irrigation. 

Active Diwrral Heat Cycling. Even with large amounts 
of thermal mass in the strocture. on bright sunoy days 

,: there is often a surplus of heat that accumulates in 

,wq air near the ceiling. The warm air is drawn by a 
fan into an air duct in the north wail and is blown into 
a iargc conctcte bin fillet: rith fist-sized stones. As the 



hut nu conqwchcnsivc drrign theory rehtting hunnuu, 
agricdturc, and llilfllrr has hcen pr”,~“s~d th~lt is 
directly ~ppliablc to our task. \\c arc cng++xl. then. 
in a subtlr chalhqy. to undrrrtid thr ;Ippa*Ent work- 
ings of the natural world deeply enough to live and to 
co-exist permanently and creatively within it. Spccu- 
king on the possibility of such a symbiosis hctween 
the earth and homanknd, Rene’ Dubor is optimistic: 

“Symbiotic relationships mean creative psrtocr- 
ships. ‘ihc earth is to be seen neither as 811 eco- 
system to bz prcscr~ed unchanged nor as a quarry 
to be exploited for selfish and short-range cconom- 
ic re~soos. hot as a garden to be cultivated for the 
devclnpment of its own potentialities of the 
human adventure. The goal of this relationship 
is oat the maintenance of the new states quo. 
hot the eowgcnce of nc\\: phenomcnoo and 
ne\v wduer. Millennia of experience show that 

; ; 
by entering into a symbiotic relationship with 
nature, humankind can invent and generate 
futures not predictable from the deterministic 

,,; ,: ,,, order of things, and thus can engage in a con- 
!;::‘, tinwms process of creation.” 

The reciprocal transformation required to evolve such 
a symbiosis implies that humans must learn and learn 

:&;, s well their respnnabdmes to the whole of which they 
& are part. & are part. 
;;sf:;,,,, ;;sf:;,,,, Same general patterns in the workings of nature can Same general patterns in the workings of nature can 
I’::,, I’::,, 
:;,,: ,,, :;,,: ,,, 

guide us. The accepted indicator of health in natural guide us. The accepted indicator of health in natural 

; :,,’ ; :,,’ 
ecosystems is diversity, diversity of species, niches, food ecosystems is diversity, diversity of species, niches, food 

,,.; ,,.; 

chains, and so on. Most prercnt agricultural eznsyvstems 
arc purposely mx diverse, since high net productivity of 
food demands II simplified food web with humans oc- 
cupying many of the top positions. 

The immediate aim of agriculture, then, is to act 
upon an ecosystem to promote a net productivity 
of food and materials in excess of that required within 
the ecosystem by its members. The wider task is to ac- 
cept that humans are in the ecosystem (as large omni- 
vores), and to discowr which patterns of behavior 
within the ecosystem offcr the chance of a permanent 
ongoing co-existence between themselves and the 
earth, sustaining both human cultureand all other 
species. Possible models for such continuing co-cxir 
tence would be those lhuman cuhurcs which have 
remained in one region for centuries without causing 

the progressive degradation of their supporting cco- 
system. Absolute failures are easy to obscrvc and well 
documented. Successes are difficolt to ascertain, but 
potential candidates eltist at two interesting extremes. 
One is the slash and burn ngrirulturc of the &ring 
people in the New Guinea rain forests, in which the 
forest ecosystem is allowed to remain complex doing 





thr rcgcnrrarion and recycling work crwntial to nttitl- 
tnio fcrfilit!.. The 0th~ cvrrcmc is krhor-intwrivr 
gdc~ qgicultorc ni Soothrat .Asia in which pco~llc 
rrgcncmtc doorcrt~c~tnl xprcics and recycle nutrients 
m:~nually within the ccos?stcm. Cooccptuallv. the 
bioshclter tends to rwxmble the lntter, inwfhr ns in- 
tense rare and maoagzment of carefolly selected food 
plants maiarsin a scablc “~~oung” ccos~~stcm, Conq~lCtC- 
I? dnmesric;lted ycr highly productit-e. In su& an 
agriculrurr. ach species is sclcctcd for its value to 

!mxms and is conrinunusi~~ sustained by them. 

lo wortrncting the bioshcltzr ecosystem, WC have 
rhorrn ulucd traditional food plants as major species 
and Ihitw trictl ro c;dcularr the optimum microclimrtc 
id *quid auxilia~ spccics for each am. For in- 
stimcc. somc fruiting ~cgctablrs need pollinating ill- 

: sects t\hilc others require predutorsfor aphids. ‘The 
entire garden ecosystem of food plants, insects, soil 
organisms. etc., by virtue of its historical domestica- 
tion is simplifird ,~et productive. By prox~iding and 
encouraging essential regulating species and discour- 
aging competitive or non-adapting ones, a new com- 
munity cao be formed which is adapted to the bio- 
shelter conditions. 

Each garden organism is somrrrhat specialized in 
: such habitat requirements as root depth, soil tem- 

:’ : perature, iightlshade preferences and moisture. Thcrc- 
,i_:, fore the initial design criterion for the Ark was that 
: it provide a moderate over-all climate with numerous 
: microclimates, so that a wide range of food plants 

could he grown. Examples of these microclimates 
include: 

,,,, Terraces. In the smaller prototype of the Ark 
~, we observed that a gcncral tempernture gradient 

existed; cold air irom wiodows and cracks settled 
oo the floor. while wrm air rose to the ceiling. 
The few degrees difference in soil and air temperature 
was sufficient in the woe light conditions to produce 
i :I~. peppcrc on a raised bed but not on the floor. 
In the Cape Cod Ark the:e are several termce levels. 
On ground level. we are growing the most hardy 
vegetables, such as lettoce, chard, kale, and parsley. 
On middle levels, WC grow head lettuce, snow peas, 
green beans, and herbs. On the high terrace during 
sprmg and fall months are tomatoes, peppers, cocum- 
hers, and bamboo. 

T~rmce IVaNs. The retaining walls of the tcrraces 
are of field stone. each contsining numerous pockets 
of soil for plants. Kecsuse the stows are warmed by 
the son daily, the plants there have il slightly drier, 

warm zone. Some of the clinging or hanging plnnts 
: usd are New Zealand spinach, strawberries. oastur- 

tiumr. thyme, parsley, and orhcr herbs. Another re- 
raining wall. this one below the main aquaculture 
ponds, is of corwx’te hloeks set with their holes run- 

Nor-tl, Wall Twllircs. ‘The high concrctc north wzdl 
cre:xcs il vertical wrro zone for climbing and espdlicred 
plants. ‘The wall remains warm in the eucning. where 
tomatoes, msiahar spinach, figs, grapes. and cucumbers 
grow. 

Hea Sronrye &ii. A unique wea for subtropical 
species is oo top of the heat storage bin, which is at 
a generally warm elevation nnd is warmed from below 
by stored heat. On this surface arc mmy tropical 
and subtropical specks, planted permanently or tempo- 
rarily overwintering. Several plants from New Al- 
&my’s Costa Rican Center are there, including 
pwcnnial s~eef peppers, lemon grass, papayas, 
nrranjila, and hihibcus. III addition. there are dwarf 
citrus, dwarf cherry, a large rosemary. and various 
palms xnd ornamcntals. 

Seedling Bench. Circulating air from the heat 
storage bin is disxibuted to the Ark through a long 
low air chamber along the southern wall. The sor- 
face of this chamber is ideal for the propagation of 
vegetable seedlings, tree cuttings, and tree seedlings, 
as it receives bottom wzrmth from the air parsing 
beneath. On this sorface we grow seedlings for 
periodic winter re+-ements, and large numbers of 
seedlings for spring osc. This bench also serves as a 
potting area. 

Compost. Any weeds and vegetable waste not fed 
to fish are comported in one corner of the ground 
Icvcl. This is B somewhat controversial practicr in 
terms of greenhouse sanitation. so until WC have 
further rvidence. we shall compost wa~fc~ indoors 
hut use the compost outside. It renwins a slow, con- 
stant source of CO2 and heat as it dccoo~poscs. and 
provides a home for crickets, spiders, hectles, sow- 
bogs, and other insects. 



Herb Area. One portion of the growing area has 
been reserved as a permanent habitat and food 
wurce for predatory and pollinating insects. It con- 
tains many flowering herbs, wild flowers. and garden- 
edge plants to provide continuous shelter, nectar, 
and pollen. Within this area there is also a tiny pond 
for use by insects, toads, and other residents. 

Open Pomf. The garden area is irrigated with water 
from the concrete pond. The water is partially warm- 
ed through the wall that divides it from the heat 
storage bin and is a biotic reservoir of aquatic species 
for aquaculnire purposes. In it are a variety of plants 
and animals, including several species of fish, Am//a, 
water hyacinths, turtles, a frog, freshwater mussels. 
and crayfish. 

S&r Aquaculture Ponds. At various locations in 
the garden area we have placed solar aquaculture ponds 
to provide a localized microclimate for plants that 
might benefit from warmth radiated from the ponds 
at night. By careful positioning of one or more ponds 
near a wall, specialized zone for sensitive plants can 
be created. 

Soil. The soil in the growing area and terraces is 
comprised of a twenty-four inch deep mixture of 
field topsoil, leaf mold, and rutted manure. with 
small inoculations of garden. meadow, lakeside, and 
forest soil organisms. The lbealth of sail life is more 
difficult to obrcwe than that of larger organisms, 
but the soil’s function of nutrient processing and 
recycling isvital to the long-term performance of 
the ecosystem. The soil community may also be 
crucial to the maintenance of tbc gaseous equilibrium 
of the internal atmosphere. Earthworms were added 
to the soil to aid in miring and decomposing the 
initial rough organic matter and to distribute soil 
microorganisms. Earthworm density may eventually 
be used as an indicator of the soil condition. 

Plmts. The majority of plants tested over the past 
two winters has been food plants -garden fruits and 
vegetables. Other categories have been herbs, tropical 
tree seedlings, ornamcntals, houscplant cuttings, and 
vegetable seedlings. A list of all plants tested appears 
in Appendix II. Varieties which thrive and produce 
well arc being tested for optimum microclimate and 
growth periods: varieties which sicken or arc aver- 
whelmed by pests nre removed. Outstanding s~~cccsses 
in Cnpc Cod conditions arc noted in Appendix II. 
Another group of plants, those that spot~taneously 
appear from weed seeds, are not listed, but include 
hairy vetch, purslane, clover, and buckwheat. 

Animals. Animnls include humans, soil organisms, 
insect pests and predators, toads, birds, bees, wasps. 
spiders, and many others that are obvious members of 
garden fauna. Some were intentionally introduced, 
hut most entered on plants, in sail, or as colonists 
during the fall. Several intriguing immigrants are: 
a tree frog which provides jungle sound effects, paper 
wasps which perform most pollination duties, and 
visiting birds who drop in occasionally for a bite to 
eat. An annotated list of introductions and observed 
immigrants appears in Appendix 111. 

An interesting analogy on the pop&&m dynamics 
of the Ark ecosystem is that of the species on an island 
located near a mainland. Population ecologists now 
tbenrix that newl)~ formed islands ahsorh colonizing 
species rapidly until 811 equilibrium is reached between 
immigration and random ertinctiaa of species on the 
island. Mathematical models of this rheory have been 



vcrificd io sewral instaoccs wd may he appropriate 
in undcrstaodiog a biosbrlrer. 

Pserrcf~,-Or~~,ri.rrrts. 1n n scnsc, il solar i~qw~mlturc 
pond could be compared to :I ocw type of organism, 
ex!dbiti”g o&cd cbaractcristics of z cc/l, an “rgao- 
ism, and a” ecosystem. 1~ admits light, has a” iotcr- 
“ai pboto~~utbe~irl~~~p~:~~:~“” pzoccss zod 1 “body” 
temperature and metabolism, sod is linked to tbc 
gaseous equilibrium of the bioshclter atmosphere. 
Distinctions benwe” lcvelr of biological organization 
become hazy when aoalyring such a commonit)-. 

IL’. IhVESTKATI0.V: PL-RSLWG 
THE STATE OF THE ARR 

Presently we are eogaged io several directions of 
research: (1) Testing food plants for adaptivity sod 
productivity; (2) hlooitoriog soccessioo nod dcvdop- 
mew of ocw food web relationships; awl (3) levesti- 
gating climate control patterns sod their effect on EC”- 

“:: system productivity. These activities are closely inter- 
related and the methodology is evolving with the 
structure. The main concepts of each investigation will 

~‘: be touched o” briefly. 
,,” Testing Food Phtr. The food production aspect of 

the bioshelter is considered part of a larger agricultural 
t,,;, process including summer gardens, food forest?, and 
:,, animal husbandry. The function of the present bio- 
it”: ,shelter in that scheme is to produce a source of winter 
:?,’ vegetables, a year-round supply of fish protein, vcgc- 
!;:!, table seedlings for sommer gardens, and valuable fruit 
~‘,’ ,and nut seedlings. Of particular interest to us is whctbcr 
,’ : such an integrated agriculture ca” sustain ii family or 
,~, small group by supplying their food needs with enough 

surplus to market to their community. 
We are concentrating on vegetables which are enjoyed 

‘, fresh or which cannot be easily stored from the sommer. 
~’ By monitoring growth rates and production periods, we 
” ‘hope to develop a seasonal pianting sequence to supply 

constant fresh food and seedlings as needed. Certain 
crops grown commercially in northern greenhouses are 
being analyzed to discover whether bioshelter produc- 
tian could be competitive with greenhouses using 
fossil f”c!s. 

Monitoring Succession. Soon after the construction 
of a microclimate and the introduction of desired 
species, a natural phenomenon occurs of which all 
gardeners are painfully aware - pests and ““expected 
weeds appear. Since we do not completely understand 
the functions of minor organisms, and indeed are often 
not eve” aware of their existence, it is wise to respect 
their presence until it becomes apparent that they 

Uodoobtcdly tbc prcwocc 031 tbr weed in the soil 
stirwdates borne segmwt of wil rnicr~~~,rgatlisltlr. and 
such diwzrsity of process may bc viduilblc. Yearly ap’ 
plicatioos of outdoor garden compost nod s~asoonl 
migrations of iosccts goarantcc il cootioooos influx of 
species over time, and careful obscrvntion should 
reveal new relationships as they arise. 

Chrate Cmtrol: Fine Tuhg. One type cf climate 
control is the estrblishment of temperature microclimates. 
This is done through permanent architecturnl elements 
sod through variable control of active beat storage 
and air circulation. A further possibility is P” auxiliary 
wood stove for cold, cloudy periods. The mechanical 
and fuel cncrgy required for thew controls. and the 
resulting benefit in productivity, is of great importance 
in determining the u!timate effectiveness and viability 
of bioshelters, 

Other fondamental questi”“s yet to be answered 

include: the overall effect of great or small tempera- 

,, cause a difficulty. We have allowed most species to 
~“,~~‘~ernain “b&wed but ““molested as we determine 

,; ,,,‘their ro!cs. Weeds in the soil are allowed to grow 
l,-until it appears that either the root system or leaf 

,‘,:,‘,I canopy is interfering with a food plant. The weed is 
:, c,:,‘, ‘rhen either removed or dug into the soil at that spot. 







, 

. 



4 Backyard Solar Greenhouse 

‘This fall wc resumed the biological work started lart 
year on a new experimental biosbclter informally call- 
ed the Six Pack. It is a small structure whose design 
by Solsearch was an outgrowth of a northern climate 
greenhouse developed at the Brace Research Institute 
at McGill University. The “Six Pack” was built to 
evaluate light nansmitring materials being considered 

for the larger human habitation Ark built on 
Prince Edward Island. It is a prototype solar green- 
house intended for year round use by households to 
supplement their diets with fresh vegetables and fish. 

Design Overview: 

It shares with the Brace greenhouse the following 
characteristics: 

The greenhouse is oriented *:I an east-west axis, 
the south-facing roof being transparent and the in- 
clined north-facing wall being insulated with a reflec- 
tive cover on the interior face. The angle of the trans- 
parent roof and tbr rear, inclined wall are each designed 
to permit respectively optimum transmittance of solar 
radiation and maximum reflection of the radiation on 
to the plant canopy. 

This type of greenhouse is designed to avoid the 
significant amount of heat lost by radiation from the 
interior of a conventional greenhouse through the large 
transparent north-facing wall. Since the light enters 
mainly from the south side, very little is sacrificed in 
insulating the north wall. The reflective coating serves 
to redirect light reflecting from the interior back on 
to the growing area. 

The New Alchemy bioshelter is innovative in a 
number of ways including its aesthetics, use of vaulted 
fiberglass panels on its south face, and the mounting 
underneath the fiberglass three layers of a transparent 
insulation known as Solar Membrane. The membrane 
is produced by Suotek Corporation and was tested for 
the first time under growing conditions in this bio- 
shelter. Another unique aspect of its design is the in- 
corporation of a fish pond within the structure for solar 
heat storage and aquatic food production. The pond 
water, rich in nutrients, is used to irrigate and fertilize 
the crops within. 

The accompanying diagrams of the solar backyard 
greenhouse give its dimensions and type of building 
materials. 

If is our hope that small bioshelters like the Six Pack 
will prove a wordwhile venture for a family or group 
of families interested in growing their own greens 
throughout the winter, even in colder sections of the 
country. Since it uses no additional source of heat or 
light other than the sun, it is inexpensive to maintain. 
However. as temperatures fluctuate sometimes as much 
as 40°F in a twenty-four period, and in the coldest 
months will approach freezing, tbe number of crops 
that will grow well during the winter is fairly limited. 
We are still involved in resting various food crops to 



We found that a ver mild soap arzl water solution 
sprayed on the lcavcr of plants once a week effectiveI> 
conrrolled tbc aphid population. Wood ash sprinkled 
around the bare of plant, served to discourage slugs 
altbougb qq~licatiuos must bc repeated after each 
thorough watcrins which may iocrcsse the alkalinity 
of the soil and affect the plant growth a subject for 
possible futorc experimenwtiot~. Wbitctlies sod fungus 
remain II problem. 

BCC~ .,nd \vss,,s cntrrcd the stroctute sod were 
~mmo~g tbc bcncficial ioscct.s which pollinated various 
plaots. ‘Tr~cBo~wmre pn&rsrrr, a tiny wasp wbicb is 
known to pnasitirc eggs of butterflies and moths, 

was introduced as larvae and allowed to hatch witbm 
the gecnbousc. Because of their microscopic size, WC 
have oat yet bca able to determine if they are rti;! 
,XW”f. 

In early ,Augost last year, \ve began to preparc the 
ground in the building, raking out ondecomposed 
Icaws and adding lime, rock phosphate and green sand. 
We also filled sewral large wooden boxes and thrrc 
cement containers with soil and compost and brongbt 
those in. Ground and coominers were then planted 
both with seedliqs and with plants brought in frotr’ 
the gardens. ~A good sampling of warm and cool scab m 
food olantr, house plants and a few miscellaneous 
were included. (See Appendix) Generally. tbry were 
rllowcd to grow with a minimum of care and attcntjnn 
to determine their basic ruitabilitv to the greenhouse 
cnvirnnment. With tbc oosct of &ter, most of the 
warm season crops beg&:“” to mold ;md were removed, 
but some of the hardier plants continued to grow and 
provide food. 

The crops chosen were those which had been most 
succcssfol in ian ?-ear’s experiment plus a few new 
candidates. iSe~ Appendix) M&bar and New Zealand 
spinach, chard kale, Chinese cabbage and several 
herbs were brought in from outside to extend their 
gmwing season. Chard, kale and parsley were also 
afarted as new seedlings in the fzll, along with purple 
pod beans, kohlrabi, Irttoce and endive. These plants 
now ctmstimte our most successful crops and wi!l 
definitely be ioduded in plantings in subsequent years. 

WC also pbmtcd onions and garlic wbicb were still 
healthy sod growing in early Dcccmbrr. Hopefully, 
they will reach full maturity. A small number of beets 
were planted. sonw of wbicb have rexbed acceptable 
size. Otbcrs arc still quite small. Furtber plantings are 
in order to determine tlvir value as a greenbousc crop. 
Several other plants need further testing ac well. 
Beefsteak and Tiny Tim tomatoii were se~crel: 

‘l.m,aprd I,) fungo*. A,,,, 0-t all m<!mbcr~ of ,bc ci,,,- 
bagc family were affcctcd by ilpbids :md slugs. 

Small cocumber plants were trxosplontcd indoors 
in middcptcmber and did not grow well at all. Green 
pepper plants from Rats grew wry slowi? and did oat 
prodace. to mid-October, as temperatures decrcascd. 
chard. kale, Cbincse cabbage sod Mslahar nod Nea 
Zealand spinach continued to thrive and grow. The 
perennial herbs grew very well. but fbe sweet basil 
was attacked hy mold. 

A second crop of lettuce and endive was pbmted 
on October 20. The growth rate was significantly 
slower than that of the late summer planting (see 
graph). Fullhcart endive apprars to be growing more 
mpidly tlxm most types of lettuce. 

It is cxpccted that some of tbc cool reason 
crops will survive the winter, providing us with 
ulad greens throughout Janunry and February 
\\‘arm ECBSUII crops, with tbe exception of 
Malabar spinach, have bad an extended growing 
w2tlFi)“. 

It is difficult for us at this point to know the ul- 
timate production potential of the Six-Pack. Methods 
and procedures for providing optimum growing con. 
ditions within the greenhouse are still being worked 
out. A more detailed knowledge of its climatology 
is essential. For example. on October 20. it was 
discovered that every type of lettuce and endive with 
the exception of Salad Bowl lettuce and other more 
recently planted seedlings had turned bitter, although 
only a few plants had bolted and many were just 
reaching their peak of production. This situation 
may lxwe been broagbt about by unfavorably high 
temperatures and could have been avoided by 
better reylation of venting throughout the day. 

Ventilation. watering of crops, spacing of plants, 
coordination of plant types to micro-climates, 
type and degree of mulching, proper soil composi- 
tion, seeding sequences-these are some of the 
factors which must bc evaluated in order to opti- 
mize the growing environment within solar grcen- 
houses. The challenge is more difficult with Cape 
Cod’s erratic weather conditions. 

It should perhaps be mentioned that the small 
solar greenhouse need not function solely as a means 
of food production, although tbis is certainly the 
primaty concero. It is a psychological boon to those 
who actively become part of its ecosystem. Hanging 
pots of nasturtiums, impatiens and other colorful 
how plants bclp to babmcc the functional witb 
the acstbc4c. And to all of us sommcr gnrdcocrs. 
it is n joy to step, trowel io band, into 13 balmy 
greenhouse smelling of earth and herbs and mari- 
golds, even in the coldest months qf the winter. 



Co~wtruction Plans for the Touchstone Grcenbousc, 
which is bad on the Sis-Pack, are available to 
Asrociatc ~Membcrs of tile New Alcbcmy lnstitutc for 
$25.00. hlembenhip is a prcrequisitc for obtaining 
plans, in o&r to assist N. A. 1. with further bioahclrcr 
de\clap”cnt. 
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The two ari;c/es ;I, rh,r seciioii reflect a co”tinually 

enpand;ng network of wh;ch we feel New Alchemy to 
be a par:. A major factor in the exreens,o” of this “ef~ 

work is our frkwdshtp wit/~ the Lindisfarne co”~mu”,ty. 
If has been rhrough ii that we “iet both Richard Falk 

and Evelyn Ames who wore the papers imzluded 

here. O&k F&k is Mi/bank Professor of l”ter”at;or/at 
Law at Princeton anda Senior Fellow of the institute for 

War/d Order. His snide fraccs and birlds toyether 

many of rhe disparate tireads ;bat form rhe mai3 
body of rhe res;sra”ce to wbar seems the domi”a”f 

direction of this culture. iiis d;xussio” of a politics of 

conscience points out the underlying political “afure 

of acr;o”s “of always consrued as such, and the fun 

&mental agreemenr of those act;ng directly on &half 
ofpeop,e who are suffw;“g and those whose efforts 

we dnected ?ow;lrd a~,.oare”~,y ecological Concerns. 

Author and poet Eveiyn Ames’ arr;c,e on “A Return 

to the Feminine Principle” brought a mythological 
d;me”s;o” to my ow” rh;“king. Si”ce the publicahon 

of “Women and Ecology”, / have see” “law art;cies 

yuerying along comparable themes. The oppression 

of wome”, he alienation of me” and resulfant u”~ 

happiness of a,, of us in a culture of u”setrli”giv 
rap;d flux is a recurri”g theme these days. Like a 

chronic itch, it’s always rhere. Undprstanrlmg for 

a,, 0fo-s CD”ES s/ow,y, and co”trr6uc;o”s, 

large and s”wll, are very much needed. A major o”e has 

been El& Boulding’s book, “The Underside of tiistory”, 

which brings new ;ns;gbt on long-ignored femini”e par- 

ticipation in history. Jean Baker Miller’s book, “Toward 

a New Psychology of Women”, is a new a”d popular 
book which reaffirms the value of the affiliative and 

communicaring aspects of rhe feminine experience. Like 

both of these books, Evelyn Ames’article sheds light 

on little comprehendeo and often th;ckly veiled aspects 

of rhe human experience. 



Return to 

Perhaps the greatest paradox of “or time is what 
might be called the failure of soccess xhiered in the 

:,, modern industrialired world. As. one after another, 
:, the cxcess~s of that soccess bring crises and dire 

warnings, there arc deepening misgivings that the 
driving nnsculine principle is “o the rampage and 

,,, that, if its d”mi”s”ce continues unchecked, we 
>,:’ shan’t sumivr. The wry existence “f such misgiv- 

ings is caose for at least some hope; and. although it is 
is COO early to see anything that might be called B 

,: trend, there are signs that that dominance of the 

,,, masculine ma! haw peaked out and a “ew age begun 
in which the feminine principle will again he rc- 
honored, though in B new way. 

It might be helpful to begin Gth the meaning af 
the terms feminine and masculine principle and to 
say aK once that they “Fpl?. io both me” and 
women and that the whole subject is mocb bigger 
than any single w”man, any man. It isn’t even 
wome”, or Woman, that is meant by the feminine 
principle but a part of the psyche shared hy both 
sexes, oni>- m”re intrinsic t” women, and the “p- 
pasite pole of the principle intrinsic to men. This 
is well illostratrd by tbc ancient Chincsc phiiosoph- 
ical synbol of Yin and Yang, those two interwoven 
forms of black and white in which each elcmcnt at 
its fullest contains the seed or spark of its “xv” up- 
posit=; night and day, yielding and firm, water and 
fire, feminine and masculine - all the complementary 
opposites are represented by it. Because the feminine 
is associated with eight and the mooo, Yin, the dark 
half of the circle, represents the feminine and Yang 
the bright and masculine half. 
,’ In Pathan, one of the ancient cqitnls of Nepal, 
there is a st”“e figuw of the Lingam - the symbolic 

minist 

phallus - staoding upright ill the Yuni, a horizoatnl 
circie with a channclcd “pening - rynhol of the 
womb. To the Hindu these forms reprcseot Crcativit) 
and Fertility, or else Power and Natwc: in combina- 
tion, the Crcativc Energy of the Uoircrrc. For both 
priociples, it should bc noted, arc cncrgies. There is 
n danger of cnnfusing the feminine principle with 
stereotypes of suppusedly feminine qualities such as 
bciog passive, the weaker sex, coy aod scductiue aud 
so forth, rather tha” the nourishing, loving and pro- 
tecting element of the feminine which. in action. 
it hardly needs saying, exacts great cncrby, work and 

imaginatiun 

In tile cave temple of Elep:l”“fa, “ear Il”mb~), 
dedicated t” the god Shiva, thcrc arc two espcciall) 
“utstrnding sculptorrs. One, the her~~~al~hrotlitic 
Shira, is divided, not like Creek and Roman wrsioos 
“f l~lerm~phmditor but vertically thruugh the entire 
;,“dy; it represents very movinglv the two prin- 
ciples in harm”np, in one being.‘l.he other, the 
famous triple-headed Shiva, lbas on “w side the f&e 
of the god’s mascuiine energy - here showy in its 
furious destroctivc aspect; “n the opposite side, the 
face “f fcmininc creatiw energy (as one is told) and, 
in the middle, the transcendent uni”” of both. If tlvaf 
phrase “creative energy” following “feminine” is 
startling, it is because the wh”lc concept of the fcmi- 
nine principle has bec”mc weakened, for ~as”“s I 
hope to make clear. 

In an attempt to discover what I c”~dd ab”ot the 
fcmininc principle at first hand; I cxpcrioxotcd II! 
presmting to myself in :I period of free mcdiwtioll 
the qocitioo “what is the fcoGnioc lviociplc?” After 
a time a se&s of mcnfal images appcwcd, ooc ilftvl 
another or bccomiog the other, as clearly as if I wcrc 
looking at B slide show. There is norhing drfinitivc 
or particularly clever abo”t this: what is interesting 



I raw first a lugc carrbcnware jar - one of the rcc- 
ognizcd symbols of the “Great Motbcr”, more specif- 
ically the symbol both of emptiness and of contaio- 
menf; of receptivity. Next came a fountain: givingness. 
overflowingness; quickly followed by the image of 
someone playing a harp - muting the strings with oot- 
stre;ched hands and laying an car against them: the 
listener to rcsonancer. Suddenly, then. 1 was in a 
primitive country and saw a womm carying w*ter in 
a jar bdmvxd on her head: the water-cur,ier, a sus- 
tainer of life. The jar being FCT): full, some water 
spilled on the ground and a strange thing happened: 
she set down the jar, kneeled on the earth and rubbed 
~mod from rbe spilled mater onto her face. Aside from 
the ohhus connotations of her being in touch with 
tbc earth, this Puzzled me. Then I read in m account 
of the recent coronation of King Birenda of Nepal 
that one part of the ceremony consisted in smearing 
bim with mud to symbolize his awareness of the land 
and closeness to his people. My water carrier also laid 
ber ear to the ground - she tuned into the earth - and 
dissolved into the last image of a girl holding a giant 
conch shell to her ear and listening to tbe sea - symbol, 
of course, of the mwonscious. Receiving, giving, listen- 
ing, supplying, getting into touch witb the earth and 
the unconscious: though onI)- some of the attributes 
of the Feminine Principle still they all belong to it. 

Weeks later, under vety different circumstances. a 
free meditation on the masculine principle produced 
the following, also extremely vivid images: first, B 
javelin-thrower in the act of hurling the javelin in a 
contest which, I’m sorry to ray, turned into B figure 
holding a rock over his head with both hands and about 
to smash it down on a victim. Then to my intense in- 
terest, came a building superintendent at the Pyramids, 
ordering lines of slaves and assigning them work; and 
a ruler? judge? (I wasn’t sure which) anywq;. a thougbt- 
fol figore seated in a raised place as if weighmg evidence. 
The neat scene was inside a submerged submarine where 
a man sat reading instmmentr and adjusting dials. The 
submarine became damaged; it surfaced; men leaped 
overboard and were marvelously rescued by helicopter. 
Last I saw swarms of workers around a cathedral. 
Quickly summarized, what have we got but a compet- 
itor in skills; a ki!ler; an organizer; a leader; an engineer 
and explorer of ocean depths (interesting that it was 
that and not outer space); heroic rescuers: builders. 

There they are: two very different kinds of energy - 
two forces which. combined, are the creative force of 
the universe as are all opposites when they are held in 
balance or in creative tension. It is illuminating to con. 
sider how the balance between these :wo energies, 
these principles, has shifted through history and then 
to examine the shift occurring right now, but before 
doing so, there is one more footnote, as it were, which 

seems worth nwnioning. ‘flmt is thr origin of the word3 
lord *ml ladv. flhf is fix Old hglirh for loaf. and 
lady, or hl.,j:f;ge. is tbc loaf-kncadcr - she who kneads 
and makes tbc brcead. Lord is the J,l&xwnf or loaf- 
warden - he who guards the bred which in primitive 
socicties wilb probably a lot more important than 
guarding the gold at Fort Knox. Tbcrc is a suggestion 
in tbesc words, and their origins, of the feminine mid 
masculine in coopcmtioo wbicb seems to mc beautiful. 

Readers with any knowledge of Joog will know that 
the masculine is identified with ego and with conscious- 
ness, the feminine with the unconscious, and that each 
of us carries in the ~oconscious the arcbctypr or 
physic pattern - of the other. What Jung called tbc 
“anima” rcprescntr to the man the ctcrnsl fcmioinc in 
him, his Yin; what Joog c&xl tbc “animus” is tbc 
woman’s Yang or the masculine principle within her- 
self. Finally. each of us repeats in his or bcr own de- 
velopment fbe rotirc experience of the species - those 
sbifts of b&w-e we arc about to consider - which 
means that a girl must dissolve her natural unconscious 
wholeness in order to become a complete person: she 
must relate to the masculine in herself; and a boy 
must detach himself from the mother, not just his 
actual mother but the relationship to the Great Mother, 
in order to become himself. He then tends to relate 
from the distance of the conscious world -as Jung’s 
follower Neumann pot it; in fact masculine self- 
discovery depends on the separation of the conscious 
and uocooscious systems. Which is exactly what bap- 
pened in the early period of humanity. 

Early societies were matriarchal not necessarily 
structurally but, more importantly, psychically; ma- 
triarchal coosciousoess, in harmony with the cartb and 
the unconscious, dependent on favorable moon- 
periods for plaoting and harvesting - a patient, waiting 
kind of mvareness - was predominant. Tbe basic for- 
mula was this: woman : hody : vessel : world. The Great 
Mother was warshipped and women were priestesses 
(in some cultures they ruled, as well) but the significant 
thing is that humanity went through a phase in which 
the feminine principle and the unconscious dominated 
the masculine principle and consciousness. In the 
eastern Mediterranean one sees remnants of this in the 
Minoan civilization of Crete which then merged - 
became married, as it were - to the Mycencan. Greek 
mythology resulted from this collision of matriarchal 
pre-Greece with the aggressive, patriarch+ minded 
Acheans who invadedGreccefrom the North. 

Humanity, or the part of it with which we are most 
familiar, moved out of the unconscious just as the in- 
dividual boy detaches himself from tbc mother to 
become whole -and moved into consciousness which 
thw became patriarchal; these were successive psy- 
cbological phases. Gods replaced goddcmes, except for 
Athena, whose citadel of Athens bcld out against the 
patriarchal tide; men rui<d; society evolved the hero. 



rescuing the maiden from impossible dangers, and rc- 
duccd tbe earth goddess the Crew Mother - to a 
wife in tbc home. And vitb that redoctioo, the cow 
ccpt of fcmalc creative energy gradually diminished. 
ilncidentaily, patriarchal marriage is about as old as 
our historical knowledge - for there? good reason 
that writing and record-keeping are achievements of 
the evolution of consciousness.) 

We know all too well the next stage, our J udaeo- 
Christian heritage in which the body, nature, sexuality 
and women became of the devil, the feminine principle 
was seen as pure evil and witches were burned at the 
stake. Nor was there any feminine Godhead left, except 
for the Virgin Mary, whose presence in the Catholic 
Church is thcrcfore of far more than theological im- 
portance. With the Reformation, even she disappeared 
from Protestant societies: the feminine principle was 
totally gone from the chlrrch; there were no women in 
hc*wn. And of course this process of relegation to the 
devil, this making a witch or monster out of someooc 
or some idea, is exactly what we do as individuals or 
societies when we are trying to break away from or 
out of a situation and move into the new. (It should 
be added, too, that the negative, shadowaspects of 
tbc Great hlotbcr sod of the Feminine Principle are 
indeed moostrous: devouring, engulfing, bringing 
death as well as life, like the Hindu goddess Kali with 
her apron of skulls.) 

Coming to this counq and nearer our time, tbcre 
was one particular period in the development of our 
frontiers when women were partners of their men and 
the two principles co-existed in remarkable balance 
and harmony. There iA a beautiful book about this 
called “Westward the \Vomen” by Nancy Wilson Ross, 
celebrating those exceptional women (there most 
have been many of them) who shared their men’s 
dangers and bardships while still cbcrishing and nour- 
ishing the feminine and cultural values. One marvels 
how they did it. Perhaps it was because a part of their 
psyches found itself returned to the familiar matriarchal 
consciousness which lives in accord with seed-time, the 
earth, the moon. in wild and foreign territory their 
spirits were at home. 

With the arrival of the Indusuial Revolution, 
what Bronowski calls the Drive for Power. we recog- 
nize where we are: the masculine principle in full and 
omnipotent control; goals barely formulated before 
they are achieved; the earth - and that includes some 
of its evils, its diseases - conquered, as we say; every 
imaginable. arzd unimaginable product produced, the 
solar system beginniq to be explored. We must never 
forget that the masculine principle and patriarchal 
consciousness have, quite literally, produced and de- 
veloped Western civilization, and that consciousness 
is an extraordinary “organ of adaptation and accom- 
plishment” as Neumarvn calls it: it gets results, it 
by-passes nature’s slow workings and telescopes time 

by transferring information. Wbcn ooe tries to gmrp 
what has bern achieved it boggles thr mind Today, 
prtirul*rly in our own country whcrc the wmholie 
javrlin was burled the farrbcst. we arc suffering from 
the excesshe SUCECSS of the masculine principle while 
everythiog in us that is tender, thoughtful, caring, is 
crying out in anguish and despair. The feminine prin- 
ciple has been shut away. devalued, and if loot rxxtl! 
thrown a bone, then its cquivalcnr: placated with an- 
other electric gadget. 

The English author, J. B. Priestley, writing from 
Texas in the mid-fifties in the book called “Journey 
Down a Rainbow”. said it wu easy to SW wh> 
America is described as a matriarchy: women have 
much of the mane)~. there is all this fuss about Mother, 
and their adornment is the basis of a stupendous in- 
dustry; also they are often very aggressive, and demand- 
ing and dictatonal. But this misses tbc paint, be claims: 
America is dominated by the masculine, nor the 
feminine principle; the ~alucs of our rociq are row 
culine, not feminine. If women have became aggressive 
it is because they are struggling to find satisfaction in 
a world that is not theirs: they are like the inhabitants 
of an occupied country, compelled to accept values 
and standards alien to their deepest nature. 

‘Woman wishes to take root (he writes); this so- 
ciety is uprooted. She is deeply conservative; this society 
is nothing if not progressive. She wants slow but 
certain growth; this society is restless and for ever 
changing. She desires an erotic personal rclationsbip... 
what she gets is a muddle of hasty sex, social part- 
ncrship and a tangle of legalities... She wants a 
securely rooted family tree; there are fewer and 
fewer of them. She believes. in the ancient wisdom 
of her heart, that nothing matters except the 
quality of personal experience, what real men, women 
and children are feeling about life; but this society at- 
tends to everything except that..... Her essential natore 
cries oot for a devoted lover, healthy children, a home 
filled with easy intimate talk, laughter, absurd or 
charming ceremonies, and nothing whatever oot of 
cybernetics and science fiction, buildings two thousand 
feet high, tra\,el at five hundred milts an hour and din- 
ners arriving in capsules.... So she takes her revenge.... 
bringing to the conflict her willpower and hysterical 
energy. She will be hard on men because it is they - 
or the principle they represent - who are responsible 
for her feelings of deep unease, frustration, insecurity... 
she will often be unfair...” 

That is a pretty dreadful picture hut, speaking for 
myself I can only say that in recent years everything 
feminine-principled in me has been revolted by the 
wasteful, mechanized aspects of our society and its 
cost to our deeper humanity. Consider that one phrase 
it has prodoccd: “built-in obsolcsccncc”. Could any 
concept go more deeply against tbc grain of the 
creature who for hundreds of thousands of years has 



Other fascinating forcrs seem to be at work. lo tbc 
collective onconscio~~s of our time. there has bee” a 
growing awawncss of a “>a”‘~ relationship to his owt, 
unconscious, fcmininc side and of a wmum’s r&tio”- 
ship to lbrr aimus or Yang. Surely tbc wry fact that 
such minds as Jung’s, Neumann’s, Freud’s sod Erick- 
son’s, all the many pioneers and esplarcrs of i”“er 
space, cmcrged in this partiwlar epoch. is highly sig- 
nificant. It has also bee” pointed “ut tbnt the bidden 
tendency of tbc life-process itself seems to be toward 
creating a more complex f,:mini”c psychology; sonw 
mutation in conscionsncss is taking place. Could this 
be because of w”“,c”~s lorlg experience in relating to 
the dominant masculine principle? llas thc:rc bcco a 
subtle cross-pullinati”“? 

Meanwhile there arc innumerable 0”tcr signs “f 
tbcsc inner dcwlop”~cntr. Perhaps tbc “wst conspicu- 
ous one is the new feeling almot the plmct and tbc speed 
with which this planetary ~wue~,css is growing - par- 
adoxically b*~4;xd along by the masculine principle’s 
great triumpl~ in reaching the moo”, and the sudden 
energy crisis and shorragcs resulting fmm the masculine 
principle’s grea: excesses. The rare of growth of a” 
ecological conscience - in itself related to the feminine 

is almost breathtaking. One fascinating example was 
~cmtly reported in the press in ISrazil where a hun- 
dred and seventy million acres of forest have bee” 
eliminated, and from “car Sao Paul”, tbc fastcst- 
growing modern city in the world. I” ao outlying t”w”, 
three people climbed int” B single tree they didn’t want 
c”t down and stayed there till fbc po!icc put them in 
jail. Yrt that isn’t the end of the stay; the whole tow” 
rose in revolt, fh~rc were riots and dcnmnstrations. All 
over one free, after billions of dcstroycd trees! At so”lc 
point. pcoplc 110 take a sta”d. 

Giroudl. new State Scrrcmry for thr Coeditio” “f \\‘“mca Nrw-“Id life-stslcs beg”” I,) ,““rcrting yo”“g people 
in the French Cabinet, rays tlvat the present ew~lutiw, nf in the violent six&s arc also “” tllc increase: less eat- 
~otnen and the way it will tur” ““t is - t” bcr “,i”d - ing “f meat (less killing); “,“rc articles b&g made by 

.%&ye 131 Tbe,““m.d of the New *,ahemisrs 



wa!’ of dcpcndcnce 011 an inrrcaringl! comptcx civili- 
zafmn are tbc Uropianr - still continuing fo assume 
that this tremendws and fantastically ingenious sfruc- 
fwc is going to snwiw and improw technolo~ will 
take care of rhar WC will learn tbon to “harness the 
atom” (what B pbrasc!), \vc may cvcn br able f<, en- 
ginecr an imprwcd human spccicr and so forth. 

I nm on [be board of one such new :~ge commoni$ 
- Lindisfamc, founded by \Villiam I.Tbompson who 
wrote “-\f tlvz Edge of History” and “Passages About 
Earth”, and I baw Gtcd and worked a~ another. 
longer established one - Findborn. in n~nbcr~~ Scor- 
land, which bar attained some notoriety through its 
portrait in “The Secret Life of Plants”. Not only the 
cxrraordinary vcgctablcs and tlowcrr tbcy grow tbcrc, 
but everything 1 saw and experienced. related to tbc 
feminine principle - to tbc rarth. and to reverence 
for lift in all its fwmr: w cuing - for fbc pcoplc you 
are with, the vegeubles you are raising. fbc kitchen 
equipment wide wbicb you prepare tbcm. To l~ara- 
pbrasc Blake, tbc motivation serms to be “wcything 
fhaf is is holy”. There is no luxury, but there is corn- 
fort, order and beauty; there are studios fur different 
fine crafts not as lbobbics or occupational therapy, 
but a&les made for the community fo use or to sell. 
Though tbc location is in a wild and mtbcr drsolate 
rrgion of northern Scotland, one fcrla anything but 
isolated: visitors come from all five continents and 
Community members make use of tlw finest audia- 
visual equipment m praducc casscttcn and slide shows 
for their own educational and entertainment facilities 
and to broadcast to the world what tbcy d,cmscIvcs 
xc doing. To be there cwn for a few day is to feel 
yourself in a planetary village. 

In the director’s affix at Findhorn there is a huge 
map of the world, probably six by nine feet across, 
bristling all wcr with diffcrcnt colored pins. It looks 
like those war-maps on which facts about ally and 
enemy BW all mark4 out, but fbese pins either rcprc- 
sent other new-age communities or individuals of 
outstanding practical OI spiritual insight who are al- 
ready living in the new age. It is not a map of peace 
as opposed to war, but il map of faith - in an 
emerging new principle. To give t!uu principle a 
single name such as planctq is too simp!istic, though 
it does indeed recognize the planet in the old way 
as our Crent M~rbcr and in il new way as the :sourcc 
of cncrgirs we have still to learn about. And ;t isn’t 
fossil fuels or atomic power that are in quest*on, 
but fbc existing natural ones, including flio~c little 
known clcciro-msgnctic forces which surround the 
world and of which we and consciousness xc a part. 

In thinking and speculating about tbc new ngc we 
are entering, several things stand auf. The life-styles 
I’ve mcntioncd arc n new-old way of living; tbc mferesf 
in csofcric spiritual disciplines is a new rerurn fo vcq 
old practices: the Findbom and Lindisfarnc kind of 



community is a return to the cxtcndcd family or 
tribe of early cult~rcs. the new thi:tg about it hcing 
that it IS voluntary, planned, chtwn -Mel thc:c lies 
all the difference. This is a conscious choice. not an 
unconscious inevitability. just as all these manifcsta- 
tions are new forms of wry old situations. Thcv are 
quite literally returns - not in the sense of arriving 
back somewhere, which, in our usual masculine. gual- 
oriented way we usually associate with that word 
return, but of going once more in a given direction, 
around a center. As much as it is possible to think of 
the evolution of humanity and of ctmsciousness, tmc 
can visualize it PS 1 spirri iiikc that shell held to the 
girl’s car) and guess that WC are perhaps at a point ; 

on a curve swinging in a familiar direction but at an- 
athcr level. This is inevitably different because, in 
spite of the claim that human nature doesn’t change, 
httm’t improved and so forth (all of which may well 
he trur) certainly our situation is vastly affected h: 
our greater numbers and our cnormousiy greater 
knowledge. The environment in which we are now: 
living, says William 1. Thompxm, is infonnntion. .' 
The patriarchal consciousness which has dominated 
for anywhere from four to six thousand years has 
evolved to the point that it is making the intuitive 
fairy-tales of early peoples come true; see and hear 
at a distance, we get to the moon and plnncts and or- 
der technological jinn to bring us information about 
them; the unconscious dreams and experiences of c&y 
times are now being consciously carried out. But 
says Neumann - “when patriarchy has fulfilled itse!f 
or gone to absurd lengths, losing its connections with 
Mother Ear&” a reversal OECU~E: patriarchal conscious- 
ness re-unites with the earlier more fundamental phaw 

It is enticing to speculate and to cxtrapolato. And it 
seems possible, even probable, that humanity is due, 
not for a going back to matriarchal consciousness sincc. 
nothing io life does go back - but for a conscious 
turning again to the natural wisdom of matriarchal 
consciousness and the feminine principle. Unlike the 
pre-Greek marriage of two kinds of conscioasness 
which produced Greek myths, (perhaps even the glory 
of Greece), the long predominant niasculine principle 
may DOW combine consciously and by choice with a 
long dormant feminine principle. The Sleeping Beauty 
fairy-tale carried out? Perhaps - for it seems as though 

we now long for a balanced consciousness as well 
as desperately needing it. 

Really there is no other chnice: the present path is 
suicidal as WC all know. That “extraordinary organ of 
adaptntion and accomplishment” has adapted to con- 

dition: :t shouldn’t adapt to. Rut this return will take 
doing. ,;,d it will take above all trust and mercy. What 
man m~..r do is not fear being submerged again in the 
Great Mother; man has been there. dune that, but hc 
pulled himself cmt with such long effort that he still 
fears it and even tries to make his wife more ratinmal, 

more like Ihimsclf. Ar Profrsror lliggins sang in “IMy 
I:air Ladv”, “WI,! can’t it wcm;~~~ hc ~morc likr a man?” 
Kut this is prcciscly whit shr must not do. WC women 
must, in fact, hewarc of our Yang, our own masculine 
principle, taking us wcr; WC need to become more, 
not less inspired by the feminine valuer. A,ld WC mustn’t 
forget that symhnlicdlv. the sat of matriarchal, of 
mother consciwsncss, is the heart, not the head. The 
ego of the masculine principle, that familiar head-ego, 
often knows nothing of what’s going on in the deeper 
ccnt~r, in the heart. and we must make it our business 
to listen to the heart. “The modern woman” wrote 
Jung. “stands before a great cultural task which means. 
perhaps, the beginning of a new Era.” 

What would Jung ohscrve if hc were alive today? He 
was deeply excited by the significance of the Ma& 
Yew. cclebratcd in the Catholic world in 1954 -and 
so much has happened since! One can feel changes even 
in the last two or three years and those with an ear to 
the grnund of the \Vomen’s Movement may now hear 
not only the loud media-noise of those who arc acting 
out all women’s ancient hurt and anger, hut the subtle 
appcarimce and growth of a new. affirming process. 
In many parts of the country, In consciousness-raising 
groups and support groups of various kinds as well as 
in women’s clubs and intimate talk between friends, 
what might be called a leit-motif is being given voice. 
The old anger may still be part of it but what is newly 
beard is a deep sense of the importance of the fcmin- 
inc to the world as a whole. Women are waking up to 
their particular gifts and powers and there is a note 
of excitement in the discwe? equally if not more com- 
pelling even than the demands for equality. They are 
beginning to feel - not just to see - how the feminine’s 
emphasis on being rather than doing, and the uncon- 

dirionnl quality of its givingness, are needed for its 
protection of the pla.net and its protection of men 
from their own destructive drive. What one hopes and 
prays for is that the resentments, sometimes the fury, 
of the dcvalucd feminine will become transformed 
into the fuel for the kind of deep commitment ncccr 
say to work out a new balance between mothrr 
consciousness and the masculine drive for power. 
This cannot happen too socn to save us from ourselves. 



Morni:yang 

bless the pan bless the spomr. bless the morning. 



Political Prospects, Cultural Choices, 
Anthropological Horizons 

I,:~doesn’r require biblical prophecy to discern the 
4. usocss of the preseot human predicament. Disre- 
gar&itg apocalyptic poss~bdmes, present realities asa,- 
&ted with collective violence, mass poverty, ecolog- 
ical decay and widespread repression estabhsh a firm 
foundation for discontent with the present political 
order at every level of organization. Symptoms of ma- 
function inter-link on a planetary scale; making our era 
the first of universal history. Such symptoms arc 
emerging at the same time as the cxpcctancy for social 
justice on the part of many people throughout the 
world is calling into question the prevnifing order of 
PrixJiiege and tradition in national societies as well as 
connections between national poverty and weakness 
and the structure of international society. 

Perhaps the link hetweeo “national security” and 
“nuclear catastrophe” remains the most powerful mem- 
phor of a wider condition of pathological politics. The 
wisdom of our leaders and the resources and safety of 
our people depend on the proposition that our security 
can be safeguarded by mutual threats of genocide, 
threats upon the lives and well-being of hondrcds of 
millions of people with no voice to protest against 
such awesome danger and uncertainty. A nuclear arms 
race goes on with expensive, technetronic innaations 
that improve accuracy, reliability, and destructive 
force of nuclear warheads. and bring into being new 
weapons systems iso-called vertical proliferation) that 
perpetuate the arms race with no longer even the pre- 
tense of adding to security. Simulwncousiy, the 
means to enter the nuclear club is spreading to many 
additional governments and may soon be available to 
splinter political groups as well (so-called horizontal 
proliferation). In a world system beset by inequality 
and premised upon a conviction that “might makes 
right”, there is little hope of restraint by those who 
hold deep grievances. The rational prospect of sclf- 
destruction has never deterred those who are desper. 
ate or are deeply convinced of the justice of their 
‘&use. So we h&e 9 situation of mounting danger 
with no political will evident in any official institution 

This double awareness that change in the political 
realm is, at once, necessary and impossible underlies 
the pessimism abour the futore that prevails in the 
West. Knowing that pessimism as a posture is often 
self-fulfilling and tends to immobilize, how do WC rc- 
sist immobilization and begin to comider the natore of 
the change required of our political stroctores nod the 
choices available to our culture? I wish to address these 
issues in the context of platxctar)- politics, seeking, 
above all, :o encourage political activity *Ililt rejects 1 
posture of lhopclcrsncss and is committed to fbe es- 

to transform the situation. A virtual sense of rcsigna- 
tion and incvitahility prcwils. Daring rhc I976 Pre- 
sidential clectinn campaign ncithcr Gerald Ford our 
Jimmy Carter queried either the decency or wloer- 
ability of a security system pcrmancntly based oil 
noclear deterrence and arms competition. It rbould 
he noticed. however, that Jimmy Carter did assert 
in his inaugural Address an intcotion to %wve this 
year a step toward our ultimate goal - the elimination 
of all owlear weapoos from this earth.” WC most await 
with watchful skepticism, to see if these encouragin: 
words arc translated iota appropriate policies; we must 
as well watch what our Soviet superpower rival does 
to encourage or inhibit impulses toward dcnuclcariza- 
tion. At present, however, there is no hasis for hope 
that nuclear weapoos CBE be eiiminated so long as 
“security” is cntrustcd to natiooal military establish- 
ments upholding the compctitivc position of the main 
sovereign states that together make up rhc world 
system. 

Despite objective circumsfilnces that make it reil- 
sonahle to regard our basic political arrangements as 
obsolete, it seems necessary to recogoizc that they arc 
also durable. The array of forces favoring the states 
quo makes it implausible to anticipate global reform 
that could overcome the inadequacies associated with 
a world of roughly 170 sovereign states of greatly on- 
equal size. wealth and capability. each pursuing its 
state imcrests with scant regard for either each other’s 
or the general well-being of the planet. 



td~lishmcnt of a just nwld pulir! it* rhc fram~~~~~rli 
within which ~nafi0031 socicric* id *midI comtnwitic* 
are governed 

The changr th3f is ~wcdcd is so fimdawcnt;~l that its 
achievement mwt be measured over decades, po rib& 
centuries, nor years. Therefore. we lai:nch, as it were, 
upon a voyage; we must depc with a firm scnsc of 
present xtuillifi~s and mwe toward a destination thilt 
is provisional and rcn~~te. But. though thy dertinarion 
may be remote. the goals for undertaking the journc! 
must be dcfioed in a reslisric spir,.. Belief that the 
jomy is possible nest undergird the risks. Both the 
departure and a course wisely ret can bring hope w 
thox who join. ..An early laut~ch is critical 2s each 
passing year nukes .bc rires of paxage mow lha~ardous. 
‘Thr arpiration that accompnier such a wyagc calls to 
nmiod it rc~pwwf rrf Abdul Qadir. a holy person of Sufi 
tradition alit in the Sll:h century. On bcing arkcd b) 
mb inquirrr for guidance “Cm you giw us power to 
improve the earth?” hc is reported to haw replied: 

I will do berter: I will give this power to yur 
descendants, because 31 yet ther.2 is no I,“,“2 of 
SIIC~ impro~~cmcnr hcing made on B large enough 
scale. ‘The devices do not yet exist. You shall he 
rewarded: and they rhal! have the rcwzrd of 
their efforts and of your aspiration. 

iidries Shah, Tdes of&e Dervisl,esJ 
We need to begin. In beginning we find the ground of 
our action and the hope needed to sustain risk. 

Politics partakes of continuous evolutinn, offering the 
challenge of cnntinuous self-transcendence. A “solution” 
of political issues in some kind of utopian polity is con- 
trary to the cvuh&mq context of human existence, 
standing maside rhe flow of time. No ideal end of his- 
tory can be happily envisioned; the stop&rage of tbc 
flow of time would itself haw P stcriliring impact upon 
human consciousness and so woukl bc inconsistent 
with tbr judgmcnr that some idcrl polity had been 
attained. B?; contrast, the contingent politics we en- 
dorse is hudt on an ethos of revolutionary patience: 
contingent because subject to further evolution and 
dependent on fallible visions and actions of people; 
revalutions~ because iundamental; patience because 
the revolution may not possess the capacity to trans- 
form existing power structurc~ for many decades. 

1. Manifesting Political Conscience 
A cammirment to posrihiliy is required of those 

who undertake the royge. Contingent politics is 
rooted in such commitment and encourages individuals 
and groups to manifest political conscience in the 
fact of ovcn\~helmiq resistaxe. Scrmr problems ma> 
lx too difficult for humans to solve. The pnd~le~n of 
separating the security of large groups from the tech- 
nological capacie - cool and abstract - to inflict 
massive death and destruction m.zy bc one such prob- 
lem, but we do not yzt know this. We hwc not yet 



*lore is required than manifesting a seriousness of 
concern; we hsve hard enough of mere opinions. Liz 
McAlister and her comrades offer us a view of action 
that defies a calculus of prohabdn~es without claim- 
ing IUECCIS in the face of formidable odds. Here is 
Liz McAlirtrr’s formulation: 

Can a banu&l of folk-you and me -awaken 
conrcicnce and conccm? Can we bring hfc out 
of this present picture of death? Life is pre- 
carious and unpredictable. and the only way to 
live it is to make cverv cffurt to save it as long 
as thcrc is a possihi!it) of doing so. 

,q”“rari”“r from Liz *kruirfcr 
r.l\m frum Ye‘,, ow. “0,. I,. 
.V”. 6. oecembur ILi76, 

‘Tbr Victnaaxx people and their revolutionary 
leaders could not haw persisted in their war of al- 
most 50 years against the French and the Americans 
if they had based their struggle on H calculation of 
probabilities. Only by concentrating upon the passi- 
hility of victov could they ignore the overwhelming 
probability of failure. Lacking the matiration and 
inspiration of the Vietnamese, the American Peace 
Movement, faced with tiny risks by comparison, was 
repeatedly disillusioeed and intimidated because its 
activirics did not produce quick and dramatic results. 
Such disilluskmment arises from an insufficient 
feeling for st zggle as a process that persists despite 
frustrations and failures. To move toward a just 
world polity presupposes an assurance that the mcims 
and ends are necessary and requircc :,n acceptance 
of risk, struggle, uncertainty, at *: y stage, including 
the capacity to persevere in the ~.Lc of apparent 
failure. 

Manifesting cowcience in concrete deeds by ex- 
emplary individuals is critically significant for raising 
political consciousness about planetary politics. At 
this stage, the abstractions about planetary danger 
are so generally accepted that they verge on being 
platitudes that numb more than arouse. Indeed. 
political leaders in control of the present outmoded, 
dangerous, and unjust system themselves bemoan 
human destiny and acknowledge the seriousness of 
such reaiities as nuclear threats, famine, poverty. terror 
and pollution. However, these same leaders accompany 
their words with policies that aggravate the very 
conditions they deplore. By acknowledging the 

dangers, the managers of power seek to enhance their 
capacity to govern by building public confidence; hy 
ignoring such dangers in their policies they avoid chal- 
lenging entrenched vested interests with a heavy stake 
in high technolo~, militarism, hig business and over- 
seas investment. Considering there realities, it is 

The art of ruling an obs~dctc political o&r dcpcnds 
on obscuring the gravity of 2 sifui~tion from the 
citiren~. Othcrwisc Icgitimxy would erode and radical 
mwcmcnts gain a foothold. If unrest or advcrsc dc- 
vclopments (war, famine, economic or ecological cams- 
troyhe) were to make this tension hctween words and 
deeds more apparent. as began to happen for man! 
younger Americans in the late 1960’s. then we wwi;d 
expect the political leadership to opt for reprc~.,ion 
rather than benign adaptarian. And. indeed. thr :‘.- 
pressive policies initiated in the Johnson and Nixon 
presidencier confirm this assessment. On a more in- 
teliectual level. the viability of democratic account- 
ability and participation is challenged. Interrstingly, 
the Trilateral Commission. that organization of the 
super-elite dreamed up b?; David Rockefeller to cw 
ordinate the interests of dominant classes in North 
America, Western Europe and Japan, sponsored, as 
well as Jimmy Carter’s hid for the presidency, a study 
.xguing that the West was h&g endangered by an 
excess of democracy and that the future of these 
camtries might depend on the willingness of their 
garernments to establish greater control over their 
citizenry even if this meant curbing democratic rights 
(see published hook The Crisis of’Democmcy). Pcr- 
ceptionr of this sort reveal a deteriorating situation 
better than the formal reassurances given by our 
leaders. hut the corrective responses proposed are so 
menacing that it is as critical to cxposc their design as 
to grasp the reality of positive posslhd~tws. 

It is juxtaposed against this background that the 
heroic exploits of individuals challenging these ncga- 
five trends atrain their significance. To the actions of 
Liz McAlister can bc added those uf Karen Silkwood, 
Jim and Shelley Douglass, Dan and Phil Berrigun and 
countless others whose concerns in a variety of policy 
contexts inspire their deeds of conscience. We men- 
tion these particular individuals to give substance to 
our argument. Karen Silkwoad died a violent death 
under highly suspicious circumstances while seeking 
to expose the dangers of nuclear contamination to 
herself, to her co-workers, and indirectly to all of 
us, from the Kerr-McGee nwlear fuel plant in Okla- 
homa. Jim Douglass fasted for weeks against nuclear 
weaponry and, with the support of the Pacific Life 
Center, led a campaign of civil disobedience against a 
proposed base for Trident submarines at Bangor, Wash- 
ington. With 70 others, Jim Douglass entered the base 
on August 8, 1976, by cutting a section out of the wire 
fence protecting the Naval facility. Proclaiming the 

Trident as an incipient “crime against humanity”, the 
group chore to demonstrate on a Sunday that was bc- 
tween rhc: anniversary of the Hiroshima and Nagasaki 
bombing. Jim Douglnss has been convicted of “mali- 



hour trespassing” and sent IO jail for 90 days: his 
wife Shelley, also a leader in the struggle, was sentenced 
to a term of 60 days. Similarly, Dan and Phil Berrigan’s 
frequent recent acts of non-violent but militant witness 
against the war system are treated as “crimes” by the 
system. To manifest conscience io ways that expose 
the violence of the dominant war system. especial!y if 
disrcspcct for property or official symbols of power 
is displayed, is regarded as “crimimd.” 

The message of such actions is &at: do nor trost 
official institutions or public r~ass~rutces on matters 
of vital significance to thr health and safety of the 
society. It is naive to assume that governments are 
committed to the well-being of even their own people 
despite the nntionalist mythology associated with 
the sovereign state. Notably. the most flagrant abuses 
of human rights are at home, directed toward those 
who supposedly are beneficiaries of rhe protective 
courtody of rhe wrongdoing government. Governmental 
behavior toward foreign societies. global interests and 
the future is even less conscientious. Protests against 
the irresponsibility of foreign governments is common 
enough, as when Liberia registers as seaworthy unsafe 
oil tankers (e. g. Argo Merchant) or China explodes a 
nuclear device that showers radio-activity over the 
northern bcmispherc. 

No state is immune from the tendency to endorse 
the pursuit of power, wealth and prestige, regardless 
of the harm done to others. A humiliating example 
coo be drawn from recem American behavior. The 

U. S. Agcnc!~ for Intcrnittimd Ik~rlopmcnr lhan rc- 
cc+ admitted to shipping abroxi [pc\:icidcs tlcclarcd 
too danprnmr for ore io Ihe Unitul States; South 
Vietnam and Indoncsi:~ cvidcntl~ wcw sent sixty-four 
mcfric tons of I~ptophos far use on cotton crops. 
despite e\h!ence linking this pesticide to scrioos anerve 
disorders and panlysis. Nor can such official inscnsi- 
tivity bc linked exclusively to a single idrology The 
bureaucratic socialist states within the Soviet orbit 
have to varying degrees subjcctcd their own people 
to repressive and cruel policies and have shown, in 
gcncml. less concern for public w&being than have the 
capitalist democracies. For iosmncc, Soviet failure to 
protect its population from the hazuds of nurlrar 
energy is mm~rio~s and appears far more serious than 
the lamentable record of protcctioo uchicrcd 1,) 
American regulatory instinttions (Atomic Eocr~) Com- 
mission; Nuclear Keg&tory Commission). Maoifcsring 
conscience through defiant confrontarion with the 
arrayed power of the state is a lonely. frustrating es- 
pericnce that demands profound moml and political 
dedication. The media characteristically fail to intcr- 
prct such activity in a clarifying way, confining attcn- 
[ion to the punishment imposed by the state and ig- 
noring matIer of motivatron and concern. Conseqocnt- 
ly individuals engaged in such activity often feel 



‘The mcasagc of tbc deed is oat the only effective 
way to addrers thcsc issues at this time in American 
so&y. Another way to mnnifest conscieocc is to 
embody positive values in concrete lift circumst;mces 
of personal existence. including joining in the effort to 
build communities that are as independent as possible 
of hi$ tccluwiog~. of the state burcnucrac~~, am! of 
the many economy. fn this regard cxprrimeowl corn-- 
muoitirs prefiguring 3 future tlrilt is minimally d~:pcn- 
&or on the state and tbc marker for self-realhatioa 
are iorpiring cxamplcr; thc!~ dcmoostrate that altcr- 
:linivc fotuies of a positive sort cao exist, at lrilst on 
a small scale, nod bc made to work; that w\e arc not 
>~cc irrewrsibly cmrzq~pcd in an c\pcricoce of coltural 
dirinrcgrarion. Cultuml cxplomtions of this kind often 
arc laden with hopeful political content; the NW Al- 
chemy Institute. the Pbiladelphir and Pacific Life 
Ccntcrs, the Lindesfame Association and the Zen 
Ceorcr (San Fraoriscoi are some positive cr~mplcs 
with which I am familiar. In each cootext. the emer- 
gem realit? radically rcpudiatcs the mainstream 
polity and culture, particularly its pursuit of a styrw 
foam prosperi? that is rooted in a “national sccurit) 
mentality” and disjoined from the pursuit of life, 
&err? sod happiners for each individud. 

A third way of manifesting conscience with regard 
to planetary prospects is to depict as credibly as 
possible the cootours of a just world polity. To avoid 
sterile utopogmph?; such positive visions need to bo 
accompanied b!~ transition strategies that weigh issues 
of attainabili% as seriously as those of dcsinbilit!~ 
These images of the future, drawn upon a large cawas 
of idess and ideology, can foreshadow a positive des- 
tiny for human society that complements deeds of 
conscience by activists and cultural innovations by 
communities of conscience. As a civilization and as 
a species. we need images of “the big picture” be- 
cause, in a period accurately called the age of intcr- 

dependence, there is no space that is insulated from 
danger: “the little picture” of private actions and 
communsl life will not flourish if the pressure on 
governance stmctwes intensifies. If pressure iacrcarcs, 
the state is certain to close off enper~menwl space 
because of its threatening potential. Even now, most 
people in most societies have no present opportunity 
to manifest conscience in their lives without inviting 
death or brutalization. Therefore. a response to the 
current condition that has any prospect of success 
most include some program for mobilizing mass sup- 

7. port around the posstbwrws of a new political order 
of planetay scope based on peace nod justice. The 
World Order Models Project of the Institute for 

World O&r Ibin bcw *rcliing to uork out such 
inugo of “fbc IBig piaurc.” In 2 wk* 01 hool~r. 
iotcllcctoids from the miiiu rcgionr of the world 
hwc projcctcd distimx imapcs of lhon to achicvc il 
world politica! s~stcm I,ascd on pax, economic 
cquiry. human nghts and ecological bal~w CC. g. 
>lendlovitr, cd.. On rlr Clrrit;o,, ofa Just Worli, 
O&r; Korhari, Footsteps into the Fursr~~; hlazrui, 
A War/d Fedcn~tio~~ of Calrarer: Falk, A Strufy of 
Futore Worlds). Thcsc images. tlwogh crude, initiate 
a global process of envisioning alternaivz orders of 
power and wealth that could exist at the center of 
sociersl arrangcmcnts rather tllan within experimental 
space along the pcriphcrics of power. Thcsc images 
(not blueprints) emphasize public education as an 
immediate priority. Learning about the dangers aod 
failings of the prcseat order. associating thcrr dwgcrs 
and failiogs with prcwiling wloes and institutimml 
f&ms, and building a trmwwfiooal cons~ns115 aroood 
new values and institutional forms are csscotial to 
shaping a different political order. 

A just world polity embodying these values can 
wkc a wrier) of forms. The underlying iostitotional 
hypothesis is that the state s\;stem caonot provide 
sufficient “ccntml guidance” to deal with problems 
of planeta~ scope such as fallout. oronc depletion, 
endangcrcd species, nuclesr peace, disaster relief, 
tanker spills. Separnte state interests are too diverse 
and antagonistic either to achieve necessary levels 
of cooperation or to elicit appropriate concern for 
the well-being of the whole planet and of future 
generations. Both a giobal ethics of space and B 
foruris: ethics of time must emerge as real compa- 
nents of pobtical consciousness if we are to deal 
with major symptoms of societal distress. 

A subsidiary cooviction is that to concciw of ccntrnl 
guidance on top of the state system, in the manner of 
“world federalism”, would merely creilte a super-bureau- 
cmcy. cxaccrbating disastrous tendencies toward “bu- 
reaucratic centralism” that are already crippling spiritual 
possibilities on the national level. Therefore, our paliti- 
cal imagination needs to be stimulated beyond the facile 
view that the existing failures of governance at the 
state Icvcl to provide adequate security and well-being 
can be remedied by expanding the scope of governance 
to a planetary scale. Technology is not the only realm 
where small is, or can be, beautiful: politics is para- 
moontl~ such a realm as well. We need to envision bow 
a perspective of smallness translates into social, econom- 
ic and political forms of organiration. How cao we 
achieve world order values, in other words, within B 

political framework of minimum governance? 
Such speculations spring from 811 understaoding of 

the modern state. its role, strengths and limits. To 
dismiss the state as ‘lobsolete” overlooks the dcgrcc to 
which peoples of the Third World regard the building 
of strong states at this stage of their development as a 



The political situation during a time of fonrla- 
mental cbangr is chamcterircd both by exceptional 
vulnerabiliry and by a r&ax of crcativc cncrgics 
among t!vxe that know rhr old game is almost up. 

On the one side. we hear intimations of impending 
doom (Richard Nixon confided to visitors during the 
last days 0F his prcsidcnc~~, “1 could pick up that phone 
right 1n0w and in twenty-five minotcs screnty million 
people would be dead”. as rcpm-ted by Scn. Alan 
Cranston, Rolhg Stow_ February 26. 1976. page 35). 
On the other. we see growing eridencc of a spiritual 
reawakening tba: includes the rcdiscwev that national 
destiny as well ads human sun&l depend ou our capn- 
cItv ii5 2 species to participate reciprocally in nature 
ana on our willingness to gmsp both distant and near 
in their totaliry. as parts of t!xc whole. Of course, SUC!I 
rediscweries to take hold presuppose a cultural mura- 
[ion, a verit;lbie leap beymd where we f:nd owsclvcs 
that cannot bc anticipated b! an?; projection of past 
trends or :n! incremental process of continuous ad- 
justment. The optioos arc polar: brukdw:~ or breah- 
through. In this sense, hope depends on a radical turn 
of mind. ,As Doris Lcssing has written “..._ thcrc are 
lungs attached to nwn that lie as dormant 21s those of 
s babe in the womb, scd the!; arc waiting for the 
solar wind to fill them like sails.” (B+ngfbr o De- 
sceof into He//J. le contrast, despair (or its double - 
fatuous optimism 2 la Herman Kahn) reflects a 
prosaic torn of mind - deploy mtional faculties to 

.Thc argument uf this essay is that the political pros- 
pcct of our time must be intcrprcted primarily in light 
of the poss~bdmcs of cultural renewal along specified 
lines of value cbangc. What I wish to consider here are 
both the limits of our present political structures and 
tbc pwcibilitics for cultural tmnsformation of con- 
sciousncss that will intlucnce the configurations of a 
global policy. By “political” I mean the governing 
process, that is, the institutional arrnngemenrs of 
power mxl authority r&ring to security and welfare 
within specified boundaries. ‘I% territory can be as 
small as the family, as K. D. Liang points out in T!E 
Politics of the Firmily, or as large as the planet or 
larger. The central political focus in our time is the 
sovereign state, partly because of its accumulation 
of incredible firepower to sustain order at home and 
abroad. Science fiction writers like Ursula LeCuin in 
The Uirpossmsed extend our political imagination 
beyond the planet. disclosing the possibility of inter- 
planetary, e\,en intergalactic, politics. As expected, 
scientists are beginning to make these fictional boon- 
deries of the imagination part of our potential social 
realiT, as Gerald O’Neill’s projected “space co!onics” 
indicate. 

Politics is clocely associated with “economics”. the 
defense or extension of arrangemears fcrr the prodoc- 
[ion and distribution of income and wealth. Of par- 
ticular importnncc in the present world bitwtion is 
the extent to which the state ophokls rights to own, 



*CEU~U~*~C and transmit “private properr).” ‘The 
ownership of the means of production, which is the 
issue that most sharply disringuishes socialism and 
capitalism, the motivation underlying work, and the 
location of decisional power with respect to pro- 
doction priorities, such as planning versus profits or 
worker control, arc critical economic issues. Other 
economic issues with political content include the 
transmission of inequalities from generation to 
generation, as in “inheritance” or class structure, 
and the economic inequalities between social 
clilsses that leave the “lo\ver”classes below the paver- 
ty line. Equality of economic opportunity, indcpcn- 
dent of sex, race ad age, also raises important issues 
these days for rhc political process. Class consciousness, 
the sense of injustice by the deprived, often dctcrmincs 
~lwtbcr the governing process rests oo consent, edu- 
cation and persuasion or on force and intimidation. 
One sign of the deteriorating world situation is the 
declining presence of consensual government at the 
state level or, pot differently, the disappearing legiti- 
macy of government. The image of the “illegitimate” 
state arises from a composite of its inability to role by 
consent and its related inabili@ to satisfy fondamenral 
homao needs for security and welfare. 

Politics also is inevitably bound to the pattern of 
beliefs, values, myths and goals embodied in a culture 
that identifies and unifies a particular societal grouping. 
The legitimacy of the state depends also on whcthcr 
the pacifying myths of the state that arouse loyalty and 
obedience are commonly accepted by most of the 
people. “The king can do no wrong” was one such 
myth that WPE supportive of the prerogatives claimed 
by kings and queens. In the contemporary boreau- 
cratic socialist state the reigning monarch has been re- 
placed by “tbc party” that claims absolute wisdom 
to role because it relies upon an infallible body of 
ideological dogma. Many sovereign states are molti- 
coltural; they encompass several religions, languages, 
heritages, group identities within given territorial boan- 
d&es. The political task then at the state level is to 
propagate unifying myths of shared experience that 
engender loyalty from each cultural element. If the 
apparatus of the state is dominated by one cultural 
entity, a wide-based loyalty is difficult to promote. 
Indeed. much political conflict in the present period 
arises from struggles of transrutional and subnational 
groups to achieve greater measures of political auto- 
nomy within fired state boundaries. Most of the 
separatist movements active in Quebec, Scotland, 
Iraq, Ethiopia, the Sovict Union, Spain atI Belgium 
are operating in states where the apparatus of govem- 
ing has been captured by an antagonistic ethnic, 
regional, religious or language group. 

Cultural identity exists on a civilizational level as 
well as “n the state level; the beliefs, values and goals 
of a civilizational identity transcend the boundaries 

drawn 011 worhl map* or wcn the IwunJnrics crcatctl 
by scparatc langaagcs, races zmd religiaar. Scnsdte 
materialism, for instance, is bottresscd by fbe con- 
victioo that “progrcrs” io human affairsis possible 
only so long as science-based technology is continuous- 
ly applied to increase the IproJuctivity of agriculture 
and industry. Bach socialist ami capitalist political 
ideologies share this underlying commitment to 
economic growth. measured by increases in GNP. Ao 
image of indefinite expansion of world product 
ignores “the limits to growth” arising from thr con- 
straints of finite acres of sgricultural land. deposits of 
minerai resources and environmenml capacity to ab- 
sorb pollution. Despite a flurry of intcrcst in 1972 in 
T/IP Limits to Growth published under the auspices of 
The Club of Komc. the gowrning clitcs of the world 
have unanimously reaffirmed that. at least in the short 
run, only growth c:w deal with the economic iswes 
that matter jobs, infbation. not to mentioo profits. 
Although useful in posing questions. the Club of Rome 
perspective - elitist, technocratic - took for granted 
rbe desirability of maximum material growth, confining 
its analysis to matters of sustainability. 

Only very recently has questioning of the ~ultoral 
underpinnings of indusrrial civilization been taken 
seriously; hence, we have the gradual emergence of 
“a counter-culture” in Western, open societies. These 
gropings toward cultural renewal converge around the 
view that spiritual realities are the esscncc of every 
bencvolcnt pattern of human development, that a 
technology geared to abstract nod aggregate societal 
goals such as GNP increases and returns on capital is 
not socially beneficial, even if it were ecologically 
sostainnhle, and that economic over-development 
tends to occasion cultur4 regression. In a time of cul- 
toral regression, life seems meaningless and many 
pathological pntternr of behavior emerge; there is a 
loss of personal and communal centeredness, a 
deepening alienation from neighbors. from nature, 
from spiritual possibilities. The inability of American 
citizens to walk safely in their cities, despite the extra- 
ordinary levels of societal affluence attained, is indi- 
cative of a failing coltore. Neighbors who watch a wo- 
man being assaulted and raped from the safety of their 
apartment windows without hotbcriog to telephone 
rhe police exemplify this loss of human connection. 
Such loss disposes the dissatisfied toward violence and 
the satisfied toward repression. Terrorism of many de- 
scriptions results on both sides. It is no wonder a 
police chief in the Bronx, when interviewed about his 
role, described it as heading “an army of occupation.” 

Attitudes toward “natore” are reflected in a cul- 
tural identity. The mainstream cultorc of the modern 
West upholds the human capacity to transcend, to 
dominate and to pacify nature. This attitude 1x1s 
precipitated a global ecological crisis that is destroying 
our habitat and diminishing the life prospects of future 



genemtioos, aimu!rai~coosly producing mills illicoation 
lndividunls entrapped ii: :bis dying cultorc start from 
their own reality of “nlienation” to csplore a wide 
variety of strategies for “reunion” with nature. Not all 
of the explorations are desirable. At one extreme hard 
drugs impose intolerable costs on hod? and spirit as 
the price of a bogus. if cxhilararing, reunion. At an- 
ocher, “quick fir” business propositions like EST help 
their costomcrs tune out of the alienating circum- 
stmtce of the culture, zt least for a while, by wrious 
psychological devices of rcinforecment, assuring in- 
dividuals of the norm&y of their feelings and actions. 
as well as affirmiog cgoccntric views of social expcr- 
ieocc (get what you can, don’t feel guilt, don’t judge 
others). 

Alienation from nature produces a mind set that 
co~ap~rtmcntnlires rather than interconncctsnnd uni- 
fits. Thus. those who live in a faltering culture tend to 
examine its politics and economics but not necessarily 
its underlying values and beliefs. We accept that the 
governing process seeks to sustain economics that 
serve the dominant culture. Those who arc deeply 
dissatisfied with economic performance because it is 
wasteful or unfair or dcstroctivc are characteristically 
a+ odds with prevailing politics, but do not ncccssnrily 
draw the dominant culture into question. For instance, 
most of the ideological/political struggles associated 
with socialism, fascism and liberalism that have produced 
much of the high-technology in our country arc car- 
ried on within an accepted cultoral framework of 
secular materialism. Only recently is the political 

question beginning to be posed in cultural as well as 
economic terms. The Chinese emphasis on “cultural 
revolution” and the emergence of “counter-cultural” 
forms in the West are two directions of radical poli- 
tics that express an appreciation of the fundamental 
role of culture in structuring societal forms, 3s well 
a human consciousness. Such a cultural emphasis 
tends to convert political outlooks from a concern 
with “events” (the revoiution) to a focus on “process” 
(“permanent evolution”). Cultural preoccupations 
also lengthen time horizons a.s the processes of change 
connected with underlying beliefs, values, myths and 
goals are slow and continuous. 

Whether attempts at cultural renewal can endure in 
a hostile global climate is questionable. Even China’s 
experiment. while a profound example of cultural 
renewal, is not without deep difficulties. Mao Tse- 
tong’s imposition of a rigid common conceprion that 
was intolerant of any dissent makes Chinese culture 
vulnerable. especially with Mao’s absence, to the ap- 
peals of the technetronic age ar;d the bureaucratic 
centralizing tendencies of the modern state. Cultural 
innovations in Western democracies arc equally vul- 
nerable. In some sense they ate dependent on the 
beneficence of liberalism in the culture whose values 
they abhor.Such dependence can be corrupting, hut. 

even whco it is oat, tbc state will bc disposed to crack 
down on immwtioo when prcssorcs. rcaulting from 
the failures of libcmlism, mow* against its own 
claims of legitimacy. 

To seek or to create possibilities for coltoral rc- 
octal is a radical expression, in the srnsc of going to 
the root of things. Doe to its oxore, so& expression 
is rejected by almost all those who dominate prewnt 
political 33x1 economic arrangements. In my view, 
to expect political renewal to emaoatc from the offi- 
cial institutions of the state located in Washington is 
as fonli~h, though not quite as obviously foolish, as to 
expect cultural renewal to come from the TV net- 
works or Hollywood movies. b&cd, the nihilistic 
quality of rcccnt big budget Hollywood movies re- 
flects a col~or~l condition of severe anemic -all 
viewpoints arc corrupt; self-seeking is drenched with 
violence; technological gadgetry infatuates the char- 
acters; the backdrop is often an antiseptic surrounding 
of urban modernity, and a figure that critic Richard 
Eder identifies as the “anti-hero” dominates the script. 
“King Kong”, “Marathon Man”, “The Next Man”, 
“The Killer Elite”, “Network” and “Three Days of 
the Condor” are productions in this vein. A growing 
awareness of this cultural situation is more likely than 
is m awareness of the political situation. An under- 
lying illusion of competence in the political arena per- 
sists, despite a temporary loss of public confidence in 
the integrity of the governing process created by Viet- 
naml\Vatergate. However. political and cultural coo- 
sciousness arc becoming reconnected hcrc in the 
United States. and this holds promise. 

Many of those who were disillusioned politically 
in the 1960’s have been working seriously to rebuild 
the culture. Properly interpreted, their disillusionment 
does nor entail renouncing goals like peace and justice, 
hot it may represent a realization that these goals can- 
not now be directly, narrowly or exclusively pursued. 
What has been difficult for political radicals in America 
to learn is that the climate for change does not yet 
exist and that there is no quick fix for the polity 
once it is understood that the priorities for change 
ate integrally linked with shifting values, as well as 
shifting power elites. But such an understanding is 
essential, for without a culture-based politics of rc- 
newal every prescription for either reform or revolu- 
tion is certain to fail when pot to the test. In addition, 
in the United States there is no basis as yet for mobil- 
izing support for radical change. Revolutionary initia- 
tives, being premature, prompt counter-revolutionmy 
tactics by the state. Indeed, modern experience with 
political revolutions i ,creasingly is being interpreted 
by those Western radicals seeking fundamental strw- 
rural changes in social, political and economic realms. 
as discrediting politics per SC. More accurately. this 
experience should he understood as discrediting auton- 
omous politics. Such an understanding could move us 



beyond dcrpair for the fururc. Ibreww the rhrr;q~y. 
alth”“gh slow, i\ all”neJ to the pathology as ,vc,I as 
to the relation of forcer and can be immediutel~ 
vindicated in eonwere situations of individual and 
group beha\-ior. 

Whei~ a country is materially impoverirlicJ. as is 
the case throughout AGa. Africa and Latin America. 
the process of alienation cao he deferred if the so- 
eietal energies arc mobilized around the elimination 
of poverty, ihe attainment of equity aoil a vision of 
societal purpose. Cubs, after Jecader of eorruptioo 
and slumber, has illustrated this dynamism during 
r!:. Cmrro ycxs. But if it is correct that spiritual 
identity i.; ;nregral to Amman fulfillment. then alie!,- 
lotion ib bound to ;7lerge if Culrjrl society is con- 
*tr:ioeJ for an indefinite p:-iod bv a materialist ethos 
of work and scrvicc. Exn dwngt~ -“?wrk and service” 
uodcr revolutionary conditions can parrahc :>f some 
spiritualirs, especially when they are inspired by a 
eh~rismat~e leader with a vision of the future, wItural 
creati~~ity eventually presupposes a lewl of indiviJoal 
frceaom to transcend earlier socicml norms or a tmdi- 
tiooal core of shared beliefs that provides a spiritual 
centck 2%.:iilable to al:. \\‘irhout either freedom or tra- 
dirion, rulturat &dine is bound to result aotl a coodi- 
tion of cultural underde~~eiu;n~enr emerge. We know 
from Western experience that materi&r satisfactions, 
even in circumstances of indisiJxd freedom, wi:! wt 
prevent euitural underde~~clopmeor if spiritual values 
are totally divorced from the daily realities of .nrk 
and living. 

Poor eouotrics Ihaw stressed the priority of eeooomie 
development in reeem yrarr. Only lately has it Ibceomc 
clear that, if the strategy of eeooomic development is 
dominated I)?; the goals of a privileged elite or is car- 
ried out without concern for human effects, the results 
are likely to be adverse. Political or eeooomlc changes 
that are separated from a preservation of human rights 
arc necessarily reduced to a conventional political at- 
tempt 10 seize power on behalf of a repressed elite. 
Even if a one-dimensional change should succeed and 
live up to the promises of those reeking power, it is 
unlikely to proride the kind of restructuring of hehav- 
ior and institutions capable of integrating political, 
economic and cultaml perspectires. For this reason, 
a new stress on human rigbrs is being male around 
the world by those who hold progressive ideals asx- 
ciated with peace, empathy and love of nnfure. The 
elcmcnw~ rcaliratian of Ihuman rights is a precon- 
dition for culruml renew& 

This cmp!msis on lmman rights /s also a response 
to the repressire exerrire of state power in 8 sitwtioo 
of deepening crisis, especially throughout the Third 
\\‘orld. These rrndencics can be summarized as a drift 
toward several varieties of authoritarian rule in ~bc 
Third World. The anthorimrian solution; rombining 
extreme centmlirarion of power sod brutal prxtires 





deepens frustration. I feel that such reasoning applies 
in recent decades to many dimensions of technology. 
We have already allowed our curiosity and greed to 
open too many Pandora’s Bores to sutvive very well 
as a species. Out sense of historical absolutism is 
such that any step needed to achieve immediate 
security ot prosperity teems justifiable at the time. 
The nuclear bomb is a prime instance of anthto- 
pologicd arrogance. We are the wrong species to 
handle this kind of technolca in any acceptable 
way. Our political forms are too unstable to assote 
restraint over time. Our personality sttoctutes ate too 
variable to ennoble much confidence that psycho- 
pathic behavior will not intervene at some stage to 
unleash a gratuitous nuclear holocaust. Furthermore, 
the biosphere is subject to such a variety of natural 
disasters that it is impossible to assute physical 
stability for long time periods. This questioning of 
human capaciq. seems well-founded given recent 
experience as drverse as Auschwitz. Hiroshima, G&g 
Archipelago. 

The experience with nuclear technology is worth 
examining. The bomb was originally developed at a 
furious pace (“The hlanhattan Project”) because of 
a fear during World War II that Germany might ac- 
quire it first. But once we had acquired it, we used 
and deveioped it along quite different limes. The 
use of the bomb against the Japanese lacks a credible 
national survival justification, despite the rationali- 
zation that it saved lives of the society that used the 
bomb. Even this limited claim of “military necessity” 
is controversial; some historians feel that Japan was 
prepared in any event to surrender, or would have, 
had a demonstration explosion been made. After 
the bomb was used, the United States made only a 
short-lived, half-hearted and connovetsial attempt to 
achieve nuclear disammment. When the attempt 
failed in 1946, a process of continuous evolution of 
nuclear weaponry and its gradual dissemination be- 
gan. Furthermore, the govetnments of nuclear 
states have insisted on independent discretion to use 

these weapons 8s they see fit in intetnational con- 
flict situations. 

And now thirty years latet energy concetns ate 
leading governments around the world to make 
heavy investments in nuclear power industries not 
only as soutces of electricity but also for assured 
access tn nuclear weaponry at little additional cost 
ot effort. Like the bombs, nuclear reactors create 
hazards that requite the kinds of perfect control that 
human society is ill-equipped to provide. Too much 
stability and technological ingenuity is requited over 
too long periods. To aspire after such stability is 
itself undesirable and dangerous, creating pretexts 
for further intewentioos by the state in our lives. 
The presence of numetous nuclear reactors in so&ties 
that include many disturbed and tormented indivi- 
viduals, as well as social and political discontent, 
points up the need for extensive police surveillance 
and a permanently militarized polity. Any enlight- 
ened citizenry would demand to live in a police state 
as the lesser of two evils in the event nuclear power 
takes hold in a major way. 

Like Icants we ate trying to fly close to the sun 
with waxen wings. Perhaps t$is impulse to do more 
than we can has been part otiour temperament as a 
species from the beginning; perhaps, it played a posi- 
tive role in earlier periods, helping out ancestors to 
find their way OL’ of the ewe and enabling human 
beings to accomplish marvelous and mysterious 
things. But with the advent of nuclear technology, 
biogenetics and weather control, we have exceeded 
out limits as a species. The wax that holds out wings 
is melting, Is there time to descend? Do we have the 
wisdom and will to do so? 

Anthropologists of the future will be fascinated 
by whether we pose and respond to such questions. 
For now, those who care about the future will do 
well, I think, to mobilize their energies to oppose 
the powerfoul forces that insist upon the inevitability 
of technettonic momentum 






