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Old paint on canvas, as it ages, sometimes becomes transpatTnt. 
When that happens it is possible, in som~· pictures, to see the 
original lines: a tree will show through a woman's dress, a child 
makes way for a dog, a large boar is no longer on an open sea. 
That is called pcntimento, because the painter 'n.·pcnted,' changed 
his mind. Perhaps it would be as well to say that the old com:ep· 
tion, rcplaccLl by a later choice, is a way of seeing and then seeing 
again. 

The period reflected in the writing in this Journal 
has been quite unlike that chronicled in its prede
cessor, which was one of conspicuous milestones. 
The fourth Journal reported on the completion and 
opaning of the Arks on Cape Cod and Prince Edward 
Island. We were able to announce the promising 
early work with solar algae ponds, and their potential 
for unexpectedly high protein productivity. It was a 
phase of fruition of much of our early work. For the 
first time, we had concrete evic'ence thai the question 
of ecological analogues to industrialism, which is the 
underlying paradigm for New Alchemy, might be 
answered in the affirmative - would be, in fact, an 
affirmaUon of our ideas. 

This should not and I hope has not led to hubris. 
A cautious and optimistic affirmation of the bio· 
logical metaphor as a viable path for the future 

- Lilli:.~.n llellman, in Pemimcmo 

does not mean that we felt that we had, in the then 
seven years of our existence, sufficiently unravelled 
the complexities of the natural world. And so the 
efforts of the past year have been characterized by 
digging deeper; by trying to assess the earlier work 
and extend and integrate its implications and ap· 
p:ication. It could perhaps be considered a de
liberate exercise in expanding perception. 

The major new tool that we have acquired in the 
attempt to hone our perceptual skills is the com
puter. Keeping firmly in mind the homily that a 
system that cannot be modelled cannot bP. managed, 
and reminding ourselves that our fundamental goals 

have always been pragmatic - to find workable 
alternatives in the provision (I( essentials - h seemed 
advisable to try to deepen our understanding of the 
Uiologict'l systems with which we work. We view 



our incorporatiof1 of the computer as an extension 
of mind. Human beings, in the main, tend to have 
a fairly narrow, inadequate and subjective ability 
to discern reality, even though individual range varies 
enormously. Jean Henri Fabre, the French naturalist 
11 whom Meredith Luyten writes in the "Explorations" 
:;ection is an outstaflding example of someone with an 
ability to see that pE! • .-mitted him to know the world 
in a more profound than is usual sense. Yet, even 
someone with the breadth of understanding of Fabre 
has inadequate knowledg<?_of the range of courses of 
action that will best enable humanity to sufficiently 
sustain itself on its cro•va'·-d planet. Grego-ry Bateson 
observed that adapt"~';:- 11 is a resource. The world 
being in the tenuous ::.rate that it is, and adaptability 
being hopeful:y J renel!'·able and non-polluting re-
source, it seems wise to plumb it. The extension of 
perception and the integration of knowledge offered 
by cyb&rnetics~ which we are utilizing through the 
mathemaiical modelling of our systems on the com
puter and which hopefully will improve the way we 
t{link, could he seen in this light as an exploratory 
survival skill. 

Unassisted by teclmologv, exceptional perceptual 
gifts, th<J imaginative ability to synthesize aspects of 

and to communicate their insights are the 
province of the genius, the mystic and the artist. 
Brother David Stenaf-Rasr, in a talk on Art and the 

",»a<ored ''tthe Lindisfarne Association, described the 
r>ecess'ity of letting go of preconceived notions of 

ir:- order to enhance one~s apprehension. He 
Said, ~~The moment you open yourself to reality, the 
moment you allow it to do something to you, you 
discover an order that is not your order. You dis
cover in things an order that existed millions and 
millions of years before we evt;r came around; 
in persons you discover the mysterious order of 
the other." Brother David went on to say that the 
experience of facing reality often could be one of 
angUish and he used as an illustration Picasso's 
painting of Guernica after the shock of the first 
saturation bombing of a village during the Spamsh 
Civil War. But~ he pointed out that, beyond the 
encounter with pain, there was for Picasso and 
there is for the ::Jrtist generally~ whether the experi-

' 

ence be one of suffering or of ecstasy, the act of 
creation that is ultimately an affirmation of reality, 
and Brother David quoted T. S. Elfiot, "So the 
darkness shall be the light and the stillness the 
dancing." 

The human situation at this point in h/story is, 
in some ways, anAlogous to that of the artist. We 
are in a position where we must learn, as a species, 
in Gary Snyder's words to "look clearly into the 
wild and see our selfhood, our family there." 

We have developed tools for extending our vision, 
for teaching us to listen and for deepening our un
derstanding, all of which we can use in what John 
Todd has called "the sacred dialogue with nature", 
upon which we beli9ve the continuation of human 
fife to be contingent. We can evolve the vision, 
learn to see and see again and with our lives create 
an affirmation. 

-NJT 
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fV.ot long ago Moe spent an evening looking at some 
-films· made during New Alchemy's early vears. For 
Old hailds they were wooderful- nostalgic~ funny! 
The children :vere so little. Everything looked so 
'iriakeshift a'nd tentative. Some of us were thinner 
-and, well- younger. The reactions of some of 
the· newer people were interestin3. One of them said, 
#EVerything seems so established. I didn't realize that 
it hasn't always been that way. u 

'. . For ·those. of us who hav~ been around for a long 
rtt/J~/_t/1_8 e_V()IUtion .has been sufficiently incremental 
f!n_d-pradual_that, although we were aware of onpoing 
t~Bfl-~':tions, _we bad rever r(!ally been confronted so 
c()_n~retefY- w_i~_-th_edegree to whic!J New Alchemy 
~-_anQ_ -~-: hav~_ ciJanged. And yet, _in another way, 
~-_.:lre still (he_ PJme_ undersized maverick organiza
tion_:PUf5!.1ing a vision wildly at odds with the image 
~till- officia_Jiy espoused by industrial society -:
~ilding windmills, rather than tiltiniJ at them, and 
(tJ_rely_sure :beyond a· few months of salaries or 
'#.,,.A;.;,,. 

And, if it's not always quite as heady as it once 
was as much of the time, there are still the lovely 
days and. periods that carry us through the more 
mundane ones. 

The original idea of including a section in the 
JourntJ! just on New Alchemy was to try to convey 
a sense of the place beyond he vision and the work. 
We have written of our birtl "and deaths, our 
struggles with sex roles and Jre/rarchy, our stumbling 
blocks, our triumphs and our feasts. We had to expand 
it to .include reports from Costa Rica and Prince Ed
ward Island. As we grow larger and more complex, 
all of this becomes increasingly difficult to capture. 
Yet.this yea( again, while confronting our readers 
with PAVE PAWS and the rationale for computers, 
there remains, among all the seriousness and loftiness 
of purpose, the somewhat ponderous comfort 
conveyed in the essense of the "Terrible Joke. " 

-NJT 



Overview -IVaucy Jack Todd 

JOURNAL PI'I!LICATI0/1:, 
GESTATION ANIJ flfi(TH 

This is our fifth Jour/Ud. The first was published 
in September. 1973.1t was preceded by a series of 
newsletters and bulletins ""·hich included john Todd's 
/Uodest Proposal and Xewsletter Three 011 Metba11e 
Digestors for F1tel Gas and Fertilizer by Richard 
J\\errm ;md John Fry. Looke.:l at in 'me way, our 
publicatior schedule may seem a bit unpredit.:t-
able, altho tgh only journal Tbree has not made its 
appearanct· in the early f2.ll. The erratic timing re
flects our financial ,-icissitudcs. There arc times when 
we simply don't ha~·e the money to go 11hcad \Vith 
printing. As I write this in iat<' May of 1978, it looks 
om..\nously as tLough this could be the fate of the 
fifth Joumal. , .. ·hich, like the third, ·_·ould be dclan~d 
by \\'hat \\'e hope is only temporary destitution. 'i'his 
also accounts for the delays in reprinting. At the 

present, the first, scconC and third ]oumah arc nut 
of print and, in spite of considerable demand, we 
c~n'r afford to reprint them, although we have every 
intention of reprinting the second and third when it 
becomes possible. It seems less likely that we shall do 
so with journal One although, nostalgically, we 
should like to. 

Ba;ring financial uncertainty. however, a fairly 
workable publication schedule, one that is in rhythm 
\Vith our yearly patterns of work, seems to he emerging. 
It is, I think, obvinus to readers that the journal is not 
the product of a staff of writers, hut is written b~ the 
people in the group who actually do the work reported 
in various articles. This means that, for the growing 
season, \vhich can extend from late April into Octoher 
and is also our season for h.trm Satunlays and work
shups and a n·jnimal six-tlay work-week, it is out uf 
the (JUCstion fur any nne tH do any writing. lkports 
and articles must, perfnrn·, wait until fish and !!,<mlt'ns 
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arc harvested and made ready for rh<.· winter nttl data 
an: cnlk'(_'tcd. With people already <ivcrc,tcmkd, it 
\voult! seem not t,nly unn..-a1isric but inhumane w St-'l 

;1 deadline hcforc january or even February first. T;l 

see one's friends hollow-eyed by Christmas feels a 
little unsettling. But this means that matcriai fs not 
ready for editing until mid-winter and, with the in
creasing number of articles, thi~- takes several months. 
As articles arc completed. they arc relayed, a fc,v at 
a time, to Uairc Via.!. I at rhe printer's for transferring 
to th~ Composer, after "vhich the galleys come back 
;:_o us for a final proofing. Meanwhile, the visual 
material which, again, is done largely by gmup mem
bers a-"ld is their second order of business, after writing, 
is col!ected and organized. With this. everything is 
~idivcrcJ to jack Viall, our primer anJ fricm.l. and he 
and l dd the tayollt. Thi~ usually takes place in late 
May nr June and the ]oumu{ remains ""'ith Jack. He 
and Clair~. \\'hu also is a good friend, have a small 
three-person print shop in \\'est Han.vich, and they run 

it with dedication .and care, reminiscent of traditional 
New England crafts. By the time jack has processed 
the joumal and it has been bound:, the summer is 
%One, and we plan for delivery back to us by cady 
fa.H. It rema.ins to us to maii it, which is no incon

sequential feat and usually an obligation met by the 
group en masse. 

Becatlse this schedule seems to have evolved almost 
of itself and is hy far the most compatible with the 
rest of New AJchemy·s work, we have come to think 
of the journal as a han;est publication, coming, we 
hope, rdiahly at that rime of year and garnering the 
work that we fed i~ ready to be passed on to our 
teadcrs and friends. 

LIMITS TO CHO\ITII- SORT OF 

One of the mosr frt'qucntiy asked qut·srions nf the 
lnformat friendly kind that we receive at New Al
chemy is regarding the size of the group. Incurably 
v~gue about thc~c thir.gs (it would han: been a 
gra\'e mistake in personal mathematics for me w 
have had more than three children - I sho1dd have 
lost count), for ycJ.rs J have replictl that we had a 
shifting porwhuion of about a dozen. This was a 
fair ballpark estimate, with aU the comings and 
goings, and visits from fellow travellers, families, 
friends and volunteers \\ ho have come to work 
for us for a while. The tlozcn or so of my ansv.·er 
did not include the extended family or network 
of jJeoplc whu havc participated as consultants, 
tksigncrs. engineers :mJ advisnr"i which, of cnt.rse. 
compri-.cs a much larger number and i~· even less 
su~ccptible ro census-raking. 

Latelv it has become ob\•ious, even to the mo~t 
obtuse, .lwwev~r. that we ha\-e grO\vn. Rather like 
one·s children who often achieve a change in state 
rapidly and unexpectedly c.atch.n.g one somewhat 
off-guard, the gestalt -of the g.wup has changed. 
One \'\'ay of telling is by weekly meetings during doc 
\\'inter V11hcn many people arc often away on other 
projc<:ts, at ~t.:hich times we sometimes used to muster 
not many more than six or eight. This yrar, even with 
several permanent members absent, we counted 
eighteen, which must put us at about twcnty~seven 
ali told, counting,\ ol..mtccrs, and we expect Kathl 
Whittaker and Jay B<1Jdwin to join us in late 1978. 

We hope with this to have achieved at least a 
temporary homeostasis. Our expansion so far has 



been nl·ecs-.;iwrcll hy the '>it_c o1· the \\orkload 
which could no long('l be shnuldcrcd hy the ori~in~d 
numbers. \\'c trust that .,\-e ha\·cn 't initiated an un
fortunate \'ariation on the Peter Principle ami that 
the work to be done will not, in turn, ~\veil ac
cordingly. Right nnw. i 1: seems, and rhis l think is 
reflccteJ in the article-s in rhe ]oi1;1h1r that mc~t of 
the niclt~:s. for the present, arc filled. Tanis Lane, 
Denise Backus an_! Conn Nugent share the huge bur
u.:n of ;HJministration and funding that formerly fell 
nn lkb AngeYine, John Todd, Christina Rawley and 
myself. Extending the scope of both the bioshdter 
anJ aquaculture research and thus helping Ron Zweig, 
AI D(ldittlc and John Wolfe haw hrought their 
t·omputcrs ..._,,. tiKir skills. Joe Seale will work with 
Fa~k B;nnhart in wind research, as will j:1.y Baldwin, 
who is J soft technologist of many parts. Kathl 
\\'hinakL. is a soil scientist and \\ill be collaborating 
with Hilde .\\aingay, Susan Ervin and Kathi Ryan. 
Our artist in residence. jdf Parkin {cover) joined us 
last year to help Biil r\lcLarnc~ in his work. 

Ag:•in, as a rough estimate, about twenty permanent 
m.cn~!-_.~r·· might be an adequate answer [0 the ''ho\\
man)· question for the next little while. If :I loss of 
in nn.u:> ba" resulted in reaching this size. it has been 
comr~i!Jated for by the inputs of frc<;h thinking, 
different points of \'iew, and new creati\ it~ . ~at the 
recent arrivals bring with them. The ody major incon
venience of the increased numbers is the \Vearying, 
corresponding growth in the number and length of 
mect;ngs. The -.veekly meeting can now run to over 
four hours, a-s ea~h of us goes on reeling obliged to 
get a word in. Sun:iyaJ skills for endurance have in
ciiJdcd the taking Uj"l of handwork by more and more 
people of both sexes. Bill McLarney often manages to 
get through them by sleeping for the duration-- or 
most of ir. But ::hen, in retrospect, he ahvays has. 

NEW ALCHEMY, PR!NCE EDWARD ISLAND 

In September, 197 6. the Ark, a biosheltcr designed 
and built by New Alchemy and Solsearch on Prince 
Edward lsiand with tundinr; from the Canadian 
gm-crnment. was complcte.J and officially opened, 
as d~scribcd in last year's journal. It has had, in 
such a short time. an cwntful historv and has at
tracted an undreamed-of number or'visitors. 

In spite of Prince Edw--rd Island being a popular 
tourist spot, the majority of those who come to 

the Ark ~rc neither sightseers nor dilettantes in 
search of nm·dry, but people \'l.'ho arc troubled hy 
inflation in the costs of essentials and open to the 
idea of alternative methods of providing them. 
Coping with the inte-rest nf the public at large 
quickly became more than a full-time job and this 
di(1 not take into account chc demand from variou'i 

Phmo f)y Joh Todd 

ofhcial bodies ranging from the United ~ations to 
rcpr-.'~Cntativ..:s of governments and othf·r org~•:1i· 
zations from many countries, distinguished vtsitors 
and officials from departments within the Canadian 
government. It is difficult to pursue the pachs of 
research and cducatiOII simultaneously, especially 
wich so many people wanting access to a structure 
of limited size thac is al!>.o committed to housing 
plants and fish. Yu, from till oucscc, the Ark was 
a research project- not an answer, but a com pen~ 
dium of questions in such areas as the pra<'ticality 
of solar and wind energy and the possibility of 
intensive, ecological food production. It repre
sents a shift in paradigm from standard modern 
hm:si_ng, which is an ongoing energy sink and a 
stmrcc of pollution to the adjacent ecosystem, 
to a_ bioshclter .._onccpt which is independent in 
terms of energy, processes its O\Vn wastes and is 
a potential source of products useful locally. 

F. ,tluating the possibilities of the Ark and realizing 
its potentialities is a research projcec involving years. 
We \\lei-c. after the initial building grant, understaffed 
and underfunded to fulfill the obligacions in research, 
educacion and public service posed by the Ark. For
tunatclv for us, there is, on the Island, an indigenous 
organiz.a£ion, comparable to and highly compatible 
with New Alchcmv. It is directed bv Andrew Wells, 
an Islander with a;1 independent hu-t :·emarkahly 
similar vision to ours. 1-lis orgdnization is called 
the ''Institute for Man and Resources." After <·on· 
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sidcrable agonizing. \\T decided, because I. \1. R. 
was in •. much henc; position, both geu!!.raphie;.dly 
and financially, to carry on the \\urk on P. E. 1., 
that we \\ ould. turn the management of the Ark over 
to .\~tdy's grnup. ruaining some g:uidJ.nce nn.'r the 
din:ction of the research. The new director of the 
Ark is Ken McKaye. Nancy Willis continues to be 
in charge of agr:culrural experimentation. 

We find ours~l\-es happy with this arrangement. We 

arc a small group, and, although we ha\·e grown larger 
of late, \\"C arc still stoutly trying to maintain limits 
to our growth. We also see oursch cs as initiators and 
testers of ideas, not as administrators on a large or 
farflung scale, which innitably involves, as Conn 
Nugent obser\"cd, the rypc of problems encountered 
by the Romans when they crossed the Rhine. 

As things stand now, we have planted a seed. 
Whether it has found a benign en\'ironmcnt remains 
to be seen. We ha\·c always hoped that our ideas, free 
for the taking, would be adopted, but also adapted 
by people to their own social and em·ironmcntal 
milieu. The .-\rk belongs to Prince Edward Island 
and its people. It i~ for them to sec which of the 
many possibilities it holds are relevant for them. But, 
be,:ausc And,- Wells for a Jon..,. time has been closclv 
affiliated w:;h the Island's Pr~micr, Alex Campbell: 
and because t\\r. Campbdl. who has been extremelv 
supporti\·e of the ideas of "New Alehcmv and othe; 
future-oriented projects. has recenth· b~cn re-elected 
to an unprecedented fourth term. w.c have hope that 
our seed has fallen on fertile ground. 

PAVE PAWS 

In the fall of 1977, some of us at New Alchem\', in 
greater and lesser degn·es. embarked on a ne\v ad~'Cnturc. 
\Vc found oursd\·cs in a position where we felt obli
gated, if peremptorily. to tackle yet another dragun 
-this tir~c in the guise of a giant radar station under 
rapid ami remarkably unpuhlicizcd construction at 

Otis .-\ir Forcl' Hasc, .iust l"iH' mile" from tfu: farm 
on (:apt' Cod. The radar j.., :1 Prccisiun :\cqui...,.tion 
of Vehicle hnr~ Ph;l',cd Arra~ \\";trnin~ S\-~fl'lll and 
goe\ b~ the ..,uitahl~ sini\ll'l" allil).!,ram of PAVL PA\\S. 
It i.., one of the laq.,:•:st in rhc world and \\ill he <thlc 
to st:an the Atlantic for three thouo.;and mile~ lO the 
north and south and to pick up an object tht· site of 
a car over Europe. 

The challenge nr tl·;run that it posed to us is nm 
unlike one that many people have e!1Countcred with 
nuclear power stations, in that tht:: residents of an area, 
with very little forcwarniug, arc presented with a pro
ject allegedly for their benefit, with linlc or no debate 
un the inherent health or ...:uvironmenral implicationo;, 
or cn·n whether they agree to ha\ ;J._s it in their midst. 
Nuclear power st.ttiuns in j!-·twral and the SC<!brook 
and Pilgrim planb in pJ.rti!..'uiar find us in a comparable 
position, but·,.,;:: consider New Alchemy to he, in part, 
an anti-nuclear statement hy dint lJF its l" .. istcncc and. 
to that extent, \\e arc supporting the anti-nuclear 
movement. Then, tno, our t 11inkitv: ;s not that of a 
unl}nimous entity. Individual parti...:ipation in grass 
roots and protest politics varies widely. Christina 
Rawley in particular has been active in the Clamshell 
Alliance and was one of those arrested at thf' first 
Seahrook occupation. Many of us went to the support 
rally for the second and will go again to the third. 
Opposing nuclear po\ver w~li continue to he of major 
(:()llCCfn tO US. 

fhe situation with PAVE PAWS is slightly different 
in that, a!i of the fall of 1977, the dang..:rs of exposure 
to microwaves or other frequencies of the electro
magnetic spectrum cau~ing non-ionizing radiation were 
not a part of public consciousness. It was mtly with the 
publication of a series of two articles by Paul Brodeur 
in the New Yorker for December 13 and 20, 1976, that 
much information began to reach bcvond a few tr(lubled 
scientists, researchers, technicians an:l medical people. 
With the subsequent publication of Mr. Brodeur's book, 
Tbe 7.t1pping oj"Americt1 in the fall of 1977, the public 
at last had access, in lay language, to a documentation 
of microwave technology and its military and non· 
military application~. Because PAVE PAWS is a local, 
e\·en disconcertingly intimate issue, because it overtook 
us \Vith so little advance warning, and because so little 
was known of the potential effects that it was con· 
sidered a little uncouth to be too questioning, coming 
as it did cloaked in the mystique of a sacred cow -
defense --it seemed unrealistic just to hope that it 
would go away. Christina and two of our \"oluntccr 

staff, initially Carl Gold fischer and subsequcn~ly Gary 
llirshhcrg, undertook to giH. a ~rcat deal of their time 
and energy to organizing,, series of public meetings 
and a campaign tn inform Cape Cod residents on the 
issue. 

In this case, as in so many others. a lJUe<Otion of 
appropriatt·ncss Sl'cms to arisl'. I han· hl't'll ;It too 
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many occJ.,ions at whid1 ont.· or anud1c.-r speaker will 
ask, with what I find !.mH'llt.thk _in.t. "Well. jmt \\hat 
is ·~tppropriatr tcduwlu~ry' anyway~·· .. \rHI g:o unto 
strcuJ1 till' crnlihility, ur ar best the ~,_·omnwn sense, 
of listcm.•rs with dcscripriuns of any kind of indus· 
trialism as appropriate under su~nc circumstann·s. 
usualiy in the name of rdic\'ing unemployment. The 
term "appropriate technology", it seem~ to me. is 
less useful a~ J. definition than "'s a yardstick against 
which a range of technn!ogics can be measured. At 
one end nf the yardstiLk one \nmlJ place all the 
unfo;-gi,·ing tt·chnolngies that arc inherently dcstruc
tin· nf life - human life and tl1at of the biosphere
nnw and in time to come. technologies that in 
Dennis Mc.·adow\ phrase, "forc.·closc all other 
pussihilitic.,." By this measure. nuclear power, nuclear 
,,·capom .wd lart::t··-.cak attempts tn tamper with 
~loh;~l t'l'olog-y, as witil weather modification or giant 
.,:obr pmwr ..;tation:o. in space that would transmit 
microwave,. tu earth to harm:~s for electrical enerb~·, 
and thf' spectres of biological and space-age electronic 
warfare all align themsch·e~ as inappropriate to th~.: 
point of being unacceptable. At the opposite end of 
the scale could be placed the: gentle technologies that 
usc renewable energies, cause little em iromncntal 
disruption, ha\·c a reasonable act energetics ratio in 
manufacture and are applicable in meeting the nct>1.b 
of an area. Examples of this kind of tc,·bwiogy in 
de\'eloping countries are some of the biogas con· 
vcners and mcth.:me piants already in usc and in the 
ideaS of the Intermediate Technology Development 
Group. which has been under the leadership of George 
McRoby since the death of Fritz Schumacher. From 
our own work, the water-pumping saiJ,~,.·ings desnibed 
in this]oumal or the formation of glcy qualify as 
useful anu non-Jcstructi\'(' ami thl·rcforc apflropriatc 
technology. 

Then there is a whole sliding middle range where 
appropriateness must be judged by further criteria. In 
some cases like fossil-fud based technologies, as ex
emplified particularly by extensive use of the private 
automobile, they may be seen to he transitional and 
fated to be phased out. While not directly lethal, their 
consumption of resources and long-range environmental 
destructiveness ~ndicates they will need to be replaced 
Oi transformed. Genuine utility as opposed to super
fluousness is another qualifier of appropriateness, 
with a large percentage of the products currently on 
the market subject to scrutiny. The stringent weighing 
of c.wironmenral and social costs rclie.rcs much of the 
fogginess from the concept. A comparise:1 between a 
recreational mot01 boat, a prh•atc car and one of our 
bioshclters could be rangcC along this s,:ale. All use 
fossil fuels, as the structure of the bioshclter incur· 
porates a fibreglass substance known as Kalwall which 
is <t pJ?,.tic product. The motorboat, as both fuel-con· 
OI:Hming and exces:o:h·c. '.\'ould ob\·iously be the !Cast 

;tppropri;lll". lhl· l·ar, air hough a \'illain on man~ 
l'UIIIIh, i~ du,er In ;t m·n·..;sily. )Wilding th·. rni\al 
of public transponatiun systc.·m~. and w~<:dd nunc 
next. The hiushdtLT, althou~h it !1as cm·r~y demands 
durin~ manufacwre. swps its fucl·consumin~ at that 
point and function-; on renewable energies. In doing. 
~o. it rcprcsenrs a softer, more appn.priate, C\'en more 
intelligent tcchnolo~'}-. The idea of appropriate ted: 
nology remains f,Jr the present a useful frame of 
rdcrcnce in judgin);!: priori tie" .uul making decisions. 

We deemed PAVE PAWS to be inappropriate, not 
the least ~-or the unknown cumulative effects on the 
health of the 1 :s1dcnts of the ar~a. Tu risk the dis· 
orders which plagued many of the staff of the Ameri
can Embassy in l\1uscow and ranged from mild nervous 
symptoms to abnormally high, often pre·leukemia, 
level white blood cell counts, and an c.xtrc.·mcly high 
rare of cancer for continual ckctronic vigilance against 
hypothetical and, in any case, almust surely fatal at· 
tack, seemed a large sacrifice to demand of an area. 
lt is hanl nut to sec oneself as expendable. 

Beyond the health question, opposition to such a 
huge incarnarim1 of the war machine, cve~)-~~.i!"lc2it
labelled defensive, seemed oblie-Jltor:;... Paraphrasing 
Dr. Helen C.:.l,J..:o,t.t, ·,·.:10·s~loke in prntest at one 
of n!.!r puhlic meetings, it is essential for people to 
become active in tr~'ing to deter the escalation of 
the arms race. With arsenals scaled to massin over· 
kill for the cntir(' planet, there are few points at 
which this collective insanity can be broached by 
ordinary people. We can, of course, accept our 
helplessness and let our destiny, perhaps as a species 
ur a planet, be played out by great, amorphous 
forces: nr we can act ro try to change it. Occasional
ly, individuals like Anwar Sadat nf Egypt have made 
gestures that ~xcmplify the kind of imaginative leap 
of faith thut l"t'uld be mirrored on a small scale in 
one's own actions. At some point, opposition to 
planetary destruction has to cease to he theoretical, 
as is beginning to happen in the demands of anti· 
nuclear movement and in a much smaller way, in 
the struggle over PAVE PAWS. 

As we go to press, Massachusetts Congressman 
Gerry Studds and Senators Kennedy and Brooke 
have called on the Air F orcc to make an environ· 
mental impact statement. This \\'as not done initially, 
when the project was in the planning stage, and never 
would ha\·e been, had not hundreds of Cape residents 
insisted that the Air Force hear them. In the long run, 
this \\'ill likely only buy time, although comparable 
radar projects have heen cancelled elsewhere after 
encountering local opposition. The fact that the Air 
Force was forced to acquiesce can he se<.•n as a 
victory, however mndcst, for individuals against 
bureaucracy, as a statement of opposition to war 
and a~ a sign that. if sluggishly at times, democracy 
still works. 
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A TERRIBLE JOKE ABOUT THE 
NEW ALCHEMY INSTITUTE 

There is a generally unacknowkdgcd, but undeniably 
extant, aspect to life at New Alchemy that has rarely 
been written about. It is the terrible joke. Its status 
tends to chh and flo'"'· depending on h•lW many of 
its practitioners arc around at a time. The principai 
exponent and devoree is Bryce Butler, whose tales 
arc unrivalled in their labyrinthian ami cxcmciar:ng: 
qualities. But there is no question that the tendency, 
however deplorable~ is infectious and, as everyone 
is more or less susceptible to colds, \\'C fall vict;m 
to the urge to tell terrible jokes \'>'ith a great range 
of rcspcnscs. Rill McLarney has succumbed more 
than once. Conn Nugent is prone to do so and, 
from all ad,·ance indications, jay Bald\vin may be 
as bad as any of us. There are those \'liho never do, 
of course, but our best. or at least most appropriate, 
terrible joke to date must he credited to Sandy 
Polanski, Susan Ervin's sister, whom we Jo not see 
often. Whether she is as subject to this sort of thing 
in more ur less benign climates, I don't know, but 
she was inspired vdth the following while visiting 
Susan last summer. 

It seems there was an old musician. long retired. 
In his day, no one could equal him on the horn (I'm 
not sure whether it was a saxophone or a clarinet). 
But the years on the road. the late hours and drinking 
had taken their toll and left him washed up and pretty 

obese as well. He had:t't lost everything, though. When 
he chose to, he could still summon up a sound from 
his horn with as much or more power or resonance 
as anyone - beautiful and rich. 

The old fellow had a son \vho, in his way, was 
somewhat reilresentative of his generation - a frail, 
weedy young man who subsisted largely on bean 
sprouts and wafted wheat germ. Yet, true to his 
heritage, he was not without musical talent. Although 
he could barely raise a note from the saxophone (or 
clarinet) his fingering was in1.:omparably sensitive and 
delicate. 

The two were sitting side by side on the front porch 
one torrid afternoon, attempting to practice and be· 
moaning their respective and coilcctive fates. "Ob, Dad," 
sigheJ the son, "it's all over. We'll never be able to 
make music again." The old man looked unhappy for 
a moment, then rallied. "Never you mind, Son," he 
rumbled, touching him gently on the knee and, grasp· 
ing his son's horn while the surprised younger man \vas 
~till fingering. he hlcw r1 terrific blast, pausing only to 
go•sp (to he read aloud!)· 

"Thin you. Alchie me. Instant toot!" 

\Veil, it is indeed a terrible joke, hut it's a wonderful 
terrible joke and, as has been said of humorists, it isn't 
ea'\} - to go on paying the rent and make terrible 
joke .. at the same time. 
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h\UM SATIJUIM \S 

We ask people planning tn cumc to o.1rri' c hy noon. 
At this time, there i~ a general intruJuction on the 
background, paradig:r-11 and ideas underlying Xcw Al
chemy's ,.._·ork. After this. cHryonc rcvi\-cs with lunch. 
We ask tlUT l'isitors to bring: fuod \\ith [hem - a bit 
more than they arc likely to car thcmsc:I\'Cs and, 
preferably. something ~ike bread or fruit or cheese 
that is easily shared. This way rherc is :tlmost ah,ays 
enough and people get a chance ro meet each other 
as they serve the fnod. 

The workshops proper begin at nnc-fihccn tn om_·
thirty. aft<..·r a dean-up. There arc usually two, somc
tinH·s tlm.·t·, taking place at unn:. The wpics co\"cr 
uur hasit· art·as of research and, accordingly, arc on 

\'arious aspct·ts Hf agriculture, aquacufturl', energy 
and hiushcltcrs. The specific suhjcct for each of these 
varies from week to week. Pest resistance or agri
cultural forests may be discussed under "agriculture", 
cage: culture or semi-enclosed s~·stems under ··aqua
culture." There ls usuaJJy an additional \\'orkshop 
on the social ar.d political implications of alternatives 
which can range from ft>minism to the opposition 
of nuclear power. It is our intent that these sessions 
be genuine discussions and not lectures o~ our part. 
An exchange seems to us a more genuine and re
warding form of communication. 

Coming to New Alchemy 
--Conn Sugent 

A lot of people who want to improve the social ar
rangement of things talk about "hvman needs." They 
suppose that the hest way to meet human needs is to 
provide subsidized "human ~crviccs." Education, 
health care, legal aid, counseling, public recreation, 
daycare. These arc good things, mainly. 

But it has occurred to other people that reformers 
should concern themselves with production as well 
as services. Producing useful objects in a benign set
ting can be rewarding \Vork and the best of thera-
pies. I like William Morris's old notion that the 
greatesr general good would be enjoyed by a citizen
ry which lives simply and tries to satisfy itself through 
an egalitarian arrangement of fruitful work, shared 
values. and fidelity to nature. 

I came to New Alchemy because I hclieve it is de
signing tools for a world in which that notion might 
be realized. 

The irony, maybe double dealing, of all this is that 
I am a human sen'icc<,; man myself. My joh record is 
a collection of standard liberal impulses: youth work, 
Peace Corps, criminal defense, family planning, pri
vate philanthropy. I h<we a Jaw degree and a self
image as a pragmatist. My move here strikes some 
old friends as odd, quixotic, anti-historical. 

Maybe that's because many of those friends, left 
wing and right, share a common image of socio
economic structure: con~nlicatcd division of labor, 
centralized control, capital-intensiveness. I'm drawn 
to John Todd's words: 

"It is hccoming dear from the recently growinj! 
knO\vledgc of livin!! ~ystcms and from ~l·ncral 
:-;ystcms theory that it is the structure, ur mor
pholoj,')', of a system rlwt determines ih hc
ha\lior and subsequently its fate. The coefficients 
or parameters within a system determine only 
rates or relative dominance." 
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Sumcwlwrc down lht_· linl.' -·-in <l way, I don't care 
whether it's thirty ~Tars or a hundred an(L thirt~ -we 
are going to nm short of fo!>sil fuels. We will either 
maintain the current structure thruu~h du'" intravenous 
of ne\\' power sources (probably nuclear) or \H·'IJ 

need a new structure. l!nle-.s we pial1 welL either 
C\"entuali~- will cause enomlOus dislocation. The poor 
would !!Ct it in tlw neck. I'm for a non~nudear alter
natin~ and for a gentle. equit;,thle transition. 

r·hat a no-nuke future will demand fewer consumer 
sn\'ices and a more widespread producti,-ity looks 
\ikdy. Tht.· challenge seems w he tn make things fair 
ami ·rumfortahlc. \\'c ~·om return to the pre-industrial 
n:1 l"a.,ily l'llou~h. and pmb:Jhly g:ain "'nnw peace of 
mind in I he pron·ss. But \\e dnn"r 11eed the early 
mortality, squalor and social hierarchies of those day-;. 
Far hetter would be to usc our own luxurious [)il-timcs 
to devise technologies and designs that \\-'ill pe.mit a 
new socio-economic stn1cture that could marr}' the 

shared \·alucl> and sense of place of, say. medieval 
Europe, with the material decency, democracy and 

intcii('Ctual frccdum that we demand today.! lend 
to think the best ~ol'icry will he one that requires 
its citiLcm to do a lnt fnr thcmscl\'cs. For th<!t to 
work, those citizen .. will have to be capable and in
formed and free from the fear of "'ocial dominance. 
It could he that what we need is a mltiunal order 
that, like Marx. prohibits pri\·ilcge, hut, like Jcffer
'ion, lca\'cs much to an eJucated yeomanry. 

I don't know. As I said, New Alchcmy is in the 
roo! business. In a sense, our work here is to create 
11ptions f11r !!randchildrcn. 

A final consideration, less mega-think. I always 
seck enjoyable work. "Work which is plcasul"(', 
plea .. urc which is wurk," as Morri"' .. aid. Work arNe\\ 
Alchemy isn't utopian, hut it's got law firms heat 
w hell. I like being here. I like hringing my six
month-old hoy to the office, working some Satur
days, skipping some Tuesdays, digging in the garden 
and lugging junk and writing papers. I like there
ligion of this place: there il> an explicit devotion to 

the integration of ourselves and the earth. It is \'cry 
mm'ing. 

Calculating Engines 
-Albert .-H. Doolittle, .fr. 

h may come as something of a shock or, at the 
least, as a surprise to some of our readers to learn rhat 
Ne\\-" Alchemy has acquired rwo computers. While not 
trying to redefine the term '"ap1uopriate technology" 
(the definition of which is the subject of some debate 
anyway), we felt that the area of computers, micro~ 
computers in particular. through decrcaslng cost and 
increasing usefulness, was redefining itself and might 
not be out of place under the rubric of appropriate 
technology. To understand this. the image of a com
puter in a room filled \,;ith large machines tended by 
equally large numbers of people must be put aside. 
High technology electronics has miniaturized and 
simplified sophisticated machines such as computers 
to a point where they arc no longer the dominate 
entity in a human/machine interaction. Because New 
Alchemy has become a research institute that gener
ates large amounts of data yearly, the data must be 
collected, reduced, \·crified and collated into puhlish
ahlc ::nd usahle form. 

0\"er the last ten year~. there has been a revolution 
in electronics. Catalyzed by space-race war tcdmolob')', 
transistorized circuits ha\·c been so reduced in size that 
well uver 50,000 transistors can be placed nn a single 
silicon wafer 1/l-int.:h square (1.61 cm.sq.) or smaller. 
This process, co:tlleJ. Large Scale Integration (LSI), 
makes it possible t<> produce for one hundred dollars 
hardware that for_merly cost hundreds or thousands 
of dollars. -Lommcrcial applications like pocket cal
culators and digital watches ha\·e hoth accelerated the 

technology of mass production and driven the costs 
down to less rhan rcn dollars at the retail level. De
signers have been shrinking the si:t.c of computers so 
that the computing capability of large •.:omputcrs 
can he packaged in a box the size of a rypc\\Titcr at 
vny low eosts. \Ve arc seeing a descending cost-size 
factor and, correspondingly, increasing performance 
factor which portends LSI electronic systems as a 
major force in shaping the future. LSI production 
is not confined to major technolob'Y producers. 
Many devices are made in Malaysia, Korea, the 
Philippines, Taiwan and Hong Kong. Although cheap 
labor is obviously being exploited, this docs indicate 
a broad base for the production of such a high tech
nology. A further example of this is in the quote of 
Koji Kobayashi, President of Nippon Electric Com
pany, following a 1975 tour of the Peoples Republic 
of China, that the Chinese were fast approaching 
"the world's highest level in production of high ca
pacity LSI's': I 

There is an interesting anomaly in LSI production. 
A term t•alled "Creative Quotient'" (CQ) must he 
dcfinctl. In a manufacturing pmcess, CQ is the amount 
of creativity ur flexibility of use in tlw product passt·d 
on to the end user. Exampl(•s might he modelling clay 
:md a manual can opener. !\·1odclling clay is simple 
to manufaetun· technologically, yet retain"' a high de
gree of creativity (high CQ). The can opener requires 
more manufacturing in tcmts of technolob'Y and de· 
creases in creativitv (low CQ). Although it is possible 
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ru up<·n hnttk!-. with a manual(.'"" np(.·ncr, ao; n1w 

gucs higher on the manutwruring 'c.tlc w om electric 
can opcna, that <·apJhility is removed. Although nm 
a hard and fast rule. :n generaL as a product becomes 
more complex. crcari,·iry is increasingly relegated to 

the creator rather tl-:.m the user of the pruduct. Be
cause of it-; inherent design. we arc, a priori, forced 
to press hmron .-\before hutton B to get the thing 
to work . .\\ore analytically st;:;_ted. Creativity Quotient 
is im·ersdy proportional to the manufacturing com
plexity as shown i.n rigure 1. 

t 
CQ 

"o,Modelinr;~ Clay 

'-,~---

"' •-._!~~nual Con Opener 

"• ~c Can Opener 

MANUFACTURING COMPLEXITY---
Fig. 1 

With LSI technology, the case is reversed. Digital 
watches, as LSI de\'ices, would he on the low end of 
the spectrum. They are the simple products. For the 
user, they are easy to operate, but they have a low 
CQ. There is little owners can do with them beyond 
telling the time or date. Calculators are higher on the 
scale, leading to a higher CQ. Although limited in 
tJJe functions they can perform, some potential crea
tivity remains after they have been manufactured. 
The user can create new problems or games which, 
with the programmable calculators, can be quite 
·complex. The calculator is essentially a micro
computer with a fixed program residing in its mem
ory. When turned on, the program begins to execute 
on the calculator's computer. If the users have ac
cess to the stored programs and can change them to 
sujt their needs, they are in possession of a high 
technology product with immense creati\'ity or 
flexibility (i. e., high CQ). This aptJy defines the 
microcomputer. The user communicates to the com
puter in a mutually understandable language, such as 
Basic or Fortran or any other interacth'e language, 
and the computer performs the task or calculations. 

Looking back at Figure 1, LSI technology could he 
added as in Figure 2. 
'AS the technology becomes more complex, there is an 
i11flection in the curve as the CQ rises with increasC'd 
t(chnology. This means that, as higher .. echnology dc
\7ices are produced, their control is re\'erted back to 
the user. Rather than viewing the complexity inherent 
in such technology as ensiaving, it should be seen as a 
Serviceabie tool. 

MAt,~rACTURJNG COMPLEXiTY 

. 
Co.:o:o'o" 

. 
"''<" Compo!~• 

Access to this type of complexity lies through pro
gramming. This should he considered a learned skilL 
There arc at pre~- 'nt approximately 60,000 home com
puters in usc. J\1any children ha\'(•lcarned to he com
puter progr.muncrs. Once the knack has been acquired, 
the power of the processor belongs to the users to do 
what they may. 

At New Alchemy we have used our microcomputers 
to design data acquisition and control programs that 
cotlect and store data for later analysis. We also have 
programs to analyze and piot the data. We arc not 
trying to replace ourselves as observers and participants 
in our experiments, but we do use them to read instru
ments and turn on pumps, open valves and control 
vents. They cannot smell, taste or see, but they can 
measure temperature, pH, sunlight, humidity, dis
solved oxygen and many other physical parameters 
twenty-four hours a day. 

In determining our computer s~·stem, we had two 
requirements that were somewhat mutually exclusive. 
In the first place, we wanted a low-cost data collector 
which \Vas compact and able to withstand hot humid 
environments like that of a greenhouse. Secondly, we 
needed a system that could store large amounts of 
data and had programs available to reduce and analyze 
this data. Our solution was to separate our prerequisites 
into two separate computers. 

We approached MICRO LOG, Inc., of Guilford, 
Connecticut, with the idea of a small inexpensive data 
collector with the flexibility to collect the type of data 
we wanted \Vithout having to precondition our signals. 
This meant that we would design a module to read soil 
moistures, for example, directly from the sensor rather 
than from a box into which the sensor is ph1gged. All 
the sensors wiU plug directly into the computer. 'fhc 
economics of this type of set-up lie in the fact that a 
computer can read several sensors for the price of one 
signal conditioning hox. 

Our second requirement was met by a small 
PDPll/03 computer manufactured hy Digital Equip
ment Corporation. With it we can communicate, using 
a high level language like FORTRAN-IV or BASIC and 
store the data on floppy disks which are essentially 
magnetic tape in the shape of a -t5 RPM record. Our 
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d;H~l <:an lw plorrnl on .1 \ idcu \U('l'il ;md copi<·.., tn.tdc 
nf th<.· plot.. for futurl' rdncnn·. Tin· t\\.O ~.:omputtT\ 

:trt· linkl·d ;1~ 1\wu!!h 1h:·~ \\t'IT ~·ompuh't" ft•rmin:lk l'iw 
PI>PII/t)3 !'l'tjlll'.,ts ~.lata t'rum dw mil·rocomptth'f' whid1, 
in turn, !>.l'k<:t" lh:.: ch;mnd. read\ lill' \·alue ;md tram;
mils the information h.u:k to the PDPII/03. The 
PI>Pllf(l3 then furr.ht:-r prncc:-.'e" the data. 'torcs i( and 
subsequently di..,phy.., the processed dara m1 the \'ideo 
screen. (Sec Fig:ure 31. 

~t-

I ig 3 

l.'·,in;:. a tcrmin;J\ iyp(· nt !ink ~iH'" u\ addt.·d f!t·xihility 
i11 th:H ,l regular lcnninal can he .. uhstitutcd fur one 
of 1hc IH<KhitH.'..,. The .,DP11/03 Ctl!lld be replaced h~ 
a terminal or recording dC\'icc. Thc micro would then 
act a" a "'m:11l stand-alone data collector. The data 
could he stored on cassettes or on similar media and 
later he transferred to a computer for analysis. In 
fact, the microcomputer itself could he used for 
simple ana:ysis. 

The rcr!l power of computers in collecting data is 
de:in~d not from the collecting and processing aspects, 
but from the ability of the computer to make kgi-.:
decisions at the same rin1c as it collects the information 
\caHed rca! time interaction). ~or only can the com
puter read the temperature-, amount of sunlight or 
other parameters, [t can do something about them. 
The response might \'ary from typing a message to 
collecting a probkmatic situation. For example, if 
the tcmperatur _ is too high, it will open a \'ent. That is 
a simple task .md certainly docs nut require a com
puter. But nwn: complex tasks, if a computer is not 
uscJ, require extremely complex logic systems and 
can be \:cry inflexible. For example: if the sun is 
bright in the morning, the air is warm and the time 
is 10:00 A. :\\., t.hc \Cnts should be opened so the 
building can get a jump on anticipated heat from 

IIH· :lltt·rnoon 'lltt. II thv 'un j.., hritdtt and !he air 
j.., w:mn hu1 thv liml' j, :t!t•.·r 3 110 P .r\L !Ia· \\'nto,; 

.,h,Hdd hl' du,l·l or kq11 rlo.,cd to colt\cnc !he 

hl'al. llo\H'\'{'1', if thl· ll'Lilpcratun· goes :thon: a 
certain \':lluc, no maucr wh~t tltc time of day, the 
\Till<; \hould bt: upcned. Com·n..,cly, if tht: tcm
peraturc is coo!, thc \"Cllt ... -.;hould not he opcn<:d 
C\'Cn if the <,un ;.., hrig:ht. The ta-...k can be performed 
hy a \\'ired-up lugil', hut it i'> int.crc\i·ing to look at 
the simp licit~ of the fJro~ram. (Sec Figure 4.) 

Ftgurl' -1 

\\'.\R.\~ = 2tl 

:.,:rrE.\u> "' 3n 
HRIV.\L .o50 

; dC!!rt.~C~ (: 

, m;\·/cm2 

TOP !{I-: AD TL\1P, st:l'\, TIM I' 
OVEJ'\ = FALSI· 
IF \TIME< 1600 AI'\ I> TEMI'l..\\'..\J{,\1 ,\:'\JI) Sl!l'\~BitTVAI.) 

OPI·.~ 'IIH 'F 
IF Cri,\1E.! 16001 01'1-:N = 1",\I.SI· 
II' <TEMI•!_WARMI OPEN= Fr\LSE 
II_. (TL\W .!,SFTTEMPl OPEN = TIHH' 
IF (OPEN= TRUE) C;'\U. OI'I·:NTOI': wutinc rn open vent 
IF (01'[]'1; = F.-\LSE) CALL CLOSI-:TOP: routine lo close vent 

GO TO TOP 

Other examples pertaining to nun-mechanical systems 
such as the aquantlturc <>ystcms could he cited. The 
computer could calculare a day's requirement of sup
plemental feed given the amount of sun and the es· 
tim a ted photosynthetic activity in the solar-algae ponds. 
It could advise and inform of important occurrences 
and act .as an assistant. 

\\'ith very little hardware, the computer can perform 
multitasks and collect data. \\'c hope to m.ake the un
derstanding gained from these tools a\'ailable in non· 
computerized forms such as operational manuals for 
hioshdtcrs. \\'c an• not designing environments which 
require a computer for maint<.'nance, hut we do sec it 
as a useful hhll for studying complex systems. 

REFERENCES 
(Publication) .lliui-.Uicro _;.,·y.~tems (Mard1 t 978) 
"The Chinese Micro h Coming" by Hoh•~· 10. SLuprowicz, 
International EJiwr. Cahncrs Publication Company, Hnsron, Ma. 
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On the Cryptic Phrase "Mathematical Modelling" 
- jobu Wolfe 

Sc\'eral projects at New :\lchem) now involve mathe
matical modelling. joe Seale has Je,·cloped a model of 
the thermal processes in the PEl Ark which will be 
tested against reality and refined o\·cr the next year: 
Colleen Ann strong is collecting data in the Cape Cod 
Ark on aphid outbreak!<> and the subsequent infesta
tion of the aphids with <.i fungal parasin.· in order w 
model that phenomenon: und the author is parr of a 
three-year project to model and optimize the solar 
aquaculture systems. 

What are these things. mathematical models? There 
is such a ._,-ide \·ariety it is hard to pin down a defini
tion, hut let me try: a mathematical model is a set of 
mathematical statements that dc~crihe th(' relation
ships between elements in a o;:ystcm. 

Robust mathematical models can sen'C four pur
poses: 
1) organize ailti tic together knowledge, 
2) rc\·eal the Jogicaf implications of that knowfcdg:c, 
3) direct research by pointing out which important 

relationships arc not yet \\-ell-defined, and 
4) guide action by showing how changes in particular 

relat:onships or elemc-· ~s affect the rest of the 
system. 

In other words, a good model cnh<>.nces one's under
standing of a complex system. 

To avoid being an academic exercise, a model 
should be <!ction-oricnted: it must be directed toward 
solving a problem. In the aquaculture modelling pro
ject the problem is to maximize the growth of edible 
fish protein while minimizing the Glflital cmts, lahor, 
non-local cncrb'Y inputs and commercial feed. 

The mathematical tool one picks to model a sys· 
tem i.~ crucial. One must <1\'oid being limih'll to one 
mathematical method, or as Dennis Mcadow\ puts 
it,.'•IfalJ you have is a hammer, everything looks 
like a nail." At this point it appears that system 
dynamic~ uffero. the mu:o.t appropriarc appruach for 

analyzing the ecosystems in binshcltcrs. System 
dynamics was developed to analyze feedback 
systen:s, and the essence of most ecological systems 
is this complexity. For instance, when our fish cut 
!,ack the algat: populations they, ir. turn, curtaiiLh-.:ir 
own growth. This is self-limiting, or negative, feed
back. On the other h<md, by cutting back the algae 
densities the fish allow more light to enter, spurring 
faster algae growth and th...!5 more fish growth. In 
addition, the fish keep important nutrients in cir· 
culation, n ith the same result. Both are examples 
of positive feedback. Combined, positive and ncga· 
ti\·e feedback loops exhibit an infinite variety of 
behavior, including oscillations, ove; .• ~and 
collapse. and growth w a plateau. 

Other mathematical tools, such as analytical solving 
of differential equations without using a computer, 
can model feed hack systems only as long as the feed
hack loops arc few and finear. Vnfortunatcfy, biologicaf 
systems seldom contain linear relationships. For in
stance, the rat• at which a tilapia in our solar ponds 
cats algae may increase steadily as algae densities in
crease, but beyond a certain point the fish becomes 
satiated. Thus the relationship between ingestion rate 
and algae densities is nonlinear. In mathematical jargon, 
system dynamics discretely integrates, or numerically 
simulates, nonlinear differential equations involving 
feedback. 

As of this writing, John Todd, AI Doolittle, Ron 
Zweig and I arc beginning to model the dynamics of 
the solar algae ponds. Hopefully, the model will guide 
us beyond the factors that presently limit fish growth 
in our ponds, hut this isn't our only approach. This 
~umm('r will witnc~.\ the grand ran hctwccn New 
Alchemists for the neatinn of tlu~ most productive 
solar ponds. It will he a race in more ways than one, 
for the cmnputcr will he churning out mathematical 
~imulations, trying w find the optimum .o;p>tcm too. 
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Costa Rica-1977 
-- William 0 .. McLaruey 

This \"ear\ talc of Costa Rica cannot match its 
predece~-.sor (jounwl Four) for drama; there are no 
nefariou~ characters like ''Fam1cr Man" lurking be
hind bushes. no squatters to nict, not even any major 
reverses of fortune. Rut for uo; it was a more exciting 
year than 197 6, and the happy excitement, hascd on 
accomplishments, was shared with our neighbors. 
I only hope I can make a story without vilbins 
(though not altogether lacking in clown~) exciting 
to our readers. 

Things got off to a pleasant stan in January. \vhen 
Susan and I arrived to find that Tony Lavender had 
taken splendid care of the place. The house had 
been imprm:ed, the soril field (again journal Four) 
well tended, more fruit trees set out and - a first 
for NAISA - there was food in the vegetable garden 
when \\'e arri\·ed. A particular ~nd surprising sue· 
cess \\'as mustard. which pro\·ided us with abundant 
greens well into the dry season; tomatoes, cucum
bers, peppers. malabar spinach and collards also 
did well. 

With the guard changed and Susan and myself 
settled in, the first order of business was to t:all a 
community meeting:. \\'e were introduced at the 
!Tlet:cing by Geronimo Mature, president of the 
Junta Dircctiva of the Asociacion Integral de De· 
saroilo Comunal de Gant1oca y j'\\ara Linuln. Those 

present bore with my Spanish, which is strictly "'do: 
la callc" (o;trcct Spanish) and certainly no act to 
follow Mawtc\ poetic, oratorial styk. while l ex
plained that we had •t·ceivcd a grant from the Area 
Foundation for \H>rl• within the community. For 
most of the people there it \\'US the first admission 
that "los b'Tingos'' were there for more than the fun 
of it. I went on to describe the various :1rcas in 
which we could contribute knowledge and experi
ence in putting the money to work (vegetable gar· 
dening, fruit tree cultivation. reforestation, cxpan· 
sion of the soril project and fish culture), asked for 
comments or other ideas and indicated that \'isitnrs 
to the fann were \\leicome. 

Response at the meeting was polite, but not 
notably enthusiastic; there were other community 
issues ~o discuss- maintenance of the foot trail 
\\thich serves the community, possible stationing 
of a Guardia Rurai (rural police) officc in Gandoca, 
etc. But. beginning the day after the meeting, 
people began popping up. It soon became clear 
that hy far the greatt.'st inrere~t \\'<IS in fish culture. 

Fish culture is anything hut cstahlislh'd in Latin 
America, and much of the fish culture that ha~ hecn 
developed has suffered fn1m entrepreneurial ism anti 
thus failed to scr\'e the nutritional needs of the people. 
In Costa Rica, for example, there ht\S hccn a well-run 
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fish culture station~~ TurriaJh;l L1r tt.·n y1.·ars. The 
station has somchnw mana~cd w dc\'clop itself into 
a money-making husiness fur the focaf municipality. 
Bur the extension work visuali.1ctl by the various 
agencies which ha\·e contributed to the development 

of the station (FAO, the Peace Corps, The Inter· 
american Institute uf Agricultural S~:icnt.:c, The 
Uni\'crsity of Costa Rica and the Costa Rican Minis
try of AgricuJrure) has simply not materialized. Small 
fanners around Turria.lba do not grow fish and, in 
uther regions, campesillH'i ha\"c only the \·aguest idea 
of fish culture. 

Sn we were ..,urprised when seemingly the most 
"radi~,.·al" of our idt·as was the one which ··wst 
stimulated the community. \\"hat we didn'r kno\\ 
tlu:n w;ts that, for the first time, Cnsta Rit·;l has a 
chief (lf fish culture within the :\1ini'itry of Agricui
WlT. Under the direction of this man, Herbert Nanne, 
Jr., several new aq•1aculture stations ha\'e been cs· 
tablished and ad\'isers from Taiwan have been brought 
into the country. Sr. Nanne, convinced of the impor
tance of developing fi~h culture at the economic level 
of the campcsino, ha~ initiated a campaign of familiar
izing Costa Ricans with the concept of fish culture by 
means of the one form of media which reaches al' 
Costa Ricans- radio_ So we had unknowingly planted 
our seeds on fertile ground_ 

We asked for volunteers, preferably young people, 
to train in fish cuiturc_ Two young men, Oscar C~rda, 
age 23, and Llunier Vallejo, 19, stepped forward. \Ve 
chose to take on Oscar first. since Uunier had a year 
to go in high schooL 

Our firsl task was to construct ponJs; Oscar an
nounced with some pride that his father's profession 
had been "pafcro" (literally, shoveler), and so he had 
had a certain amount of experience relevant to the job. 
It was decided that Oscar would act as ''foreman", 
directing the physical work and seeing to the selection 
of workers from the community, while I would plaa 
the construction and supcn-ise the biological aspects. 

The problem of where to Jocare ponds \"Vas soh:cd 
when M.atute donated about 1.000 square meters of 
his land, f,:--rtuitously ~ocated just over the fence line 
from the NAISA farm. The area. which had been con· 
verted into pasture. was low and swampy. One ordinar
ily sites fish ponds on high ground to facilitate drainage. 
As it happened, this particular low area had still lower 
ground at one end, so won out o\'er other possibilities 
by \'irtue of its convenient location. We also considered 
important the fact that it drains directly into the 
Caribbean (only about 200 yards away) so thar there 
is no danger of any escaped til apia creating ecological 
problem; in adjacent bodies of fresh water. 

Our fish culrure system is to be similar to the ''Cam
pesiro Fish Culture Unit.~" of Anibal Patillo in Colombia. 
(See journal Tbl·ee).Ev('n heforc beginning work on the 
ponds we planted about a hectare of fish food plants, 

prin~..-ip<~\1~ mdant!•• and t'<llllofc. ho!h of which produce 
tuh~T~ l'dihk hy humans or hogs, in additiun w the 
lca\"CS to he fed w the fish. Later, Oscar planted a forage 
pl.mt known as ramio, provided hy Raul Honilla (about 
whom. lllllr{' later), and this year we hope t.o introduce 
comfrey. 

Os~:ar a ... scm!Jinl a \\ork ~:rcw, ra11~ing in <l~,l" from 
16 to 72. including Llunier, who was on \·acation, for 
our fine a.o;sault on the pond site. \\'e .agreed that ir 
would he best to pay the workers the standard wage 
for day laborers in the area. A point 111ight need 
clarifying here. One might argue that a community 
dc\'clopmcnt project should not pay workers from the 
community, but rather proceed on a nlluntary hasis. 
Such an attitude, while ddmrahlc in the United States. 
is simply not t(•n;>hle in Latin America when people 
arc li\"ing close to the line economically and full days 
or weeks of their time may he needed. Sometimes 
financial suppon in the form of wages can he the key 
which pem1its people to test ideas when otherwise 
they \vould be forced to reject the gamhle. 

The first task was to cut and remove the uver
grown pasture grass so that we could sec the con
tours of the land. We found two more or less natural 
pond sites, but also a di.;;concerting number of \'Crtical 
and horizontal tree stumps and trunks. We laid out 
two ponds and the appropriate drainage ditches, 
incorporating as many as possible of the trunks and 
logs in dams, dikes and ditch walls. Then we set to 
extracting the rest with shovels and pry bars. I 
concluded there were no faint hearts in the crew when 
I disco\'ered the appalling frequency \\'ith \'\lhich coral 
snakes emerged and were dispatched with machetes. 
Mcounvhile, Matute \Vas fencing out his curious cows. 
Finally, on Fehruary 23, six days after the official 
opening of the project, \Ve got down to the business 
of making holes in ~he ground, using the constantly 
breaking shovels which arc depressingly typical 
of Central American hard\varc. 

From the start, Oscar pro\'cd himself an ideal 
foreman. Faced with a \vork crew of men mostly 
oh:k> than himself, he managed to direct the work 
without -:rcating major antagonisms, listened to ad
vice when someone else knew better than he, anJ 
never pulled rank \vhen it came to his share of the 
physical work. 

The size and composition of the crew varied. 
During one week, when the whole t:nmmunity was 
involved in a maj()r bean harvest, it \ll.'a~ just Oscar 
and myself with shovels. More often we had five to 
eight workers. The attitude nf most of the men was 
a juy. Some of us her(· in the Stares, if we hol\'c put in 
time with grousing, loafing, dock-w<~tching: work crews 
or if u.·c h:J\~c been ordered a;<; l h:n·<· hy a foreman to 
slow down so as to make an easy joh last, arc prune 
to thlnk that joy in manual labor was invented hy the 
counterculture. A few weeks on a job like nurs in 
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Co.,.to.t Rica y.uuhl ..;tr.ai~lncn that out. Tlw kind {;t' men 
we had in Gamlnt.·a i.;.t.-~lpabk of workint!: lm1g, hom! 
hours wirhout t.·omp!J.int ;md will exhibit a ditch well 
dug, with a smooth houorn and Jll'ar. squar(' walls 
just a~ pri.ddully as;! skilled Cri.ngo carpcnrcr might 
dispby a handsum .. de-.k. 

This pride is borne lightly. Our work and ito; guah 
\\ere .;;erious. but the pnnd \ite was a place of laughter; 
mud fights \\:ere not unheard uf. I was the hutt nf per
haps more than my fair slurc ~•f the humor. I<: can be 
emlurras.;in!! when a fclhm half your :.izc throws a 
pic{_·:._· of .,od at you omd ym.1 catch it and find you can't 
cn·nlip it. .'\1m{' th;.}n (•nee I found my.,df pla .. rcred 
;').!'l in!.l .1 dik._- \\ irh tuft\ of ~rass apparently sprouting 
fnnn ,,J~ dH::-.L whik t."\cryune else roared. 

Then: ·.~:o1s \ erhal humor as well; one day I suggested 
th;.H it- nc could _just bcate a market for mud. we would 
all he ri'-·IL ,\\J.tute allowed that they would probably 
makt.• good use of it in H~Jiland. and the rest of the da~ 
\\as spent hatching scheme<\ for exporting mud. 

Once in a whilt' ';\·e wnu!d siip and take on a worker 
who wasn't up to standards. and that could he cause 
for humor, mo. One such fellow was nicknamed 
Chiriqu:mn. He was strong. enough and cmnpetent 
enough with sho\'f'l. a.xc or rnacht"tc, but haJ a Ji.;tastc 
for mud - an attribute \'i.·hich became increasingly 
inappropriate a~ our ta~k progressed. At first I was 
, .. -orried; here was one man recei,·ing the ~arne pay as 
everyone else. but avoiding th~ "dirt~ .. W(IJ-k. What 
would happen to our morale? Oscu hatH.IIet.i it without 
a harsh word. Sometime" \W· would encounter a giant 
log requiring our collective strt·ngth. "We need your 
muscle here, ChiriqumHJ." .\nd. wil'h amazing frequency, 
he would draw the dt:ep end nr the end that would give 
way and pitch him headlo!lg with a resound;ng splash. 
\\'hen I remember Chiriquano my clearest image is of 
his disconsolately trying to rinse his socks in the 
muddy water, while the rest of us look on with great 
solemnity. 

But perhaps the best index of the workers' attitude 
was not in their physical performance, but in their 
in-rellecroai interest. Recognizing that in all disciplines 
there are theory and practice, and that our little aqua
culture exercise was. outrageously imbalanced on the 
side of prac-tice, we decided tu initiate a series of 
weekh- ··•1rk seminars in the thcorv of fish 
l'Uitu;e . · ·.:J facets of biology. W~ settled on 
\\'ednesday~ .• nad in mind that these sessions would 
primarily he of intcre"t to Oscar and Llunier, hut we 
op.zned them up t') anyone who wished to come. 

The first \\'cdncsday, it rained all day. ny the end 
of du~ day e\·eryone was drenched and shivering. To 
my amazement, the entire work cre•v srayed to listen 
to me carry C'!n for an hour in ~lad Spanish about food 
chainS polyculture and the I ike. Attendance remained 
high; t~lday there arc more than a few people in 
Gandot·a and Mata LimOn who know such things as 

till' intcrn.-Lltion<;hip' nf 'oil krtilit~, lij.!;ht, phyto
plankton, and fi.,:h prfldtu:tion. or ~-ish cultutT methods 
usl.·d in China. 

hen thuugh we had p!anned I he work for tht
"dry'' .. ea.,un, rain was rhc bane Df the prnj!"cl. An 
e-specially hca,-y 'pate of rain came ju<;t aftrr we 
had finished cutti:,g and rakin):! tht: grass andre
mm·ing the srumps. We had hci!un to remm·e thL' 

sod from rhc htJttom and pile if up to huild rhc 
pond hanks. I wa" n:adv rcluctal11h- to take a few 
days off. r\11 my Cring(.J e:xperienc<.: -;aid rhat you 
t.!nn'r dig sod in a tlood. But '"No'', insisted Oscar. 
'·ya e..;ta mas f:.wii" (I;·., easier now.) And we \\ aded 
into the 'i\\'ampy mess with madlCt{'"· Thwok! 
Thwok! The sodden sod \\as cut into hlod-;s and 
tluat(·d tn shore, eliminating: a iur of liftin~ and 
carrying. 

\don't want to come 11n as though we were a 
hunch of heroes or to bring on boredom in talking 
abottt the hardship of the task. hut I think it should 
be understood just how important it is to some 
people to build a fish pond and \\'hat a ·'Jay's work" 
means tu them. From the time the grass was cut 
until construction \Vas finished, everybody spent 
cigh hours a day knee to wai;;t deep in mud which 
I tkscribed in a letter as approximating a mixture of 
'"hnt oatmeal and chicken shit with a little rubber 
cement on the l,ottom." Temperatures were usuaUy 
in the 90's, sometimes over 1 00; it was alwap humid 
and about a third of the time it rained. (Perceptions 
of the climate Jiffer. I remember one rain} day seeing 
Mi~tclllcrrcra come inw our kitchen at lunchtime, 
shivt.·ring, to wann his ha11ds over our kerosene stove. 
The temperature was 85 degrees.) The mud was so 
l'lliquitous thott the first part of my .tftcrnoon clean· 
up ritual was total immersion, clothes and all, in the 
ocean surf Even I sometimes got chilly then. 

I of"en laughed to think of what one ''expert" on 
Latin Amecica had told me when, as a student, I had 
asked why aquaculture was so poorly developed there 
when the need was so great and the climate so favor· 
able. "Because the peopk don't like to work in the 
water", the great man said. 

Far fewer snakes were seen after stump removal 
was completed, but one day a full-grown alligator 
cruised thruu~h, looking grouchy. If you want to 
feel helpless, try facing up to an alligator in the water, 
armed with just a shovel. There were mosquitues, and 
a rather remarkable diver.;ity of crcaturt•s capable of 
crawling up pant lq~s and hirinl-(. There was al"o the 
constant problem of infections n·sulting fwm 
Sl.':'atchcs, machc'<.' -:urs, mud in the('}'(.', etc. Susan 
\\·as kept husy dispensing aspirins, alculwi pads, ban
dages and eye drops. h'er. in particular, suffered; a 
\'icious 'iort of r~"h affected nearly cn:ryhody. The 
thought that workers were literally limping fi\'C mik-~ 
to work every day on sore feet was had cnuugh. hut 
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the si).!ht wiH·n they 1·c~1WH'•l their hoot'> was appalling. 
Oddly, afrn tiw fir'>t ~..·oupk nt \H"ck-., I was not af· 
fcctcd. I hahiwally worked ~n rat:~'·d -.nl'akcr .... whill' 
the others wore the !ou\l'·fittin~ ~.-·alf bt'ip:\u ruhhcr hoots 
which are, for some rca ... un. 1r;tditional in thl' an_'<l. 
E\-cntualiy, ~mnc- nf the men beg.j_n t•l a\'>umc that my 
immunity was not :0.\)lc-l)- .tttrihut,lhlc to in'i.Hlity, and 

starred workin¥: barefont. Thl' rc ... ult \\as soml'what 
more cut<> and -.cr;l.tcbc'-t, but a whole iot lcs-. infection. 

I was ncH'r -.urc ju!l.t lw\\ seri~m-.ly to take things. 
One dJ.y Om.tr "'\bto'' Brionc>.; .,;hn\\cd up for work 
dut~o:hin1! his -.hmTI in unl· hand and hisja'-\ in the 
Plhl·r. lie was '>uffninl! from ;I tonth:Khe, but it was 
;1il I could do to \l'Hd him home .. -\few dav-; later he 
\',-,l.., in the lw.;pital in Lim:m. From what lam told, 
.\I,Ho \\a..,/m:ky ro h<l\"t' .;ur\i\cd rltt: infection he had. 

~usan wi~dy offnl'd no ohjccrion to p!aying a 
traditiuna! role in this ca~e - tending the l~ouse and 
garden_ cooking ~md admini;;;tcring: medical aid. ,\1o~t 
day.~ the men hroughr their an-n !unl.·h,•s, hut abour 
une day a week she \Hiu!d lay out 3 fea-;t fnr C\'ery
hot!y. judicious!)· haiance~{ henn·en traditional loca.l 
foods and her dWn nud!;·ctlmic imjv·m-isatiunal 
cui~inc. E,·cT_\· morning we would oh.o;cfTc <1 fin· 
minute break when she hruught mH something hl 

drink. Except on the hortest day .... almo<>t everyone 
preferred hot hcrh teas to enid !cmunaJe. 

Our task ;.\·oukl han" been difficuh in ;my event, 
but the total iack ot road-.. 'itores or ma.:h"inery made 
it that much more so. ~egotiutions for a chain saw 
ncn·r quite bore fn;it, 'iO al! log clltring w;.~s June 
with axt.·s. MuJ from the middle of the ponds had 
to he carried b; th<' hanks m tuh'i and buckets, 
When \n; hat! hruken '·very C\pcmh.J.hk such container 
i.~ the- ,-icinity we t·nnrinueJ with pl.\stil· feed sacks. 

A particular pmhiem was l'ncountcrcd in building 
the reproduction pond. Our design called for the 
ponds to be approximately l% meters deep at 
one end and %_ rueter deep at tht: other. with per
haps%. meter of· frccl.wanf' ,m the dikes. This did 
not r:~cessarily mean that we would have to dig that 
deep. since dikes could a.ho he built of dry earth 
from nearby high ground if that rrov(>d more 
feasible. Howe\·er, it was necessary to get down to 
hard day and to make the bottoms smooth and 
le\'el. This was not ton difficult" in the larger pond, 
\\'hich \\'as constructed first. hut there proved to he 
an inordinate anwunr uf <,emi-liquid stuff in the 
upp('r pond. h wa.-. alnwsl impussihlc tu walk in; 
sometimes it would t.tke sncral minutes just to 

pick up your fooa, and then you'd have to go back 
for your ~hoe. Hut ir didn't matter wo much, since 
often aH that was necessary was to plant yourself 
and let the goop flow at you. Howe\'cr, neither a 
shovel nor a leaky bucket is an ideal tool for rcmo\
ing a fifty-fifty mixwre of soil and water. \\'e gut it 
done, but it took forever. The distance from the bot-

tom of !he l'l'prmhK!ion pond to the top of the dil-:l' 
is now ahnut eight fel'l. 

The unanticipatl'd anHlUHt of cxea\·ation presented 
m with yet anuther problem. The deeper we dug, the 
more fallen tree-; \\C discov<.·rctl. Apparently these 
Wl'rc trees wh ieh had been cut when the area \\·as first 
cotncrtcd to pa-.turc. Be in~ tropical h;snlwoods, 

most of them had SL'arccly begun to ror. In many 
case<.;, they were pinned into the mud hy dm\"ll\\ard 
extendinJ;: hr,mchcs. For about three week« therl' \\·a-; 

always at least one man flailing away with an axe in a 
con«tant shmH.'r of muddy water. The piccC'i, up to 
three feet in diameter, had to he rolled out, a proccs' 
which left more than one of u'i on hi-. face in the mud. 

A final eomp!it·ation was pmvidcd hy the peculiar
it!\.·._ of the local climate. It «ccms that, in Gandoca, 
swampy areas tlood during the dry season and drain 
in the wet season. The reason is that the swamps drain 
directly into the sea. During relatively dry weather, 
the Caribbean is (lften stormy and large sand bars arc 
built up at the mouths of swamps and small strl'ams, 
so that water from light rains and from year-round 
streams accumuhncs. When the rains L'Ome with wr
rcntial force, the sea is often calm and a sufficient 
head of fresh water is built up to cut through the 
sand bars and O::tin the swamps. With our pond 
drainage ~ystem un,·ompktcd, we wen: forced 
periodically, sometimes as often as twice a day, to 
leave the pond site, troop out to the beach and shovel 
a channeL perhaps four feet Jeep and fifty feet in 
length, through the sand bar. 

I had to start hack to the States on May 5. By that 
time it \\ould have been dear to anyone "icwing 
the site that we were making two ponds and an 
al:comp;.mying drainage system. But it was not dear 
that we would he ahle to finish before the rainy 
season. ,\1y fears that our work would be undone 

subsided in late May \Vhcn Osc.:ar wrote to say that 
the aquaculture facility was completed. The dikes· 
arc reinforced with horizontal pieces of bamboo 
running the full length of the sides and with ver
tical stakes of wild cane. They arc planted with 
grass to retard erosion and mdanga and camotc to 
feed the fish. l wish I had a picture, but the com
bination of high humidity :-1ad salt spray devoured 
n1v camera . 

. Both ponds arc drainc>d by a rigid PVC plastic pipe 
which passes through the hottDlll of the dam and is 
connected, on the pnnd ~ide, to a flexible hose. 
These arc the only non-indigenous materials used in 
the system. This (:cvice, invented hy the l,araguayan 
fish culturist Juan Pio Hh·aldi and knuwn ;.ts a Hivaldi 
Valve, represents perhap-. the "impkst way to effect 
partial or total drainage of~~ pond at will. 

As of this writing (mid-October '77), the ponds have 
sur\'ived all rains, as well as a hurricane which passed 
through Gandoca (a rare occurrence). While they han~ 
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~·et to he stocked with fish. they arc already o;crving 
an cduc;:Jtional function. [,.-en hdurc I left, we cs
lilllated that l\\U·thinh. of all the nu:n. \\OHH?n ami 
children in the community had passc-.1 by to see the 
project, ask questions and in some cases suggest a 
site for their own ponds. 

Susan and I seized un this opportunity to do some 
infonnal polling. We discO\·ered that we \\ere nut in 
error in thinking that. c\·cn though Gandoca fronts 
on the sea, rhe community ~rands in need of fish, 
particularly since our friend john Holder. \vho made 
most of his li\·ing fishing with hook and line. has 
moved. ,\tost people said they had fish for dinner 
rhn."<.' or four rimeo; a year and rhc same for meat, 
bur that they \\ould cat fi!-:h ··chrcc meals a day" 
were it availahlc. 

We han" also had visitors from neighboring com
munities. including the regional health and law en
forcemem officids. I ,\·as invited to speak w the 
school children in ,\.1ata LimOn. Easter Week, when 
it is traditional for Costa Ricans to go t<• the beach 
and Gandoca 's population triples. we rccciwd visitors 
from aJJ OH'r southea_'ij:tcrn Costa R.ic::z and north
eastern Panama. During our absence, Oscar has been 
in charge of the station most of the time and has 
cominued our infom1al cxten~~on work. 

With construction completed, the next phase of 
the project was ro pro\· ide Oscar with some practical 
experience in aquaculture prior to my rerurn. Cost.--: 
Rica's oldest fish culture station is run by El Pruyccto 
de Di\·ersifi.:acion :\gricola in Turrialha. Ar the time 
we hegan our project, Raul Bonilla \'lias in charge of 
this ~tation. llnlike most '"te<.·nicos" Raul began 
from the bonum, cutting ~ras~ ar the stottiun with a 
machete, and learned as he went, until today I con
sider him one of the most capable people in aqua
culture in Latin America. I imruduccd Oscar and Raul, 
and Raul agreed to take Oscar on fur a couple of 
months, with his sala;y to be paid by NAISA, so rhar 
he could learn the skills necessary to operate a fish 

farm . ..\II thai wa'> IWetk•d \\as for mew \Hitt· a 
letter to rhc Junta Dirccti\'a Cantonal Agricnla in 
Turrialha. "A fnnnaliry". I was a.,o;urcd. 

Hut, hcnn'en the time I left Cmta Rica :md the 
time when Osc.tr wa<, ready to lca\C for Turri~tlha, 
Kaul tramfcrrcd to anothn fish culturc stational 
Veintincho ,\\ilia ... (hear, who had been delayed h~ 
a few small things like the hurricane, went to Tur
rialha, found no Raul and got prcci~HI'i little infonna
tion. Meanwhile, I wa~ innth-ed in an exchange nf 
confusing letters (formalities?) with the hurcaucra9· 
in Turrialha. 

hnally.l plumed llcrhcrt Nannc in San Jo.,C. \\'hilc 
phKing: th<.· call I had ":ause to ponder my own prefcr
enn: fur fidd work on·r office work. I had ne\'er met 
Sr. ~anne, only hccausc I was too anxious to get into 
the field and get my feet wet to rake time "going 
through channels." If I had hecn more willing to 

spcnJ a few days tramping the ~trects of San Jose: 
would this problem ha\·c hecn a,·errcd? Was my taste 
fur the fidd rather than the office a matter of wanting 
to get the "real'' work done or just a personal em·iron
mental preference? Was I •mired to administer any~ 
thing? Would we ner get Oscar 'itraightencd out and 
fish in our ponds? 

Sr. Nanne was most cooperative, hut my call reall~ 
wasn't necessary. In the meantime, Oscar had been to 

Veintiocho l\tillas and found, not only Raul, hut also 
Herbert Nanne. Sr. Nanne was kind enough and im
pressed enough to put him to work immediately and 
to provide him with salary and housing through the 
Ministry. We have the feeling that it is still pretty 
unusual for an honest-to-God campcsino to walk out 
of the wuods into a govermnent station looking fm 
training in fish culture. 

As I write, Oscar has just completed his training 
and is ready to rake tilapia breeders hack to Gandoca. 
The sh{)rt-range pian is to stock only the reproduc
tion pond. By the time I return in January, there 
shou1d be enough good-sized young fish to sex them 
and stock males only in the growing pond. We "·ill 
feed the fi~h much as Patiiio did, but we will st ',: our 
fish rather than usc cages to prevent unwanted 
reproduction, as we know of no locally a\·aihhle 
cage material comparable to the Colombian "guadua" 
bamboo. A possible experiment for the coming year 
invoh·c.~ thl· cultin1tion of termite nests, found 
on tlcad wond everywhere in the region, a~ a protein 
sollfl'l' for tilapia. In years to come we hupe w plug 
various nati\'l' fishes into the system hut we wantl·d 
to begin, nnt with an experiment, hut \\ ith a fish 
t'enple knuw how to ndti\"OIH:. 

The eventual cour'ie of fish culture in Cantloca 
and Mata Lim~n, and particularly its economic ap
plication, will have to he dccid<.·J hy the community. 
This year we plan to adapt techniques w the local 
situation, dcnwnstrate tilapia culture. and produce 
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as momy youn~ fish a .. pn..'iihlc. We\\ ill also (._·onsult 
with local farnl<'r' on th<._· ..;it in~ ;md cmH.tructinn of 
ponds and prnvide trainin)! in fi!<th cultur<· for othcrs 
in tht· community. Llunicr p:.uticularly. 

* • e * • • * • * • * * • • 

My narrath·c has concerned aquaculture almost ex
clusi\·cly. hut that is not our only acti\'ity anJ much 
less do \\·e em·ision it as such in the future. In the 
fourth Jounwi, I described our work with the herb 
tea plant known as soril. During 1977, Susan W<IS 

l:ngcly responsible for continuation of our sorii rc
'icarch. Al this puint, \H' can \ay that we sec no par
ticular problems in sorii agriculture, though I'm told 
it ducMI't stand up well tu hurricanes. So far, \VC have 
nut found processing methods suitable for usc by 
snwll f:.mncr .. on the ..;calc we en\'ision. Our failure to 

du so can be explained at least pardy on the hasis uf 
my own lack of diligence in searching out appropriate 
technolot,•y for the task. That can in turn be explained 
by my preoccupation with aquacultural and adminis
t.rati\•e question<;;, and also hy the fact that the soril 
growers of the communi~· and I arc questioning the 
appropriateness of the crop for the area. 

We do not question the need for sonu: :.ort of cash 
crop. I have explored the need for cash crops in 
]oumal Four, but we are beginning to suspect that 
the ad,·antage in producing export erops like hcrh 
teas lies ·with the giant corporate farm - and that is 
just what we do not want the region t(l turn into. 
Perhap~- it would make more sense to ilse fish or 
fruits, which can contribute needed food directly to 
the community as welL 

One impnrtaih finding widt regard to soril came from 
the kitchen. Susan proved that it can be made into 
delicious pies and jams. lhe locals. <.Kci.,stomcd to 
using it only for teas and cold drinks, \\',:requite im
pressed by this. Perhaps some da) "oril will play a 
substantial nutritional role. 

\Vhate\·er happens. soril has already played one 
important role by sen.-ing as the basis for our first 
community experiment. Soril provided the first op
portunity for the fanners of Gandoca and J\bt~t 
Lim~n to work together with NAISA people, and for 
all of us to iron out some of the doubts we might 
have had about each other. From that point of view, 
there can be no such thing as a "failed" project. 

Crafts arc anything hut highly developed in the 
region. Susan's vegetable dyeing and weaving attracted 
much interest and even some offers to buy. This year 
she will be taking on one wca\·ing student, Filomcna 
Vargas. 

\\'c also discovered another important functiun 
for ourseh·es this year as intermediaries hctwccn the 
community and the world of aid and development. 
Seeking funding to complete the fish Clllture project, 

we made contact with john and Mary Contier of 
Catholic Relief Services in San JosC and invited them 
to spend a few days at the fann. During this time we 
arranged a meeting, which deliberately was kept smalL 
Oscar and Llunier were invited to speak for the fish 
culture project and Matute as representative of the 
community-at·largc. 

However, another friend, perhaps misconstruing the 
purpose of the gathering, also showed up, roaring drunk 
on rubbing alcoh..:! -with his radio. "Merican music! 
Plenty swing!" My evening amounted to a wrestling 
match as l tried to moderate the radio, dissuade our 
friend from offering his poison to the others and 
reason(?) with him. To add to the hilarity, Oscar 
with his machete sle\'11 a rat that dashed across the kit
chen floor. It was certainly the most irregular meeting 
in the annals of Ne\v Afchemy (not an organization 
nuted for excessive formality), and for all practical 
purposes I missed it. I didn't much care. I figured our 
friend had blown wh.~tcver chance we had of getting 
help. 

To my amazement, when the smoke of hattie 
cleared, I discovered that the Conticrs had offered, 
not only to try to help fund the fish culture project, 
but to look for support for a larger community de
velopment project for Gandoca and Mata Lim(,n. 
However that came about, it was not on the strength 
of what I said at that meeting. 

I tell this story, not just because it is amusing or 
for the sake of conveying the news, but because it 
points up one of our legitimate roles in Costa Rica. 
There arc any number of organizations like Catlwlic 
Relief Services in countries like Costa Rica, staffed 
by good people like the Conticrs, who arc looking; for 
good projects. There arc. in the rural communities, 
any numher of hanl-\\'orking and concerned people 
capable of articulating their needs if given a forum. 
And seldom the twain do meet. If a person from one 
of the .agencies docs get out into the country, it is a 
hit or miss proposition whether he or she will get to 
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th~._· ri~ht nm1munit~ .111d lltcl't the ri) . .dll pl·r~on. It 
t:w l'ampcsinu }!til'~ to tH\\11 h..- j, ,1ften ill prepared 
to find the right door to knud. on ~md, if he docs 
get in the door, he is liahlc to he hrushcd off h~ the 
receptionist. In rctruspet·t. \\C nuy cn~ntually decide 
that the twu mo't \ita! ta.,l.;,s \\C performed in Costa 
Rica in 1977 \'.-ere lO hrin~ the Cnnticr' to Gandoca 
and t' ; t;7 --j~·: . .-ar in tuuch \·,idl Co<;ta Rican aqua
cultur ... · 011 u:ials. 

The CRS mcetin~: was fnl!mn·d by one of tht• com
muni~ JunrJ Directi\·a (phi., ;t few\. also held at our 
hnuse. Thi.., meeting:. \\hich commenc(.·d \\ith a tour 
of the fish ponds. \\"<l" anended hy r\quilt''> Rodrig-uez, 
Lino Ramon Lopet. (<;mail Ruja .... \'icf:or Brione~. Juan 
Cc.'nH'IHl, Lauriano Uu<~rt<'"i. Orlando Scquiera, Mature, 
(hear. SU' .. an ;md m~ ..,df. h \\OlS as orderly ;~s the pn·
n·din!! one had been riorou ... \\e \\ere pleased to SLT all 
agt's n·prcscnted on the junta, though we would h:l\ e 
bct·n more pleased to see o;;ome women present, as 
\\Omen do participate- in cnmmunity meetings. 

A long range plan of denlopmenr for the nnn
munity was pre..enrcd. \\hich induJecl wch items 
a-s a dispensary. a community hall. improvement of 
foot road~. an airstrip ami purchase of a launch tn 
get goods in and out. One might ha\·e expected a 
community having their first hrush with the funding
world to excitedly hire off more than they could 
chew. Instead. tht"y decided to ask for far less money 
than the maximum which the Contier., indicated 
might be obtainable and to limit thcmsch·es to two 
projects, since more prujech undertaken could lead 
to projects b.ally dune_ They chnse our underfunded 
aquaculture proj•xt. 'incc that wa!> already under 
way, and the launch. since that seemed to have tlu· 
least .. :hance of ncr heinf! reali;.cd withoul outsidt• 
help. 

I was dispatched w San Jos{"in total mast" to 
draft a proposal dc-"Scribing the community's resource.., 
and neetls and explaining the two projects. As of this 
\Hiring. the propo5al has cleared the CRS and Church 
authorities in Costa Rica and is under consideration in 
the New York office of CRS. 

One other important item of business was accom
plished in 1977: reorganization of the Hoard of Direc
tors of NAISA. Our original hoard. apart from myself, 
were "paper tigers"' who !ell[ their signature.., to help 
legitimize our acti\·itics in Coo;ta Rica. As of this 
spring, I am the "sccrctario" .. \tatute is "tesorero''_ 

Ro!'c'l'l \\dl-. i-. "fi,i.·.d". ,tnd .\\argarita l>m\nt·~ 
Salu,rio j, ''pn.·,idt•ntc.·· BoJ, (an attomey) de..,ent.'' 
"Pt'i.'ial thank .. for giving us a lot of "inhmnal" 
("" free) le~al :llh in· in times of 1·eal pm·erty. 

Our plans fur tht: future arc largely contingent on 
f;indin~ Fortunately. \\e arc enough of a campesinu 
organiLoHinn thal \\'e will be able to do "iomcthing 
under any en,nomic circum.;;tance'>. But we du ha\'C 
plans and dream<;. They arc rooted in the opinion, 
hdd in comnwn h\' ourscl\'cS and all Lhc fanners 
we ha\-c talked to in Gandoc.a and .1\bta Lim(.n, that 
far, far tuu much of tlw agricultural (and aquacultural) 
rc .. carch heing done benefits only the large gwwer. 
This is partly a retlccrion nf how research funding: is 
directed hut, cspccially in Larin America, it alsu rc
tlect .. a lack of awarcm·..,s hy scientist!> of the realities 
faced hy !he s.mall fanner_ 

Else\\ here in thi~]our.:all have mentioned rhe 
idea of a research institute directly responsive andre
sponsible to the campcsino. The groundwork for such 
an institution has been laid by NAISA and the people 
of Gandoca and Mata Lim{m. Another ~tcp was taken 
\\hen Tom Gardiner. a ynung: man with Peace Corp" 
experience in Costa Rica and an M. S. degree in agri
culture from the University of i\lassachuseHs, signed 
on fur six or eight months with us. If all goes well, 
he will extend that .,tay and begin to design and 
carry out agricultural experiments in collaboration 
with local campesinos. 

Before this plan progresses very far we will need ro 
ll<l\'e a real farm and a building or two. (The present 
NAISA "farm" is realiy no more than a plot of land 
to li\·e on and grow a few \·egetahles.) Nothing elabo
rate- it is a tcnt·t of NAISA that workers from nut~ 
side should li\'C in and as the cnmmunity- hut it 
docs take tuul. In tlw short run, I am sure \\e can do 
rcst•arch on our neighbors' fanns, bur in the long run 
it is neither convenient nor fair to tic up other 
people's land in lengthy experiments. \Ve will ne\·er 
he a large group; too large an "outside" presence 
would ine\'itahly he disruptive. But we do hope some
day to ha\·e facilities for guest and student investigators. 

Our present needs arc fl;r land, funds - and a 
skilled translator tn help us make our work available 
in Latin America outside our immediate area. We do 
not, and probably nc\'er will have, an "offi,:c staff", 
hut seri<'liS inquiries arc im·itcd. You may write to 
thi .. address or to t\prdo. 902, Puerto Lim(,n, Co~ta Rica. 
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VIStTOll.S - COSL\ IUC\ 

Wl' are hcg,:inniug in n.·;.:ciH' ~~ 'nhsl.mti.ll numhcr 
uf lctt,:rs ask·n~ tu \·isit the ~AISA o._'t'nh:l' in ensta 

Rica. Mnn: surprising tom"- in dew uf rhc ..,ixtcen 
mile hike ordinarily ncc.t-s~1ry· to reach u_., -Juring 
the fir!<>t four mnmhs of 1 Q7S \\c rccci\ cd seve-rat 

drop-in \'isitorotr~. Nice fnH.:\- mu-.tly -- bttt it is 
inconvenient u·hen you're cooking for Jinncr for 
thrc(- and sudticntv then?·, -.ix. 

So - ir a_h,·ays conK'" ro thi-. - \\T MC going tn 

have w inaugurate.-\ POLICY. The l1o!icy wiU be 
.._iiffcrcnt frnm the -one we han• on Cap-e Cod. ,\\osr 
re.adcrs arc familiar with .. Farm Sanmlay". which 
penn it" m. to accummodatc the public one day a 
\H'ck. whiiC' still getting- un \\ ith our othe-r \\:urk. 

'Sud1 .! prnJ!rotm is nor ft·asihle in Co .. ta Rica for the 
simpk retson that.loc;:tthl a" we arc, any visit is 
pcrfoHT ~1t Jeo.~..,t <m overnight vi .. it. An(l ~here arc 
lltJ o\·emight accommodations remotely near us. 

It is probably appropriate to -say something about 
the difference bcn\'een our o\·erall program in the 
United States and Cu.,ta Ric:t. In the States \\-e 
function primarily as a rc!oearch institution, develop
ing ideas and techniques for dissemination outside 
HatchYiUe. In GanJoca we do some of the same, hut 
we arc more concerned \'iith appro:.tches to communi
-1)' development as they can be implemented in our 
-~ommunity. Thus, there are less interesting gizmos 
to look at and a greater need to tical with local 
-drop-in visitof". We feel that it is ~sscntial that we 
be open to rcsidt'nts of Gandoca, Mara LimOn and 
neighboring communit:e-.: at any time, and a con
sidcrabt:: part of our tim~ is con~umetl in dealing 
with ~.-uch \'isitors. Sn we must a..;k that ocher ~:isiturs 
have vet:.;• specific ,.casous for coming. Tlwre arc 
simply nor enough of us to ha,·e it otherwise. 

If. after careful consideration, you really feel 
_rhat you ha\·c somcthin~ important to learn from us 
or offer us, we ins.ist on the following: 

1. Secure permission and set a dare ahead of time. 
This can be done by contacting Bill McL.amcy at the 
Cape {june-December onfy) or by writing NA~SA, 
Apartado 902, Puerto Limol1, C~'ta Rica_- Allow 
plenty of time for Jcttc-rs to Costa Rica; as much as a 
ffi(mtb may pas.\ beh\·Ccn \'isits w our mailbox. 

2. Be prcp.;.tred to work hard at whatcl·er you arc 
asked to do. 

3. Be prepared to be completely self-sufficient 
with respect to shdter and food_ We may be able to 
offer a roof •Jr share food. but 1.\e can't promise. 

4. Ue a'\ arc- a.s some tra\·clcrs arc not- that any
thing you'd think twice before doing in North America 
bears at least three thoughrs in Costa Rit.-.J. I am 

'thinking particularly. though nor cxdusi\'eiy. of (irug ... 
Any- subst:incc that is iUega1 in North America is more 
,so in CosUI Ric-~. _It is a mlr at NAISA that no il!egal 

'-Uh .. t:tiHT i;, hruu~hi in ur throu~h !ht" prnp•erty, 
houghr, !o>Oitl, u .. nl nr plantt'd hy ~ny01w. Any infrac
tion of tht·law'> wuul•J i-mplic;.ltc U'> all, and \\C "~·annot 

tal~c your ri"k'. 
5. A good t_•nmmand of Spanish j, very hdpful, 

tlwu~h nnt absoJurdy c.-.;~nrid. 
We {rust that you will understand uur situation and 

that thi!<. puli9' ,.._-m not cam.c tou much int·om:cnicnn:. 
We will continue to puhlish on HUT experiences in 
Costa Kit·a {hopefully, sot>n in Spanish) Jnd hope that 
thi<o will fulflll much of our TC\JW!l!->ihi!iry to communi
("UtC' . 

Book Reviews 
- Nancy )llCk Todd 

There were t\'!lO books published during 1977 that 
I should like to reviC\v for readers of the ]oumul who 
might not yet hon-e encountered them. Both an· by 
women and, although they arc very different, l think 
they arc both important hooks. Their writing could 
be looked on as an act of service. In the case of one 
of them, Tbe Underside of History, it is a compre
hensive attempt to revision history and to write in 
the role of women, so that not only women, but all 
of u-s might gain a more complete sense of the patterns 
and events that have led us to the present. The other, 
Creating Alternative Futures, begins \vith the present, 
analyzes hm\' we managcJ to get into our current 
economic alid resultant ccofogicar debacle, and 
suggests practical stratagems fur making the tran· 
sition to a sustainable future. 
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Bouldin}!. Elis(". 1977. The i"udoside o/llistorv. 
A View o[Womeu Jbro-ugb Time. WcsrviC\-v Pn.:ss, 
Boulder, (:olnratlu. H2Q Pr-

During most nf the Viemamcs:: war, I lived in Ann 
Arbor, Michigan. I worked t!lcrc with a vcr-_.:.im
pressi\·e group of ·women who called rhcm~lves, 
collectively, "Ann Arbor Women for Peace." Thev 
were affiliated although not acwally a part: of the
national ··women s Strike for Peace." It was working 
with this ~rroup that first led me ro belic\'C !n the 
untapped pntcnriaf in greater participation by women 
in public life. One of the acti\'ities that involved a 
lot <•f uur time was the coUat!ng, folding and stamp
ing of the seemingly endless streams of mail that 
issuct! from and !hrough us. ln the talk that aceom
pomictl our mo\·ing hands, a name that recurred often 
w;~s that nf Elise Bnulding - EliSt-' speaking here -
mt:cling wltll influt·ntial people there_ \Ve knew her 
as a Quaker and a pacifist. She was, for us, a model, 
:a \\.·oman with the courage of her convictions, dl'Cllly 
wmmittcd to. and acri\-e in the attempt to end that 
scnsele~-s war. 

Now she has w-ritten a book out of her dedication 
to another cause important to her: that of righting 
the imbalanced perception we hold of the roles pla~'cd 
by \\:o-men throughout tht past. 1nftially, when J first 
-decided to review the book for Journal readers, my 
thought was to rceommend that every woman should 
have a cop}- fur herself ami fur her daughters., if she 
had them, but that, of course, is wrong, for men suffer 
as much as we do from the distorted ''iew of historv 
;::.nd stand to hcncfit as much from a broader under~ 
standing uf the f\olution of the human familv-
and not just of mankind. • 

Dr. Boulding's book is entitled Tbe Underside of 
HisiOr_y, .4 View o{Womeu Tbrough Time, and is 
dedicated to ··an women of every time and space 
\\-'ho are this book. ·• The book is a retracing of the 
past onto which she lovingly draws in bolder strokes 
the shadm\'Y figures of the women whose lives, over 
vast reaches of time, precede our own. The early chap
te-rs are devoted to our evolutionary heritage and cover 
sexual dimorphism and dominance and the development 
of sex roles. Turning to the paleolithic and building on 
a thorough researching of archeological dues, Dr. 
Boulding reconstru-cts the wavs in which women li\·cd 
in hunting and gathering bands. With the beginnings 
of agriculture and the establishment of patterns of 
settlement came changes \\-'hich magnified as the scale 
of settlement grew from village to town to dtv _ Work 
became specialized and civilization. as such, ~gan. 
The great ancient civilizations in Sumer, Egypt, India 
and China arc discussed. 

One of the most interesting aspects of the book for 
me, as a former history major. lay in reading about thl 
cultures t-o which I had had considerable exposure and 
in discovering how -completely the quality of the lives 

nf women hati hccn glossed m cr. I: or <::o..:tmple, rok''> 
of women in Ancient Athens are llortravt•d as rich<.-r 
;.md murc varied than the cloistert·d. dn~l(:stic ones of 
which. I had rcad. Dr. Boulding points to the painting, 
sculpture and tragcd\· of fifth ccnturv Athens as in~ 
dicating the psychic -force women m~st have had in 
spite of beittg political nonentities. 

Similarly. in the description of European historv, 
which 1 had studied in some detail, I discovered s~ 
much i had never known. Of kings \Ve heard much, 
but n~-ver af the young pr;,..,...~-ses, trained from earlv 
chiidhtlOd fer political <~tarria..,_:; on \\·hich the fate -
of n:.nions- often Jeperded. white still in their teens, 
many of thc5e young ;,·omen kept peace between 
otherwise fractious cot·nrries through embodving 
famity alliances that str.uldlcd confli-cting rofltical 
ambitions. It was said that, for a king, every daughter 
was. worth .t standing army if Jcploycd in the right 
way. Dr. Boulding tells of the devotion of many 
Eastern European queens, princesses and noblewomen 
in caring for d1c sick and the poor. And there arc 
wonderful human stories of such well-known figures 
as Eleanor of Aquitainc whose last -signature on a 
public document read, "Eleanor, by the wrath of God, 
Queen of England." Fur the first time, I learned of 
the Beguines, a lay sistt:-rho-od that provi(led a plat-"<' 
for working women, both physically and socially, as 
an alternative to marriage or the church. The slightlv 
better-known work of religious women, rnysric-s-and 
nuns is also discussed. 

F'or a book that i!i eight hundred and twenty-nine 
p-ages long. scholarly and covers a time-span from the 
paleolithic to the present, any attempt at description 
can only be random sampling anrl, as such, completely 
inadequate. It is thoroughly documented with refer
ences, charts. tables and figures and is illustrated with 
photographs and reproductions of drawings or illumi
nations. One such is from an illumination from a 
medieval manuscript and depicts with delicious ironv 
a nun and monk tilting. the nun with evident and ~ 
malicious enjoyment going at the disconcerted monk. 
Others portray some of the moments and range of 
joy and pain and work that women have experienced. 

It is a book one wants within reach for a lifetime, 
to turn ta again and again. It begin-s to zJdress an 
enormous gap in the human sense -of self. Dr. Bo-uldlng 
says, "The idea that great women are as evanescent 
in history as the melting sno\v is a poetic statement 
of the fact that women are invisible to each other as 
well as to men, as the makers of historv. Thcv do 'n~t 
know their own foremothcrs." . . 

****"'***ic*** 

Henderson. HazeL 1978. Creating Altcmath·c Futures. 
Berkeley Publishing Corp., 200 Madison Ave., 1\'. Y. C. 
+n3 pp. 

Creating Altemath1c Futures is a coUcction of Hazel 
Henderson's essays and talks- over the last eight years, 
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although the majority arc from tht: la~t three. Uazd 
Henderson is an innu\'ati\'e thinker. With Carter Hcn
dcrsnn, she is the founde-r and co-director of the 
Princeton Center for Altcrnari\'C Futures. lnc., an 
entity which \VilJiam Irwin Thompson has referred to 
as •·a Mom and Pop think tank.·· Her book. which is 
subtitled Tbe E11d of Economics, begins with an over
view of the current state of society "':hich she calls 
"'Recycling Our Culture." tn it. she descrihcs the cul
tural dimate of confusing apparent anom:liic~ in which 
experts from \·arious disciplines is..'\uc contlicting state
ments on the state uf puhJi(" affairs ant.l hmv those of 
nfficialdom - guYernmcnt. the military and industry -
oftt·n hdit· the experience and obsctvations of the in
tli\'idnaL She points our that bureaucracies, by dint 
uf thclr structure and sit.c. arc inherently rt:sistant to 
t,_·hangc, lcm·ing an innitabtc time lag between atti
tudin~tl changes in -society, c\·en when they ar ~ quite 
widespread, and changes in public policy. Th,Lt the 
linear. Cartesian, rcductionist paradigm is long bank
rupt and no longer has survival value is becoming in
c.rcasinglr accepted. as is the need for a paradigm 
~hift, yet it is not -reflected in the activities of govern
ment or business. Ms. Henderson suggests the jmagc 
of the hologram~ an information sy<itcm in which 
.:very bit contains the program of the whok in much 
the same way as New Alchemists use the biological 
metaphor, to conceptualize a decentralized, cum

munitarian soc.iety based on a humane, orgaaic 
technology. 

The first half of the hook is comprised of an 
analysis of the "end of economics." For those who 
have accepted a \\·orld"'\·iew that admits to the folly 
of the continuing e~pousal of ongoing industrial 
gTowth in a world of finite resources, cxparnJtng 
pOpulation, mounting social dislocation and environ· 
inental degradation, this section of the book \Viii 

serve to clarify understanding as to how we have 
reached this pass.. For people who have succumbed 
to an uneasy feeling that all is not well, but are not 
sure where to tum for guidance, it should come as 
something of a rc\·clation and as reassurance that 
they arc not mad after aU. The emperor is bare, in-

ticc(,_L ,\ml f4lr those still din~in~ to Keynesian 
economic theory, I C<Ul only speculoltt· that they 
,...,m find a cogent debate that they must respect as 
containing arguments and evidence they will ht.• 
hard-pressed to deny ur brush under the carpet. 

The second half of the hook is devoted to the 
paths \\.·c might foHow in creating a sustainable 
future. Many of the ideas wiH be, in some Jq:;ree, 
familiar to People with an acquaintance with~ the 
counterculture or any of the wide range of alternatives 
that -sprung up over the last few years, yet they arc 
seen \Vith such clarity ar.J a wholistic and kindly 
vision that disparate efforts can he seen to be merging 
into a discernible pattern. reaching hoth horizontally 
and vcrticaUy into society. At the governmental lc\'d, 
the Office of Techno{ob'Y l\sses-smcnt provides a chan· 
ncl throubtb which the Congres.~ can hear from Jess Cl-1-

tabJishcd constituents. She lists the Council for Eco
nomic Priorities, the focus of which is "·igilance for 
malpractice in industl)' and government, consumer 
organizations like Consumer Action Now and en
vironmental concerns like Friends of the Earth. 
as well as the less well-kno\vn activities of groups 
like block committees as epicenters for participatory 
social transfonnation. lt was such a collective melange 
that was responsible for the first Earth Day and, more 
recentlv, Sun Dav. 

1\o\s. Hcnderso~ advocates the imaginative use of the 
medif: as a means of democratizing the creation of 
policy by giving civic and public service groups access 
to the public. As she points out. freedom of speech and 
of the press arc hollow privileges in an electronic age, if 
you c-dn reach no one. The diverse roles played by agents 
of ·social change arc tlcscribed, from feminist ami ceo
logical f,>THUps through professional onc.10 Jjkc the Union 
of Concerned Scientists, as y:ell as Alternative Tech~ 
nology organizations and the functioning of informal 
net\vorks for the exchange of information and Cil

couragemcnt. 
ln a lovely image in the epiiogue, Ms. Henderson says, 

"It is said that Minerva's owl only flies at dusk, and we 
only see the age in which we li;:c at its twilight." She has 
helped us to do so tvith this humane and intelligent book. 
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If the section on energy for the fourth Journal was 
a bit thin, registering only our on-going and unalterable 
opposition to nuclear power and offering no word of 
our own work, it was because a report of our recent 
windmill work was, at that time, premature. Happily, 
that is not the case this year. Having found a reliable 
pump made from a trailer tire that is geared to the 
capacity of our water-pumping sailwing on Cape Cod, 
we feel that we have developed a water-pumping or 
irrigation system that is worthy of replication and 
adaptation. The New Alchemy Sailwing is the subject 
of the windmill article by Earle Barnhart and Gwy 
Hirshberg and was first published in Wind Power 
Digest for the winter of 1977/78. It summarizes the 
evolution of the mill over the four vears from its 
inception to its present form. One notable windmill
ish fact that Earle and Gary do not mention in their 
sketch of windmill history is that England's Domes
day Book of 1086 documents five thousand mills, 
one for every fifty households. There is something 
rather nice about being part of the renewal of a 
technology that has served people well before, a 
sense of commonality with the past, perhaps. 

The companion article to that by Earle and Gary 
is by Tyrone Cashman and describes the mill that 
he built for the Zen community at Green Gulch in 
California, using the New Alchemy sailwing as a 
prototype. In addition to the background and the 
actual construction of the Green Gulch sailwing, 
he discusses the modifications he made to adapt to 
conditions very different to those on the Cape. This 
is interesting for us as New Alchemists because, like 
Meredith Olsen's in the Aquaculture Section, it is 
the first documented feedback we have had on a 
second generation of the application of our ideas 
and, as such, it opens wider channels for comparison 
and critique. 

The final article in this year's Energy trilogy is 
by Joe Seale who has spent the last year working 
with the HYDROWIND, the electricity-generating, 
hydraulically-operated mill that New Alchemy has 
developed on Prince Edward Island in Canada. Joe, 
who has since joined us on Cape Cod, explains the 
pros and cons of HYDROWIND I after a year's 
study and testing. He discusses the machine in 
some detail and evaluates not only this particular 
mill but various theoretical approaches to aspects 
of windmili design. He sees a need to make available 
in writing a body of knowledge that has been until 
now largely oral and, as such, scattered and lacking 
in organization. - NJT 



The New Alchemy Sail wing 

Over the past several years we ha\"c been investigating 
the applications of wind~powered water~pumping sys
tems. We have been particularly interested in sailwing 
windmills which generally can he constructed of in
digenous materials with limited equipment by people 
who arc not trained specialists. In contrast to more 
sophisticated designs, sailwings can be adapted to 
places poor in resources such as rural areas ur third 
world countries. Windmills have been used for irriga
tion for nuwc than twelve centuries in areas \\o·herc 
cultivation would be otherwise unfeasible. 

At Nc\\' Alchemy on Cape Cod we needed a water
pumping system for aquaculture projects and to irri
gate the gardens. We wanted to design a \Vindmill that 
could be constructed by a do~it·yourselfer using local 
and/or available materials. It was important that our 
water~pumping system he simple and inexpensive, re~ 
quire very little maintenance and be storm·resistant. 
The windmill had to be adjustable for varying wind 
speeJs and wind directions. It was essential that it be 
operative in areas of low wind speeds for it to be 
broadly practicable. 

Four years of experimentation and research, begin~ 
ning with Marcus Sherman's bamboo/cotton sail wing 
windmill in Southern India, have culminated in the 
design and construction of the New Alchemy Sailwing 
which meets these objcctiHs. Familiarly known as 
"Big Red" (Figure 1), it \\/as named for its first set of 
bright red sails. It pumps in winds as low as 6 miles 
per hour and in gales of up to approximately 40 mph. 
Although our water·pnmping needs do not extend 
into the winter, the Sail wing is operable throughout 
the year. People with year·round demands need only 
take normal cold weather precautions against pump 
or water~pipe freezing damage. 

Sailwiug Description 

On top of the 26~foot \'rooden lattice tower, a 
horizontal axle leads to the junction of three steel 
masts (Figure 2). The multi-colored Dacron(R) sails 
are attached to the masts by grommets and pegs, like 
dte rigging of a sailboat. Elastic shock cords conncc· 
ted to the adjacent mast pull the sail root out to form 
a smooth surface for catching de wind. The shock 
cords allow for self~feathering and easy furling in 
storm conditions. The sail tips are attached to fixed 
triangular pieces at the ends of each mast. 

Earle Bambart and 
Gary 1-lirsbberg 

',._,. 
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The axle and sails are oriented downwinJ from the 
tower. eliminating the need for a taiL Wind power is 
transferred along the rotating ax)e through a pair of 
seaJcd commercial bearings (Figure 3 } . A steel disc 
crankshaft mounted at the base of the axle transfers 
the axle rotation to the vertical motion of the pump 
shaft. Five distinct stroke settings are pro\'ided by 
holes drilled at different r.1dii from the disc ccmer. 
The assembly is -centered nn a steel plate tumtahie 
above the tower. The adjustable stroke disc i<s cen
tered directly above a hole in the turntable through 

Fig.3 

\\hirh pa>c'il'\ thr pump 'haft. ham the tli .. c power 
i!> carril'tl do.,\·n tht· tower along a thn:'{:·ioch di;ulH:tcr 
'i-h;lft fn a (liaphra)!m I ire pump a! ~round k\TI (Fig
ures 4 and 5)_ 

Tlw wjndmiH rower is mudc of eight 2 x 4 
legs bolted tu buried s,cctions of tckphunc 
pole, Cuncd wooden huttrcsscs adJ support 
at the bas'- and two sets of lattice\vork gi\'c addition~ 
a( stability above. A secondary platform rc:-.ts apprn"\i
matcly halfway up the tower_ 

Origins of tbe Sailu:ing Windmill. 

A brief iook ar windmill histor-. mdicatcs that the 
New :\khcmy Sailwing is a scion nf cons.iderJble 
heritage. The origins of windmills are somewhat ob
St.'ure, hut primitive horizon'!:al mills arc thought to have 
been employed in seventh century Pcr'iia. Legc..-nds rc
coun£ dmt prisoners of the Gcng:hls Khan carried dn.· 
idea I if wind-powered grinding and water-pumping 
miils to coastal China. There. horizuntal mills with 
matted sails came into use. fhese primitive mills he· 
com1e obsolete by the e-nd of rhc twelfth century as 
the application of Chinese sail~making increased the 
sophistication of windmill ('Onstmctinn_ The ~;1ilwing 
had an unparalteled maintenance-free life-span due 
to its durability and simple, lightweight Jesign. It 
gained widespread application throughout coastal 
China. The same criteria explain the ubi(juitous em
ployment of sailwings in China and Southern Asia 
today. 

The European windmill developed independently 
of its Asian counterpart. The fir~t documented mill 
was used for grinding grains in Eng,1and during the 
latter part of the t\,,.elfth century. By the seventeenth 
century, due largely to the extensive exploitation of 
·wind both on land and sea, the Netherlands had hc
CtlffiC one of the wealthiest nations in the world. 
Cloth was the commonly-used material for windmill 
saiJs during this period, reflectinJ.[ its application on 
sailing ships. Among the atlvant<lgcs of doth were
light weight, case in handling, low cost and avail· 
ability. Most importantly, when supported at three 
or more points, doth forms a strong uniform 
surface for catching the \\•inJ. 

These advantages hold true today, as is. evidcnt:ed 
by the widespread use of doth for windmill sails. 
Currently, handcrafted saiiwing~ arc employed in 
Crete, fndia, ~thiopia, China and Thailand, among 
others. Researchers ar Princeton rccent!r han: de
veloped a rwo-hladed high-speed aerodynamic 
IJacron\R-1 sailwing fnr usc in the United States. 

1973: 

Marcu.'> Sherman .:md Earle B-.amhart fir_,.t c:":pcrimcnt
ed with s.tilwings at New Alchemy in the summer nt 
197 3. They de,·is(·d a thr("(:-h\adc\1 '' IHHI/cam ;Js s.til 
propc1lcr which was used for dri\·ing pumps and pqwcr 
took t\lthou~h ri1is model was tlestruynl hy a Januarj 
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icc storm, Marcuo,; ,,a..,t.·n,:oura~t·d h~ th{: 'implicity and 
dficit~IKY nf th<• !>ailwin~ t·un~.:qll. 

1973·1974o 
In Southern lntJia that winter, Marcm built his first 

water-pumping sail·wing '' i11d!:~ill. There local farmers 
were expf>riencing hanhhip induccti by the vagaries of 
monsoon-related droughts and flooding. Inadequate 
and costly pm.H:r sources made rcliahlc irrigation 
Jifficult. There was, howe-.:er. a large untappetl supnly 
of groundwater. This prompted .\\arnts to consider 
harnessing the wind for irrigation on the farm of a 
friend. To complete the irrigation system. s~.:ientists 
at the Indian Institute of Agricultural Research in 
'!\:cw Delhi recommended a modified paternoster 
pump. like that w;;ed to t!rain the mines in Britain in 
thl' latt· sixteenth century, because of its simplicity 
and luw·t·osr construction. Chain pumps such as 
this work well with the relatively slow and ,·ariablc 
power that is characteristic of windmills. 

Marcu"' de,·eloped a mill that was a hybrid of the 
low-speed. cight·bladed Cretan saiiwing and the high
speed aerodynamically-efficient Princeton model -
;,A Windmill in India", the sccondjourua/. Using 
a bullock cartwheel roughly one meter in diameter as 
the hub, he attached to it triangular sail wing frames 
made of bamboo and nylon. A cloth sail was stretch· 
ed over t11e frame to produce a stable, lightweight 
airfoil. The rotor assembly was attached to a used 
automobile axle. Marcus made a turntable from ball 
bearings sand\'l.'iched between t\vo doughnut-shaped 
discs. The axle was mounted !lorizontally on tol'l of 
the turntable. A rudimentary "squirrel cage" assembly 
for housing the dri,·c o::hain and gasket pump was 
centered on the axle directly above the onc·fout
diamcter hole in the turntable. 

The sail wing \\.:as headed dnwnwind to prc\'ent 
th:.' bamboo poles from bending and striking the teak 
pole tower in monsoon winds. In this way the 
blades sen•ed "$ their own rail, trailing in the wind. 
In the process of the subsequent well digging, the 
mill was used with a pulley assemh!y to raise soil 
and rock from the 20·foot-deep welL Because of its 
high starting: mrque at low wind speeds, the mill 
pro ... ·ed well suited for year-round irrigati-on in 
Southern India. 

1974o 
Back at New Alchemy the following summer, 

Marcus, with Earle, gave tile sail wing concept an· 
other try. With lumber and h~nlware, they hr.ilt a 
durable prototype \\'ell ;:~lie to withstand the uften 
blustery Cape Cod climate. For a total material cost 
of $300, they dcH~loped an 18-foohliametcr, cloth 
~ilwing capable of pumping 250 gallons per hour in 
6 mph winds. Three tapered cloth sails, supported by 
tubular steel masts, extended from a triangubr ply· 
wood hub. A hlO\'eable boom was secured at the 

PUMP ROD 

hg. 4 

root of each saii by a leather strap to further self
feathering. Long metal doorsprings connected each 
t)f the three sail booms. In early tests, the feathering 
mechanism withstood a force-nine gale. 

A used automobile crankshaft formed the hub and 
crank. The assembly turned on a ball-hearing turntable 
which allowed the windmill to seek a down\\'ind 
operating position. A recycled piston rod on the 
crankshaft transferred power to a reciprocating ver
tical steel pipe pump shaft. The shaft operated a high 
capacity piston-type pump below. The entire struc-

l<'ig. 5 
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ture was mounted on a firml~ -braced eight-legged 
wooden tower. 

The winthnill supplied \\';Her to a !>cries of t\\cnty 
small p•md!o used in uur midge experiments. It \\il!> 
operational in high winds. although the doth sail!-. 
\\ere f('mmcd in o;eH-re st:nrm condirions. The col-

ton sails were later replaced by Dacron (R), which 
is longer-lived, holds its ~hapc better, does not ab-
sorb \'l:atcr duri_qg rain.<o and is stronger and lighter 
than corton. On prdimina.~- testing, Marcus found 
thl" perfvrnmncc· of rhe mill rn be significanrl_..-
1ower than its calculated pumping capacity. A double 
pump was u-sed. This and sub~quenr models employed 
downwind sailwing blades which minimize the chances 
of the sails tangling in the tower while feathering 
and eliminate the costs of a large tail. 

1975-1976c 

Thl' current moJe1 was huilt in 1975 and incorporates 
m;my of the features of it~ prototype-s. Se\'erai new ideas 
\\Crc tried. An extension ~haft was atldetl to position 
the huhs and blades further fmm the tower. \\'e had 
noticed that the slip--on sock-like sails frayed where they 
were \\.Tapped around the blade shaft. Traditional sail 
makers athised us to attach the sails \,;ith grommets and 
pegs and to position a stabilizing cable from wing tip 
to hub to prevent flexing of rhc blades. In addition, we 
added a simple spring-feathering device to each of the 
sail wing tips. 

The double pumps used pre\:iously with the proto· 
type proved undersized for the strength of the new 
model, so a higher capacity and more compact diaphragm 
pump '"'11s tried. Tests were also carried out wid· a 
deep womlcn piston pump like a marine bilge pump. 
but the diaphragm was more reliable. 

The auto crankshaft that made Ujl the hub and 
c:rank on the prototype was found t•l yidd too 
·small a stroke for the will, so Mac Sltlan, an engineer 
who advises us on windmill problem·, devised an in
genious disc-bearing assembly to dri\-.- the pump 
(figure 3). The disc/bearing assembly functi(,:ls as -a 
crank with a \'ariable pumping stroke. Sealed com
mercial bearings were added t-o the windmill shaft 
at this time, as the original homemade bearings \\'ore 
too quickly and demanded frequent lubrication. 
Cun'ed buttresses were attached to the tower legs 
to support the additional weight of the crankshaft, 
extension and other hardware which had been 
added subsequent to the original design. 

/976-/977c 

se,·eral other fearures have been imprtwetl since 
the spring of 197 6. Strong elastic shock cords have 

.-- n:placed the door springs used for self-feathering, 
reSulting in increased fle-xibitit)-· and smoother sail 
mOtion. -The shock cords are easier to maintain and 

-preclude-the need for a boom. 

Ma': Sloan hdocd with another part of the pre-
sent \dilwing syst-m. He tlcsi!!ncd a ..,mallcr diaphraf!m 
pump. :.uljustcd to dtt' mill'" ont·-gallon-pct·srrokc 
capacity. Ont't' the pump\\<!:<; :thlc ro h;m..lk thc mill's 
power. the pump ~haft became tht• \\cak link. b.
t·essive flexing in the half-inch pipe shaft [~d us w 
rcplact' it with a rigid three-inch E_\1T shaft. 

Fig. 6 

Operation ami Maintenance. 

TUBULAR 
PUMP ROD 

SWIVeL 
BEARING 

Selffeatbering: In nonnat winds ( 0-15 mph) the 
taut sails catch the wind and drive the pump. Jn higher 
winds (15-30 mph). increased forces on the ~il pres!' 
downwind, stretching the clastic shock cord and al
lowing some of the wind to spill past the sail. This 
automatic feathering results in continuous pumping 
in higher winds without destruction of the blades. 

Reefiug: During very high winds and gale'S (} 30 mph) 
we protect the windmill by reefing the sails. The blades 
are stopped hy hand from the mid-tower platform and 
each elastic cord is unhooked from its metal mast 
attachment. Each sail is wrapped around its own mast 
pole several times and then bound by winding the 
cord around the sail and hooking it. This arrangement 
leaves ~nly a small triangle of sail exposed at the outer 
end of each mast, which in high winds is often enough 
to continue pumping, 

Adju,;tmeHis: Several adjustments can he made to 
adapt the windmil; to different average winds or 
pumping requirements: 
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The Pur->p Stroke -The pump stroke of the \viml
mill has fiYc settings depending on the attachment 
point of the pump rod to the crank disc. In a given 
wind, the windmill can perform a fixed amount of 
pumping work which can take the form of a low lift 
of hi!!h volume or a high lift of luw volume. Our 
\\'inds a\'eragc 8-9 mph in summer and our need is 
to pump the largest ,-olumc possible to a height of 
four feet. Our custom-made diaphragm pump lifts 
. 875 gallons per two-inch stroke in average winds. 
In high winds we ha,·e measured 700-800 gallons 
per hour. 

Combinations of stroke-length, pump volume 
and height of lift must be dc,·eloped for each appli
cation and 'iite. Sail wing n·indmills such as this one 
have been used with piston pumps for 20·foot lifts/ 
lO·foot heads and with chain and trough pumps in 
Southeast Asia for low·lift irrigation. 

Shock Cord Tension ·The respon~e of the wind· 
mill to \"arying winds depends on the tension of the 
clastic shock cord holding the sail taut. A mild 
tension aids operation in hm ,.,·inds by creating a 
steeper angle of attack as the sail partially feathers, 
bur spills most of the higher \'l:inds. A strong tension 
reduces starting ability in low winds by creating a flat 
attack angie, but spills less energy in high winds. 

Blade Tip Angles- The angle of the sail to the wind 
at the tip of each blade also affects the windmill in 
varying winds. A steep angle creates high starting 
torque but limits rpm once the windmill is turning 
rapidly. A tlat angle give less starting torque, but 
once started causes a greater rpm in higher winds. 

In our aquaculture circulation appl;cation, where 
continuous pumping is ideal, a mild shock cord 
tension and a steep tip angle of 40° results in lo\\:. 
wind starting and pumping as often as possible . 

We offer these simple cautions in working \Vith 
the mill: 

- Stop the windmill and wear a safety harness 
while on the tower. 

~Avoid allowing the windmill to free-wheel 
\\'ithout a pumping load. 

-Protect \Vater lines from freezing for winter 
pumping. 

We are, onrall, well pleased with the New Alchemy 
Sailwing. It is beautiful, functional and durable. It 
perfnnns well the task we ask of it. After four years, 
it meets the uhjective~ \Ve originally pustulated and, 
in terms of cn.;t, labor, efficiency and usefulness, 
wht•n contrasted with more standard research and 
development models, it seems genuinely to qualify 
as appropriate technology. 
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The Green Gulch Sailwing 
~ 

- Tyrone Ca.~l:nnau 

The Green G~1kh saih~'ing \vindpowcred irrigation 
pump was concci'"·ed of and imp-lemented jointly by 
the Area F nundation. the Zen Center and the New 
Alchemy Institute. For t~1c Zen Center it represents 
the first step in the integration of wind energy into 
their sten·ardship of their raUcy. 

In the long range, Green Gulch Fann, as a pcm1a.nent 
agriculnrral/natura1 cydc based community, will reap 
increasing ad\·antagc in food ami energy from the re
cycling p.f water, of human, plant and animal \V<J_o;tc 
material, and a pragmatic and benign use of wind, 
sun and gravity-powered water flow. 

The communit)-' is destined to become a model of 
gentle stewardship of land - rccei\·ing from it a true 
abundance, while under its guiding hands the !"iioii, 
ponds, g-,udens, hi!Jsitles and to-taJ landscape become 
richer, more biologically diverse and m-1rc beautiful 
year by year. 

The Gr<>en Gulch Sailwin_g provides irrigatinr; \Vater, 
a constant reminder of natura[ forces, and basic ex
perience in wind technology fur those \'l:ho helped 
design ;md build it and for those who \\'ill operate 
and maintain it. Furthcr wind projects for grey-water 
aeration~ milling, winnowing, water pumping and 

electrica' generation witl casil} be incorporated by 
the community through the practical experience and 
understanding this windmill is prm·iJing. 

Bc~.idcs the practical and economic value of this 
mill, there is an aspect of equal importance and 
equally appreciared by the community: [he miU is 
beautiful as it turns. The evening sun glows through 
its sails. It graces the valley as it responds to genrlc 
movements of air_ And it is quirt - as it must he 
(and few windmills are) for its location within yards 
of the meditation hait in a mcditati\'c communitj. 

As a research entity in gentle tedmolngics, New 
Alchemy sought two goals with this saiiwing: (a) to 
create a wind~powered irrigation system carefully 
tuned to the hio·rcgion and even to the microclimate 
of Green Cukh J<'arm and {b) to aJunc(" its rcsc.ard1 
on rhc proh1cms of inexpensive dur.ahlc, simple, 
high volume/tow wind windmills- mills that can 
also withstand rclati\'cly high winds- without human 
intervention. 

One of the key pwblcms in inexpensl,·c windmill 
design is tn {lcsign for both high antlluw winds. Since 
the energy jn winds increases by tbe cuhe uf the 1.\·ind
spccd, windmills that arc light and large enough to 
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produce work in winds untll·r 10 mph arl· l'xtn·md~ 
vulnerable to thl· l'Xponcntial increases of energy in 
hi~her winds. 

'In designing for the Green Gulch valley, there is the 
advantage that, for three seasons of the year - !>pring, 
summer and fall - when most of the irrigating must be 
done, the winds are quite tame. Rarely will a wind 
come up that is oHr 20 mph. In winter, storms can be 
expected with "':inds to gale force and beyond. 

The awrage recorded wind in the lowest \Vind 
season - April/;\\ay - at the windmill site was 4.44 
mph in 1977. The design of a mill which will do 
regular and significant work in a -1- mph wi.1d regime 
and still weather winds of 30 tu 35 mph without 
human attention was our goal. 

:\windmill that is a\·ailablc commercially, such 
<Is the American multi·ldadc sold by Aermotor, 
Dempster, is the end pro~ect .,fa design that ceased 
evolving significantly in the 1930's. It begins pumping 
in light winds due to a 3-to-1 down-stepping gear 
ratio, giving it added torque to overcome start-up 
inertia, static head and friction in light winds; but it 
pays for that torque with a loss of 2/3 potential 
volume of flow, extra friction in the gear mechan-
ism and considerabic expense intrinsic to the pro
duction of strong, slow-speed gear wheels. 

The rotor, which is made of rigid metal blades, 
must be turned out of the wind when winds arc too 
high - and extra mechanisms arc provided to per
form d1is function either automatically or manually. 
The construction is of metal. 

The advantage of the American multi-blade de
sign is that it is proven to be safe and reliable, re
quiring little operator attention. These mills are 
especially well-designed for remote stock-watering 
operatiom:. 

We priced the largest Dempster, \\r'hich has a rotor 
diameter of 14 feci and an appropriate tower for our 
site, and found that the combination turned out to be 
over $4,000, not ir:cluding the pump. 

The windmills f('und on the shores of the Mediter
ranean arc designed for the constant, relatively light 
winds of their region. Cloth is used for sails and 
wooden spars, windshafts and e\·en wooden bearings 
are traditional. These mills are inexpensive and rc· 
sponsi\·e to light winds, but their sails must be furled 
or rcmm·ed before a stonn or if the mill is to be left 
unattended for a long period of time. Such constant 
watching and attention arc not to be expected of the 
American farmer or horticulturist. 

For several years, New Alchemy has been engaged 
in the development of simple, low-cost sailwing 
water-pumping windmills which would he adaptable 
to diverse wind regimes and \\·hich would combine the 
best qualities of the American multi-blade and Mediter
ranean mills. The Green Gulch Sailwing: may not be 
that model yet, but it is, on several fr t.Jts, a large step 

fOI'\\;trd in tlw imprun·rm·rlt and rdincnwnt of the 
hask- desi~n. 

Parallel to the development of New Alchemy Sail
\vings, a small group of rnissinnaries in Omo, Ethiopia. 
han been developing and testing a variety of sailwing 
mills for hm-lc\'CI irrig<Hion pumping. The results of 
their experiments arc recorded in a book by Peter 
Fracnkcl of the Intermediate Technolo~·y Dc\'clopment 
Group in London: Food from Windmill.~ (London: 
ITDC, Parnell House, 25 Wilton Rd .. S\VIV IJS, 1975). 
These practical experimenters found some of the Nt·w 
Alchemy ideas and data useful in their work and, in 
turn, some of their results have been helpful in the 
design of the Green Gulch Sail wing. 

DESIGN AND CONSTRUCTION 

A. Tbe Site 

The mill site was chosen by several criteria: 
1. Close enough tu the \Vater source that the pump 
at the base of the mill could he no more than ap
proximately 10 feet above the water surface in 
all seasons. At this distance a pump which operates 
frequently enough to keep its leather piston rings 
moist will not need to he primed. This is essential 
for a windmill pump \Vhich of necessity stops 
operating for periods of time when the wind dies 
cntirclv. 
2. Go~d access to the wind. The site is one hundred 
\'ards from the nearest obstruction of its own 
height, a row of windbreak trees, and is directly 
behind a gap in the trees in the direction of the 
prevailing winds. 
3. Enough space around the tower base to allow ad
ditional devices (air-compressor, winnower, thresher, 
grinder, etc.) to be connected to the present pump 
shaft should need dictate and appropriate devices 
be found or built. 
4. The mill is located within sight of the office, the 
dwelling area and the fields. It is not wise to locate 
a newly designed windmill out of sight. Young 
people arc tcmptcci to climb it while it is working, 
if no one is looking. Also, if any aspect of the mill 
needs attention, it can receive it before the mill 
damages itself. 
5. The site is out of the way of \Valking and garden~ 
ing traffic. 

B. Tower 

The tower is designed to usc low cost, light weight 
materials, pine 2 x. 4's. Tower strength is achieved by 
spreading weight and windpressure over eight legs. 
The tower foundatiun is eight recycled redwood 
railroad tics, painted with creosote and huricd three 
to four feet in the clay soil. Strength and convenience 
in mill maintenance is provided by two circular plat
forms dividing the tower in thirds. Rigidity is oh-
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taim·d Uy cross-hra-t'ing \\-ith 1 ' 3 ·,.on the lo\\'cr 
bays and h~- ,o.;(mpl~ 'doublin}! th<.· 2 ' 4 kg.o.; in the 
upper hay. which allow~ nM:-.;imum wind pa~sa~c 
through the tuwcr at ~ail k\cl. 

The advant;.t~<:s uf wuotl over metal towers an:: 
cost, local accessibilih· and lon~·lifc a'i, with con· 
stant slight benJing a;1d ,-ibrati;m, wood will not 

fatigue, whereas metal can. 

C Turntahlc 

UESIGN 

Purpose: 
L To allow rotor, transmission and pump shaft 
to rotate 360° freely in the horizontal plane, in 
response to changes in wind direction. 
2. To hcar one tun of off-center load without wear 
or st·nling on the side opposite the prc\'ailing winds. 
3. To allow a micimum orifice of 2 square inches 
al the precise center of rntation for pump shaft to 

pass through. 
4-. To provide the chassis for all tower-top 
ntechanisms. 

CONSTRUCTION 

We calculated that a free-floating rear axle from a 
3/4 ton truck, \\hen set on end, was capable of meet
ing all these specifications with a large margin. Such 
axles arc ;n:ailable in scrap metal yards throughout 
this <.":ountry and in m;.my others around the world. 
The cheapest and probably highest quality turntable 
we cculd have u'ied was this recycled truck axle. At 
the low rc\'olutions per day of this application, 
there should be manv years of life left in it. 

Before the axle ca.n -be used for a turntable, the 
power shaft is remoYed from the axk, leaving a 
3-squarc-inch passageway in the center for tht: pump 
shaft. The brake parts arc removed and a 20-inch 
diameter disc of steel, 11~ inch thick, is welded as a 
base for the axle tt) sit on. Braces underneath the 
wooden tO\vcr platform gi\·e added strength against 
lateral pressure from the wind. 

Care must be taken to protect the hearings from 
rust through exposure to the clements. We pro
tected the bearings with an aluminum cowling which 
covers the entire transmission. Another protective 
measure used by the Farallones Institute is to grease 
the bearings well \Vith boat trailer axle grease (de
signed to be immersed in water) anll cover the 
opening with the appropriate size jar lid, punctured 
so that the cut edges lead rain water down the pump 
shaft and away from the bearings. 

D. Transmission 

Purpose: to transfer power from rotary (wind shaft) 
to reciprocal (pump-shaft) motion with maximum effi
ciency and durability and minimum expense and com
plexity. 

This is accomplished with a I +-illl-'h dianu·ter steel 
disl-', 1il inch in thi<:kncss. wl'ldcd to <1 2-ineh slct'H', 
machin<·d with a keyway and drilled for a harden~d 
bolt. This disc and sk·t'\'e fit over the end of a 2-indl 
cold-rolled steel bar, 32 inches long, wh1.::h functions 
as the wind shaft, bearing all the \\'eight of the rotor 
and transferring the motion of the rotor to the disc. 

The disc is drilled with three l-inch holes, to an~-
of which a 1-1--inch long, % inch diameter cold-rolled 
srccl bar. fitted with rod end bearings on either end, 
can be attached. This connecting rod is further en
cased in a section of galvanized steel pipe for greater 
strength. 

The connecting rod attaches to the vertical pump 
shaft at a junction point comprised of a steel box 
\vclded of %·inch plate with two industrial castors 
\veldcd to each ~ide. These provide a rolling lateral 
bracing which forces the side-to-side motion of the 
disc and connecting rod to be translated into pure 
vertical motion. The castors run in the pathways of 
steel channels welded to the I beam base. 

The transmission and turntable are designed and 
built for great strength and durability -yet simply 
enough for someone with welding ability to construct. 

E. Rotor 

DESIGN 

1. The rotor was designed to function downwind 
from the tower without a tail or rudder. This 
saves weight and expense, since a tail capable of 
keeping a 20-foot diameter rotor facing the wind 
must be very long and large. In addition, sails 
which are able to stretch back awav from the 
wind during gusts are in danger of ~uhbing against 
the tower and catching or snagging when winds 
arc strong. If the rotor is downwind from the 
tower, the stronger the wind, the further from 
the tower the sails stretch. 

2. To overcome the disadvantage, relative to an 
American multi-blade, of one-to-one gear ratio 
in extremely light start-up winds, the rotor was 
made larger. Very little is added to the expense 
of a sail wing rotor by extending the masts, for 
example, from seven to ten feet. However, since 
the area of a disc is quadrupled when the dia
meter is doubled, the increase of wind energy 
available to a 20-foot rotor is double that of a 
14-foot rotor. This increment of wind energy 
is further augmented by the increase in iiJcchan
ical advantage of a 1 0-foot le\'Cr arm over a 
7-foot ann. The expense, complexity and weight 
of a gearbox is thus eliminated. 

3. This saihving rotor is designed for both low 
and high winds: 
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a. Dc.~ign for lou• winds 

Large diameter rotor. 
Four sails, each sail with wind-catching 
area of 21 square feet. 
The choice to spread 84 square feet nf sail, 
but not more, was made when the ideal 
solidity factors for slow speed water 
pumpers were halanced against the need 
tu limit dangerous le,·els of drag in high 
winds. The experience of the research 
team in Omo, Ethiopia, that the co· 
efficient of power (overall system ef
ficiency) is more:~ function of windspced 
than of number of sails deployed was also 
a consideration. 

More experimentation needs to be done 
on best tip speed ratios and solidity factors 
for sailwing windmills. The season-by-season 
functioning of this mill and resting of dif
ferent pumping and air-compressing tasks 
will help in the further refinement of 
design. 

b. Dcsigu for bigb u.:iuds 

The primary design feature of this lo\v· 
·wind-sensiti\·e. moderate-solidity sailwing 
to withstand the exponential increases in 
energy in high winds is the flexible shock 
cord sheet connecting the outboard cor
ner of the sail root to the successive mast. 
The shock cord brings the whole sail 
(from root to tip) into tension and, in 

4. The rotor masts are coned downwind by wire
rope stays. The purpose of coning is to create extra 
rigidity in the mast. Coning is done downwind so 
that the effect of the pressure of the wind, which 
would be to bend the mast further. is counter
acted by the tendency of centrifugal force to 
straighten it. 
5. The sails are designed with 17·inch tips widening 
to 38-inch roots, with a catenary curve cut in the 
trailing edge. These proport"ons spread the energy 
of the wind relatively evenly over the length of the 
mast while the catenary curve prevents energy loss 
and noise due to vibration of the roach. 

6. The tip booms are a new design worked out to 
provide extra torque in the light wind season by al
lowing a steeper than normal tip boom angle at 
swrr·up. Once the rotor is moving, the tips arc de
signed to return automatically to the correct angle 
for efficient operation in motion. The final imple
mentation of this rip design has not been accom
plished as of this writing. 

combination with the snout l'ord and 
fiberglass batten sewn into the sail root, 
creates the correct airfoil curve of the sail. 

The second function of the shock cord 
is to allow the sail to stretch back om of 
the wind when a sudden large gust hits it, 
and to bend back spilling the majority of 
the energy it is receiving in winds above 
20 mph. The wind-spilling ability docs 
not interfere with the regular pumping 
action of the mill -since, no matter how 
far downwind the sail is stretched by the 
wind, it always retains enough energy to 
pump at an efficient rate. 

The second design factor allowing the sail
wing to withstand high winds is the fact that 
cloth sails arc flexible and can he reefed (a 
five-minute operation) during stormy seasons. 
When reefed, approximately three square feet 
of sail remains deployed at the mast tips. In 
this condition, the mill will weather gale force 
winds and continue pumping the whole time. 

A third factor of design for high winds is 
the ahiiiry to set the rips of the saiis ar an 
angle that is aerodynamically inefficient, 
thus creating luffing of the sail tips while the 
roots arc being driven befmc the wind. The 
net effect of this precautionary technique 
is to prevent the rotor from overspccding in 
high winds, exceeding tolerable centrifugal 
forces as well as tolerable stroke rate of the 
pump. 

CONSTRUCTION 

1. The masts arc standard 1%. inch, 10 foot long TV 
antenna masts. These were chosen for their length, 
low cost ($3.75 when purchased in june, 1977, as 
opposed to $37.50 for aluminum spars of adequate 
strength) and for the case in obtaining replacements 
with uniform weight. 

2. Masts arc stayed, front and rear, by l/8 inch gal
vanized wire rope, 7 x 19 strands (for essential flexi
bility). At the 2/3 point on each mast, a wire rope 
connects it to the preceding and succeeding masts. 
Thus, in every direction where stress is encountered, 
the mast is braced. The stays provide a combination 
of compressive forces causing a curved downwind 
cone. 

3. The rotor is removable from the windshaft by four 
bolts. A 2-1/16 inch ID steel pipe fitsasaslccvc over 
the 2-inch \Vindshaft. To this arc welded four 9-inch 
sockets 1-l/8 inch ID into which arc inserted the four 
masts. t\'\ast ends have brazed heads for snug fit. 
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4. Tht.• nt.'\\1 (jp mn:hanism j., cfl'oHcd frnm an in· 
dustri;d castnr \vith whcd rt.·nw\·ed. \\Tid(•d to l·lf~ 

inch OD water pipe which inserts into the mast end 
-and welded as a T to a piece of light conduit to 
form tip boom and tip angle control weight mount. 
The tip boom rotates 360° on the castor double 
bearings when the sail is nnt lashed tn ic It can he set 
manually at a given angle by inserting a pin, or left w 
work automatiealh: bv the action of the weight. 
5. Sails arc made (;f 5~4-ounce dyed Dacron 1~Ri poly
ester doth u·irh Dacron ~";cord sewn into the trailing 
edge for strength and rij;!;idity. Sail is lashed tn the 
mast by Dacron: R; cord with tlcxiblc tubing inserts 
where the cord passes on·r the sharp edge of a grommet. 

1'. i'ump 

DESI<;N 

Purpose: to receive energy in the form, intensity and 
speed a 20-foot sail wing dclh·ers and to translatt. u• .. -
<'nerg:y into the mo\·ement of water to a high head. 

Low speed demands a positi\'e displacement pump. 
Centrifugal pumps require on the orrier of 1,000 rpm 
for efficient functioning. 

Reciprocal action demands either a diaphragm or 
piston pump. 

High head eliminates diaphra!,.'lll pump. It has too 
many interior square inches for a head that pro
duces 7 5 pounds per square inch. 

A piston pump is ideally adapted to the vertical 
motion and length of stroke that a windmill can 
be made to deli\'cr. 

Experimentation in Omo, Ethiopia, concluded 
that nvo single :;:ictin~. comme-cial windmill piston 
pumps, operating on a lc\'cr ann such that one was 
voiding while t1e other \Vas filling and vice versa, 
increase the vo.:urne of flow a windmill can produce 
by \'irtually 100 per cent. They disco\'ered that a 
mill is not significantly slowed when forced to pump 
on dte down stroke as well as the up. We \\'ere not 
able to discover a commercial pump manufacwrer 
who made a double·acting pump adapted to a 
windmiiJ, so we decided to build our own. In the 
JTDG report on the Ethiopian research, a design 
is offered for a double·acting pump which, at the 
time of the report, had not been built. The pump for 
the Green Gulch Sailwing was built from that design. 
In initial tests the pump has proved very well 
adapted to the windmill. Funher testing and shake
down must stili be made. 

An added advantage was seen immediately in the 
double·aeting pump: the outflow of water is smooth, 
with very little pulsing. This minimizes the danger 
common to reciprocal pumps used for high heads, 
in that they are subject to return shock waves from 
their own pulses, causing strain and sometimes 
damage. This is called the "water hammer effect." 

llw pump i.~ dt·.,j~ll('d \\ilh a l-indJ holT_ Thi' 
si1.c was dt."tt:rmim·d hy cakulatiom, of the hack 
pressure on the pisron head due to a head of water 
eighty f<:ct high. Althuug;h the mill was origina\1~ 
intended to pump fifty-two feet above the pond 
lncl and, in winter time, eighty feet to the large 
re.,ervoirs, c .pcricncc has made us hope that it can 

pump a head one hundred-fifty feet. If so, we shall 
he able to usc \Vindmill·pumped water in the irriga· 
tion sprinkler system \vhich needs 75 psi, as well as 
the drip-irrigation syst.:m which uses only 15 psi. 

Since we ha\'e three st·ttings for stroke length on 
the crank disc, 5 inches, 8 inches and 12 inches, a 
bore of 2 inches may turn out to be right for such 
high pressures. A head of one hundred-fifty feet, 
creating 7 5 psi of statil· pressure on the face of the 
piston which is 3.14 square inches, is resisting: the 
piston's motion with 235 pounds of force, not cun

sidcring friction and inertia. 
From testing so far we have no doubts that the 

mill will pump to the fifty-two·foot holding tank and 
the eight}··foot reservoirs as designed, In all likelihood, 
\\IC shall be able to set stroke length for higher volume 
in winds of the 10 mph range. 

CONSTRUCTION 

The pump was built from standard parts and 
pieces availabk in plumbing 11nd pump·and·\\'ell 
shops. The barrel is a 16·inch section of 2-inch 
diameter PVC water pipe. Male adapters arc glued 
to this, top and bottom, and screwed into galvan
ized iron T's at each end. Two l-inch galvanized 
pipes with in-line check valves arc connected to 
the T's at each end. 

The sucker rod passes through a packing gland 
which prevents water, when under pressure in the 
upward direction, from leaking. The piston is 
equipped with two cupped leathers- one facing 
upward and one down. 

With this design it is possible to disconnect one 
entry way into the pump so that it pumps on only 
one-half of its total stroke - and in place of the 
half stroke -connect another device, such as an 
air-compressing bellows for grey-water aeration. 

This windmill is the most advanced of the New AL-
chemy sailwings on several counts: 

1. It utilizes a far less expensive turntable of a 
quality equal to the lO·inch ID turntable bearing used 
on all recent NAI mills. 

2. Hy the addition of a connecting rod, channels and 
rollers, the pump shaft runs \'crtically true throughout 
its length. This allows the shaft to he guided without 
significant friction and enables the mill to dcJi,•cr full 
power on the compression stroke, a necessary con· 
dition for the use of a duublc·acting pump. 
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The connectin~ rud apparatus also makes possible 
greatly inereasetlleng,th o~- stroke - which allows high 
volume from a narrow bore pump. 

3. The tower is designed with howed cross braces 
under comprcssi\'C load and a second platform. These 
eliminate the need for the interior ~uy wirc'i. Tower 
work is thus more con\·cnient. 

-t.. Power in low winds is increased by th~ addition 
uf one mast (four instead of three) and by a con
siderable increase in sail area for each sail. 

5. Sail design is impru\'ed: 
-By the usc of 5.4·-ounce llacron\R) sails instead of 

3.8-ouncc. which should increase the !ife of the sail. 
- Instead of a root boom, as on earlier NAI mills, or 

a -.imple shock cord as on the most re,~ent one, the 
Grt·t·n Gulch Sailwing has a fiberglass hatten sewn 
into the root edge of the sail. The shock cord is 
connected directly to this and to the sail, and an 
additional cord leading out to the snout of the 
rotor from this point holds the sail root perman
ently at 220 (except when high winds increase the 
angle-) and keeps the batten bowed to create a 
correct airfoil in faint breezes. 

- A catenary cun:c is reintroduced (earlv NAI sail
wings had· it) and a firming Dacron I R) cord is sewn 
into the trailing edge. 

6. A tip boom mechanism was designed for the New 
Alchen~ Sail wing three ye-ars ago, which was to allO\'v 
the tips a steep pitch out of the plane of the disc for 
increased start-up torque, then would, as centrifugal 
force increased, mm.:e the tip into the wind for best 
operating angle. The mechanism was not reliable as 
constructed, although the concept may not have been 
fault\-'. In addition, it was found that in the brisk and 
errati•: \\-'inds of Cape Cod a wind-spilling tip mechan
ism was of greater usc than an efficient tip angle 
so the mechanism wa.'i turned backwards to increase 
the angle out of the plane of the disc with increased 
'ipeed. However, this mechanism was, in all LVCnt'!i, 
too complex. 

The gyroscopically--controlled tip booms, designed 
for the Green Gulch Sailwing, could prove to be an 
ad\·ance. They are simpler in concept and design, 
with only one moving part. Final experimental de
termination of the correct weight for the tip and 
construction of the weight-mounting device were 
not achieved as of this writing. This was simply due 
to the absence of windmill personnel for the first 
month after initial testing was to have begun. It was 
nut possible to detennine the correct weight for the 
gyroscopic lever without actual tests on the ma· 
chine. Experiments with a. small-scale model of the 
tip-boom mechanism wer:-.. successful. 

The tip booms as constructed can also be set 
manually at \'arious angles, either for greatest 
efficiency and power or for different amounts of 
drag to prevent overspeeding. 

7. With the introdta~tion of the four-masted 
rowr, it becomes possible to reinforce ~:ach mast 
laterally by connecting it to the preceding and .•.tlc
t:eeding masts \\-ith 1 /8-inch \\·ire rope at a point 
2/3 mast length from the root. 

3. The doublc·actin~ pump is an improvement 
o\'cr all pumps New Alchemy had tried with the 
sailwing up to the spring of 1977. It allows high
head pumping \Vith low back prC')sure for smrt-
up and a11ows a range of \'olumes per stroke from 
0.14 gallons to 0.32 gallons. lt is tailored to the 
kind of power this sail wing produces hoth in form 
and intensity. lr is specifically designt'd for high
h·::ad pumping. 

Due to absence of personnel after the cmnplction 
of the \\/indmill constrJction, only minimal testing 
has been done. It was disLovered that, with an 8-
inch stroke, pumping nine fecr up from the pond 
and directly out into the squash patch at the base 
of the tower, the mill hegan pumping in 6 mph winds 
and continued pumping in an average of 3 mph. It 
need not be said that this is an extraordinarily light 
wind for the performing of any useful work. 

Testing of revolutions per minute on t\VO occasions 
h:ts shown that. with a moderate load (12-inch stroke 
pumping 35 feet above the pond) the tip speed ratio 
was 3.6 and did not change as the windspecd changed. 
Tip speed ratio is the ratio of the speed of the wing 
tips to the speed of the wind. In this case, the tips 
were travelling 3.6 times faster than the wind. This 
is a somewhat higher ratio than normal for a water 
pumper, but such speed is a disadvantage only when 
it translates into too little torque for light wind 
start-ups · cr when it sends the mill into overspeed 
in high winds. With the aerodynamic brake (tips set 
at inefficient angle) and shock cord spilling of excess 
wind, the mill should prove to be protected against 
overspeed in wind~ up to 40 mph- As for starting 
torque, we have already seen that it is excellent. 

It is to be expected that, when the mill is pumping 
up 50, 80 or even 150 feet, the tip speed ratio will be 
reduced to normal levels, between 2 and 3. Tested tip 
speed ratio with no load (pump disconnected) was 4.7. 

lnforn1al observation iL winds estimated between 
40 and 50 mph reveals that the rotor rpm reaches a 
peak at around 55 and then slows dowu as the winds 
rise further. This is due to the loss of airfoil when the 
~hock cords are significantly stretched. 

A rough idea nf the volumes of water flow to be 
expected in various winds can he had from tests with 
a 12-inch stroke pumping 3 5 feet aiHl\'C the water 
source: 

~indsp~~~~~~-~~~t<~~l~!__l ·-~~~~1_!~_:-_p~r~~~!nut<' 
5 24 7.68 
6 
9 

10 

30 
42 
48 

9.60 
ll.H 
15.36 
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Now it is obvious ro tho:- Green Cu!.:h ... onttnunlr~, 
to its many ,-isirors and ro thmt· \\ ho t.Jri' (_' hy on 
lli~h\YJy I, that tlu: \\irH.l,_iu"t J.hti\C rlu: tloor of the 
Gr<:t·n Gulch valky :m_· c.tpahk of pnfurmin!! u~dul 
wurk. Tlw d(_'H'iopmcnt nf <Jtlwr prat·ti~.:al '' intl dt·· 
vit'l'-.:, (''l't'('iall~ to tal-c .hh:lnt.l:!l' uf tlw ..,troll)!:Cl' 

winds found tm the hill'iidc~ and h•ll~"P"· h(·comcs 
a natural ~H·p. Smo!ll mil! ... to do "ingk 'pccific ta!>k" 
can be t.Jcsigncd and huilt \\hcrncr they arc needed, 
providing tangihlc wurkin£! c'amples of a gentle, 
humane and enduring tcchnolu:.,•y. 

The Green Gulch S3..ilwin';! wa~ ,Jc~i:!n~d and huilt hv Tyrone 
Cashman with help from:. . . 

Kenneth Sa\\~·er 
BartoEJ Sronc 

t-:ric Lan •• m 
jad; Park 

j. Rlldwin 
!larry Kohcrt~ 

:\\ nl thi' 11-ritin;!,. the l''l.jl<:n,l'' for matcriats were 11holly 
,1\.tibhk lmt 11<11 alltht• hour;, ,,f !ahur ftl the t'<<mplctinn 

ol the mili h,u:i hct:n tallied . 

.'\i~TEKI. .LS 

lumber fur the rower 

Windshaft bca:ring:1o 
Steel for transmission 
Castors for pump shaft 
Ti1) boom castors 
Hod end bi:arings 
Steel disc fl,r crank 
Parts for pump 

Bolts and Locrite 
\\"ire wpe. 1-1-6ft. 
Nut..s, washers, bolts 
Nuts and bolts 
Mise. hardware 
Turnhuck.les and thimbles 
Paint and clamps 
Tail pipe damps (fnr boum~l 
,\ntisiezc compound 
Stainless steel banding 
Drill hits and files 
Tower paint 
Extra tower paint 
.'\luminum Ylcer for Cdwling 

Sailcloth 
Extra sailcloth 
Rotor hardware 
18 bobbins thread 
Fiberglass battens 
DacronlRi Rope 
Shock cords 

OUTSIDE PROFESSIOSAt L\BOR 

Machining on windshaft:nank 
Threading connecting rod 
Pump alignment and assemb]y 

TOTAL 

-~Q?J: .. 
$116.64 

75.66 
92.78 
18.28 
29.82 
21.26 

7.-1-2 
146.28 

3.28 
J0.73 

8.72 
+.86 

10.51 
5.90 

13.+9 
3.18 
1.00 

25,112 
25.61 
15.96 
U.96 
25.++ 

68.42 
9.27 

56.69 
+.77 

18.83 
1.90 

1+.36 

70.00 
17.50 
40.00 

$999.5-l 
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HYDROWIND I SPECIHCATIONS 

Tower: 40 fr_ Dunlite angle iron tower 
Rotor type: horizontal axis, 3 blade, \·ariablc pitch turbine 
H.owr dimensions: 20 h. swept diameter, 15 in. constant 

chord blades 
Maximum rotor speed: 125 RPM for winds above 22 mph. 
Maximum cltctricalpowcr: 4 K\\' for winds abo\'C 22 mph. 
Power transmissiun Sta)!C<;: 

I) 3 w I timing belt stcp·up from rotor shaft to swash· 
plate piston pump 

2) pump hydraulic oufllUt drin~s hydraulic motor for 
additional speed ~rep-up of 2.5 to l, yielding: net 
effccti\·e ~ear-up to genemtnr of 7.5 ro t 

3) hydraulic motor dri,·es permanent field brushless 
:\C generator 

4) generator interfaces to AC power lines via Gemini 
synchronous im·erter 

Gu\·erning "'tages: 
J) centrifugal Oyballs open pilot operated hydraulic 

,-ah:e (unit by the Woodward Go\·ernor Company) 
2) ,-ah·e opening controls spring return of pitch 

control cylinder 
3) pitch control cylinder conrr·.1ls cam·followers 

regulating blade pitch 
Failsafe, Los~ of hydraulic pressure always causes blades 
to return to full feather. 1"hus, pump failure or broken 
hydraulic line feathers mill. Automatic hydraulic pressure 
dump to feather blades is triggered by hydraulic over· 
prcs$ure (indicati,-c of mechanical or g1)\'crnor f:ailurc) 
or by excess ,-jbration. 

New Alchemy Hydrowind 
Development Program 

--joe ScLIIe 

The Hydrowind lRI project began in 197 5 as a part of 
the energy resources for the Ark on Prince Edward 
Island. \n immediate Hydrowind goal w;b to pro\' ide 
the wind encrb'Y component of the Ark's natural energy 
systems. A longer range goal was to de\'elop a windmill 
with commercial potential that would he within the 
economic reach of a family hut large enough to de
liver worthwhile quantities of electrical power. The 
first prototype mill- Hydrowind I - is fulfilling 
performance expct·tations but will require substantial 
design simplifications to meet criteria for low cost and 
simple maintenance. This article surveys the results 
of the llydnl\vind program and indicates new direc
tions emerging from current research. 

The innovative aspect of the Hydrowind system is 
the usc of a hydraulic pump at the top of the mill to 
receive pmver from the rocor and deliver the po\\'cr in 
the form of pressurized hydraulic flow to ground
based equipment. Of the many alternative means of 
using hydraulic power on tho: fround, electricity gener
ation was chosen for simplicity, versatility and com· 
plementarity to most equipment used in modern 
dwellings. 

To generate electricity, a hydraulic motor driven 
by the flow of fluid from the top of the mill turns 
a permanent field, brushlcss electric generator. The 
alternating current from the generator varies in both 
\'oltage and frequency with windspeed changes and 
is incompatible with the fixed voltage (115 volts) 
fixed frequency (60 cycles per second) utility lines. 
To overcome this incompatibility, an electronic 
!-1)-'llChronous inverter transfonns the wind-generated 
electricity to the proper voltage and frequency and 
combines it with electricity from the utility. The 
installation obviously is not therefore designed for 
stand-alone operation, but instead substitutes wind 
power for utility power in the amounts available 
from the mill. When wind generation eHeeds the 
Ark's consumption, surplus power goes out through 
the utility lines and becomes an input to the power 
grid. Under these conditions, the windmill is like 
the many other electric generators linked together 
by the power grid, each adding its contribution to 
meet the overall demands of houses and industries 
tied to the grid. 

To limit maximum rotor speeds, the machine uses 
a hydraulically-dri\'cn piston to control the pitch of 
the rotor blades. The piston, in turn, is controlled by 
a hydraulic \'lllvc operated hy centrifugal weights 
(Figure 1) in a mechanism analogous to the fly hall 
valves that vent steam to govern a steam engine. 
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1: Spindle (one of three) with pitch chan~e hearings
this assembly is structurally joinell tn Jrio;e shaft (5). 

2: Cam follower (one of three)- cause~ blades to pitch 
bach wh&C'Jl pirch control md f3) mun;-.~ Wright. 

3: Pitch control rod. 

4: Pitch return spring (compre~sion; dlltted line, insi1lc drive 
shaft, pushes pitch cuntrol rud (3) til right). 

5: Rotor dri\'c shaft. 

6: Thrust bearing. 

7: Pitch con~n1l piston and cylinder. 

8: Hydraulic oil resen:oir. 

9: Air inlet- siphon break. 

10: Resenoir O\'erflow drain line. 

II: Timing belt a'ld pulley assembly - from drh·e shaft gives 
3 to I step-up to hydraulic pump (16), 6 to I step-up to 

flybali governor (12). 

12:) Flyball governor assembly consists of tlyballs (12), bearing 
13:) (13). and hydraulic pilot ,-ah-e (H) which opcm. when shaft 
14:) from fly balls JnO\'es left. When \'alve opens, it allows fluid 

tlow to left through it, permitting hydraulic piston (7) to 
mo\'C to right under force of pitch return spring (4) causing 
blades to pitch back. (Go\•ernor is a si:t):lC encased manu
factured unit.) 

l 5: Needle \'alw: with one way check \'ah-e -~ ncc:dlc \'alve limits 
rate at which pitch control pi~ttm move~ w left, wh ilc the 
check \·ah'c permits rapid motion of pi~ton to right to feather 

blades. 

16, Hydraulic pump~ s· ... ~~,h plate, 7 pistom. 

17: Case drain for pump- pressure inside pump and leakage 
around pistons cau..c flow from case drain to keep resern1ir 

(8) filled. 

10 

. «·:~'-
iS: One way check valve permits flow from rcscnoir (8) t<1 

keep return line (22) filled when mill is not running. 

19: Pr~ssurc relief vah·c limits maximum pressure to goverJltlr 
\'alvc (14), 

211: Needle va!l·c with one way check \'alvc - the needle val\'e 
acts as a pressure divider in conjunction with gO\·cronr 
valve ( 14) while cbcck val\·c permits rapid return of pitch 
control piston tn right (feathering blade~) when hydraulic 
pre~~urc drops suddenly, as when bypass tal~c (23) open~-

21: lligh pressure line from hydraulic pump to hydraulic motor. 

22: Low pressure return line. 

23: Electrically operated bypass valve- opens when voltage is 
remO\·cd, Jumping high pressure to return \inc and causing 

rapid feathering of rutor blades. 

24: Hydraulic rotary union - perrnits top of windmill to turn 
to track wind without rotating hydraulic lines to ground. 

25: Pressure regulating vah·e- maintains constant low pressure 
on hydraulic return line (22) during pump (16) operation, 
keeping the line filled with slight pres~urc at top tu pre-
\'Cnt pump equitation while holding check \·alvc (I H) closc:J. 

26: Oil filter. 

27: Main hyllraulic oil rc,ern1ir. 

28: 1-lydraulic motor, 

29: Hclt drive frum hydraulic motor (28) ~haft to twnstct 

pump (H). 

30: Elcctrk alternator- 3 phase. fixed field, hru,hlc~s. 

31: Output line fmm booster pnn1p ·- carries luw \·uluuu::, lnw 
prcSSilfC fl,J\1/ to pressurit,c main return line. 

32: Hydraulic bonstcr pu111p. 

33: Return line to booster pump. 

34: Thre!; phar.c i\C dcctril' line~ to Gemini ~ynchrunous 
ill\'ettcr, the Ark, and the pn\\·cr grid. 



To gain pl·rspective on the rclati\'c merits of the 
existing l-lydrowind machine ami proposed modifi
cations to it, \'I.'C nC"cd to explore some uf the cffi
ciencv and control characteristics of horizontal axis 
wind~1ills. Power a\'ailahle from the wind varies 
constantly from too little to use to enough to destroy 
a wind machine. Therefore, efficiency and control 
design problems sp-lit into two categories. When 
windspeed is insufficient to cause structural damage 
or pm\lcr plant overload, emphasis falls on efficient 
extraction of the l...;rgest possible fraction of the 
power potentially available in the wind mo\'ing past 
the rotor. For higher winds, design emphasis shifts 
to protecting the rotor, tower and power plant 
(generator, pump, etc.) from o\·erload. As a secon
dary emphasis, once safety is assured, the wind plant 
should recover from high winds the largest possible 
fraction of the maximum power it can safely handle. 

Considering first t;.e high-wind design questions, 
there arc four important methods used singly or in 
combination to limit: a) rotor speed or power and 
b) disc drag, the axial wind force that bends rotor 
blades and the tO\vcr. 

1. Blade featberiug, the governing mechanism of 
Hydrowind I, is r:1e most commonly used method 
on large windmills. At full power operation, the 
flats of the rotor blades lie nearly in the plane of the 
rotor disc (Figure 2a), cutting across the wind and 
catching its full force. Part of the aerodynamic blade 
force lies rzngcntial to the rotor disc and generates 

a 

c 

rci .. t .. ,...t ,,,1..;1 ..,4~••• V N 
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ln~r~"'d ..,;~J ..,,,~ /'.jtf,, 
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torque, \\'hilc 1hc other, generally larger, disc drag 
component exerts its fo::-:"' downwind paralld to the 
rotor axis, dcli\'cring no power (Figure 2a). h·athcr
ing the blades back (Figure 2h) reduces the aero
dynamic pitch angle, which reduces blade lift, thus 
decreasing both rotor drag and torque. If pitch is 
adjusted to maintain constant rotor speed and torque 
with an increased wind through the rotor (Figure 2c), 
an increased fraction of the total blade lift vector 
becomes torque, so that total blade force becomes 
smaller, and both blade bending forces and tower 
forces actuaiJy decrease with increasing wind at con
stant power. Blade feathering has the potential of 
minimizing 1Jiadc and tower stresses while maintain
ing full power, thus ideally fitting both criteria for 
governing. However, if rotor blades feather in response 
to rotation speed alone, gusts can cause severe stresses. 

Suppose that a rotor is operating slightly below 
governing speed when the wind increases suddenly. 
Rotor drag immediately increases, but at first the 
extra torque goes into speeding up the rotor. Thus, 
rotor speed and shaft power levels at first remain 
within safe limits as the rotor accelerates soaking up 
the extra wind power, but the blades and rower ex
perience stresses associated with the greatly increased 
total wind power. 

There are two ways in which a blade pitch control 
governor can prevent high gust stresses. One method 
is to usc a conversion plant, almost always a syn
chronous operation electric generator tied directly 
into an AC power grid, that forces the rotor to turn 
at rigidly constant rotation speed. \\lith a synchronous 
generator, the frequency of the power grid enforces 
a lock-step constant speed rotation on the generator, 
and the generator, in turn, enforces a proportional 
constant speed (depending on gear ratio) on the rotor. 
blade pitch is then controlled by feedback to main
tain constant generator power output, which amounts 
to regulating pitch for constant rotor torque. Any 
change in torque causes only a brief transient change 
in rotor speed after which the power lines reimpose 
fixed rotation ~peed at a slightly different phase angle 
relative to pov.,'er line phase (Figure 3). Because the 
rotor is held so rigidly to fixed speed, any wind change 
is reflected with little delay in a change of generator 
power. This makes possible rapid feathering response 
to gusts. 

Hydrowind I is not a synchronous operation wind
mill, so constant speed power governing is inapplicable. 
The only alternative is to make blade pitch responsive 
to wind force on the blades or, through some mecha
nism, r~sponsivc to measured wind ncar the rotor center. 
The New Alchemy sailwing windmill responds to force 
on its sails through the clastic mounting of the sails, so 
that they give way to high wind forces and spill air. 
But the Hvdrowind I blades arc not constructed and 
pivoted t~ tend to feather passively under stress, so 
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the only aJtcrnat!vc \\ould be a complex autnmatic 
control system respnn!>.in~ tn hoth rot<Uitm speed anJ 
either blade stress or \Vind~vcetf. Such a mechanism 
\'litmld he diffiL--uh to make reliable and \"\'OuJd not be 
wonh the expense. Confronted with this problem, 
we opted to derate the goncmor·limitcd maximum 
rotation speed of the mill to a \'aluc where a second 
governing mechanism would protect the blades and 
cm.\:er: aeroclvnamic blade stan. 

2 . . \erodv;1amic blade stull is the second of the 
four major i:oveming methods over 

a) s.pecd or pmH·r and 
b) rotor drag 

When lift-generating flow which fol~ows airfoil contours 
breaks down at high angles of attaCk, stall rcsuits 
(Figure ·H. As airfoil angle of atcack increases up to 
the stall r("gion, lift increases in proportiQn to angle 
of attack while airfoil drag (not to he confuseJ with 
rotor drag. which results priv.1arily from airfoil lift 
forces) is very low. As flm'"- separation sets in, airfoil 
drag increases sharply \\·bile lift t:t.:creases. Airfoil 
drag operates in m-ch a direction as to reduce the 
_tangential or torque-producing force of an airfoiL 
Thus, sta!l of aU or a part of the length of windmill 
bJa.les will reduce torque and rotor drag. If rotor 
speed is held constant, then increasing wind speed 
wiil cause increasing blade angle of attack and ul
rimatelv blade stall. (Nute Figures 2b and 2c, where 
blade ~gle of attack would have increased going 
from 2b to 2c if the blade had not pitched back to 
lnaintain const~nt torque.) When blade stall progresses 
through a wtor, torque may increase. remain about 
the same, ot decrease, depending on blade shape. 
If a rigid~ fixed pikh rotor has any starting torque, 
then sufficiently high winds will uitimatdy result 

. '-in unsafe_ torque lc\'Cis, bat care in design can assure 
;"that -'"sufficiently high winds'' mean-s winds unHkcly 
to Occur during the life of the mill. Rotor drag in· 

·::.creases are slowed by blade stall, but, as with torque, 
- sufficient winds ·will produce rotor drag exceeding 

_1evds cucountered before staU. Thus, design of staU· 
governed rotors must conform with the built-in limits 
of th;: stall mechanism. That design \\o'ithin these 
constraints can be ~uccessful is borne out by two 
\\'ell-rested staU-g:o\'emed windmills, the 200 KW 
Danish mili at Gedser, and the 150 KW mill being 
tested at Cuttvhunk Island~ Massachusetts. 

For acrody~amic blade stall to operate, some other 
mechanism must first limit rotor speed. Otherwise, 
the rotor blades would continue to speed up with in· 
_crca~_ing wind. which would prevent increases in blade 
:,angle of attack. The usual mechanism for large 
Whidmin~ feeding intp a power grid is the phase-lock 

· -pcoptrty:of gefJCl"ators cOnnected to an AC grid~ as 
. ~ \yaS-:disCtjSsed in relation= to power governing hy 
· --btad(' PitCh c:_ontrol. Howt"':er, there are many types 

-Of- Vl:ind ~nergy cOnversion plants tbat can be designed 

/ 

,' 
~~ 

~'- 'v 

to present a steeply increasing load on the rotor above 
sume predetermined rotation speed. One such alter
native can be accomplished through adjustments in 
the Gemini synchronous inverter such as HydrowinU 
I uses. There are numerous possibilities for back
torque speeC governing in stand-alone units. Some of 
these possibilities are the sullject ol future New Al· 
chemy research plans. 

3. Rotor yaw cmitrol is the third governing mecha· 
nism, \-Vhercby a rotor disc is rumcd out of perpendicu· 
laritv to the wind to reduce the component of w-ind 
cro~ing the rotor disc. (Figure 5 depicts a simple 
passive yaw contro' mechanism.) There is a major 
limitation to t11e effectiveness of rotor yaw control: 
the gyroscopic inertia of a spinning rotor limits the 
speed with which it is possible or safe to reorient the 
rotor. Winds can change direction faster than a rotor 
can reorient to avoid the perpendicular force, so there 
are rimes when blade forces are limited only by stall. 
Provided a r-otor is strong enough to withstand maxi· 
mum fore~. yaw control can govern rotor speed, 
though such a system will allow significant speed vari
ation during the time Jag between windspecd changes 
and adjustments in rotor heading. 

4. Aerodynamic spoilers reduce rotor airfoil cffiden· 
des by disrupting flow and causing turbulence and 
blade drag. A very small tab automatically extending 
from a rotor blade upper .surface and cutting straight 
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across the wind tlow can suffice to slow a rocor. Auto-
marie spoilers can govern rotor torque or rotor speed 
but generally not rotor drag, so spoiling relics on blade 
stall to limit rotor drag. 

Having considered high·\'liind protection and govern· 
ing, we nmv come to the area of efficiency maximiza
tion in safe winds. Any windmill will be most efficient 
at one particular rotation speed for any given wind
speed. Optimum rotor speed always varies almost 
exactly in proportion to windspeed. Define tipspeed 
ratio, 1:, by 1: = rotor tangential speed 

windspced 
Then constant optimum proportionality between tip
speed and windspced implies that optimum efficiency 
occurs at a fixed tipspced ratio. 
Detine coefficient of perfonnance,CP' by 

C _ recovered power 
P - power in the wind , 

where "power in tb:e wind" means kinetic energy per 
unit time contained by the air moving undisturbed past 
an area equal to rotor disc area. Empirically, Cp is a 
function only of 1:' (see Figure 6 for examples) and is 
virtually independent of windspccd at fixed "t::. Betz's 
limit, .5926, is a widely accepted theoretical upper 
limit to achievable Cp, and .4 is considered a good 
practical cp-

CP. is zero at zero tipspecd ratio because a windmill 
that is not turning('?! =0) cannot deliver power. However, 
starting tu~!.!e of a rotor may be critical for getting a 
load unstuck and moving in order to make blade power 
transfer possible. Positi1re displacement pumps (whether 
air, water or refrigerant) operating against a pressure 

FIG. 6 

head always present special low speed torque require
ments for a windmill, with the result that mills designed 
for pumping tend to look quite different from, say, 
electricity-generating mills. High starting torque re
quires large blade area with the blades pitched back 
typically at least 300. If the pitch of such blades is 
fixed, then torque and Cp reach Lero at'?: =2 or less. 
With pitch control designed to flatten blade pitch as 
1:: increases, a high starting torque rotor can operate 
efficiently up to tipspecd ratios of 5 or 6. Thus, a 
pitch optimizing windmill is potentially versatile at 
deli\'ering power to loads with differing torque re· 
quirenwnts. 

The blades of Hydrowind I have sufficient area to 

develop good starting torque when pitched back. The 
blades always come to full feather when the mill stops 
or when, for any reason, hydraulic pressure drop!o to 

ncar zero at the pump outlet. Thus, this mill can start 
high starting torque loads. And, as long as load torque 
increases with rotation speed, this mill will smoothly 
flatten its blade pitch with increasing wind~pced, rotor 
speed and load torque, until it achieves the maximum 
allowed pitch angle. (Sec Figure 1 for the hydraulic 
pitch mechanism.) At maximum pitch, Hydrowind 
I 's blades perfom1 efficiently over a broad range of 
tipspced ratios (Figure 6). In fact, the proportions 
of Hydrowind l's blades are ideally suited for per
formance optimization through pitch control with 
"difficult" loads such as pumps and compressors. 
, \lsn, Hydrowind would fit well into most electricity 
generating loads if blade pitch angle remained fixed 
at the highest pitch setting. 

Despite Hydrowind l's high potential versatility, 
there arc two common load types for which it is 
difficult or impossible to achieve optimal pitch con
trol. First, there arc problems with loads of virtually 
constant back torque at any »haft speed. Constant 
back torque implies constant hydraulic pressure, 
which, in turn, implies constant pitch (Figure 1). 
No adjustment to the pitch control mechanism can 
cause pitch to vary in an effictcncy-producing way 
for such a load, which is characteristic of load curves 
for most pumps and compressors. The second prob
lem arises with loads that produce very little low 
speed hack torque. Such loads include centrifugal 
water pumps operating to overcome a significant 
static head and electrical generators operating into 
some loads, particularly through rectifiers to bat
teries. With little back torque and back hydraulic 
pressure, the rot•)r blades remain at full feather, so 
the rotor cannot possibly turn fast except in storm 
winds. Without turning fast, the system cannot de
velop hydraulic pressure. So, the system is stuck at 
full feather. It is possible to remedy either of these 
problems through hydraulic controls at the bottom 
of the mill. For example, an appropriately controlled 
servo-valve could provide hydraulic back-pressure at 
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low flow rat~s only, thus allnwing the mill to start 
with low sr.crrinl! turquc luads. In the case of <.'Oil· 

stant turttue loads, a \'ariahle displaccmt·nt hydnmli<.· 
motor {'ould modify the mechanical advantage of the 
rotor on tht•load anti cause pitch to vary. But once 
on~ starts adding hydraulic load·adapting controls, 
the need for pitch optimization vanishes. With adap· 
rations of standard hydraulic components, it is 
possibfe to ruatch virtually any type foad to a fixed 
pitch rotor. 

Fully debugged, the hydraulic pitch control 
mechanism on Hydrowind J has cost f.:,r more than 
the hydraulic power transmission. As"'"'-" have suggest· 
'-'J. rdati'rdy simple (ontrols in the transmission itself 

tn JtHl\'e toward eliminating the need for pitch con· 
·ol. On this basis. we intend to abandon pitch·con· 
·oiling mechanisms on future projects and concentrate 
11 

;l) dc\·cJoping an optimum rigid rotor system and 
h) developing load adaptations that allow a rigid 

roror to operate efficiently and be speed· 
governed by the load. 

lydraulic power transmission should play a key role 
11 some but probably not all load adaptation prob· 
~ms we can anticipate. While some special tasks might 

Jf' accomplished best \\:ithout hydraulics, we suspect 
hat hydraulic power transmission will be the best 
oolution for an adaptable, economical general~purpose 
vindmill. 

In the rigid rotor development area we are exam· 
ning the advantages of tapered rotor blades. The broad 
Jlade tips of Hydrowind I contribute starting torque at 
~ull feather, but at fixed maximum pitch, which would 
Je the o.tly pitch for a rigid rotor, the large width of 
:he tips detracts from aerodynamic efficiency at all 
;peeds. Not only would narrow tips '''ork more ef· 
~icicntly (Figure 6), they would dc\•clop lo\\o'er peak 
foi'ces at maximum lift angle simply because of re· 
Juced tip area. This implies significantly less bending 
;;tress in the blade roots as well as in the tower. The 
tllade construction of Hydrowind I is not adaptable 
to tapered plan fonn. The most likely candidate for 
tapered blade construction i~ fiberglass Jay·up. 

In the load adaptation area, we are examining 
several non-electric tasks adaptable to wind t:.~chnol· 
ogy: water pumping, air pumping, heat pumping 
(i. e .• refrigerant pumping), refrigeration and heat 
generation by friction. Air and refrigerant pumping 
have the greatest need of hydraulic transmission ap· 
proaches. Water pumping is probably hest accom· 

plishcd hy mcchani<.·al driw throu~h a \'l'rtical shaft 
tn a l'l'ntrifugal pump dcsi~ncd to )!;ovcrn windmill 
spn.·d hy a steeply rising torque curve. Friction hc<tt
ing usc..~s fluid friction and a similar centrifugal pump 
speed governor concept. The property that lends 
great interest to these particular thermal and water 
pumping windmill tasks is storage. Pumped water 
can be stored for later usc in an elevated or pre!>· 
surized reservoir. Heat can be stored in low grade 
form in water and in higher grade form in heat-of· 
fusion of paraffin wax or sulfur. Cold can he stored 
in heat-of· fusion of substances like ethylene glycol, 
!'>O that food freezers can be kept well below freezing 
during periods of no compressor power. Eiectrieity 
remains expensive to store, su storage of other forms 
of en~rgy holds great interest. 

We expect our next major windmill construction 
project to result in a rigid tapered rotor to be con· 
trolled br a redundant combination of load control 
of rotor speed, yaw control of rotor speed, a me· 
chanica! brake to control rotor speed, and stall to 
control stress. The design should be much simpler 
and more economical than Hydrowind I. 

In all the designs we are considering, we antici-
pate a fusion of high and intermediate technologies. 
Components like hydraulic pumps and transistors are 
a\'ailablc from industry and there seems no good 
reason to forego their use in domestic designs, but, 
for an economi~al windmill that can be bujJt and re
paired in shops of moderate capital investment, the 
high technology components must be standard pro
duction units that fit, in modular fashion, into a 
relatively simple structural framework. Further, 
the workings of the mill should he easy enough to 
sec and understand that a windmill owner/operator 
with minimal training can keep the miH running. Some 
of the mechanisms of Hydrowind I have required pre
cision machined components not available off-the-shelf, 
and this presents a fom1idablc economic harrier to cs· 
tablishing small scale productjon. The machine has 
failed to he an encouragement to innovators who have 
come to examine and learn from it. Instead, it has 
taken on that inscrutable complexity of technologies 
like automotive emission control equipment with the 
unwritten message in the very structure (often reflect

ed in the label): "Hands Off. Refer Service to Qualified 
Professionals Only." We have learned that there are 
simpler ways to make a windmill. ways that encour· 
age a broader-based, more diverse and stable partici· 
patory technology. 

The Journal of the New Alchemists Page 49 







The range of articles for this section this year could 
only be subsumed under a heading as broad and amor
phous as this one. It beg.: rs, as is becoming traditional, 
with Hilde Maingay's and Susan Ervin's annual reports 
on their work of the preceding summer. The course 
and the results gleaned from our agricultural experi
ments are, through these nparts, quite explicit 
What can only be impi!eri througn reading is the 
beauty and the binding qualities of the gardens. 
If New Alchemy can be said meta('!wrically to have 
a heart it is there, where c,ur fnod is grown, flowers 
proliferate, and we spend tir,le together working in 
silence or talking. 

A recent addition, or extension rather, of our 
efforts in food production has been the raising of 
earthworms. Although considerable time in other 
years has been expended in gathering worms to feed 
the fish, Jeff Parkin's article, "Some Other Friends 
of the Earth n, tells of our first attempt to grow 
them. It is not only their undisputed usefulness 
as high-class fish food that attracts us, but their 
importance in soil fertility, and their energetically
efficient recycling capabilities - as bio-converters, 
as it were. 

Earle Barnhart's article, "On the Feasibility of a 
Permanent Agricultural Landscapen, mirrors what 
has become, for him, a major focus and reflects a 
deep interest and direction for the entire group. In 
his writing, Earle indicates that there is rarely a large 
margin of profit to be had from careful, far-si,qhted 
land management because, in order to preserve the 
soil a11d the biological integrity of a landscape, 
forest or otherwise, much of the produce must, in 
some form, be recycled or returned to the land. 
Nat.u·P. seems to prefer tithing to profit. Perhaps, 
in this regardr the human psyche has evolved a kind 
of motivation that is not in sync with natural 
systems and does not, therefore, have survival value. 
For while Russia and even China find that, without 
allowing some self.interest as a driving force, they 
are hard-pressed for incentives in exhorting produc
tion quotas, natural svstems go on demanding re
placement and sustenance for continuity. It seems 
a forest does not understand profit. Did Druids? 

NJT 



Mexican Bean Battles 
-Susan Ervin 

The Mexican bean beetle (Epilaclma varivestis) is 
one of the most persistent insect pests in our garden. 
We are prepared to accept some insect damage; the dis· 
appointment of a low yield from one crop is usually 
balanced by a gooJ yield from another. But, year 
after year, severe bean beetle infestations have reduced 
plants to skeletons. Although it has been found that 
soybeans can withstand continuous defoliation of up 
to 50% without lowered yields, small beans often 
wither without maturing on badly damaged plants in 
our garden. In a small household garden, one can 
watch closely for the appearance of the first beetles 
in the early summer and kill them. E. varivestis over
\vintcrs in the adult stage. However, overlooked beetles 
will reproduce quickly and their larvae will have to be 
subsequently hand·picked. This becomes impossible 
in a larger growing area. 

Maryland is an important commercial producer of 
soybeans and interesting work is beir.g do>le there 
with a biological control agent for the bean beetle. 
The control is Pediobius foveo/atus, a tiny gnat·sizc 
wasp from India. The wasps deposit their egg.;; inside 
the larvae of the Mexican bean beetle. The larvae 
consequenrly turn brown, dry and die; the wasps 
hatch out of the "mummies." The complete cycle 
from oviposition to emergence of new adult wasps 
takes between twelve and twenty·six days. In 
laboratory obsen'ations, the mean number of lar· 
vae parasitized by an adult female P. foveolatus was 
20.3. Forty·three per cent of the mummies did not 
produce live progeny. In field samples, however, 
scventjl~six per cent of the mummies had Jive emer· 
ger1Ce~ 1 These high reproductive rates allow popula
tions of the parasitizing wasps to build rather quickly. 
ln'soybean field studies, more than ninety per cent 
parasitization was achieved and chemical spraying 

was largely unnecessary .2 P. foveolatltS is host specific. 
No other insect except E. varivestis can be parasitized. 
The wasps will not overwinter in the temperate zone 
and so must be bred in laboratories. 

We decided to try P. foveolatus at New Alchemy 
on a small-scale, mixed-variety bean crop. Our situation 
is more like that of a household garden than the large 
commercial monocrop field. 

Our main bean field, which was approximately eighty 
feet bv thirtv feet, was seeded to six varieties of shell 
beans.on jt:.~e 6. Other bean plantings, including snap 
beans, occupied an approximately e'1ual amount of 
garden area. 

The first adult bean beetles were seen in the field 
on july 3. Egg masses were seen on July 8. The larvae 
arc very small on hatching and molt three times, for 
a total of four instars or pre-pupae growth stages. The 
wasps prefer the later instars for ovipositing so we 
waited to place mummies containing P. foveola tits in 
the field until we saw "middle-sized" larvae. One-third 
of our supply was placed in the field on july 18, one
third July 19 and one-third july 20, for a total of 65 
or 70 mummies. We do not know what percentage 
of these mummies produced live P. fm,eolatus. 
Because the mummies had been shipped from Maryland 
and l!c!d before field placement, live emergence was, 
no doubt, less than it would have been under optimal 
conditions. 

On july 29, 11 days after the first release, we 
found two mummies. Collection of larvae tn determine 
percentage of parasitization was begun on August I. 
For each collection, a ruw of beans was inspected and, 
if larvae or adults were present, one or two people 
would collect for either S or 10 minutes, attempting 
to collect or count all E. varivestis in one spot before 
moving on. Counts were made of numbers of adults 
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and numbers of mummies \\hich were not collected 
as well as numbers of lan:ae collected. Larvae were 
held in small cartons in the shade of the bean plants 
in the field and fed fresh bean lca\'Cs daily. Numbers 
of larvae which mummified or which matured to 
pupae ur adult stages were rcconJed. Larvae that 
died hut were nut dearly parasitizf:d were not in· 
eluded in the data. 

In the following tahle. the "parasirized" figures 
indicate the number of mummieo,; at collecting time, 
plus the number of lan·ae to mummify while being 
held in the earruns. "llnparasiti~.:ed" figures indi~ 
care the number of adults at collection time plus 
the number of lan·ae to pupate or become adults 
while being held. Collecting periods and number of 
collectors varied. so comparati\·e population levels 
cannot he detem1ined from the chart. 

Col!Pctim1 .\'o. Xo. w,of 
lJatr (_ "np.mJsitize,f P.Jr.lsitized J•ar,:sithat io11 

811 19 .. +2 
8/15 12 21 6+ 
8/18 +8 90 
K/22 " (,9 100 
K/24 89 97 
H/28 i 73 98 
8129 9 50 85 
9/5 II 20 (>5 

9/19 2 +7 96 
9/13 + 35 90 

rhe.,c fi~on·~ c.tiHlOI ht' l:tkt·tt a~ anua! pcrtTilla~l' 
of parao;itinrion in rhc \dw!t- popu!ati111l hccw~c. 
for otw rcao;on, adult' ;trc quirt· mohik and often n
capc cmtnting:, which lca\'cs ··unparasiti/.cd'' figures 
lower than the actual unparasitizt·d population. 
:\lso, it i~ possible that lan-ae which died \\·bile being 
held in cartons, and thus were not included in tht· 
data, were actually unparasitizcd. Damage to hcan 
plants was substantial and populations of hcerlc'i re
mained high. For example. fi\·e minute collections by 
one person on August 1, August 27 and September 
13 yielded 37.69 and +6 1--:. varh'l'sti.'>, rc'ipeL"ti\'dy. 
Populations did decrease as plant., became more 
mature but the beetles moved to younger plants. 
They seem to prefer plants that arc blooming or forming 
young beans to very mature plants or to young ones, 
not yet hlomning:. 

We hope to continue our research. Pcdiobius 
fm.i,•olatus clearly has potential as an excellent t·on
trol for the Mexican bean beetle. Our experience 
this past summer seems tn indicate that an earlier 
release is necessary, so that P. foveolatus populations 
can huiiJ up in advance of beetle populations. One 
possibility is an early planting of snap beans as a 
nursery for the parasites. Alternatively, larger 
numbers of P. foveolatus coulJ he released to sur~ 
pass the reproductive rate of the beetles. 
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During the summer of 1976 \VC conducted an experi
ment comparing the productivity of mulched and un
mulchc'-llettucc. In nne trial, \VC found that the yields 
of unmulchcd plots were significantly higher than the 
yields of plots mulched either with seaweed or with 
azolla, a small nitrogen-fixing aquatic fern. In these
cond trial, azolla-mulchcd plots had higher yields. As 
mulching is an accepted gardening technique generally 
believed to be beneficial and as seaweed is a favore J 
mulch, we had expected the seaweed-mulched plots 
to have the highest yields. Because of the confusing 
and inconsistent results, we conducted further experi
ments during the summer of 1977 in an attempt to 
increase our understanding nf mulch/water/crop inter
actions. 

The crops tested were tomatoes, s\veet pep
pers, Swiss chard, lettuce and beets. The applica
tions were a mulch of one-year -old leaf mold 
and a mulch of "seaweed" (primarily eel grass). 
To establish a control, some plants received no mulch. 
Two plots were divided intu a total of twelve 12' by 
15' sections. Half of the sections received supplemental 
watering; half did not. The same number of plants of 
each crop was planted in each section. (Table 1.) 

Plot I Plot II 
Harvesting was spaced to insure that food would 

not be wasted. Planting and han·estin~-~ proceeded as 
follows: Table I - P/.01" l.A 't'OUT 
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Tomatoes (Rutgt·rs~ - Fin· plants per section were 
set nut on May 24. J·-ruih were hanestctl \\·hen they 
were fully ripe through October 5, when all remaining 
fruits were harvested. hccau~ of rhe danger of killing 
frost. 

Peppers (California Wonder) -Fin': plants per sec
tion \\.ere set out !\lay 26. The han-esting \\:as the same 
as that of ::umatocs. 

Letru~c (Ruhy)- Trial L T\\e11ty plants per 'if'ction 
were set out on .\1ay J6. Fin: plants per section were 
han·cstcd July 2. fi,-c july 3 and the remaining ten, 
julv 5. 

Tria} Jt Twcnry··fi1·e- plants per secrion were Jet our 
un july 12. Fi,·c 11lants per ~ction were han·esrc .. l 
August 22, ten August 3H, fi,-c August 31, and the 
rcm;tindcr September 5. In both trials, 11hmts which 
appeared hugest were harn::stcd fir~r. leaving smaller 
plants to _grow. 

Beets (Early Wonder) -Seeded directly in soil on 
May 18. They '':ere reseeded on june 8 because of poor 
germination and later thinned, leaving twenty plants 
per section. Five plant.'> per section were harvested 

_August 2, Five August 16, and the remainder J\ugust 3H. 
Plants appearing to be largest were taken first. leaving 

_ ~aller ones to grm.,-. 

Swis.., Ch.trd I Rhuhat'lt ChanO ·- '1\vcln: plants per 
section \\ere st't nul on .\\a\· 25. Ahout once cverv week 
and a half. beginning july 22. a~ many outer lcav~s were 
han.Tstcd from each plant ;ls was jutlgcd cnuld be rakcn 
without damagjng [he plant. 

The scction5 recci\'ing supplemental watering rc{_Ti\·cd 
equal amounts of tap water a~ nftcn a!-. ncrded. The crops. 
in the unwatereJ sections were watcreti only at planting 
nr seeding and once again soon afterward, to minimizc
tramvlanting shock or to promote ~cnnination. 

The lettuce plams nt;.r<_· mulched on May 16 when 
they were planted. The rest nf each section was mulch
ed on June 7. A. n;.trrmt·. bare space u:a:s icfl .1Hmnd 
small planh so they would not be damaged by tht· 
mukh. The mulch was piled more do;,;dy aruund the 
plants as they gr-c\\." larger. The depth of hoth .. cawccd 
and lc~f rnukhcs w;H.; approximately 4- inches. All mukh 
was renewed on july ll and 12. The soil surface of 
dtc unmulchcd section """-~ wosencd frequently by 
hoeing. AU sections were kept free of weetls, 

A soil moisture/temperature meter (Soiltcst i\-\C-300) 
was used to gather data on suif conditions. Scmurs \-vere 
installed at depths of six inches an<-1 twelve inches in 
each section of Plot L A separate thermometer was 
used to read temperatures at two inches. Readings at 
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rhc rhrcc 'kp£11.., wen' rakt·n oun• a day from july 26 
ro August 1 S and twice a day, in rhc early morning and 
late <lfrernoon, from Augu!.r 19 ru Scpteml)('r 1~. 
Earlier attempts tn record data were made impossible 
by sensors lJmuitahle for !.andy "oils. Result~ arc shown 
in Table JL Low readings indicate low resistance, thus 
high IJl(,iswrc availability; hig:h rcadin~s indicate high 
resistan.-:-..: and low moistur(' a'ailahility. 

Thr summer of 1977 u·as not a dry one. There was 
no sign of wilting in any section at any time. As indi
cate\! hy the graphs, th~ unwatcrcd, unmulchc-d section 
(C) W;ls driest at hoth depths. Seaweed-mulched sections 
(Band D). watered and um\;.ltercd, were \\etter at hnth 
tlt-pths than any other sectinm. The lcaf-mukhcd, 
wah:red 'i('t'tinn (F) was drier than any other except 
for till' umnukhcd, Ull\\-;ttcred one (C). 

The only apparent difference between o;ection F and 
the others was a slight slope which, in conjunction with 
the ~and substrate of our soil. could cause rapid mois
ture iuss. 

Became we were primarily interested in the compara
tin, effect~ of the 1·arious mukhing trcatmcnt.'i on soil 
moisture, we did nor establish a calibration cur\'e for 
relating meter readings to a,·ailable soil moisture. 

Table Ill 
!_c,n·es St,.rwl!ed So .Uulcb 

1'+1aximum daily \·ariJ.tiuns ut: (°F) , .. 
6" 

12" 

}30 

30 
1-20 

JIU 
+" 

1-2° 

Temperature readings "'.\·crc similar in sections re
ceiving the same mulch. Unmulched sections C and E 
showed both the highest and the lowest temperatures 
and the greatest daily \"ariaticm at all three depths. 
Daily variation was greatest at 2 inches, least at 12 
inches. (Tahlc I II) 

Table IV shows yields for each crop in each section 
.and for like-mulching treatments combined. Because 
the number of plants was not identical at harvest, 
numbers of plants per section of lettuce, chard and 
beets were equalized by r-.mdom selection. The loss 
of one romato plant and one pepper plant made it 

possible to consider data from only four plants per 
~cction anJ, because of thi!i small number, the data 
of the tomato and pepper plant with the lowest yield 
were dropped from each other section instead of 
equalizing the numbers by random selection. 

An analysis of varianc(' was done using individual 
plant yields. (Table V) The categories considered 
\Vere: water effect, mulch effect, water/mulch effect, 
plot effect, plot/water effect, plot/mulch effect, 
and plot/water/mulch effect. 

No significant effect of mulching or watering was 
determined except for chard. On the other hand, 

J'abfe /\!- l'idds of iudh•i,fu,t/ .~ections and of/i&e mulcbing tre,Ttmenti cumbiued -Weigbu ~~re f{iveu in grams 

unwatered lea\·c~ unwatcrcd ~cawccJ unwatcreJ nn mulch W<!tcrcd leave-. watered seaweed watered no mulch 

lA 2F lR "' !C n: IF 2A J[} 211 IE 2C 

Lettuce I 1575 2297 24-43 1837 1523 1369 204-1 1173 1817 2f•4-l 1115 2201 
Lc:ttucc II 1046 )0(,9 (113 897 1186 664- 740 896 420 852 932 101)8 
Chard -t-1-76 (J393 11-l-05 9713 4667 64..J.8 4927 -1-973 9--l-16 8870 6385 5908 
Beets 3712 3H8 5235 3111 2214 17-l-0 1588 18111 ..J-333 2976 2651 3220 
Tomatoes 29448 43497 35330 261 5-l 35085 3H58 28%11 31 277 H-1-27 511202 258110 33531 
Peppers 3372 938 2672 27+5 3433 31129 12-1-7 2751 2-1-68 H73 2014 2361 

Lcuuee I l.cttuc:c II Chard Ucch To maroc!. Pl'JlP('r~ 

Leaves 7086 3751 20769 10458 133182 830S 
Seaweed 8738 2782 39-lO+ 15655 1-16113 J035N 

No Mulch 6208 3790 2HU8 9825 IZSNH 111837 
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J',dl/f' v RE.\"V1.1S 01' .'!Ttl HSTJCtU. t\i\'AI. }'SIS 

TO.\f:\ TOll-S 
Source d.j: s. s. lf. s. F S/G 

Total 47 290. 
Watering "" "" <1 N. S. @50% 

Mukhc\ '"" '" < 1 N. S.@ 50% 
MxW 50. 25. '"' N. S.@ 90% 
Pints lS.S IS.S H 97.5% 
P.xW 9" 9" 2.1 N. S. C-9 90% 

PxM 3.8 L9 < 1 N. S. M 50'J\, 
PxW~;\\ -l-2.8 21.-l- +"9 97.5% 
Plams (PWM) 36 155. +3 

HEE1~<; 

Source .IJ: S. S. \!. s. F SIG 

Total 167 1892767 
Watering 4-6068 4-606& L3 N. S. @50% 

. l\1ulchc~ _;65-1-66 182733 '"" N. S. @ 511.75% 

.1\h\\' 278277 139114 23.1 99.9'}1> 

l'lnt~ 74-088 7-HlRS I~ .30 99.9% 

l'.sW 34172 J.l.l72 5.67 98-99% 

l'xM 2 H-2815 714-08 11.85 99.9% 

P~Ms\\' ~ ~g 
Plant~ (PW.I\\) I' 

951931 

CHARD 
Source 

""" '"' M.S F SJG 

Total 119 35-l-34-186 
\\"atering 5733-l- 5733-1- (1 

Mulches 5084-163 2542082 9.73 99.99% 

MxW 201337 100669 (I 

Plots 8823.7 8823 (I 

PxW 74152 74152 (I 

PxM 2 255237 127619 (I 

PxWxM 2 173662 86831 (I 

Plan[S(PWM) 108 295794-78 273884-

LETTUCE I 
Source df s.s_ ,u.s. F SIG 

To•.al 239 382338 
Watering 13 13 (1 N.S. 
Mulches 4-1254- 20627 '"9 N.S.@ 75% 
WxM So+2 4021 (I N.S.@ 50% 

Plots 4200 4200 3.90 95'!{, 

PxW 4-860 4860 4.52 95% 
PxM 6976 34-88 3.24- 90% 
Px..'rlxW 71610 35805 33.3 99.99% 
Plants(PWM) 228 245385 1076 

LETTUCE II 
Source df ss .u.s. F SIG 

Total 239 84693 
Watering 1638 1638 <I N. S.@ SO% 

Mulches 2 8152 4076 (1 N.S.@SO% 

WxM 2 2(139 1020 L2 N. S.@ SO% 

Plots "'" 8+0 33 95% 

PxW 3219 3ll9 12.5 99.99% 

PxM 84-55 4227 16.4 99.99% 
PxWxM 1747 873 3.+ 95% 
Planrs(PWM) 228 58603 257 

PEPPERS 
Source d.f s. s. JI.S. F SIG 

Total 47 4048642 
Watering 172200 172200 " N. S. 
Mulches 225578 I 12789 '"" 75-90% 

WxM 120267 60133 (I N. S. 
Plots 17214 17214 (I N. S. 
p,w 44-6't46 446446 u 99.5% 
PxM 38579 19289 (! KS. 
PxWxM 782759 391379 6.27 99.5% 

36 224-5598 62378 

Legend: ~: ~- ::::::~:~~:::~om SIG = ~ignificance 
1\t. S. =mean squares N.S. =not significant 

then' arc significant differences in plot, plut/\\atcr, 
plot/mulch, or plot/water/mulch intcr<Jctinns. Mulch 
and water effects may have hecn present but arc 
masked by variations among the sections and plots 
themselves. Chard did show a highly significant 
effect from the seaweed mulch despite plot variation. 

A consistently low yield from one plot or section 
might have indicated unfavorable environmental con~ 
ditions which \Vere not readily apparent. However, 
the effects of plot and plot/water/mulch interactions 
were not consistent from crop w crop. For example, 
Plot 2 yields were higher for lettuce, tomatoes and 
chard, while Plot 1 yields were higher for bccto; and 
peppers . 

Mnisture and temperature data were consistent 
for sections receiving the same mulch treatment so 
cxtre!lle plot and section variation cannot he at
tributed to these factors. 

Although the causes of plot to plot variation \Vere 
not determinable, we decided to consider the two 
plo;:s separately since the differences \Verc signif!
cant. Inspection of the data shmved a clear trend 
toward superior yields from scawccd-mulehed sC"c
tions for beets, chard and tomatoes in both plots, 
as is shown by the figures in Table VI. 1\-i.ulching 
of lettuce and peppers did not have a clear and con~ 
sistcnt effect. 

Chard, beets, peppers and lettuce all had higher 
yields without supplemental watering \Vhcreas the 
watered tomatoes had a slightly higher yield. How
ever, statistical analysis indicated that none of the 
differences were significant. 

Observations were made on the number of 
tomatoes affected~~~, blossom end rot. All of Plot 
2 showed a much higher incidence of rot, whereas 
no one mulching treatment was clearly associated 
with incidence of blossom end rot. (Table VII) 
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'J'tliUL VI· 

Beets 

Chard 

Tom<ltuc<; 

T,ib/C l'll 

l"idd.~ of Craps for /'lot I ,m,fl'lot 2 

/'lot I Plot 2 

L~a\·~s"' L 5300 5158 

Seaweed= S 9568 6087 
No mulch"' S -1-865 4960 

.·. S)L>N .·. S > L> N 

Lca\·es = L 9--1-1)3 11366 
Seaweed= S 20821 18583 
No mulch=- :ro.; 11052 12356 

.·.S>D·N .·. S> L> N 

Lca\"CS = l 58--1-08 7--1-774 
St>awccd = S 69757 76356 
Nu muld1 " 58885 67989 

.·. S>L = N .·. S.>t>N 

While the h<:ncficial cfkcts of mulching in reducing 
weeding and retaining irrigation \\atcr arc not di~puted, 
we have not yet shown statistically significant in
creases in crop yields from mulching. However, there 
\Vas a clear trend toward superior yields from seawcet!
mulchcd crops. Supplemental watering did not signifi
cantly increasf' crop yields during this particular grow
ing season. 

We shall continue our experimentation. Sections 
will extend the full length of each plot to make slope 
and soil variations as similar as possible. 

REFI~RENCI~S 

.\'umhn.~ of Fruit A{fectc:d by Blo.q·om Ellll Rot 

L Ervin, Susan. 1977. "The Effects nf Mulching: with 
Seaweed and ,\;rolla on Lettuce Productivity." 
Tbe jount,r/ of the .·'Vcw Akbt•mift.J (4): 58·59. 

Plot 1 

Leaves 42 
Seaweed 29 
No Mulch ---2. 
Tutal so 

Plot 2 

58 
66 

....!!!!.. 
192 

Total 

100 
95 
77 

I should like to thank David Juers for his generous and 
much-needed assistance with the statistical cvaJuation. Also, 
long hours of work by Kim Conroy, Bill McNaughton. Nancy 
jack Todd and Rebecca Todd should be acknowledged. 
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A Study of the Energy Efficiency of 
Intensive Vegetable Production 

- llildl' Mai11gay 

In spite uf the fact that science has increased our 
understanding: of the complex interdependence 
hetwccn the dements in an ccosy.,.tem, the implic:t
tions nf this kno\\lcdgc arc. as yet. not fully under
stood. Modelling irsdf on industry. modern 
agriculture has replaced complexity \Vith relative 
simplicity. The growing of food is nu longer seen 
as the suurcc of life hut rather as a means nf making 
a li\'ing. Agriculture has bccmnc the husincs"i of 
culti,·aring land fnr the raising of profits rmhcr than 
t.Tops. IJt'ci•iiom: dcu.•m1ining wh;~t and how mlll'h is 
~rown, where, whcth(_·r or not it i"i grown, when and 
hy whom, do not rdk~..·t human needs, hut the hcsr
hcdgcd pn .. sihilitil·s fur profit. To in.;urc profits a~ 
m~ny li\'ing \'ariahk.,; as pu~o;ihll·. such as fungi, hal·· 
tcria, inscelS and \H('ds. are eliminated. 

A recent em·n of the magazine, MOX/:T, rctkcts 
this attitude. The photogr;~ph depicts il radiant, .;mil-

f f 

ing, tanned, very dean young couple on a tractor. In 
the background, as far as the eye could sec, is one 
crop -- whcar. Superimposed is the subtitle "BACK 
TO THE SIMPLE LIFE'' and another phrase: 
".l10t\o'E'( was made for times like this"- \ter~:n

typed couple, one crop, om: machine, a highly 
"simple" life. 

Jlow much longer can we maintain such a simple 
life support system? Signs of destruction and di~
mption are everywhere. Soils arl' eroding, water and 
air 01re cont.:uninated. Weed' and in,cct."i .:m· returning 
in gre•Hcr numhers in spite uf intcnsi\'c spraying:. The 
presenr cl·onomic and pol it inti o;tructurc pt·rpetuah'' 
tlw scmhlann· of simplil·ity, holding to the dream 
thar technology can snke thl·se prohlcms and con
tinue [0 o;ustainexponcntial growth. Yt'l the lag-
time herwecn cvolvin~ valuco; and il'gi,lat i' e rc .. ponse 
is nearing a grassroots nHI\'l'mcnt ba,ed on the hope 



that many \mall hut fundamental t·h;.mg:c\ will result 
cumulati\·ely in ~ignifit·ant change, giving people p11WL'r 
over their own lives. With a grmving belief in conserva
tion and a steady state economy, many people arc 
seeking the knowledge necessary for a restorative and 
life-sustaining way of life. 

Since the time of our first gardens, we have been 
addressing oursei\'Cs to the questinn of \Vhethcr it is 
possible to achiC\"e average or above-average yields 
\Vithout the usc of chemicals and, if so, hm\' much 
energy and labor would be required. In the spring of 
1976, we began an experiment in small-scale food pro
duction without pesticides. The test garden plot was 
one-tenth of an acre. divided into twenty raised beds, 
as described injoumal Four. During the growing 
season, \\'e collected data on human labor, irrigation 
water and producti\•ity. 0\•er-all the garden produced 
the equi\'alent of three daily servings of vegetables for 
more than t{'n people for 365 days. 

Because weather cou!d have been an unusually 
fat'orable or unfaxorahlc t'ariablc the first year, it was 
decided to repeat the experiment the following year. 
Higher yields were expected as soil fertility had in
creased. In the planning stages, I began to ask myself, 
"Is it possible for land under cultivation to produce 
average or abm:e average yields without the use of 
chemicals? And, if ~u. how much energy and labur 
would this take?" To gain some background, I called 
the local extension sen.-ice to ask about average yields 
of vegetables and grains, preferably on Cape Cod but 
otherwise as close to home as possible. 

"I am sorry," the agent said, "hut I cannot give 
you any such data. The Cape cannot produce anything 
but cranberries and some strawherric.<t." 

"Well." I said ... maybe you have records on cro~lS 
grown here twenty years or so ago?" His reply was 
negative again, as he had not seen anything else grow-
ing successfully in the twenty years he had been on 
the job here. "What about a 1-o-n-g time ago, the 
tum of the century or before?" I asked. And, 
noticeably impatient, he answered, "Lady, you don't 
want to know about those figures, because what they 
called high yields back then, we'll call a poor yield now." 

If I hadn't already grown an abundance of vegetables 
on our Iand. I should have stopped any gardening or 
intentions of farming and gone into th<.: construction 
business. 

In the spring of 1977, we planted the same plot as 
the previous year, again di\·iding it into twenty raised 
beds. As before, data on human Jabor, water and pro~ 
ductivity were collected. Cloches were used to extend 
the growing season. The cloche design, as des<.:ribed in 
the fourrhjuuntq/, proved very successful. Over 3,000 
seedlings from our S111all solar greenhouse, the Six-Pack, 
were .transplanted inro the garden, 

We dug a separation ditch to cut the roots of the 
trees on the edge of the woods that intrude into our 

gardens. We planted jcru .. alcm artiehuko. at the end 
of each bed a" a buffer bctwccn the food planb and 
the woods. The previous summer, wild rahbits had 
raided the pea and hcan plants, preventing the plants 
from reaching maturity. This p·at \\T shor the \\ild 
rabbits and a splendid ~pring garden resulted. 

Although many people were involved in harvesting, 
weighing and recording the vegetables, three people 
guided all other aspects of the garden work. Two were 
summer volunteers and novices in the field. though they 
quickly demonstrated both their stamina and their 
sensitivity to the plants. The results of the '77 gardens 
were as 'lve had hoped: more food was grown \\1ith less 
work and with less irrigation. (Sec Tables lA, lB, JC, 
lD) It is safe to assume that these gardens have not 
yet reached their upper limits of productivity. Soil fer
tility increases noticeably each year. And, as our plant
ing scheme improves, we anticipate a steady decline in 
the- hum~n lahnr ncc,h•d as well 

iUetbod of estab/isbiug tbe uumber of portions produced 

In 1976, the rotal amount of edible grams of each 
variety of vegetable was divided in half. One-half was 
used fresh; dividing this half by given grams per portion, 
the total number of portions for that vegetable \\i·as 
found. The other half \vas considered a cooked vegetable 
and rcl:koncd the same way. By dividing the given grams 
per (cooked) portion, the total number of portions was 
found. 

In 1977, we used the same method, changing the pro
portion between the raw and cooked. One-third of the 
total amount of edible grams produced W<iS calculated 
as raw, the remaining two-thirds as cooked portions. It 
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i·; our feeling that this is a murc realistic rdkction of fr(~sh in o;cason, IIH)SI ha\l· to he canned, frozen, dried 
(JUr food habits. While num~- \Tg<.·tahlcs c;.m he (';.!len ur put in a pil or rout n·llar, for taler usa~<.·. 

PRODUCTIVITY TAI!LES, c'""l'"';'"" "'"'""' 1976 """ 1977 
Portion t'ij!urcs arc bascJ ••n The ll,mdhool~ of Food 

Prep.muion, published by The American Uomc Economics 
..\:<>sociations, 196~. 

J;rb/e JA ;~~7 f·~n~~ot"'"" '"· '""'" ~d \e~'·'r.ii• m '<~latton 
to l~7o 1 ,~;j "'- ?-....- S~i•~ '•e;;etabl~' 

~ 
,,,~.; 

"""o-~b ---- ·--·.---
Ccc.T0<: :,;: ,.'-4 

Le"'"'" ;';:;, 

~o•rot 

cmi<m 

1;ero 
>:Jmor. Top 
farsle>· 

~="~' of r~~e~~ -
1 <~n,~n/Each ~--

of ~-··~ 

~'""' ~-

<·ort:~r. 

38.> 

3o.5 

Total •'r.c:.cns 
-~T:~~ , 

:Z~!-;3 -~---,-- :,::,:,·.·: i.l 

1.\~\.S _ 

/BO_ il 
:;s_2 
.l·)' 180.9 
i6l JC-4 
550.5 :DB 1 

534_4 2l4U.l 
ro.s l4J,g 

"·-· 14 

55 1"8- 8 

i4.l ]849 
o7,, lH.l 

lH.4 
158.5 llG.l 

lOb.l 
5~~- 5 

7~lS. 7 

Increase - 00\ 

Table JB !977 h~d~tti,-u, '" ~~"-~" ar,d ~~r•·ongs in R~latton 
to 19-"- \t~Jj of [?o<~c ;<oot l'~g<tahl~• 

r-
1 CQokd 
~ 

~able>. 

J~rusa]e~ Art> rho~~· 
P•nnip 
rototo 
Rut•~aga 

• Turnlp 

''I

I ::;:::; 
Carr<>t 
em;~, 

ll'o:al ~ .. ~f Por:i<ms ~ 

T~ul ';ram, 
E~ E.~ 

'''''" ~ 

gg.B>t\ ~I.S 
75;'9 10S.S 

·~.12~ 8i.5 
)9,7•9 8LS 
1s,~r '" 
Ja,;~• '" !l,57D '" 
2l,VDZ '" 5~,01• "' 3;,;g; 98.5 

Notes on Tables lA, 1&, lC, lD: 

Total ~wtt~er of 
l'Or!Toii5I'!E: ~ 

.!1?2 12.~ 

1n•.~ 
&9.4 85.6 

958.5 <OS2.9 
24;1,; 174.7 
157.4 1:13.9 

107.5 

"" 156.6 

:144.4 204.l 
497.6 1B6.4 
351.2 ~ 

3971-< 3259.1 

10.5 " 
lncrea'" ;!1.3\, 

Com: Almm:.t one-and-one-half beds were seeded in 
corn but had to be reseeded two or three times, as the 
birds plucked all the soft sprouted seedlings as soon as 
they appeared above the ground. lmcrcstingly enough, 
the _~miY _successful row was one that had been seeded 
aQjaccnt to a row. comprised of a mixture of broccoli, 
caulitlo\\'er'andleek and, in that row, germination \\-'as 

JtTIJ/£' 1(.' 1971 Productivity In Gr!I!L5 Oltd Se:rvingo m Rolohon 
to 1976 Yield of Cooked Green ~ogetobleo. 

c~.~~=~ ER-ffi- ~ £."~ 
!!'feh\tles ~rams - ~.2 ~-" 

~-~-----'-~-
, Soap Ee~> 
I Brcocol1 

~r Sj•tOUCO 

"~ra 

L>I<Fldot 
o ~tee 'i4ua;O 

j Beet ,reem 
Coll,mh 
Kale 
>rtna~h 
o~"' Chord 

t:a\>ho~e 
Celert 
Popper 

Laul1flo~er 
Co,-, 
Lee< 
SUlll!lter Squash 

Tor.tato 
urounJ Lnerrtes 

Dry ~~"-~' 
~'he>t 

Total ~o. Partcons 

~"r.tber of l'e"plo 
l Vo<-tion/Eaoh Day 
M lear 

45,4~4 

12 ,OlO 
74l~ 

714S 
J9,7il 

4006 

4l,853 

:nu 

34,71& 

~~n; 
~; ', 
~J.> 

:;; ; II 

;; 

:: : II !19 

119 

>•l 

Total SU!Ilber of 
Portions I'!!:~ 

"<7.4 <31.8 ·--r-14,492 

143 llS.l Z6, 7ll 
9;.~ IJS.S 91~9 

'-1.5 !.> 7!;9 
.:41.8 ll 1065 

·~ l 

90 4 !4! :-
;31 1 13.0 

1:'_3 
150.4 
193.9 l\4,1 
%.9 l'b.S 

'51.1 168.: 

534.4 1351.8 
us. 1 ll.:.9 

70.5 11.7 

'>l-:; 10~.; 

" Jl.;: 4B.7 
5' 95.2 

4191 o 47n~.o 

11.4 tZ.9 

1~.9\ decrease in 
production over 1916 

10.~57 
1" ,680 

lt•·"'8 
171 ,6Sl 
17,Jb; 

'"' 
6532 

(150 ears) 
4J1S 

li,JZ9 

Table If) Toto! ~u~ber of P~rtions tn Eaoh 
Category. 1916 and 19~7. 

Raw ~olad 

Cooked Roots 

r.ooked Greens 

Total 

almost 100 per cent. Once the corn seedlings had grown 
beyond a size that attracts birds, many u·ere transplant
ed to fill in empty spots. We had, in the meantime, 
started corn in flats, out of the reach of the birds. These 
seedlings filled the rest of the space designated for corn. 
Then, as if this rough start had not been enough, car~ 
wigs appeared in mid-season, causing damage to the 
tassels. Pollination was poor, although four rows 
may be insufficient for pollination. Beds of corn should 
probably be adjacent to each other. Finally, when the 
cars were almost ready for harvesting, the birds return
ed and stripped most of the cars, leaving little either 
for us or the cornhorcrs. 

New Zealand Spinacb ,md Leek.'> were planted at the 
same time as the corn and close to it and were quickly 
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,'i.:: 

Fig. 2. 

shaded out. It ,..,·as not until the third week in August, 
after the com was harvested that they got a chance, but, 
as a result, produced relati,·cly poorly in terms of edible 
grams. 

Wbeat: A small test plot, approximately one-third of 
a bed, \Vas seeded in spring wheat. Germination and 
growth were excellent. The heads were big and full by 
the end of the season. For a \'aricty of reasons, I did not 
harvest them immediately, the main one being that I had 
planned to give Earle a sheaf of wheat for our wedding 
in September. For se\lcral weeks they stood in the gar
den,·suirdy and full until the morning I came to pick 
them and was faced with total devastation. Birds again. 
Not a. grain was left nor a stem unhanncd. 

Grou1Ui Clwrrics: Cround chcrril', han· a o;wcet \Tp;c

tablc t<ISH', like <1 no's lu.'t\\ecn chcrric ... and tom.:lto{·.~. 
They arc about the size of a small d1crry and store 
easily. We put some in a bucket and left them on a cool 
back porch. We redi!ieovered them the following: Febru· 
ary and most of them were 'itill in fine condition! 

A row one foot wide and twenty feet long was plant
ed with ground cherry seedlings that had been started 
in the small solar greenhouse. Gennination and trans
planting p1esented no problems and fruiting was a
bundant. Due to their novelty, however, few people 
were willing to put in the time to pick and weigh them 
or to think of "vays to usc them. To encourage con
sumptinn, reduce \Vaste and lighten the burden of pick
ing for those responsible for the experiment, the weigh
ing ban was lifted. Still, hundreds \Vcre wasted on the 
ground. \Ve arc curious to sec if any will germinate 
spontaneously in the garden next year. 

Each year a few crops have an unusually hard time, 
which lowers our overall productivity and efficiency 
rates. In 1977 the crops mentioned above account 
for at least 10% failure in the garden. Several other 
vegetable varieties produced a below average yield hut 
were balanced by those which did extremely well. 

Table 2 and Figure 1 give the human labor require
ments for the various gardening tasks over the growing 
season. Figure 2 shows the difference in total human 
labor requirements between the 1976 and 1977 grmving 
seasons. 

Water '" Gallons 

AmoW1t of Portion• I 
rer (;aJ!on Water ~ 

14,>60 

0.61 

l,ISJ 

12.604 I 

'" 

!3.43\ decroa5o of labor requir.d 
for ~atenng 

H.U\ de~roase of water required 
for •otol production 

4;_g\ increase of water efficionq· 
per portion 

Table 3 shmvs the relation between the amount of 
water used and productivity in portions of vegetables. 
In 1977 it took less than one gallon of water to pro
duce one portion of vegetables. 

Irtble 4 shows the relation between the amount of 
human labor required and productivity in portions of 
vcgc~tablcs. In 1977 it took less than one minute of 
labor to produce one portion of vegetables. 

1tlb/e4 !o'Jor Req<ut·ooeot}l'ortton. 

'ct<• rc "'"'· ! ~;rme ,,, R'V' ; I' rtl'co< o' ,,.lot:.:ol"< , .. '' "'''' ;,.« tr.::;r. 
1 ~'"''Ce !<) ''"" ! c"·"'"" o• •;e~e'"O),•< 
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General Jnfo,.,at>cn or. U.S. Gra1n,. 

Bu./l!:Ot''" ··\" .,' Jt200th 

~-~~ ~Q.:-_ Lo~ . .'~. -Acre sea-

Field Corn " 
,_, 

" L2. 4 
Wheat ;o 0.15 M ' :ooybean i " 0.' M 7 .s 
Oats " 0.2 " i.2 
Barley I " '-' " 10.5 ,,, I " J.l " '-' 
Buck,.heat 

I 
n 0. 16 s~ B. 2 

Gr. Sorghu., '" "-' '" " ~avy Oom 1156 "· s. 7 
Field ,,, 1120 "· "-' 

'"· C"rn " 0.2 " ll. 2 
Popcorn I ~0 0.2 " 11.2 
Cane SorghW!t , " '-' " " Cane Syrup I ''" gal. gal. " lbs. 
Potato ~0,500 ''· '"' .~lf:.lfa Seecl I 

Total 

IJHSIGNIXG FOR A FUTURE SMALL-SCALE 
FOOD PIWIJUC/NG SYSTEM, 

,,r. l'rott>>n.' 
liiO"if.--

'-' 
12.3 
34.1 
14.2 .., 
12.1 
11.7 
u 
22.:\ 
24.1 

" 11.9 
u 

'·' 

Our goal at New Alchemy is to minimize the amount 
of land needed and to use fos!->il fuels as wisely and ef
ficiently as possible. Such a system would be complex 
in terms of technique as in crop rotation, crop succes
sion and companion planting, but simple in skills and 
tools. We shall ha\'e chickens, goats, geese and fish to 
provide eggs, milk and other forms of animal protein. 
We plan to concentrate on growing foods which require 
neither freezing nor canning for winter storage. 

Solar greenhouses should prove economical for fresh 
vegetables. A small family structure could provide the 
greens for the fall, winter and spring without recourse 
to fossil fue1s. It also provides the space to grow all 
the seedlings needed for a tenth of an acre garden plot. 
It would function as an auxiliary heat source \vhcn 
attached to a house. 

La11d Requirements: 

Many new crops will be grown in the '78 season. By 
using average U. S.-yicld figures, we can estimate the 
amoum of land required and hope that, as with the 
other crops, our yields will exceed rhose grown on a 
large scale. Table 5 lists the grains which can be grown 
to meet dietetic need:~ and the space required. 

Table 6 
-------·--" .. ~--- '1, 

'" 

~~. I .!Q£ £!.. 

34-8 
no 

"' '" "' m 
33S 
m 

"' 3~0 

'" '" m 

''' n 

u ,_, 
u 

" 5. 7 

"-' 
I J. 2 
11.2 

'" 102 

.'l96.9 

--~-~~~------------ ~--, 

1<.~~~~-p~~l. ?!' \_, ~. ) '•, J'.~£!l_<:_:<!_J ~, 

----·~." -·--··----~~--~-~ 

" 
I u "" ' ' ''" I 

12.3 no ' 50 " "' ; ' ,_ ~ ' 'f' [>o 
' 34~ ' 10 ~ 

" ' ,;[)> 
14 : '~ i 4.5 lBS 

" 
" 

i 
"' I "' 

I 
2.6 " 

4'14 48.7 1635 27.4 

Table 6 reflects the amount t,f feed that needs w 
he grown for a lactating goat. Apart from browse, a 
goat cats one-half pound of~ mixture of grains per day 
and another half-pound for each pouud of milk she 
produces. The goat is assumed to produce an average 
of five pounds of milk per day over a nine-month per
iod. The last describes the land requirements, apart 
from pasture, for an average of two cups or one pound 
of milk per day per person. 

J;,bfe 7 
~~~ ·- ~--~----· ---~----~~~ 

'""""'"''J"''"' .... " ''"""''"'"'" 
''""""'" i '"''"''"""' 

'"'";;::;•;.';·: .. , i: ~~ ;,~; "''"" li , ... .,,· 
---~~--·- -- !.'""" "=-"''!.:!'";:· ~~s;-,Oi!":'"~"'"'""""c,c •. "-~ 
'"'~'"'=~, '~"!.=i!=t ~ rt.•C.'-.'!. -r1:e-;,;o,~~~-· 

-~----· ·- ~~~--- .. -.--~~-

Table 7 reflect~ the amount of feed that needs to he 
grown for a laying hen. A hen is assumed to produce 
273 eggs per year. T\vo chickens per person are in
cluded in hypothetical diet calculations. The land re-

\'egeuble; 

Goat Mill< 

Honey 

Fruu 

j Total 

L__.~~'-

Page66 The journal of the New Alchemists 



quiremenrs for an a\·erage of one egg per day per per
son arc shown in the la'it column uf this table. 

Based on nur \·egetahle growing experience, we can 
conclude that two bed-. will yield a more than ampk· 
supply of raw and cooked n·gctablcs for any individual. 
Producing hone~ doe~ not require htnd. A good hiH 
\viii produce appwximatcly ..J.n pound!<> of honey, or 
50 grams a day a person. Space 1s given fur fruit as 
well. The estimate is rough, but a piece of land the 
size of t\vo heds should support at least a good-sized 
apple tree and several grape vines. We have computed 
all this information inro Table 8. It is obvious that 
changes in diet will have an enom1ous impact on land 
requirements. Our proposc>d diet would require 3/IOths 
of an acre per perso:1. 

TJ/E ENERGY RATIO OFOl'R 
i"XPFR/MioNT,\L PLOL 

As interest in agricultural energetics is relatively 
ret:cnr, information on t~1c relation between energy and 
agriculture is still some\·;!,at sparse. In his study, Energy 
aud Food Productiou, G. Leach provided most of the 
information for performing a preliminary study on the 
energetics of 011r experimental garden pint. Garden-sizcJ 
plots achieve productivity by virtue of inherent small 
scale and labor intensiveness, which allow for inter
cropping ami succession cropping, rhus utilizing soil 
and radiant energy more fully than is possible \Vith 
monocrop farming. As mechanization has made in
tensive inter-cropping less efficient, more space is 
required to grow a single crop. Three times as much 
land would be necessary to produce the same amount of 
food by industrial methods as we gre\'lr in our garden. 
Further, in addition to the economic cost of dependence 
on chemical fenilizcrs, insensitive treatment of the soil 
results in heavy losses of topsoiL The U.S. D. A. expects 
an annu2lloss of topsoil of up to one inch in shallo\\/ 
soils and up to five inches in deep soils. 

The joule (j) is the energy unit used to facilitate 
the comparison of the different kinds of energy 

·1;1b/e 9 '''" \lo'lewy 

~ 
I
' ~:::i:e:s ~0:;:~:0 a:~~:s::~~ ~ ~:'kg . 

light AppH~ation of 5i:• l& U<lofl'ln aore. 

Machinery a.'d Equip"""' ~e;:\ip~lo . 
Total . 

35 Ve~~:etables of Toal Hi~le "eight of 
1253 hlo;:r••" 

Ener~ Cllnput (Edible Porti=si !67.l.l 

inputs o;uch a., labor, rnat·hincry, fcrril i;:cr!. and pesti
cides with each other and with the final energy oul'
put in the ft>rm of (·dihle fond. The joule is a \'er~ 
small quantity. ;\\.f stand!. for meg:ajouk or 1 O(JJ. 
The following t'(JII\'Cr!.iuns should give an idea of lhl' 

meaning of these quantitic!.: 

10 MJ = equivalent to 2,400 kcal, the amount of 
c:tlorics of nutrition needed hy an average 
adult per day. 

3.6 MJ = cqui\·alcnt to l ki!owan hour (kwh), a 
lightbulh of 100 w burning for 10 hours. 

59 MJ = equivalent to one gallon of gasoline which 
can mo\'c a car approximately 20 miles. 

The Encr~•y Ratio (Er) can be found by dividing the 
edible energy output by the total amount of energy 
input. 

In a comparable study to that in Table 4 done 
on 600 suburban garden plots in London, England, 
energy inputs in the form of fossil fuels were considered 
negligible if the~ represented less than 10 per cent of 
the total. 

lluwau Labor: Human labor requires approximate· 
ly .19 Mj/hr for resting, .29 Mj/hr for small activities, 
.5 Mj/hr for light work to 1.0 Mj/hr for hea\'y work. 
Whereas new gardens with poor soil require a high 
percentage of heavy work, our established gardens 
only needed light to moderate labor at .6 Mj/hr. 

journal Four discusses the types of actidtics in
cluded in total human labor requirements, amounting 
in all to 207 hours over the 1977 growing season. We 
decided to double this number ro account for such 
activities as working with the spring seedlings, trucking 
organic matter, harvesting and digging the beds in the 
fall. Thus, we spent 414 hours of work in the garden; 
one hour and 22 minutes per day. This is etJuivalent 
to 25 per cent of a typical 40-hour work week 
(414/1714) over a ten-month period. 

Fertilizer: We used small quantities of lime and 
greensand as fertilizers. Extensive soil rests done at the 
close of the 1977 growing season indicated no further 
fertilizers would be needed in 1978. 

Tbe truck: The truck was the one exception to the 
exclusive use of such handtools as the shovel, rake, 
hoe and trowel in working the experimental plot. It 
was used to pick up organic materials, mainly seaweed 
and manure, with which we filled in the ditches or 
pathways bet\veen the beds to create strips of sheet 
compost within the garden. 0\'er the growing season, 
we made about twenty trip, in the truck. Initially, 
\\'e assumed the proportion of gas to be insignificant 
in compari'ion with our total labor input. Some simple 
calculations proved otherwise. The energy consumed 
by the truck on forays within a one-kilometer-radius 
of the farm was Ct]uivalcnt to ten months of human 
lahor. 
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bwrgy Outplll: 
\Ve refer here to uutput of food ready for direct 

hu_nan consumption. 

Calories: On 1/lOth of an acre, the 1977 ~arden 
plot produced the equi\'alent of about half the energy 
needs of one person for a year at 10 MJ/day or 
2,4-00 l<cal/day. The energy ratio for this production 
is Er = 3. 7 if truck use is not included. Er = 1.0 if the 
truck is used 20 times for a 6-mile or 1 0-kilometer 

round-trip. 

Protein: Protein is included in the table. The garden 
produced the equi\'alcnt of all the protein needs for 
one person for 14 months at 5~ gr/day. The energy 
used to produce this amount of protein \\'as~ to 16 
times less, tlcpending again on the extent to which the 
truck was used, than the energy used to produce the 
same amnunt of protein with industrial farming 
methods. This difference can be accounted for hv the 
fact that protein derived from industrial farming_. is 
mainly from animals, \1lhcrcas our protein is exclusive-

ly frum ngctahk~. It is generally aj..;rt·ed that it takes 
9 times as much land to produl-c a given quanti£~ 
of protein from animals as it do<:<.; the same quantity 
of vegetahle prutein. 

Energy and protein outputs differ considerably with 
the mixture of vegetables. With the exception of our 
small crop of potatoes, our vegetable varieties were 
among the lowest in both calories and protein. Figure 
_J_, again taken from Leach, shows the relationshq;-s
between different agricultural systems with regard to 
energy input and output. This graph was used to deter
mine our position in the world food production (+1.·.-.-.-+2). 
Considering the crops we grew, our position is quite re
markable. None of the other agricultural systems in
cluded vegetables. I added the approximate position of 
industrial vegetable production (o3), which ranks as low 
in efficiency as cattle and milk production. Vegctahles 
grown in greenhouses, such as greenhouse lettuce with 
an Er = 0.002, have such a poor energy ratio thar they 
cannot be placed un rhc chart. 

I'IG. 3 

Energy Inputs and Outputs per Umt of Land Area in Food Producti:m -World 

. 
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52 New Guinea 
53 India 

- taro, yam, sugar, sweet potato 19 UK 
21 UK 
4-8 UK 
76 USA 
74- USA 

-wheat 

65 Mexico 
64- China 

72 Philippines 
1 .... '2 NAI 

PQge.68 

-rice, cattle, milk 
- corn by hand 
• rice and beans 

- rice 
• \cg:etablcs 

- polato 
- garden plots · vegetables & -1-0% potawes 
• corn 1970 
- intcmivc rice 

77 llong: Kong - rice and veg:~·tahlcs 

3 USA (est.aver.)- \'egetahlc~ 
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Some Other Friends of the Earth 
- .fefji·ey P,lrkill 

"/ ,~:ou/d Jm/1'1. 't'l" oil lilY list ofji·ieuds. 
U'bo',t;-r<~c:t with fwlisb:lnllll/i!l'rs .rud fine sci!SI' 

h·t w.mting St'llsihi!ity) the 11/dlt 
1\'brJ needlessly stts foot upo/J <1 u:or111" 

I arri\·cd ar New Alchemy last winter with the task 
hefore me of starrinf! a modest earthworm farm. Many 
of the people I knew in northern California thought 
I was joking when I wid them why I was leaving 
there ...... frankly.l still smile ahout it. I knew that 
growing wonns wa.;; going to be a unique experience. 
I had all hut forgotten the existence of earthworms 
since my younger days when I could no longer muster 
what it took to thread a fish hook through one. By 
way of contrast. this past spring. summer and fall, 
I w;ts harn·sting our cultured worm" at a r,ttc of 
300·700 indi\·idual" per day. 

Each Ja~· a u·rithin~ rna~:~> nf \Wrms was fed tu 
designated groups of sunfish, ;.l'i part uf our caging 
experiments in Gra!'>"~· Pund (sec P;.tgc 89 ). Our 
economic, ecological and ethical rationale for C''-

H ilfi,mJ Cw;;:pcr ( 17N4) 

perimcnting with the substitution of earthworms for 
fish meal which is the principal source of protein in 
commercial fish keds is described by Bill McLarney 
in journal Four. Although they han· long hccn the 
archetypal fish bait, \Try little research has hcen 
conducted on earthworms :J'i a protcin/,·itamin source 
for fish. Our pilot experiments in feeding earthworms 
to tilapia arc detailed in the abm·{·-mentioncd caging 
experiments. Suffice to -.ay here. \\T arc \cry en· 
couragcd hy the re-.ults and arc continuin:.:: rhc feeding 
tri;.tl"i thi., ,·,inter. Beyond their H'ry po..,.,ihle U'iC in 
fish f('t'ds, the .. cop(· of rhc hcndir.. dcri\cd from tht·.,c 
lmd~· crcarur{''< i.' quite n!rnordin;lr~·. 

l':arhanid Sbalt'r, a noted llar.ard ~ePlogi-.1. aptl~ 
analogit:cd the thin la~Tr of humu .. -rich top.,oil "" 
"rlw placenta ot' life." lie caurioncd ".\bn and all 
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forms of life tlraw life fram the ~un. clmsds, air, and 
earth lluough a tenuous film of t•)psuil. indispcn~ahlc, 
and if ruddy handled, impermanem.'' Charles Darwin 
devote.! a ponion of his life to studying the earth
worm and its role in the formation of humus-rich top· 
soil. He concluded his findings in part, "It is a mar
velous rctl ... ·ction that the whole of the superficial 
mould (topsoil) o\·er any such expame has passed, and 
will again pass, every few years through the bodies of 
worms .... It may be doubted whether there are many 
other animals which ha,·c played so important a parr 
in the hisrnry of the world, as han~ these lowly or
ganised creatures." \\'hat would cause Darwin to make 
such a seemingly grandiose statement? 

Eouthwnnns spend most of their lives actively hur
Towing: through the ground, all the wh ilc ingesting 
br~e quantities of organic matter and soil. This in
gested material is first, and ,·cry imporranrly, frag
mented, which is the initial stage in the cycling of 
organic maw~r. Through the digestion process, 
microbial activity and numbers are enhanced. It is 
probably microbiod ~cti,·ity that accounts for some 
of the final stages of humification whi-ch is the final 
stage in the decomposition/recycling of organic 
matter. As much as t\venty-four hours after ingestion, 
the fragmented organic matter is excreted at various 
levels in the soil, as the feces or casts of the earth
worm. The casts arc in the fonn of water-stable ag
gregates, which can resist erosion or compaction and 
remain loose whether the soil is wet or dry. 1\lost 
researchers who ha,·e studied mineral nutrients 
a\·l!ilable in both casts and in soils well supplied with 
wonns have reported a higher base-exchange capacity, 
mort· exchangeable calcium, magnesium and potas
sium and more available phosphorus and nitrogen 
than in soils without wonns. 

The earthworm thus represents an elegant example 
of a natural culti\'ator. Through its routine activities, 
the earthwonn both aerates and imprm'es the mois· 
ture-holding capacity of the soil. In addition, these 
friends of the earth make more mineral nmricnts 
available for plant growth and, through their diligent 
mixing of the soil, distribute them to the root systems. 
All these factors arc of prime importance to soil fer· 
tility. This is e\'idenced many times in the scientific 
literature. Hopp and Slater concluded that the addi
tion of Ji,.·e curthworms (four species) -consistently 
increased yields of millet, lima beans, soybeans, hay, 
clm'cr, grass and wheat. By introducing earthworms 
(Allolobopbora caliginosa), Stockdill and Cosscns 
found pasrurc proliuc;:ion increased hy .28% to 

100%. Zrazneyski reports (in Russian) that in 
pOtting experiments live earthworms increased 
the. growth of two-year-old seedlings of oak 
(Quercus rober) by 26% and of green ash (Fra\·iuu.~ 
·penm~ylvanica) by 3 7%. These are just a few of the 

studie' conduct<.·d linking cartll\\'lll'lll"i, impru\·ed 
<,;oil fertility and increased crop yield~. 

One of the best ways to encourage earthworms 
in gardens is through somewhat selective mulching. 
Straw, hay, cardboard, deciduous lcaycs and/or 
grass clippings arc not only fine mulches, but are 
also preferred feeds for earthwom1s. In addition to 
serving as a source of food, the mulch retains soil 
moisture, keeps the -.:oil cool in hot weather and 
provides a cover for the wom1s from the sunlight, 
all of which arc important in inducing a luxuriant 
cartlw,:orm population. 

The scope of the ecological appropriateness of earth· 
worms has relatively recently encompassed biodegrad
able waste conversion. At New Alchemy we arc begin
ning research on the rate and capacity nf "household 
garbage" consumption by our cultured earthworm, 
Eh.enia foetida. When the manure piles arc frozen, 
the earthworms are being fed solely on our household 
biodegradables. Although data are still being collected, 
\\'e hope soon to be able to recommend the optimal 
numbers of worms required to handle specific amounts 

and types of "household garbage." At the State Univer
sity of New York at Syracuse, Dr. Roy Hartenstein is 
conducting the best research I have seen on the utilization 
of earthworms for sludge management. Not only can 
worms consume what, at t!mes, can become an en
vironmental pollutant; the end product of their consump
tion, the casts, is marketable as one of the best potting 
soils available. Though all of this research appears to 
have potential, it represents only the beginning of the 
full realization of its implementation. 

While the thought of a basement earthworm gar
bagc-composter may offend some people's olfactory 
sense, in reality it \viii not do so, Beyond the brief 
time required in actually feeding the worms, my nose 
has never been offended. Most odors arc immedi&ttely 
eliminated when the feed is covered with a thin 
layer of bedding. It is believed that within the first 
few days earthworms will convert sulfides and organic 
amines (the major malodorous components) into 
more neutrally-smelling forms. 

Commercially-cultured earthwom1s are not, 
generally speaking, the common worms you find in 
your soil. The two most frequently-reared arc Eisenia 
foetida and Lumbricus ,·ube/lm; because of the relative 
case with which they can he raised. They require a 
higher organic (i.e .. protein) content in their food 
dtan do the more common \vorms. For this reason, 
they arc better suited to consuming heavy concentra
tions of almost all types of hiodegradahk matter. in· 
eluding animal manures, paper products, household 
garhagc and sludge. 

I relied upon Gaddie and Douglas' /:'.rrtbu·orms for 
Ecology and Profit, Volume I (rc\'icwcd in the fuurth 
joumal) for information ahout cultur-ing earthworms, 
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specifically/:'. j(wtida. Although this is not an en
dorsement of all the information in the hook, I could 
not possibly ha\'C t<·sted it all (they do ha\'c a slight 
bias toward selling worms). I do encourage anyone 
imcrcsted in growing earthworms to read it. With this 
in mind, what follows i!> not intended as a .. how to" 
on worm rearing, but a little basic information and a 
few of my experiences_ . 

One of my first requirements in culturing the 
\'l.·orms was devising a way to contain them. This v.·as 
especially pertinent since they were to inhabit the 
basement initially. Considering expense, insulation 
and lasting quality, I t.:~·-·sc large unwanted refriger
ators or freezers_ To allow for drainage, I laid them 
on their backs and drilled about one hole per square 
foot. the holes heingjust slightly larger than the 
tubing; intended to usc. In an attempt to keep the 
insulation dry. I caulked sections of tubing into the 
lwlco;. To prevent the worms from e11.iting through 
the tubes, I cemented pieces of nylon stocking over 
the holes. Another. initial requirement was the sdec~ 
tion of the bedding, the material in which the worms 
were to live. Like the feed, the bedding can consist 
of a wide \'aricty of biodegradable substances. As 
there is an abundance of riding stables on the Cape, 
l selected a combination of horse manure, aged he
yond the heating stage, and a more ubiquitous 
substance, cardboard. The earthworms seem to ap
preciate it. A good bedding should retain moisture 
and resist compaction_ For this reason, soil is not 
recommended. The bedding may or may not fur
riish some food. 

Basically, there are fi\'e em·ironmental parameters 
that need concern the earthworm gro\ver. The first 
is temperature. Earthworms exhibit the greatest 
vitality when their bedding temperature is from 
600 t'o 80°F., with 60° tn 70°F. being ideal. By 
watCring the beds selectively with either cold or 
warm water, I had no problem in maintaining these 
temperatures. Moisture is another key consideration. 
The bedding should be kept crumbly moist, not 
soggy. Sustaining this proper moisture content is 
essential for best assimilation of the feed by the 
earthworms. Logically enough, the worms appear 
most prolific when constantly well-fed. Again, I 
recommend consulting Gaddie and Douglas for 
appropriate feeds and feeding methods. Of funda
mental concern is the sensiti\'itv of the earthwom1s 
io pH. The commercially-reared species seem tn 

prefer an em·ironment with a pH between 6.8 and 
7.2. Because most organic matter. especially that 
high in cellulose and other sugars, tends to become 
acidic' upon dc"omposition, calcium carbonate 
(linle) njust be added at regular inten·als. To aid in 
proper aeration, the bedding should be kept loose. 

This is best accomplished by turning over the top 
three or four inches of b._.dding every three or four 
weeks. 

It o.;hnuld he fairly c\'idcnr that growing earth
worm<; docs not rcquin· a lot of time, formal knowl
edge or expertise. It docs n.'quirc some t·arc and an 
interest in them, to which the <·arthworms respond. 
Working on a part-time basis, a successful worm 
grower can manage well over eighty "beds" of 
worms. L>cpending on the above-mentioned para
meters, in addition to the input of the grower, 
the earthworm 1wpulation will double every rwo 
w three months. In broad economic terms, in 
1976 the total earch\vorm market had grown to 
over one billion dollars. 

While the two major markets for earth\vorms 
are as sportfishing bait and as breeding stock, many 
others are becoming established. One of the newer 
ones is as human food. If the growing number of 
recipes is indicative of increased public acceptance, 
then earthwonn<; arc ending up in more and more 
people's sroma.:hs. They a;c hilled under such 
epicurian~sounding recipes as "vcr de terre" and 
"devilled shrin'p hors d·oeuvres", as "curried ver 
de terre and p, 1 souffle" and even, questionably, in 
"applesauce !,.!rprisc cake." Mr. Gaddie, a well
known connu,sseur, has said, "I must admit, 
though, they ·tre something of an acquired taste." 
It is a bit cmt 1rrassing to confess that I have 
never eaten one. 

Our main interest in earthv,:orms is their potcn· 
tiallink in the process that includes the disposal of 
organic wastes and the production of high-protein, 
human food. While the two are intimately linked 
in nature in the food web, in our civilized societies 
they arc all too often viewed ()S discrete processes. 
The earthworm offers a via..blc means of treating 
wastes as a valuable resource. According to com-

. mcrcial growers, a succes,:ful wonn grower with 
one hundred beds (8'x3'x8"), stocked at optimal 
density, can expect to harvest 64.000 pounds of 
worms per year. Dr. Hartenstein's lab has esrah
lished that worms can process an amount of 
sludge equivalent to from 0.1 to 0.8 times their 
own wet body weight daily. Selecting arbitrarily 
a turnover of t\vice the weight of the worms, the 
yearly harvest of this single worm gro\ver would 
process sixty-four tons of sludge per day. At New 
Alchemy \\"e arc attempting to carry this a step 
further, encompassing a larger part of the cycle. 
\Ve are using earthworms as the principal growth 
component in the diets of fishes. Although these 
ideas hold promise, I question whether even an 
elegant biological ami/or technological combina
tion exists that will allow us to cnntinue merely 
covering our tracks. As we become· compelled to 
orient our solutions for the wa!-itcfulness of 

society towards longcr~tcrm stability, we should do 
well to include the earthworm. If nothing (and op· 
timistically more than anything) else, I hope this 
brings an .1pprcciation of what lies beneath our feet. 
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On the Feasibility of a 
Permanent Agricultural Landscape 

-- Earle R~.1mbart 

I. AN ECOLOGICAL PERSPECTIVE 

''In this country you arc going ro face \·ery big: problems 
about cncr!-'Y· water, and many uthcr things. There is 
no one single thing: I can think of that would be more 
helpful, and also widen people's horizon or better, 
particularly city people. than becoming interested in 
establishing a tree."' -- L F. SdJliiiWCbl'r 

1977 
U'ortbinx.tou, Obio 

Selfuwiuteu.wce of .m Eco.'iy.'ltem 

In many part.; of the world. dc~crt~ arc ad\'anc
ing into areas that wen.· forlllcriy forests or luxu
riant prairies, and eroded waste lands o;:~.:upy once
fertile valleys. The sC\'CIHhousant!•ycar history of 
human cultures has ton often manifc!'itcd a tcndcnc~ 
to obtain JTlaterials and energy through heedless 
exploitation of the accumulated resource~ of un-

rapped ecosystems. It is nident that ccosy'>tems 
are the source for all human ecological and 
economic activities. Even the most powerful 
nations cannot indefinitely transcend land abuse. 
Neither govcrnmenrs nor peoples ha\c recogni:tcd 
adequately that the Ctlsts for food, clothing and 
<;hcltcr must he paid. not only hy the consumer, 
hut lJy the land from which these nece.,<,itics 
come. In chronicling; the accelerating dc.,trucrion 
of the earth's productivity, Frik Eckholm hlamc., 

much of the current prevailing po\Trty of the 
poor on their ancestors who \\TI"c rt·..;pon..,ihk 
for the c\:haustion of tht· reo;ourn·.., and fcrtilit~ 
of their region. I)('S{'rtifil·otrion and cro.,inn .!!T 

hy-produl.'ts o~f human agrindrurc. Ycr. c\('11 

though most de'itrul.'tion of land j., human[~ 

cauo;cd. it ('<Ill he most ..;wifrh" remedied h~ dc
ci~i\ c human action. 
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Lest \\'e believe nur culture tn he more careful 
than those of the pa!>!l, agriculrural ..;cientio;t 
David Pimentel and his ••ssociates at Cornell have 
disclosed that, over the past twu centuries, one
third of the topsoil of the United States has been 
lost. This soil erosion has already reduced 
American production potential by from ten to 
fifteen per cent. The Comptr•_,Uer General of the 
United States in 1977 conceded that the prevail
ing system of modern agriculture is associated 
with an erosion problem of national proportions, 
one that is being inadequately treated by today's 
conservation programs. On our present agri
cultural <.·oursc, the specter for our children and 
descendents of a gradual decline of soil fertility 
and producti\·ity is \·cry real. As a civilization, 
wc arc fnllmving the same path as many before 
us, hasin{!: our life support on practices ;.mtithet
ical w the pancrns of ecological stability ami 
regeneration. 

The crux of the problem is that, whereas human 
cultures have an unusually powerful capacity to 
intervene in nature, thev have \·irtual1v no realiza
tion of their dependenc-y on its conti~ued welHJeing. 
The biosphere is generally conceived, incorrectly, to 
be one subsvstem of a larger socio-economic svstem. 
But it is, in ~fact. the matrix of the forces on n:hich 
all social systems ultimately depend. The great river 
of materials and energy that is nature has its own 
principles and patterns which have evolved into the 
myriad forms of li"·ing o;;ystems, including humanity, 
on the earth. Though not fully understood, the 
interconnections can be manipulated and directed 
Ln our interest. It might be instructi\'C to analyze 
basic agricultural and social systems in terms of 
their effect on successful ecosystem patterns in 
order to illuminate the paradoxical a-spects of cul
tural decisions and to indicate possible alternatives. 
It is clear that environmental degradation occurs 
when social systems are out of synchrony with 
ecosystems. 

An oven·iew of our present situation indicates 
that various fc~s of land use ha\-e become insti
tutionally dichotomized, each with its own limited 
objectives and its own specialists, often contradic· 
tory to one another. For example, foresters consider 
corn to be the worst enemy of soil, cattle and sheep 
producers think trees a waste of space and large 
commercial farmers attribute wildlife to bad luck or 
faulty spraying. Agricultural and forestry specialists 
alike mast come w see that their cmps and forests 
ha\'C functions and outputs beyond food and fiber. 
Food chains and nutrient cvcles exist in nature 
with or without the human· presence. The objective 
Of agriculture is often to maximize a particular pro· 
duct of the ecosystem; a result less noticed is a de
crease in efficien9' in other parts of the cycles. In 

<Ill l'l'osyst(•m not manipulated b~ humans, a large 
proporrion of the productivity is ofrcn im·oh·cd 
in sclt-•uaintcnancc or nutrient cyding and in long
term stability as nutrient and energy storage. 

Two impurtant components relating to resiliency 
and survival of an ecosvstcm arc the nutrient and 
energy stores of the liv.ing biomass and the soil 
resef\'es. In the humid tropics, most of this storage 
is \Vithin the biomass of the living con.nmnity. In 
temperate regions, most of the nutrients :~.~c nnm1ally 
within the upper layers of the mineral s1 ., It is to 
the benefit of an ecosystem to collect and retain 
as much nutrient \vcalth as possible, since minerals 
can be limited whereas sunlight is permanently re
newable. A sloping forest w,1tershcd develops a 
physical structure which rc~ults in minimal erosion 
damage from \Vind and water. In natural forests 
many species have the function of gathering or re
trieving leached minerals from the subsoil. Dogwood 
roots retrieve calcium leaching down into subsoils 
and return it gradually to the surface nutrient cycles. 
Only small amounts of nutrients are lost from un
disturbed forest systems, small enough that rainfall 
and the normal weathering of subsoil rock can main
tain nutrient supplies. Tree canopy and soil control 
provide water control. Plant leaves absorb the force 
of rainfall. Soils on forested lands are capable of ab
sorbing one to three inches of rainfall or melted snow 
per foot of depth without runoff. The water is used 
by the plants or slowly released to streams and rivers 
throughout the year. Removal of the forest canopy, 
as in clearcutting, drastically increases the runoff 
and erosion, often leading to silting and flooding of 
rivers and to erratic water supply. One of the major 
purposes of spending billions of dollars on dams is 
to make spring tlood water available during autumn 
droughts. 

The essential question in the interrelation of 
human sustenance and the ongoing health of an 
ccosvstem is: how much of the structure and nutrient 
rese;vcs of an ecosystem can be harvested in per
petuity on an annual basis without degradation. The 
rate must be determined over a yearly time span 
since temperate ecosystems store reserves from high 
summer-production for low winter-production 
periods. The harvest rate must leave enough to assure 
continuity of protection and production. The clearest 
analogy is the management of a beehive for honey. 
The bees store honey for winter respiration and for 
spring reproduction. The keeper can remove honey 
annually only in excess of these needs. Should he re· 
move none, the colonv will he stronger and more 
productive the next ~~car. If he removes too much, 
the colony cannot reproduce optimally and, at worst, 
will have insufficient stores for extreme winters. 
Honey production varies \Vith sut.1mer weather and 
winter needs vary with the scvcri~, of \\'Cather. To 
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assure survival of tht· colon~ , the kcq1er must harvest 
conservatively and, in some YL'ars. nut at all. 

In Fuudtlmelll<Jis of E,-'J/ogy, Profcssnr Howard 
Odum an.aJyzcs the producriviry and stability of 
various ecosystems_ As a general rule, prudent con
sumers, including humans, should not han·est more 
than half of the annual net production unless the~ 
are prepared to carry out the protective and repro
ductive processes that nature has evolved to insure 
long-term contint~iry. In timber management, more 
than half of the annual net production can be safely 
removed only if erosion control and reproduL·tion 
of the same quality is performed by the forester. 

A well-managed forest contains a large standing 
hiom~ss. The value of sustained yield will range 
from nne to two per cent of the cash value of the 
entire forest. Conscqucndy, a well-managed forest 
is always in danger of exploitation. Gordon Robin
son, for t\Venty-seven years chief forester of 70,000 
acres in northern California. warns, "We must recog
nize that good forestry is not a lucrative business. 
It never was and never will be." Robinson charges 
that a large portion of the yield in forestry is due to 
harvesting the accumulated growth of the past and 
that the U.S. Forest Service and The Bureau of 
Land Management, by dearcutting areas anJ by re
placing mixed forests with monocrop tree fanns, is 
mismanaging national forests by cutting far in ex
cess of the rate than can be sustained indefinitely. 

Clearcutting is visibly degenerative, because of 
rapid and irreversible soil erosion. Forestry experi
ence shows, in the long run, that mixed-age, mixed
spcdcs management keeps forests producing per
manently with least human energy in~1uts and 
without seriously disturbing soil quality, water con
trol and wildlife. A monocrop tree farm, on the 
other hand, with highly specialized demands for 
certain nutrients from a fairly uniform soil level, 
is more prone to insect and disease problems and has 
high managemc.nt costs for forest planting and pest 
control- functiLns performed in nature by the 
ecosystem. 

Another essential feature in the structure of 
every permanent, natural ecosystem is the regula
tory animals which graze, recycle and pollinate the 
plant life and prey upon each other. Native North 
American woodlands formerly contained an enor
mous complexity of animal species, including highly 
diverse invertebrates (mainly insects and spiders), 
herbivorous and predatory birds (nesting birds, tur
keys, owls, hawks) and hcrbh·orous and predatory 
mammals (squirrel, deer, elk, foxes, bears and 

mountain lions). These animals lived wid1in the cnviron
mentaJ protection of the forest, consuming some of 
the net annual productivity while cycling materials, 
dispersing seeds, consuming diseased plants and pol
linating, and perfonning numerous other mainten-

all<._'(' function .... In general. hnhi\'orc "flcl'il"" c~ dcd 
material~ and pn·dator~ !-.pl:cic~ l"l"J:.'.ulatl'd the hcrhi\'orcs. 

The physical structure of the forest (tree trunks, 
Jimh<>, Jca,·cs, dense shrubs, streams) pmYide.-.: .'-hcltcr 
for regulatory animals. Microdimatcs of wind. air 
temperature, rclati\'c humidity, depth of ~110\\ and 
soil moisture protect the animals from environmental 
extremes. Over time, natural communities evoh-c to 
utilize annual pulses of energy and accumulate struc
tural biomass which protects soil surface <tnd regula
tory animals from e-nvironmental extremes of wind, 
precipitation and te-mperature. 

Hunuw Jutcnteutiou in f.'cosystems 

Conventional forestry management range~ from 
periodically removing the lar~est timber trees ('"~ur
vind of the stunted") to arbitrarily selecting 1he seed
lings to be allowed to mature (selecti\'e thinning), to 
cleareutting small areas in order to encourage herba
ceous growth as food for useful wildlife (such as deer 
or game birds). In each case, human-directed energy is 
used to influenc~ the proportions of plant species. The 
harvested material, whether wood or food, is removed 
from the system. If the biomass removed is a fraction 
of the annual net productivity, structural stability 
is maintained. Ne\\' patterns of regulatory animal re
lationships arc created, based on the changed flora. 
For example, existing regulatory links may be re
moved hy destroying potential food or habitat 
dements such as nesting sites or animal dens. If the 
animals eliminated arc predators, herbivore grazing 
will increase. Insect damage or o\'erbrnwsing hy 
deer can result. People must substitute for rhe work 
of the regulatory link \vhich they have eliminated. 

A more far-reaching intervention is to favor grazing 
in a forest intentionally, either by deer or cattle (or 
both). In this case, wild predators arc eliminated and 
grazing animals increase in numhcrs and in the pro
portion of plant biomass they consume. Removal of 
wild predators and continuous grazing will retard 
reproduction of food plants, allow reproduction of 
non-food plants and eventually stabilize the propor
tions of the grazing food chain within the system. 
Usually, to sustain the grazing food chain for their 
benefit, people must either ( 1) take over the task of 
predator, (2) replace a selective grazer with a non
selective grazer, which can eat anything, or (3) aid 
in the reproduction of wild food plants or introduce 
and protect new ones, for example, by creating pas
ture land. Each of these options can be carefully 
done, hut usually arc nut. Over-grazing commonly 
drives the ecosystem toward rough shrubs or open 
pasture, depending upon the forest type. In the 
worst cases, as pastures decline in quality, shC'ep re
place cattle and rhen goats rL'plaec sheep. ln any of 
the processes, direct removal of 30 to 50 per cent 
of the annual plant growth will reduce the ability 
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of the ecosystem to resist em·ironmental stress. Wild
life populations arc eliminated, soil compaction occurs 
and sod cover slowly develops. A simplified community 
is left in which plant productivity passes to humans 
through a short food chain. The grazing animal docs 
a good deal of the nutrient cycling work for the eco
system. Roughly half of its food input is returned to 
the soil as feces. But the standing biomass nf the cco
~;ystem and regulatory animals are reduced, erosion is 
increased, nutrients arc exported as human food and 
auxiliary energy must regularly be used to maintain 
pasture plants against invading competitors. 

A more sound variation in an ecological sense of 
the woodland/pasture eco~}'Stem is a combination 
of fruit trees in a pasture surrounded by hedges or 
shelter belts. The orchard and windbreak plants 
simultaneously pro,•idc environmental protection 
from wind and rain damage, human food from the 
orchard and wildlife habitat in the shelter belt for 
regulatory animals. The pasture grass protects the 
soil surface and is pennanent if grazed conserva· 
tively. Shelter belts protecting orchards have hcen 
shown to improve crop yields by favorably affect
ing wind, humidity, winter soil temperatures and 
pollination. The best microdimates and yields 
occur in an open. permeable windbreak structure. 

lnneascd prodlu.:tinn more than make:-. up fnr the 
one to four per cem land u'!cd and the costs incurred. 

Agriculture Ene1getics 

The gross productivity nf manag:cd ccnsystcm.; 
docs not exceed that of natural systems. Human 
management is primarily a process of channl'ling 
a greater proportion nf the producti\·ity into forms 
\VC can usc for food and matcriab.. 1\tany primiti\'(' 
subsistence agrindrures in mature forest ccosvstems 
_,.-ield five to ;wenty rimes as much food as in. relation 
to energy used in the process. Hy planting a small area 
\Vithin the mature system to domestic species, the 
existing benefits of environmental protection and 
animal regulation of crops arc dcrin·d. The prnpur
tion of food output tu the mTrall forest ecosystem 
is IO\\<', hut the larger ecosystem performs much of 
the regeneration. Such methods arc sustainable in
definitely, obtaining energy almost entirely from 
the iand itself. 

Modern annual crops such as grains and vegetables 
and modern domestic animals convert a large propor
tion of growth into useable foo-d. They arc domes
ticated in the sense that they no longer ha,,c built-in 
mechanisms to survive in harsh environments or 
natural competition. Large amounts of energy in the 
form of the work of the fam1er arc used for protec· 
tion and reproduction, while the energy of the crops 
goes into food products. 

In the labor-intensive agriculture uf China, much 
of the protection, nutrient cycling and regulation that 
occurs in a natural ecusystcm is performed manually. 
In return, almost all of the output uf the agriculture 
is part of the human food chain. 

A Redesigu of Agriculture 
A review of agriculture indicates that it has been, 

in the main, destructive in its disregard for fundamental 
ecological processes of regeneration and long-term soil 
stability. Howe-ver, in some cases, sophisticated usc of 
small amounts of energy to manipulate an ecosystem 
for agricultUral purposes can he efficient and penna· 
nently successfuL The quantity of energy used is not 
as important as the way in which it is used, but any 
eneq,•y used wisely can yield a return. The real ques
tion is not whether but how to alter ecosystems with 
energy. If humanity is to restore and reconstruct the 
earth, we shall have to begin by rethinking agriculture 
and landscapes. At New Alchemy \Ve arc interested in 
re-integrating existing knowledge of traditional farming 
methods with fundamental ecological principles. 

In the highly simplified ecosystems created by indus
trial agriculture, the farmer uses large amounts nf fossil 
fuel to perform tllC' survival functions of the plant 
and the protective functions of a natural ecosystem. 
Soil fertilitv and stabilitv arc maintained b\· add-
ing fertilize-r, crops arc p;·otcctcd from insec-t and 
animal predators with pesticides and fences, weather 
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extremes arc minimit:cd h~ irrigation. St·cd prnduction, 
seed storage and planting for ;mnual n:produclion ar<: 

carefully manipulated. :\'om·thdc .. s. crop IHltricnts arc 
lost fr()m the s~ <;(i.'lll. Emplu~ ment uf fossil fuel, fer· 
tilizcrs, chemicab al't.! machines <'an douhlc or triple 
the output per at·rc or output per work-hour on tlw 
land, but this pr.Ktice ofren consumes many times more 
energy than is rcturnc~l by the crop. F:\·cn with high 
energy input, such techniques cannHt duplicate the 
protection of soil conservation and soil fertility in a 
natural ecosystem. The rates of erosion from current 
agriculrural practices du not portend wei! for the 
future. The equi\·;•Jem of fi\·e gallun<., of fossil fuel per 
aae is required td main rain produaiou in the face 
of erosion. 

The need is to ~cncratc new ;tgricultun:s which 
wntld mirror the workings of natur~. using rcnew-
;lhl ... eltCfl!Y and apprnpri:1tc rcchnulogy to insure 
n·a..;onahh: pruducti\·ity and cm·ironmental permanence. 
:'\!!rit·ulruraf ;.du·rnati\'cs mu.,t he broadened. 

Odum has suggested ~uidelincs for such alternatives. 
A natural landscape is rather like a patchwork of com
munities of varying ecological ages. Occasionally local 
disturbances such as stonns, floods, fire or disease will 
dri\T ~ome areas backward toward simpler M younger 
stages which have a high net producti\'ity hut less 
regenerative resilience. Th\." goal is to create overall 
agricultural landscapes which exhibit the same form 
and function, yet benefit society. Such landscape pat
terns would he an integrated patch\vork of "young'' and 
mature or stahlc zones, carefully combined for environ
mental protection. food production and animal regula
tion. 

The general limits of the ecosystem would be deter
mined hiogeographically, simulating naturally-occurring, 
climatic climax communities. The agricultural landscape 
for an Atnerican eastern forcsr biogeographic province 
\\'ould be diffcrcm to that of the central plains region. 
The biotic components would he chosen to include 
climatically-adapted multiple-usc plants and animals, 
both wiltt and domestic. The struclural and appropriate 
technological components would ha\·c to complement 
amJ reinforce the biological function. Nutrients would 
be retained and accumulated within such a system. 

EcolagicallslmJds 

Scientists in\'cstigating ecological theory arc bcgin
ni'1g to evolve general laws and mathematical models 
of the functioning of ecosystems. One interesting area 
of study is that of species equilibrium on islands. 
Kohna reviews a model tlescrihing how island species 
(which can he umlerstoml tu refer to either a real 
island or a biological island, such as a national park 
or greenhouse) maintain continuous equilibrium he· 
tween immigratiom of other species and the extinc
tion of indigenous species. Wha~ is signifit·allt is that, 
when a protective island is cre;<'.'cd in natun·, species 
migrate. tu il ~pontancnu!>ly and establish unique, new 

t·ommunitic .... ,\<.,periodic t•:-..rinction' and lll'\\ imro
duction..., 'dect for mutually-adapted ..;pccie,, such ne\\ 
communitic' or~anil't.' thcmscl\'t.•<., OH'f lime. It is con

n·i,ahk that in relatin·l~ undi,turhed. protected 
habitats, like the hcd~cs and \\·indhreaks in Engli1;h 
landscapes, this type of proce1;<., on:urs around agri
cultural systems and that the \\ ild species in\'oh ed 
dndop a .<.ymbiotic interaction \Vith the ;~grit·ul-
tural species. In England. a large percentage of wild
life species arc fuund only when they arc protected 
hy hedges, and hedge communities arc known to 
harhor :t great di\'crsiry of insects, birds ami mammal!; 
including pests, prcJators and pullinarors. Before the 
widespread use of pesticides, forest and orchard 
managers made conscious efforts to pro\'idc hahitars 
for and to encourage birds and parasitic insects as a 
primnry check on destructive insects. 

An agrit·ulturallandscapc int·orporating the inter
actions of mixed-age agricultural ~:ones or e{:ological 
islands would include at least four basic functional 
types: 

Protective elements, in which permanent plant 
commu nitics act to moderate forces of wind and 
water to pre\'cnt erosion. 

P1·od11ctive elenwnts, rhc grain fields and gardens. 
mcadO\vs and orchards, intcnsi,·cly managed for 
food production. 

Regulatory animal babitats, plant communiti<'s 
or physical structures which provide shelter and 
food for useful animal species such as predator!'>, 
para,,·ire."i and poiJinators. 

Nutrieut cycling elemeuts, species or communi
tics which strategically retrieve leaching nutrients, 
fix atmospheric nitrogen or convert waste prod~lcts 

from other zones (such as human \vastes) into 
nutrients useable f()r fertilization. 

Odum would add a zone called "urban-industrial" 
and also "multiple-usc." I contend that the urban
industrial clements ~.hould he as diverse as possible 
and that each suggested category is, by nature, 
multi-functional. 

Several implications of such a synthesis should 
be noted. The primary impetus is to insure per~ 
manent high levels of biological producti\'ity. Soil 
erosion is the greatest single threat to biological 
productivity, yet the tim,.·scale is often so long 
that degradation C<tn go unnoticed within a human 
generation. Many of the farmers who experienced 
the American dust-bowl and took action to halt it 
arc gon.c, and younger farmers have not fully int('r· 
nalizcd the necessity for soil care. Protection against 
such ecosvstcm dvnamics as slow cro<;ion, which 
have: gcnc.ration-l;mg fcedbck times, must he in
."itittJtionalizcd, as cx<.'mplified b~· tcmn·iilg in China, 
ro insure gelli.'l'<llion-long stability, Short·term feed
hack regulation su~,.·h a•: pest outbreaks arc less diffi
cult to <1ffccr in mixed ecological land.,.capcs. since 
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predatory response can he closer, more conslant and 
more precise than after-the-fact application of 
pesticides. . 

Species used as ecosystem components d1splay 
varvino degrees of food productivity. environmental 
resiliei~ce and self-protection depending upon their 
dco-ree of domestication. It is beneficial to select 
sp;cics with a fa,·orablc combination of these quali
ties for initial use in experimental landscapes. 

In studving natural and agricultural plant communi
tics, ecol~gists ha\'e discovered that there are, in each 
of them, optimal proportions of total leaf surface to 
ground area. In mature forests, a common leaf surface 
to ground area ratio of up to ten maximizes gross 
production for biomass maintenance, but for agricul
tural crops a ratio of four yields maximum net harvest
able production. These relationships can be used to 

create zones or combinations of zones of such pro
portions as to reach a producti\'C but sustainable 
!cHI for each biogeographical region. 

Some Available Biotic Components and 
/11tegrative Knowledge 

Consideration should be given to natural climatic 
climax \'Cgetation in a long-term biological community. 
Udvardy's A Classificatiou of tbe Biogeograpbic Pro
vilzces of tbe World is an introduction to the major vege
tation zones of the earth. Another source of information 
is the knowledge and usc of native vegetation by indig
enous peoples. Of the more than three thousand plant 
species used for food, only three hundred are currently 
·grawn widely and twelve of them furnish ninety per 
cent of the world's food. The North American Indians 
made usc of over two thousand native plants and a wide 
variety of animals. 

Plaut Rl'sources 

In a hio!ogical community, native tree ~pcTic~ 
should he given first priority as protective clements, 
as they arc likely to he adapted climatically. Dr. 
Stephen Manley, a forest geneticist on Prince Edward 
Island, is reestablishing and recovering almost-extinct 
hardwood species for timber. In Pennsylvania, WiJJiam 
G. Jones, a reforestation specialist, has a test area con
sisting of more than one hundred and twenty different 
species of selected trees and game* food shrubs. Tree 
seeds for hundreds of species arc available from 1-lcrbst 
Brothers Seedsmen, Inc., in Brewster, New York. In
formation on perennial plants for wildlife food is 
available from forcstrv texts and horticultural literature. 

Perennial food pla~ts for agriculture range from 
edible roots to nut trees. Valuable information sources 
include the Northern Nut Growers Association, special
izing in impro\'ed varieties of nut trees, the North 
American Fruit Explorers, who systematically test 
improved fruits and berries for food production, the 
International Association for Education, Development 
and Distribution of Lesser Known Food Plants and Trees, 
which explores native and exotic minor food plants, and 
the Henry Doubleday Research Association of England, 
which is proposing to form an international tree farm-
ing institute. Tree Crops by j. Russel Smith and Forest 
Farming by j. Sholto Douglas and Robert A. de J- Hart 
arc invaluable sources in the literature. Scions from 
antique apple orchard trees are available from the Wor
cester County Horticultural Society, Massacl1usetts, and 
improved disease-resistant fruit varieties for testing are 
available from the New York State Fruit Testing Co
operative Association in Geneva, New York. Govern
ment and commercial nurseries carry many standard 
varieties. 

Animal Resources 

Many domestic animals used today were bred from 
earlier, hardier, more self*reliant stock. The older strains 
arc better suited to agricultural systems that demand less 
energy input. The American Minor Breeds Conservancy 
Inc., the Society for the Preservation of Poultry Anti
quities and the Rare Breeds Society have infurmation 
on the remaining populations of special-purpose and 
regionally-adapted varieties of cattle, sheep, goats, swine, 
horses and fowl. 

Pollinating insects have long been recognized hy 
biologists to be important components of ecosystems, 
yet fanners often consider pollination to be a phenom
enon that will occur without anv effort on their part. 
This may have been true in the i)ast, with at least five 
thousand species of wild hccs in North America. But 
recent intensive cultivation has eliminated habitat and 
food sources for bees, and pest control has killed them 
directly so that, in many regions of the world today, 
there arc not enough pollinators for proper pollination 
of crops. USDA cntomulo~ists estimate that the value 
of honey bee colonies to the crops around them is 
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roughly (,nc hundred times as much a~ the value of 
the hone~·. As for efficiency. nnc n,Jony nf honey 
bees pollinatin~ cucumbers can r<:phu:c three hundred 
laborers. 

Bees require season-long nectar and pollen sources, 
usually from wild flowers, to maintain their strength 
between main crop periods. Apiculture literature 
lists the most beneficial plants for hcfcs in various 
ree,ions and seasons. Parasitic hymcnoptcra, which 
control pests in crops, also require wild flowers 
through the season. Populations of these wasps arc 
highest in crops ncar such food sources. 

Traditionally fanners ha\c kept only honey bee 
colonies fA pis mellifera L.~ for pollination ami honey. 
Ren•ntl~· in the western United States, alfalfa farmers 
have hcgun to culwre the alkali bee fNomid melau
dai Cockcrdl) and the leaf-cutter hee (,lfegdcbile 
pacifior Panzer) in their fields. E\'ell bumble bees 
arc excellent pollinators, but they ha\·e been largely 
eliminated by the destruction of suitable habitat, 

Birds arc often (werlooked as insect control agents. 
In 1905, the Massachusetts Board of Agriculture 
published Useful Birds aud Their Protection, a 
resource book for farmers on how to attract and 
protect birds that are effecti\'C predators on crop 
pests. Forbush, the state ornithologist who as
sembled the book, asserted that an acquaintance \Vith 
the useful birds on a fam1 is as important to farmers 
as is a knowledge of the insect pests which attack 
their crops. Forbush stated, "The position of birds 
in nature is a S\\.:ift-moving police force to correct 
disturbances caused by abnonnal outbreaks of insect 
life." An ample bird population will keep down in
sect outbreaks in forests as weil. in European woods, 
some dead trees are left standing as habitats and bird 
iwuscs arc provided to foster birds. 

Work i11 Progress 

Interesting examples of ecological design abound. 
The Russians ha\'e created shelter belts which C<tn 

optimize either sno'" di!'tribution or wind reduction. 
General experime .. ~s have indicated that yields of 
grains, pasture and fruit increase proportionately to 
the height of the belt. Specific design involves the 
prop•1rtion of land ginn over to shelter belts, 
typically one point eight to four per cent, ami the 
permeability of gaps in the windbreak. Interestingly, 
twenty-five to thirty per cent permeability is optimal 
for grain yields. The Russians also find that broad· 
leaved shelter belts in the leafless winter state gave an 
average lee effect of thirty-!>ix per cent. In the steppe 
region, ten to fifteen per cent of fruit-bearing trees 
arc used. 

Multiple-story crops employ trees as the upper level. 
ln Fanners of Forty Cemuries, Professor F. H. King 
describes a japanese peach orchard with thirteen rows 
of vegetables between each tree row. Closer to horne, 
Hollis Lovell of <.:ape Cod has transformed a steep, 

rocky woodland into a mixed fruit orchard interplantcd 
\Vith dozens of types of berries, vegetables and flowers. 
His productive farm is on land classified as "unarable" 
on soil maps. In Missouri, a walnut/soy bean/wheat 
system has been tested for several years. l'reliminary 
results indicate that the ground crops yield ten per 
cent below normal, proportionate to the surfac{: area 
occupied by the trees. New Zealand farmers on the 
North JsJand combine Jargc plantations of ,\lontcrcy 
Pine (Pinus Mdiata) with cattle on permanent pasture 
below. And, in some areas of Africa, fanners have 
adopted mixed perennial crops (bananas, coffee and 
other trees) with short-cycle crops to ensure that the 
amount of bl'fowing biomass will not drop below a 
critical level. 

It is painfully apparent that conservation slogans 
without effective economic incentives have little 
benefit, but perhaps the shortcoming lies in our overly
simplistic econcmic accounting system. How, for 
cx<tmplc, docs one calculate the benefits of a wind
break which, m·cr time, increases property values 

from fi\'c to twenty per cent in residential aesthetics, 
reduces otir conditioning loads and heat loss on fuel 
usc by twenty to thirty per l'Cnt and costs less hut 
outlasts a stcd fence hy ~ixty years, producing wood 
and pest protection all the while. Would a hank loan 
officer be swayed when normal an·ounting shows 
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that annual rl·turn on im~stnu .. ·nt fur ~omnH.'ITioll 
forcstn· is onh 2.5'X, to 3.5%~ :\1ul \\'hoH 
incenti.v<.· is tlu:n_. for a ht:d.:n·pn tu increase 
crop yidds thruu~huut the a~ri~.·ultural and n;!t· 
ural community hy more tlmn a hundred-fold the 
value of his hone\·, on whid1 he may, on the <1\'t.'fa~c. 
just break tTcn? if profits from hi~h agricultural net 
,-iclds do not cuntrihutc significant!\· w the main
tenance and regeneration uf th(' ccu~ystcm, then 
that prodm:tion i~ destructive. 

Economic theorists might gi\'c some thought to the 
implications of an cconumics that is c~·clical and syner
gistic ratlu-r than one that i'i linear and synonymous 
with ,,-astc. \\'c must extend the concept of life-cycle 
costing w the life-cycle of the biosphere. In micro
cosm as in mou:rucosm, plants, farms ami landscapes 
must h~ attribut-:d a Y;.~uc relative w their role a'i 
Mt'itaincrs of pentlancn("C. 

II. DESIGN (;UII>ELINES 

lkdir.Hl"d tn l~l~:ea•·d l~nuffier - ~hepherd, beekeeper · 
:.md the mom wlw planted trecl> 

Elzcard Buuffier was an almost mythical fi~urc who, by 
sr~tcmaticallr plantin~ tree<;, slowly but completely trans
formed the landscape of a hilly. waste area of Southern 
lrance inw a strong, producti\"C forest ecosystem. Over 
time, as he worked, streams and springs reappeared, animal 
wildlife flourished again and people returned and formed 
communities. Ue exemplifies the rcstorati\'e powers of a 
single person who understands lww to direct biological 
forces gently but effeetiwly _ 

Riotic R1•som·n•s .md l· ,1/ucs 

;\lnw-.t a!l food and cm-r~y on Cape Cod i-. 
import(•d at the cxp<.·nsc of cnvironrnentalqualit~ 
d ... cwht·rc. Yel hiolo~icall-c'inurco and C:\amplcs of 
local agricultun~ arc availahle, indicating the poten
tiality for reconstructive approaches to food and 
energy. Locally·adapted antique fr11it trees, nitrogen· 
fixing shrubs, productive hiological gardens requiring 
no pesticides or commercial fcrtil izcrs and a variety 
of food plants and trees ar:c components of an agri
cultumllandscapc available to us. The sun, soils, 
rains and winds arc the substrate for our design. 

Cropping systems incorporating a variety of 
perennials (nuts, fruits, herbs) that would utilize 
a site without soil disturbance have yet to be 
developed, though some have been proposed .. 
Ken Kern describes an orchard system that is 
starred with a mixture of food annuals, hcrries, 
dwarf fruits and standard fruit and nut trees. 
From the start, some food is produl·cd each year, 
hut the annuals and small fruits arc slowly shaded 
anJ phased out as permanent rrccs begin to hear. 
The principles in this idea arc excellent but overly~ 
simplified in terms of ecological process. 

In a permanent agriculture, the primary values 
must be those of natural ecosvstems: conservation 
of soil and nutrients, control ~f water, high average 
b~oss productivity, herbivore regulation and cycling 
of nutrients .. The secondary values, important to 
management of the process, are minimal capital 
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expense, cumulati\·c skill ~•cquisitinn, annual distri
hution uf lahm· .and rclatinh· stable prnduction of 
food and materials, ac'-·ompo~nicd throughout hy 
increasing: ecological stability_ Net monetary profit 
is low initially as net producti,·ity is reinvested in 
the ecosystem. Gross pruductivity increases over 
time. 

Many of these values arc dependent un the plant 
species chosen. As <.1 general rule, native species and 
mature, existing vcgctatinn arc most likely to he 
adapted to indigenous climate. disease and soil 
conditions. Particubr effort should be made to 
locate fruit and nut trees and other food plants 
which arc either native or domestic remnants of the 
era preceding industrial agriculture. These individuals 
retain such l)Ualities as temperature hardiness, proven 
prnducrivity and other values for which they were 
formerly selected. These plants. which of•-en can be 
traced with help from elderly residents, should be 
propagated for major perennial crops. 

Native, nitrogen-fixing shrubs are important in 
nutrient cycling. On Cape Cod, useful species arc 
bayberry (.lfyrica pensyh1anica), Scotch broom 
(Cytisus scoparius) and black locust (Robiuia 
acacia). At least one: hundred and eighteen species 
of root-nodulated, nitrogen-fixing plants, exclusive 
of the legumes, arc kmn ... -n to exist. Plants which 
provide habitat or food for wildlife, pollinators, 
birds and insect predators should Uc identified. In 
our area, staghom sumac ( RL~us typbiua) produces 
dark red berries used by ninety-three bird species. 
Red cedar (juniperus virginiana) nurtur~s thirty·nine 
species, autumn oli\'c (Elaegnus umbe/!.:"") t\venty
fi\'e species, and hay berries arc used I.·· · · ., .. ,.·enty
thrcc bird species. The plants of an ~:: ·. set the 
hiological conditions for the animal species that 
become established. 

Significant ecological cohesiveness emerges \\'hen 
single .species of plants perform t\vo or more func· 
tions simultaneouslv, as with the bavherrv which is 
both nitrogen·fixing and a food sou~ce fo-r regulatorv 
birds. The primary design goal is to integrate new -
communities of plants, each of which performs the 
multiple-functions of environmental protection, food 
and material production, habitat for regulatory ani
mals and conservation and cycling of nutrients. These 
functions will vary proportionally with each plant 
and total proportions with the age of the agricultural 
landscape. 

A simple ~xample of a tree with multiple functions 
within rhe agricultural system is the black locust 
wh,ich "fixes nitrogcr~, creates an open canopy over 
~aSture, produces nectar for bees, is a source of 
durable wood for construction and is excellent for 
fuel. Another example is the \'arious willows (Salix sp.) 
which are easy to propagate, are used in erosion con
trol, can be planted for livestock·proof "living fences", 

and annually prmhu.T \\illow rodo; for \HJ\'CI1 contain
er_., or woven fcnC.X'"- Wh<'n allowed to grow, £Ia:_\' hl.'
comc a coppice system supplying annual han·csts of 
garden poles or fir<'wood, all the \vhile producing 
pollen for bees and'' hahitat for insect-eating warblers. 

New Alchemy has started an arboretum of poten
tially-useful species for creating agricultural landscapes. 
We are collecting disease-and-pest-resistant varieties of 
fruit and nut trees, particularly antique varict:es 
(apples, pears, mulberries, beach plums (Pru1ws mari
tima), Chinese chestnuts, black and Carpathian chest
nuts, hcartnuts, hazelnuts, bc..:ch and oak). We have 
planted dozens of varieties of commercial fruits not 
currently grown on the Cape for testing (varieties of 
pears, peaches, plums, cherries, apricots and per· 
simmons). Other important native plants such as Scotch 
broom, Japanese or beach rose, cldcrberr\' and intro
duced plants such as \villows and honey l~cust have 
been gathered. These arc being incorporated into the 
landscape of our gardens, fields, bloshcltcr \\'indbreaks 
and solar courtyards. They arc part of a long-range oL
scrvation and testing program for growth rates, re
sponses to mulching, fruiting scheJulcs and producti
vity and amenability to propagation and grafting. 
Some plants and seedlings arc hcing grown as rootstock 
for subsequent top-grafting to superior strains. We plan 
to graft thornless honey locust to J. Russel Smith's 
"Millwood" honey locust for animal fodder production, 
apple rootstock to local antique apples and Nanking 
cherry rootstock to local peaches to produce espaliered 
dwarf peach. 

Agricl,ftural Landscape /Jer;igll 

To test ecologic.tl concepts in agriculture, expcri· 
mental food systems mu~t be carefully designed and 
monitored for effectiveness. Relative proportions of 
protective, productive, regulatory and nutrient-cycling 
clements must be derived empirically from known eco
systems using the best knowledge and concepts avail
able. Until now, permanent agriculture has been more 
of an art than a science, and \\'C are painfully aware 
of its limitations. The gradual selection of successful 
restorative forms is a task of generations, taking as 
long perhaps as the exploitation \vhich engendered 
it. "It takes some time if you embark on a long 
journey", said Schumacher, "and the only advice 
that one can give is that you should get up early." 

Proportions, Geomet1y and Synergisms 

Within the past decade, foresters at Yale have 
created a simulation model of thirteen tree species 
of the northeastern United States. By using known 
relationships of growth rates, climate and soil and 
basic competition effects, they have been able to 
depict accurately the development and change in 
forest communities over long time periods. Within 
the model, hypothetical logging :at an arbitrary 
point in time \viii result in changes in species and 
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growth similar to tlwo;c dun~e.., occurring in 
nmurc. But, apart from ;.t n·ry few tree and crop 
species, we currently have little of lhe knowledge 
needed for similar modelling of more complex 
systems. The basic relationships and compatibil
ities for nc\v agriculture will come from many ex
periments and close obsen·atio11. An experienced 
forester or ecologist drawing on cumulative ex
perience can produce predictions comparable to 
the Vale forestry simulation.lnitialty, we must 
draw on whatever aceumulatetl knowledge of 
natural patterns is a':ailable. 

Broadly considered, the critical variables of design 
in <.my location arc the rclati\·e proportions of space 
allocated to protective, regulatory. productive and 
mtlricnh:ycling zones, and the percentage of net 
primary productivi~ rcmowd annually from each 
zune. We have a few approximate values for the 
protective and regulatory functions. Optimum benefit 
from wind protection occurs when one to four per 
cent of the acreage is in permeable shelter belts. 
Erosion control calls for terracing or permanent 
vegetation on slopes steeper than eight per cent. 
As for pollination, standard practice in commercial 
orchards is to haw one strong hive r·a acre. Optimum 
fruit-tree cross-pollination occurs w\.-.en one out of 
five evenly-distributed trees is a difj•~rent variety. All 
soil cnnservation practices such as windbreaks, sod 
water,.vays, hedges and sneam bank vegetation arc 
known ~o be favorahle to wildlife, vegetative cover 
being the basic source of food and protection. Bird 
habitat and nesting sites arc simultaneously fostered. 
Other accepted woodland management practices 
specific to wildlife call for three to four animal dens 
per acre, two to three protective brush piles per acre, 
five to fifteen per ccr.t of an area in wildlife food 
plants and a fifteen to twenty foot snrub zone be
tween woodlands and fields. Combining windbreak 
functions with \'rildlife food plants and assuming the 
substitution of domestic animals for larger wildlife, 
the protectian/pollination/regulation area required 
may tentatively be limited to fi,·e to ten per cent. 

The remaining production and nutrient-cycling 
areas must be managed for sustainable yields of food 
and materials. Odum states that, in a natural eco
s.ystem, \vith no human management or auxiliary 
energy inputs, the biotic community seems to require 
fifty to seventy per cent of net annual primary pro
ducti,•ity to maintain current le\'els of environmental 
stability. If none of the net biomass is remnved. the 
ecosystem stores energy and nutrients in the bio
mass. Several distinct agricultural strategies have Ill-en 
de\·cloped to harvest the net yield: 

1. Multi·annual han·esting of accumulated food, 
after which the wild ecosystem regenerates 
without intervention (e. g., hunting, gathering) 

2. Annual han:esting of accumulated net increase, 

with unao;sistcd regeneration (c. g., pa.,:tun·o;. herd
ing, orchards, wild and domestic perennials) 

3. ,1\\ulti-annual han'esting of accumulated food, 
after which the ecosystem regenerates with 
human intenrcntion (c. g., slash and burn, 
forestry, fallow lands) 

Among: these harvesting strategies the energ-y-efficiency 
ratio, energy-labor productivity and food-energy-per
unit-of-land can vary by more than one thousand. The 
quantity of energy input is less important than how 
and when it is used. Efficiencies do not necessarily 
indic,1te the sustainability of methods O\'Cr time. 

Odum's findings imply that, if a farmer is a!Jlc to 
select highly productive strains of crops and animals 
and to usc energy to mainrain them, more of the net 
productivity can be harvested as food. The mainten
ance work invol\'CS assuring reproduction, protection 
from predators and the recycling of nutrients. If 
auxiliary energy is effectively used to maintain 
domestic species while assuring the continuity of 
basic ecosystem functions, a productive permanent 
agriculture is possible. Outstanding examples are 
Chinese and Indonesian small-scale polyculture in 
which human and animall.-!bor arc integrated with 
land and energy. Chinese production strategieo; are 
well worth incorporating into new models. 

Important Chinese strategies include: 
1. Almost total conservation of nut:r,ienrs and soil 

on the farm site. 
2. Rapid cycling of wastes within it. 
3. A high degree of water control and usc. 
4. Intensive polyculture plots of legumes, 

vegetables, grains and fruits, maintaining ncar
constant plant cover. 

5. Domestic animals to convet·t \\'aste vegetation 
into edible protein and manure for fertilizer. 

A critical factor is a size-scale small enough both to 
monitor closely and to facilitate transfer of the wastes 
and nutrients quickly from one part of the farm to 
another. 

Experimental Fanus for Cape Cod 
Ne•v Alchemy has developed a number of ecolog

ically-derived food production processes for small-scale 
abtriculture which could be used as components in an 
integrated agricultural landscape. These include inten
sive vegetable gardens, aquatic ecosystems for fish pro
duction, passive solar greenhouses and hioshelters for 
propagation and winter food production, and sail-wing 
windmills for irrigation. \\'c arc extending the scope of 
our agriculture to include field crops, treC crops, ponds, 
agricult~mtl forests and terrestrial animals inw more 
highly-integrated landscapes. Initial experiments will 
consist of selection and evaluation of biota, stressing 
local hardiness, case and speed of propagation and 
rates of growth. Plants and animals will he tested for 
ecological compatibility in such combinations as 
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rapid local cycling of plant and animal wastes into food 
chains, increasing ecological stability over time and 
multiple~function of each component. Particular 
emphasis will be tmvanls self-regulation ami maximum 
benefits from inputs of auxiliary energy. 

The design of an ecological agriculture necessitates 
relatively complex, successional processes. Figure 1 
is the initial stage in the creation of such an agricul
tural landscape. It is composed of a mixture of pro· 
tectivc, productive, nutrient cycling and regulatory 
eiemcnts which together create a small-scale ecological 
unit. The core develops as an intensive micro-farm 
supplying vegetables, fruit, honey, materials and fire· 
wood, but is designed to undergo succession as an 
ecological island in a larger-scale agricultural plan, 
generating habitats for pest-control species and 
materials for expansion. The areas for expansion in
corporate tree crops and animal husbandry in low
maintenance combinations. The eventual extension 
of the agricultural landscape would include woodland, 
orchard, pasture and ficld·crop zones. 

The micro-farm in Figure 1 is designed for agricul
ture on the flat, sandy soils of Cape Cod. The design 
emphasizes perennial plants which can be trans· 
planted from local sources for very quick hut per· 
mane_nt establishment of the plant community. Major 
functional zones are: 
No.rtb sbeiter belt of conifers and nitrogen-fixing 
shrubs, for wind protection, food and habitat for 
regulatory animals with interspersed minor food 
shrubs. 
Food producti011 zones employing non-perishable 
vegetables. 

Multi-use materials production, in this case willows 
(Salix purpurea and Salix vitelliua) supplying cuttings 
for basket!., garden ties and poles, "living fence" rods 
for further fencing eventually becoming a coppice for 
firewood. 
~Hiscellaneous herbs and shrubs for minor foods for 
people, bees and \vildlife. 
Bee bive for local pollination and honey production. 
Additional bee colonies may be added with expansion. 

Fertilization must replace nutrients lost in food har
vesting. External supplies of leaves and seaweed will be 
used to mulch the trees and shrubs, while prunings, 
plant wastes and clippings of nitrogen·fixing shrubs 
will be composted for usc on the food production p!ots. 

Figure 2 explores two possible modes of expansion 
to tree crops using domestic animals for weed control 

Fig. 2 
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and ;m·at prmhu.:tiun \inmhant.•nu\ly. One uption 
plans "weeding gt.·~..-~e" with mixt.·d young fruit and 
nut trees with nitwgt'n·fi:...int! shrubs in a fcJll.:ed :u·eJ. 
The other uses :.t mon~ablc pen of laying: hens w weed 
a similar tree crop area _-.electinly. As tree crops he· 
come mature, for:.tgc can he grown among them for 
mulch and cut as hay for animals. A larger shelter 
belt of mixed timher rrec" pmte'-·ts the north perimeter. 

A fundamental task of New Alchemy is the search 
for ways to replace rhe cxcessi\·e cncrb'Y and h;.anlwarc 
used hy our culture with l..nowledgc from nan1re to 

ad1iC\'l' tht· p.:-rmanent sustenance of communities. 
\\'c propose thar hasic community needs can and 
should he sustained regionally, realizing landscape to 
ht· 1wt nwrcly a source for production but a p::rman· 
cnt matrix of environmental protection. Toward that 
end, we have begun to dc\'(•lop solutions that can he 
t~scd hy indi\'iduals or small groups in the forms of 
ecologically~deri\'cd kinds of energy, agriculwrc, aqua· 
culture and housing. 

As thi~]ollrllllf ~;toe\ lo press, \\l' ha· e ju"l rt·cci\ed 
a new and outstanding work which cdipses all pre· 
\'ious treatments of agricultural forestry as permanent 
support for human cultures. Pemhl"Culturc, A Per
cuuil.11 Agriculture for llumau Settlenu'llh, by Hill 
Mollison anJ IJa\'id Holmwen. is a nustcrpit·cc of 
synthesis in the design of ecologically·deri,·ed land· 
scapes and agriculture for the region of Tasmania in 
Australia. This book is unquestionably dcstint·d to 
become the handbook and pattern for similar de· 
si~ncd ecosystems in other biorcgions. Indeed, Tas· 
mania is similar enough in climate ro Cape Cod to 
make it a valuable working model f,H us. 

"\\'c Jo not bclie\·e that a society l·an sur\'ivc if it lack~ 
value,, threctiun, anJ ethic'>, and thu~ rcliiHJllishes control 
u\·er it'> fuwre Jc-;tiny. This book i·. a contribution to tht· 
taking: of sud1 control." 

from Pen1t.1-Cultttre 
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pp. 68-74-. 

Wyman, lhnald. 1971. Wym.m\ (;,mfcJ:mg i:'~Jc_vclopedia. 
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V. PLANT AND ANIMAL SOUitCE~ 

J. L. lludson Secdsman, POR !058, Redwood City, CA 94064. 
Mellinger~ Nursery, 2310 W. S. Range, North Lima, Ohio 44452. 
New Y11rk Stage l<ruit Testing Cooperati\'C Association, Inc. 
Geneva, N.Y. 1+456. 
North American Fruit Explorers 
Northern Nut Crowcrs Association, 4518 Holstnn 1-li\ls Road, 
Knoxville, Tcnu. 37914, publish Tbe Nuts/Jell. 

All my dt~u•ns cro.u tiN borizon 
.md rise, fmm tmd,•rj"oot. 

What I stand for 
i.\' u-bat I .~tand ou. 

--WeudeJI Rerry 
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As was the case with our work with the bioshelters, 
the past year's aquaculture research was marked less by 
breakthrougl7s and landmark achievements than t17e 
last and more by efforts to understand more thorough
ly the systems that we already have. Ron Zweig is in 
charge of our research in semi-closed sv.<>tem aquacul
ture. He was also the first one of us to use a computer 
to monitor a system, work that he has continued to 
do. During the summer of 1977, however, his collec
tion of data no longer entailed the mile-long computer 
read-outs from the chart recorder that had been used 
to record phenomena in the Dome the previous year. 
Some of us -· the terrible joke wing ~ were rather 
sorry as we had developed an appealing collective 
image of Ron, his charts extending to the horizon 
something like the running fence, pedalling a bicycle 
along beside them in order to read his data, whizzing 
simultaneously through space and time and, occasion
ally, when sighting a particularly unusual blip, re
versing and jolting backvvard for a day or so to re
examine, say, July 17th. 

For the summer of 1977 .. 'Ji-: means of monitor
ing were more subtle, using a microcomputer in
stead of a chart recorder. His observations at the 
life cycle in a solar-algae pond are recorded in '7he 
Birth and Maturity of an Aquat:ic Ecosystem." His 
article entitled "!m;estig;;t/cns of S.:rr,:-c:u~t:d 
Aquatic Ecosystems" is a report on his continuing 
experiments on just that. He discusses various 
systems, feeds and culture techniques and contrasts 
the advantages and disadvantages of each. 

Bill McLarney and Jeff Parkin give another of 
our accounts of work in progress in "Open System 
Fish Culture", if7 which they describe the continu
ation of their cage culture experiments and, as well, 
the series of feeding trials they conducted with fish 
in solar-algae ponds. 

Like the article by Ty Cashman in the Energy 
Section, Meredith Olson's represents early feedback 
on the replication of some of our ideas, in this case 
in aquaculture, although her own considera.'J/e in
gemJity is ref/er:ted as well. Her description of the 
trout raising experiment at Holden Village 111 Wash
ington makes one wish for access to some of the 
trout dinners that were the teSult. NJT 



Open System Fish Culture -1977 
-William 0 . . lfcLamey aud jeffrey Parkiu 

Open :,ystcm tish cultur..: at New Alcht.•my in 1977 
involved the continuation uf co1gc culture work in 
Grass~· Pond (Pickerel Ptmt.!), amJ. in :uldirion, a 
series of feeding trials similar co those dcscrihcd in 
an article by McLarney, lc\'inc and Shennan in 
]oumal ofTbe Neu· Alchemists (3) {1976). 

CAGE CULTURE 

Cage culture methods \\·ere ('ssentiall!· no different 
from those useJ in the previous year as described in 
Joumal Four, but we attempted to gnm t'.vu typts 
of fish. Unfortunately. our efforts to raise brown 
bullheads Uctafums 11e/mfosus) were aborted by al4 

most 10~, mortalitie~ which uccurrcd soun after 
handling, no matter ho·w careful ·we \Vcrc. (;uUhcaJ..; 
obtained locally inC\·itahly dC\'dupC(I what appea1·ed 
to be.a bacterial infection of Pseudm1w1w.~ ~p. and 
usuaUy dif.'d within a few days after capture. \\'c do 
nut kmm· if this phentlmenon Wimld be rcpcarc<l 
another year or \\'hether it~~ a charaneristic of our 

']ocal_populations, or uf brown hu!lhcads as ;l "rccics. 

In our earlier experience with the very simil.ar yellow 
hullhcad (lctalurus nata/is) in Michi~an. California 
.-md J\bssachu:.etts.. no disease or unusual mortalil)· 
was ob·,ervcd. even though the fish were subjected to 
phy~i1~!ogical strc!i" as a parr of our cxpt'rimcnts. We 
did ha\'e trouble maintaining hrm.\·n bullheads in the 
lab. Despite the setback, we retain the conviction 
that (he huUhcads t\·.iH ultimately prove among t.hc 
most useful fishes for the homt: grower. 

Those cagt·-s not devoted to short-li\'etl bullhead 
experiments were stocked .,.,·irh a mixrurc of blue
gills (Lepomis macmcbirus) and ''hybrid hluegills" 
(07 Lepomi.'> cy«udlus x 't t. macrocbims). A~ in 
1976, trials \H·rc conducted in \Vhich snme caged 
populations were fed Purin;; Trout Chnw if{), 

while other-. rl..'ccivcd <1 1 001~·~ naruml fonds diet. 
The rate nf gruwth was compared. The only diffcr
t_·ncc from the prc\·iou-, experiment \t·as that we had 
a mure cnnsi'itcni <;upply of olppropriaf(· sl:~cd earth
worms, due tu ha\-in~ a nc" worm culture facility 
at New r\khcmv. 
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In a parallclc,pcrinwnt. ''" ancmptt·d to com-
bine the ccolo!!ical and economic advanragcs of 
natural feeds with rht· comTnit·ncc of prepared dry 
feeds. Jeff Parkin, whose sophisticated food-process
ing equipment included a solar dryer, an ordinary 
kitchen m·en, an electric blender {for carth\\orm 
puree), a hand~operated grinder .md a caulking gun, 
was kept husy concucting hlends of alfalfa, comfrey, 
soy meal and earthworms, which were dubbed "Brand 
X'' or "Jeff-Pic.'' The first problem to be overcome 
with these feeds \\as to make them more attractive to 
the fish; they fell short of commercial feed with respect 

to texture, color and f!omtion. The tish eventually did 
learn to take them, hut seldom with the enthusiasm 
wc should have liked to sec. 

The results uf the cage l'ulture trials do not demand 
a presentation as detailed as that given in Joumal 
Four. We conrinue to he disappointed in the growth 
and production of our sunfish, though we arc encour
aged ro note that the fish on natural foods grew 21.7% 
more than those on the commercial diet. The best 
blend of "Brand X" (45% wonns, 35% soy, 10% a!~ 
fa! fa and 10% comfrey) produced only 75% as much 
gro\vth as the commercial diet. 

Nu differences in gru;.;;th bct;.;:ccn bluegill:. and hy
brids were apparent, though the hybrids did seem to 
"fill out" better, producing a more attractive table 
fish. On the other hand, most observers preferred the 
taste of bluegills to that of hybrids. 

Unlike the previous year, 1977 saw high water in 
Grassy Pond throughout the summer and fall, and 
environmental conditions in the cages appeared well 
suited to sunfishes. Yet all the fish went noticeably 
"off feed" from late summer on. Our problems were 
briefly mentioned in an article in Tbe Commercial 
Fisb F.muer Magazi11e (McLarney and Todd, 1977), 
\\·hich brought an offer of assistance from one of the 
pioneer hybrid sunfish culturists, Francis Bezdek of 
Aquatic Management, Inc .. Lisbon, Ohio. Rather than 
expound on our ignorance, we will postpone further 
discussion for another year, by which time we will 
ha,·e had a chance to incorporate some of Mr. Bezdek's 
suggestions. 

FEEDING TRIALS 

The feeding trials were carried out in a battery of 
twelve 66-gallon solar-algae ponds located in the 
solar courtyard adjacent to the Ark. Tilapia (Saro
tberodon aurea)l were chosen for the trials, parrly 

L Those scamps, the taxonomists, are at it again: And we 
wen~ so pleased to hat·e a fish whose scientific name 
was the same as the colloquial name. But they've gone 
and placed most uf the species in the old genus Ti/,,pia 
in the genus Samtbrmdon, including our old friend 
aurea. To the lay reader: Ta...:onomic names really do 
serve to aliC\·iate confusion -most of the time. Should 
you care, the ··official" common name for S. <JUI"ea is 
"blue rilapia." 

to mainuin i:Oiltinuit~ \\ ith carlin C\Jll"rimcnf'
(.\\cLarney, Le\inc and Sherman, llJ711) bul al.,o be

cause of their hanlinc..;s and g:cncrall"\ccllencc as a 
research animaL 

The thrust of the feeding: trials, as in the utge cul
ture o.perimems, \\<l'i to find a lo\\·-cost, ecologit·ally
sound substitute for fish meal ,,-hich is the principal 
protein ingredient of commercial fish feeds. The ra~ 
tinnalc for this has been discussed in jnumal Four 
(.\\cLarncy, 1977) and in the summer \\orkshops 
<_!iyen by the authors. 

As in the earlier st!ldy. a "standard" feed composed 
of grains (75% rolled oats and 25% roasted soy meal) 
\\as u~ed as a basis of comparison. As a consequenn.' of 
th(',r environment, all the fish had acccs\ to phytoplank
ton as food, as well. As it seems impossible to control 
the intensity of phytoplankton blooms in solar-algae 
ponds, the best we could do was to monitor population 
dens=[}· hy the rather crude method of frequent Secchi 
disc readings and attempt to relate that information to 

growth rates. Although the mean Secchi disc readings 
for individual solar-algae ponds varied greatly (from 
11.5 to 31.7 inches in one nvo-wcck trial, and from 

16.4 to 36.8 indv:•s in another, for example) no correla
rion was found bcrween phyropiankron popuiarion 
density and growth rate. 

The experiments carried our were intended as no 
more than pilot studie;; to suggest the most productive 
m·enucs for further research. Consequently, only a 
brief description and a summary of the data arc given 
below, with no attempt at ~tatistical analysis. 

The first two-week trial sought to compare the tood 
value of the ··..,tandard" sov-oat mixture to commercial 
feed (Purina Trout Chow ( i~ !)_ A control serie.., of fish 
received no feeding, hut relied on phytoplankton for 
maintenance and growth. 

Table 1 points out the superiority of n;Jmnercial 
trout feed to the soy-oat mixture. It also confirms that 
phytoplankton had some food value for small tilapia. 

Previous experiments (McLarney, Levine and Sher
man, 1976) showed very significant improvement of 
tilapia growth when the soy-oat mixture was supple
mented with midge (Cbironomus tentans) larvae in 
amounts comprising 2°/o or 10% of the grain diet. The 
same approach was taken using minced fresh earth
worms (Eisenia foetida) in place of the midge larvae 
(Tables 2 and 3). 

In the earlier experiments \\·ith midge lar\'ae a 
greater difference was seen in the growth of fish 
weighing less than 5 grams at the stan of the nperi
ment than in larger fish. Accordingly, in a second 
trial. such fish were considered !-.Cparaccly as well as 
together with the others (Table 3 ). 

It appeared that th(· earthworm supplement was 
effecti\'C in augmenting growth. but not nearly as 
cff<'ctivc as midge lar;ae had been in the earlier trials. 
Before going on. it was decided to do another set of 
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_trials with midge iarY<tt· in tht· ~am~._• e:-.perinwnta! 
~ystcm. This time, th(' .. oy·oat tni"iture, ~.tpplcmcmed 
\Vitl_t midge lan:ac, \\<IS tested against two other di(·ts 
_,.... connw~rcial tmut feed and drietl c-omfrey (Sym
pbytmu pereginum) plu!' midges. Comfrey was sclectetl 
because It appeared to be well suited to cultivation as 
a food for hcrbin.m:ms fishes, being productive and 
high in protein am) \'itamins. On a production per acre 
basis, comfrey contains "-e\'Cn times as much protein 
and eight times as much carbobydr~tc as soybeans. It 
also Is. the only known land plant, as of 1976, to syn· 
thesiLe the ycry c~·scntial vitamin B l2. Adult ti1apia 
.:lt New Akhcm_\' rdjsh fn:~1 t.•omfr~-. hut we haJ yet 
tu make usc nf tih: ro\\dered -dried form. 

NutritiHnal cor.tcnt notwithstanding, dried cnmfn·y 
W;1S nnt :_Hl at.Tcptahlc substitute for the soy-oat mix
ture- (Tahlc .:f._). The fish were slow to learn to eat it. 
nc\"cr fed eagerly on it, and grew poorly on the com
frey-midge larvae diet. Further, in \\'ater, drietl pow-der
ed comfrey almost immediately disintegrated to make 
"tea'', which in turn scen1cd to suppress phytoplankton 

-growth. 

The ~oy-o.:~t mixture suppk·menr(·d \\ itll midge- lar
ntc. still fell short of the "complete'' die-t reprc'SC'ntcd 
hy ('ommcrcial trout fcc-d. 

TABLE 1. Crowtb of young: blue til.api:t in snlar-al~ae pond~ 
\\hen fed on commercial trutH feed •~r ~ny-u;u mixture at 
1'){ uf body wcight!tiar. • 

Diet Comrnl ~-O\"-oat Trout 

(no fCt'il) 
i .• 

fl'Crl mixture 

Nn. of fish 2-1 2. IS 
Mean initial wt. 

(grams) 651 7.71 6.66 
Mean final wL 6.69 9.5K 9.53 

%gain 2.75 24.22 .IJ.!l-1 

TABLE 2. Growth nf young hluc rilapia Jn solar-al~ac pnmls 
wh<'n fed on sny-nar mixture at 2';.(, of hody wcif!:htlday, 
supplcmcnred wtrh minced earthworms in a.mmmts equal 
to l'X1 or IO'X1 of the -sny-uat diet (first nf two trials). 

Supplement Nn \\Ofms l'X, \\.'orms 10% wHrms 

No. of fish 23 18 2+ 
Mean initial wt. 
(grams) 3.17 2.97 3.14-

Mean final wt. +.84 4-.73 S.Ot 

%g-ain 53.15 59.36 59.4-2 



TABLE 3. Gmwth of ~·oung hluc til apia in solar-alg-al· pon<h 
·when fed on ~oy-nat mi:'I.1Urc ;H 2'X• of boJy weight/day, 
suppkm(•nted with u1inn·d l'arthwnrm~ in amtJUilt~ equal 
to 2% or !(I'~• of thl· -.oy·o;l{ tlil·t (wt·oud of twu tri,tl~). 
Data fnr ti~h weighing lc~~ than 5 gr:un~ ;~t. the start of thl· 
<~xpcrimcnt arc shown in parl·nthcscs. 

Supplement No worms 2% worms 10'){, worms 

No. of fish :!I (16) 2+ (13) 24 (12) 

Mean initia1 wt. 

(grams) +.68 (3.13) 5.22 (3.57) 5.35 (3.4+) 

Final Wt. 5.68 H.l5J 6.70 (+.7H) 7.01 (4.90) 

'X. gain 21.39 (28.37) 28.09 (3+Jl5) 30.90 (-1.2.37) 

TABLE+. Gro\\'th of young hluc tilapia !n sobr-algac ponds 
when fed a '"complete .. commerciaJ diet, a soy-nat rni:'l.ture 
supplemented with midge larvae in amounts elJUa! to 10% 
of the soy-oat diet, ur dried powdered comfrey ~imilarly 
supplemented 

Dkt 

No. of fi~h 
,\h:an initial wL 

(gr:uus) 
Mean final wt. 
% ~ain 

Comfrey plus Soy-oat 
IO'X, mi<lge~ mixture plus 

8.10 
8.61 
5.03 

18 

7.59 
10.02 
31.99 

Cnmmercial 
trout feed 

7.83 
10.89 

38.99 

TARLE 5. Growth of young: blue tilapia in solar-alg:ae ponds 
when fed commercial trout f::cd, a supplemented soy-oat 
mixture, or a supplemented soy-oat-earthworm mixture 
at 2% of body weight/day. 

Diet 

No. of fish 
Mean initial wt. 
(grams) 
Mean final wt. 

%gain 

Soy-oat 
mixture plus 
10% midges 

2+ 

10.35 
11.70 
12.96 

50% soy-oat Commercial 
mixture, 50% trout feed 
minced fresh 
earthworms, 
plus 2% midget> 

18 2+ 

9.8+ 10.60 
I L79 12.67 
19.75 19.54 

In the final series of trials, carried out just before 
water temperatures became too cold for growth in 
tilapia, a feed mixture containing both worms and 
midge lan·ae was tested. The logic is as follows: 

Midge Ian·ac ha\"C previously been shown to in
crease significantly the growth of young tilapia when 
added to the diet in very small quantities (McLarney, 
Lc\ine and Sherman, 1976): it has been suggested that 
the basis for this is a vitamin, amino acid, enzyme or 
other substance needed in only small amounts. It is 
easy to raise C. teutans larvae in quantities suitable 

for thi-; purpn"it' and :\t'\\' Alchemy hot~ an c~tahli-;lwd 

mid~(" ~:ultun_· "~~tl"lll !.\kl.arnc~, 197-1-: ·\1cLtrnc~. 
Lc\'ill(' and Sh{']"man. 11>7(1). llo\H'\'cr, it \\'ould not he 
fca..;ihll· to rai'c them in quantitic" ..,uffit'icnt ru con
-;titute a major protein source for cultured fish. 

It was ..;uggcstcd hy an earlier trial in thi~ series that 
earthworms in .;mall quantities do not exert a grmvth
promoting: effect comparable to midge lan·ac. Howe\'Cr, 
as they are high in protein (as much as 71.5'}(, of their 
total dry weight) and can he t·ulturcd in quantity, they 
mi!!ht constitute an acceptable substitute for the ceo!· 
ogically and economically cxpensi,·c animal protein 
components, principally fish meal, of commercial fish 
feeds. 

Accordingly, a diet was tested in which approxi
mately 50% of the protein, naturally supplied hy fish 
meal, normally prc-;cnt in commercial trout feed \Yas 
replaced by fresh minced cartlnvorm~ and the other 
half of the diet was supplied hy rile soy-oat mixture. 
This was supplcmt·ntcd with midge lar\"ae at the rate of 
2% of the total diet. This feed \\·as tested against two 
feeds used in earlier trials- cmmm:rcial trout fccJ and 
the soy-oat mixture, supplemented with midge larvae 
at 10%. Results obtained with the soy-oat-worm-midge 
diet were \'irtually identical to those obtained with trout 
feeJ (Table 5). 

\Vc wish to reemphasize that these are only pilot 
studies and need replication. They do sug)!;esr that an 
acceptable substitute for costly fish fc~ds might he dc
velopnl by substituting earthworms for the fish meal 
component, midge larvae for the synthetic vitamin 
package and a simple grain mixture for the much more 
complicated blend of additional ingredients. Such feeds 
could be produced, in small lots at least, on an on-fam1 
basis and at low cost with no associated ecological dis
ruption. 

\\'c have already begun limite-d indoor replications 
of the last trial reported, and we will expand the work 
as soon as \\/Cather permits. We arc also expanding our 
worm culture and seeking funds for a full-scale im·csti
gation of cultured earthwonns as a fish food or feed 
ingredient. 
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Investigations of Semi-closed Aquatic Ecosystems 
- Rou Zweig 

A small aquatic system represents a miniah1rization 
of an intricate network of hiologicai phenomena. 
Sn•cral semi-dosed <lquatic cco.systcms ha\'C hecn con
structed and arc in operation at iSew Alchemy. Our 
original goal was to t..lc\-clop a system that would 
CJ~ahlc a family or small group to raise a portion of 
their own food simply ami enmomica11y with minimal 
impact upon neighboring ecologies. The designs in· 
corpora ted the usc of rcncwahlc energy sources, 
primarily solar energy. water conservation and bio
logical purific.ttion. The increasing pollution in rivers 
and lakes prompted u"' to dc\'ise an aquaculture that 
would usc and reuse sr.ull quantities of fresh water. 

\\'e ha,-e begun monitoring and c\'aluolting our 
aquatic fond production techniques in the attempt 
to dClermine their usefulncs~. We arc on the threshold 
of developing models that .:-an prescribe management 
tcch~iqucs for optimizing fuod producti\'ity. It is our 
intention to study the phy'iical and chemical para
meters of the systems and, at the same time, attempt 
to define indicatm-s Jisccrnihle by the human senses. 

Electronic seming and chemical a~say methods will 
he used to de,·clop a d;.;t;.t h;.l!l~· for a colllputcr mudcl 
that'' ;u increa~e our under~tanding of the systems and 
help in predicting: potential problems. The technical 
equipment is currently lu.:ing used for research and in· 
vestigati\'e work. which. in time. willil<.' translated into 
a guide for oH.Juacufturc. 

The initial work invoh-ed monitoring the dome aqua· 
culture pool in the summer of 1976.1 Further monitoring 
was done there in the summer of 1977, as well as in the 
dosed-loop system (formerly called the Miniature Ark), 
the Six-Pack pool and the solar-algae ponds. The solar· 
algae ponds arc being evaluated intensin·ly. These trans
lucent. fih(-rglass q·linders. five f<:ct in diameter and in 
height, have proved extremely cffecti\'c as fish culture 
systems and as passive solar collcctors.l 

I. Tbc Cfos~d-Loop Sy.~tcm 

The latest experiments with the system we used to 

call the Miniature Ark have im·olveJ a change in the 
components) The three pools arc still connected to 

fonn a circolar ·'river." The water is circulat('d hy a 
sail-wing windmill connected to a \Vater pump made 
from a trailer tire. (Sec "The New Alchemy Sailwing" 
·page 31 ). An auxiliary electric water pump is also 
used. In the summer of 1977, the biological fi!rcr was 
removed and phytoplanktnn was used for the con· 
\'crsion of toxic fish wastes into fish food. 

In the past, the t\VO smaller upper pools were used 
for raising lin: fish feeds and tor wal'l_.r purificttion. 
The lower om' \\·as the poh'cufturc pooL containing 
the fish. In IY77, till' ti~h were hou'ied in the rwo 
upper pools. The lmH:r one wa:-. (·omertcd to arc· 
somTc pool for growing tooplankron and for the 
natural recycling of f<:rtile fish water nutrients. The 
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idea was that the larger pool \\'ould function lik<.· 
a natural pond so th•H the mcthnd cnuld IJt.· cxrrap
olated to a natural Jake ""'here a windmill would 
pump takt' ".Vater and nunients to ptHJis -on the 
bank in which fish \\itmid be cultured. The used 
water would he returned to the lake. Another 
change in our system in 1977 was that we removed 
rhe structures covering the upt)er pools hut left the 
greenhouse over the lmver pool intact to aU ow for 
heat retention and to n:tend the growin~ season 
within. 

We mounted a Will-o-thc-\\'is-p IRJ dectric hug light 
collector ahm'<.' the upper pool. Jt was operated at 
night to trap insects, providing the fish \Vith addi
tional food in the furr.t uf live insects. Not only the 
fish enjoyed the captured in..ccrs. Occasionally a 
migrant frog would find it.;; n·ay into the upper 
pool ami spend the night expectantly beneath the 
light, waiting for direct dclivcl}" of insects into 
its month. The frogs were cvicted on discovery. 

We obtained additional fish food with a modi
fication of a simpie fly trap designed at the Far
all ones Institute's integral Urban House in Ber
keley; California. The trap was made from a piece 
of aluminum windO\v screen shaped into two in
dependent cones about one foot in diameter. Onl"" 
was about ten inches in height, the other about 
five. The smallcr one, which had a onc-lnch hole 
cut at the peak, was placed inside the taller and 
attached at the perimeter with clothespins. The 
pins made a pedestal about one and a half inches 
off the ground, making entrance spa-ce for flies, 
The ttap was placed over bait, generally supp,icd 
free of charge by the neighboring dog population, 
although bits of fish waste proved a superior 
attractant. The flies flew to the bait. Once in the 
~rap, they moved upward toward the li-ght at the 
hole in the smaller cone and, once through the 
hole. were caught between the screens. At the 
end of a summer day~ it was not unusual to find 
up to 150 tmpped tlies which were rdcased into 
the pond. 

Experimental Trials 
Trial Oue 
There were two trials, each with a predominant 

species of fish. The brown bullhead, lctalurous ne
bulo-sa, was used in the first and Tilapia aurea in the 
second. The bullheads were seined from a dcnsely
populatf'd local pond that contained many fish of 
nearly uniform si;.c. Their gro\\t£h may have been 
stunted due to the large populatitm in the pond. 
Two hundred fish were put into the upper pool of 
the dosed-loop system and one hundred into the 

·-lO\'I:Cr. The total fish mas.~ introduced \Vas 9;561 
-gramS (21 pounds), each fish weighing approxi
·mately- 32 gfams. 0\·er dtc 41-day experiment, 
beginning on May 26, 1977, the hull heads were 

fed 6,270 i!rnrm, of Purina TrH•1r Chtn\ 1R1 (PTC) 
in <Hltlition to the im.cct:<. blmvn into rhc pond 

by the hug light, which were not quantirath·dy 
rnc~tsurcd. Brown buB heads, arc mainly· carnivorous. 
We \\'ere intcrc..;t{'(l in seeing how productiH· they 
would he in the recircuhuing s~·stcm. \\'ith the ex· 
ceprion of six Louisiana red crayfish. Procambarus 
cl11rkii, added to the midtllc pool to aid in stirring 
excessive bottom sediments and to prevent the 
creation of an anaerobic substrate. thi-s experiment 
was a mo!Jocuhurc. 

It was discontinued July 6 when it OCcamc evi
dent that the cnrire population had been infected 
by disease-. Casualties were first observed on June 
16, shortly after we had rcceiv~d a shipment of 
channel catfish, /ctalurus punctatus. which were 
put into one of the sular-algae ponds. They were 
pmbahl~, the source of infection. which spread 
probably because we usetl instruments interchange
ably among fish culture systems .. \lost of the chan
nel catfish died shortly after arrivaL The exact 
nature nf the disease was never determined. Only 
the catfish were affected. Other species {)f fishes 
seemed immune. In rhe future, we plan to usc the 
yellow bullhead, fctalurus nata/is, which is hardier 
in culture environments. It is prevalent io New 
England. 

Despite the disease infestation, fish growth was 
significant. In the upprr p.-oul the fish were kept 
in a floating wuoden frame for obscn:ation. They 
were fed three times daily. The fish in the upper 
pool received t\\ ice as much feed as those in the 
midd\e one. At each feeding up to 100 grams of 
floating PTC were gjvcn to the fish in the upper 
pooL On some doudy days, the feeding rate \'\'as 
reduced an(l the third feeding elhninatcd. The 
gross prmluction (including casualties) amounted 
to 14,928 gr-J.ms (32.8 pounds) or a net pruduc
tion of 5,367 grams. The dry feed to wet fish 
cmwersiou ratio was 1.2*, indicating a poten
tially useful production .~'stem for bullheads. 
The drawback lav in the reliance on commercial 
feed. hut we hav~ started working on growing 
alternative fish food. (See page 69) 

Tria/Two 
The second experiment began on July 8, when 

three hundred newly hatched Tilapia aurea were 
sw-cked in the upper pool and two hundred in 
the middk one. The total weight of stocked fish 
for both pools was 25.5 grams. The fish were fed 
insects caught in the fly tmp, :.~.swell as those 

f'k<l!i.f' tUJtl': For compari;;un with the re,;ults of more 
traditionally reported )!WWtb convcrsiuu Jata, this 
ratio is the im.TIS<! of those reported Ia.<>t yc<lf. All 
conversion f:k-tors in thc~c articles will be rc1mrt<-d 
in this way. 
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blown into a hag attached to the hug light and 
subsequently ground. We used l ,,.lal additional 
commercial feeds_ The fish were oqwndent on 
the resour._.-;; of the dosed-loop unir, wbich were 
the phytoplankton or algae ~nd the zooplankton, 
the captured insects, and tk: !c•ritus from the 
bullhead trial. A zooplankt ... _ bloom rom posed 
mostly of cladocerans and copepods occurred 
during July but disappeared on July :w. when 
half a dozen young domestic ducks were pi1t inw 
the middle pool. The ducks fed there and their 
droppings added nutrients to the system. A 
phytoplankton bloom occurred shortly after this, 
<.·oinciding directly with the observed drup in the 
zooplankton population. The du.:t,.,. were removed 
<i. week later hecausc ~vc were wurri(' ! that they 
might be {'<:ting the small fish, whil::~ later proveJ 
<.'rroncous as all the fish \\ere rctrie,·.--t: ar :he end 
of the experiment. Their escape heha\'ior C\'ident
ly irnproYed with the iutroduction of the ducks 
and they became much harder to capture in order 
to check their growth. Ducks are used extensive· 
ly in aquaculture in Southeast Asia and the Far 
East to provide increased nutrients and add an
other dimension to the producti,-ity of a system. 

T\\'O weeks after the trial started, a number of 
the tilapia \Vere weighed. Fm1y-eight fish from 
the upper pool weighed 39.8 gr.1ms and for~,r 
fish frum the middh: pool 29.2 grams, a wdght 
of 0.8 grams pet tJ .. h. This was an increase of 
0.75 grams per fish c.r a 16-fold increase after 
two weeks. The superior growth of the fish in the 
upper pool wa" probabiy due tc. the zooplankton 
that were pumped up from the bottom pool. The 
young fish appeared mainly carnivorous. For the 
first six weeks, the fish did not feed significantly 
on _the filamentous algae although, S1•hscqucmly, 
it disappeared quite rapidly. 

The experiment ended on September 30, 1977. 
The water temperature had been falling hclow 
20°C consistently for the preceding week. l'he 
fish were remm·ed. They showed a net g.1in of 
2,031 grams (4..5 pounds), indicating the growth 
possible without supplementary commercial 
feeds. Had older fish been used at the outset, 
thcv would ha\'C been more hcrbiYorous and 
i"he~efore more capable of exploiting the phyto· 
plankt(ln as well as the ftlamcntous and other 
kinds of algae. 

Although ir did not demonstrate high produc· 
tivity, this experiment provided a foundation for 
understanding the potential of such a system. 
We;,shaJJ replicate it increasing the feed input wh;ch 
shOuld indicate the effect of nutritional additions 
beyond thnse prm·ided by the system. We may a
g3in add a few ducks and monitor their impact. 

Daily readings were taken in thc morning, at 
midda.~·, and in iatcr afternoon to measure 
the te;'npcraturc, D02, and pll of each of {he 
three pools. This \Vas dune to observe how solar 
cneq . .,')', through photosynthesis, aff.,.cted the 
tcmpcran1rc arHI water chemistry. Graphs I, 2 
and 3. derived from the data .-.:ollccted at the end 
of june ar~J in c,dy ju]·, illustrate t!1e.~e. The 
bottom pl.:>! functiow:d as an oxygen reservoir 
for the fish during the night and or. hC"adly over
cast days. J\\easurcmcnts on sunny days indicated 
consid<-·rablc photosynthetic activity in the shal
low('r pools. Even with populations of r,cspiring 
fish, the (~xygen levels were as high or higher 
than in i:hc covered lower pool because of the 
g;c:Her amount of solar energy for photosyn
thesis reaching thcm.ln some instances, oxygen 
levels were higher after passing through the up
per pools than in the bottom pond, indicating 
the necessity of optimizing the amount of solar 
energy entering an intensely productive pond. 
The solar-algae ponds with their nearly trans
parent sides maximize solar energy input. Shal
low sub·surfacc pools may \\'Orkin a similar way. 
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II. Tbc 00111t' 

The dome wstem is unchang:cd from irs de
scriptio•\ in th~ burth jounh1/. 3 Hcyond paint
ing the interior of the ~truccun.· <UHI removing 
the sedime11t;; from the biological filter which 
\\."ere used to fertilize the :-.oil inside the dome. 
little physical maintenance W<lS required. As 
before, the pool was used for breeding tilaria. 

Q\·er three thousand ycung tih1pl.1 were hatch
ed in the system. (:ommercial foed was 
reduced to onc-quancr of that gi\"cn during tht; 
pre, ious summer. Several vegeratiYe feeds were 
•.upplicd. A quantitative act·ount of this mat<.·r
i<•l was recorded. Temperature, DOz. and pH 
llll';lSIII"cmcnts were taken three times daily to 

ohscn·c the ~cncral health of the system and 
thl· effects of sunlight on its water chemistry. 
Graph 4 i:Justrates some of the daily fluctua
tions of the ponds over part o.f the summer. 

We grew Til apia ,um~.1 in a monocu!turc be
cau~c we wanted to prevent other species from 
preying upon the ne\\'born fry. On May 23, 
sixty-fi\·C adult tilapia weighing 9,071 grams 

CLOSED LOOP MIDDLE POOL- PM 

4 

' ' 

oc-.e veoeoe 
20212223242526272829301 

JIJNE 

GRAPH 2 

~---002 

--TEMP 
--pH 

' 
'' ' 

0 0 () 
2 3 4 5 
JIJLY 

7 

(20 pounds) were pur in the dome pool. Thirty 
days later on the '):Ulllmer solstice, June 21. the 
fltst ncw\y-hatche1l fish were spotted am' retrieved. 

A ~mal!, cylinJrical, fine-meshed ba~kct was 
su-.;pcndcd in the pond. As fry were found s\vim
ming ncar the )>urfan·, the! \H"I"c netted out and 
placed in this holding cage. Some of the fish put 
intH the C<li:!C were older and several times larger 
than others. Although tilapia arc mainly herbivor
ous as adults, they arc omnivorous when young. 
Though the fish in the cage were fed daih· thcv 
may ;lOt have been fed e~ough. There W<;s,son;c 
evidence of cannibalism as the number of fish in 
the cndosure diminio.;hed considerably. Those re· 
maining \VCrc mostly the larger ones. We did nut 

analyze the stomach contt.·nrs of the larger fish, 
hut we arc fairly Ct.'rtain they ate the smaller 
ones. There were no holes in the basket through 
which they might have escaped. This made an 
accurJte census of the number of fish hatched im· 
possible. As Bill McLarney comml.nted, "If some
thing can get something else in its mouth, there is 
ah\·ays the chance of the smaller one being eaten." 
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'Cannibalism was suspected in one of the heavil~· 
~Locked solar-algae pond experiments as wdL 

The fish we~ fet.f 2,810 grams uf commercial 
feed. They were .ab;o fed 1.6 i 1 grams of the 
Russian Comfrey, Sympbytum peregrim1111, anti 
2,548 grams of hairy \'etch (both dry wci~ht). 
bringing the total dry feed to 6,969 gr-J.ms. ln 
mi(hummet. 14 cdihleMo;.izc fi~h \Hrc rc-rnm·cd 
\\·cighing 2,002 grams. After 15S: days. un Octo
her 2S, 535 fish were rcnw\·ed. Their gmss weight 
was 10,260 grams, bringing the ro£aJ net growth 

DOME POOL -PM 

' ' 

----D02 
---T£'-'P 
--pH 

to 3,190 2t"3IDS. The dry ft.'"ed to wet fish com·er· 
sion ratio~ W3S 1.18. Th~ commercial feed to \\ct 
fish ratio was 0.88. Thls is nearly one-half the 
efficiency of last --.eason ·.,triaL Th>:- amuunt of 
commercial feed per day was one-quarter that uf 
the rrC\-ious season and this coultl he parl nf the 
expla;tation, as rilapia require rrou.·in-rich nutrients 
>or growth when y<tung. The 'fcgelati\'C matter put 
into the pund rhe pre\·ious year was not measured 
and c:duid ha\·e ,.·aricd signific-dml~ . \' et another 
rariahlc could be in ph~·top);mkton density,~~~~ 
lhuugh both h~oomo,; Jf)pearcd o,;imaar huth years. 

-\T 

In _19i7~ a blnmn Jt·vdopcti on June 13, ll days 
tftcr the fish wert.' put iu th(· JltHltL ;nul n.·maine•l 
mtil the han·es1 ar :he end nf Ocwht'r. 

A comparison tahfe r)f fi!Oh pmductiun data j-, 

ruppli.ed a£ the cnndu .. lun of th(' out ide. GRAPH 4 
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Ill, Tbc Solar-Algae Pouds 

Over the past year, the work with the solar
algae ponds has expanded. The aquatulturc facili
ties have increased from two prototype, five-foot 
diameter ponds to nine within the Cape Cod Ark 
and fourteen in the o.djaccnt courtyards. ~See 
Di<tgram I.) We han: been wnrking with several 
strategies with regard to density and diversity of 
aquatic species and to the physical orientation of 
the ponds. The experimentation and evaluation 
involved production trials and the measuring of 
scverai physical and chemical characteristics. 

c-d to gain 1111 understanding of 1·hc dynamics of tht' 
whole svstcm. \\'t' imcnd to view the ponds as individ
uallivi~g: nrganisms, the internal complexities of which 
arc the fmmdation for their "lin·s." 

Species Dynamics in the Solar-Algae Ponds 

Several experiments were conducted with mono
cl'ltures of Tilapia ~.mred. Others included the mirror 
carp, ()pri1ms carpio. the grass carp, Ctenopbaryu
godrm ide/Ius, the brown bullhead, lctalurus nebu
losus, the Louisiana red crayfish, Procambarus clarki, 
and a local fresh water clam, Elliptio compla11ata. 
The last three were not cultured intensivclv but were 
tested for viability and for impact upon th~ ponds. 
The predominant phytoplankton populations which 
established themseh·es in the ponds were either 
Goleuki11ia sp. or Sceuedesmus sp. Both are green 
algae. One or the other, usually the former, was 
found to be dominant, with trace representatives of 
several sub-dominant species. There were periodic 
blooms of several species of zooplankton. The neces
sary conditions for zooplankton blooms arc not well 
understood. In ponds Jacking predatory fish the 
species established were an ostracod, Cblamydotbeca 
sp., two dadocerans, ScapiJoleberis sp. and Simoce
pbafm; sp., and the copcpod, Cyclops vema/is. The 
specific factors regulating these populations arc un
known. Dense populations appeared frequently and 
then disappeared. We arc beginning a project, funded 
bv The National Science Foundation, to evaluate the 
s~lar-algae ponds and to de\·elop ecological models 
which should darifv some of the unknown factors 
and allow us to co..;trol and in1prove conditions in 
order to maximi:te producti\'ity. The project is design-

As in prcvinu~ experiments the ponds began as 
cylinders filled with tap water. Within forty-eight hours, 
thcv were fertilized with a.l aliquot of human male 
uri~c. * A phytoplankton bloom occurrctl within twenty
four hours at temperatures between 25° and 30°C. 

As i11 all aquatic systems the number of nutritional 
niches within a solar-algae pond is limited. The phyto
plankton jo; the prcdominaat product of the pond, 
making a phytoplankton feeder like tilapia ideally 
suited to this kind of environment. The phytoplankton 
provide oxygen through photosynthesis, function as 
mit·ro-heat exchangers by absorbing solar energy and 
purify the water by directly metabolizing toxic fish 
wastes such as ammonia4. Some sedentary algal and 
protozoa grow on the inner surface walls of the ponds 
which the fish have proved adept at cropping. The 
mirror carp utilize their feces. We also fed the fish 
commercial fnd and vegetative matter. Their wastes 
were nutrients for the phytoplankton. It has been 
found that, when some species of fish arc grown 
together, greater growth results than with individual 
species_5,6,7 

We decided ro test brown bullheaJs, lctaluru.~ 
nebulosis, \'lihich are predominantly carnivores, in the 
solar-algae ponds. Alth()ugh they arc less efficieu.: at 
crnpping than herbivores, \VC thought they miji;ht sur
vive in the outdoor ponds during the winter and might 
also assist in stirring nutrients into the water column 
by swimming near the bottom of the ponds. Although 
the hult:1cads were initially active and voraciuu!i as 
mentioned earlier they became diseased after a ship
ment of channel catfish arrived. 

* Female urine was also tested, but did not stimulate 
si~nificant al~al bloom.~. Although this is known among 
aquacuhurists, WI:' fdt it needed te~ting. People hadng 
had a Jisease which could be transferred in urine shn:dd 
not contribute urine. 

_____ __r· ~ 
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k;or,;;pQ _] f~'---;:_~ 

~~~-~~ 

DIAGRAM l, Tbis Ji,lgrum i/lustrdte~ tbt•loc.Jtioll clll•f llltm!wt· 
of tb~ So/ar·.,-1/gae pmuf'i iu .. 111.1 ,rdj .. rc~nt W tbt• Ark ill tht• ~olar 
Courtyards. Tht> Courty.Jrd rrflecttus .1re m.r.f<• of puured 
concr~te .:Jnd pailu~.t <J.·bite. '/be ;vmmd i.~ cm•rred u;itb 
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bigb~)lrejlt•;.:til••· u:biu nMrhle t·bip,,·. Tbt• uumben of tbt• 
pmufs olrt' iuofit-,lted ill tbeir t·irdt•,f Joc<ltifiiH. 
AOI iu.fic·,Jt<'s Ark Out.~id•· J, ,,n.J .-111 n•f'r••senu Ark lu.•id.· I. 
/be .ii,,gr .. r.n i.~ oferh•e.f .fi·om ,, ,\'o!Iear.-IJ An·bitedure dr.m ing. 
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Local fresh water "-·lams \\ere introduced uuo the 
ponds and did well. Normally, this ~pecies is con
sidered to ha,,e an undesirable, pungent flavor. After 
a month in the solar-algae ponds the taste \Vas great
ly improved. The clams perfomtcd a necessary hio
Jogical funccion. They arc filler feeders and 
generally thrive on phytoplankton. They wouk 
compete with tilapia but could be used in polycul
ture with nun-phytoplankton feeders. In densely 
crowded populations, an anoxic condition can occur 
unless the algae is constantly cropped. The clams 
\'.:ould allow us to usc domestic fishes which arc not 
t'hytoplankron feeders in the ponds. We plan to test 
the clam, Corbicula sp. 

Production Trials 

The productivity experiments this year used both 
monoculture and polyculturc strategies. They were done 
both in single, independent solar-algae ponds and in 
pond couplets linked with simple, air-driven pumps and 
siphons2 which exchanged water between the two ponds 
at night. Some of the experiments involved minimal 
supplementary feeds and others intensive daily feeding. 
Because we had many ponds and a limited stock of 
over-wintered fish, we began the summer with low 
density trials. Nine trials were run, all without filtra
tion. Eight were monitored two to three rimes daily. 
Measurements of DOz concentrations, temperature 
and pH were recorded. The ninth \'l:as monitored con
standy with a multipoint chart recorder. (See page 105) 

Monoculturc Experiments using Tilapia a urea 

Experiment 1. Three hundred and eighty newly 
hatched Til apia aurea were put in a solar-algae pond 
located in front of a reflector on the rim of the hiH 
'ncar the gardcn.2 Two hundred and fifty rilapia werC' 
added on july 15 ·•nd more at different times until 
August 13, bringing the total weight of the fish to 
93 grams. The fish were fed commercial feed exclu
sively (PTC) to a total of I ,2-1-2 grams during the 
136 days of the experiment, which was terminated 
on November 29, 1977. I he three hundred and fifty
nine surviving fish weighed 1,091 grams, an increase 
of 998 grams. The dry feed to wet fish conversion 
r.uio was 1.24-. 

This pond was aerated intermittently by a small, 
wind-dri\·en air pump attached tn a Savonius Rotor 
windmill9. Othcn\'isc, an electric air compressor 
was used nocturnally. 

Experiment 2. This experiment •: . .ed coupled 
ponds (AOJ and 4) (sec diagmn• ~ in the center re
flector ofthe Ark's west courtyard. r '.'e hundred 
tilapia fry were placed in pond AOJ on July 20, 1977. 
The fish weighed a total of 82 gtams. The experiment 
.lasted 132 days, until November 29. At one point 
during the experiment. the siphon between the tanks 
became clogged and about onc~thinl of pond A04's 

water wao.; lost. 11ond AOJ o\'crtlowcd ami twenty -one 
fish esc<tpcd. They were found on the ground the next 
morning. At the end of the trial, two hundred and 
ninety-five fish were found in the poml, accounting 
for a total of three hundred and sixteen fish. Perhaps 
some of these fish died and decomposed on the bot
tom but this is unlikely since survival of this species 
in the other solar-algae ponds was better. The other 
cause coul J have heen cannibalism as !'>L..:::":led to have 
been the case in the dome. There was a difference in 
relative size of the fish when they were stocked. 

During the trial, the fish were fed 1,096 grams of 
trout chow. The total fish production \Vas 1,270 grams 
for a net increase of 1,188 grams. The dry feed to wet 
fish ratio is difficult to compute due to the twenty-one 
lost fish. Existing dat;' .11Jows for a conversion of 0.92. 
This relatively high cffi L ;':'ncy could be due w feed~ 
available in the comtllet ~o..·ntary pond. A zooplankt!.m 
bloom Jid not occur alrh,,ugh it was seeded with a 
cladoceran, Scapboleberis sp. 

It is difficult to compare this experiment to the 
first one because of the lost fish. The resources avail
able in the complementary pond allowed for some 
increased growth. These experiments do not justify 
using a coupled system but, with greater quantities of 
supplementary feeds, the system may yet prove usefuL 
There are still design considerations which have not 
been tested. 

Experiment 3. This was a monoculture trial of T. 
aurea conducted in an uncoupled solar-algae pond 
located inside the Ark. (Sec ,i;,,gram, position AB.) 
The fish were fed a more intensive diet of commercial 
feed than in the two experiments already described. 
The pond w2.s aerated at night. The experiment began 
on August 1, 1977. Two hundred and fifty fish weigh
ing 44.5 grams were put into the pond. During the 
trial ending December 5, they were fed 3,607 grams 
of commercial feed. On that day, the fish weighed a 
total of 3,919 grams, a net increase of 3,874.5 grams. 
The dry feed to wet fish conversion ratio was 0.93. 
A nearly one to one ratio is usually the efficiency for 
commercial feeds. 

This system required more careful management 
than the others because greater feeding resulted in a 
build-up of sediments from fish wastes. As a result, 
concentrations of toxic ammonid beyond the utiEza
tion capability of the phytoplankton were released 
into the system. Sediments had to be pumped out 
weekly to prevent the development of anaerobic 
conditions in the lower layers of the sediment and 
reduc~ the chance of t:mission of toxic sulfitles into 
the water 

When the rap wilter was first added, the pond was 
clean but not st{·rilc. There Wils sume organic: nliltl"-·r 
rc11taining from a previous trial which apparently con
tained dormant zuc!plankton eggs, for, after the water 
had been standing fur a cnuplc of weeks hut heforc the 
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fish wen· added, a hlumn of tlw Osrr~u·m~. CMamydo
theca sp., uccurrctl. The yaoplankron \\:{_"fC large enough 
to be seen swimmi"'lg in the pond and initially sccnwd 
too larg(" for the fish to e>!t. The tv:o po1mlations. co
existed for ten days. The :tooplankron disappearcJ at 
the end of that time_ Either the fish cnnsumcd the 
zooplankton or made the water chemistry intolcrahlc 
for the zooplankton. 

Poiycutturc ExpC"nments using Tilo1pia, Mirror c.rrp 
anJ Gmss Crrp 

E:o-,.pcrimeni: 4_ This ".\.'as the f:irsr polyculturc experi
ment last spring. The same solar-.1lgac pond a ... usctl in 
Exp(:rimcnt 1 wa~ used in this triaL 'The tank had an 
~~~..-rytic top. On April 1-t-. 1977, one hundred -sixty-three 
til apia wci!!hting: 751 grams and ope mirror carp wci~h
il1~ 210 grams were }"l-ut int~~ the pi .\t:. l'b(: effect nf this 
tJ-te carp on rhe growth of the population was compared 
t( growth in tilapia monoculwres. The fish were fed dry 
weight equi .. ·alents of 2.553 grams. of trout ch.ow, 317 
grams of comfrey and 228 grams of Azolla sp .. a tropical, 
floating water fern. The c~..:perimenr lasted ninety-two 
Javs and was terminated on jul\· 15, 1>;'77. Commercial 
fc~t.l was gi\'cn in equal amount~ each (by. There was a 
stead}· increase in the amount o-f \:Cgctati\'e matte< given, 
base.-! on the dema-nd of the fish. At the end of the trial, 
one hundred and forry-nine tilapia and the mirror carp 
'were weighed at a total of 3,9-lf; grams, a net increase 
·of 3,093 grams. The total dry feed to- wet fish con
venion ratio was 1.0. The commercial feed to wet 
fish conversion ratio \.o.'as O.R2, indicating that the 
vegctati\'C matter likely incurred fish growth com
parable to prior so\ar-algae pond experiments that 
ttsed commercial feed exclusi\'cl\'. 

_J'hc fish for this experiment \~'ere all at !ca~t eight 
months old at the 9utset. They were mature enough 
to use the plant rn~tenal a-~ efficiently as they did the 
animal prmein in th~ -.;:~mncrcia1 feed. Thi$ woultt 
indicate that m{fre efficient designs in regard to fish 
age and size would I!linimiLc the commercii~l feed 
component of their O\'eraU diet for efficient growth. 
During the fast !JOrtion of t~c experiment, the b-ot-

. tom sediments wcrc pumped out peri-odically. At 
-.this time, ammonia 1N.·ds frilm the waste material 
_accumulated on ::he bottom were as high as 3 ppm. 
These res~Gucs were used to irrigate -::he sunounding 
garden area which mduded comfrey plants that wac 
fed to the fish. 

Tbc mirror t.arp had no detectabie effe-ct on over· 
aH protlucti\'icy. as pro:Jv.ction was the same as in 

:-ri13p_ia monocultu_tc. Thi~ experiment best indicates 
the-:polentiali~_-uf :vcgctati.\·c feeds. 

Tbe D02 re~•;r<Hngs of chis pond at no time ir.· 
dic~ted a .conditioil !'tre-ssful for the fish. The pH 
-~'·e~~" .were mt:;a~urcd.tow;ud the end of the<. "peri
;meiJ_t and ''·'ere generally found :o be bet\'-'een 7.0 
and_Qi.O. They rarely \'lr'Cnt highcr.althoug} •• in a ft.'lv 

in-.tan<·cs, they diti go .as high a~ H'<.2. The pH flue· 
tuations nf tbc water may he !<>ignificant because high 
pH increases the toxic un-ionized ammonia relative 
tu ionized annnonia and mav also decre:~se the 
digestion efficiency of the rilapia. 

Experiment 5. This wa~ the first usc of coupled 
solar-aig:1c ponds containing several species of fish 
to Jcterminc- productivjty. The ponds were in the 
cast courtyard of the Ark. Six ponds were used, four 
in coupled pairs and t\vo independently. Phytoplank
ton bloom~ were established using the method de
scribed earlier. The idea was to estab-lish populations 
of different species of fish equal in proportion to the 
amount of water used. The two inJcpc-ndcnt ponds 
were .">Ct up with half the pnpuhttton of fish as those 
iro the coupled systems. Small tlcn~ities of fish were 
used. The foi1owing chart outlines th<:'\t' populations. 

fABLE I. STOCKJSG DJ.:NSITY HAT,!\ 

Counyom.l hsh W~ight (grams)/Numh~r 
Pond Dare Fi~b Til.Tpia Mirror Grass 
Number Introduced aurea Cup Carp 

A07 

A08 

A09 

AOW 

AOll 

6-21-77 102/15 
6-27-77 4017 
7·12·71 
7-15-77 555/20 

6·21-71 108115 
6·27·71 ~)18 

7-12·77 
7-15-77 515/t9 

6·21-77 174/30 
6·!.7-77 80/14 
7·11·77 
7-15·77 1415152 

Without fish cuuplcd tu A09 

{,·?:1-77 
6·1.7-77 
7-12·77 

$0!14 

7-15-77 1135152 

l7M30 

A012 Without fi'ih cnupicd to A0/1 

24.5!15 

24.5115 

47130 

53.2/30 

The fish were fed in proportion to pond population . 
Pond!> A07 and 8 received half as much as ponds A09 
and 10. Foods were rrout chow, comfr("y, \'etch .and 
purManc. Commercial feed was given in daily allotments; 
vegetative matter as it was consumed. Table U illustrates 
the- quantity and kind of feed ~ive11 to the fish during 
the one hundred anti nine-teen days of the experiment. 

O:mrtyant Purina 
Pond 'fro~a 

Number Chow !R!Comfn:y Vetl'h Purslane Total 

AOi 1,067 598 125.9 I .. ,l 1,807.1 
AOH 1,067 620.) U.f5 19.(t l.!:BI.-1-
A09 2,13-t 1.248.-t 245.6 26.3 3.65~.3 

t\011 z.1:a 1,0.;.5.9 233.R 26.7 3.440.+ 
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The idea in keeping one of the p;.tir of ponds free of 
fish was tH a !low <1 .tooplank:on populatinn to bccomt: 
established in the fi~h-frec pond. The ponds were 
acratcJ nocturn.IIIy at which timi' there was some water 
exchange between the two. Fo:· .1 two-week puioJ, 
there wa.s a dense population of the dadocc-ran. Sc .. l
pbuleberis sp., in pond AOIO. Samples •.ver-: tran...
fcrred w t\011: bur a bloom did nor deveJ.;p in this 
pond. Why the LOoplankron bloomed in AO 10 hut not 
in AOI2 was never dercm1incd. "fhc quality of the 
water seemed similar. 

One aspect of the coupled system proved beneficial. 
Sediments from hot-h ponds tended ro hu ild up in the 
one without fish which, hnwe,·er, did baye a couple pf 
t..Tayfish for stirring up the- bottom. To rctno\·e botrom 
sediments n._·quin:d draining \\atcr from just one of the 
ponds, 

This «"rics of trials ended on October 18. 1977. 
T~1hlc Ul lists the production figures and rhc cum·er
sion ratios. 

TABLE HI. GRO\\ dl DATA 

Counyarrl 
Pond 
Number 

A07 
A08 
A09 
AOJI 

Net PrthltiCtitm {gr-.ams)/Numht.-r fish Conversion ratio 
l\,icror Crass (Dry Feed/ 

Tilapia C.irp Carp Total Wer Fish) 

14-6127 
924/26 

1,780167 
l,819/58 

99/15 
Hnn 
9312! 

208/30 
(Dead) 

14.5/ll 
16A16 

869!53 2.1 
1,051/39 1.7 
1.,8!6!89 1.0 
1,02:7/S'l- 1.2 

Although results are some\\'hat err.1tic because not 
aU the fish were retric\'cd, it seems the coupling strate
gy does not significantly increase flmductivity. From 
the tilapia data. it appears that the tilapia gn:w prc
-~ictably in relation to £heir number and the quantity 

- -Of_ feed given thcrn. Dcn"'c ,.ooplankton cu\tu~ 
-_\voUid have to ba\'e been established in the- fish-free 
ponds to have an appreciable impact on prnducti\'ity. 
Wc_Uiti gain in undustaudin,tt of the water chemistry 
in solar-algae pond-s- and its potential effect up-on fish 
-growth. 

Water Chemistry E\'aluation in the Coupled Systems 

The translucent sides of the snlar-algae ponds allow 
considerab1e solar energy to penetr-ate the water, great· 
ly enhancing photosynthesis. This increa~es potentia) 
primary productivity in compariso11 to a 'illb-surfacc 
p .md. Howc\·er, a deleterious effect from intense bio
chemical activity became apparent through this series 
of trials. Oxygen~ which is a product uf photosynthesis, 
is crucial to the respiration of most of tile org01nisms 
ji!dudinj;{ the fish. The ponds fCb'Uiarly achieved super-
. s'at_u~.:itcd_ concentrations of dissolved oxygen. At 
30°C; concentrations abo\-·e 20 P(lnl were measured. 

· i\t -~hi~ _te_mperarore, f!'l."sh water at sc.a lc\·cl is satur-
3:te_(.h_t 7_._5 ppm.lO The higher the water tempcr-.tturc~ 

_-_the 1ower the amount of oxyg; n it can hold. The algae 

ami other nrganism.._ in the sy'-tt:"m may affect the sat
uration k\-cb:. It hot\ hccn rcportct.l that the tis.•mcs of 
fish also h~comc saturd:-.cd.ll As water temperature 
increases, c:-.cc..;s oxygen can bubble our of the \\·ater 
at super-saturated concentrations. This ha:.- been 
founJ to be true in fish tissues as well. l 1 On t\u~ust 
8, 1977, all the carp in pond AOl/ died. All the 
tilapia ... u,...-ivcd. It seems ,.he carp suffered from the 
high o:-.ygcn levels as ilv_ temperamre in tbc pond 
rose. Tilapia may have higher metabolic and respira
tory rates at these temper.tturcs, permitting them to 
utilize rhc extra oxygen rather than ;rs causing 
bubbling in their tissues. All other r ;~asurcd water 
quality factors appeared within a safe r-.tngc. Why 
this occurred is nor knmvn. There is a relatively simple 
means nf alleviating the prohlcm. By bubbling air 
intensively through the water mass, the vohnnc can be 
sufficiently· disrupt.cd W eliminate cxces.'j; nxygcn. As 
this affects managcm• .jt procct.iurcs, the so!urion may 
be 3!'; simple as aeratii'i~! ,JI'J hot, sunny days. However, 
controlling the levels of dissolved oxygen is a con
si<kration in working with large masses of respiring 
fish in wamt months. 

Another problem n:sulting front intense photosyn· 
thctic activity concerns the pH of the system. In an 
initial a::tempt to work with the simplest systems 
possible, we <tid not equip the ponds with a buffering 
component. As a result, all the carbon dioxide and 
bicarbonates in the water that contribu~~ to the acidi
ty of the system are used for photosynthesis and the 
pH is Jrivcn upward_l2 Afternoon pH levels in solar· 
algae pond systems have been as high as pH 12. Graphs 
5, ~ and 7 of ponds AO 7, 9 and 10 respectively, illus
trate the pU, temperature anJ 002 of a segment of 
this experiment. The pl-l in these ponds was frequent
ly above 9.0. Moriarty13 found that Tilapi,1nilotica 
\\'ere able to (ower the pH in their stomachs to approx
imately 1.4 during the morning. This permitted lysing 
or breaking down the algal cell walls to make the 
nutrients '\Vithin available for digestion. ln our experi
ment the ftsh may have been too stressed by the high 
pH to adjust their stomachs to the pH level appropriate 
for digestion. This. in turn. would have low'.!rcti their 
digestive capability. If this. Jigcst\vc reaction is not 
restricted to time of da~-' and is affected by environ
menta) conditions, then maintaining the system at a 
more neutral pH may increase digestive efficiency in 
th.e fish. 

fn Experiment 4, the t)\!crall mass of the fi!Oh was 
grt.:ater than in Experiment :. This could ha'\'c eon
rrihutcd to lt•wer pll rea,F.tgs in two ways. The fir~l 
couhl he that thco~ ':.':':::''-'higher quantitie-s of carhun 
Jim.-: ide in the sysrcm as a result of more n.•spiratiun. 
r\lsn, the fish rdcased mnr,. waste that W:t\ utilized 
by respiring bacteria that, in turn, released carbon 
tlioxidc a11d organic adds. 
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Spottc P report~ that the higher the pH, the higher 
CO!lt'entr.o~tiom: of toxic un·innizcd ammonia relative 
to ionized ammonia. High r~res of algal metabolism 
coinciding with high pH )e,-ds. may alleviate this hy 
remm:ing ammonia. Ammonia was ClOt detected in 
any o-f the ponds in Experiment 5-. We arc presently 
im·cstig-ating appropri;ltc merhod!> to buffer pU 
tiown\vards. 

Thermal Energetics of Solilr·Aig<>-t Pontls 

The solar·algae p-ondS ha\-e a secondary function 
as passi\-c s:olar- collectors. Graph S illustra--~·=-- the 
nu!ximum and minimun~ water temperatures of 
poudl> inside and uu Lside the Ark as wcJI as the in>title 
mul outside maximum 3nd mjnimum air temperatures 
!'rum Dct."emher 21, 1977, to Janual) 17, 1978. This 
period covers rhe shortest day of the year. During 
that time, the average temperature fluctuation per 
day in one pund located inside the- Ark was 2.4°C 
(4.4°F). This amounts tn an a\'erage contribution of 
228,000 BTU of thermal energy to the Ark's inrernai 
climate per day for all nine 630-gaHon ponds. Fuel 
oil No_ 2, \Yhich is commonly used for h..:ating, has .a 

"thermal capacity of about 139,600 RTO per gallon. 

OUTSIDE SOLAR POND NO. 7 -PM 
SH-,iGLE WiTH FISH 

----oo,. 
--TEMP 
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GRAP:; 5 

The -co~t for the \•.-ink'r of 1\177/78 on <..:ape C1.rd 
was a hour $0.50 per gallon. As nc\v oil furnaces 
have an overall cfficic,tcy of about 50 per cent, 
this hting-s the potenti..ll u-sdut heat .. krivcd fn.•m 
each galion of oil down[() about 111,680 BTU. 
At this rate the so!ar-a!gac pnnJs inside the Ark 
contributed the equi\'alcnt of approximately two 
galJons of oil heat nr a dollar per da) during rhis 
period. 

During the middle of November. 1977, the 
avcr.1ge diurnal temperature tluctuation of these 
ponds .. vas 12.5°F, a collection and release of .about 
652,000 BTl!. In tt:rm~ of incident solar radiation, 
the e-quivalent time period atter the solstice is the 
beginning of February, close to mid-winter. If the 
cloud cover is similar, an equivalent amount of 
generated heat shouid he expected amounting to 
about 5.8 gallons of fuel oif or $2.90 worth of fuel 
pn· day on the Cape during the cold months. The 
over-aU impact of the thermal Jynamics of this 
aquaculture system wtU be evaluated within the 
next year. The re-sults indicate a valuable sccondar~y 
aspect to the aquaculture design. 
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Summary t~f Semi-Closed Aquatic.: Systems 

The \Vork described ha~ given us considerable in
fomlation ahnut the dynamics of semi-dosed aquatic 
systems. Many of ~he experiments with small quan
tiries of supplementary feeds resulted in low produc
ti\'ity, indicating-d1at food is .a major potential limiting 
factor of sue~ Systems. ln the intensive feeding trials, 
we achieved results similar to those of the previous 
year.ln the case of the dosed-loup "..~·stem. \\ie can 
nO'.\- estimate producti\'ity from a population of 
newly-hatched tilapia using few outside inputs. 

The experiments with tile solar-algae ponds demon
strated R"\-'cral factors that affect fish growth. High pH 
,.,ccms w be a major limiting factor_ Next season we 
:;;hall try to alleviate this problem. We plan to conduct 
nwre intcnsi\·e C-'.periments with density and !'pecic" 
of fio;h an-J also to incrca~ supplemental feecl:._ 

We ha\·c several other idea. ... \\'e p!an w imp1cment. 
One is W usc the uppe-r surfaces of the solar-algae 
ponds for hydroponics and to stock carnivorous 
'vecics ro dri\·e the system. Such a pond would be 
coupled tu one containing hcrlm:orous carp and 
tilap-ia. The two could be linked to a third smaller 

OUTSIDE SOLAR POND NO. 10- PM 
COUPLED WITHOUT FISH 
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MAXIM:JrJ WA~i'..R T~MP O:JTSI:JE ARK 

M.t,:\iU\1 WATER TEMP OUTS!)[ AFiK 

MAXIMUM- MI'J'MUM AIR J\i$;!)£ ARK 

MAXIMUM WA:-ER 7EMP SOLAR PONG 1NS:JE ARK 

~Jr.;it~UM WA"'":E.'>f TEMP SOLAR POND tNSil)f ARK 
MAXiMUM- ML\IIMOr.l AIR OUTSIDE ARK 

'f"be points meas-ured on tbe g¥-:~pb .rre a re~mlt of d01ity 
measuremi'IUS. Tbe smn/1 circles below the dates indic<1te 
clear 0, partly cloudy li-, mzd c/uud}' e u:eatber. 

GRAPH 8 

one containing dams into which .sediments from the 
larger ponds would settle. 

Bill Stewart has gi\'cn us another design idea. Jn all 
our populations of cultured til apia, there has always 
been a size gradient in the fish. If the Jargcr fish \vcre 
removed, it might allow others to mO\'C into dominant 
growth positions. As the fish succeed one another, they 
could be graded and put into ponds of thci:r weight 
das.'i, presumably creating a similar growth differentia
tion. The solar-alga~: ponds would then be used as 
modular units in a growt~ ladder with the last pond 
containing the desired size of fish. 

(sec TABLE IV- next page) 

Nt•cdlcss to say, the work described above could 
nut havl' Uccn c-ompi-ttctl by one person. I was \'el)' 
furta nate to have cG assistants Carl Gold fischer and 
Chuck Hendricks whn proved inmlu;:thlc to the 
aquaculrure program. Their c.icdk·atiun t11 daily 
routines anti their invcnti\'r-ness in fi11tl1n~ snlution~ 
to problem~ as they arost.· were exceptional. G<'off 
Booth prepared dc\·iccs for v~.--gctarivc fish fond 
cultivation. 
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TAHU:' IV -''ROl>CCr/0.\' f)A1A 

tot.d 
Cut'11111'>"· l•C<"d 

d.1f f<,•ed CIJ/Wf'r-
1-"iib Com.Jt>rsion llt>J!I"f<ltive Tot,ll sion 
Pro.tuc- Commer- Ratio Feed f"CL·.J H.<1tio 

System a11J twn cia/ Feed (dry feed! Dry Wei.~;ht Dry lreigbt (dry jt·edl Time 
Experimeut (grams) (gr.lmS) wet fisb) 'gnmH) (;;:rams) wet fish) (Days) 

Dome 
(Til>lpia .JUrea 
Monoculture) 3,191 2,!!10 0.88 

Miniature Ark 
(Brown Bullhead 
Monoculture) 5.367 6,270 1.17 

Miniature Ark 
(T . ..lurea 
MUJmculture) 2.031 

Solar-Algae rond 
hy Garden - F.xpcri· 
mem I (T. au>ea 

Monocuhure) 998 1,242 1.2~ 

Coupled Solar-Algae 
Pond (1" . ..lUrea ,\,ono-
culture) Experiment 2 1,188 1,096 0.92 

Solar-Algae Pond In-
side Ark (T. <~ure.-J 
Monuculrurei Experi-
ment 3 3,874.5 3,607 (,_93 

Solar-Algae Pond 
(Pol}-·culrure T. aurea 
+ 1 Mil'fof Carp) 
ExperimenT 4 3,093 2,553 0.82 

S-olar-Algae Pond 
.-\07 - Polyculturc 
Experiment 5 
Trial t 869 1,067 1.23 

Solar-Algae rond 
AOS • Polyculturc 
Experiment S 
Trial 2 I ,US I 1,067 1.0 

Solar-Algae Ponds 
Linked A09-AOIO 
Po\ycuhure Experi-
ment S - Trial 3 1,826 2.IH 1.2 

Solar·All_.!ac Ponds 
Linked AOll-.-\012 
Polrculrure Experi· 
ment 5 • Tria14 2,027 2,13-1- 1.1 

I. z,.·tij::, R. D. 11917) u;,)melrer. as Organism~. Tht> ]"um.>l "! 
tb" _.,-.,.., .-'\.kbt'mim (41. Wo<>d, U<>l<:. MA.o W· l07·lt.J. 

2. Z..-<ig, K. D. (1977 I The Saga of the Solar-Alj!ae Ponds. lhf 
juutmd "' tbe .\"e:;.· Alcbi'mins (4!: pp. 63-6!t 

.J. Md.rul""'Y• W. 0., andJ.II. Todd 11974·1 Walton Two: A Com· 
pleat Guide 10 &lcky;u-d I'WI i-'arming. J"bt> }ounwl "ltht> .\"t>u· 
,-4/du•mi.r~· (/)· pp. 79--117. 

4. S~-ren, P. J. (1962) !liitr<'gen A~<imilation. Phy•i"/"}0/ ,m.f 
Bwd•t'"itJMrytJ/ Alg.u., K . .\.Lewin, hi. Acatltmic PreS§. 
Nt"'' 'i'ork: pp. 171-1!18. 

S. S..-ingle, II. S. 096?1 Biuloginl mcam "f incre;uin~ prudtw· 
li•·iry ln f">mh..lu 1".\' ,K. PiJia)' led.J. l'roc. W<>rld s, '"I'·• 
Warm Wiiiter Po11d fi>b C1.1hure, PI'· 18·25. May 1966, Rome 
fAO i-nfo. Rep .. 4-4(4): pp. 24~·2S1. 

b, KiJgcn, K H. (1%91 l'i•hn ;u Bwtilrers fur the imptol·cmcnl 
(If pund 14"li!er quali"*·· llnpubli,hed. Ph.U dissertation, 
A11burn l'nilr •. HI pp. 

7. S~g, S., ~~~;d M. MuckU9H) RnuJ[> of inren~i~e a.~~d semi
itlu:nsi•·e fu;h brn:Jing techniqu~• iii l•r~d in 1971-1973 
B.z,. -i.tg.-h. zs tn pp. ZIH8. 

~.159 6,969 2.18 15R 

41 

84 

! 37 

131 

127 

454 3,007 1.0 92 

74(} 1,807 2.1 119 

769 1,8H 1.1 119 

1.520 3,654 2.0 119 

1,306 3,440 1.2 119 

S. z.,.i'i;:, R. D. (1977) Pan I. The Miniature Ark. Three 
f.xl""rim.,nts with Scmi·ffidnscd Fi~h Culture Systems. 
Jb,• jollrtud oj"tht• "'""'-" :1/t-hemi_,.,, 14), pp. 69·76. 

9. lbmhatf, E. A. (1976) Sa•"<mius Rowr. Tlw }>~llfll<ll oJ 
th<' .'\"ev.· .·lkb••miot• (J /: pp. 27·29 . 

10. l.lnd. 0. T. (l97·H 1/,;ndfmuk <>{Ommwn .Uctht~d; in 
l.i1111wlo;.:y The C. V. i\hJ<by Company, Sr. 1-t~ui,, Mu. 
p. b}. 

II. J)oudotuff, P. (1951 )Wate-r Qualiry Requir~mum ,.f 
1-"ishc~ and Hfects of Tu~i•· Sui"'-'''"""· fu /'by,·i"/"10' 
"J"I-iob<'·'· VtJI. 1/. ll-1ar~arct ~-. Rrm1-11, nl.l\•·adcmk 
Pre ... hw., Nc" \'urk: Jlp. 40)-430. 

12. W<•f.td, K. (i. (1975) 1.11/III<Jio~:.v. W. II. Sauudcrl> Cmn· 
pany, Philadelphia, ra., [1\'· 18-t·IIIS, 197·19/t. 

I J Mnriarry, IJ. J. 11/. ( 19731 Th<"t>h)••iulu~:y nf di!(c•liun uf 
hluc•grc<"n algae in rhe ci.-hlid I' ish, I il,l/'1•' '"'/"'"""· 
j.louL, J.nnd., 07J~, pp.15·3? 

1 ... Spo11e, S. II. (1970) Fish md ln•·ertdorare t:ulture: 
lt.JUr \1.mugt>mt>llt it~ l1u.1~J ~y>tt>llll Jnfm Wil.-y & 
Sun~. Inc .. New \'urk: pp. 101-lOfi. 
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The Birth and Maturity of an Aquatic Ecosystem 

- Uon Zweig 

For fl\'er two years \'liC have been subjecting our 
aqua tit: sy~tems to intensi\'c e\·aluation in the at
tempt to discover tlwsc parameters critical to pro
ductivity. The impact of ::;uch environmental factors 
as solar energy an..1 temperature arc monitored w 
help us learn mNe about the inherent, internal re
lationships '':ithin physically defined microecological 
S:"'stems. Findings are indicating certain basic ecolog
ical phenomena as well as some of the limits of pro
ductivity to be expc.:tcd. Recent research has helped 
us understand se\·eraJ biological phenomena within 
the poly culture pooL panicularly photosynthesis and 
it" interrelationship with sunlight. Thresholds of light 
necessary to drive the system were e\'aluated.l 

In 1977 an experiment was designed using a solar· 
algae pond located inside the Cape Cod Ark2. The 
purpose of the im·cstigation was to detcm1inc the 
phenomena necessary to de\'dop an ecological model 
of the ponds. Oa ju~c 22. 1977. the pond was fillc.l 
with tap or town \\'ilter, which is almost f1.::c of or· 
gomic material. Beyond residual sediments from a 
prt'\'ious cxpcrimc.·m. the \'l:ater \\'as free of life· 
supporting materiaL Within a week, male urine wa:~ 
added to the trace plankton cells ir. tlw pond w en· 
courage a phytoplankton bloom. Th:..- impact of the 
addition of nutrients upon the water chemistry was 
mOnitored. This •,\'as the first stage in dc\·cloping an 

~cosystcrn within the pond. As diurnal rhythms be· 
came established, the relationship between solar 
energy entering the system and the photosynthetic 
hchavior of the algae became apparent. The water 
was a major component of the phytoplankton·hascd 
ccosvstem and integral to the behavior of the algal 
cells-. The water chemistrv is a reflection of the com· 
hi ned metabolic activity ~f the organisms present in 
the pond. 

The second step, which took place one week after 
the pool was fertilized, was the addition of a popula· 
tion of ricwly hatched Til apia au rea. The only other 
input into the system \Vas a daily minimal feeding of 
Purina Trout Chow. !Rl The investigation continued 
until the first week of December. It was monitored 
continuously throughout that period. 

Biological Monitoring 

I nstru menta tim': 
The solar·alptc pond in this study is in position Al9 

inside the Cape Cod Ark (sec Diagram 1)3, on the upper 
le\'cl uf the oUJUaculturc se<.·tinn, beneath the immlutcd 
northern roof. A Chcmtrix MudcJ .J.OI·. pi I meter was 
used to mcaswc the h~'drogen ion concentration of 
the water. A Yellow Springs Instruments .l\1udcl 57 
Dissol\·cd Oxygen Mcrer w;t'> used to measure the dis· 
sol\'ctl oxygen (DOz) in parts per million (ppm). Tern· 
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pcratures (°C) were taken. The sobr radution -;triking 
the upper portion of d~c pon:.i «<>well as amhiem out
side le\'els wcr;-: measured with A_gromct-Lintronit: 
Dome Solarimeters in miiliwatt.'i per square -ce,..~:~neter 
(ms/cm2). AH the p-arameters were linked to an Ester
line Angus t'wenty-four channel multipnint chart re
corder- ModelE ] 12-J.E -and were recorded con
standy thrflughour rhc experiment with the exception 
of temperature which was measured once Ja]y in the 
aftt..niOon. There \\·ere de\-·iati(ms in the accuracv of the 
recorded data, resulting from the pH and D02 ~cters 
requiring daily calibrations, battery checks or recharg
ing. The calibration of the pH meter was adjl.tsted so 
that pl-17.0 read pH 10.0 on the rueter to allow com
patibility with the chart recorder which reads only 
positive pol.arity in voltages. If the instrument haJ 
read kvds bdow 7.0. a negati\'C polarity would have 
n·suheti that would have read ;U 0.0 miUivo(ts on the 
chart recorder_ At times, the pH of t.hc systt:m went 
above 11.0, the limit of the meter as calibrated, and 
in some .instances the maximum \'V-as not determined. 
The recorder was set to mm·e the chart paper at one 
inch per hour. On occasion it r.an some"'hat erratical
ly. AU recordings were measured in sequence. Thus. 
each factor as measured was refative to the others at 
any moment ::1 time, creating a direct relationship 
between them. A total of six weeks was transcribed. 
For the first five weeks the time increments were re· 
lated directly to Eastert1 ~aylight Time. The last week 
\\'<lS en Eastern Standan! Time. Tbe first three segments 
transcribed are fr-on. the first t\\renty consecutive days 
of the experiment. The la-st three are taken from 
separate weeks throughout the im:estigarion. 

Tbe Gener,7tion of au Aquatic Ecosystem 

Week 1. Tap Water and Fcrti1iz.ation: 
The first six days of monitoring are Jescribed in 

Graph. 1. Gcan tap \\'ater was put inro the pond <lt 

200C. Monitoring began at noon on June 22, 1977. 
For the first two days. the recorded pH and D02 le\·els 
were f~irly steady. The pH showed a fluctuation of a 
half unit, the ox~·gen a fluctuation of nearly one part 
per miJiion (ppm). On June 2-+, distincti\'e diurnal 
rhythm-s became .;-vident, probably the result of re
sidual organic matter in the pond that p-rovided a 
nutrient base for the small po-pulations of phytopJank· 
ton and bacterial cells resident in the ponds at the out· 
set of the experiment. On the morning of June 27. an 
aliquot of human male urine was mixed into the water 
column. (Sec page 98). This was done in many of the 
solarwafgac p-onds. There \\'aS- no inoculation of algae. 
Rich btooms ~ultcd~ prcdom:nandy chloroccocalN, 
Gohmkbzia sp. and occasionall)· Sceuedesmus sp. In 
this case, it.was the Gnlenkiuia. 

)'rom t~c graph f"r Week 2, it appears that, as the 
water wanned from 20° to 230C, the D02 concen
tration gradually decreased. The higher the water rem· 
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(;I(APfl I. This j'iy,:tre n--preseuts the first 1,;eek of monitaring 
So}JT-A/g,w Pon~l A/9 imide tbe Cape Cod Ark. Dis:wlt,ed 
orygeu is in parH per million ,wd so/.1:· radi..ttion in 
mil/itr<lttsicm.2 Jbe polloi temperature '1!JaS measured rmce 
d,1il__V whili· the others wer£• memured continuously. The 
chart recorder rau somewhat erratically, cre.ai11g th(c dis
crepancy betweeu real time .aud exp(•cted s1mligbt intensities. 

perature, the lower the concentration of DOz4. Dif
fusion seems to have a direct effect on the hahmce of 
gases in the water. The pH levels dropped, poss.ihly as 
a result of bacterial activity which would have utilized 
residual organic matter in the water and released or
ganic acids and carbon dioxide. Relatively small quan
tities of these compounds could induce such changes 
as there was no t:Ornpot~t?nt to buffer tb~ pH. The sig
nificance of this became apparent subsequently. On 
J imc 24, the OYj-~gcn level increased, perhaps due to 
the respiratory pwducts that were becoming a\·ailabJe 
to the small algal population. A series of diurnal fluc
tuations began and continued for the next two days. 

Following fertilization, because of the nutrient~ 
being supplied to the phytoplankton, a radical increase 
in the 002 concentrations was measured. The in.me
diate impact of these nutrients cannot he ~xactly de
termined. as the D02 meter was being recharged when 
the nutrients were added to the pond, delaying meJ
surement. As the previous day had been cloudy, a 
build-up of respiratory products or nutrients necessary 
for the photosynthesis had occurred. The data contain
ed in Graph U show the importance of the fertilization 
of this poncl. 

Week 2. The Emergence uf a Pi1ytoplankton Bloom: 
GrJph IJ represents the we-ek following fertilization 

and is a direct continuation <•f Gra1}h I. For the first 
two days uf this week, I)Oz Jevcls rcmainct.l similar 
to those rc-cordcc.i directly aft,;,~r fcrtiJiz:ttiun, which 
likely inUicatc!i that the ac.IJed nutrients were par• 
tlally utilized by the existing phytoplomkton popula
tion without significantly increasing it-s numbers. 
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(;j{AJ>/11/, This fi}.:ure reprc~nus tbe s;'r:ond u>eek r1[ 
monitorinx •Jf,'iul,lr-/\lgue Puud Al9. Tbr liU'Mur('d j;lctor,;· 

E\·ery day uf this week was very sunny_ There 
\\>"'as iltdc cloud co\'cr. A radical change in the oxygen 
levels in the pond did not occur untif June 30, indicat
ing a three day· delay before a substamial phytoplank
ton bloom developed. During the day. a significant 
increase in DOz and pH Jncfs was evident. There was 
a corresponding decrease .tt night \Vhcn algal cells did 
not undergo photosynthesis but continued '"o respire. 

With rl1e development of the phytoplankton bloom 
(Goleukiuia) on June 30. the system developed a more 
dramatic chemical behavior pattern. resulting from the 
interaction of the algal cells with the sunlight. A 
period of actl\·e produrtivity during the day was fol· 
lowed hy a pass.i'\·e pha'I>C at night, during which the 
phytoplankton survi\'ed on stored 1)02. A 24-hour 
day could be compared to the yearly seasonal cycle. 
the periods of sunlight being analogous to the pro
duci:ive summer months and the nights to ,.,_·inter. 
In. a broad sense, the varying day!engths thr'.~!lghout 
the year could be compared to the differil.g season
al lengths at different latitudes. Productivin· would 
be limited t!l the length of time and intensity of 
available sunlight. Dawn would cnrrcspond tn spring 
and dusk to autumn. 

Week 3. The Fish Encounter: 

i' 
I 

I 
I 

On July 5, 350 Tilapia aurea weighing 56 grams were 
put into the solar-algae pontl. At the time of their intro
duc_tion. hoth pit and DOl recordings were suspect. 
For the week described in Graph Ill, the recorded pfl 
reached the calibrated upper limit of 11.0 on five of 
the transcribed days hut it \\-'a~ like-ly hjgher. 1)()2 
readings for the first three days arc somewhat dubious. 
On july 5, afrer the fish ,ycre put inw the pond, thr 
DOz concentrations droppetlradicaUy. As the fish 
were in a highly perturbed ~tate after handling, rcspi-

(;UAPIJ Ill. J}.;i;; figure repn•;;eiHS tl)(' :.ecol1fl u:;•ek of 
iiUJJtiuniup. A/9. 
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I 

1: 
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ration wouid have been higher tban nonnal and there
fore coultl have caused the drop in D02. Jt is also 
possible that the batteries of the submersible srirrcr 
were low. Further understanding of the post·pcrtur· 
bation respiratory responses uf the fi~h is necessary. 

The !Jst four days of this w<'ek indicate the impact 
of the fish on the -system. Prior to their introducti-on, 
from June 30 to July 5, it was sunny and DOzlevds 
were between 16.d and 20.0 ppm. Similarly, july 9 
through l l \Vas sunny. D02 levels were het:wcen 
11.8 and 15.8 ppm, an overall drop in the cuneentm
tiom. The range of the fluctuations is approximately 
the same; 4.0 ppm indicating that the fish contributed 
tn the shift, which c-ould also have heen affected hy 
greater bacte-ial density and activity. 

During the week beginning july 6, the fish were fed 
a total of 29. J grams uf trout chmv. As a rcsu[t of 
daily feedings, fish wastes increased, supplying more 
nutrients to the pond. The precise impact of the feed 
on the water chemistry is complex, involving sever-at 
factors: 

1) additional nutrient~ available to dle algae, allow
ing for lnneascrl photo~•ynthPtic activity; 

2) increased nutTicnts available to bacteria stimu
lating respiration and increasing the population; 
and 

3) greater fish mass triggering increased respiration. 
Temperature fluctuations wouJd have had an impacr 

of less than 1.0 ppm.4 
The hnurJy fluctuarions in the U02 during the last 

three day<; arc difficult to explain as other than me· 
chanicai C?rror. Thl' p\1lt-vds during thcSt: days, panicuhu· 
ly the lust two day~. show a steady dccrcotsc. Tht· small 
amount nf organic matter that was lmilding up in tht• 
llond would have tended to drin• down the pll thrnugh 
bacterial ;netahulism which pmducc~ organic acitis a., 
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by-products. As the ponds haH' littlt· huff"ring CIJlil

city, such COlllJHlUmb could he ~ignificant. -\I so, 111-1 
le,·cls are closely rel:ucd rn the photosynthetic acri
,·iry of the algae. As carhon dim .. ide and bicarbonates 
arc utilized, the system becomes more alkalinc.5 

Week 9. First E\•aluation of System Maturity: 

0\'er the next six-\\eck period the water chcmistr~ 
in the pond gradually became more actin• as illus
trated in Graph I\'. Diurnal fluctuations became ex
treme and definiti\·e_ The effect of 'iolar energy im
pinginf! upnn the plant life in the pond i~ n:ry clear. 
The rise and fall of pH retlecrs similar change-s in con
centrations of carbon dio_-;,:ide and hicarhonatc. Sen
siti,·it\· to sunlight was obscr\"ed. At mid-dav, on 
Augu~t 2-J., a cloud co\·er reduced the I ight Penetrat
ing tht· pond. The change was reflected in the reconJed 
In eb o1 D02 an(l pll, which had been rising. A de
finite drop in the cun'es sho\\ed rhat productivity 
ha .. J been reduced and thar rhe respiring organisms were 
consum"ing more oxy J;en than was being produced. 

Then, a" the cloud cover di.-.sipatcd later in the day, 
a "itC<Hh· increase in values was measun..·d. 

There arc several similarities in the acti\·ity of 
aho,·c-ground ponds such as this and that of sub
surface systems like the dome pond. Maximum 
levels of solar energy entering both systems do not 
directly correspond to ma_-;,:imum len·ls of o_-;,:ygen 
dissolved in the water_ :\lag occurs after which the 
concentrations reflect maximum light intensities. 
The rate of photosynthcsi.-. corresponds closely to 

the amount of energy a,·ailablc at a gi,-en moment. 
Graph IV rtcords the same week from the prc

''ious year's research dC"i{Tibing the dome pooJ.l 
Although they \"ary in physical factor\, the over
all response of the dome and solar-algae ponds 
in terms of diurnal rhythms is quite similar. 

'~' ~" "~' .,,, Ji 
:Jc:.o o•r· ;.JTO'DE 

--i 

' ""'f. 

GRAPIIIV Ibis figure• Y<'P~"t'u'llts the tbird u•et>h ('/ 
11umitoriug .-~.19. 

1: ' 

[' 

llnc rc~pon~c to flu,!L, '11111"> in tight nidl'llt i11 
hoth i.-. the hour or t\\o Jag time by ,,-hich the rise 
and fall in pll lc\ C'ls pn'Ccde~ in-crca<;ing and de
creasing D02 concentratiom. This indicate.-. that 
significant amounts of ~:arbon dio:-..ide and other 
compouml~ that induce: low pl! arc heing u'>ed in 
algal metabo!i<;m and thereby arc heing remo\"ed 
from the systcn,_ \\"hat i~ being mc<.t.~urcd, :tfter 
sunrise, for in~T-ance, is a dccn:a!->e :n di<;sohed 
oxygen depletion rate'> a"i In\\' pH-inducing mok
culcs arc removed. Once photosynthetic activi!y 
is o;ufficient tOJ rai<;e the D02 t:OIH_·cntration he
yond that necessary for equilibrium with respira
tory acti,·ity, .after a lag period, a measured rise in 
concentration oc,_.urs following the rise in pll. The 
im·erse of this procr'is Ot"t'Urs tO\\<ll"d till' end of the 
daylight pe•·iud wht'll a drop in pll precedes a fall 
in DOz con~.:cntrations. 

By the end of the ninth week of the experiment, 
a total of 274 gram·• (lf commercial f.:cd had been 
fed to the fish. This amounted tH the total input 
of nutrients hc.\'ond initial fertilization and what
t'\·cr atmosphe~ic gases that may han diffused into 
the pond through the surface. No sediments were 
remo\"ed. 

The fact that the pond is inside the Ark is detennina
tive. On the relatively clear days of Week 9, the intensity 
of the light striking the pond was greater than that re
corded during the previous week!. closer to t!1e summer 
solstice. Although the outside light intensity was less, 
the doser angle of the sun to the hori7on allowed more 
light to come· in under the roof which in early summer 
had shaded the pond. Although the light intensity may 
decrease with the shorter day in winter, the onrall 
quantity of light received hy the solar algae pond in 
this location may have been dose w equal to that tlf 
tht summer. 

\\'eek 14. Second Evaluation of the System's 
Maturity: 

The data collected during this week and plotted in 
Graph V are similar to those of Week 9. Fluctuations in 
water chemistry were nearly the same. The light inten
sity entering the p;md was somewhat less. Feeding was 
continued daily with an addition of 163 grams of com
mercial feed makin!! ~total of 437 grams at the end of 
the week. 

The behavior elf the system was relati,·cly stable 
through to this week. In October, a <;cries of cloudy <hys 
reduced the ovcrail productivity and threatened the sys
tem. During thi:.o time, the pll w:as recorded at 6.1 and 
the DOz at 1.11 ppm: a stressful l.'ondition for tilapia, as 
they originate in iakl·s which arc predominantly alkaline. 
Low oxygen levels stress hoth respiration and mct.ah
nlism. 

Week 22. The Ltsl" h·aluarion of this Svstcm: 
The data rran.-.crihed from thi .. week in Graph VI il

lustrate the dramatic effect of lnw light on 1hc aq11a1ic 
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f,U \I'll 1 ·. lbt\ figun• r<{'I'C;,·m,· tlw niut!J ;n•ek r;[ 
monin!tW_!! ·119. 

t'l'O"~'..,]t.'lll. lht· t'umhinJ.titm nf low litht lc\'d ;Hld a 
huil.l up of tktritu' on the hottmn n·,lm.'(_'ti diurnal 
curn.'\. CompareJ 1o prC't·iou .. t!raphs, the Huctuation:~ 
tlf Nnn:mhcr 27 and 28 are lc .. -.. hut sufficient energy 
w drin; the ~ysrem {o.: sriH it\·ailable. rne fm\er o:-..ygen 
len+.; .arc s.till well within ~fc li:nirs for the fish. The 
ldw pH may be moTe of a protllcill. r·.,r four of the last 
eight days tranSt.--rihed, fc\-et" are hdow 7 .H. The exact 
effect of this on the fish f.q-owth rerluircs further c..·,
perimcntation. 

Summary 

On Oecemher 5, 1977~ a total Hf 335 tilapia ·were 
taken fmm the pomi. ·nu,·y \Wighcd 861 grmm .. n net 
increase nf 805 wams They were fed a total of 7 ..J.S 
gram:e. of conuncteial feed. bringing the dry ft:cd to 

' ' T --\-·o.··-;;,. 
YYflli.<i~' 

SOlAR ~.<0 8';l?f 
;cl~~ ~AO W'S"f 

:o, 
-~ 

'Eio!P 

liR.-\1'11 V'l. This Jixurr n.•flrt'H'Iih the f,l.\l uw.'k n[,luta 
tr.onscribe.f from tbh im·rstig,llwu 11[ :11'1. 

wet fi-.h t'Hil\Tf'•ion r.uio lo 0.9.;. II .,hould ht· rnnc..·m
!wrc{l tlut thi.., '' ao;; not an (''\jlt'fimcnt in intrn!tin· 
f1rndu~·rion. (;ruwth \\a' m;linl<tiw:d .1' <I minim:1l 
kH·I !'he !!oil I \\<IS to tklt·nnim· the impact of tlk 

\,ttiou"l~hnwmc..·tm quaiit>ttiH.:!y. 

\'ariarinn in tlay kn~th and 'llnlij!.ht inh'no;irit·'
\\CH' o;lwwn 1o han.· \ignificaut impa~:t upon e\·oln·d 
eutrophic.· t.'undition, indicating that latittHfc is si_t!
nifkant in tlcsi~ning light-bo.t..,ctl fnod-prn<luc[ion 
!'>ystc..·ms. 

lntensin· t.'HillllUter study is not tht: only method 
hy which we arc '>tutlyin~ the \~triou.,: unirs of nur 

<tt..JUaculturc While we u'ic in .. trumcnt" tH n.-curJ 
pwpertics. thar arc nut readily tlisccrnihlc to the 
uh!.encr, we arc, at the ~mt.' time, dc\·dnping a 
parallel ~t of human "'-'llSIH}' criteria fur pond man
agement. ,\tuch as a. pan:nr can tell ar a glance the 
!!cncral health of .a child or a gardener hio.; nr her 
l'laub. we \\~tnt to lco.i:rn the scn:r.ory 'iiimuli W ob· 
M.'r'H' thl' met:thofio.;m of the systems. :\!'< for the 
snlar-algat· ponds, \\C think that their o.;ma~l, modu
br •t;JtUf(_' m;tke-. them easily adapted to placin~ in 
a lwusL·. :.~partment. patio and/or roofwp. They 
enulJ be placed ncar a wind\lW \,,..ith a ·(mthcrn 
exposure {in the twrthern lv:misphcrc), possibly 
with plantihg boxC's for n·gctahles hclmv the win
dm.\· that c:ould he irrigated with the sediment-
rich \\atn from the hnttnm of the pond. \\'e in-
tend to ~.·nntinuc experimenting.'" ith anti monitoring 
OliX ~ttuandrure units both to maximi.;:e produd:i\·ity 
:mJ to hcu:cr understand their aqm:aic ecology. We 
look forward r.• rcplicatin.l, adapt..tion and feed
had .. on our \H,rl ... 

*********** 

I had cun-;idcrah!e as!ooi.,.t;:lUt..'C in the collc(_·tinn 
;.md <.lmlly~i~ oi' ti;,· ilat;.l \!~cd in thi!'o artk·!c. C.nl 
(;ol\lfisciwr and :".hnud ,'\'\ir lu:tpcd in rhe daily 
nwnitnrin~ of tht• pond. Mnt:dith Olsun assisted 
in transcribing: the rectmkd infnrm:.ltion. 

BIBLEOCRAPII).' 

z ... u.~iy;. R. U. 1977. "Binshcltcn ;a.,_ Or{!anisms." 
Tbi• }tutnt.<l of tbj• /Vt•;;.• Alcbemists (4i. WnoJs 

Hnlc,.\tA02543 .pp. Hl7-113. 
2. Z\\ci~, K. 0. 1977. "The S~{!<l uf th~: Soiar~AI!!"aC 

Pnnds:· 'iJJe }oUTJMl nf tiJ<' St•zr Alcbt•mists f41. 
Woods llu!e. MA 02543. Pr- 6J.fl.H. 

3. Zwci{!, t(. n. 1977. ''lnn.'stig;;.uiuns of Scmi-Cioscd 
Aquatic 1>-:o:o~ysrcms." Tbe .frHtriMf af the ,'\'t•u· 
Alclwmi~'fs f5i. Woods lloJc. MA 025+3. r- 93 

4. Lind, 0. T. 197-l-. n~mlf>tml: (,[f.'ttmmou 
Hetbml~ nj' J.iiii!Wlogy. The C. V. Mosby Cum
pmy. Saint l.tllli~.J'.IIJ. 

~. Wl't/L'L 1{. G. 1975-.l.imnoln){Y. \\'_B. Sam1tlcn 

CulllfMIIY.I'hil;~ddphia. PI'· l~i·IX5. 

Tbe journill uf the New Alchemists Page IWJ 



_._ __ _j___ __ _._ ___ L_ _ __L -----'-----' 

z 3 4- 1 8 9 

The Second Wave: 
The Application of New Alchemy Aquaculture Techniques 

to a Remote, Small-scale Trout Farm 
- JJereditb 0/sou 

Research in fish culture at l\'ew Alchemy has been 
directed toward dncloping workable techniques for 
small-scale fish farmers or for those interested in 
backyard aquaculture. The wurk has been primarily 
with warm watt:r species. Mo~t of the litcr;Hurc on 
the culture of cold water species is aimed at large
scale app;icaliun hascd. for the most part, on tech
niques used in state and federal trout and salmon 
hatcheries. After reading :mmc of the availahlc 
information about tro:nlt culture, nne hegins to 
wonder if trout cuirurc on a small scale is po;o;siblc. 

Ltst year I took part in a project ;_tt Holden 
Village, ·m cducatitmal and religious retreat center 
in the Cascade Mountains of northern Washington, 
•\'here there w:u;; an intcre"t in ,lf'n•lnnino- fi"ih r'nltnrc -- --- - -- -- - --- - ----. - p - - -- -- --

iince the water supply there comes primarily from 
;trcams fed ycar·round by the runoff from glaciers 
tnd snow fie-lds, we began to explore the possibili· 
:ics of a small-scale trout farm. With encouragement 
·rom L:.mren Donaldson at the College of Fisheries 
,f the Univcr!<.ity of Washingwn and from New 
\1chcmy's Bill McLarney that trout culture need 
)C neither tcchno1ogy-imensivc nor large seale, we 
lccitkd un an cxpl·rimcntal project. The o<Jjectivc 
\·as to cxp!nre the feasibility of trout culture within 
he cmH'-·xt nf the '-'om:m:nity life nf the Vi!lagl' ;tt 
foldcn, not only in order ru pmduce some of uur 

own food, but a!s'~ to pro\·idt: an educatiunai 

model of a small·scaic, cold water fish farm for the 
5.000 people that come through the area each 
summer. 

Holden is unique for this type of work in several 
ways. It is located in the wilderness of the Wenat
chee National F nrc-st. The Village is accessible only 
by a 35·milc hiking trail. or by a 40-mile boat trip 
up Lake Cl1clan, followed by a 12-mile drive 2,000 
feet up into the mountains. During the winter, due 
tu hcoovy snowfall there had been 250 inchc'l hy 
january, 1978- this road is closed to all but tracked 
vehicles. In \'icw of the expense in time, energy and 
money of bringing in supplies. •me can see how en
ticing was the idea of producing part of the Village's 
food supply. 

Attempts at agricultural production in th~..- arl.'l.l 
ha\'e met with limited success due, in part, to the short 
growing season, as wciJ as to an aLtnOancc of pred
ators including deer and bears. An aquaeultural pro
ject was likewise not without limitations. The fish 
ponds would be fed hy icy streams with temperatures 
well below the lower limit of the ran~e rccommc1~d<d 
for economic trout culture, where J l-15°C ( 5 2-58° F) 
ilTC optimum. In addition, the Village. now owned hy 
the Luth(.'fiUl Church, was mi~inally the site of a huge 
•nppn and gold min in~ operation uwncd h~ till' 

1-lmw Sound A--tinin~ Comp:my. Th(' mine, in npcmtion 
from 1937 through 1957,1dr rhl' Villa~c a k·~;u:y of 
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an ~~djacent cil!,hty ac..·rc..·s of ~.·upper mine tailing:s. 
Air a~atl water nmtamination with these \Try fine..·~ 

grained mine wastes has rc..·sultC'l. in the lkpktion 
of fish amt in\'cnchratc pnpul:ltinns in areas duwn~ 
stream from the Village. lfm\'C\-er. the good fishing 
in the lakes and streams abo\·c the tailings encouraged 
us to go ahead with a small feasibilit)- study. 

A final consideration before \H' beg;:;.n the wOI'k 
was that of competence. The Village operates pr;mar~ 
ily on a volunteer staff and there was not a cold 
water fish culture expert a\·ailable to direct the pro
ject. Somewhat hesitatingly. l acce~lted the responsi
bility of snting it up. wondering all the whik 
whether my experience in aquaculture at graduate 
sclwol in Puerto Kieo would ha\·e any application 
to this rather distant rclati\·e of warm-watcr pond fish 
culture. l consulted with people at the College of 
Fisheries of the llni\'Crsity of Washington and the 
State Game Department, as well as sc\·eral independent 
~.-·onsultants, some of whom were \'cry interested and 
supportive and had important inputs on the work. 
The biggest bo,1n to d1e project overall was the help 
of Dave Kuhlman, a recent graduate of the University 
of Washingwn's College uf Fisheries, who had had 
experience with trout and was eager to learn more 
about aquaculture. Another stroke of fortune came 
in contacting jim Ellis, an aquaculture consultant 
associated with the Lummi project in Bellingham, 
Washington, who made several trips to look over the 
site. His many suggestions and detailed letters on 
how to proceed, which included the initial plans for 
th~· 1.100d construction. were a major impetus. Bill 
McLarney suggested we try solar heating as well as 
some innovath'e systems of feeding and gave me 
much-needed encouragement on the need for and 
the \'alue of smdll r .. ojects such as ours. And, the 
support of the rna, y dear people at Uoldcn, in· 
duding the mechanic, electricians, carpenter, high 
school and life-style studcn:~. cooks, administrators 
and past<Jrs, who h.::-lpcd in all stages of the work from 
the initial pond Jigging to the fina! sen:ing of the fish, 
is \·.·hat reallj made this project possible. 

Poud location and des!gn: 

The first step was to find a suitable location for 
the ponds. In additi·•n to the primary concerns of 
the quality and quantity of water s;.ot'ply, we wanted 
to find :1 natural site so that extensive construction 
would not be necessary. ~asy access from the Village 
was another prerequisite. U"ing '\:C\'cral sm<!ll Hach 
and La Motte water tjUality test kits, we measured 
the tcmpcr:~turc, dissoln·d oxygen (DO), pU and 
copper concentration in nearby creeks. Since minute 
amounts of copper ha\'C been shown to he wxic w 
trout in soft water in concentrations as low as 0.05 
parts per million (ppm), copper contamination was 
our most obvious fear. 

We fuund a location whi<~h "l'l'lllnl tH mc<'l rnoo;r of 
our l"l'tfllircml·nts in a small, rock-lim·d 'ilrcam ar tht' 
outflm\ uf our h~ drut'lectric plant \\ hich flo\\ s thnlu):!h 
o.l sauna/rccfi..'<HionJI area for St.'\'l'ral hundred feet hc
fnrc drop~ling into Railroad Creek. The hydro plant 
rccei\'es water through an underground pipe from a 
dam 700 feet above. The water is diverted from 
Copper Creek (a slightly suspicious name) well above 
the main mine tailing area. Except for irs coldness, 
other parameters for water quality seemed satisfactory 
and the water appeared free of copper contamination. 
Since this stream \vas already recei,·ing a regulated 
flow at 7 to I 0 cubic feet per second (cfs) during the 
summer months, we would not have to worry abour 
Hooding, especially durin~ spring melting. 1\\ost 
streams swell considerably at that time and often 
-.:a.rry trees, ruots, leaves and other detritus, which 
can cause problems to the fish culturist. 

We knew that water temperature would he a major 
limiting factor at this location but we were planning 
to '""rk out a heating system for the pond. Other 
plans for the area included the construction of a 
water wheel and several solar collecting panels. \Vc 
were also worried about the possiUility of toxic 
substances leaching from the tailing pile into the 
pond water, but we planned to have rock-lined ponds 
and to allow several weeks after finishing construction 
before stocking the fish, thereby hopefully leaching 
out potentially harmful substances. 

Pond construction began as soon as the snow 
melted in the spring of 1977. The ponds were relative
ly easy to build as we had only to widen and deepen 
the stream slightly and to instaU a screen which 
would allow water to flow through but would con
tain the fish. Preliminary excavation was done with 
a backhoe. Learning to usc this piece of machinery 
from Mike Beaver, the Holden mechanic, turned out 
to be one of the more cxcitin~ parts of the pond 
preparation. We used hand tools on the banks and 
lined the pond bottom and sides with rocks. Adjacent 
areas were planted with some trees and seeded with 
grass. 

When it is necessary to overwinter some of the fish 
two ponds arc needed. A separate pond is then a\·ail~ 
able to stock the young for the next year's crop. The 
design of our pond area is shown in Figure 1. Each 
pond was about 60' x 12' x 3' and could support over 
2,000 pounds of trout. The screens were built of a 
frame of 2 x 4 's. inlaid with vertical wooden slats, 
liz-inch wide spaced Yl-indl apart and nailed in at 
each end. One horil',(mtal 2 x ..J. was set in across the 
back of the screen to prevent the hars from hcndir.g 
from the pressure of the water. The \'Crtical slats 
alluwcd needles, leaves ant\ other lktrita\ matt·rioll 
to pass thmugh the JHllld'i without cln~:~in~ tht.' 
screens and causinj! a had;.up of \\ater. We needed 
to dean off the screens with a mkc once or rwil'C 

a day. 
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The screen-5 ·we£e supported between two ""'ooden, 
earth-ftllcd bulkheads that extended back into the 
bank. In ~dtlirion to the slot for the screen, tbert: 
was an additional one for dam boards which regulat
ed the depth of the pond. To prevent water from 
undercutting the screen and bulkheads, they were 
supported by an underlying apron, built of 2 x 12's, 
which also contained slot<;; for Lhe screen and dam 
boards. The apron wa., 12 feet wide, the full width 
of the pond, and 12 feet long. A \·erticallmartl l2 
inches deep U'as attached at both ends of the apron 
and packed witl1 smaU FOL--ks and gra\·ei tu prevent 
warer from washing in unt~crneath it. 

The bulkheads were designed to be eight to ten 
inches above the high water mark. They were spaced 
fi\'e feet apart~ but the water still backed up some· 
what when the screen was put in. This necessitated 
building up the banks of the pond with sand and 
pea~siud gra\iel upstream from the first bulkhead 
to contain the higher \l-·atcr leYcL 

After about a month's work on pond c'mstruction. 
another site became a,:ailablc to us. lt was a concrete 
pond (15' x 30~ x 3") that: had been built as a sauna 
plunge. It '-\-'35 fed by a four-inch pipe which r.an from 
near the tailrace of the hydro to a 750-fu(lt·lnng rock· 
lined channel that spilied down Uno the pond. The 
water in this pond could become considerably \Hrmcr 

·than that in the main flow which ran through the 
·earth_ ponds bccituse (Jf the reduced water flow and 
the shallow iniet channcl. As water tcmpcr~turcs 
fanged fmm 5° to 10°C (·H 0 to 500F) ii:t Copper 
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suited to ('Uiturcd conditinn" and arc a\ aih1hlc at man~ 
nf tlw holtdH.'rit·s ;lruund tiw Stall'. Tlw fin .. t "ummcr 
\H' decided t"o srock -1-.tltH) fi.,h. a rdatiH·Iy Mnall num· 

her considering our How rares and pond si.~:c. lluwcvcr, 
we wanted to minimi.tc tht· im·cstmcnt until we fuund 
out if and how wcil the fish would sun·ivc. The people 
at the Chelan Falls State fish HJ.u.:hcry pro\"idcd us 
\\"ith inftJrmation about the rearing program. and Clair 
Sackcmeur..::r. the Director of the Hatchery, assist<.::d 
u<> in acquiring the fish. On June 9. 1977. the fish 
were hmu~ht up-l:.tke on the barge fur srncking into 
the ponds: 

Fish Stm·kl·d ~nd l ~cur~crctt_:_) ~l!n.d_Z (ca_':_d~£1~) 

~umht:r of fi~h 4-,0(lU II 
\\~:animii,·i;.h:.~!wt. !6~~29i!b.! 65\1~{1-2\b.) 

:11\',,,.knt:th IOn11H") 30cm(12") 

..\gl' 5 mmuhs 27 mnnths 

On july \\e transferred -t-5 of th~ largest fish from 
the ("Oncrctc pond (u; Pond U tu the earthen pond 
(or Pond 2} to sec the effects of the latter on the 
smaller fish. We arc not sure whether these fish 
squeezed through the 1i:Z inch-screen or hid in the 
rock~lined pond bottom, but we did not sec them 
again. On july 30, u-e transferred an additional 
50 fish. this time enclosed i-l a cage. from Pond 1 to 
Pond 2. In mid~July we also stocked Pond 2 with an 
additional six large rai.nbows which u·e rccci\'cd from 
the state hatchery. 

Because of higher water temperatures and the 
ease of sampling and cleaning the concrete pond, the 
main experiment with growth and feeding was con
ducted there. We tried to maximize solar ahsorption 
in the inlet channel by lining it with black polyethy
lene. On sunny days, the f('mperarurc roo;c as mtu.·h 
as JOF in the i5-foot stream. 

The fish were fed both natural fond orj.(anisms 
and commercial feed. We installed a V.'ill-0'·thc-\\'isp (R) 

bug light on a floaring raft about three feet above the 
water in Pond 1 tu capture in~ccts for the fish during 
the night. Later in the summer, we installed another 
b~g Eght -.~:it!! z.n £!'h!.c!!~d n!e~h ~('H~("ting h;~g !11~ 

side a garbage collection area from which we period
ic-.tlly remo\·ed the insects and brought them to the 
fish. Da\·c began a worm culture project by stocking 
two large wooden worm boxes, one with several 
hundred breeders and the other with about 1,000 
smaller worms. Since we were .ivst starting worm 
culture, there was not time for c.:nough growth .ru 

allow periodic cropping. Instead, the fish were 
fed a commercial peUcted feed three times daily 
at a rate recommended by the manuf<tl'turcr, based 
on the mean size of the fish and the water temper
ature. 

Th.r con(:'rC£c pond wa<.; cleaned ahuut once a week 
using two diffcrcm methods. Early in the summer, we 
opened a drain at one end Hf the fish pond and swept 

tiH' \\<l~t-t.'" uff tht• edge\ and bottom down to 1hc 
~lrca uf the drain. Later, wh('ll we.:: were scnlin!-\ grass 
nt:ar!)y, we scoured tlw pond butrum with a hose :md 
pumped the wastes OV(.'r to a sprinkler for usc as 
fertilizer. 

To estimate the mean individual weights of the fish 
and w determine the growth rates, we samph:d the 
ponds once a week. lJsing a small seine ne£ with a 
%-inch :.uetch mesh, we easily netted mer half of the 
population, from which we counted and weighed 
sc\'cral dip nets full·, 'n·ighing from six to ten pounds. 

By determining the average weight. we could extra
polate the total weight and the food com-crsion 
efficiencies based on the weight of feed added to 

the weight of fish flesh gained. 
We began to harvest th(' fish by the end uf St:.'p

tcmbl·r. The minimum han·cstahlc size was set at 
seven inches. After seining the pond, \\'l' selected 
the largest fish visually. They were measured into 
groups based on length in inches, then counted 
and \Veighed by size class. After cleaning, which 
consisted of evisceration and removal of gills, they 
were re-weighed to determine dress-out percentage 
(cleaned \veight/live weight x 1 00). As a cost 
e\·aluation was included in the study, this was done 
to find the weight of the salable product. 

Results dJld Discussio11: 

Although the design of the screens and bulkheads 
in the earthen pond \Vorkcd \'Cry well, results were 
conflicting. Within six weeks from the initial stock~ 
ing, all the larger rainbow trout were dead. Since 
must of them died within the first several \Vcck~. 
we assumed the mortalities to be due to stress at 
the time of stocking. At the second stockin~, care 
was taken to minimize stress both during the trip 
up~lakc .and during the temperature acclimation 
period. Howc\-'Cr, only two of the six fish survived 
through the summer. 

Both earthen and concrete ponds recei\'ed \Vater 
from the same source. Since mortalities in the con
crete pond were \'Cf}' low, we tried to determine 
the causes of the high mortalities in the earthen 
pond. Differences between the twn included mean 
daily water temperature, flow rate. pond substrate 
and the age of the fish stocked. Water temperatures 
were consistently higher in the concrete pond than 
in the main flow of the earthen pond (sec Figure 
2). There may have been a rrace amount of a toxic 
chemical, too small to mea~urc, which leached imo 
the earthen p(md, but did nut penetrate the con
crete pnnd. 

To determine whl~thcr tht· sit:l' of the fish <Jffc('tt·d 

survi\·a\, we sru,·kcd some l'in~crling\ in till' t':H'thl·n 
pond. Since the first ~ruup disappl'art·d, we had only 
rhc second gwup of fifty cag:cd fish on which to base 
ohsenations. 
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Althou~h not all thcs(· fi'ih (''hihitnl nurm;li lct·d
ing hchaviM .md there was ahuut 10% mortality 
wit:hi1: nvo months, most of tlw f1sh appt·ared to adaJH 
to the earthen pond within several weeks. Unfortunate~ 
\y, the exrt.•!'iment was abTUfltly terminated in mid
November when a hear dipped a paw into the cage 
for a pre-hibernation snack. Th'!O'refore, we still have 
to cunduct further experim('ms to determine the 
~uitability of this pond for trout. 

Results in the cnncretc pond were more heartening. 
.·\ summary nf the J:.ITOWth and production data hased 
on d~c samplings and partial harwst in Pond 1 through 
the bll of 1 Q77 is shown in Table 1. The ~urvival rate, 
98~\l, nf these b:h was high. Based on the last sampling, 
the cumu\ati,·e fooJ com-cr~iun efficiency fer the fish 
in this pond was 1.65 (dry weight feed added/wet 
wcig:ht fi .. h flesh g;Jined). Ouring a period of four or 
fin· nwnth'i, O\Tr one-third of the fuur-inch fingerlings 
reached marketable size. The dress-out percentages of 
these fish wen~ 68% for the seven-inch fish, 75% for 
.he eight·inch fish and 86% for the nine·inch fish. 

Although it is premature to draw definitive con· 
elusions as to the economic feasibility of the project 
until the final han·est, we can venture some specula
tious b:.~scd on the last sampling in tht~ fall and the fish 
harv<'steJ at that time. By October 10, we had harvest
ed 1,013 trout, which represented 26'Vo of the popula
tion by number, but 33% of the standing crop by 
\Veight. Therefore, to estimate the cost of production 
per pound, we can assume that these fish consumed 
approximately one·third of the feed that had been 
added to the pond by this time (82.5 kg). Their total 
harvested weight was 83.2 kg, with a dress-out per
centage of 78%, or 64.8 kg. Based on feed ... osts nf 
$.18/lb., or $.40/kg., the production cost uf these fish 

1411>/r_.!_. 

:.Jtockiug: june 9, 1977 

No. fish stock,.~ 
Me;;.n .indi.-idual wt. 
Tdtal wt. 

..J-,055 
16 g (2:J.'ib.) 
63.6 kg 

Feeding aud Smnpliug (based on samplings through September, 
J97i): 

Mean indit·idual wt. 
Total wt. 
Total feed added 
Tt'tal weight gain 
Comulati\·e food com·ersion 
N'.J. mortalities 

llun'esting (through Non:·mbcr, 1977): 

No. fish han·csted 
Mean indh·idual wt. 
Total wt. 
acaned wt. 

Dress-out percentage 
Pt:"r cent han·~ted 

;) g (9/lb.) 
195.9 kg 
218.5 kg 
132.2 kg 
1.65 
77 (plus 99 fish remo\'cd 
to ~·ond 2) 
9H'Ji, 

1,529 
82 g (6/lh.) 
125.7 kg 
89.3 k~ 
71')\", 
39'.li, 

is appro.,imatc._·ly SUd/kg ($.27/lh.), hast·d on feed and 
transport CO'>fS. If th(' pric._·c of the fing:crling:'> (about 
$.10 ('ach) i'> added, this incr('ascs to $2 .19/kg ($1.00/ 
lb.) which can he compared to $1.89/lh., t!~: price for 
fresh rainbow [rout in the Seattle fish market. 

The growth curve of the fish in Pond 1, basetl on 
the mean weights at samplings, is shO\VIl in Figure 3. 
As one would expect, growth begins to a.cccleratc 
around the end of July when water temperatures in
creased substantially. It appears obvious that longer 
periods of warmer temperatures would allow more 

fish to reach harvcstable size within one season. 

An additional factor that would have allowed for in
creased growth would have been access to more ponds 
for grading the fish, a procedure recommended fnr 
trout. The wide variation in size within the population 
is shown in Figure 3, where the mean weights uf the 
harvested fish arc over onc-and·a·half times greater 
than the mean \Vcight of the population as a whole. 
Since we were unable to grade the fish, we undoubted· 
ly hindered growth in all size classes by not feeding 
enough to the larger ones, and forcing unfair competi
tion on the smaller ones. 

Although we began to work on the culture of live 
foods, for the first summer we were almost totaUy 
dependent on commercial feed. Worms were har· 
vested several times at the end of the summer but 
did not contribute significantly to the diet of the fish. 
Although the insects rhat the fish received from the 
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bu~ light were nut weighed, night temperatures wen: 
warm enough for insects m be in abundance only 
during SC\"cral of the honest weeks in mid-snmmer. 
The light ncar the cndosed garbage collection area 
provided insects for longer in the season than the 
outdoor light,_ but still not in sufficient quantities 
to allnw ff>:- a reduction in the commercial feed. 

Appmximatelv two-thirds of the fish arc being hekl 
over \Vinter and hopefully will rca(·h harvcstablc size 
Juring the next year. Although growth and produc
tion appear encouraging to this point, several other 
factnrs .1rc important in dc-tcnnining the feasibility 
of continuing this project. If. for some reason, the fish 
arc unable to sun-i\'c the winter in the pond, it would 
not he worthwhile to continue the project as it \Vas 
nmdhctcd this year with only one-third of the fish 
rcad1ing han•establc size within :1 season. 

There arc several alternatives to overwintering: 
I) to stock larger fingerlings at the beginning of the 
summer; 2) to de\·elop further heating and/or recir
culating facilities that \Vould allow increased feeding 
and growth rates; and 3) to move the project to an
other location where it would he possible w utilize a 
creek \'lrith wanner water. As stocking larger fingerlings 
would increase the cost of the project considerably, 
we probably will not turn to this option. Heating the 
water by passing it through a series of black pipes or 
hoses or by constructing a small, shallow holding 
pond which traps solar heat is a possibility. Covering 
the pond would reduce .-ooling through evaporation. 
By recircul,uing and aerating die water durin~ the 
evenings, the drastic m.·ernight reduction in tempera
tures, which u·as as much as IJOC, or 20°F, could be
minimized. New locations arc becoming available to 

u~ ten milt:~ duwm;trcam on Railroad Cn·ck and on 

Lake Chelan, where ycar·round temperatures arc 
warmer. We arc exploring the possibilities of using 
the-se. 

An importallt part of any feasibility study is consumer 
acceptance. A common complaint of hatchery-reared 
trout is that the flavor is bland and the flesh soft in 
comparison with their wild counterpart. Prior to the 
lar~c-scale harvest, a taste test was conducted in which 
sc-,•cnty-four guests completed a multiple choice ques·· 
tion:1airc evaluating r_hc flavor of the fish. 59% of the 
peop;c rated the overall taste of the fish as excellent 
and ar: additio11al 34% rated it as gond. 90% felt that 
the fish was equal to or better than the- wild trout that 
they had tasted. We felt that the cold water tempera
tures \VCre probably an a~set \Vith regard to the tlavor 
and to the consistency of the fish. 

Overall, \Ve felt that the project \\-'as ''cry successful, 
particularly considering that mean \\tater temperatures 
were within the range cnnsidered necessary for econom
ically feasible trout culture for only about two weeks. 
At the time of this writing the fish are still active and 
feeding and growth appears to be good. There have 
been two mid-winter harvests, removing an additional 
400 fish, with a total weight of 47.5 kg, and a mean 
individual weight of 118 g. We are looking forward to 
expanding the project next summer and planning to 
emphasize the development of natural food sources, 
\Varmer water to encourage increased gro\\'th rates, ex
ploring new species, and the use of polyculture tech
niques. Suggestions and visitors arc welcgmed. Further 
information about the Village can be obtained by 
writing to Holden Village, Chelan, Washington 98816. 
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Our most recent bioshelters, the Arks on Cape Cod 
and Prince Edward Island, have been in operation far 
just over a year and a half, as of this writing. They 
nave come through two long, cold winters 111tith flying 
colors and little or no fossil fuels. As was explained 
earlier, the P. E. I. Ark is now managed by I. M. R., 
a local Island organization. 

Unquestionably, both buildings will take years of 
swdy before all the questions posed by the concept 
of the bioshelter can be answered adequately. Areas 
to be explored are: biological, in terms of suitable hor
ticulture and pest management; ecological, in the finding 
and filling of sufficient niches to establish interior 
homeostatic balance; energetic, in studying the 
efficiency of the absorption and retention of solar 
heat; aquacultural, in that fish production is a 
significant potential source for protein and that, 
in our structures, the aquaculture is an inseparable 
climatic component of the overall unit; economic, 
with regard to the possibilities for income from a 
loc.al market for the produce of such a structure, 
and, finally, cybernetic, as we monitor and try 
to understand some of the less discernible gaseous, 
chemical and biological exchanges that qualify 
this type of building, more than others, as a living 
structure. Several of these fronts are covered in 
the artir:les in this section of this issue. 

Kathi Ryan, whose gift for plants brings the Ark 
to life, describes her work in usoundings from the 
Cape Cod Ark." In nBiotechnic Strategies in Bio
shelters", Earle Barnhart discusses more generally 
the methodology and potential for solar greenhouses. 
And in nWhere Does All the Heat Go?", Joe Seale 
explains how to create a computer thermal model 
for a solar greenhouse and what it means. He recounts 
working out the model for heat flow in the P. E. I. 
Ark and explains the usefulness of such modelling 
in the conceptual advancement of solar architecture. 

NJT 



Biotechnic Strategies in Bioshelters 

I·.LEG.\1\T F'\TROP\ 

Frnm the rcc-t'nt t_·:\.pan.-sion of ... olar-oricntcd an:hi
tccturc. <.Icsi~n principle ... ar(" emc•gint:: "imiiar ro rhc 

hi•_Jiot::ic<ti suatq::!cs fmmJ in uarurai li\ ing s~ stems. 
The compum·nr~ of iiYtn~ .,~ .,;t~m~ ha\c mechani-sm" 
nf coHcctinn <1ml ~ttrrag:c tn CHpt__o \\ ith fluctuation'\- of 
cncr~•y supp]~. 1-'iam.;; _;!c-ncraH~ ;th..,nrb ;.,unli~ht and 

'\turc cncrl!y dR:micall~ '-'" '-iU_;::rr'i. sra1·chc'i or orhcr 
material., in thl"ir <>rrunurc .. \tan~ .anim'-ll<> ingest foutl 
cmTg~- pcriotiica\i~ hut u"e It ~rattuaUy. \\;Jrm

hioudcd animal;;; h:nt:' the :Jddiriun . .il <ar;Jtq!~ of con· 

~('n·in::. h1:~t for rhei!' ('ncr!:!~ tt'>t: with tur, k:uhcr" 
or nrher fonn;,; uf ;a..,uLnJn·n \\jwl,· t·ommunitit·.., 
nt organi._m .. li\ inj! Jn ,·old rc~ion .. h~nt· cnJh<·d 
hcolH .. '"ftn<.;tr. ln:-t ... ur(Jn· :!rct·f!J·\o!mtl\· ratio ... ;lfl{l 

man~, "'P''t'ie'> den·iop '>j'lTi .• d ni~.dH·Iimt· and \\iuwr 
hdta\ inr .. uch J!'. hihcrn~nian. \\ ht•n· pl,illt :mol 
;.mimal..;tr:Ht'_;!it:"' cwn ••he otu· rime ;I! rhc it.Td ~d 

the cco")-""-tCm .. a •aructun: i..; tlt'H'loped which n·
duccs the cffc(.T\ of eurcmc t1ucruation<; of tem
perature, humidity. \\ind .and other cn\iromncnral 
panmK'tCf<i. -\n imtwrtant rc.;;:ult of .. ul·h an inter· 
actin~ communir~ ~sa murual rcductinn of ph~ o;.io
lngic<~l stress rm it'- memhcro;:. 

In a marurc ceo.;~ stem. trLT., . .. bruh<t, t!nl~"C"> and 

other phmt <.,ffuctun·<o affcn dim.1te nwinl~- hy rc

dt~t:in!! wintl \elocit~ and rc..,rricrin;!" radiant hear lo'"· 
ln a for(''-f or llH:;Hh~\\. wind rnlunion rc<;ult\ in 

'tahilil'afion of ~1ir temlKI";Itun·. t:\~lfH)rati<•n and .,uil 
nuoi<.!urc. \~<.!\COli~ membrane ol ~1ir. \\;lln \apor 

and f':arhon di<nidc IW;lr the .;:round ,,ff;:-ct" incmnin~ 

;ul<l '-"l.'<l(lin~ radiarinn. The quamil~ of cncq.!,y in· 
\ohnl in"' ;!por;!l ion :md ntndcn ... n :tjiJ i<.. ;t "it!11itic.un 

Lin or in d:J~ timt nwling :tn;! nigln·lillK lw.n rdc.P·t· 
·1 hc.,l· ,-nmhim·.! l'lli lrnmlH"rH;d lwlln·ing din"!' 
crcaH· n_·lali\d} ,,.~hie mil·rodiiHJic' and lh"\\ hahif;l!' 

P.:gr ll'l 



for urg;ani"illl" within the ~·co'~ 'rem .. h tht.· Cl'O'-~ 'lt'lll 
grnws rnorc- ~.\ivn..,c. it hcnnnc-.. morc dhcit.•nt ~It t'ap
turing ;Jvaihthll' ~unli~hr, tlrnduc('~ more foot.! and c.1n 
support still more organi.,ms. 

Generally then, a terrestrial ecn-;ysh_·m panially buffers 
environmental n.rremes and tli,cr.,ific .. gradually to be
come more cffkicnc ar capwring diurnal and seasonal 
pulses of sunlight. The solar cncr~y captured as hoth heat 
ami fond is cunscrn·d and subscquemly <;lowly expended 
in hiologic;ll acri\·it~ before hcing lust to the sky as 
thermal radiation. 

'{ 'ilun,l!f'~\' tb,• n.llm·,tl ,md ti'Cbllologit-,1/ solutio//_, 

;;·ill /J,• illdi\fmgtli,b,dd,•. · 

.frl//1! \lilf,•r 

:O.olar gn:t.·nhouscs, as well as more nnnplc.-..: bio
..,hdH.'I'S, .m.- arehi~ectural fo,.ms designed to protect and 
nurrurc plants. animah and people. Successful solar 
grccnhou.,es sht1uld incorporate many of the principles 
found in successful ecosystems and a greenhouse archi· 
teet should realize d1at hiological sy.,tems arc a potcn· 
(ial source nf strategies useful to solar dl?sign. Soiar 
greenhouses must combine the cncr~')---coilcction func
tion of a plant. the heat-conscr\'ing process of a warm
blooded animal and the micro-cl:mat(· formation of an 
ecosystem. The architect mu~t integrate effective solar 
orientation and thermal storage so that the food crops 
~elected have optimal ranges of temperature, light and 
moisture. 

Much traditional building design am.l even some solar 
greenhouse design confine the analysis of the energy 
dynamics of a structure to its outer "shell", calculating 
energy inpU£s of sunlight and ra'-liam heat and losses of 
reflection, radiant heat and infiltration. The nwre subtle 
dynamics of the ways in which input encrb')-' is absorbed 
passi,·dy, stored and channeled within the structure 
arc oniy beginning to be im·estigatcd and understood. 
We know that the best passi\·c solar buildings can en· 
ordinate light, thermal mass and convection and create 
a zone of very stable temperature. This type of sophis~ 
tication is important in designing spaces where S':''.'cral 
different species arc to interact yet each species has 
specific cm·ironmental requirements. The desig-n of a 
bioshclter must rctlect these needs. Ideally, the archi
tectural design of;~ st~ccc'isful solar greenhouse and 
the cco1ngica1 design for successful horticulture wiH 
be integrated, architectural forms mcr!!ing with ecolog~ 
ic~tl funcriun. Our Capt· Cud :\rk attempt<> such a 
fusi1m. 

In a huuschnld g:rct·nhousc. fond nnp<o: arc the major 
cnm1Hmcnts uf the ecosy<>tcm. :\n internal light and 
tcmp,·raturc regime suitable for a mixrurt.• nf fruits and 
\·cgctahics is the primary gval uf the architect. To cope 
with immi~rratin~ pest .;pecies. sucn·ssful ecological 
management of an outdoor garden suggests that an 

altt·rnati\<' ro pt·r'i.,tnll hiocidt'\ j, a pt't'lllallt'll! popu
btion of pre(lator~ \\-ithin the ~tructurc. lt j., not yet 
kilo\\ n how few \pecit.·s or orl:!anisms can comprise a 

human-dominated, permanent food-producing, self
regulating garden ecosystem without pc<o;ticidcs. One 
po.,sihility is to Juplicatc as ncnrly ao; possible the ecolog
ical patterns uf a successful outdoor garden. Fnch of the 

plants, pests and predators requires a slightly different 
range of tempcrMure, light, moisture and habitat. The 
chalk·nge to the greenhouse dc~igncr is to create man~ 
microdimatcs in order to foster hi):!hly divC'rsc form., 
of lifc. 

DESIGN I'Ril\CII1 LFS 

"In u:ildl'l'llt'.'iS i.\ the prnl'!'l.'<llioll of' th1' n·odd. , . 

lfemy /lW!'I'ol/1 

Con(·epts of e~.:ological architecture and ecoloJ:!ical 
engincei'ing arc beginning to he intcnsi\·c\y inwstigatcd 
with relation to agricultural systems. Principles of de
sign potentially useful to the architec-t arc strategies 
that encourage greenhouse systems to become self
adapting. The following arc general rules for biolog
ical Jc.,ign in solar greenhouses. 

I. Arcbitectural forms .~hould crc.Jte microclimtttes 
tbat uurture 11 diversity ofdiffe,·em plants and 
mtiuwls. 

A microclimate should he created which includes 
zones for major crop plants. minor crop plants in
clu(ling herbs and flowers, maintenance organism.;; such 
as predatory, parasitic and pollinating animal.,, soil or
ganisms for dccomposit;on and rccyding and, if possible, 
aquatic communities which interact with the tcrre<itrial 
community. Microclimarcs arc created by intentionally 
shaping the solar grcenlwust.· and its interior su·ucturc 
to result in variations in sunlight intensily, air tem
perature, soil types, moisture conditions and types of 
habitat surfaces. Specific structures that can be used 
include terrace levels, raised or lowered beds, stone 
walls, passive thermal walls, vertical arbors and tiny 
ponds. 

II. t:very ~tvdildble ec-ological nicf1e mid bdJitat sbould 
be filled witb selected organisms. 
a. Soil aud soil organisms from a normal garden 

should he added to the crop-gwwing :uca. This soil will 
introduce bacteria and microorganisms a.daptcd to the 
culture of vegetables as well as common <iurface animals 
such as crickets, spidc~-~ and beetles. Other types of soil 
from fields. meadows and forest floor should he indudc\1. 
Cnmpo~t and carthwonm should he disrrihutt·d in all 
hcds. The goal is w a<;scmhlc man~ r~-pt<i of -;oil nr~~an
i-;ms which m;1~ .tdapt ro the different minocli1n;lt<'S. 

h . .ttdjor a11d wilior jfwd aop.~ \\ill on·upy mud1 of 
til(' ~rowing area. Food ('l'op.., ma~ ht· ch.,nged wirh rlw 
S(';lsons. ,\bny planh han: an optim~d .,:cason 1lf pwduc
tion based on day lcngrh while O[hcr" arc ~dlcncd hy 
temperature. Tcsr plots and dtN' oho;enarion will in-
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dicatc whidt food planrs ar<.' productiH' in ot pMticuhtr 
area through nut the seasons. Mixed species of food 
planrs offer a more interesting and sustainable human 
diet and gradually pro\'ide insect habitats and food 
sources for both pest and predators. 

c. Permaueut ecologicdl ;sluuds to harbor popuhltions 
of regulatory organisms can be created. The predators, 
parasites and pollinators which help in sustaining agri
culture need special soil and plant associations. Predators 
include toad~, frogs, chameleons, spiders, beetles, damsel 
flies and other insects. Microscopic trichogama wasps 
arc useful parasites and wasps, flies and bees arc pol
linaturs. Ecological islands arc protected zones •_;ndis
turbcd by seasonal harYests, the removal of crops or 
soil cultivation. Such pcnnanem zones encourage cumu
latin.· diversification in the ecosystem by harboring ac
cidental colonizers from the outside. Permanent popu
lations of many organisms of many species may bees
sential for ecological succession and for self-regulation 
within the bioshelter .. Attempts should be made to 
prcser\'e a wide range of natural diversity because we 
cannot always knO\\i which species arc neces'iary for 
long·term function. Ecological islands can take such 
forms as permanent herb plots, an area of meadow sod 
or forest litter, a rotting log, a rough stone wall,~~ tiny 
pond or a permanent tree or vine. 
Ill. Adaptatiou and succession sbould be encouraged. 

A solar greenhouse envir~mment, however well de
signed, differs from the outdoor environment in such 
respects as altered light quality, higher humidity levels 
and lack of bird predation. 0\;er several years, popula
tions of soil micronrganisms, insects, and even larger 
predators will adapt to a new environment. Pests and 
predators will become established, find ecological 
-niches and develop new relationships. The process 
engenders the gradual development of new food chains 
based on new associations of crops, pests, predators, 
parasites, pollinators and decomposers. A designer can 
facilitate succession in several ways. One is by provid· 
ing for maximun~ interaction and travel among micro-
climates. Soil connections between growing beds permit 
earthworms, soil organisms and surface animals to move 
freely. Small ponds at soil level give animals access to 
moisture. Ecological islands in comers and near crop 
areas provide convenient shelter for predators. A 
second method for encouraging adaptation is periodic 
reintroduction of outdoor soil, insects and potential 
predators. As permanent plants become established, 
new habitats deHiop. Two-way migration between the 
outdoors and the ~rrcenhouse in the warm season is 
a third successional strategy. 

Another possibility for general adaptation occurs 
when an aquaculture pond is uscJ to recycle \vccds or 
plant wastes by feeding them to fish .:-nd, in turn. is 
a source of fertile irrigation water for the crops. The 
aquatic nutrient loop can eliminate plant diseases which 
could be carried over in plant wastes. Bacterial and bio· 

t·hcmical ch~lll~<.'S utilj/_ing c\.changcd nulrit·nr~ in hoth 
aquatic an-d tct·resrrial systems take place. 

IF. G,u;eous cxcbmiJW must be stimulatt•d. 
Air moven\cnt hy winds and local convection play ... 

~:n importam role in the c)l:change of water \'apor, 
i >.Xygen and <.·arbon dioxide across leaf surfaces. This 
air movement speeds evaporative coolin~, prm·idcs 
carbon dioxide fur photosymhcsis and n:mo\·es 
waste oxygen. In nature, considcrahlc carbon dioxide 
comes frnm the decomposition of 1lrganic matter 
caused by respiring soil organisms. Whereas a green· 
house using sterile soil can become depleted of carbon 
dioxide without an our side supply, a greenlwuse with 
fertile soil containing n;g:anic matter and microbes 
has a slow-releasing reservoir of carbon dioxidt·. 
Nutrients remm·ed from the system as fund must he 
periodically resupplied by adding compost. 

V. Cumulative toxius and biocides must be avoided. 
Some of the pesticides used in agriculture arc in

discriminately lethal to multitudes nf organisms. Even 
Rotenone, considered relatively mild, is to...-:ic to many 
cold-blooded animals such as toads and fish. Pesti
cides, herbicides, fungicides, wood prcserv;uivcs and 
some paints contribute toxins or heavy nl("tal com
pounds which arc passed through food chains and 
accumulate in top predators including humans. Or
ganic matter such as grass clippings, sewage sludge or 
food wastes should be evaluated as possible sources 
of hiocidcs. 

RESEARCH AND DEVELOPMENT 
AT THE NEW ALCHEMY INSTITUTE 

Following is a list of bioshclter sub-elements that 
we have investigated at New Alchemy to date: 

a. Solar·all{aC ponds or semi-closed aquatic ceo· 
..:ystems for fish protein production. Solar-algae ponds 
provide food, indoor nutrient cycling of greenhouse 
plam wastes and enriched irrigation water. Equally 
importantly, they serve as passive solar collectors and 
thermal storage mass for climate moderation. 

b. Agricultural ecosystems of vegetables, herbs, 
seedlings, tree cuttings, ornamentals, dwarf fruit trees 
and associated pests and predators. 

c. Jutegral bum au habitation for operators of bio· 
shelters, \\'here people live within the structure, ex
changing heat, food aiJ(I \vaste materials with the 
greenhouse environment, as in the case of the Ark on 
Prince Edward Island. 

d. Extema/ components including rctlcctivc solar 
counyards for sunlight concentration, rainwater cul
lcction from the rooftop as a supplemental wat<.'r 
supply an,! living plants for winter windbrc;.Jk~ and 
<iummcr shading. 

Bioshcltcr concepts yet to h<.· dc\'clopcd inchuk: 
a. Agriculwml bydropouics on solar-a/g,u' ponds 

utilizing a potential niche which is Stahle and has a 
constant water and nutrient supply. 
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h.llum,ru u'<r.-·te ;l!:d 1!"ilft'r i'f'(}'C!iug which <lft_' hio· 
lu~ical pruet,:ss•·s a11t! should return maricnt:. to a 
locaHy }Wod\Kti,-c t~s·:. Thrnughou.': t\~(- wmld ~\qua tic 
ecosystems arc used for rapid cyding of many or
ganit: waste materials. In Canada, the Prince Edward 
bland Ark has a Clivus Multrum fur sniid human 
'-\astcs. Treated grey water i!l. being rested for irrii!:a~ 
rion in California. Concci-\'ahly, a linked <h.Juaculturc/ 
hydrnponics/irrigation system CHuld rccydc human 
\\astcs locally. 

c Selcc:tion of crops "'pcciaiiy adapted for solar 
grccnh{·;~;se c:onditinns. 

d. Jl'ater distillation from cont.knsation on glazing. 
A significant fraction of solar energy ahso:bcd hy a 
plant c\ .. aporatcs water. On cool nights as energy is lost 
from a solar greenhouse, vapur condenses on the inner 
ghu:ing surface producing a small '>upply of fresh water. 

c. SeaswMl multi-uM' ofp-eeubousc struct11re.•c 
i. Wimer vegetable production and sale. 
u. \\'inter supplemental home heating. 
iii. Spring seedlings for outdoor agriculture. 
iv. Summer so!ar drying of ~urplus garden food. 
\'. Domestic hot water pre-heating. 
vi. Water distillation. 
vii. Tree propagation . 

EP!LOGUE 

The principles described above are examples of work
ab1c ecoio~icat desi~'ll conccprs in which architecture is 
one of many factors. The sun. soil, pfants, animals and 
warer are equaily important. In the microcosm of a 
solar greenhouse c\erything i~ cHnHcctcd perceptibly 
to C\'Cl)'thing el5e: the architecture to the sun and the 
plants, the piants to the season and the soJ1, the soil 
to the people and their habib and people's habits 
and their needs to the region. At New Alchemy we 
arc contemplating these relationships in the hope that, 
with a hctter understanding of the workings of nature, 
we may gain greater respect for our place in it. 
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Soundings from the Cape Cod Ark 

The solar greenhouses at New Alchemy arc de~ 
signed to grow a variety of food plants Their inter· 
nal environment is a modification of outdoor tern· 
perature and light cycles. The gro\'1-'ing areas include 
several microclimates so that many different vcgc~ 
tables can be grown simultaneously in slightly varying 
habitats. 

Plants growing in a greenhouse are affected by 
several conditions different to those in the normal 
outdoor garden. These include altered light quality, 
n:duccd wind. greater rclati\'C humidity and absence 
ofnom1al pests and predators. Vegetables which ha\'C 
bCCn sciCcted ,and bred to do well outdoors arc af
feCtCd by thi~ variance in cuuJitions. Some uf the 
dC.trimental. effects can be minimized by careful 

design. Others may require the devc!opment of 
special strains of vegetables for solar greenhouse usc. 

Light quality inside a greenhouse is affected by 
the type and thickness of glazing. Various types of 
materials have been shown to exclude infrared, 
ultraviolet or other wavelengths of normal radiation. 
Scverall<!ycrs of glazing can reduce significantly the 
intensity of sunlight entering the building. The 
length of day pcrcei\'cd by a plant is altered if the 
morning and evening light is excluded by solid \\.tlls. 
Such effects limit till' range of plants which can 
he grown. 

Rl·duced wind has SCH'ral subtle dfects. Air move
ment across the stn·facc of kaves helps in the ex
change of gases dUI·ing phowsynthl·sis and r<:Siliration. 
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Gentle mm'ement from the wind encourages some 
plants to dc\'clnp a morpholugy that is sturdier and 
more compact than they would in still air. Cundcnsctl 
morning dew, which can encourage fungus growth, 
is C\'aporarcd quickly by air nun·cmcnt. Some plants 
require wind for successful pollination. 

The range of influences of high humidity is un
clear. Plants have been known to grow normally in 
\'cry high humidity, yet still need easy transpiration 
for daytime (.·ooling. Rclatiw humidity in our green
houses is often one hundred per cent from evening 
until morning, but during sunny days drops to forty 
to sixty per cent. 

The effect of air temperature on plants is complex 
ami varies with species. \\'ith greenhouse temperatures, 
ntrd"ul distinction should be made of the point at 
which the measurement is taken. The air tempera· 
tun• <.'xpcricnccd by someone in the b1feenhouse may 
he \·cry different from that existing simultaneously 
ncar the ground among the plants. Soil temperature 
;:md upward heat radiation affects plant growth in 
ways not discernible from wall temperature measure
ments. Most plants have optimal growth conditions 
but can tolerate a range of temperature v.rithnut 
damage. 

We have observed that some vegetable production, 
such as lettuce, can be limited by high temperatures 
and others, like C!k,oplant, by low temperatures. A 
microclimate averaging a few degrees higher than its 
environs can induce higher production in warmth
IO\'ing plants such as peppers or green beans. Similarly, 
cold drafts can suppress growth. We are experiment
ing and gradually discO\'ering which arc the best 
light and heat zones for various vegetables within the 
greenhouse. 

Insect pests outside ha\·e many natural predators, 
suCh as birds, toads and other insects. Most of these 
prcd:itors arc absent in a greenhouse and pests can 
spfead rapidly. Frosts and frozen ground, which pre
vent pests from maintaining constant active popu~ 
lations outside, are not useful deterrents inside. 
Biological pest control simulating garden processes 
is thC_most promising alternative to the ust: of 
pesticides in a greenhouse. 

Construction on the Cape Cod Ark was com~ 
pleted in the fan of 1976. Our first winter's crops 
\\·ere. primarily transplants from the summer garM 
dens. Wann, fertile fish-pond water from the aqua-

. Culture projects inside the Ark was used for irrigation. 
The first winter we grew lettuce, kale, swiss chard, 

spinach, parsley, endive. onion tops, beet greens, 
tu.r·O_ip .. gre_e .. ns. and an assortment of herbs. Most of 
these plants underwent a slower period of growth 
fmin mid-December to· mid-january but continued 
t~:prO~I.uce .thr~ughout the winter. The lull was 
pri._JtJarily du·c to the low angle. of incoming sunlight 

and the short daily light c~·de. Less hardy plants, 
\Uch as tomatues and peppers, did not fare tuo well. 

Despite the severity of the 1976-1977 Ne\\ England 
winter, the plants in the Ark did not freeze at any time. 
Temperatures dropped to !H'.'r freezing one night in 
early February. During <1 vcck of continuous, hca')' 
rains, a gale force wind l!l·;h , nc of ;-h.: vents off the 
roof. At that time, the draiuu.t:,c ... ~ qcm was as yet 
incomplete and, as the ground was frozen hard, the 
building was flooded. During that week we used a 
wood stove for auxiliary heat. Toward the end of 
February, as the days grew longer, temperatures in the 
Ark began to rise noticeably. Even on partially cloudy 
days, noon temperatures were in the high seventies 
and eighties and venting was necessary. Moments 
after the doors and vents were opened, hon~ybces, 
attracted by the scent of nasturtiums and herbs in 
flower, would swarm in. 

During the first winter, pest problems were limited 
to slugs and a few whiteflies. The whiteflies stayed in 
the nasturtiums during the colder months and were 
relatively harmless. In mid-April, when the minimum 
temperatures averaged fifty-five degrees, whitefly 
activit\.' incrf'a"Prl Anhid" and rnt\_vorrno,: annf',:Jrf'rl in --- --- --.; --------- -· - ·r ----- - .. - --- .. ------ -r ,------ ---

the early spring but generally caused less damage than 
the whiteflies. The cutworms were mainly controlled 
by handpicking although marigolds acted as trap plants. 
Handpicking five hundred cutworms for an hour a day 
was somewhat arduous but proved effective. 

Aphids were controlled by the many predators that 
cohabit the Ark. Spiders were the most effective 
predator. Each morning weOio c.:untaining up to one 
hundred whiteflies could be found. We introduced 
lacewings as predators. Other predatory insects in
cluded damsel flies, praying mantises and a variety of 
insect colonizers. Chameleons, toads and snakes were 
introduced and proved effective components of pest 
management. 

The whitefly is common to commercial greenhouses 
due to constant relatively high temperature~. White-
fly populations flourish between fifty~cight and sixty
five degrees F. In addition to sucking plant juices, 
the whitefly secretes a sticky honeydew substance on 
which grows a mold. Black Sooty Mold prevents photo
synthesis. Most commercial greenhouses usc large 
amounts of poison~ in attempting to eliminate the 
whitefly. Thf whitefly persists, however, by hybrid· 
ization and adaptation to pesticides. We look to in
tegrated biological controls as the most promising 
long-term solution. 

In early July, parasitic wasps (E'ncarsia fonnosa) 
were introduced into the Ark as a control for the 
whiteflies. This tiny tropical wasp parasitizes by ovi
positing an egg inside the third larval stage of the 
whitefly. Within four &1ys the lar\'al scale turns 
hlack. With optimum climatic cnnJitinns, an adult 



w\!~P '.\'ill emcr~e from thl' bhtl'k ~l·alc appmxinntc
ly t\\'el:ty-l·ight days after !Mrasiti_::atfon. By thc ('Jlll 
of july we ohsl·rn-d fifty per cent parasitiLation. 
The Encarsia had eliminated the whiteflies by early 
September. 

Further experimentation and understanding of 
pests and careful timing in initiating contml.:. arc 
integr .. : to productive ecological greenhouse 
balance. The grower needs to itlcntify common pests 
and to study their life and rcproducti\·c cycles, their 
food and habitat preferences. With careful monitoring 
and integrated pest management. the need for pesti
cides can be reduced or eliminated. 

Although hiulogical controls and integrated pest 
management were the major focus of the summer 
rt.'Sl'<.trch, a variety of crops was planted for obser
\'iltion. l>m.· to frequent \"ClUing in the spring, it 
was latt· .\1ay before the soil temperatures were warm 
c1Hmgh for melons, peppers, okra or tomatoes. 

,\1ost of the plants grown in the Ark in the summer 
produced an abundance of foliage but less than normal 
fruit. Even with maximum \'enting, the building oc· 
casionally reached temperatures of one hundred de
grees F. and higher on windless, sunny days. 

The tropical fruit trees did well in the hot, humid 
environment. They were rclati\•ely unaffected by pests 
and grew rapidly. J\talabar spinach, a tropical vege· 
table, ga\'e tremendous yields from mid--summer to 
the beginning of October. It climbed trellises and 
poles, producing large amounts of excellent spi:lach all 
the while. 

This winter we arc again experimenting with varietal 
~t_·t!~lf.'c:" tP,.ting. Fi\..·c \"arictics of greenhouse lettuce are 
being grown and compared to fi,·e varieties of outdoor 
lettuce. We are measuring food production per square 
foot and monitoring the effects of different organic 
fertilizers and different light levels. We arc using rc· 

flectors to determine the importance of light on plant 
growth and arc heating soils and comparing plant growth 
rates with unheated soils. Maximum space utilization 
and microdimatic variations arc also being studied. 

Over a longer time, we plan to take advantage of 
high temperatures during the growing season for 
tropical fruit production ami for the mist propagation 
of trees. Reforestation and the cstabli!'hment of agri· 
cultural forests arc a high priority at New Alchemy. 
In the spring we shall be using the Ark as a nursery 
for the seedlings and cuttings. 

This paper was read at the Marlboro Solar Greenhouse 
Conference at Marlboro, Vermont, in November, 1977. 

We wish to thank the Massachusetts Societv for the 
Preservation of Agriculture which provided f~r 
some of the research discussed in the article. 
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Where Does All the Heat Go? 

In n•!Lth.,roniol< nith s .. h .. :ardl .-\rchl!n·r~. the ~n\ 

.-\khnny ln\titmc ha~ huih ''''' .\rk.;, one un Capt· Cod 
• HJJ Hill' in .\1aritiun: Cm:tda. rh~- .\rl.. <>ll l'rinn· F.lward 

hbnd lo he dt';.t·ribed ho:;r.,· difh:r' from the Ark on CqK 

Cod in .n.r: it j, ;! hmltan h:thit;~tiun .1~ well''' a 111ino· 

fanu. of h,t,, ;t;. \\t:!l. it\ t>\\11 jll>\\t:r-~t·ncratiu!! .uhl \\ ,tqc 
lrt·;nm~·m Lt•·iiitit·,_ iuti<c Priun· ;-.;,,,,,.! J,j,md ,;,:,., 

hio.;hcih:r tk•-;)!!1 comhiut'' the \ariou, .. upport dt'llll"Hh 
into :t ,jn!!k 'tru.,·run·. 

Fftorh to .opply ~o:nolugi,·;ll 'rratq,:ic .. in the tk,igu 
of tht· ,\rl.. h.:n~·lni to .trmmhn ol' hio-Tt'dlnit:.l] brt';lh

tlu·•:ugh' .. \n t''-;mtpk of dw hcncfih of ;t .. nut·tural 
'hih to ;1 new .!c,i;:n p.!rJtligm j, thiltth~' .\rk i\ uor 
only ;I lwu"e. It j, :.uHoll)! orhcr thin~, a t'l~h f:.1rr11. The 
fish .. ·nlwn.' "Yql'l!l j, nnt on!~ fqr fl·;uiug thou\,Wd' "' 

fid1 f.,r m.trkct hut,!!, .. pw,idn ''"llt' .,f the ,\rk", 
di~"Jth· nn·.f,. 

Tht· ;HjUJ.nJIU,rl· f.t<:ility w;L~ dc,igned a• horh ;L lo\1 
tcmper:.Jtun.: ( 30· 3 5" Ccmigr.Jde; "'lar 110\1 er hl':.ll 
n•lk .. ·wr ;~nd .1 fi,h ndwre .. ·ompk,. ·1 hen· arc 111o 
ro\\'' of ~tl ~olar·alg:!c pun.!;, nithin thl· -\rk. Light 
enter~ thc hui!Jinl! throu~h the tr:.m~I:H."l"lll '"ttth rnol 
;m.i W;l[l l'"\Jl;o;.in,_: fi~.: pont!• to ,ohJr ratliati<~ll. l"hl· 
.Jqttal"i.llturc P••nJ .. b.J\t: hi;!hly tran,lun:nt 1\:tll;, :.IIlli 
con1.1in dl'li'l' hlonm• ul ligiu·nu:r;.:y ah,orhing :.tlga .. · 
l"fH' ,flg,Jt: 111>1 cmly pro\idt• ftTd·;,tod, for tiH." jj,h but 
. 1~·1 .t, d"fi,·iun '' •L1r ._·olkdor .uri .tl'l''· Tltl' 1\ <11<"1'·1 illnl 
pond, pl'rr'unn ,t, hen''"~'":!'-' llllit'. {:npren·,kntnllt·l.-1' 
of bi"l~')!i.-al pr<><hu:fility h.tll' bn·a n·.1d1nl iu !l!t' '"Lu 
.tlg.K pmuh. l·i;,h proo.!unioJII JWf Ullit l<>l!tllll' ••I 1~.1tn 
j, th~· hi;.:la·,J !Tnor,k,llor :1 ,!,Hiding 1\;Lil'f loo.!y. !'hi' 
i~ not flu: "'k l'tm(·tio>u "I tht· .lljll:.l<'UI!un· t'.u·ilil~'. \\'hnt 

'""'\"''"""'''' ""''~"~,-,,-. -,,~:-~:~«:""'" "'"" "'"' '" -- -- -l 
adjat..Till room• induding the lalmr;trory, ht..·at i~ r;uliHt..'tl I 
hom dw pond~ ami th<.' huildill)! j, 1\<ll"lllt..'J . 

fht..· de,ign of 1h..- ;,obr·IH~:ned aquaculturt..' bt..·ility \\a' 
thl· rc .. ult of our ddilol'l'.t!<.' \<.'arch fur prot..·e.., ... ·, in nature 
whid1. 11hl'll l'olllthiut..·d \lith .q•pn•pri:.•t'-' H'l'hl!ollt>~ie,, 
1\tHild ,t;b,titur,· t.1r fu.-l·d>ihiiil>in;!. ,·apit:.il·intcn~i~t..· 
h.tnl\\ <~re. In tl1i' ,.,,,.._ .. li1 itt)! ••rgaJli,nl• and a r~·n .. ·waloll· 
fonll of t..'ill'f\!Y \\ol.'l'<.' a,l..nl to n·plan· ~OIIll.' of tht· illlll'

tion' of madt;•tr;,. For l').;tlllpll·. light \\',J<; <;Ub\litutt·d for 
;t rang..- of <::t..-rgy·;:on•uming and t'\jlt..'ll~:\'l' o.:quipmenl 
no>fn1all~ ll't:d for loitJioogictl rt:gt:ncratio>n and t:irculatitlll 
in th .. · •HJU.tntlwro;; pond,. i'hl· pond~ ;trt: made with wall<; 
that .t]ltlw tJ\t:r 911 p...rcent~ tof !he light tel enter thn•ugh 
riH' ,jd~..· ... ·t'hcir plactmtnt in the ~(fiiCltJre 11hcrt..· they 
~·an ill''' rcceiH' \ubr eneq!y. and till' introduction ol 

Jllitro"n•pic .tl)!<!e n hirh ah\tlrll thl· innoming- t'illT)!Y. 
purify th..- w;lt..-r uf fi-.h t<l\ill\ and pro1·itk fecd .. lot..·k, for 
fi .. h r..-,ulr in a new and ecolilgical approach to fj,h 
nil lure ;Jnd dim:.Ht· fC)!ul.nion. l'hc hulk pf madtiucry. 
cneq .. 'y dem:.HHh ;;nd C.\Cl'fnal fi~h feed-. are eliminated. 
Light. <11;!,1<.:, hcrlli\!lfOill• fi•h. lran~ltttTnt buildi1•;! 
malcri,,l, .md ;t ,·ylindri~·al .md modular do.:'i;!n •tllo\\t..'d 
\Udt ;t •ub,tilllliotL. I h~· iutq:ration nf hl·dting: :.!lld food 
produninn il'l'l'd U\ !rom <kp~'lllklln' r>ll lt·chnolog-ic:.tll~ 

nomple' ;,ol.tr ht•;tling \\ hid1 i111 oh ... , colkctHI'\ l'CHllain· 
iug ... ,p .. ·n,ilt· co•ppn . ..,.Jc .. ·til<' hl:.tck ,,l,..<•rh...r ;,urt.t<'l'\ . 
pump ... pipitl!! ;111d hl·at t'\<'haugn ... "''"il itu:Hlllmillg 
turn:.H't'' ar~· IIPl u,nt ir1 tiH' !.tl'ilit~ 

'1-\,tlnall (:orp.,r.rtion .. \l.tnchnr,·r. '\n1 ll.tntp\hire. 
puhli,lll'<l li)!lll'l'' .111d lh>l tc'dditt;!'III,Jd<· >lilhill !hl· jl<>lld, 
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The Ark on Prin(,'L' Ellward Island represents ~1n cs:· 
periment in solar dc,.ign. It is intended to ask such 
pragmaric qucstian.li as: ''WiU plants grow \n:JJ in a 
solar grecnhou"<.:' :n Maritime Canada?" "Is this kind 
of building maintainabh:?" .. And is it a good invest
ment, given costs, producti,·ity amlli,;ability?" 
This article addresses a narrower analytic question 
than these but the answ~r hopefully \Viii contribute 
to some of the more pragmatic ones. The subject 
of this paper is a mathem;uical model into which 
weather data can be plugged to obtain a reliable 
prediction of the Ark greenhouse climate variation 
through time. If that were all the analysis were to 
accomplish, it wouill be rather a gratuitous exercise, 
fur the response of the real building to real \\'Cather 
is well mrasured. 

:\1udclling is another way of understanding what 
is going tm. The real building and its measured per
formance arc the modeUer's teachers. They gauge the 
mathematician's mistakes and so train the analyst. 
Once the model successfully ''predicts'' what is, 
in fact, known empirically. the analyst is in a better 
position to change parameters and make reliabk 
statemems which can be applied to buikiings yet 
unbuilt- and about buildings that should never be 
built. But to say ·'should ne\-cr ..... "brings us hack 
full circle to the pragmatic issue. An air current can 
accelerate leaf transpiration and promote growth by 
drying and inil;l)lting fungal colonies. It can also 
make us feel chilly at a temperature rhat would be 
pleasant in calm air. At a higher temperature the 
same air current might feel comfortable but cause 
\\'ater stress in a plant. Thus, pragmatic evaluation of 
parameter values demands a broad ami context
sensitive pcrspecti,·e. The larger task of an analyst is 

. to identify parameters that are at once pragmatically 
meaningful, measurable and subject to analysis. Part 
of that task consists in being in a solar building, as 
opposed to sitting at a desk contemplating equations. 

In this paper, the model concentrates entirely on 
heat flow. But, before narrowing the question, I 
should like to consider, on a qualitative level, a 
sunny-day greenhouse-q·cle, including heat flows, 
air mo,·cments, and e\·aporation/condensation cycles. 
At a winter sunrise it is cold outdoors. Heat fiows by 
com•ection from \'arious thermal reservoirs into the 
greenhouse air, from the soil, trom concrete surfaces, 
<Ind from rhe aquaculture poi1d,-. . .-\ fan pulls air from 
the top of the gr~cnhouse down into a rock hin, where 
the air picks up heat before passing botck into the green
house through ducts along the h:ngth of the south facl', 
The warm air rises to meet and mingle with colder air 
flowing dO\\"n off the glazing. 1-tc;.H is lost from interior 
air through the glazing by con\'cctiun and condm:tiun. 

A wind outside will partially strip the insulating 
air film from the glazing exterior, reducing its 
net in~ulating \'aloe in Clmtparison w a calm day 

wlwn the insulation is cffct.:tivc. Dc.·pcndcnt nn 
windspccd, infiltratinn of cold air through cracks 
arouml window~ and doors can ht• another form 
of heat loss. Heat is also lost through radiation 
from warm indoor surfaces through the glazing. 
The tr.msparcncy of the glazing to infrared light 
will affect this loss. 

Water evaporates from the surfaces of the aqua
culture ponds cooling them at a rate that is depen
dent on water temperature, air temperature, 
humidity and air movement over the water surface. 
There is also e\'aporation from soil and leaf surfaces, 
though at dawn these surfaces arc cold and evapora
tion therefore is siO\·V. The cool greenhouse air tends 
to he moisture-saturated, and the cold glazing is 
sweating. As infiltrating air displaces the moister 
inside air, there is both a water loss and an effective 
heat loss associated with the heat that was extracted 
to evaporate the water. Similarly, heat transferred 
to the glazing and out-of-doors by condensation on 
the glazing represents heat lost from the building. 
Bur cold air cannot carry much moisture e\'cn at 
satuwtion, so at dawn, on a winter day, evaporative 
heat loss will be minor. 

As the sun rises and illuminates the grecnhu...se, 
some sunlight is absorbed directly into the large 
thermal mass of the ponds, but the majority of 
light will warm surfaces of low heat capacity, like 
loose topsoil, leaves and wood. As the morning ad
vances, :.1.ir temperatures rise quickly. Relative 
humidity falls as the \Varmed air can hold more 
water. Condensation stops and soil and leaf surfaces 
begin to dry which is probably very important in 
the inhihiti011 of incipient colonies of mold and 
fungi. The low humidity does not persist into the 
afternoon, because increased evaporation from the 
warmed leaves and soil brings air closer to saturation. 
By late afternoon, relative humidity is again quite 
high and remains so through the night. All during 
the day, heat flows from the warm greenhouse air 
into the thermal reservoirs of the building - the soil, 
the concrete, the solar-algae ponds and the rock storage. 
By late afternoon, the direction of heat flows reverses 
and heat again flows from the reservoirs into the air. 

1\lany heat flow terms could be entered inta equa
tions to describe such a system. Some terms could be 
made to correspond accurately to physical properties. 
For example, the total volume of water in the aqua
culture ponds is knowable and, since the specific heat 
of water is known theoretic;:\lh·, it siH)lJid he casv to 

calculare precisely the change .in water tcmpcrat~m: 
per BTU of ht•at gained or lost. lluwe\'l'r, following 
this cxmnple, th<· rate of lwat gain or loss itself may 
he <1uitc difficult tn estimat<•, as it depends un con· 
vcctinn currt•nts <tffccting !Joth llirc<.·t and evotpnrativc 
heat loss, on radiant heat exchange with many dif· 
fcrent surfaces and nn IH.'iil conduct inn into the 
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tlonr. In prat·tkc. an experimenter i~ unlikely tn he 
ahk to l!!l'.tS\If(' every si~nificant hc;.lt flow. llcat flo\\ 
is hankr 1•1 nu.·:1sun· than ll'mpcraturc. If most ht•at 
tlows arc diffit•talt to mc:tsurc ami to cmnpurc thcn
T<'tit·a!ly. how is one tu know them? !lerein lies the 
utility of dynamic simulation which makes it pnssihle 
ro infer difficuiHo-mea~ure nlues from a knowledge 
of measured parameters_ !kat c;.mnot be created or 
destroyed in significant quantities in a greenhouse, 
barring large-scale chemical reactions like fire. It 
must flow from one place to another. If a careful 
accounting is kept of thermal budgets, heat flmvs can 
be dctem1inl"d ioolcly from temperature and insolation 
measurements as opposed to direct heat tlo\v meas
urcnu•nh. The modellcr must make a guess at the 
par:mwters determining heat flow and prot·ced to 

'iinwlatt· the building to he measured. Differences 
lwt\Wl'll the 'iimt..ilatiun o•.nd empirir:al measurements 
sug;..:est adim.tme•1ts in model parameters. At a more 
fundamental level, discrepancies may educate the 
mnddlcr t':l conceptual errors in the structure of the 
model. The modcllcr can adjust and re-try the simu
lation until it fits the data. 

A subtle question ariM:s when the model is finally 
adjusted to fit the data. Do the adjusted parameters 
represent empirically \·crified \'alues, or could there be 
offsetting errors v.·hich allO'\.\; the simulation to work? 
To ask the same qucsti<m at a deeper level - is tinkering 
\~·ith a model to make it work a ,._·ay nf gaining insight 
into real processes so that une can better predict per
furmance in untried situations? Or is tinkering just a 
wav of making the model tri\·ially self-\'erifying hut 
not predicti,·e? The answer lies in mathematical book
keeping rules known as analysis of a system's degrees 
of freedom. For e:\ample. how man~· separate thcm1al 
mas'ics are large enough to matter, given the accuracy 
the mudeller seeks? And how many thermal flow 
mechanisms arc quamitai.inly significant? The sum 
of these two figures is the number of degrees of 
freedom of the system. !\ow one starts deducting de
grees of fiT"cdom knowable without measurement. 
The known thermal capacity of a ponU represents 
a deduction. A constraint stating that the sum of three 
heat flows must equal some particular \'alue in order 
for energy to be conscn:ed o\·erall represents a deduc
tion. After the deductions. the number of degrees of 
freedom remaining tells the modeller how many in
dependent (i_ e .. thuse not measuring the same para· 
meter twice) measurements are needed fully to .-·on
strain the model and keep it "'honest." In practkc in 
a non-ideal world where approximations must suffice, 
the :1pplicarion of rhc above rules is nor straightfur· 
warJ. For <·xampk. the model to he dcri\"cd ncats 
air tellll)('ratun· as uniform when tlu.:rmal stratifil·atiun 
of air somewhat iawalidatcs tht• approximation. The 

rules scn'e as guidelines in a pruc<·ss that relies un ac
quired intuition as \\·ell as ..;cience. nut the wise 

moddlt·r can know when to he nmfident uf his or 
her system. The mark of a bad modd is a multitude 
nf terms in the ClJUations that can he adjustl'd h} 
ntpricc ami arc not verifiable either hy theory or 
experiment. 

11/EMOVFL 

The thennal model developed and tested to date 
is not very detailed, due to several circumstances_ 
First, a limited number of chart-recorded measure
ments arc a\'ailable to constrain the model, so a more 
detailed and precise model would he unverifiable 
currently. Secondly, the only computing hardware 
available for the simulation \Vas a large programmable 
calculator (llewlett Packard 97) whose programming 
and dara srorage capacities set an upper limit on 
s~ stem complexity. However, the accurate performance 
of the simple model is very pleasing. 

F13ure 
3'f6 8TU./hr.°F(t5mfh.) 

UA;. 
6000 IT4/? 1/00BTIJ./hr:~F inftltration 

T, 
nment 

.____,..: 
" k u" envmo 

0 H 
"" crete. :U.b B.TU./hr "F 
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Jrocmd /0~0 
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TA J insolation 
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source of heot Qt t~mperature spt~cifitd 

th~~.rmol c.apocily 

thermo/ condudivily 

variable thermal conduc.fi11dy 

thermal f/1.1x independent af insfanf4ntous ftmptrof~re 

Figurl" 1 summilrizcs the lll'at flow paths of the 
model diagrammatically using the symbols cnmnHmly 
employed to rcJlrt'S('Ilt cln·u·unic l'ircuits. A ~ruunded 
cap:.tcitor \ ,.---11--- ), ;.t dnit'l' for the storage of elec
tric charge, hcrt• rcprcscms a heat storing reser\'uir. 
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A resistor ( -.JV\1\.----) represents a path for thcnual 
comluctlun offering some rcsi'>rancc to heat flow, al
though the quantity assigned to the symbol is a ther
mal conductivity, or reciprocal resistance. Wherever 
a flow of heat is imp used independent of tempera
ture, as with insolation, a current source svmbol 
( -----0--) is used. An unlimited souree ur. sink of 
heat, such as the out·of-doors, is represented hy a 
terminal labeled with an imposed temperature 
( ---o ). The diagram specifies aJt the relation
shillS between temperature. wind. sun and heat flnw 
that olre in the mathematical modeL A fc'"v rules on 

such questions as ''ho\v t,, determine insolation" arc 
explained later in Lhe text. 

The simple system contains only three effective 
reset"\ oirs uf hcdt. each charaneri;:cd by a total 
t.·apat~ity C BTU/°F, a ratio of hc-zt gained or lost 
(BTU's) for each ... :Iegree of temperature change (1°1<). 

The three rescrvoiTs are the aquaculture ponds 
(Cp = 106,000 BTU/°F), rl1c rocks in the storage 
bin (Cr = 71,000 BTU/°F), and exposed concrete 
(Cc = 6,000 BTU/°F)+ OnJy concrete down to an 
effective depth of thennal penetration of 4.2 inches 
and not the 'Whole mass of foundation concrete is 
included in Cc. In fact. thennal penetration depth 
is rime period dependent, and rcpre5entarion of 
Cc as a single parameter i.;: an approximation \lalid 
only for periods from a few hours to a couple of 
Jays, not f(,r very short or long periods. Greenhouse 
soil was presumed to contribu£e little effective capa
city becau~e loose surface soil holding dead air 
would insula1:e the underlying soil mass. Likewi:;e, aU 
the smaU thermal masses of plants. benches, paint 
cans. etc .. were ignored. The effect of these omissions 

- oO _the shun-tcnn perf~trma:n{:e nf the ~imuiati~m will 
becomf' evident. 

With each heat rcscn·oir there is an as-sociated heat 
conductivity constant UA coupling the reservoir (at 
Tc- 0-r Tr or Tp) to the greenhouse air (at Ta). In some 
cases, UA represents the product of a per unit area 
exchange constant, U BTU/hr. ft.20F, and an asso· 
ciated area A. In other cases, ,,_.here heat exchange is 
through an air now, as with the rock storage. uA re
presents the product of heat capacity per unit vo(ume 
multiplied by a ,-olume per time flow rate. In either 
case, UA has units BTU/hr.oF and repre~nts net con
ductivity, the ra£io of heat flow (BTU/hr.) to temper
ature difference (/OF). In the case of the ponds, UAp 
represent'> the combined contr;buti-ons of convection, 
conduction and radiation. E\·aporation, the thermal 
_effect of w-hich is highly t.lcpcndcnt on temperature~ 
_and air JtlOVcments, is ignored. Ballpark calculations 

- iridlca~ thai-evaporative tbcm1al effects shouh.l he 
,-: sril_~l f~_r the coo! wintertime greenhouse rempera4 

tUreS_,undci- -study, but thi'> would nut be the ca~ 
-in a_ ··.varmer dimatc or in a heated l_..'Tccnhouse. For 
~coricrete~ UAc includes ~urfacc airfitm com'c-ction 

rt.·!>i!>t:IIH:t.\ j_ll effct:tivc hulk thermal rc!>islancc {tlc
pt.·ndcnt nn depth of penetration) .ahHut equal tu 
airfilm resistance, ami a radiative surface term. 
Tcdmicallv, radiant heat docs rwt hear ~recnhousc 
air, as modelled, but instead heats surfa~cs that absorb 
the radiant tlux. The model is based on the assumptio-n 
that mosr surface~ al1sorbing radiant heat have little 
absorption capacity and quickly ~.·hangc temperature 
to transfer radiative heat gain Hr los.'i to the air \'ia 
convection. Thus, the in£erme<liate step of radiant 
heat warming the air til rough objects is ignored. 

Greenhouse air loses heat to the outside b\· three 
main paths. L'Ag represents loss by conducti~n and 
radiation through the glazing. UAL expressed in units 
HTlJ/hr.OF x 15 mph, presumes a linear dependence 
of infiltration loss on outside \\'indspeed relative to a 
15 mph architectural design wimh;peed. In fact. infiltra
tion depcntis partly on pressure differences causetl by 
buoyancy of warm indoor air. It varies typicaHy as-the 
.7 power of windspced, rather than linearly. But the 
value for UAi is a crude estimate with no empirical 
verification, such as trace gas dilution measured over 
rime, so a more complex representation of infiltration 
effects is hardly justifiable. Finally, a rate of heat loss 
(UAg) through the ground is presumed to depend on!~, 
on long4 rerm soil temperature gradients based on 
weather over a month. Thus. UAg is multiplied by the 
long-term average temperature difference, In effect, 
shorter term variations in ground loss are incorporated 
into the concrete terms UAc and Cc. 

The final term in the equations is an insolation 
flux lA, computed from an insolation per unit area 
equation J ~nd a gJazing area A. IA is split into two 
components: 30% is absorbed direcrly into the aqua
cuhun• ponds, while the remaining 70% heats grecn 4 

house air "directly ·•, which means that the sua faUs 
on and quickly heat.~ surfaces of low thcrmai capa~ 
city which, in turn, pas5 the heat on to the air by 
convection. Corrections for angle of incidence, 
atmospheric absorption, glazing reflec .. ~on and re+ 
flection of light back out of the greenhouse are 
taken into account, as wiH be described later. The 
current program computes insolation only for com+ 
pletcly dear days, for which the angle and intensity 
of light arc derivable ftom straightforward formulas. 
The Prince Edward Island Ark has lacked sufficient 
insolation monitoring equipment to aHow for the 
measurement of angles of incidence of cloudwScattercd 
light. Also, transfer of the jagged insolation cun.·cs of 
cloudy days into the calculawr would he inaccurate 
and time-consum:nJ,;. Therefore, oniv tlavs of full sun 
have received intcn;ive ;;umly~is. Sin;nhttion r·or cloudy 
weather wHI ;m-ait -comt•uter monitoring. 

In computing simulated sy'itcm performance. 
,·aiues for outside em'iromncnt air temperature Tc 
ami windspccd come- frnm chart+rcctmlcd Ja£a from a 
clear day. Later, with sufficient ruuniroring, insolation 
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also- wiH derive entiTclv frt•m measurement rather than 
from formulas for de~£ days. Heat rescr\'Oir tempera~ 
turcs are initially set to measured value., .. .\ir tempera-
ture is compured as that temperature at which all heat 
flows into aoJ out of the air cxacdy balance to zeru 

'o: i1et_: Thus, heat capacity of the air itself is iJ!:norcd, ;:m 
=. :•i_ssumption causing errors for \"ery short-term phemml
: Cna Only. Once Ta is computed, rates of heat flow i1ltH 

-:the _resen;oirs can be determined. This~ in turn, gives a 
. time rnte-of-ch~mge fo-r the three resen·oir temperatures. 

The program then extrapolates temperatures ahead six 
minutes. At this point~ ambient temperature, infihr.t
rion, insolatinn and air temperature are an recomputed 
in preparation for the next six-minute extrapolation. 
Thus. we obtain a more or less continuou~ plot of 
temperatures O\'Cr time that can be compared with 
actual measured temperatures. 

A comparison of computed and measured tempera· 
turcs for December 27. 1977. is plotted lo Figure- 2. 
C,oncretc temperature l'c is not plotted since it is not 
measured, though it w;~s com1mrctf. Note that the pre~ 
cisc .match ,._,f Tp and Tr ar the beginning of tht· simu
latio_n results from initialization of thnse parmuctcrs to 

march measured data. Howc\·cr, the dose match he-
: t\,ICC_n nwasurcd and calculated air temperature is 
. non-f:ri\'!:11, rcprescntin~. as it docs. a balance among 
.compu-tc_d heat flows. We se-e that actual o1ir tempera-

: -turf: docs not begin to drop as quickly in the <lftcrnoon 

a!'> nnnputt·d air !l'HliWrature. This error i!<. prohahl~ dut· 
in parr to rhc matla:mati<:<d omi!> ... ion ufmany !>ntall 
thcnnal mJsscs havin~ short-term effects. The simulat,·d 
rock storage rcspon<;c to changing air tcmperaturc 

foHows measured rock tempci.-tturc do\ely until {·om
putcd air temperature<;. which determine rock tem
pcmturc variation, begiu to tlivcrge from measured 
value-s. Aquaculture pond mriation is. quit{' do5oe. Ar 
the end of the ~imulatc-d day, ttnal hear gained ~wd 
lost from the simulated reservoirs comes \'cry dose to 
matching the measurements, >t strong indication that 
the model wiU work well for cxt<'n(k·-d simulation 
per\nd5 w~thour targe <::umuhttive error<: Note tlutt the 
parameters used in this -simulation wen;: in nn way 
corrected to make the simulation fit th{' data. l'hcy 
represent heforc-thc-fact estimates. It would not he 
valid to <idju-st this o;.imularion to make it fit, fur 
there is imufficient mcilsurct! data to validate or 
invalidate Jdjustmcnts in system parameters hy the 
degrees of freedom criteria discussed earlier. 

There arc a few interesting "instantaneous" re
sponse characteristics to the model, such as behaYiors 
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which ha\'c no time lag in the mudel and n:ry shurt 
time lag (5 minutes to 30 minutes) in the actual sys+ 
u·m. WIH.'Il a cloud pa•scs in front of the sun, 
greenhoust• temperature drup\ \Cry rapidly and hqdm 
leveling off \\'ith a dominant time constant nf ahout 
6 minutes. This Cl•rrcspnnds to an in!<otantancuus 
change in the model. As to the magnitude nf the 
temperature change, the model predicts: 
~Ta .7 IA/(UAp + UAr + UAc + UAc + UAi) 

.7 (lH,OO!lllTU!hr.)/(8,36lllTlJ/hr.<>F) 
2L30F or tl.SOC, computed at noon on 

the winter solstice n·ith a 15 mph wind blowing. 
Precise corroboration of this figure from data is not 
possible because of thermal rime lags no<: included in 
the model, but observable temperature changes with+ 
in 20 minutes of a large- change in insolation due to 
"-'lou lis definitely fall within 2m-{, to 30% of the pre· 
dil'tcd mngc. \;'hen outdoor temperature 
d1angl'S abruptly, the greenhouse air tempera-
ture shuuld immediately change by the fraction 
(UAe + UAi)/(UAp + UAr + UAc + U:\e + UAi) = 

.163 times as much. This fraction has another signifi· 
cancc. When sunlight is absorbed by the building, the 
"instantaneous" temperature rise inside cau~es the 
fraction .163 of that absothed energy to be lost \\-ith 
no delay. The remainder enters the thennal stores, 
although this fraction does not apply to the 30% of 
insolation going straight into the aquaculture ponds. 

Comparing thennal capacities, the contributions 
are: from the ponds, 58%; from the rocks, 39%; 
from exposed concrete, 3%, for a total capacity of 
183,000 BTU/Of. Note that the ratio C/U has units 
of hours. This ratio is a time constant which expresses 
how rapidly an existing temperature difference would 
be re.luced to zero if temperature continued to change 
at a !.:vn~tanL rau:. in [acl. l"aix uf dldtigc of i.l.'uipO.:ra

turc decreases in proportion to the remaining tcm· 

perature differential, so that after one elapsed time 
constant, the temperature difference is reduced by 
the factor lie = .368, where e is the base of the 
natural logarithms. More familiar to some \viii be 
the decay half life, commonly related to decrease in 
natural radioacti,·ity. 

Half Life = Time Constant x Ln(2) 
= Time Constant x .693. 

Equilibration time con~tants of greenhouse storage 
media with air tempemture arc: ponds, 3 3 hours; 
rocks, 26 hours~ concrete, 6 hours. 

We ha\·e considered time constants of elJuilibration 
{or separate thermal rescr\'oirs with greenhouse air. 
There are also three time constants associated with 
the reduction in amplitcdc of specific patterns of 
temperature difference within the greenhouse as a 
~)'StCm of. interacting parts. The patterns of tempera
ture difference are known as ei~cm•cctnrs, and the 
reciprocal time const;mts associated with each cigen
vcc_wr arc known as cigcm·alucs, after the tcnninnlng~ 

of linear "'Y"h.'lll'\ ;mal~ sis. For the Arh g:rccnhousc 
model, the rccijlrocab of the <:igt·m·alu::.·s arc 6 hours, 
29 hours and 16-1- /wtff'"· Th<' /6-Hwur time con~WIIf 
is nf pm·tin1lar inten·st. Its assol·iatl·d ei).:Cil\'t'ctor 
shows all three thermal reservoirs r"-·maining: at almost 
equal temperatures while they collectively equilibrate 
with the outdoor cndronnwnr with a 164-hnur time 
constant. Thus, we have an excellent measure of how 
fast the total system equilibrates to outdoor tempera
ture when the sun fails to shine-: large changes take 
about a week. 

DETAILED PARAMETER D/:"J<J!'ATIONS 

The C and UA parameters of the analysis were 
dcri\'cd as follows. For Cp, each pond is a trans-
lu<.'ent cdinder 4 feet in diameter and filled to about 
4.5 feet -in depth. giving a volume of 56.55 ft.3 per 
pond. With water density = 62.4 lb.!ft.3, that yields 
3,529 lb. per pond, or about 106,000 !h. water, tutal, 
for 30 j)Onds. The specific heat of water is convenient
ly 1 BTll/lb.oF, so immediately Cp = 106,000 BTU/OF. 

For UAp, a starting point is the surface area of the 
pond tops and sides, but not bottoms, which are in
sulated to contribute negligible heat {low. The result 
is 22il'ft.2 per pond, or 66071"= 2,073 ft.2 for all 30 
ponds. Heat exchange bet\veen the ponds and the rest 
of the greenhouse has convective and radiative com· 
ponents. The ASH RAE Handbook of Fundam<'ntalo; 
is helpful here. ln Chapter 20, we learn chat a typical 
radiative contribution to surface conductane<:, f, is 
roughly .7 BTU/hr. ft.20F for surfaces with high 
infrared emissivity. The Kalwall ponds should have 
fairly high. emissivity despite low emissivity in parts 
of the infrared spectrum for the glass in the Kalwa! I. 
llowever, most of the ponds arc flanked by neighbors 
an two~:>!' thrl?f' .. icl,-.,., :mel mdi;ninns emitted by one 
pond only to be ahsnrhed by another pond do no[ 
represent energy exchange from the system of all the 
ponds to the surrounding greenhouse. As an estimate, 

therefore, 30% of .7 BTU/hr. ft.2oF will be deducted 
from the overall f value given in the ASH RAE graphs. 
Convective heat transfer is windspeed dependent. 
Watching cigarette smoke drift over the ponds 
gives a wind speed estimate of roughly 1 mph. \\'ith 
that value, and f,H smooth surfaces, the graphs in 
ASHRAE give roughly f = J .~.That value drops to 
f = 1.59 aft..:r deducting 30'!{1 of .7 BTU/hr. ft.2oF 
as discusse-d. Finally, the manual indicates that f 
factors decrease for increasing scale of objects above 
the 1 ft.2 size of the samples used to derive their 
graphs. So the value f = 1.54 was finally chosen. 
Finally extending f over 2,073 ft.2 yields UAp = 
(2,073)( 1.54) = 3.200 BTU/hr.<>F. 

Cr is derived "itarting from figure..; from the l:'llt'Yf:{}' 

Primer (Portola Institute) nf basalt densit\· = 184-lh./ 
ft.3 o.u;~! 'T"<'itk hc:~t:::. .2 BTU/lh.oF, :,!i\·ing 36.N 
BTlJ/ft.3oF, f solid h;~.,,dt. Sinn· hasalt jo; vcr~ dense 
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rock, the heat cap:Kiry of typic<ll cnm.T('tc is aH·ra).!cd 
in: 1441h/ft.3 with "P('cific lwat = .22 yields 31.7 
BTUtft.3oF. Tht..· gue-.s was that rut..·ks quarried in 
Nova Scotia omd trut..·kcd w the Ark have a volumcrri(' 
heat capacity preci-.cly equal ro the average of l:'nl'IP:.V 
Primer basalt and Frank Brookshire's (the source of 
1·+-J. lb.!ft.3 and .22) concrete, or 34.25 BTU/fr.3oF. 
These calculations arc for solid rock. A little gt..·omc
try shows th<U for spheres packed in cubic symmetry, 
solidity is 7J/6, while for dose packed spheres with 
tetrahedral symmetry. solidity is 7( ./2!6. The rwo·digit 
numher nearest the mean of these two .;o\iditics is 
.63, lea\·ing 37'~(. air "Jli.lCC, which inruiti,·ely sounds 
reasonable for randomly-packed stones of varying 
size and shape. Th~ architect's estimate of volume 
occupied by rocks is J IS yd.3 = 3.186 fr.3. Multi
plying by (.63)(34.25 BTU/ft.3oF) yields Cr = 

69,000 BTU/OF. This figure is upped slightly, to 
Cr = 71,000 BTU/OF, to include a contribution 
frum thcconactcwallsofdlcb;n. We might note 
in passing that (.63)(34.25) = 21.58 BTU/ft)oF 
for rocks compares with 62.-J. BTU/ft.30F for water, 
such that rocks arc volumetrically 35% as efficient 
as water for heat storage. 

Arcl:itects Da,·id Bcrgmark and Ole flammarlund 
estimate a rate of flow of 2,500 c.f.m. through the 
rocks, based on duct geometry and blower speci· 
fications. Heat capacity for air is .018 BTU/fr.3op. 
If we assume that the full 2.500 c.f.m. flmv reaches 
thermal equilibrium with Cr, we easily derive UAr = 
(2,500 ft.3/min.)(60min./hr.)(.OJS BTU/ft.'OF) = 

2,700 BTU/hr. oF. Empirically, temperature traces on 
our charts sho'l.\i no 'l.'cstige of short-tern\ temperature 
fluctuations in air emerging from the rock storage, a 
strong indication llf near complete equilibration of the 
air with the thermal mass. Hut an analytic verification 

"' .... . . . '. . . . 
01 t:tjUliHJI'auun n:aus tu a \'cry mten:~ung gcn~:li.ll 
result about design of rock storage. 

If we suppose, for purposes of computing surface to 
volume ratio. that the rocks behave like eight-inch 
spheres, whic .. approximates a typical size, then (sur~ 
face arca/\·olume = 9 ft.2/ft.3 of solid, or (.63)(9) = 

5.67 ft.2 per ft.3 of volume of the rock container. 
That gives 18,000 ft.2 owr 3,186 ft.3 If we a'isume a 
surface conductivity f = 1.5 BTU/ft.2hr.OF (based on 
ASH RAE graphs, as used to compute UAp above, and 
recalling that radiati\·e heat transfer from stone to 
stone contributes nothing to rock-to·air heat exchange), 
then we get VA= f(lS,OOO ft.2) = 27,000 BTU/hr.oF. 
The heat capacity of the air in the rocks is .018 BTU/ 
ft.30F in 37% of 3,186 ft.3. or 21.2 BTU/OF net. 
Di,•iding this heat capacity by 27.000 BTU/hr. oF yields 
a time constant of .00117 hours for air equilibration 
with the rocks. For how long docs the air pass through 
the rocks? Di\·iding 2,500 ft.3/min. into 37% uf 
3,186 ft.3 yields .472 minutes or .0078tl hnurs and, 
comparing this with the .00117 hour equilibration rime 

t'OH~taiH. wt· '-t't' th:tt the :tir -.pcnds (,.7 equilibration 
time constnnts am on).! the rod,.,., impl~ ing equilibration 
to within roughl~ .I"<, of rock tcrnpcraturt·! 

There is one consideration still to he chcck<·d: AI· 
though air in the rock storage rt'achcs thermal cquili
hrium with the rock surface<>, thcrnMI resistance from 
rock surface tu interior is not significant. Thermal con
ducti\·it\' of scone and concrete is rotwhlv k = 10 BTU/ 
ft.2hr. (.OF/in.) (sec ASH RAE handht~lk), or in 2 inches, 
which is halfway from a stone's surface to its center 
(and penetrates 7/Sths of tht' volume), we get k/2 in. = 

5 BTt;/ft.2Ju.Ol'. This conductivity is high compared 
to f = 1.5 BTU/ft.2hr.oF for the surfaces, so we con
clude that, for these size stones or any stones under 
roughly two-fo()[ diameter, thermal resistance from 
the stone's surface into its mass is unimportant. 

Arguments like the aho\'c \\'ere used to dcri\'e a 
formula for maximum typical rock size ro allow at 
least 90% equilibration of air with rocks in a thcrmal 
store. Allowing a factor-of-two margin for non-uniform 
air flow through portions of the rock store, the relation 
is Jmax = 12 V IF, ford = diameter in inches, V is 
volume in ft.3, and F i~ flow rate in ft.3/min. V/F is 
simply u nominal air transit time in minutes, neglect

ing volume occupied by rocks. For dmax exceeding 
24 inches, rock size smaller than given by the formula 
could be required. For the Ark greenhouse store, the 
fonnula gives dmax = 15.3 inches. The results of this 
formula arc likely w arouse controw·rsy from advo
cates of fist or golfball or pea grm•el~size rocks. We 
would argue that subdi,·ision of rocks below dmax has 
negligible effect on total thermal capacity or heat ex
change, but 'l.'ery small r<Jcks filling a bin 'l.villoffcr 
considerably more resistance t-; air tlow through them. 

Perhaps the parameters most difficult to argue in 
the model arc the concrete parameters C:c and UAc. 
The values given happen to correspond to the thermal 
response of typical concrete to sinusoidal ambient 
temperature fluctuations with a period of 16 hours. 
The calculation assumed concrete with .a vnhm1ctric 
heat capacity of 3 L7 BTU/ft)OF anti volume con
ductivity k = 9.1 BTU/ft.2hr.(OF/in.). Solving the 
partial differentia{ equations for heat flow in a solid 
one·dimensional medium gives rhe same heat-flow 
magnitude and phase for 16-hour periodicity that 
would be given by 1/U = .65 hr.fr.20F/BTU and 
CIA= 3.9 BTU/ft)OF. Adding,airfilm resistance .68 
gives a total of 1/U = 1.33 or U = .75 BTU/hr.ft.2oF. 
Extending the above quantities o\'Cr I ,500 ft.2 yields 
UAc = 1, J 25 BTU/hr.OF, which was rounded to 
1,100, anti Cc = 5,850 BTU/OF, which was rounded 
to 6,000. For pcriodicirie!'> other than 16 hours, air
film resistance remains the same while effective con
ductivity U inneascs ;~s, frequ(·rw;· and capacity C/1\. 
decreases as I!JfrcqucnC~~- Using these rclation'i, the 
correct magnitude <llld phase of thermal resistance 
into concrete can he compared with the magniwdcs 
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. ~tnd pha!<.cs for fixed CA ~md C Tlw amplitmk ratio~ 
· of the approximation di,·illcd hy correct value, and 

the phase difference~, arc tahulatcd· 
•lfJPI'uximJte •1111(11itol•ft' 

pt•rio,f (!Jn) correct .unplitude pb.ue f.' /Tor (O) 

1.57 9.5 
2 L-H ll.l 

" 1.27 11.3 
8 1.12 8.5 

16 J.OO () 

2+ .98 H.O 

"" 1.11 - 23.9 
Qt) 1.4<J ·3tU 

Since the cuncrete is a minor contributor to thermal 
inertia, i..'Sptl'ially for periods \\ell ahow the six-hour 
~.·haracteristil· time constant of the approximation, 
tl•t· ;1hm-c correlation set·ms w justify the approxima
tion used. 

Heat loss into the ground, a_s expressed by UAg = 

238 BTU/hr. OF, was determined assuming conducti
vit\' of both concrete and subsurface soil at k = 

91~Tll/ft.2hr.(OF/in.). The difficulty is that the heat 
path is not one but three-dimensional. Ignoring the 
corners of the greenhouse. one can approximately 
solve heat flow through the concrete walls and earth 
as a two-dimensional heat flow problem. The method 
in this analysis was to usc the flow of electricity 
through conductive ( tekJdtos) paper as an analog for 
heat flow through soil. Silver paint was brushed onto 
the paper to define boundaries of thermal contact of 
either inside or outside air with soil or concrete. Dimen
sions of the conducti\'e pait~t drawings were adjusted 
slightly to account for airfilm resistances. The out
come was two carefully-drawn conductive shapes 
separated by an area of conductive paper. Resistance 
between the two paint electrodes was then measured 
'with an ohm meter and ratioed to the resistance of a 
reference square of the same conductive paper. Suit
able scaling from this resistance ratio ga\'e a thennal 
conducti\·ity per unit length of the greenhouse wall. 
Multiplying this figure by ti;e appropriate wall length 
and repeating for a diffcr.ng foundation shape on the 
end and opposite side cr" the greenhouse gave rise to 
the final value of UAg Those familiar with Laplace's 
equation will rccogniz: in the above description an 
analog solution that roultl also have been found by 
digital computation, a more common approach. 

Heat loss through the glazing was computed 
directly from U = .58 for the Rohaglas gla1.ing ex
trusion, using the manufacturer's data ~-or winter 
conditions, and 1 ,665 ft.2 of glazing, total. The 
architects calculated infiltration using standard 
formulas, based on a 15 mph windspeed and scaled 
lin.early to measured windspeed for this model. 

In the 'current program, insolation can bt computed 
only for dear days. We currently monitor solar flux 
only in the horizontal pLane so thi:' cffecti\'e angle of 
sunlight rclath·c to the glazing can just he computed 

Ph oro hy Joh~ Todd 

for clear sky. Insolation is divided into two com
ponents, diffuse and direct. Formulas for both arc 
derived from graphical data found in the f:nergy Primer 
for intensity versus sun angle from the horizon, Taking 
9 as the angle of the sun down from straight overhead, 
then outdoors I diffuse= 38(1-(9/90)6) BTU/ft.2hr., 
and I direct= 315(!-(9/90)6) BTU/ft.2hr. 9 is cal
culated from celestial trigonometry. For diffuse light, 
the following corrections arc applied. The average 
slope of the greenhouse roof, taking the chord beneath 
the Rohaglas glazing and the double-glazed glass win
dows, is 39° out of the horizontal. This implies a loss 
of diffuse light from the north sky. For the remaining 
sky visible by the roof, an integration was performed 
to determine mean reflection by the glazing, using the 
transmission formula Transmission Fraction = 
.8( l-(ID/90)4.5 ), for tJ) degrees between incident light 
and glazing normal. This formula was empirically fit 
to t:tbular data from the E11ergy Primer and Rohaglas 
data. Next, a correction was made assuming more 
diffuse light comes from the southern than northern 
sky. Finally, of the diffuse light JWnctrating the glazing, 
10% reflects hack nut. This albedo correction is based 
on light meter measurements. With all Lhcsc corrections, 
we ha,·c I diffuse, net= 18(1-(e/90)6). Corrections for 
I direct depend on angle t]), the angle between the glazing 
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normal and timl·-dependcnt sun angle. A~ter currecti,ms, 
we have I direct, net= (.9)(.8(1-(0/90)-1-·') (Cos III) 
(315(1-(0/90)6)), where .9 is the same albedo correction 
used for diffuse light. the next term is transmission of 
the glazing \·ersm angle. and the last correction is a 
simple geometry correction for sunlight intercepted. The 
abo\·c formulas can he applied to a horizontal plane and 
correlated against insolation data from our charts. The 
measured insolation during :'\m-ember 1977 was 5% more 
than the ourcomc of the above, a discrepancy as yet un
explained. 

COSCLL'SJON 

Tlw large fraction of effective thermal storage pru
\·idt:d hy the trans:ucem aquaculture ponds is partiCll
larly prm·ocativc when the large electric power hack
up ctiSl to guarantee rock storage circulation is con
sidered. While the rock storage has provided an 
indispensable but minor portion of thermal storage, 
without which plants might have frozen, it should be 
asked what system modifications might eliminate the 

need for rot.·k stor<t!-(C. Raising the I'Ca~ aquaculture 
ponds to intercept mort· direct sunlight woulJ hold 
down peak temperatures and increase net thermal 
retention. Furccd convection in free greenhouse air 
would usc far less energy than is used in forcing 
smaller quantities of air at high speed through ,lucts. 
Low speed, large diameter blade fans could break 
thermal stratification, increase airfilm U factor for 
the ponds and require only 20% or 30% as much 
electricity. Finally. a simple closeable night-time 
shade system would easily upgrade heat retention. 
It would use less energy and in future systems re
quire less capital. 

A final note of caution about insulating a green
house too well: plants must transpire considerable 
quantities of water. If insulation glazing that is too 
tight is coupled with substantial reduction of infil
tration, humidity could become a serious problem. 
A major benefit of good modelling would he to give 
estimates of humidity as well as thermal conse
quences of proposed greenhouse designs. 
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The dimensions of ti.rne and space explored in 
the two articles in this section are, as always, various. 
Bill McLarney's writing is on the subject of "The 
Future of Development in Latin America." Through 
his experiences and his work there over the past 
seven years, characteristically, he has acquired 
strong opinions, consid"!rable insight and some very 
woi-kable and humane theories as to how develop
ment might proceed equably. His perspective is not 
that of the casual visitor. He lives and works on the 
N.AJS.A. farm in Gandoca in Costa Rica for several 
months each year and is deeply involved with and 
committed to the communiry there. Unlike so many 
theorists he does not embrace a single strategy to 
allay worsening conditions by concentrating ex
clusively on immediate human needs at the expense 
of the environment or of peoples to come, nor does 
he, in a rush of ecological enthusiasm, advocate 
sweeping land reforms that would displace popula
tions. His respect for indigenous peoples is perhaps 
the most compelling quality of his article and ac
counts in part for the quality of his relationship 
with his own community. 

Turning from Latin America in the final quarter 
of this century, the article by Meredith Fuller Luyten 
looks backward to Provence in the last. As she ex
plains, her interest in the French naturalist, Jean Henri 
Casimer Fabre, has been a long one. One of his attri
butes that occupied her was the quality of his per
ception, his ability to watch and become absorbed, 
even a part of the creatures he observed and loved 
-to internalize his environment. As have many other 
naturalists, Fabre added incalculable riches to our 
knowledge and understanding of the world. His 
strong sense of place is echoed in contemporary 
writers like Wendell Berry and Annie Dillard. It 
was the uniqueness of his perception, his intuitive 
grasp of what Gregory Bateson calls nthe pattern 
that connects", as Meredith describes it, that made 
her article so well suited to this issue of the Journal. 

Meredith's poems have appeared in the second, 
third and fourth Journals. She lives near New AI-
chemy on the Cape and currently is working on a 
novel. 

-NJT 



Future of Latin America 

With due dder~..:ncc to Stn\an Brand\ dioum ahout 
the ··rodk-do r.nio" ,.llld hJ\ ;n~. a.., I 'it:lr! to \Hit e. ju'>t 
fini~hcd sncui munrh-. ut hc:n ~ dut~ do in~ in Costa 
Rica ('\tT P;~t!e HO. I infl:nd tu talk a little a hour 
'\k\dopmenr" in rlw fun:rt.: of Co.,t;.l Kiea and Latin 
\mcrica_ Thnc is. in Costa Rica at lease 110 o;honage 

of foreign .'t'd national:l~t'IKit·'i. lll\Uil,;:;.-. ;1~1d in
di\idu;\1.; dcdicatt·d to one 1ir ;Jnnthn ;ICli\it~ intended 
to hdp "dcn·lop'' the nmmr~. Fnr purpose.., of rhi., 
c'""~. \\C -.hall~.-·nn\itkr nni~ llw..,c whusc int~:rco;t i .. 
'inctTC.t"\duding tho..,c f(lr \\hnm '\k•\t'!opmem'' ;•, 

ju..,t a do;d.; to \cil politicll or prufit-oricntnl ;u:ti,-j. 
tit·..,. I fun her intend to confine~~~~ thought., to tht• 
rural 'iiUiation. 

1·\\"ll \\ith the t:"\.du ... iun ut all t;lC .:haria tans and 
urhan \\ork<_·p;, the .. dc,·clopmcm" and ":tid" pt'oph: 
sometimes ~~em to tHHnumhcr the urdinar\' citi,cns. 
To forc<,wll any t·har~c"' of caricature. lt.·t me affirm 
that each nf these pcopic is om indi\ idual \\ith his ~1r 
her mn1 hlcnd of \\-isdom and foil~. I ncn·r ~~.·em ·il 

run into anyone I tutall~ 3~1'('e or di .. a~rt'c with <J.hout 
the future of rural Luin .-\mcri(·a. Fnr the sake of 
argumcm. rhm:gh. I think it jo; not unn:asonahlc to 
place the ,-,uiou!' group' and indi,·iduals workin~ in 
the area in [\\o c;JU'g:orit.·"'- the ''people-first" win~ 
and the ''tx-ology-firo;r" wing. I find m~ self p~1rtially 
:It odds\\ ith both factions. hut lt:t me hcgin hy ad
mitting my arc.1s of hrnad a~fC{'lllcnr with L';.u:h. 

The "peopk-fir..r"tolk arc usually nmccrned with 
some aspect of food. Tlwy arc ~;bsohncly ri~ln in 
pointing out the foil: nf Latin :\meri{·;.w nations 
gi\"ing l'conmllie priority f,, c.·\.pmt crup., when many 
of tht·m do nut hq!:ill to produn· cnoui!h fond for 
their own people. Thl·~ "L'e pnn:rty ;Hitl the disp;trit~ 
between Latin American and ~orrh American stan
dards of li\·ing. ThC\· ·;•:c a mahwu;ishcd d1ild as a 
cr,· for actio1;- an;l :-on it is. Their concern \\·ith !and 
is usually fm:usctJ on hmd reform. The.· c.·hild cannot 
be nnurio;:hctl hy the coffee. sugar, hanan~ts or beef 
gnm n in Luin Ameri~.·a and shipped to the o\"er
dnclopctl cnuntries. "'Peoplc-fir"'tns" work to hr_ing 
food, land and (·mploymenr tu the pt·ople. 

Thl· "ecology-first'" people haw read histury. They 
know •mr speci(•s' tkplor;.thle rl·curJ as a despoiler of 
soils and C{'t~ot.oystl'ms. They 'i('e the malnourished child 
as th{· 'YI111llnlll of had lmul usc, perhaps hy ih uwn 
parents. Th{·~- ac.·t from ;.1 lun· of the 1101 [Ural ('m·ironnH'nt 
whid1, if pmkssnl and prac.·tin·d hy t.·H·ry landowner, 
\\uuld be tht· ~olution. They \\urk as c.·;~nscn·ationists, 
trying to san· ,,·;.ut·r<;lll'd\ from dr~ in~ up, hill,.idt·s 
frum (.'ruding, fur{"Sf" from burnin!-(. 

The ecology pcuplt·, in "'mm· of the-ir nwn: e\trl'lllt' 
manifcstatiuns. seem 1t1 \ ic\\ the.· {';Jmpc"'ino as a mad· 

man \\ith a ~u11 in one hand and an ;L\c in the other, 
hcnt on {k..,troyin~ t•n-r~ \\ ild creature in sight. The 
more land rhcy c.m knl'e hilll ou-c of, the more .,ccurc 
IlK'~ fed. 

The pcoplt.··fir..r wing. on the •It her hand, ha.., a ten
detJ<.:y to for~et ahout future gcneratiom in its rush to 

aid tho"'c \\-ho arc here now. Their romanticited vit.'\\ 
,,:· .::.::::p~-:-.i;;;;·, .. -. P'-·''·liii ;·._, uiu ( iunane..; wh(l \\ill 
somchm\ ..,ct c\·crything right if ju..,t giH'Il enough 
bnd to \\ork is a., unrcali•nic and unfair a., it.. oppo..,ite. 

It ~~ .i politic.il, L'<."Oiiomic <iiHI 'ioc[;d bet th;,t there 
j.., a dire ll{Td for land reform in much of Lat,n Amer
ica; too !llt){"h land in the hands of too fn\ people j., 

ah\<l\ sa had situation. II i., al.,o a fact that TlllKh of 
campcsino af!rindrure, a~ pmcticed today. is de
plorably short-sighted and ceolo~ically ahominahlc 

Arc\\'{' then faced with a rruc dilemma? It is 
socially and humanly unacceptahlc to fotTC the rural 
people of Latin America into permanent dependence 
on export crop,., peon labor and '"La Compania." It i.., 
ecologically unancprahlc to allow th{' last forests of 
the region to be burned, the topsoil to he washed into 
the sea and the watersheds to he dried up. Ycr it 
might seem that these arc the alternatives. 

I can already hear rhe clamqr of voices ({ rhr dc
\"clopmenr and aid folk, along with the businessmen 
and government people, offering opinions, .,oJutiuns 

and defenses. \\'e shall listen to their opinions - some 
of them have something to teach. Som{·wh<Jt more 
spat'(' will he dnotcd to m~ own strnngly held 
opinions. But Oil{' should h·ep a grain of salt handy, 
for all of th{·sc estimable folk, what{'\'CI' their npcri
enn· and wisdmn, nmnage to sun·ivc without re-.:ours{' 
to a\e, gun or plow. 

So, I shall spict: the stew with yet another set of 
npinions ~those of campcsinos. \\hatevcr the~ ha\·c 
to say. it should pro\"e interesting. for they arc seldom 
asked their opinions ahout the future of rural L1tin 
America. They just live there. 

L('St anyone think it is simple to get a grasp of the 
situation, let me hcgin by offering a few information
al ircms of recent \·image <lhout Costa Rica. 

ITEM: Cm.ta Rica has 19,650 square miles of land 
and 1.921,000 people, a.:conling to the 197-1-ccno,:us, 
for a population d{·nsity of IJ7 .7 per Stjll:lre mile. 
second in mainhmd Latin An1cri«:~l on!~ to J-:1 Saka

dnr's .17 3.8 inhahitant.., per "'lJuare mile_ Land distri· 
hutiun. while {'ertainl~ a prnhlcm. i.., ~('llt.Tally mor(' 
('tjUitahk than d~n\hl-rc in the rq.don. The st;wdmd 
of livin~ i' mnong the hi~hl'..,l in Latin .-\mcric:l and, 
h~ such uthcr comcntional indicc"' of \\dl-l:cin~ "' 
he;Jith, cdut.·acion anti litera(·~, the CtJHnlr~ nltl'" hi~h. 
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Until very rcceml~ Costa Rica had the sct·tuld highest 
pol)ulation growth rate in the world, but currently a 
birth control campaign seems to be having an effect. 
Nevertheless, the population continues to grow, while 
in recent years the economic and nutritional well-
being of the country has declined. 

It is probably fruitless to debate the precise nature 
and importance of the relationship between population 
growth and national well-being. ;\;e\'erthclcss, I \\'asap
paHcd last year to hear a North American friend, resi
dent for many years in Costa Rica, assert to a group of 
campcsinos thou. with land reform, Cost:~ Rica would 
slq)purt fifty million people. 

(lcrhaps, given certain conditions, such a feat could 
he -shown to he biologically and economically "feasible;', 
hut what of the quality and diversity of the natural 
cn\'ironmcnt and the traditional rural lifestyle? \\lould 
anyone hclieve land reform aud population control? 

ITEM: Costa Rica has the best national park 
system in Central America. At a meeting in Puerto 
LimOn in 1976, attended by campcsinos from all over 
LinH)Jt pro\'ince (the least densely populated of Costa 
Rica's seven provinces) there ·was open discussion oi 
the best tactics for i1n-ading and colonizing Tortu· 
gucro National Park. 

lTEM. Costa Rica's highest mountain is Chirripo 
(elevation 3819 meters) which lies in tbe wilderness of 
the Talamanca Range. Chirripo forms a large part of 
the watershed nf the Sixaola, General and Marina 
drains1gc basins, major sources of the nation's water 
and electrical power. For this reason, the slopes and 
environs of Chirripo were declared a forest preserve, 
with all clearing and cutting forbidden. In 197 6, part 
of the forest was deliberately set afire and many acres 
destroyed. 

Costa Rican campcsinos traditionally have had the 
right to homestead public land. The motive for setting 
the fire would appear to be as a protest against losing 
the area to colonization. (And, of course, once cleared 
by fire. it makes little sense to call the area a forest 
preserve.) 

ITEM: A disproportionate number of acres uf good 
at,>Ticulturalland in Costa Rica are held by multina
tional companies such as United Brands, Standard 
Fruit, Hershey Chocolate, etc. Some of their land is in 
production, some has nner been touched. There are 
also cxtcnsi\'C holdings, which, though cleared, have 
not been worked for up to twenty years. In one such 
area procedures arc now underway to evict "squatters" 
from their farms. If these people do not choose to be· 
come peons for ''La Compania" the nearest "available" 
lands arc the forest preserves and Indian re~crvations of 
the Talamancas. 

ITEM: Some of the agricultuml companies do all 
they can to discourage their workers from planting 
cr-ops of their own. They have been known on occa· 
sion W go so far as to buy land fer the sole purpose 

of -;upprcssin!-! production of indig;cnous food and 
cash crops. In the town of Siquirrcs, Standard Fruit 
fosters yet further dependency. There, man)-
tons of bananas arc thrown in the river e\·cry 
year because of blemishes and/or to keep the price 
up. Evt:ry precalHIOB is tak~n to ensure that the 
local peo1~le do not take advantage of any free 
bananas. 

ITEM: A friend of ours, u young and ambitious 
Gring'.). who considers himself ecologically con· 
cerned and informed, has a small and \'cry well 
managed farm in a coastal region of Costa ~ica. 
He has leamcd tropical agriculture the hard way 
by doi11g it. l-lis income is certainly beyond tlut of 
the average campcsino farmer hut, feciing the need 
to supplement it, he recently landed a joh as a con· 
sultant for one of rhc major agrin,ltuml companie~. 
He is working on a projt·ct involving 20,000 acres 
of virgin forest near a '\cttlcd area which the com-
pany recently purchased from the Costa Rican 
government. Our friend explained that the .:ompany 
got the land just in time before squatters moved in and 
.. ruined" it. The land is w he clcarcut and planted to 
monocrops which will not be consumed by Costa Ricans. 

The primary .. use" of land is to sustain people: 
people are to sustain land. For me, the common 
thread which runs through the confusing series of 
anecdotes I have just related is that, in each case, 
this seemingly simple relationship has been con
fused, perverted or lost sight of altogether. But 
modern Costa Rica affords at least one more spec· 
tacular example of flagrant disregard of the people/ 
land relationship. I refer to the plains of Guanacaste 

Guanacaste Province comprises the northwest cor
ncr of the country. Much of it consisted originally 
of a fairly fertile plain favored with spring·fcd rivers 
and moderate rainfall. With settlement, the plain 
became a patclnvork of forests and farms and a 
major producer of food for Costa Rica. Then came 
cotton, a notorious consumer of soils. Following the 
boom and bust of cotton, the entirety of the lowlands 
of Guanacastc was converted into cattle pasture to help 
satisfy the insane appetite of North Americans for 
cheap, tasteless hamburgers. Between 1970 and 1972, 
over one and one-half million acres of Guanacaste land 
were sold to North Americans, primarily for conversion 
to cattle pasture. 

What has this meant to Costa Rica? From being one 
of the country's greatest assets, the Guanacaste plain 
has become a drain on its economy. During the 60's, 
Costa Rican beef produt·tion increased by 92% while 
per capita meat consumption declined by 26'%. The 
nation has had to increase imports of heans, rice and 
corn as a result of the rcmo\'al of Cuanaeastc cropland 

from production. The plains of Guanacasrc have been 
depopulated, as small farmers have sold out to the 
cattle interests. A few families stay behind to \\·ork <1~ 
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peons. Others contribute to the growth of urban s!ums. 
Many move on to dear and scttie l:md far less suited 
for traditional campesino agriculture than the plains 
they left. 

Today Cuanacastc has the poorest nutrition, the 
highest infant mortality, the greatest incidence of al· 
coholism, etc., etc., of the seven provinces. Even those 
individuals, Costa Rican and foreign, who profited 
~~:·=~' 1y are beginning to suff~r. The wholesale dearing 
of forests and com·ersion of land to pasture has altered 
the climate. The dry season, which previously lasted 
three or four months, now goes on for eight or nine, 
maybe more. In the drought of 197;-76, cattlemen 
were selling their animals at a loss. Cattle dying by the 
roadside were commonplace. 

Perhaps a lJUarter of the lowlands have been trans· 
formed into a true desert and the whole region is in 
trouble. The ecological destruction is virtually com· 
plcte. 

Who is to blame? In a small way, one can fau!t the 
campesinos, or at least the first few, who, shortsight
edly, sold their fertile lands before the drought years. 
But the ecologically stupid policies which led to the 
final destruction of the Guanacaste plains were created 
and promoted by people who sit in offices in San 
J osC and abroad. 

This is not to say tha .. -lmpesinos never contribute 
to the physical destruction of resources. One such 
case was narrowly averted last year when the former 
president, Daniel Oduber, had the foresight to exer
cise his powers in a rather controversial manner by 
declaring a large part of the Osa Peninsula a "disaster 
area" before the actual occurrence of the disaster. 
The Osa Peninsula, in the southwest comer of Costa 
Rica, is the last wilderness on the Pacific slope of 
Central America. Its \\·estern half is characterized by 
steep slopes, dense forest and heavy rainfall. It is 
simply not agricultural land. Stripped of its forest, 
it migbt yield crops and profits fur five years or so, 
after which erosion, leaching, landslides, etc., would 
render it virtually sterile, as has already happened 
in similar areas in Panama. As of a few years ago, 
homesteaders were beginning to chop their way into 
the hills of the Osa. It is to the credit of President 
Oduber, Alvaro Ugalde, head of Costa Rica's National 
Park Sen'ice, and their ecologist advisers that they 
blew the whistle, bought out those squatters who had 
already moved in, and created the 72,000 acre Parque 
Nacional Corco\'ado. 

Two episodes in the ecological history of Costa 
Rica: It may be instructive to ask why the ecologist.<~ 
were powerless against the destruction of the Guana
castc plain by business interests seeking a few years' 
profits, but succeeded in preventing the destruction 
of Osa by campesinos hoping to earn a subsistence. 

While thinking about that, it may also be instructive 
to tty to \iew both C\'ents through campesino eyes. 

(Be assured tlmt some of the people \\'ho tried to 

seale the Osa wen: tlu: same ont_·s who had left Cuana· 
caste.) (It may seem unfair to lump ecologists and as· 
sorted cattlemen anti business people together just he· 
cause of economic class. But to a campesino we arc 
pretty much the same- upper class "outsiders" who tell 
him \vhat to do.) We seem to have kicked the campesino., 
up into the hills and then kicked them off because they 
threatened to knock a little dirt down on us. 

It \vould be tragic if campesinos were to become 
totally alienated from the ecology movement, hut 
there is a tendency to regard ecology and resource 
conservation as the playthings of those who can 
afford to buy all their food. This is exacerbated by 
the ecological tokenism practiced by some large com
mercial interests. The beaches of the Nicoya Peninsula 
will serve as an example. The coast of Nicoya is among 
the most beautiful parts of Costa Rica. The clean, dear 
blue Pacific breaks on pockets of whit::: sand artfully 
tucked away between steep rocky cliffs. The vegeta· 
tion and water temperature arc tropical, but otherwise 
it is reminiscent of northern California. The beaches 
are, of course, being "developed", principally for 
foreigners. In some places, Costa Ricans have been 
denied access to their own beaches, in defiance of 
Costa Rican law. 

Some of the "better" developments include, as part 
of the package, a reserve, set up, studied and certified 
by professional ecologists. There the landowner may 
see native Costa Rican wildlife and not be bothered by 
any pesty Costa Rican people. Encroaching desert be
hind, Cringoes ahead, what is a person to do but go to 
San jose and hdp make a slum? 

Costa Rica and Latin America will not be s.tved by 
making National Parks and forest preserves alone, 
important though that is. Much less will they be 
saved by making token reserves, from which "natives" 
arc excluded, as part of a plan to woo investment 
dollars, nor by relegating the "natives" to the least 
fertile and most fragile lands. If the region is not to 
become a patchwork of ruined lands dotted with over
crowded cities and agribusiness farms, relieved only by 
a few sacrosanct reserves of greenery, then the various 
governments, the campesinos and outside aid and de
velopment workers must all look to the concept of 
land husbandry, in which the human need for sus-
tenance and the ecological need for maintenance arc 
wedded. Such a concept has not prevailed in Latin America. 

How to develop this attitude? It would not hurt to 
open better channels of communication between 
ecologists and campesinos; to share what ecologists 
have learned with the people, starting in the grammar 
schools, rather than to make rules and let the people 
guess why. Hopefully this step can be implemented 
rapidly, since some traditional campesino behavior 
patterns must change- soon. 
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I han· des1.Tihcdluw.· one tr:1~cdy was n:HTowl~ 

a1 crtcd nn the 0-.:1 l,enin~ula. ;,md I could cite t.:x
amplcs of smaller atrocities enmmiued by campesinos 
in the name of rice and beans_ \\'hat must be changed 
is the "frontier n1entality'', which i~ still ,-cry much 
ali\'C in Latin America. While it is true that campc
sinos arc often pushed off their farms by declining 
soil fertility or lured off with mon..-:y, it is also true 
that many of them fancy thcmsclws "pioneers'', 
pushing on into the hush to lwmesrcaJ more land 
for the nation. This attitude and the slash and lnm1 
al!riculturc inherited from the aboriginal inhabitanh 
of the ;'\.leoo·opics must die out in many countries 
for the simpk reason that there is precious little 
frorHicr left. Pioneer days arc already over in El 
Salvador and Uruguay, the only mainland Latin 
;\mcri~.·an countries whose entire land masses arc 
Sl~ttled, and will \'cry soon be o\'er in Costa Rica. 
There arc presently only three large unsettled areas 
in Costa Rica- the high Talamancas, :rhc Tortugucro 
Plain and the Osa Pemnsula- and substantial parts 
uf each arc already in one sort of rcser\'c or another. 

Another job for those of us from abroad \\'ho arc 
concerned for Latin America is the introduction of 
ne\'•oi concepts into rural life. Appropriate technologies, 
for example, compo~ting and aquacu!turc, will have to 
be introduced from outside, since they are not in the 
Latin American tradition. 

But, in addition to sharing our knowledge and 
skills, there must be confessions forthcoming from 
the o\'erdc\'cloped \'\-'urld as welL One root of Latin 
America's problems is that "we" have encouraged 
and cajoled th~ campesino to sell the farm and 
work as a peon or mo\'c to the city. And when that 
doesn't work out, since we have demonstrated our 
preference for the concept of profit-oriented soil 
mining to that of nmrition-oricntcd soil husbandry, 
he has that much less compun("tion about home
steading a forest hillside ;.;;hich he may know \viii not 
sustain his family for long. 

We have managed to tarnish seriously the concept 
of a small fann as something that is passed down in 
the familv and therefore to be husbanded as care
fully as p.ossibJc_ But it will not do to \\Titc off the 
campesino of today as being incapable of honoring 
that concept. And, while it is one of the legitimate 
functions of those of us who ha\'e fom1al education 
or training to pass on information and ideas to the 
campc~ ,o, ncithu '\\'ill it do to lecture down to 
him. Rather, what is needed is dialogue and it will 
not be easily a~hic\'ed. 

Like it or not, we- Gringos- arc the world's chief 
exporters of cultural influence, for better or for worse. 
As such, we are likely to be greeted in Latin America, 
according to the personality of the person we 1ncct, 
with deferential courtcsv (sometimes more than we 
d~serve), or prejudicial hatred or, perhaps, the latter 

in the former'-; cltlthc., .. \\••rc IJ.IIann·tl rclaritlll.,hip., 
l:omc with time, c-;pcciall~ if one ('omcs to Latin 
America with qutc-;tion<., a., well as facts and opiniuns, 
and acknowledges one's •!Wll ignorance. If, in time, a 
Gringo has the opportunity to show- not argue
that he or she prefers the country to the city or is 
more interested in a good diet and ecological stabil
ity than in economic de,·clopmt:nt and plastic trill" 
kets, and, if that statement is made without ..:on
descending to the eampcsino and his hard-earned 
transi~tur radio, then he or she will sometimes he 
~urpriscd at the depth of concern for farm. family 
and future expressed by the campcsino. In other 
word~. the concept of hu~handry is in trouble, but 
not dead, in Latin America. 

i began this article with a series of depressing 
and confu~ing anecdotes of ecological dc .. truction 
and lack of under~t:mding on all side~. then pro
ceeded by di~rributing the hiamc an:ording lo Ill~ 

lights. Since I have not allowed that all is already 
lost. it would he unfair of me to lea\'c th!:" reader 
in gloom or fury without offering some more 
positive anecdotes of comprehension and action 
by campcsinos and intelligent cooperation by 
outsiders. 

One hopeful sign emerges from the sad experience 
of Guanacaste. I first heard the story from AJ-.:_ l"ena, 
the former Peace Corps director in Costa ~(ica. He 
told me, with sc.,mc surprise, of being lecJ_ured by a 
taxi driver in San Jose about the deforestation of 
Guanacaste and the consequent drought. "If they 
keep cutting the trees and never planting," said the 
driver, "the whole country will be a desert." Since 
then I have heard the same story, with increasing 
frequency, from urban and rural Costa Ricans of all 
classes. Five years ago, only a few ecologists would 
have professed such a hclicf. Such is the c"tcnt to 
\Vhich at least onf' "nphi .. ricatcd ecological concept 
has penetrated the Costa Rican consciousness. (My 
account woul-d be incomplete if I did not admit 
that, in some of the rainier parts of the country, I 
have heard people discuss deforestation as a 
promising new technique for moderating the weather.) 

Another hopeful story comes from Guanacaste. In 
the coastal village of JacO, on the border between the 
Nicoya beach dc\'clopments and the slightly older 
Guanacastc desert development, an Italian family has 
labored for years to develop varieties of grapes 
uniljUcly suited to that cmironmcnt. No fruit enjoys 
greater prestige in Costa Rica than the grape, hut this 
is the first time that high quality table or wine grapes 
hil\'C been grown in the countr~·. Now the family has 
set to wnrk making the new vari,~tics available w 
local farmers and II(·! ping them p;ct startc.'d. In addition 
to bringing a sorely needed economic boost to the 
area, the grape is one of the plants best suited for usc 
in the beginning stages of restoring misused soils. 
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Anudwr dndopn ot frui1 \·arit•tie ... Don Jos( 
Maria :\ria .. R., who""" dc.,uihnf in the fir.,t .four
ua! of till' Xew .-1/dwmi.;;t.,_ t..'untinun· w carr~ on his 
work. Dtm josCMaria ha ... won international acclaim 
fm his fruit ,-arteries. hut of mnn._· interest in the ~on
text of this piece i.., his t!H_,.,j..,_ Jirecd~ opposed tn the 
drift of modern ag;riculturc. rbar a Costa H.icau 
family can li,-e comfortably tm J. few J.crcs. intcn
si\·cly husbanded. Certainly hi-.; uwn finca. which 
eo\·ers carcdy three acres outside :\lajuela. in an 
area \Vhich j.., succumbing tu urban sprawl, suppons 
his thesi .... There Don jnsC .\\aria. who has steadfastly 
rcfusL·d economic as~isrance throughout his long 
lik, lin·s well indeed on the basis of fruit trees. 
~ard!.'ns and ~oats. h take:. training, patience and a 
"PlTial ~enius tu ac~tHup:;.,h what he ha" in 'iclcc-
lin- hrccdin!!:, hut his fruticultural techniques, as 
dc.,crihed in his hoHk. Frnticultur<l Tropic,d, can be 
o!rp!ird by :.m~ one with land and the will tn hus.hand 
it. 

The !'-..-\ISA farm is located ncar the last outpost 
in Costa Rica of the old-time turtle strikers - the 
men who stood all day at: sea in a canoe with balsa 
decoys and a harpoon. looking to strike a "hocksbill." 
One of our neighbors, Casimiro Dosman, better known 
as '"Penge", who. to our sorrow, Jicd in August of last 
year. was born and raised in the area and remembered 
how "first time" people would harpoon a turtle to 
cat.. Then came the days of good markets for hocks
bill shell. Turtles were killed far in excess of need and 
the meat thrown to the dogs. The persecution was 
intensified with the ad,·cnt of a market for turtle eggs. 
Where before it was customary to take part of a clutch 
and lca\'e some to hatch. now every egg in most nesLs 
is harvested and sold. As a result. turtles ar.: scarce. 
Pengc preached on this in Spanish and Carihhean 
Engiish: ''God made tOe auimai them for we to lHe. 

But if \"OU wish to sell. \"ou must cultivate. I sec 
plenty. people sell hock~bill shell, trunkic egg. But 
sha! J don't sec no turtle farm."' People listened. 
Pengc's widow . .\tiss Ida. takes it a step further. She 
explains any and aJI hardships suff:::red by rhe turtle 
strikers: "God chastise them for kill too much turtle."' 

Another of our ncig:hbors. Andres Mature, age 
fourteen. has been planting selected hardwood trees 
for four years nuw - so that when he is older he will 
ha\'e the wood to build his house. He is one of the 
brightest youngsters in the community. and he wants 
to stay there. on his father's farm. ~lc docs not \\'i!Ot 
to he a "pionccr". <1 peon. or to li\·e in town. 

Those of yuu who received our 1977 cakndar ha\·c 
already tnl't Andres' father, Gcruninw ,'\\atute, <It!c 
sixty·one, born in Honduras. nl·n•r spent one do1y in 

.. dwul, fougllf with S:mdino in ;\;j\·ar;q.:ua. \\orkcd for 
l!nirl·d l·ruir <.omp<lll~ in ('a nama. a founder of hi.; 

comnnmit~. president of the local Junta IJirl'l'ti\"a, 
and lltl\\ a hoard mcmhcr of NAISA. Matutc says 
"La planta \'ale ma~ •1ue Ia plata.'' (Thi~ loses some· 
thing in translation - ''The plant is worth more than 
the money.") "Porquc Ia plata term ina, pcro Ia 
planta ,-ive y cosccha y da semillas." (Because the 
money comes to an end, hut the plant lives and hears 
fruit anJ g:i\'es seed.") If there is one person who is 
influential in the community, it is Matute, and I hear 
him haranguing Ct'lllmunity meetings about the need 
for reforestation-- in a part of Cnsta Ril·a which 
cannot yet he termed deforested. 

And I say there is hope yet to build a Latin 
America of people in harmony with nature. This will 
not happen without the campesino in full participation. 
Neither is it likely to happen with tht· eampesino 
alone. We need the insights, skiHs and knowledge of 
d1c ecologist, the abrronomist, the nutritionist anti 
the appropriate technologist. We may possibly excuse 
the ruin of soils and environments in times past- say, 
the deforestation of ancient Greece - in that perhaps 
the people were ignorant of the consequences of their 
acts, or had no alternatil'·es, or because the areas of 
land irnolved were relatively small. None of these 
excuses will serve today in Latin America. 

\\'e are favored, these days, with a great deal more 
knowledge of ecology, especially tropical ecology, 
than before. We have the whok new (for the Western 
Hemisphere) discipline of aquac·ulture, which seems 
particularly appropriate to mnst Latin American en· 
vironmcnts. We know com posting and reforestation 
techniques. We know a great deal more about nutri· 
tion than before. We ;.1rc in a better position to pre· 
diet the consequenc~s of our acts, and we have pre· 
vinus!~· uncqu!l!!cd technn!Ot_.,<)' to propagandize and 
communicate what we know. 

What is needed is to find the Penges and Miss 
ld:Js and Matntcs in t.•ach community and tap their 
knowledge and abet their influence in their com· 
m:Jnitics. What is needed is the ::ounterparts of the 
Italian family in Jacc). What is needed is for interested 
ecologists and researchers and tccnicos in all fields 
to drop any preconceived notions, pick up the ma· 
chetc and li\'c with and as campcsinos. \\'hat is needed 
is for those uf us with particular skills or knowledge 
to hring that knowkd.;tc ro where it is needed - not 
just to some go\'ernmenr office or university or de· 
vclupment a~cncy <H cump•my, hut to the campesinu. 
b·en hcforc 1 hat, we must ask the campesino what he 
knows, what he need" tn know, what questions he and 
the rc .. carchcr might ask together. It is this task that 
~AI SA has set itsdf. 
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The Life of the Naturalist, 
Jean Henri Casimer Fabre, 1823-1915 

- iHt!reditb l'uller Luyten 

Pe,rce tbe hwe of tbe process of our lh•e.~. 
-.-\Juriel Rukeyso:-

:1: ,;· ;;..•nrd, all those z•ague, UIICOJlscious, rudime11tary 
a11d aflllfi.H IWIIWff'.~S li!t/e fh•e.~ u•!Jjr!J S/IYrOllltd J/S 011 

et·ery side .ut-i wbicb U'e coutemplate with eyes tbtlt 
arc <llmtsed, but alre,tdy thinking of otber tbi11g~· ..... . 

There is a street in Cambridge, ~lassachusctts, 
named for the huranist who established a system of 
nomenclature for the natural sciences. Eight years 
ago, I was sitting in a library on one side of Lin· 
nacan Street, attempting: to re-establish a writer's 
routine. On t11c uthcr side of the street was an 
apartment where my first baby was being: <-'arcd 
for. I \\'3~ excited and anxious, unable w think 
wholly of the child or mv work. Restive from con
flicti.;g stimulation~. I t~rned tu the stacks behind 

- .Uaurict• .ltaeterliuck 

me and pulled out a hook with the interesting title, 
Tbe Life Of Tbe Spider. I glanced at the chapters. 
Chapter Ill, "The Narbonne Lycosa", began, "The 
F:pcira, who displays such astonishing industry to 
gi\'c her cg~~ a dwclling-houst.' of incomparable per
fection, hecomes, after that. cardcss of her family." 

Thus I first met jean Henri Fahrc, the French ento
mologist whom Charles Darwin called "the int·omprtrahlc 
ohsener." Who \vas this man \vho wrote so compel
lingly nf the in.;cct and of himself rhat I felt I had 
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-;tudit.·d hy hi:-. ... ide in ilw du ... l~ field' of Pt'o\TtKc? 
1!io; style,,., ... anc·~..·dot;.il, di ... ntr ... iH' <IIlli hi~ ,;,-id de
" riptinns of insccb \\l'fl' uflen anthropomorphic 
hiOIOb'Y tlowed inw philo ... ophy without sh~tmc. 
Who was more attract in·- the \\Titer, the en~ 
tomological teacher or the ~tm~~ling paterfamilias? 
Fabre was a teller of ~toric~. lmtincti,·ely, he wm·e 
the events of hi .. life together with his scientific 
ohsen·ations to form a doth th;~t \\';I<; whole hut 
distinct in detail. It did nor occur to tne at the I ime 
that this is a characteristic of all great naturalisrs. 

Fabre was one of the first g:rcat heha\'ioral scien
tists. Edwin Way Teale says of him, "He produn·d 
S0111l' uf llw ha~ic 'itudics of the nature of instinct. 
All students of im.et·t hcha\'ior, uf comparati\'e 
p;;ycholnt.'Y. of c"Xperimental hiolnt.'Y are indehted 
ro Fahn·." Hi" oh'ien·ations pro\'idcd O\'erwhdm
ing e\ idt·ncc for the comple_x sequence" of instinctiH' 
hcha>·ior in insects. His intuitive powers made him 
su~pect biological mechanisms that could only be 
isolated a hundred years later by molecular biology. 
When I first heard of pheromone communication, 
in whi<:h chemicals secreted by an .. mimal operate at 
great distances ro stimulate a response in another 
animal, I remembered a passage from Fabre on the 

court!<hip of moths: "but what are we ro say of the 
Great Peacock and the Banded Monk, making their 
way to the female ..... they hasten from the ends of 
horiznr.. What dn they percei\·e at that distance? 
Is it really an odor. as our physioio~ry understands 
the word? ...... lt would be tantamount to redden-
ing a lake with an atom of carmine, to filling im~ 
mensity with nothing." This is an excellent analogy 
for the dispersion of potent pheromone molecules. 
Fabre's experiments com·inccd him that there was 
"an unknown sense" mechanism in operation, anti 
he guessed accurately that the moths' antennae 
were the "scent" receptors. 

Throughout his life, Fabre was interested in 
mechanisms of perception. How, he asked, do 
creatures know their worlds? ''Inclined as we are 
- and it could not well be otherwise - to judge 
all things by our standard, the only one in any way 
known to us. we attribute to animals our own 
means of perception and do not dream that they 
might easily possess others ...... Cannot certain 
properties of matter, which ha,·e no perceptible 
action upon us, find a recepti\'C echo in animals, 
which are differently equipped?" 

How do we as human beings know our world? 
Konrad Lorenz has made this obscr\'ation about 
behavioral studies of animals, or the field of ethol
ogy: "it is es!ie1ltiul to conduct ,w t.•xfl•mhw period 
of genaa/ obst'n.l,ltiou, u·bicb mm;t precede tbc 
performunce of experimeuts. lie who maintains that 
he has no time for such observation, which i~ at first 
not directed at a particular goal, "hould leave animal 

Jl"ydwlo~~ \\ell alone.· IIH· il,dil-, .lt'l' l.on·nt\ 
0\\'ll, 

Like Lorent., F.1hn: conh: .. ~cd that often his most 
important ohsernuions were fortuitous, hi.., hesr 
c:xperiment" accidctHally concci\cd. lie called this 
c:xpcriencc his "method of i~110rance". by which he 
meant that obscnatiuns made \\ithout prior c:xpcc
tation or hypothe..,is arc particularly trustworthy in 
behavioral studies. Long hcforc rhe advent of ethoio~'Y 
Fahre knew that only patient field ohser\'ations of 
long duration can cstabli'ih the norma tin· rclation
..;hips of animals withir: their ecosystem. 

Descriptive ohscn·ation is still essential in many 
sciences. Rut ohser\'atinn, more than e:xperiment per
haps, i" inherently subjel'Li\'C and impos~ihle to dupli
cate. Although journal.. of behavioral science read as 
if metholl and terminology can rcmm·c the suhjecti,·c 
clement frnm observation thi" is only an unwieldy 
linguistic illusion. Fahrc'~ writing off(?r'i annther 
response to language. He leans into the subjective life 
of his mind, revealing his person. He would have 
agreed with LorenL's statement that ohsen·ations 
can only he C\'a!uatcd wlu:n the observers know each 
other and know how and what each other tends to 
perceive. There arc "tylcs of perception which are 
mirrored in styles of communication. But how can 
observers know each other? How can personality 
and its style become a vehicle for accurate com
munication? 

In a recent article in S6ence nngazinc, called, 
"Hubris in Science", Lewis Thomas dcscriht:s a new re
sponse tn the modern problem of sheer quantity of 
scientific research: 

"So, communication has bcenmc a serious proh!em 
not only between the scientists and the public. hut 
among the scientists themselves. How dn the investi
gators cope with the problem? Not, I think, by 
relying on computerized library services, although 
increasingly clever systems for retrieving more or less 
current information have come into existence in 
recent years. Nor arc the journals themsel\'es used 
as extensively as they used to be as sources of new 
information. 

"What is happening is that there is much more reliance 
on word of mouth for the transmission of scientific 
data than ever hefnrc in my memory ..... There is a 
new system at work, \\ hid1 I do not understand. 
I have the impression that a great body of informa
tion is getting around by a mechanism that can only 
he termed gossip." 
Thomas is talk!ng about the telephone, hut he is abo 

talking about the rediscovery of pC'rson-to-pcrson 
"gossip", and the odd reliability which dc<.1ling directly 
with the pcrvm of the investigawr sct·ms to have for u<,.. 

Wer!! the discur'iive, ,;utobiographical, ant·cdotal 
and anthropomorphk clements of Fabre's writing 
naive ami outdated as techniques for scientific 
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writers of today? Could it he that, on the contrary. 
these arc essential characteristics of hi-. contribu
tion tu science? A look ar Fabre's life and writing 
might pmvide an answer to these questions. 

Bcginnin:_( ::n autobiographical essay, Fabre said, 
"Since Darwin bestowed upon me the title of 
'incomparable obsen·er', the epithet has often 
come back to me, from this side and from that, 
without my yet und~rstam!ing \\'hat particular 
merit I have shown. It seems to me so natural, Stl 

much within e\·eryhody's scope, so absorbing to 
interest one's self in e\·erything that swarms 
around us! However, let us pass on and admit 
that the compliment is not unfounded. 

;\\ty hesitation ceases if it is a question of ad
mitting my curiosity in matters that concern the 
inscl·t .... yes, I confess that I am an enthusiastic 
observer of the animal. How was this characteristic 
prnpcnsity, at once the tunncnt and delight of my 
life, developed?" 

J. Henri Fabre was born on December 22, 1823, 
in the village of Saint·LCons in Provence. He remcm· 
bcred his parents as stern and harassed people, but 
not as unkind one:.. They were so poor that they 
sent the young child, known as Henri, to live with 
his paternal grandp<!rents, on their fann near Mala
val. In Fabre's words, ·'They were people of the 
soil, whose quarrel with the alphabet \Vas so great 
that they had never opened a hook in their lives; 
and they kept a lean fann on the cold granite ridge 
of the R<merge table-land. The house, standing 
alone among the heath and broom, with no neigh
bour for many a mile around and \'isited at intervals 
by wolves, was to them the huh of the universe ..... . 
In this '.'\:i!J !';nlitudc, the mossy fens, \lt·ith their 
quagnires oozing with iridescent pools, supplied 
the cows, the principal source of wealth, with rich, 
wet grass. In summer, on the short sw01rds nf th-- slope~,;, 

the sheep were penned day and night, protected from 
beasts of prey by a fence of hurdles propped up with 
pitchforks .... In the centre was the shepherd's rolling 
hut. a strau· cabiR Two watch-dogs, equipped \Vith 
spiked collars, \Vere answerable for the tranquillity 
if the thie\'ing wolf appeared in the night from out 
the neighbouring woods. 

'"Padded with a perpetual layer of cow-dung, in which 
I sank to my knees, broken up \Vith shimmering puddles 
of dark-brown liquid manure, the fann-yard also boasted 
a numerous population. H,•re the lambs skipped, the 
gee;;e trumpeted, rhe fowls scratched the ground and 
the sow grunted with her swarm of little pigs hanging 
to her dugs." 

This is the setting of Fabre's earliest memories. 
He identified with these grandparents, especially his 
grandmother, more than with hb own parents. He 
remembered his grandmother's warmth, her abundant 
meals, good humor and her capable strength as a 

fanner's wife. She was of :1 pracrical temperament, 
hut, to the -;mall intense domain of the fannyanl,shc 
added her gihs as a ~tory-teller. tier o;tori{_''t were 
often of wolves, as heroic and fantastic as dragons. 
"I should \;cry much have liked to sec this \Volf," 
Fabre wrote, "hut the shepherd always refused to 
take me inw his straw hut. in the middle of the 
fold, at night." Added to Fabre's sharp observations 
of real animals were the exploits of fantastic animals. 
His first books were to be an ABC bestiary and La 
Fontaine's Ftlble.o;. 

Often alone, the young Henri had time for reflec
tion and observation. He soon learned that his curi
osity about animals was met with amusement or im
patience, because it went beyond the practical needs 
of his grandparents as farmers. Early in his childhood, 
natural history became a pleasure which Fahrc's 
secrecy protcctl'd from ridicule. He had to put his 
questions directly to his animals. He began to search 
and experiment and he give:> us this extraordinary 
account of one of his earliest memories- a test of 
perception: 

"I was five or six years old ..... I can see myself 
plainly, clad in a soiled frieze frock flapping against 
my bare heels; I remember the handkerchief hanging 
from my waist by a hit of string ..... 

"There I stand one day, a pensive urchin, with my 
hands behind my hack and my t;;.,...: turned to the 
sun. The dazzling splendour fascinates me. I am the 
Moth attracted by the light of the lamp. With what 
am I enjoying the glorious radiance: with my mouth 
or my eyes? That is the question put by my budding 
scientific curiosity .... ! open my mouth wide and 
dose my eyes: the glory disappears. I open my eyes 
and shut my mouth: the glory reappears. I repeat 
the pcrtormuncc, with the same result. The ques
tion's solvcJ: I have learnt hy deduction that I sec 
the sun with my eyes. Oh, what a discm•ery! That 
evening I told the whole house all about it. Grand
mother smiled fondly at my ~;implicity; the others 
laughed at it." 

In childhood, Fabre's only teachers of natural 
history were other children. Inherited superstitions 
coupled or clashed with his private observations and 
stimulated his curiosity further. Children, not adults, 
valued gratuitous hits of information- such as 
methods for hypnotizing a goose, where to find bird 
eggs, or that the grasshopper's hind leg has a "plcc.ls· 
ant shrimpy flavor." 

When Fabre was eight years old, he was returned to 
his parents. To help the family income he \Vas given 
the job of raising a flock of ducklings. He herded 
them down the stoney paths of the village, hcyond 
the houses, to a pond where they <:ould find food. 
Here he spent hours exploring the shores of the pond. 
He found gold-dust, diamonds and a tin~· rams horn 
turned to stone. Coming home with hulging pockets, 
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be was scolded for ruining his clothes and was told 
to throw his rr(·asurcs 3\\'ay. Was it fortunate or 
regrettable that there \\'as no one to tell him that 
what he really had found was mica, rock ~.-·rystals 
and a fossilized snail. common ro that area? As with 
most children, Fabre's fantasies only whetted his 
appeti_te for more experience of the actual world. 
This paradox: \Vould one day enrich his writings as 
a naturalist. 

As an old man, Fabre remembered this pond of 
his childhood and a succession of ponds connecting 
a child's and a scientist's sense of wonder: 

"I will return to the pond, but not that of the 
small ducks, a pond atlower with illusions. Those 
ponds do not occur t\vice in a lifetime. For luck like 
that, yuu must be in all the ne\v glory of your first 
hrcl-chcs and your first ideas. 

"Many another have I come upo:1 since that dis~ 
tant time, ponds very much richer and, moreover, 
explored With the ripened eye of experience. En· 
thusiastically I searched them with the net, stirred 
up their mud, ransacked their trailing w-eeds. None 
in my memories comes up to the fir..;t, magnified in 
its delights and mortifications by the marvellous 
perspective of the years. 

"Nor would any of them suit my plans of today. 
Their world is too \'ast. I should lose myself in 
their immensities, where life swarms freely in the 
sun. Like the ocean, they are infinite in their fruit· 
fulncss ..... What I want is a pond on an extremely 
reduced scale, sparingly stocked in my own 
fashion, an artificial pond standing permanently 
on my study table." 

This is more than a prologue to experimentation. 
These pond!' hecome a metaphor for changing per· 
ception. As the observer becomes more skilled, the 
world becomes more complex. The pond of this 
passage is the evoh·::~g human eye. 

Until adoleseen :e, \''hen Fabre assumed respon· 
sibility for his ow.1 education, his formal schooling 
was haphazard. From the age of seven to ten, he 
studied in his godfat.~er's village :.chool, which was 
also his godfather's bedroom and kitchen. The room 
was warm only because a fire was maintained to cook 
the pigs' mash. Piglets and chickens wandered in and 
out. His godfather \\·as benignly inattentive. Study 
was readily interrupted so that the dovecots could 
be cleaned or snails crushed by the children in the 
estate gardens. i or Fabre's grandfather "managed the 
property of an absentee landowner ..... He had under 

his care an old castle \Vith four tO\vers", and he also 
worked as the village barber, bell·i.inger, choir·singer 
and the winder of the village clock. "This was his 
paoudest fun~tion," Fabre writes. "Giving a glance 
at the sun, to ascernin the time more or less nearly, 
he would climb to the top of the steeple, open a 
huge cage of rafters and find himself in a maze of 

wheel'\ and springs whereof the secret was kumvn 
to him alone." This picture suggests the medieval 
quality of Saint~LCons in Fabre's childhood, a town 
in which the small rounds of life were as self.con· 
rained and unquestioned as the inner workings of 
his grandfather's clock. 

Fabre's family moved to the larger town of 
Rodez. His education here was erratic, interrupted 
by the financial needs of ~is family. Eventually he 
won a scholarship at the Ecole Normale Primaire 
in Avignon. Fabre trained to become a teacher, 
concentrating on math and physics. He could fore· 
sec no post as a teacher of natural science, and he 
relegated his natural history books "to the bottom 
of a trunk." But during his adolescence Fabre 
gained confidence in his ability to teach himself 
and to learn by teaching others. When a chemistry 
lesson ended in a disastrous explosion, Fabre was 
stimulated to repeat the experiment correctly a 
year later. He remarked with good humor that 
teaching is, after all, only "the fulminate awaken· 
ing the slumbering explosives." 

Fabre acquired a teaching position in Corsica. 
Here at last he met two naturalists who could 
encourage his study of plants and insects. Mo
quin·Tandon especially encouraged Fabre to study 
the living animal, and he restored Fabre's ambition 
to pursue a career as a teacher of natural history. 

In 1852 Fabre became a teacher at the lyceC of 
Avignon. He meanwhile was laying his plans toward 
a university professorship, not knowing that he 
would hold this teaching position at the lycle for 
eighteen years. He prepared his thesis for "doctoral 
es sciences naturelles," which he defended in Paris. 
In 1854 he was galvanized by his discovery of the 
entomological work of Lc'on Dufour. Dufour was 
publishing behavioral observations of insects and 
Fabre realized that he himself was capable of making 
a contrihution to Dufour's work on wasps. He began 
to publish his findings and in 1856 he received an 
award from the Institut de France for his work in 
experimental physiology. By now Fabre had a large 
family. He was never free from financial worry. AI· 
though he had attracted the attention of such famous 
men as Darwin and Pasteur, he was unable to accept 
a position on the faculty of Poirier University simply 
because he lacked the necessary private income. This 

was a bitter lesson in the inequities of an educational 
~ystem. How was he to work and still have the time 
for his entomological studies? For a while, he turned 
all his attention to gaining economic independence. 
After much work, he developed a cheap method for 
the production of madder dye, a dye which was very 
important to the textile industry of his region. He 
received an award from Napoleon Ill for this work, 
but then the development of artificial alizarin de· 
stroyecl his dye's market. 
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In yet another area. succl'SS wa-. to he follo\\Td 
hy mishap and thwarted amhitiun. Fahre\ gifh "" 
a teacher had long: he en recogni~:cd hy \'ictor Duruy, 
Napoleon's enlightened mini .. ter of educ:•tion. During 
official tnurs of the pro\'inccs, Dumy had encouraged 
Fabre to enlarge hi-. goals ami offer his liheral ideas 
in education ru the community of Avignon. In the 
1860's, Fabre gave free puhiic lecture-. in natural 
history at the old Abbey of Saint ,\\artial, the ahhey 
in >vhich he hml long ago wimessed the disastrous 
explosion of chemicals in a badly managed experi
ment. In the i\hhey oi Saint Martial. heal :ast had 
a fon1n~ tor his ideas and. perhaps, a broader forum 
lh<m a university profC .. •:(orship could ha,·e gin:r~ him. 
tlis lcctun.·s pnn·illct.l an opc11 uni\·ersity system, free to 
a::. 1-k wa<> :11aking education a\'ailable to any age ami 
e~..·onomic background; he wa .. pro\'iding secondary 
t•ducation for girls; he was gi\ ing natural history 
a rcntral place in the curriculum uf !..'lmntry school 
children. Fahre attracted large audicuo:P.; and, in 
so doing, he also caused alam1 in this provincial town. 
He made enemies, particularly among the clergy. In 
1870, he lo-.t his job at the lyc~c and at the same time 
he was evicted from his house. for which he held no 
lease. john Stuart J\-1ill. who then resided in Avignon, 
gave Fahre generous financial help that enabled him 
to establish a new househoici iii Dr~nge. 

Fabre seemed to ha\'e lost his teaching career, but 
instead he now began a new, more imporrant stage 
of it. He turned to the writing of popular scientific 
books as a means of support. Some of these books, 
which Fabre made more acceptable to cleric-. through 
the inclusion of frequent pious sentiments, became 
texts for school children. Others were intended to 
provide adult education to farming communitic-., 
offering principles of household hygiene and prac
tical infonnation on animal husbandry and the life
cycles of pesry and helpful inseds. ThrouF:h this 
period of prodigious writing, Fabre gained the ex· 
perience as a stylist \vhich he brought to his later 
volumes of entomology. He continued his work in 
the fields with insects, but he felt increasingly ha~ 
rassed by his dependency on puh1ic byways and lands 
that \\'ere not his own. It became his ambition to 
acquire a piece of land where his experiments and 
observations would be undisturbed by passers-hy. 

In 1879 Fabre had enough royalties from his books 
to purchase a little less than three acres of land in 
SC'rignan, Provence. Poor, untilled land, suitable only 
for occasional grazing, such a piece was known as a 
barnws. On this barma!J· there was a house, a small 
pond, and Jry, thistly fields abounding with insects. 

Fabre reached his banuas in a state of exhaustion 
and brrief. His promising son and working compan· 
ion, jules, had just died at the age of fifteen. Fabre 
himself had almost died in a bout with pncumoni<.t. 

lie had four young children aud <Ill agl.'d father to 

care for. Shortly afrcr the mmc, hi .. wife .. l\1aric. died. 
FiNn' pride had carried him through misfonunc~ 
and lonely -.rrug:glcs to this hard-bitten piece of land. 
lie recognized his own life in the solitude of ~he 
b.lmhlS. In an impas .. ioned essay of that title. he 
defended his life's choices and his purpose in taking 
refuge on this bit uf land: 

"Come here, one and all of you -you, the sting
bearers, aud you, the wing-cased :umnur-clads -
take up m~ defence and hear witness in my favour. 
Tell of the intimate terms on \\hich lli\'C' \Vith you, 
of the patience with which I ohsen·e you, of the care 
\Vith \vhich I record your actions. Your evidence is 
unanimous: yes, my page<>, tlwugh they hristlc not 
with hollow formulas nor learned smatterings, arc 
the (•xact narrati\'c of facts observed ..... and whoso 
cares w question you in his turn will obtain the 
<>ame rt.'plics. 

"And, then, my dear insects, if you ~..·an not convince 
those good people, hecausc you do not carry the 
weight of tedium, I, in my turn, will say to them: 

'You rip up the animal and I study it J.live; you 
turn it into an object of horror and pit~ , whereas 
I cause it to be io\·cd ...... naturai histor:··. youth\ 
glorious study, has, by dint of cellular improvements, 
become a hateful and repulsive thing. \\·ell, if I write 
for men of learning, for philosophers, \\'ho, one day, 
\viii try to some extent to unravel the tough problem 
of instinct, I write also, I write abo\'c all things for 
the young.' 

''When shall we have an entomological laboratory for 
the study !lot of the dead insect.. steeped in aknhol, 
hut of the living insect; a laboratory having for its 
ohjeet the instinct, the hahits, the manner of living, 
the wcll"k, the struggles, tl1c propagation of that 
lirtle world, with which agriculture ami philosophy 
ha\'C most seriouslv to reckon? ..... While waiting for 
the fashion to cha;1gc, I open my bamws laboratory 
of living entomology; and thi-. laboratory shall not 
cost the ratepayers one farthing." 

Though Fabre became known as "the hem1it of 
sCrignan", this picture of him mu-.t he balanced hy 
recollections of Fabre's friends and passages of 
Fabre's own reminiscence.; which re\·eal a personality 
of considerable charm and warmth. 

Fabre was a dcnlted father and husband. He mar· 
ried a second time and eventually had sc\'en children. 
His desire to improve the quality of education fur 
girls arose naturally from the equality with which he 
treated his t·hildrcn, most of whom were dau~hters. 
l-lis collector's walks were al-.o spirited family outings. 
llis wife and t·hildrcn uften shared his ('X(~itement 
or patience in makin~ a new ohscr\'ation in the fields. 
Or late at night tlwy would ru-.h to his laboratory, 
summoned by hi<> cl<~tion with a new dist·nvery. One 
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biographer anJ friend said, "It was not \\'ith Fahrc 
as with some intellectuals, whnse thnu~lus and life 
remain almost strani!ers w the lwme wh id1 the~ 
establish one day as though in a moment of distl'>le
tion, and who di\·idc their li\'es into two parts." 

Fabre made innumerable farmers and their wiHs, 
village urchins, sen·ants and shopkeepers into en
thusiastic as "\\'ell as in\'aluable collectors of cocoons 
and insects for his lahorawry. The pleasure which he 
found in his work was infectious and still is infectious 
to us today as we find it in his writing. On one occa
sion, Fabre invited his Lm1ily and friends to join him 
in testing the edibility of the oak caterpillar. lie had 
read in Pliny that these were considered hy the 
Rumans to he a delicacy. With characteristic wit, 
he set the experiment for a Shrove Tuesday meal, 
since Shro\'e Tuesday is a "reminiscence of the 
am·ient Saturnalia" of the Romans. He gives us the 
following; portrait of his guest~; 

"One of these is the schoolmaster. Since he 
penn its it and docs not fear the comments 
of the foolish, if by chance the secret of our 
feast should be di\'ulged, we will call him by 
his name, Juhan. A man of broad \'icws and 
reared upon science, his mind is open to 
truth of every kind. 

"The second, Marius Guigne, is a hlind man 
who, a carpenter by profession, handles his 
plane and snw in the blackest darkness with 
the same sureness of hand as that of a skillful 
sighted person in broad dayiight. He lost his 
sight in his youth, after he had known the joys 
of light and the wonders nf colour. As a com
pensation for perpetual darkness he has ac
quired a gentle philosophy, always smiling; 
and ardent desire to fill, as far as possible, the 
gaps in his meagre primary education; a 
scrisitivcness of hearing able to seize the subtle 
delicacies of music; and a fineness of touch 
most extraordinary in fingers calloused by 
the· labours of the \\torkshop. During our con
versations, if he wishes to be informed as to 

this or that geometrical property, he holds out 
his widely~opened hand. This is our blackboard. 

With the tip of my forefinger, i trace 
on it the figure to be constructed; ac
companying my light touches \Vith a brief 
explanation. This is enough; the idea is 
grasped, and the sa\\\ plane and lathe will 
translate it into realitv. 

"On Sunday aftern~ons, in winter es
pecially, when three logs flaming on the 
hearth form ~'delicious contrast to the 
brutalities of the Mistral, thev meet in 
mv house. The three of us ft;rm the 
~~iilagc Athenaeum, the Rurallmtitutc, 
;wherC we speak of e\'erything ........ '' 

In this descriptiun of ,\\ariu..;, the hlind carpenter, I 
am a~ain 'ilrud.;. by Fabre\ interc.,t in matter., of 
perception. \\'ith pcupk as wdl as with in.,ech, as a 
te;u.:hcr and a~ ~• hcha\'iorali.,t, he always a .. h.s him.,clf 
how a being with cndowmcnts different from his 
awn experiences the world. What common ground, he 
wonders, might we ha\'e? In recording his own invcsti
gatium, he frequently uses imagery that c,·okes the 
\\'orld of the blind, a world of darkness in which he 
gropes and moves forward hnitantly; ~uul a world in 
which each creature's dnmain is finally pri\·ate: 
"I sally fnrth in the night, with a lantern, w 

spy out the land. Around me, a circle of faint 
light enables me to recognize the broad masses 
fairly well, hut leaves the fine details unper
ceived, At a few paces' distance, the modest 
illumination disperses, tlies away. Farther off 
still, everything is pit"·h-dark. The lantern shows 
me- and hut very indistinctly ·-just one of the 
innumerable pieces that compose the mosaic 
of the ground ..... 

"The domain of this We'>?\ il is .... a slender 
thistle, not devoid uf elegance, harsh-looking 
though it he. Its heads, with their tough, 
ycllow-Yarnished spokes, cxp;md into a 
fleshy mass, a genuine heart, like an artichoke's, 
"\vhich is defended by a hedge of savage folioles 
broadly \Veldcd at the base. It is at the centre 
of this palatable heart that the larva is estab
lished, always singly, 

"Each has its exclusive demesne, its in
violable ration ....... " 
The \'ivid strength of such a passage evokes Fabre's 

own lifetime identification with the solitary struggles 
of common people, the strong weeds who "have no 
history," but whose individual efforts contain great 
drama nevcnheless. Again and again, in the teeming 
instinct!lal world of insects, he creates vivid portraits 
of individual cfforL And these portraits derive energy 
from and lend support to the stmgglcs of his own 
life. 

Between 1879 and 1910, the ten volumes of Fabre's 
Souvenirs Eutomologiques were published. They did 
not attract great attention. Then in the last five years 
of his life Fabre was officiallv disco\'ered. The French 
government and scientific in~titutions of France and 
other countries honored him with a jubilee in 
SCrignan. in 1910. He received Stockholm's Linnacan 
Medal and he "\Vas nominated for the Nobel Prize. 
But Fabre found this fame that came so late to he 
exhausting and ironic. \\'hen his eyesight was failing, 
he was deluged with expcnsi\'e microscope and 
laboratory equipment which he had nner had the 
benefit of before. Again he was to find himself sur
prised and hemused hy difkrences of perception. 
Shortlv hcfurc his death in 1915, he le~trncd rhat a 
statue .of himself was to be erected in his \'illaj;!;e. 
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He said ro a friend, ··1 shall o;ce myo;clf, hur shall I 
recognize myself? l',·c hoHI so littll' time for looking 
at myo;elf!" 

A friend and hiograpll(.'f of Fahrc gins this de
scription uf tht· aged natumli!->t, confined hy old age 
to his chair Jnd almost tutJIIy blind: 
"T u sec him in the twilight of his diningroom 

where he ~ilcntly finished his life, majestically 
leaning hack in his arm-chair, with his best 
shirt and old-fashioned necktie, his eyes still 
bright in his emaciated face, his lips fine and 
still mobile, but thin with age anJ at moments 
tremhling with emotion, or moved by a sudden 
inspiration ~ to sec him thus, would you not 
say that he was still obscn;ing?" 
Fabre may not have had much time for looking at 

himself, hut in his \\Titing he gave us his life as a 
vehicle with which we join him in observation of th 
world. He made his life into an epic journey, cm
hkmatic of the life journeys of all creatures. Mactcr
linck called Fabre the Homer of inscas, a poet of 
science. The opening lines of Tbe Odyssey could serve 
as an invocation for Fabre's mvn epic, the Sou1.'enirs. It 
might indeed be an lm·oeation from aU of Fabre's per .. 
sonahle insects: 

Sing in me, Muse, and through me tell the story 
of that man skilled i!1 all ways of contending:, 
the wanderer, harrieG for years on end 

********** 
If there is a persistent quality to be found in .Fabre's 

work it is the quality of empathy. Emprtthy is much 
more of a discipline than that related emotion, sym· 
pathy. Empathy enables a person to identify with 
another life without confusion, without ceasing to 
respect the separateness of lives. It is a response very 
simil.tr to generous love. If this sounds a bit far from 
the pragmatic routines •Jf a student of animal behav
ior, consider the follnwing words of Konrad Lorenz 
from his book, Studies in ANimal and Human Be
bavior: 

"Ethology i~ the compar~ltive study of behavior ..... 
[to becomt an expert in this field} it is necessary 
to becorr.e thoroughly familiar with a group of 
related animal species. Such familiarity is not 
easily achieved. Jn fact, it seems necessary to 
become emotionally invoked to the point of 
'falling in lm·e' \Vith such a group in the way 
many bird-lo\'ers and .... other kinds of 'amateurs' 
do. Without this emotional motivation, no 
thorough knowledge of the comparable behav
ioral traits of any group of animals could ever 
be gained. Were it not for the unaccountable 
gloating pleasure some of us take in watching 
'our' animals, not C\''!O a person endowed \\lith 
the supernatural patience of a yogi could bring 
himself to stare at a fish, a bird or an ape with 

tlu: unremitting pcrscnTancc which is nccessarv 
in onkr to perceive the go\'erning principle., . 
prnailing in the heh;l\ ior of an animal." 

l'ahrc wa ... ;.1 ).!;rear writer and natumlisl hccaus(' he 

had what one biographer callt·d "the gift of corres
pondence." A truly great naturalist brings some aspt·ct 
of nature into sharper focus II<Jt by isolating it but by 
ciarifviug its relatiou.~bips, its place in natu~c. This is 
really an unromantic view of narur:tlists, because it 
makes their funct:ion that of go-hetweens. Like a 
translator or a diplomat, a naturalist can reduce the 
harriers between intclligcm systems of life that speak 
somewhat different languages. 

Niko Tinhergen, in arguing for the c\'entual partner
ship of psychology and hiology, wrote in 1951, "intro
spection brings us into contact with an aspect of be
haviour that is out of reach of objective study. We know 
that ih•th aspects belong to one reality, hut somehow 
the scientist's mind is unable to symhesizc them into 
one harmonious picture." Fabre's writing intuitivelv 
convcvs this harmom·. And in the 1970's we have m~rc 
scientific evidence, \~·hich may simply mean more 
scientific willingness, with which to understand this 
harmonv. 

Lcwi~ Thomas and Edwin Land arc two scientists 
of different disciplines who recently have \Vritten 
about the partnership of inner and outer orders which 
forms human experience. As a medical researcher, Lewis 
Thomas pro\'ides us with a new paradigm for under
standing disease. Disease hfl.s been understood as the 
invasion of an organism by another foreign organism. 
It might better be understood a.s a biological misunder
standing or misinterpretation of boundaries between 

organisms that cau understand or misunderstand one 
another only because they have a long evolutionary 
association. To even see one another, let alone inter-
act \\ith one another, diff<:rent organisms must share 
some urdcr or language. 

Research into mechanisms of visual perception has 
enabled Edwin Land of the Polaroid Corporation to 
draw a rclatt'd conclusion about the interaction of 
the human eye and the 'outer world' it sees. Land's 
research provides a synthesis for our ideas of sub
jective and objective perception that Tinbergcn h-oped 
for. And since his study of the eye illuminates the 
complimentary skills of obser\'ation and communica
tion that a good naturalist possesses, I will let Land 
speak for himself. Compare his reminiscence from 
childhood with Fabre's childhood experiment with 
perception: 

"In my hometown library, the chief delight of 
the younger patrons was not the hooks hut 
the Brewster stereoscope. Through its lenses, 
children saw boats and bridges and canals and 
mountains, and the best of all rhrec·dimcnsion
al suhjects, grottoes. The stereoscope rranspon-
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cd the child through the interplay of stalagmites 
and stalactitt·s into the di .. tant tkpths of the 
caves. ha\·ing c1nln.:rtcd two slightly fadctl sepia, 
flat, (;un photographs into a \'i\'id re:.~lity. You 
could hear rhe dripping w;,uer, smell the damp
ne~s, fear the darkness as you sat with your legs 
crossed under\'<''" .... '4'bere did tbis 11ew reality 
exist? In nm; eye~. or n. 1lcr did \'OU exist in .it? 
A toy? 0~ the n;ost powerful mct~physical clue 
to emerge in three thousand years? ...... . 
the child and the three-dimensional space he re
joiced in seeing comprised one single union of 
mind and matter ..... In this particular pre
Darwinian period [when the stereoscope was 
invented], no one could have had the courage 
to imagine what, in the next two hundred years, 
would hccomc the scientific hasis of an un
partitiont·d reality." 

\\' c ha\T e1:oh·ed, Land says, "in a polar parmership 
with the world." He continues: 

"there rcalh· is no outside world and no inside 
world. Th~rc is just one world. It is, perhaps, a 
little bit like moss growing on a rock, clinging 
to it, the tendrils penetrating the crevices in 
the rock and the cavities of the rock, where the 
rock/moss combination is the object and not 
the rock or the moss separately_" 

It is, then, as Fabre said, "so much within everyone's 
scope" to be obsen·ers of the world. Perception is an 
act of unification a\'ailable to us all every time we open 
our eyes. A naturalist is exceptional in raising this en· 
dowment to an art, to an act of celebration. 

The interests of a naturalist are usually understood by 
their O\Vn time to be interdisciplinary, unifying separate 
fields of study. In its own time, Fabre's behavioral ap
proach to the insect was a radical integration of psychol
ogy and morphology. Great naturalists provide data for 
the "unpartitioned reality" of nature. But few scientists 
would consider a narrati\·e style to be an integral part 
of scientific contribution. Fabre's writing is not just a 
'means' of conveying data. It is itself data, and some of 
the verv best data, for the unitv of mind and nature. 

It is .not fortuitous that Lor~nz, Tinbergen, Thomas 
and Land are all good writers. Between people, between 
species, between our minds and the world around us 
there can be a rigid or a supple interface. Our language 
can emphasize i~olation or relationship. In general, the 
best naturalists are also specialist~ in some scientific 
field. However, they are specialists who have the ability 
as writers or artists to overcome the alien associations 
Qf inaccessibility and loneliness which the \'l:ord spe· 
cialist has come to have. A good scientist has entered 
stiange and possibly frightening territory. A good 
Writer provides us with the necessary empathy, the 
necessary relationship, to follow on that journey. A 
go~d writer sustains our participation in his or her 

world. When Land hc~in' an art ide with <I childhood 
n:minisnncc he i' r:i,·i11g u' a way in. And when he 
hegins to talk about rock and tno'' ht· j., turning to a 
writer's mosr powerful tool: metaphoric language. 

Metaphoric language is one of the ultimate human 
n.prcssions of trust in the unpartitioncd reality of 
wind and matter. ,1\\ctaphor is "language that implies 

a relationship." An ordinary metaphor is merely ill us· 
trative, but a great metaphor is organic and forms "a 
fresh relationship." The formation of metaphor in the 
uuman mind is analogous to the increasing complex-
ity of an ccosvstem in nature: definitions of lives 
a;ise more an~l more from their relationships. The 
filling of specific ecological 'niches' also might be 
compared to the dc\'clopmcnt of more precise 
language with which to express our commonality. 

Journals of science reveal a fear and distrust of 
the richness of language. Language is indeed haz
ardous. Words with the briefest of histories arc 
subject to alchemical transformations, mutations 
and emotional colorations. Language seems to iu-
sist on its right to cross-pollination if it is to remain 
fertile. It has a life of its O\\'ll. Yet it is the tendency 
of scientific writing to coin new technical words and 
attempt to fix the usage of old ones, for ambiguity 
is felt to he a disability in sharing scientific investi
gations. Consistent usage and rigid definition are 
shibboleths to protect againsr misreading. Of course, 
this fixity of language has genuine uses. Es~...:ntially 
it replaces what Lorenz pointed out to be the 
necessary first-hand relationship between observers 
that makes them able to understand each other's 
findings. It is interesting to note how the usefulness 
(_.,_..a fixed vocabulary is analogous to the usefulness 
of instinctive behavior: It requires no imaginative 
interpretation, but it is easily made obsolescent by 
a change of environment. The paranoia of many be
havioral scientists about verbal ambiguity seems to 
be a self-defeating tendency, and certainly a quixotic 
one. Lovers of language value its hazardous nuances 
and would no more discard a word's layers of asso
ciation than an antique dealer would scrub the patina 
off an old brass pot. The treacherous fluidity of 
language ultimately cannot be avoided by a scientist 
any more than it can by a poet. It offers a precision 
in communication which is of a different order. 
Metaphor is a precise and subtle tool for describing 
realitv. 

Fabre once said that "in the world of creatures, as 
in the world of men, the story precedes and outlives 
history." He developed the ability of a fabulist to 

make an animal expressive and to turn the behavior 
of an:mals into narrative. But he realized that for 
fabulists such as Aesop and LaFontaine the animal 
was "little more than a pretext for comparisons and 
moral narratives." It became merely illustrative of 
human foibles. This is unabashed anthropomor· 
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ph ism in its most manipulatiH· form. But consider 
-~his pas•mgc in which Fabre describes the encounter 
nf a Praying Mantis and ;J hunting m1sp, or Sphcx, 
returning to her hurruw with a p;.lraiyF.cd gn\sshoppcr: 

"When entering her shelter under the rock, where 
she has made her burrow, the Sphex finds, perched 
on a blade of grass, a Praying Mantis, a carni~ 
vurous insect wh~ch hides cannibal habits under 
a pious appearance. The dangc:- threatened by 
this rohber am hushed on her path must he 
known to the Sphex, for she lets go her game 
and pluckily mshes upon the Mantis, w intlict 
o;omc heavy blows and dislodge her, or at all 
events frighten her and inspire her with re· 
spcct. The robber does not move, but closes 
her lethal machinery, the two terrible saws 
of the am1 and fore-arm. The Sphex goes 
hack to her capture. harnesses herself to the 
antennae and boldly passes under the blade 
of gru~s whereon the other sits perched. By 
the direction of her head we can see that she 
is on guard and that she holds the enemy 
rooted, motionless, under the menace of her 
eyes. Her courage meets with the reward which 
it deserves: the prey is stored away without 
further mishap. 
"A word more on the Praying Mantis, or, as 

they say in Provence, lou Pn!go DieOu, the 
Pray·to·God. Her long, pale-green wings, like 
spreading veils, her head raised heavenwards, 
her folded arms, crossed upon her breast, are 
in fact a sort of tra\'esl:y of a nun in ecstasy. 
And yet she is a ferocious creature, loving 
carnage. Though not her favourite spots, the 
work·yards of the \'arious Digger-wasps rc· 
ceive her visits pretty frequently. Posted near 
the burrcws, on some bramble or other, she 
waits for chance to bring within her reach 
some of the arrivals, forming a double cap· 
turc for her, as she seizes both the huntress 
and her prey. Her patience is long put to the 
test: the Wasp suspects something and is on 
her guard; still, from time to time, a rash one 
gets caught. With a sudden rustle of wings half· 
unfurled as by the violent release of a clutch, 
the Mantis terrifies the newcomer, \vho hesitates 
for a moment, in her fright. Then, w~th the 
sharpness of a spring, the toothed fure-arm 
folds back on the toothed upper ann; and the 
insect is caught between the blades of the 
double sa\'L It is as though the jaws of a Wolf· 
trap were closing on the animal that had 
nibbled at its bait. Thereupon without un· 
loosing the cruel machine, the Mantis gna\'liS 
her victim by small mouthfuls. Such arc the 
ecstacies, the prayer!'>, I he mystic mc.:tlitations 
of the Pre[:o Dii'ou." 

Fahrc.: is nut (.T~:diting the .\\anti'> with the human 
faculty of hypocrisy; nor i" lhc.: ,\bntis a \Chicle for 
antidnical diatribe. hthrc j.., using a wide numh<.·r of 
~mnmun associations w stimulate our perception of 
this moment, and to f(lrm a relationship between the 
insects and ourselves. The words "robber", "iethal 
n1achinery'', ''enemy'', ''reward'', ''nun'', "'patience'', 
and the marvelous usc of "clutch" and "Wolf-trap" 
do not make this scene a human drama, hut they do 
make it comprehensible to us through our dramatic 
faculties as human heirlg~. This is an important dis
tinction. Fabre is not making vaiuc judgments that 
deflect attention from the insects; he is establishing 
some correspondence in order to focus our attention 
and empathy. Rather than heing naive. he is deftly 
prodding us when he asks, "Why is the Sisyphus 
Beetle a hard-working paterfamilias and the Sacred 
Beetle an idle vagabond?" \Vit, not morality, defines 
his narratives. 

Fnr communi("ation to nccnr hetwccn o;pC'cic.,, an 
innate distrust of the strange must be overcome. For 
us this is particularly true in the case of insects. Fabre 
makes sophisticated usc of the dose relationship 
between fear and fascination, repulsion and attraction, 
to arrive at our underlying identification with insects. 
His tluid use of language expresses a courageous, 
vigorous encounter with the strange: 

"To emerge from underground after the per-
fect insect is hatched, the Bluebottle's device 
consists in disjointing her head into nvo 
movable halves, which, each distended with its 
great red eye, by turns separate and reunite. In the 

intervening space, a large, glassy hernia 
rises and disappears, disappears and rises. 
When the two move asunder, with one 
eye forced back to the right, the other to 
the left, it is as though the insect were 
splitting its brain·pan in order to expel 
the contents. Thee the hernia rises, blunt 
at the end and swollen into a great knob. 
Next, the forehead closes and the hernia 
retreats, leaving visible only a kind of 
shapeless muzzle. In short, a frontal pouch, 
with deep pulsations momentarily renewed, 
becomes the instrument of deli\'erance, the 
pestle wherewith the newly·hatched Blue· 
bottle bruises the sand and causes it to 
en1mble." 

Fabre has magnified the scale of the insect so that 
we can feel the power and precision of the fly's minute 
head and experience its emergence as a herculean effort. 
It is this image of cffurt, as well as the sexual quality 
of the description. in human terms, that holds us. 
Fahrc stimulates feelings in us, rather tlum crediting 
the in!<iCC[ with these feelings. He is giving us the ne
cessary interest for close atte11tion. If this is trickery 
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it is ~uhlimc tri~..~kcry. Whu i-. rc..·t:ci,·ini! 1·-ahrc'" at
tc..·ntion :md lavish dc..·-.niptinn~ Oursdn·-. or thl' 
insect? As a s~..·ic..·ntio;t, F<.lhrl' had thl· intuition tu ~lT 
this as nnl' omd tht· .,amc pron· ... -.. It j, t·,scntial for 
an observer rn risk itlc..·ntific..·atiun. and his lan~uage 
tells us th:1t. 

bnpathy, true knowledge, requires the partici
pation of all levels of our minds. Fahre is hold 
enough to engage the LltH'I.Tr c.cf the unconscious, 
which .:xprcsscs ibclf through image!)-. His imagery 
strikes the mind ''; ~ ~l 1' ;e force that unly archetypal 
im:.1ge~ can have. Rational anJ irrational demcrHs 
.ioin in Fabre's mo~t in.;,pircd descriptions. This is 
particularly fascinating in :! writer who is a student 
of instim·tin· behavior. Because a compelling image 
in rh1..· human mimi i!<> analogous to the power of 
imtinct in its ability to trigger a respt.nsc. Thi" re
lationship hctwecn image~· an.i the conscious mind 
ha' hl'l'll nplured h~ Jun~ians. and particularly hy 
Erich Neumann. It is ..,uccinctly <,;tatcd in the follow
ing pas..,age hy him: 

"The function nf the image symbol in the psyche 
is always to produce a compelling effect on 
consciousness. Thus, for example, a po;ychic 
image whose purpose it is to attract the atten
tion of consciousness, in order, let us say, to 
provoke flight, must be so striking that it 
cannot possibly fail to make an impression. 
The archetypal image symbol corresponds, 
then, in its cxpressiven,--.ss, sig!lificance, 
energetic charge, and numinosiry. to the 
original importance of instinct for man's 
existence." 

Before retiring to bed one night, Fabre put a newly
hatched female Noctuid moth under a screen hell-jar. 
In the light of Neumann's words, consider the charged 
mystery in Fabre's description of the events which 
ensued: 

'"It \'l:as a memorable night! I will name it the 
Night of the Great Peacock. Who docs not 
know this superb moth, the largest of all our 
European butterflies, with its li\·ery of chest
nut \'el\'et and its collar of white fur? The greys 
ar.J browns of the wings are crossed by a 
paler zig-zag, and bordered with smokey white; 
and i!l the centre of each wing is a round spot, 
a great eye u·ith a black pupil and variegated 
iris, resolving into concentric arcs of black, 
white, chestnut and purplish red ..... 
"I was richly rewarded. About nine o'clock 

. that evening, when the household was going 
to bed, there was a sudden hnbhub in the 
room next to mine. I.ittle Paul, half un
dressed, \\'as rushing to and fro, running, 
jumping, stamping, and ovcnurning the 
chairs as if possessed. I heard him call me. 
"Come quick!" he shrieked: "como:: and sec 

thc"l' huttnflics! Bi).!; a:-. hird'i! The room\ 
full of them!" 
"I ran. There \\'il" thai which justifi<·tl the 
dtild\ cnthusia~m and hi.; hardly hyper· 
holical exclamation. It was an invasion of 
giant butterflies; an invasion hitherto un
exampled in our house .. 
"Candle in hand, we entered the room. What 
we saw is unforgettable. With a soft flic-flac 
the great night-moths were flying around 
the wire-gauze cover, alighting, taking flight, 
returning, mounting to the ceiling, re
descending. They rushed at the candle and 
extinguished it with a flap of the wing; they 
fluttered on our shoulders, clung to our 
dothing, grazed our faces. My study had bc
t:omc a cave of the necromancer, the dark
ness alive \Vith creatures of the night! Linle 
Paul, ro reassure himself, held my hand 
much tighter than usual." 

In this passage, Fabre has interwoven the sexual 
excitement of the arriving male moths and the ex
citem-ent of Fabre's son, Paul, su that the evening 
becomes the combined discovery of insect, child, 
and ourselves. 

Frequently Fabre's essays open with this quality 
of urgency or immediacy. We are invited to join him 
on some epic journey and we are quickly introduced 
to the protagonists of the adventure: 

"The month of March comes to an end; 
and the departure of the youngsters 
begins, in glorious weather, during the 
hottest hours of the morning. Laden with 
her swarming burden, the mother Lycosa 
is outside her burro\v, squatting on the 
parapet at the entrance." 
(from Tbe Narbonne Lycosa: Tbe Climbing 

/ustiuct) 

or to take another passage: 

"It happened like this. There \Vcre five or six 
of us: myself, the oldest, officially their 
master bu( even more their friend and com
rade; they, lads with warm hearts and joyous 
imaginations, overflowing with that youthful 
vitality which makes us so enthusiastic and 
so eager for knowledge. We started off one 
morning down a path fringed with elder and 
hawthorn, whose clustering b]ossoms \\'ere 
already a paradis~ for the H.osechafer ec
statically drinking in their hitter perfumes . 
We talked a.s we went. We were going to 
sec whether the Sacred Be('tlc had yet made 
his appearance in the sandy plateau of l,c.., 
Angles, \'llhcther he was mlling that pellet 
of dung in which ancient Egypt hchcld an 
image of the world." 
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Fahrt• h~.., a <.tnm~ dcnH'IH uf pt1y and plea .. urc in 
hi" nh,en·;ltion!. \.\hid1 'U~!!t''h 01 tru,tful ;1\\;trt'nc..,, 

of the world. Hi' .,rdc ha!< a fnnininc "cnsu;.tlit\·, ,!jffu"c 
a-s ,,;di i\'S "1''-"cific-. ,;iway' h:n:ilc \n ;r .. snci:ttinn~, hnun
tiful in oJetolik It j;,; C:\citing fur us today, on a new W-il\C 

of fcmin-i;,;m, ro sec rhat thC" traditionally feminine 

"Strengths otrc cs-.ential to :1 good naturali~t: a rcccptiH" 
and inclusin'" eye, an intuiti\C perception of relation
ships between Ji,-ing thing'. an ahiiity to cnnscr\-'c anJ 
use •til experience. AnJ Fahrc"s writing ahnut the inS('Ct 

worM con~t:md~- Cnlk{''!< the age-old mylltic polarities 
nf n;lturc: rhc nurturing mother and the ;:knmring 
mntbcr. 

WIH·thcr lu.· is uncoYerin~ the dark or the luminous 
i!spcl·ts of natul'<', he spc-.3ks ifl dw \·oicc uf the p~tlmi~t. 
im-iling and t.:eldw.ttory. Uc 'i<lY' of <1 youn~ "'lwphenl 
who has le·d him w the ne<>l of Scarah lkt:rk, "'he 
lau).!.lu.:d in rc~ponsc ru my smile ant! wa'i- happy in my 
:-:ladnc''-" Fahrt· ~JY' In U-\. acms' a hundred yc~1~. 
"Pa'is the tip of your finger o\·cr the Moth's hc;J.d. You 
wilt fed a few \-cry rough wrinkles," and we dn feel 
thow wrinkle"; like the carpenter. ,\tarius, who was 
Fabre', friend, we touch the moth blind!~ hur sen
~iti\·dy. 

\\IH'Il ut_· Me tctdin;.: .dwut htbl·c·, in.,l·;,:l\. 1\T .1rc 
t'lllcring tht· vo~:ncc!i\c (i\'-tW of r!w nalul·;tii'ot\ life. 

a \cr~ human hfc, in \\·hid> thl' har<.h -c>,.iguu:ic, o! 
C(mflio:ting rok;; and (.:md1icrin~ :-;timdatiun~ ar-e cun
SC'rn·d anti m.adc \\nrkahlc. 1-luman and insccr li"c"' han· 
their myriad character-.:. playing different i..'Colo~ical 
rules rh;:n jo .. tlc ami define one another. l.iYing thin~ ... 
tran~late: eaeh othi..'T. The paradox of Fabre'' anthro

pomorphism i~. as he !'lay'i, th~1t "'no one can sound an 
cxi~tence out .. idc his own." So he givc"i us hi' \\-hole 
c~pcricncc as an intcUig:ibk \'Chick for doc journey lw 
\\ishcs w.; to make. Wear.;_· \ustainct! h~ rhe tle .. ign of 
his pcrcqHions., which i" rhc natural design nf his life. 
\\'c rc;."! him and for ;.1 \Vhilc we ourselves heeumt• 
incomparable ohwn·cr'i. M<>~ he \\c C\Cil i..';_in carl') 
ot little of his gih with us into our own rim<.:, uur 

own scien!.-L. His bn~ua~c }., a rcmimlct· thai 'Oei('nrifie 
m<Jdd:o. arc ha!'lctl on analogic:-;, and tho!>iC :m:llogics 
arc :J.Iway\ human. 

1 t'elcbr,.ftc myse!r .md siug my.1·e!J: 
-\n.l v:h.--lt I •IHtlil/1' y11u sbull <l.I'SlH!U'. 

For .-~·.cry ,uom bt'louging to nw .r;; good ltelou,t;s to .\Wit. 

E-IRUO(;f{;\PfiY 

The main lovurn·-; ot Fabre\: own \\riring: han: been: 

11Jt> Jm;ect lt-'orld oJJ_ llt'IIri F.zbri'. lntruduniun :m.! inter· 
prcti\·c commt'nts by E(lwin Way Teale. Nc~" Ynrk: HHtid, 
:\kaJ and Cu .. 19+•}_ 

Soci.rl J.i_ft: i11 th•Jus,-ct ll-<n·J.f. Tran .. tared by tknmrd Mil'IIL 
,;ewYork:. ThcCcnturyCH .• IYI.J. 

Serial culkctinn-; nf r·ahre·-. cv.:~y-.. puhli..he•i by Ondtl. \kad 
and Co. (Nc.·w- Yt~rkJ, herwccn PJIO and 1925 iudu(ling /be 
J.ife tJ[ the l·~y, 11w liuntin~ lf<~.-.p5, ere., translar.-d hy 
Ale-xander Tei-.cira de \1attu'-

lluriJ:uU Prcw {~cw Ynrk) h;t~ reprinted in p:tpcrhou:k an 
edition uf The l.i[r ufthc Spider which indthks rhe famo1lls 
closay un t'ahre hy .\\auric.·e ;\\a,.tcrlin,·k; t971 -L'dili.,n. 

Fabre, Au;:ustin. liN I ijf.· of)<',m Heuri hrbre, Tl>e F.nto• 
nwlogiH. Tranlolar~d hy Hern:mi Miall. !'~kw Ynrk: Oud,J. 
McaJ.and Co., 192L 

Fu/m~. Pot?t ufScicwo.'. l>r. G. V. Lcg:rm., l'rcfacc by J- Henri 
Fabre. tumJatcJ hy lk-rn.trd .\tiall. Londmt: T. Fi\hcr 
tJnwin. 1?!3. 

Other sllur-:c•; for thi!> ankle induJc: 

LorcnJ:, Konrad. Studies iu A11inMI .md lluuHm Ueh.n·imtr, 
\lolum~ f. Tr.anslareJ by Rubert ,~brtin. Camhridg:c, Massa
chu..cno;, Han-·.ant t'ni\er~ity Pn:<>S, 1970. 

Tinhl·rgen, N. ·ny SlJt,(l' of /n)/iuct. LmHinn: (hinrU t:ni\-cr

"ity Prcv•. 195 I _ 

France..:. RohcrL Come Outltlto tbl' .";ull. Amherst: Unit·er<.ity 
nf ,\tassadm,.;ctts, t9M~. 

fhom:ts. Ln\-i:<-. /'be J.he_\ of a O·!l. Nt.'W York: Viking Prn-<,., 

197+. 

ThoJma<., I.CI\i.;. "Huhri~ 1!1 S(-it·ucc, · .\,·icun', \'nlume :wo. 
jum: )0, 1978. 

l.aml. hh\ill. "Our l'obr l'anncrship With !he World :\mum! 

L'~." fl,m:ard .U,rJ:-.r;iue, \'flh1m;,; SH, 1\umbn 3. Janu,~ry
Ft.:hnwry, 197S. (Sec hi-; ;1rrkk, "The lktinn: Theory nt' Cnl;)r 
VisioJI," ,'\et•.'lllijic .-1meriow, Vulumc ~37, -:-.<umhn 6, lkn•tn
!~r 1977, fnr n•seo1!X'h ba~i~ uf rhi\ <lrtich:) 

lliursch, Bodtcttc. roCHJ•II,wdbook. l'\;cw Yurk;Gru!>SCl and 

Dunla}l. 1957. 

Neumann. Erich. Jbe Grt'.ll llotlwr. Prin.ccton: Prlnct:ron 
Uni\·crsity Pre:o;s, 195 5. 

H\lhoeyo,er. Mt1ricl. ~httedi~r rin:: /'uems. 19}5-196!. New 
Yurk: ;\\;lCA1lilan. 1962. 

Whirnun. W:t!t.l.t',K'C~ ofl;ro~.n. t\C\\' v.-orh.: The New 
American Lihrary, ]')(,H. 
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tht lightisstill 
At the still point ofthe turning 'UXIrld. 

-T. S.Eliot 
four_QJ!artets 
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