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PREF ACE

The dedication of the new Environmental Sciences Laboratory coincided with the 25th year of
" cthe establishment of the science of "ecolagy" at Oak Ridge National Laboratory. That querter
century witnessed the evolution of ecology from an obscure, backwater uiscipline of biology to a
b:oadly used, everyday household word. The traisition reflected broad and basic changes in our social
ard cultural view of the world. This was brought 2hout as a result of the awarenesss developed in our
soriety of the importance of the environment, cnupled with efforts of ecologists and other
emironmental scientists who identified, clarified, and formulated the issues and challenges of
environmental protection for both the lay public and the scientific community. In many respects, the
activities in ecrlogy at ORNL were a microcosn. of the broacer social scene; the particular problems
of the environment associated with atomic energy needed to be defined in scientific terms and
articulated in both the specific ard general sense for a larger audience which was unfamiliar with the
fielé and somewhat alien to its concepts and philosoph,. The success of this effort is reflected ir: the
existence of the new Environmental Sciences Labaoratorv. The achievemaents during the past 25 years
benefited significantly from: the efforts of individuals who contributed ideas, research, concepts, and
suggestions to the new cadre of ecologists at ORNL.. Thev also provided to the n:anaging forces of
the Lzboratory an understanding and ronfirmation of the visions and.goals being presented. Thic
decica! inn voluime brings together the thoughts and reflectiors of many of these scientists whose
efforts contributed in a unique and irdividualistiic fashion not only to ORNL but also to the nationa!
identification of ecology and its importance to the actuevement of our national gozi:. Their remarts
and presentations are not only a pleasant and persanally gratifying recapitulation of the past and of
ORNL's cantributicns to ecology but Llso portend some of the challensdes to ecology in the future.

S. 1. Auerba~t, Director
Environmernical Sciences Division
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WEL COMING REMARKS

S. I. Auerbach
Director, Envirormental Sciences Division

Good moming and welcome to the occasion that 3 number of us have looked forward to for a
long time, namely, the dedication of this building which is the culmination of lots of efforts and
ambitions on the parts of a lot of people. | want o0 welcome you all here this morning and, in
particutar, a number of guests from different parts of the country who have all been in some way or
another associated with us professionally as colleaques, or invalved with our programs through their
respective organizations und aqgencies. | want tc weicome our colleagues from our sister
organizations: from Pacific Northwest laboratory, Bert Cushing; from Southeast [_avoratory in
Atiens, the EPA laboratory, Or. Dave Duttweiler, Director of that Laboratory; locally from th< ak
Ridge Associated Universities, 7. Phil Johnsan and Dr. Bill fFelling; from the Department of Energy
in Washington, Dr. Jeff Swinebroad, the Director of the Oivision of Ecological Programs, and
Or. Wiliam Osburn from that program; from the National Wildlife Saciety, Or. Richard Denny, the
Executive Director; from Michigan tate University, Dr. George L auff. the Chairman of our Advisory
Committee; and from VA, Dr. Biil Yee, representing the Division i Environmental Planning. |
particularly want to weicome a gentleman who played a key role in the history of this organization,

- Dr. Atvin Weinberg from Oak Ridge Associated Universities. Also, [ want to welcome

Mr. Samuel Nelsan, who is Dan Nelson’s brother, and Danie! and Eric Neison, Dar's sons. We are
deligited that ynu are all here and we Jook forward, as | said earlier, to this particular day.

Now [ would like to introduce a gentleman who is a d° tinguished radiobiologist in his own right.
rie joined the Laboratory several years ago . the Associate Director of the Lagoratory for the Life
Scierces Programs. It is 3 great oleasure for me, therefore, to turn tne podium over to
r. Thester R. Richmanr4, our Assaciate Director.
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INTRODUCTNRY REMARKS

C. F.. Rickmond
Associate Director, Oak Ridge Mational L aboraury

Goo4 morning, ladies anc qentlemen. Itis my plea:we to welcome you to this dedication. Pm
vers pleased that you have taken the opportmlty to travel from your home institu‘ions and from
various otner places t1 join us on this occasion. There are representatives from the University ~*
Tennessee an also the State Sf Tenarssee with us this moming and we are very pleased to share these
activities with them. |- muld like, by wav of irtrodiction, ta introduce you first to the people up here
on the ttage and ther, P'd like to introduce you to scme cf the program that is conducted here in the
Envirom..ental Sciences Division. On your left at the far end s Dr. Steven Reznek of the
Environmental Protection Agency. He is the acting Deputy Assistant Administrz*nr for Energy,
Male ‘rls, and Indusiry and he is no stranger to Oak Ridge. Through personal visits in the past “e
knows of the programs which are supparted here by EPA. Next is Roger Hibbs v/ho is the President of
the Muclear Division of Uninn Carbide Corporation. Next to Roger is Bob Hart who is the manager of
the DOE Oak Ridge Operations Office. Next, Ruth Clusen, the Assistant Secretary for the
Environment, whom I'm sure everyone in this room knows or will know. We are especially pleased to
have her here today to share time from a very busy schedule. We fully reslize that this is a time
when hearing~ are going or: in Congress and *_ 1s very difficuit to get away, even for a brief period of
time and we »r= very much in debt to Ruth for coming to visit us. Next is Herman Postma, Director
of the Laboratory, my boss. The empty chair is one that had been reserved for David Freeman who
has been tied up becsuse of the inclement weather, and | understand he probably will not be here this
morning. Next is an old friend af ours, Bob Rabin, ~#ho is the Special Assistant to the Director of the
National Science Foundaticn and who is no stranges to Osk Ridge or its programs. The last person,
you heard from him earlier, Stan Auerbach.

I would like at this foint to offer my own congratulations to Stan Auerbach who has really been
the father, if you will, of this building which e are dedicating today. As you can appreciate, things
never hx ppen without people baing involved. | think one of the major operating phiicsophies of the
taboratosy, although it may not be written down, is that our most important resousce is people.
Although we are dedicating a facility that is made of brick a.0 mortar, it is the people that make
things won< and Stan Anerbach is a good exampl: of one of those paople vho . xe things work. He
has had personal involvement all through the efforts which culmineted in this builtng and, for those
biologists amon1 you, the ge=iation period for this facility 1 on the tie order of 10 year:. They don't
heppen over night. -

| would like to say just a few words about the programs that are carried out here in tie
Environmental Sciences Division. The Laboratory is an institution which is involvad in research and
development relsted to snergy, snergy technclogies, and energy-producing systems. Ve have been
sble to combine programs that are sunported by the Department of Energy, | am speaking of the Life
Sciences in particular now, with programs thet are supported by other Federal agencies such us the
Environmental Protection Agency, the National Science Foundetion, and others. [f y.u look across
the Laborstory there is a very strong involvement with other agencies who ars not reprecentcd here
todesy only because they are not directly invoived with the programs ronducted within the
Environmentul Sciences Division. We have 8 hroad perspective in terms of trying to lock ahead as far
as we can to anticipste problems, especially those related to energy production, ang to try to marshall
the remurres we need both from our psrent organization, the Department of Energy, and other
Feaderal and state orgsnizations. We try to marshal' and incegrata these resources so we can best
aspprosch the probiams that we see and yet function within the mandates of the various sqencies. We
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think we have been quite successful in this area and I am also extremely prc'xd o bave beer
associated with this particular crganization for the last four years. The average age of Jhas Division, |
think, is another interesling statistic. It tums out thst we are the voungest division in the
Labaratory, and that brings with it all -sorts of interesting prablems if yo. are in management -
young, eager, ambitious people who are 2 pleasure to work with.

[ thirk, again. those of you who are familiar with the problems realize et much of s .ems
ecology and much of the work in the environmental area related to energy production has its roots in
parts of the program tha. has been in cxistence here at Oak Ridge far several decades. ™ e principle
objectives of tie Environmental Scierses Diviston deserve a few comments. These are to develop
procedures to minimize technologic:! impacts on the environment, 'u c antify the environmental
pathways and the behavior and the fate of pollutants, to evaluate potential ecological efrects of
pollutant emissions end other impacts resulting from energy technologies, to evaluate netural
resource constraints, and to assess the siting and operation of energy-producing faciiities. [ think it is
quite apparent from th2se important major objectives that to accomplish them we ne<d to integrate
our activities in the ervircrwnental scierces, the ecolagical sciences, with all those other resources,
be they engineering, or s mistry research, or enginearing control activities. Again we mafshall the
resources of the entire i~stitution and, in fact, the entire area to try to meet these objectives and ic
solve some of tle probleris that we see as being critically impor.ant national problems. | mentiored
very briefly earlier that oua major sponsor is the Department of Energy, and within the Department of
Energy the Agsistant Secretasv of the Environment, Ruth Clusen, is our major ccv ict and major
source of support. But also imnortant is the fact that programs within the Environn =ntal Sciences
Division are swported by the Assistant Secretary for Energy Technoiogy — in the a~a of fossil
energy, solar energy, and nuclear energy — and also by the Assistant Secreterv fo, Rescurce
Applications.

I briefly alluded to input from other Federal agencies, inluding the Nuclear Requlatory
Coxamission; the Znvironmental Protection Agency; the National Science Foundation (mainly in the
area of problem-~riented ecosystems analysis); the Council on Environmental Quality; the Department
of the Interior; and, 8s an example of nonfederal input, the Electric Power and Research Institute
which represents many of the individual utiliies. We aiso have some extremely interesting
cooperative programs, one of which is the very important one which is row maturing rapidly with the
Tearemee Valley Authority. We have spert considerable time in the last year, starting with the
efforts af Dave Freeman and Herman * astina and carrying on dowr: to these individual contacis with
woarking scientists in the twx organizatio™, trying to exy.loit, if you will, all our resources in solving
seme of the probiems that are common to 1ris p -t of the Unit»d States. [t is very obvious that many
of these probiems need to be addressed on the regiorwi scale and not solely for a site-specific
location. 51 one steps back a1 looks at these activii=:. We are engaged in seme site-specific
activities, for example, from a gasifier at tize University of Minnesota at Dulut!. to reqiena! Lctivities
which, for example, would include large portions of the eritirz Tennessee Valley Renion, to actuai
global conce-ns that can pertaps best be represented by our growing interest in d2.=nping researcr.
and developmer. programs related tn the .carbon dioxide problem. It is verv apparent that pcliutants
can be exported from one country to another or from one part of a country to another. Perhaps some
of the bes’ “rmown are the acid rain that is exported from the Norttern Eurcpean countries to
Scandinavia and those materials generated around the Grest Lakes whose effects are apparent in -
nortteastern part of our country. Some cf the programs in this [Civision are investigating qlot sl
impact and, again, the best example I can give you is the carbon dioxide situation.

We liave a great number of involvements with other organizations, primarily in rhe acs emc
community. Our nearest neighbor in this regard is the Oak Ridge Associated Universities a.... | notice
Or. Johnson is here today. 1 am pleased that he could be with us. Tre other activity with a n~ar
neighbor includes our many involvements with the Univezaty of Tennessee. We alsc have tn
Great 1 ales “olleges Association, the Southern College University Union, and specific involvements
with a great number of instiListions around the country.

The Laboratory has diversifiad 2 qreat dea;: in the past several years and, as many of vou know,
there is a large effon in terins of subcontracting activ'ties with many organizations. Within tne . ‘e
Sciences Pmgram much of this activity requires interactions with the academic comraunity, and we
find that, especially within the ervironmental and biological sciences, we have a great number of
invoi/ements with many imiversities acrose the nation. The staff of the Division is also very much
involved with many professional activities, as you would expect, but in addition to these the staff is
extremely active in terms of providing input through adviscry cornmittees or selert panels or advisory
badies to organizations such as various parts of DOE or the Nat.onal Academy of Sciences. We alsc
try ta make our total resources available to local and state qovernments and organizations whenever

possible. :



I don't want to spend too much mare time giving you an averview af our umerous activities and
I think | will stap at this point. You will be hearing from some very pJestigious speakers later in the
day and tomorrow, and you will be hearing a great deal about some of the contributions to programs
sssocisted with the Envitorsnental Sciences Division.
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DEDITATORY ADDRISS

A h Tl Clisen
Assistant Seceta v (- “nvironment
.S Department of Zergy
Washington, D2,

DR. RICHMOND: | would now like to tum a'tention to t. e Dedicatory Address which
will be given by wth Clusen. As I mentioned earlier she has been in Oak Ridge
before, but this ir a first official visit to Oak Ridge Natianal [ abor. tory and we hope
we will see much more of her in the futurc. | am personcily very pleased in that during
the last half year, 1 have been able to meet with some of the senior staff within the
ASEV and with Mrs. Clusen to discuss problems involving the ir stitutions supported by
the DOE/ASEV, from the perspective of staff in the Washington headquarters and
representativ=: *rom the Laboratories. This activity is very demanding in terms of er
available time to discuss plans with people from the field and we view it as an
extremely useful mechamism. [ think we have already seen some benefits from this
interaction and, speaking for many of my colleagses arcund the country, we are deegly
appreciative of the opportunity to take our problen directly to Mrs. Clusen and have
her listen very patiently. | would ask ter as a personal consideration to have patience
with us. It may be difficudt ar this poir.. in time to understand what she is getting out
of this arrangement. We deeply appoeciate her interest and that of her senior
managers, and [ assure ber that we intend to provide stateaman-like input so that we
can all function much more efficiently than perhaps we have in the past,

Prior to joining "he Department of Energy, Mrs. Clusen was National President of
the Leaque of Wamen Voters. She farmerly srrved as an international environmental
consuitant to the State Departmemt and was a consultant to the Department of
Interior, Conservation Foundstion, the U.S. Chamber of Commerce, and the Wisconsin
Department of Natural Resources. She is very much committed to the preservation
and, in fact, the e “ancement of ‘he environment. Those of you who have had an
opportunity to [ook av the inside front cover of the dedication brochure will be able to
get some insight as to how Mrs. Clusen views the national objectives of producing
energy and yet remains concerned about preserving the envircwmnent. [ think this is a
very important and admirable stance, anc¢ we all pledge our suppo-t 1n any way that we
cen to help the Department of Energy and Mrs. Clusen meet these important
challenges.

L3R 2R 2R B

Tz [aharatory s mportant. "ot (st decasst ot s w Oepartment ar o ner s largest
envirnnmental research anit. Mot jast becauss (8 onst a iat of noney. The lanaratars s important
berause 1t ail elp pmvide answers tn the Tourgy probiems that surround the paramount question
fac.ng us Americans at home taday:

How mli ~e meet our energys eeds whiie iMprovine] ar even Naiainineg the present quality af
tne air we hreath, the water w2 4nink, the 03l that provides oar faod and finer?

T30 geeste = ool oe phrased un mMany ways-- dars not astomish aryone today. Tnere

»a% 3 tne whwn QU aoukd nave. 202 Lie opreon nae made Jains 0 the [ast quaster century.

D)F. ELoward i Striocmes renst MR e aseed Yolaself g sanuiar question ahen he was developing the
neolngy program here 0 1255 As hiad af the radinstive Sa5te ispasal pragram, he wa, conceraerd

ahaut adverse effects of carn waste por Loy 2ungs aacd tned rhyironment .

The following year Or. Auerbach was maread as toe diealtss Paysics Cvision's first foll-time
rroingist. After develnping b anit, e was ‘naved Tao the Juonset rut, ne cf the i0us jven nim was
ro start planning 3 suitable jaboratory to replace the  Jaarast Phat, After ‘nany permutations ang

o :.'w\ﬂlﬂ’:' thi r,“ld‘rn na, E’nﬂrfr!.',
Tine 3Tt

o

Geerittmgntypd st 2hanntiv) aes the Late e, Daniel J. Nelson for athom ths
Aaumitarian 1 named, It was D Tinldon wne op tedd ot thas Duilding become working
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demonstration of enerqgy conservation in its design and construction. And so it has become. i
understand tnat a large frac'ton of the costs of heating, cooling, and Lighting will be saved as
compared with ordinary construction. DOE thanks everyone invalved for that. And 3 do
canser vation-minded tapayers.

At one point in the planning, Dr. Averbach had wanted a circular {abaratory. His "round
building.” he has written, was an attempt to counteract the tendency of scientists to work in
solitude. He put it this way: "No corners, and the scient sts can alwavs interact.”

Times and bureaucracy worked against the round bukuing. But even when this more
conventional labaratory was approved, Dr. Auerbach scught to adapt it to his concept. Corner offices
in this building are occupied by supervisors-—-not for the sake of prestige, as is the wont of Washington
bureaucrats, but to keep the scientists from burying t~emselves. “ound or not, you can’t cormer them
here-

Neither can one corner the stuff of science, the samples from the field. The building is
designed to permit tive flow of work—specimens to laboratories or grexnhouses to data }o computers
to publicatians and aut to the users.

So, it is indeed 3 marvelous building designed to produce marvelous things: Ideas, facts,
kuowledge that we decision-makers in Washington, and innpvatars elsewhere, can put o use.

Fventually, everything done in a laboralory is put to use. "Laboratory” is derived from the
medicval Latir word for workshop (laboratorium). To some that wculd connote a p’ace of solitary
concentration and production. particularly for artisans and, later, for scientists. It is a place for

* 'orrly but rewanding work. All thinking human beings need quiet, solitude to produce. But artisan

ana scientis . Litico 1end interartion with the world and its creatures in arder to praduce.

In the world of pure and applied research there is room for poth the =olitary scientist and the
one who communicates with his fellows. Within this building work those of :nany disciplines, physics,
chemistry, mathematics, to name but a few. And within a short dictance, right here un the Ouk
Ridge Reservation, are other professionals.

The Reservation itself, w.th its flora and fauna, 15 another extension. The laboratory does not
stop at the walls of this building. .

A start has already been rnade towards the corept of a complete rx toty envirr amental
laboratory. You hive many of the components here. | cong:stulate you on hoving con.2 sa far. dut |
would alsn challenge you to go fartior. [ would offer the following: A laboratory should be more
than 2 collection of researchers, buildinas, land, protlems. [t should have a rasearch plan and public
involvement. The public must understanc our rtionale for research. They rwould be informed in such
a way that they understani and trust scientific decisions. fhis is 3 big order and ~equires 3 special
expertise, but the complete [abora: ary must invalve this kiud ~f activiry.

The Department of Energy has 7 program that fits that concept. lnfurtunately, a National
Environmenr®.s; Research Park has not been es.ablished here, although i sere hai been ta.c aof it for
adout five years. Application has been made, but action has not been forthcoming from Washington. |
learr.ed of that shortcoming while preparing for this dedication.

[ wish | were able to announce today that a National Environmental Research Park has been
established. [ cannot do thst. [ can, however, say that work has been accelerated and th t an action
memarandum will be submitted woon to "he Under Secretary far his appraoval.

The research parks actuslly are field laboratories set aside .or ecojogical research, for sty of
the environmental impacts of energy fevelopments. Through them and the knowledqge they produce,
the public can he infarmed of the envirunmental and land-use aptions open to them.

Oek Ridge National Laboratory has been a leader in environmental researcn in Lni3 pact of the
country. It and Oak Ridge Associated Universities have provided apportunities in collaborative
research and traiz.nqg to .hdreds of faculty members and students in a wide ranqge of scintific and
engincering disciplines. These efforts have trangsferred research ideas to colleges and unijversitius
themughout the country,

Thus an- environmental rescarch nark here would further the efforts that already have had sueh
great success.
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The research park concept sprang from a report to the President titled, " The viorld cnvironment
in the Light of Population Increase,” and from the National Environmental Policy Act of ije3. The
NEPA, of course, is the steering /eel in r:v Cffice of Environment within the Departinenrt. of
Energy. Fulfilling the mandates of NEPA w® _ teer energy technologies through the traffic of
environmental hazards. If the trip is negotiated cacefully, our society benefits--improved health and
safety, increased and innovative sources of energy, and economic wellbeing.

The car— i has been brought to my attention—is a good analaogy far envirorwnental research. Ve
in DOE have a great many experts working In separate parts--carpuretor, transmission, electricai
systemn, differential, and so farth. But until attention is paid to the whole picture--the car—can we
hope to build one?

And that i« what our goal is here--to understand the structure and function of ecasvstems so
that if a technology or development is introduced we can predict it- effects. [n other words, how our
car will behave in traffic in the rezl world.

Once a hypothests is developed in the Iabaratary, the scientist can check it in a growth chamber
o~ greenhouse or microcosm or in a simulation rnudel. The final testing ground, however, for things
biological is the outdoor environment--the outdaoor laboratary. This is especially true for thase thing=
that are subtle and a long time in happening.

Sao the laboratory--this building, the tand out there--will prove, or dispruve, the environment
ontrols that are the reason for the existence of the Office of “nvironment.

You, the women and men of the Oak Ridge Environmental Sciences Laboratory, 3are important

~ tousin DOE. I'n sure we don’t tell you that often enough. I'm grateful for thi- occasion because this

" Jedicztion Jives me 3 chance o thank you firstixand for vour efforts and vour v'ar<. You nave a fine

. plac~ n which to do it and we arc glad you have it. Tie nation will--because you are ners and using
" this Laviranmental Sciences L aboratory--be grateful, too.
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REMARKS

Robert Rabin
National 5cierce F oundation
Washington, D.C.

DR. RICHMOND: [ would like to point out in this portion of the program that on the
back page of the dedication brochure ther= is g picture of the ceramic mural which is
located on the side of the new building. This mural _zpicts the epvironment and all
living things, and I am particularly pr- ud that in a large, modern re-.earch organization
that is heavily involved with engineering and technicai activiti.. of so-called hard
scienres we can indeed conduct a viable, useful program in the life sciences.
Mrs. Clusen referred (o the automobife in the sense of putting it together to make it
work. This is 2 key concept, abviously, in the ecological sciences and many of you
again are all very familiar with this holistic approach. [ should point this out, it is a
key word, not just a buzz word, it's a key word. We try extremely hard to use the -
holistic approach in our atiempts to address problems related to energy technologies.
It's a very key concept. ‘ -

I would now like to introduce some of our distinguished guests who have also
*aken time from their very busy schedules to lye with us this morning. The first person
scheduled to be or. the program, Eloise Clark, ~ould not bYe here and we are very
fortunate to have with us the Senior Scientific Associate who is also the Special
Assistart tu the Director of the National Scierce Foundation who will share seme
comments with u. this morning. We introduced him eorlier, Dr. Rabin frem the
National Science Foundation.

*EEER

I am particularly pleased to be your guest at this dedication, since | have had both a
profersional and personal interest in your efforts. ! convey warm grzetings from
Dr. Richard Atkinson, Director of the National Science Foundation, and from Dr. Betsy Clark, whase
place I take on tnis program today. At this hour, Dr. Clerk is testifying before the NSF's House
Authorization Subcommittee. She very much regrets missing the chance to share this occasion with
Stan Auerbach, Chet Richmond, Jim Liverman, and the men and women who are guests here and the
members of the Enviranmental Sciences Division,

The National Science Foundation and "the Ridge" foundec a contiruing relationship in 1969
when Or. Auerbach became project director tor the Eastern Deciduous Forest Biome of the U.S.
Interr.ational Piologi-:al Program. Oak Ridge National Laboratory coordinated the efforts of many
investigatars in a systematic effort to qualify and quantify the functions of the eastern deciduous
forest, Teams of field and laboratory scientists, mathematicians, and computer experts explored
macro- and micro-scale relaticnships of carbon, biomass, water, and nutrient cycling. Models were
designed, scrapped, and rebuilt from wark at Cowecta, Triangie, Lake Wingra, L_ake George, and here
at the Oak Ridge site.

The efforts and results generated $8 million in support through Fiscal Year 1974, The money
also provided for the administrative services and a biome information bank centered at ORNL. The
mobilization of resources for the U,S, IBP work, exemplified by the Eastern Deciduous Forest Biome,
catalyzed the emergence and maturation of the area of environmental science we call ecosystem
studies,

During this period ORNL also assumed a national leadership role in basic ond applied studies on
heavy metal pollutants in 9oils, streams, and air. The National Science Four ‘ation Trace
Contaminants Program provided about $3 million tor interdisciplinary work in which Stan Auerbach,
Bob Van Haok, Dave Reichle, and their colleagues were prominent and sucveaaful.

As IBP phasea down, the middic years, 1975-1977, marked the transition to the post-IB3P
neneration of smaller research projects and an emphasis on intenqrating the |1BP data, Recentiy, we
have seen the addition nf large numbera nf investigatnrs to the general competition for funding in
Ecosystem Studies; personnel of ORNILL are among them.



- ORMLI5.66 18

The projects led by Drs. Bob Gardner and Hank Shugart on methods to improve system
simylation and analysic, by Or. Jerry Fllwood on nutriemt cycling and transport in streams, and iy

Drs. Frank Harris and Jerry Olson on the global carbon cycle are at the forefront of modern research

in environmental science.

These projects result from special attributes of this organization. They include (1) a critical
mass of scientists who work well in an integrated research made, (2) the special nature of the DOE
reserve that allows onsite perfoimance of some types of laboratory and field experiments that would
be impassible elsewhere, and (3) the ability of this camous to be a focal point for special training, use
of unique facilities, and integrated research coordination for a sizable commnunity of academic
institutions.

We at N salute you. Your accomplishments are internationally recognized. in the IBP effort
alone, you are primarily responsible for the production of at least five major volumes and about 350
individual papers in the open sciontific literature.

In dedicating your new facilities, we wisih tha* your work continues to represent the best in the
tradition of "the endless frontier.”
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REMARKS

Steven R. Reznek

Acting Deputy Assistant Administretor
for Energy, Minerals, and Industry
Environmental Pmtection Agency

Washington, D.C.

DOR. RICHMOND: At this point I would like to mention one point that might not be
obvious to some of the working sc’entists in the audience. You might wonder why we
conduct R&D pragrams for various agencies. Congressioral mandates are such that the
various agencies:are required by law to expend their resources in certain areas under
certain conditions. One of the challenges of researct. management is to look al the
institutional mix required to have a very useful and viable program and the resources
available via the government agencies, mixing these in such a manner that you have a
strong viable institution and the research team and resources you need to snlve a
problem in its entirety. It is especially encouraging to me that [ think we see more and
more invoivement st the Federal level among the various agencies recognizing the
capabilities of R&D organizations consistent with their Congressivonal mandates. And I
think we are seeing the evclution of a ve’y healthy attitude in terms of multiple
support of programs at some of the large universities and latge national research
facilities.

The next speaker is from the Environmental Protection Agenéy. He is
Dr. Sieven Reznek who is the Acting Deputy Assistant Administrator for Energy,
Materials and Industry.

LI 2B X IR J

Thank yau. ™Mrs. Clusen and distinguished visitars. I'm very giad to be here this morning. when
you come t3 3 dedication like this and sit on the podium you think back about sorne ather iimes you
have been down here. [ realized that one of my first assignments in EPA many years ago was to come
here with Dr. Rabin for a program review of Stan Auerbach’s program. [ have been dawn many times
since. Vhile | was reminiscing, | went a littie bit further back and thought of some advice that one of
my professars gave me just as I graduated, He said, "as you o through your career, let me give you
one piece of advice. Never get invalved in nuilding a building.” Obviously Stan did not have the same
professor as | did. [ think | have been tangentially, even directly, unfortunately, invalved in building
some new facilities along the way and | appreciate the number of headaches that 5Stan has had
bringing this all about. A ten-year ge .ation periad, someone remarked, is certainly o long time,

Since | have a little mare time than was originally scheduled, | would like ta digress and talk a
little about the 2nergy/environment crunch, Mrs, Clusen .neaticned that the Federal overnment's
package to deal with the short-term crunch and the short-term allocation problerns is going over to
the Conqgress today. Another thing that happened today, as you have all probably heard on the
morning news, was the announcement by Venezuela tnat they are going to follow the 15% price rise
that the small Middle Easiern States initiated. The fact that we are running out of chzap oil and gas
certainly means that we ar» Joing to have to produce and be dependent upon more expensive enerqy
supplies - more expensive in any sense that you want to talk about them. The input of capital and
labor is gning to have 1o be greater to produce the same numbers of useful 3tu's. Our society is just
becoming aware of what that will mean in terms of the necessity to live with decreases in overall
production, In the next five ta ten years, theae l'inds of problerns are going to become increasis jly
serious, They are qoing to involve uy3 all. The shortaqges in the industrial seclors are qoing to bo a
dominant theme of western saociety over the next decade, The price increase, possibly a factor of
ten, in going from oil and natural gas, which used to rome out of the ground fairly easily, to these
new fuels that take a lot of work and sweat to pull out of the ground, i3 not the only cost, The new
fuels will be mare expensive in their production costs and in the costs Lo our society of their irnpact
on our basic capabhilities for agricultural production and for sustaining public health, The poliutants
associated with these new fuels could, if uncontrolled, forever remove land fram production, lower
air and water quality so that we Inse aur basic erosysterns, and seriously affect public health, These
costs, the nonmarket cnats, could be as great as the markel cost increase asanciabed with the




production of the fuels. The challenge fo. all of us is to understand the mature of these nonmarket
costs and to commit ourselves to actions whi~h will allow decision-makers to make wise and proper
chaices about the balance between the fiscal cost of energy and the degree to which we are willing to
tolerate the nonmarket ecosystem and public health cost. This philosophy of commitment to the
basic data scientific tools that are necessary for wise decision-making was integrated both in the
Department of Energy and in the Environmental Protection Agency at the time of the original
embargo. We recognize the very desperate need to develop alternative fuzl sources, but at the same
time we alsc need to understand the nature of the environmentil effects that are associated with
them. We are committed to a prograsn that has and will continue to produce those answers. This
laboratory will continue as a major and integral part of that progrem. The pailosopl.y of cooperation
between the agencies charged with energy production ani Uwse charged with environmental
protection was incorparated in these early programs and continues today. Everyone'’s goal is to have
as rational and sensible an approach as passible. Our society is beginning to feel that tightening grip
of its dependence on energy systems. Our ultimate goal must be to generate the type of information
that will be used by energy decision-makers - be they a the local level siting facilities, at the state
level developing regional energy plans, o at the Federal level writing emission standards on energy
techmnulogier, R

Let me now touch on some of the areas of mvirormental protection that we think are most
important. We anticipate that in the short term, of course, we are going to see vastly expanded cal
production, and most of that coal over the next 10 to 15 years is going to be burned in conventional
comustion facilities. Coal production is going to increase in the traditional coa! fieids -7
Appalachia, continue in the central coal providences of Indiana and Ohio, and expand enormously in
the western coal fields. The immediate problems of coal mining are water pollutien control 2nd land
reclamation. These issues vary considerably by coal providence and by actual mining site. They vary
by coal mining practice, 0il chemistry, and surface or underground hydrology. The unique character
of the local environment must be incorperated into any particular mining plan, and the insight that is
gained by the ecological sciences should be part of the development of the se mining and reclamation
plans.

In the more heavily polluted parts of the United States, the heavily industrialized areas, the
increased coal use is an air pollution problem. We need, of course, to swvitch from oil and natural gas
- the clean fuels - to coal in these areas. Many of these areas are having a great difficulty
mainlaining air quality standards. Sulfur in its aerosol forme is the most important problem.
Nitrogen oxide also contributes its share, but as yet its role in the development of an acid aerosol is
not all that well understood. Here again, we need to understand the rates of formation of the acid in
the atmosphere. We also have to understand the effects on the ecosystem when tne acid and the
sulfur are deposited. We heard a little bit this morning about the question of some of the most
sensitive parts of the ecosystem such as the unbuffered lakes of <astern Canada and of Scandinavia
which are already responding to this acid deposition.

Another area that is = g Lo be subject to environmental pressure is the coastal basin, Drilling
opero'ions on the east coast ¢ not been very praductive at this point; however, we are going %0 see
expanded drilling both in the G.  Coast and off the west coast of Alaska. In these areas, we nee¢ to
understand the various pressures on the ecosystem, the effects of drilling and oil spills on the
productivity of the fish and other marine organisms. These marine organisms will not orly see the
continued pressure of oil development, they will also see continued pressure as sources of food for
man,

In the long term, beyond the next 10 to 15 years, we are going to see the development of
synthetir: fassil fuels in the United States. We are going to be producing large quantities of poliutants
and chemicals, We now only vaguely understand what these poliutantg are or what their
environmental effects may be. These include carcinogenic materials, ¢ ganic complexes nf metals
that are produced by these gasifying or liquifying reactions. Our challenge will be to understand how
these pollutants are formed and then to incorporate an ecological understanding to setting sengible,
economically achievable bounds upon their release to the environment. Ecology as a science must
advance to the point where it can and will have a meaningful input to the decision-making. The
decision-making goes from the im:nediate questions of plant siting and construction, configuration of
plants and cooling systems, to the more general question of what types of energy systems should be
favored. Of particular concern is how the evaluation of ecological damage can be incorporated at the
national, regional, and local levels, into overall decisions about energy supply. The field of ecology
hes .nade tremendous advances into turing the kinds of understandings that are developed by
examining toxicity on single species and the interaction of the species in ths ecosystem into tools
that will be used in managing energy development areas. These tonis can be integral in making a
decision on such guestions as siting individual plants or setting constraints on the aperation of those
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plants through emission regulations for the control of either pollutants or hea:. The Environmental
Protection Agenc)y is becoming more involved in the nationa! program for the ecological research. We
heve a small but an integral part of the .esponsibility fo: the grograms thiat will be funded at
Oak Ridge. We lookh forward to that very much. We knc.. thay this question o! ecolojy and
environmental decision-making has nuow maturad to the point where one rdoes not have tc reserve (he
kinds of scientific efforis across the country to one or to another agency. Cooperative programs and
cooperative uses of our natiom! scientific resources, such as this one, will be a qgrowing theme in the
futwwe. More and more our agency and other agencies wili be using the types of axpertise, knowledge,
and skills that have been develoned here. We look farward to that a great deal.

In conclusion, I hope that the dedication of this new research facility will serve to help us solve
environmental problems and turn the knowledge that we are deveioping of ecosystems and ecological
responses inko bet' +r solutions of our society and our ecoromy in the cuming years. Thank you.
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COMMENTS

- C. R. Richmond

ﬂn:mﬂmﬂuhﬂwkunmnﬂﬁmﬂatl“ﬂdm&eapﬁqaxthupo-rt. ¥V/e have
neard 2 ot abowt muﬂo‘eds,muunlmmcu.w”mgvswahmmmumuy. And
~ research mansoer 2t alse hos to be in tune with changing needs. Last year we organized the first
annual Life Science: Syr.posium here at the Laboratary. The objective of this series s to mix people
from many Asciplincs — sngineering, analytica: chemistry, biclogy, and various forms and parts of
biolagy -~ p2opie in the wwironmental sciences, and bring them together 1o use their total resources
maolvu'qpmblems. ".ewmcofmr.lmmwhstyﬁar,hst&;tm.hadtod)mthml
conversion.. We waned, early on, to Gecome heavily involved in the life sciences with the
development of a so-Tslled new energy technology. That particular meeting, we think, was very
mwbmwbmmmpeoplc from Uy scademic communities, the national
faboratovies, and the wericus industiies involved, and people from the government agencies in
Washington v/ho have responaibilities for the development of these systems. The idea is to make
people uncomfortable. Mot to have the traditional meetings where biclogists talk to biologists and
chemists talx to chemists and economists taik 1o economists. Weu'urktlnslsmextrunelywefd
approach.and it's a way of mixing tree major companents inko any system.

Historically we have worried about technical feasibility of a modem technology, be it something
related to energy production ar not. The second ingredient is economic viability, These have been
the two trz fitional concems, again technical feasibility and economic viability. Wha* we are learning
to do now as a nation, I think. is to introduce a third partner in this troika arrange.nent, and that is
environmental acceptability. These three are important coworkers in the development of a
technology. This Septernber, in Gatlinburg, we will hold our Second Anmual Life Sciences Symposium.
Vie will address the sulfez problem mentioned by Dr. Reznek, ctarting from sources, transport,
transform.ation, and effects both on plants and animals, including a session on teneficial aspectr of
sulfur, and | am told that there are some. S5 this, 2gain, | think is an indication of hew a iarge R&D
organization can marshall its capabilities on an interdisciplinery approach to tackle these very
difficult problems. At this point | would like to tum the program over to Stan Auerbach. .



3l ok g S e P

COMMENTS ~
S. I. AU~ERBACH

Thank you, Chet. EBefors we get into the next chase of the program, | do want to make a few
mace personai awuxmncements. | want to welcome some academic colleagues who came in a [ittle
lalr. Representing the University of Tennessee is Vice Chancellor Or. Walter Herndon with whom we -
havs had a3 io’wy association; and representing Termessee Techwnological thersty are
Dr. ﬁlﬁamﬂ!ladandDr-Rn‘iat Martin, both old friends of ours.

ER lweuate"ehndwmdstha!nvebemmdabaﬂ.mmrupecttotl:fomulahm’alﬂ
= gestation of this building. Actuaily, the implementation and successful creation of such a structure -
involves a great many people whom | am perhaps fortunate to be the symbsol thereof. But in
pchadrﬂmsmuﬁndnlmmhnunwlymmdwmmmmmdm,

" conwineed of the ne 2d and justificstion for this building, worked for it, and then, when he went onto -
Washington, took it upon himself to help us make this building 2 reslity. | want to give a particular :
,mome‘Dr.ImUveanhMudn,lewmmmm
mlmteoftm

L At this time, we were scheduled to have 2 planting of an environmental grove outdoors, but
. S uﬂmmwmmmmmmﬂuqm there is no reason why we can’t do it
- B indoors. We are going to miss something though. When we thought about this, about six or nine
o mﬂ\sago,-esdcdﬂeduwmam-da.mmdendulﬂ:mun. We looked at owwr almanac
ad we krew there was going to be an eclipse of the sun starting at 10:30 a.m. Of course, what | had
preparedtodo,astheueeiwerebeugp!medadasthsmwastarungtodlsappear,wasa
"Marrying Sem” version of Cas Walker imitating Will Rogers’ incantation ip. the 1932 mavie
“The Connecticut Yankee.” You arent geing to see that so il have to deal with it much more ,
personally. . -

Seriously, the four trees that are to be planted out there are national emblem trees. They were

brougit here from Mt. Vernon some months ago. The national emblem tree is the tulip tree,

Liriodendron tulipifera; it is also the State Tree of Tennessee. Plantmg this species »f tree has more

than that simple kind of state and national symbolism for us here in the Erviron:iental Sciences

Division, and | want to indicate why. The tulip tree was, and perhaps someday will be again, the most

‘ magnificent hardwood tree in eastern North America. Back in the Nineteenth Century, and certainly
L : < in the Eighteenth Century, Eost Tennessee, the southern Appalachians, end parts of the eastern
- " United States were graced with giant forests of these trees covering many square miles, The trees
routinely reached a height of 200 fewt, making them the tallest hardwood tree in eastern North

America. Their diameters were eight to ten feet and there are still some vestiges of them in the

Great Smoky Mountains National Park and in the Joyce Kilmer Nationa Forest on the borders of

North Caroline and Teonessee, Here in Anderson County there were large forests of these trees, and

'’ there still are pictures you see here and there of the lumbermen standing beside some of these mighty
giants that they had felled. Paradoxically, many of the cuttings of these trees were used to shore up

- the coal mines which were then going strong in this part of E st Tennessee. So, this tree is really

symbolic of much of eastern North Americsa, and [ think it has been recogniced as such by being the ]

national emblem tres taken by the President tc England and planted there. i

Now, why is it of a particular significance to us? As most of you know, this program began with
the mission of examining the effects of radioactsve materisls on the environment, particilarly
radicective materials derived from radioactive w~aste dispossl. In the early yeam nf o, field
experiments, one of our goels was to apply some of the new developing concepts in ecosystem ecology
to this chellengs. Part of the question that we were attempting to address was the prediction of the
rates of movement and fotes of long-lived isotopes, such as cesium-137, a common waste fission
product, once thsy entered, in this cass, the terrestrial environment. To address this question in
more quantitstive and rigorous terms, we designed e field experiment in which we tagged a grove of
trees, tulip poplar trees, with various quantities of cesium-137, The amount emplaced in each tree
was proportions! to the biomass of the perticular tree so thet after the experiment had been
underway seversl yesrs we could sample aspects of leaves, twigs, and roots, and assure ourselves we
could get readily detectable and messurable quantities of the radionuclide. This experiment involving
the tegging of a tulip poplar grove, or forest as we call it, came to be known as ! e cesium forest. It
was our first sttempt ot integrsted ecosysiem snalysis and one that proved to se highly successfui;
one that led uc down the rosd toward integrating scosystem approaches that soon won us a reputation
smong our collesgues in the country and one which really led almost directly to our being offered the
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opeortunity to lead the Eastern Deciduous Forest Biom: Project of the US/IBP. So the tulip poplars
in these groves represet symbolically our first major experiment and somet!'ing we wish to be
renknoed of. They also have another function, one that will certainly trans eni my term here and
most of yours as well. There is another prublem associated with occupying a new building. It hes
often been stated that when you move into a new building, the new building doesnt represest a new
building, it represents a mausoleum, and what Joes on is more typica' - of what occurs in a
mausoclevm. The environmental grove & going to be there to remind you « =rwise, and it has a

e speécial significance in this respect. | think lt was well said in the words of Domald Culress Peattie,
U\egreaAnmmnauralnt,wmmlnhBWFﬁmmmAmencatfreadnltJO
ywuagntbfol!mmmds

"But, despite the splendor cf its dimensiars, there is nothing overwhelming about the
Tuliptree, but rather something joyous in its springing straightness, the candie-like blaze
of its sunlit flowers, in the fresh green of its leaves which, being more or less pendulous
on long siender stalks, are forever tuming and rustling in the slightest breeze; this gives . ' =
the tree an era of liveliness, lightening its grandeur. So even a very ancient Tuliptree has . . :
no look of eld about it fw:uaﬂy&uum:;-:hmﬂmtxmmuy
:tmamlnnalfmlwsb fleeofcbcay

_ Thsgmvewi!!alwuysbeh'ue,loahngynﬂuﬂd,asaremndertoywofmewayt.heprogtam
shou!d always be in the years shead. Thank you.: -
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THE INSTITUTIONAL CHALLENGES FOR ECOLOGY

: Jaohn E. Cantim o

: Vice President for Research and Graduate Studies '

Michigan State University -
East Lansing, Michigan

S. L. AUERBACH: This aftemoon we start the scientific part of this dedication, and,

— . as was alluded to this morning several times, buildings and programe such as these are

- 20T the resuit of the efforts of many people. The speskers who are going to be talking to
£ ) us this sfternoon end tomormsw all have had a role, either as direct participents or ss
E : indirect perticipents, i sheping what is now the Environmental Sciences Division at
Osk Ridge Hationsl Laboratory. 1 think thot is something thet those of us who are
memwmmmmmm.nmm Getting
mfmwmhtstmﬂymmmwuywuetmwMMMgwe
" you guidénce, insights, and perceptions that are pertinent. All of these individuals
~ “heve played some kind of role. I will endeavor in my introductory remarks to give you
- . some ides of what egch has done in the past in relstion to our progrer.

A

[ Tte talks this atternoon are relatively informal. We advised the speckers that
Ll : ) after they are through, there will be time for questions anef answrers. So please fee!
: free to ask questions.

Our first speaker is Dr. John Cantion who is the Vice President of Research,
formerly the Provost, of Michigan State University. John can sometimes be described
gs an ecologist’s ecofogist and | will tell you why. He is a2 man of extraordinary
perceptions of the role of ecology in society and in orgamizations, - its stresgths, its
needs, and its weaknesses. If you look out in the cabinet in the lobby, you will see a
newspaper article, dated 1961, on a meeting of a committee on chemical cycles in
ecology which the Ecological Society of America initiated in 1959. Jobn was
instrumental in starting tc push it; Jerry Olsan was involved in pushing it; and some of
the rest of us got invaived from the point of view of beginning to-see the need for that
type of work. One of The concerns that John had, and he and [ talked about this, was
how was the plant ecofogist of that time, whase knowledge of chemistry — particularly
il chemistry — physics, and mathematics was almost minireal, if it existed at all, P
going ta tackle whal we saw coming as the need to look at ecosystems, plants
composed of ecosystems in the context of what agronomists had veen using for the
previous 40 or 50 yesrs in their approaches to p'ant/scil interactions. | don't
remember the resuit of our deliberations, but | guess we encouraged enough people,
because plant ecalogy taday is considerably different than it was, at least in a number
of institutions. John's rol: here at the L aboratory has been a significant one, although
not necessarily an apparent one. He was one nf the early members of our Division
Advisory Committee, wherein he served along with others who were trying to
iflustrate what ecology was tec a laboratory managem.ent which admittedly was
interested in what ecology i3, but really didn't quite understand it. Uaboratory
management needed indinnduals who were articulate and who could interpret what
ecoiogy wes and why it was needed at a national Isboratory. Subsequent to that, John
was invited to join nur Management Advisory Council which js the committee that
reports to the President o+ the Nuclear Division and which works with the Directar of
the Laboratory in looking over the whole laboratory program and not merely the
Environmental Sciences Division ar its predecessor, the Radioecoloqy Section of the
Health Physics Division. Aaain, in that role, he played a key part in providing to the
highest management level the kinds of needs, the interest, and the importance that
this kind of discipline and its -elated components can provide to this type of
institution, the nationa) laboratory., And 50 it is with great pleasure that | introduce to
you, Dr. John Cantlon, who will talk on the "Institutional Chalienges to feology.”
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Throughaut the [9th century, ecoloqgy was a very modelz piece of naiural histary and of very
little concermn either tn most decision-makers or to the small intellectual ~ommunities in the
univarsities of that day. Ay the beginning of the jast’' quarter of the 20th century, soniogy had
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become a significamt discipline in joining the physical, biological, and sccial sciences. Its principles
and paradigms have become impartant in how we think and act about such matters as human heaith,
resgurce management. agriculture, evolutionary change, and techmological development, and have
become important elements in cur corcern far man's place on the planet 2arth and in the universe.

{t should come as no surprise, therefore, that bmad institutional chalienges have emerged for
bath ecology as a discipline and for eculogists and related practitioners of the discipline. These
institutional challenges cover the full gamut of human socirl organization: from the nuclear family
to world gyvernmental organizations — from academic departments to federal executive s3ucies —
from narrowly self-interested industrial cartels to governmental requlatary hod' =s ur religious orders.

It should T:rther come as no surprise that most of these organizational questions have not been
remived in 1977, As a long-time warrior in the halls of academe, a some-tim= advisor to feceral
agencies, natiorial academies, industry, and professional societies, | would be less than candid if |
suqggested all these organizational questions will be resolved or disappear in the near future. Probably
more accurately, they will evolve into related problemns and man will continue his rewarding struggle,
hopefully addressing and resolving more substantive questions in the process.

This remark reflects, | hope, my general bhas which should be clearly stated; i.e., organizations,
per se, are uwmportant even though the functions they perform-may be absolutely crucial to man’s
continued welli-being. My- wnungness to accept the topic Stanley Averbach asked me to develop
stene not 30 much from my perception of the intrinsic value of the institutional and organization
questions that face ecology as from the insights we may achieve by asking useful i stions from this
perspective.

Ag Pve laid out 2 framework to explore, and have cautiously stuck a toe into the dark
intellectual waters that wderlie these institutional matters, Ive become painfully aware of my
fimitations of training, experience, and even of time for developing these matters into more useful
starting poims for discussion. | commend the topic to others who have maoare time and better
ralifications to develop it into a more useful product.

A series of questions might usefullv be pased to get the right array of intellectusl juices flowing
befare we address the specific organizational and institutional chalienges that face ecology. To
reduce redundancy | have not a'ways closed rach of the following 16 questions” with the central
thematic facus: namely, what institutional and organizational facilitation exists in each area and
haw can it be improved? Some useful questiors are:

1. How good are tie par :digms witn which ecology operates today? Are they adequate as
Lases for federal legislation; e.g., is ecosystemn stability really related to sgecies
diversity? What is the quality of the evidence for this and is thc paradigm adequate tor
citing as partial justification for an Endanqereu Species Act or 3 National Environmental
Protection Act?

2 How does the well-informed citizen's view of "ecology” and of "environment® gverlap? In
addressing toxic substances in the environment, what are the general public distinctions
among human health eirects, econamic effects, an3 ecological effects?

3.  How should the professional ecclogical community, either individually or coliectively,
address ecologically incorrect statements or testimony either by narrow-minded, hard-line
technologists or by seeminqly paranoid environmental activists?

4, What appears to be the future of environmental or ecological consulting firms and how
good is the training of the present professionals they employ?

5. what is the relative frequency of scologists among the members of the U.5. Nationi
Academy of Sciences compared with other disciplines? Is it close to the ratio of
significant ecological papers in scientific magazines of broad coverage such as AAAS
SCIENCE?

6. s there 2 need for 3 national and a world ecological survey comparable to the (45.
Geological Survey? If s0, what would be their missions and priority assignments?

7. What are the ethicai and value questions for man that are rooted in ecoingical
understanding and insight? How well are these currently integrataed into the learning of
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values by. U.S. citizens through family exanple? through K-12 education? hrough
religious organizations? and how ecologically sophisticated are our colleagu=s in the arts
= and humanities?

8. what was the quality of —c'ogival sophistication of the average bachelors degree grad:ate
in 19787 Was it better than it was a decade ago? Is it improving? What lrurtrnlcugml
processes work best to improve ecological im-erstanding of college students?

i

9. Are U.S. industries and ‘e trans-nationals becoming eco!ogsca{.y more sophic*s ated
are they simply resprading to environmental requlation? Are there advamkage:™to
important industries if they become ecologically sophisticated? Who might danql and

- _ deliver useiul ecorogical workshops for corpaorate leadership?

1G. At the world governmerntal level is there any special merit in havi~g a high level oz
ecological awareness among the executive officers and tieir staffs?

11. Wwhat is your perception of the level of ecological sophistication of key LLS. Con;tessmal
comemittee staff? Or key state legislative committe- staff"

12. As emlog.sts, would you be comfortable if the Endangered Species r‘\ct. the Natlana!
Eavironmental Protection Act, and the National Clean Air Act were repealed and thase
responsibilities delegated to the 50 states?

13. Are urban and local governments ecologicaliy aware? On what resources of ecelagical ..,
expertise can they draw? Are organizaticnal networks emerging to meet this eed? What ) : N
is the quality of their advice? -opENT T

14, Of the major challenges man is likely to face in the next 100 years, which have strong o =
ecologicai contert”? Are there basic and asplied research programs praceeding that might - E = &
shed light on these auestions? Whose responsibility is it in the United States to fund, o e
manage, and assess long-rasge, large-scale ecological researcn? - "

1

15. What are the priority basic research questions in ecolagy? Ape ‘hasic research funding
- levels adequate? If sq, are there limitations related to scientific personnel. management.
instrumentation, monitoring, analy a1s, or what?

lo. Of *ne sdisciplines which contribute o ecological research, where is transdiscipiingry ,,;/”f
somrmunication the weakest? e.q., wilh piant and animal pnysiology” with oaa:z .
nath"r»)zr"a! and statistical research? with genetics?  with Jeocreemystr.  salo

econamics?  with managemnent theory” with 'he humar behavisra: and 507130 poiitica.
sciences? mth engineering” What arganizational and institutianal steps ‘migat facihitate
progress?

C o could extend this list of guest.ons, hut I've served the purpose intended and wiii now
develn:. the subjert of institution:l challenges urder sic topical teadings: big ecoleyy andg httle
ecalo:., university-federal relations, ecnlogy in the federal government, international ecology,
prof .sionai socielies wnd ather national organiz stines, and ecology in value-focused orgamzations.,

UARGE UL TE- AR TRANSCESCIPLINARY PROGECTS AND
CITTLE ECOLOGY ReESEARH

The International Binjogical Program sich started juat over 3 Jecade aqo wluded some major
ecosystzm studies. The assegsments of the outputs nf these (77ge multidisciplinary studies have been
generaily momodai, crustering araund charges of iow cost-effectiveness, low outout of new scientific
resuits, ard failure io meet sgecified qgoals on the ane hand, and nn the otner hand, Jenerally wgh
marks by individuals wha partimipated in or lanned these stadies. deality 15 probably a mixture of
bath assessr nis e, 1 My judgment, 15 cerianhy closer 1o success than to fallure.

One ot tne netztuliinal ~halisn jes  ncalogy Taced s finelirkg appropniote nomes  for
cost-effective, fruitfui, long-range, Large-scale 2«enments  opropriale institational Zandidates
iorlude: the national 1ahoratarios; tne biolodicasi atatinag, capecially the NS -cdentcfed ecoloqical
redearch praserves; federal ageacy field sranones soet an toe LG, Porest sorygse, the Loae 3rASig
")‘?"V\C’!, g the Tiavima, Pars ")!",",l“v‘; et daperwr . Rovme ety talioaa, okt ol anhy andt

- !



university-affilia*=J. Each of these institutions could serve as homes for this complex and demanding
kind of research.

In my judgment, : . ald AEC national laboratories are by far the best sites for high-quality,
muitidisciplin— y, targe-s -ale, ecological research. Oak Ridge has been responcible for and
contributr d personnel to many of the very best studies. The Eastern Deciduous Forest Biome studies
of the I''?, operated out of ORNL. were some of the best. The national laboratnries® preeminence at
beino able to direct or manage comp’ex research teams:taward agreed-upon objectives is one reason
__fr: their preeminence. However, not all laboratories with this authority use it, snd maav fail to
rigorvusly e<:ess the quality of their work product or personnel. Ouk Ridge National Labnratory hau
‘anexcellent record at thege matters.

Poorly . represented in these potential management organizations are real opportunities to do
fang-term research in landscapes which include a myriad of essentially unregulated human activities.
For-example, experimentation with more efficient regional energy patterns and particularly studies
.. which inquire into the-agyregate impacts of individual ‘and collective decisions in energy, land use,
‘water nse, etc., are challenges not yet well addressed cxperimentalfy. Aporopriate institutional
~homes for identifying these kinds of experimental questions, for locating regions willing to
- participate, for. finding the array of specialists needed to harvest the agpropriate assessments, and
- for provrding the demand'mg managerial skills rred attention.

s only fa r to ubservc that federal agencies have met with Congressional resistance when

requasting furding for studies in which human behavior and human values are examined. If a proposed
project. appears to have a component which might madity human values and behaviars, it is even more
- difficult to find either funding or-» managemn~nt institution. :

Within large interdisciplinary study groups the search for common language and substantive
communication is a painful, tin.c-consuming, and only partialtly successful process. | have served
marginally or centrally in such groups for over 25 years and make the observation that a general level
of understanding is relatively easy to achieve, but a level that permits state-of-the-art articulation
of two or more disciplines in joint research is very difficult and, in some cases, seems totally
illusive. W2 need better institulional mechanisms for strengthening this process.

I am cheered by the impact that tough regulatory decisions by federal and state agencies are
having in forcing assrssments of the communications and research gaps among such diverse fields as
toxi-ology, ecalogy, epidemiology, economics, anthropology, and management. This is a task that is
‘mlikely, [ believe, to be =ived in any final sense. Rather, it will be addressed with more frequency
and sophistication in more ¢..miplex settings with increasing demand for rigor in the communication.

In my judgment, there isn't ersugh national attention to this problem by specialists in
communication: and decision theor . The potential for payoff here in better understardin: and
better decisions is probably greater than is gencrally appreciated. | think, also, that the American
“scientific establishment, which is heavily dominated by natural scientists, is overly inclined to
minimize the potential contributions from improving huinan-focused sccial, behavioral, and economic
research in ecological and environmental questions. Many establishmaznt scientists tend to attribute
this part of such problems to "value questions separate from science or fact questions.” Since the
scosystems of which man is a part are tending over time to become more man-dominated, ecologists
must learn how to pursue man's ecology more rigorously. The institutional challenge in this exists
across the range of scales from interacting pairs to world governments, Let us turn now to "little
ecology."

"_ittle ecology” is meant to infer not necessarily the scaie of the ecological phenomenon being
studied but the relative simplicity of the scientific crew committed tc the effort. The institutional
frameworks in which little ecological research is pursued cover the full range of institutions with
ecologi sts. In my probably biased judgment, the best scological research in this category is located in
the universities, Bormann's Hubbard Brook stuoy. MacArthur's and Wilson’s studies of island
biogeography, Hutchinson's and Edmondson's studies of lake biogeochemistry, and Saunder's and
Cobn's studies of marine niche separatione are all nutstanding ecological research by university
people, What are tne institutional challengcs to keeping ihe quality and quantity of little scology
proceeding apace?

Obviously, the first is the challenge to continue to recruit exceptionas irdividuals into the field
of ecology. Happily we are now benefiting from the recent popularity of ecological mattars to young
people and have more of the better minds attracted co the field than ever before. Ths institutional
challenge is to emsure that these gradustes will continue to move into scientifically productive
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employment. This is going to become a .uainr problem in the universities as stadent enroflment
declines throughout the 19E0s and the 19Y0s. Somehow we will have to make special provision to
continue the flow of bright young ecological faculty into our universities. One way is to move more
of us grey beards out to pasture. Unfortunately affirmative action has now filtered down, or
percolated wp is a better phrasing, to the over-60 crowd, and soon universities will be forced to
continue to age 70 ail who.wish to stay. The tragedy is that the liveliest and maost productive of the
older scientists have the greatest temptation to retire early. This stems from the fact that they tend
to have higher salaries than their slower-witted or less-productive colleaguer and alsp have more
_opportunities for visiting lectures, consulus:tships, etc. Thus, the financial inducem.mt is for the less
productive to insist on staying in the university until age 70. Clearly, we will wed to face thic
institutional rhallenge vigorously, and saon.

. Another irstitutional challenge for_little ecology is to maintain a broad array of research
SR support appartunities for the gifted ecologist. [ think the situation is better today than it was

: : 25 years ago, but it can be even better. We need to expand and improve the quality of the ertramural -

programs in many of the federal agencies that need eculagical research o meet their mission goals.

This will probably become more difficult in times of inflation as the nation's economy struggles to

cope with the unsatisfactory trade balance created by imyortatics of costly energy and other

R imports. Research support for small-scale, basic ecalogical research may become further stroined as

T~ Congress and major federal advisory bodies counsel that more of the nation's R&D expenditure should

> be focused on enhancing U.5. productivity. In my personal view, there is as much potemtial

, contribution to national productivity from well-chasen ecological research as from many other

L= fields. However, it will take some imagination and development to get credible lines of such research

. underway. Time constrains the development of this topic which [ think warrants further attention.

The comtinued output of hig: quality "little ecclogy™ can also be made more likely by making
faculty research a rewarding experience in the university and by providing both the campus
opportunities and the rewards for it. These will probably be more difficult in the worsening fiscal
crunch maost uvniversities face. Between declining enrolbmerts and shrinking student fee income,
tightening up of state legislative appropriations in response to a pandemic propasition-13-like
atmasphere and a reduction in the recavery by universities of real indirect costs because 3f new
federal arcounting regulations, there will be a.tendency because of these matters to trim faculties,
cut back an equipment-matching funds. and increase faculty teaching loads. All of these stresses will
require imaginative institutional reorganizations Lo keep top quality faculty research at a high level.

Hopefully, universities may be able to persiiade industry, the private foundaliéns, and their
alumni to ease part of the coming stress through more giving, but a certral institutional challenge to
littie ecology will be the universities' capacity to adjust effectively to changed conditions.

; NSTITUTIONAL CHALLENGES TO ECOLOGY IN UNIVERSHY-FEDERAL
: GSOVERNMENT RELATIONS

1 would like to treat this complex institutional challenge in two broad rubrics: first, to note the
cracks and strains beginning to emerge in gencral university-federal government reiationships, and
second, to look specifically ab the intramursl vs extramural distribution of effort between federal
agencies and universities. My entire time could productively be spent on either of these subtopics,
bat [ will simply illustrate the challenges in both arenas and make a few suggestions. it ic an area
warranting urgent and continuing attention because continued healthy development of ecological
research is probably as wvulnerable as any of the disciplines, due to its zssociation with an

- anti-technology bias in the minds of some people.

S e

~"  In looking at the present stress in university-federal government relations one needs both to put
the matter into proper U.5. historic perspective and to compare the U.S. system with that of other
nations. Oversimplifying, we can say that the present high level of federal use of unjversity research
capabilities is a post-WWIl develepment and more accurately a product of the two decades of the
19508 and 1960s, It is uniquely American in that a greater percent of the research needs of our
federal agencier is provided by U.5. universities than is true of universities in uther countries. In
part, this stems from the American tradition of sxpecting our universities to address society's
problems. [ndeed, the U.S. land-grant university was an American invention flowing from "he den:nd
of the farmers and manufacturers of the 18503 and 1860s for institutions which would train specialists
to address their problems and [ater to also provide the necessary research and help to deploy useful
knowledge th. sugh extension.

T X
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m of ecologuzl research: which require close mterplay of these

recently establlshed National Commission on Research ‘will make some progress toward resolving
these issues.. However, 1 doubt. that enough of its members adequately understand the problems of
student fees financing government research, or adequately grasp the state legistatures’ roles in these
matters. Further, even among groups that ought to know better, e.g., among land-grant umiversity

miversities to forego the substantial indirect costs of research projects, forcing these costs to be
}dced w by student fees and’ by general legulatlveappmpnaum made for other purposes. With
nflationary costs' mounting, ‘the trajeczory we are on is clearly not sustainable. Our maost urgent
imstitutional challenge to little ecology is to preven! revolt among the parucnpants in this cruc;al
i lulversity-federal government —state government upport sysl.em.

. Let me switch now to the mtmmural-extramural matter and the university-national [aboratory
rejatiorship. -Agein, this is a complex matter and my remarks are totally inadequate to its long-range
importence. I would assert at the outset that, overall,.a mixed intramural and extramural federal

‘_research_gystem s clearly necessary and in the national long-range interest. Directed research

within federal laboratories and agencies is essential to meeting sgency missions. Addntuonally. some

- related undirected research opportunities are -essential to keeping top scientists in the federal

‘laboratoriu. On the other hsnd, umvanitiu omr the federal agencies several mportant

"wplurmul fnturn- -

1 Betur access to young, cmodingly bright, graduate research ‘assistants. This talent pool,

B properly utilized, cen in my judgment be the most cost-effective research expenditure by

e the. federsl government. Much of the inmovetion and insight coming from faculty

T _researchers Is, in pert, a by-product of facult, working to stretch and challeng. these
young minds., | know many reseerchers who prefer the services of good technicians to
graduate students when the_ facuitv_person s single-mindedly pursuing specific research
objectives. When aggregating over @ block of years and problems, however, the output of
8 ressarch group thet includes gnducu tudents and young post-doctorates will, | believe,
prove to be richer in perspectives on mdu. problems.

2.  Extramural resesrch support for university faculty gives the federal government access to
: 8 , s mwch brosder talent pool then it cen sfford to meintein in-houss. In particuler, the
o universities provide access to capsble scientists in @ broader range of disciplines than
federel agencies, opsrsting under tough personnel ceilings, are inclined to recruit for

agem:s m’ adckmng needed experiments, inventories, and monitoring.- | am hopeful that the’

'repmentatim, we find situations wiere agricultural research leadership attempts to pressure their
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_pmgtam -di recmrs dispensmg and ‘overseeing extramural grants. [ believe this is in conflict-with a
healthy . relahomhip between natloml laboratories’ and - their “university peers. Occasionally a

" relationship
: should be funded and sq)etvwed by muts that are not directly engaged in research themselves.

federal research, more of the professional ecological research done in national laboratories shauid be

0
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in-house operations. Further, quite variable arrays of expertise can be assembled in
university settings on a project-by-project basis. This leaves the agency free 6§ long-term--
commitments to individuals -- 3 matter of sigiificant economic impact as any manager of
complex personnel operationc will recognize. The USDA experience in the competitive
grants area would be worth developing here if we had time. | will terminate this short list

of advantages by noting that.

3 - A mpabllltyQ.hat federal a;encns cauld probably make more use of than they now (b is

- . the extension-research fink in land-grant universities. At Michigan State Unijversity, for

‘example, we have found that tbploymg applied ecological research as part of rew

_integrated pest control strategies requires both expertise and credibility with individuals

being asked ‘0 try new, unproven technologies. Our extension field pecple have been

" valusu.e in obtaining real-world assessments at low cost, the results of which then have

" ‘broad public acceptance. Agercies in addition.to the USDA need to develop experience
‘vnth thls and nmagnmlturar uuvers:ty extenston systems.

: Focusmg now. m ‘some spec:fic lmntuuonal challenga from the in-house extramural question
we mlgtt note that in some federal agemxes researchess in the national laboratories have become

[dmratory staff ‘member will publish- ruean:h resulis that might suggest that idess were borrowed
rom pmp«ﬁl:c:‘h“at were reviewed but not funded. Even where this is not:in fact the case, the -~~~
es strained. In Cy judgment, federal extramural research grants and contracts

Umverslty ecologlcal researchers could probably benefit & Oy greater use of national lahoratories
chmng -sabbaticals, and Interagency Personnel Agreements could probably be used more extensively to
rotate national laboratory ecology personne]l into university research settings. Looking broadly at

subjected to rigoro'is peer review of professional journals rather than being shelved as inadequately
assessed internal reports.

Again, let me cut short this very rich area of institutional challenges to ecology by noting that
the -ald AEC, now DOE, national laboratones have had a generally healthier give and take with
university researchers than is true for most of the other federal agencies. While we can clearly
improve and broaden mutually rewarding ecological research relationships, even between DOE
laboratories 2nd the universities, the room for lmpmvement is much greater in EPA, NASA, the
Department of Interior, and the USDA laboratories.

[@]

ECOLOGICAL AND ENVIRONMENTAL RESEARCH AND DE VELOPMENT
BY THE FEDERAL GOVERNMENT

There is growing recagnition that ecological and environmental R&D occurs across a wide range
of the federal agencies and that some coordinative oversight might be usefu;. Congress has mandated
that such a study be made. The Office of Science and Technology Policy (OSTP) has been directed to
conduct such an asgsesement. The OSTP, in turn, has sought assistance from the National Academy of
Science. Within the Carter Administration there have been exploratians of the Maturi. vciources and
environmental federal responsibilities witn an eye to ccnsidering whether federal agency
reorganization might be desirable and politically feasible. These are exceedingly important aspects
of the institutional challenges for ecology and ecological researchers.

At the outse! it must be recognized that all of federal ecological research and development
cannot be aggregated into a single agency. Most agencies require answers to ecaloqgical questions in
order to meet their mission responsibilities properly. Some agencies have such guestions more
central to their missions than others and some have stronger research traditions than other agencies.

For example, we might acknowledre that the Fnvironmental Protection Agency and the Council
on Environmental Quality have missive centrai ecolngical requirements in meeting their missions.
The EPA is largely regulatory in mission, while CEQ is largely an oversight and assessment agency.
The Nuclear Regulatory Commission has an environmental requlatory responsibility in a specific
narrow field,
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The Department of Interior, with BLM, USGS, OWRT, NPS, F&W5, and BOR, has inajor natural
resource development. inventory, and stewardship responsibilities. The Department of Agriculture
also has major natural resource development, inventory, and stewardship respoasibilities, with some
regulatory responsibilities as well. The Department of Commerce has = similar kind of responsibility
for aspects of marine and atmospheric resources. In each of the above agencies, ecological research
is essential to their inventories, prudent development, and stewardship responsibilities. The
Department of Energy has energy ressuice and technology development responsibilities, but its
obligation to have those technologies meet tough social, environmental, and ecological constraints
requires major ecological research efforts. One cnuld pase the same challenge for the Departments
of Housing and Urban Development, af Transportation, and of Defense, and the National Aeronautic
and Space Agency and could also note that the research tradition is nct equally Jeveloper among
these four. The Health, Education, and Welfare Department has major ecological responsibilities
relating to human health, particularly in NIFH, FOA, and PHS. The U.S. State Department has
responsibilities for international aspec’s of environmental and ecolegical matters and only a modest
record of providing either support or leadership in these areas.”

The Departments of Justice, {abor, and Treasury have ecological and environmental matters
among their missions, but, they have not been particularly noteworthy in their ecological research.

I've left the National Science Foundation for separate treatment in that its mission i;cprimatily
to ensure a strong and healthy U.5. science program. Ecology and environmental areas of hasic
research are handled essentially the same as for other disciplines. Some observers have arqued that

ecological research might be given more support relative to physics, for example, but | think the -

support levels reflect fairly accurately the high quality proposal pressure. Applied ecological and
environmental research has over the years fared quite well, in my view, in the modest programs of
applied research in the NSF.

If we concede that all ecological and environmental research cannot be cancentrated into one
or even into a few agencies, is there no merit in any consolidation or coordination? On the contrary,
| agree with the Carter reorganization team's suggestion that the natural resource development,
inventory, and stewardship area could profitubly be consolidated into a Department of Natural
Resources. Such an agency might include most of the present Department of Interior plus the U.S.
Forest Service, NOAA fiom Commerce. and perhaps parts of the Corps of Engineers from DOD. In
the process there should be some integration of the inventorying, monitoring, and research functions.
Personally, [ think there should be an ecolngical survey that would parallel the USGS and provide a
coordinated approach to biological inventories for use in environmental impact statements and
natural resource management plaming. Properly constrained so it did not develop too rapidly, it
could, | am persuaded, grow into a very important aspect of natural resource research and inventory.

History has demonstrated t¥z=t the development and regulatory missions cannot be easily
accommodated in'the same agency, For this reason | believe that EPA cannot and should not be part
of any Department of Natural Resources. As a related matter, 1 would be strongly opposed to any
merging of EPA into 2 human health agency. In my judgment, ecological and environmental issues
are_far broader than narrowly conceived human heaith issues. If these agencies were consolidated |
would be concerned that such environmental impacts as atmospheric fallout, acid rains, smog, and
other environmental damage to agriculture, lakes, forests, and natural species populations would be
inadequately pursued and regulated.

In this discussion, time does not permit fuller development of the glaring ecolonical and
environmental research program inader - ~ies of the HJUD and DOT. Both of these agencies have
major mission responsibilities with sca._e ecological or environmental research to underpin their
decision making. On the other hand, there have been some major improvements in the ecological
research programs in the Corps of Engineers. Overall, ecologists should be encouraged by the
improvements in the federal institutions over the past decade; there are areas needing attention,
hnwaver.

INSTITUTIONAL CHALLENGES TO ECOLOGY AT THE INTERNATIONAL LEVEL

It is clear to almost everyone, | believe, that the biosphere is a singie system with many links,
both physical and biological, that cross national boundaries and hemispheres. The recent conference
on global weather called attention to polar region winter smoq that appears to darive from temperate
“Fegion industrial areas. The build-up of giobal CO; from fossil-fusl ronsumption is well
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documented and of potentially large consequence for global weather and the safety and economics of
coastline cities of the world. Acid rain in Canada and the Scandinavian penninsula originates in
atmospheric pollutants released far from the sites of deposition. Atmospheric testing of atomic
explosives in the United States, Russia, France, and Chima produced glabal radicactive fatllout.
Pesticides like ODT and toxic metals like lead have become global contaminants. Ocean pollution by
petroleum, exdatic chemicals, and decay-resistant plastic debris is now world-wide. Overexploitation
by a few developed natians of marine mammal, {ish, and invertebrate populations create local
displacements of marine ecosystems, economic hardships, and social unrest. High-flyiny aircraft,
heavy space-vehicle traffic, agricultural festilizers, and exotic chen..cals all pose potential threats to
the earth’s ozone layer, with possible consequent difficulties ir glebal weather change as well as
increased incidence of damage to living organisms from enhanced ultraviolet radiation. International
transport of diseases and pests pose potential threats to man, and his domesticated plants and animals
as well as to natural species populations. Global hu.nan population growth will stress not only man’s
food and natural respurce supplies but many of the earth's natural ecosystems and entire speries
populanom.

Clesrly all these matters illustrate why ther2 needs to be global ecological institutions to assist
in prioritizing our efforts to understand these urgent questions. The beginnings of such institutional
structures are emerging, but it is not clear that they can cope effectively with these problems at. m
early date. N

The International Council of Scientific Unions (ICSU) involves the academies of science in many
af the world's countries. ICSU has it-, Special Committee an Protection of Environment (SCOPE).
From this modest, partiafly governmental, partially nongovernmental, organization, 8 number of
important symposia and reports have addressed particular questions. Sustained international research
programs, however, have not been the normal operating mode for ICSU, although the emerging mussel
watch may be an .mportant beginning.

The United Nations has addressed a3 mumber of important ecological questions through
conferences and symposia and through some of its operating divisions such as the World Health
Organiration and FAO. ;

Bi-national or regional groupings -of nations have established commissions, e.g., the
International Cnrmmission on Marine Mammals, to look at particular probiems which have had
significant ecoloy.val content.

The professional scientific societies have sponsored international symposia, conferences, and
wurkshops to address specific problems or broad scientific areas, often with large ecolagical content.

In sum, it is my assessment that in 1979 the international institutional structures are far less
effective than the national structures of the advanced countries for addressing significant ecolagical
problems. It would be a surprise to find i, otherwise. The important question is whether ar not more
adequate international structures are essent;?l, and if so, what are the priority ecological objectives
that need to be pursued and what types of irt>-national structures appear to hold the most promise?
For example, in addressing the international ecological and human health repercussions from releases
cf major toxic substances, what mechanisms would be helpful? What research would assist in helping
us understand how the substantial competences of private industry cin best be utilized and how the
initial costs of assersment and clean-up can be borne? What do we need to know to propose how
damages be assessed to causing organizations?

Again, this international institutional chalienge is an exceedingly rich topic that deserves much
fuller treatment, but | must push on.

PROFESSIONAL SOCIETIES AND SIMILAR INSTITUTIONS
AS CHALLENGES TO ECOLOGY

Ecologists in the United States tend to have professional memberships in a number of scientific
and technical organizations. The oldest extant U.5. ecological arganization is the Ecologiral Society
of America. This "institution” has undergone a series of fissions in its two-generation lifetime. The
Ecologists Union that eventually becarne one of the strong conservation organizations started as a
splinter group of ecologists who wanted to address important public environmental and conservation
problems of the 1940s. The American Saziety of Limnology and Oceanography was formed largely by
anuatic ecolngists sseking more control over mestings and publications. The Institute of Ecology is
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an cutgiowth of the Ecological Saciety’s concem for improving public understanding of ecology and
enhancing the scientific basis for envirornental legisiasticn end administration. ' This tendency of
- professional groups to split into factions and to proliferste new institutions scems irresistible. The
. penalties far such lack of restraint, however, are large. Communicstion between splintes groups falls
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Tbecologulmdmwmmﬂalmbhmofthelm 17235 and early 1970s emerged ot a
RS Yime when more drastic change was possible in the U.5. society than is characteristically the case.
S Major federsl and state environmental legisiation emerged n that period: the Clean Air Act, the

. Clean Water Act, the Environmental Protection Act, the Toxic Substances Act, the Endangered .
: Species Act, the Wildermess Act, etc. Emlojusmﬂmepanbecameabmtasfmlntmthehalb C»‘;
" of Congress as protesting farmers are in 1979. Cong:essional staffs and individual Comym |
becmqutelanw.edqnbleubwtwologalms.

o Thzmﬁomlmoodl-to md\wehwemumed ssexwediugly dfferent. While polls indicate

mwem&ywllumtmmedmlmww@mmﬂcmmwmd

such proposals in lost jobs, lost exports, increases in e *rgy consumption, new taxes, and more federal-

requlstions all command far more political attention then in 1970. One of the very important |
) institutional challenges facing ecology and ecologists is to find mechanisms for improving the gality i
- of advice offered in important decisions by Congress snd the federal and state agencies. |

c : The Nationai Academy of Sciences, in spite of the fact that up to the late 1960 they had but a
» single ecologist among their members (G. E. Hutchimon of Yale), did play and continues to play an
important role in- advising on environmentslly end ecologically important legisiation. This was
. " possible because mwuch of the advisory ssrvices provided by the Academny come through its National
Lo T Research Council, in which most contributors are r.ot Academy members. Some ecologists heve been
" Sy critical of this state of affsirs, but I think it is rectifying itself-as more outstanding ecolgists are
imimwbmkmmwmmwmmwbcmfm-bbmpmwdm
- advice that is credentisled by the Academy’s renort review processes. [ list this meatter as a modest
institutional chellenge to ecology end presume that a better job will be done to recognize the
outstanding ecologists by cusrent and future Academy members.

THE VALUE-TRANSMITTING INSTITUTIONS AND ECOLOGY'S CHALLENGES

One of the grest festures sbout the discipline Jf ecology is its almost unique powsr to puil the
grest fact edifice of science into crestive sssocistions with the rich insights into human values and
sthics from the wrts and. humenities. The scientific demonstrations thet species can be
interdependent, that oeolymm- require meny different kinds of species to function normally, that
many species are far mors wuinersbis then humsne ere to men’s technological impects on the
bjosphere sl carry valus implicetions in addition to the facts themeslves. The discovery that certain
sgricuiturs! strateglies such ss broad spectrum persistent pesticides were inherently instsble was an -
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interesting body of scientific data. That these strategies wese developed in ignorance of their broad -
biological ramificalions and were the causes of immense unintended enviionmental damage came as
sobering scientific data and also as an important lesson in relanve values.

o 'ﬂ'emﬁwmhﬁm&uahtﬂmﬂﬂml«aﬂenhqsﬁlaﬁmﬂwfm

" -ecological ll*‘ﬁtdlﬁmwlﬂ,lﬂlr*, “eep future students of the literature-of-the-1970s busy for a

" lang time. k‘:Jdever.tneoflhelmhluhanlchallmeeologyf&alsthemtlymlmhmm_:
actions that can be taken based on differing value . uk_;nmnwmg from ecolog:cally ﬂavored

pscephornoftm“ld-\dmplaeemn. . :

I‘aeneedsm!ymmrizofnﬂmdmkﬁkeus.mekyﬁundmwmw.ewmm;
umut:ce-sful Onbalmmbmatlamtmpupetratedtocaﬂatuwmwuepewewed,
mdmmltmkmmmmmummmmdwpm:pecna Or, we
) mmlmofuﬂ-mmmwmmmﬂwm@
;metytoliveqnepr.mhvel,mudalobemhaﬂlmy‘mthnam o

S s - -

Inis.. thae mly he utmme e:mnpleu, they - (b‘;lh‘utrate one .c.t_of- ecnlogmuy telaud, P
Mwmm:ﬁuulnnmhgmlpuwhmuﬁ

hntlso[lnmm acﬂnhu.,Fm‘tlyuﬁtuppasitimusmademﬂz narneot ecology tmdnri~
, accaaan witbmmepa-hnent fu:tsfm emloqcal reseatdv. ,

ln a brief ptesentstwn it is not pu.sible lo develop fully the mnge oi value peositions adop&ed by. =
individuals who frequently honestiy feel they are responding responsibly to the facts as they see

B -7 them. What we can do 2t this time s to note that this area poses an irnportant set of institutional

challenges to cmlogy and to ecologists.

It is clear, however, that the challenge is not one of bringing people over to onz or anather
specific set of values. Rather it is to improve human understanding both of ecojogy and of the
meaning of risk. In the latter, one needs to be cognizant that risk bach to man and to other species
populations needs Lo be addressed. Further, much work needs to be done in improving understanding
of man’s need to continue o make decisions in conditions of wncertainty. Failure to decide or long
delays in making decisions are themselves a kind of decision with major ecological, economic, and
value ramificotions, The first challenge to ecology and to ecologists is to rigorously exami~e the
quality of the data being advanced in the name of ecology, and where these are clearly questionable,
statements from scientists need te appear in pvint to point oyt where such are in conflict with
dependable data. Additiorally, competent ecolagists need to reach out toward the vajue questnons,
but with a clear - “erstanding that this is more than science.

What are the institutions in which human values get explored and individuals evolve their sets of
values? Clearly the answer is complex, but ., might address it more easily if we ask how well
ecology and ecologists are articulated with _ich institutions. The nuclear family is clearly one of
man's most important valoe-transmitting social orjanizations. Other than our own immediate
families, what cost-effective vehicles are there fr improving real ecolagical understanding in large
numbers of families? The mass media are c.~ avenue. How well is high quality ecolagy made
available via the mass media? Wha' efforts are made by ecology and ecologists to enhance this?
Personally, | think more can be done here. Ancther avenue we have found are the colleges of home
economics or human ecology and the K-12 and cooperative extension linkages. These are effective
access points for getting enhanced ecological understanding to families in contexts that link each
househoid to the broader ecosystems. It permits and even encourages exploration of how individual
and family values influence behavior which influences >onsumption and waste of resources, and how
collective behavior can achieve objectives related to syared values. | commend your cultivation of
these institutional linkages, because good data, sound questions, and useful paradigms are well
appreciated and there is much inderutilized talent in the se setlings.

Religious institutions clearly attempt to instjl} particular values in their parishioners. Some of
these organizations have guite actively sought ecological and environmental expertise to assist their
nderstanding of the facts of important matters. These are institutions [ trust ecolagy and ccologists
#ill not ignare when invited. More formal linkages are very difficult tn achieve by public institutions
and gavernmental agenciss. However, | am not at all sure we have been imaginative in this regard.

On campuses aur colleaques in the arts and humanities are frequently deeply interested in
exploring the quality of the facts used by oppasing sides in heavily value-faden ecaological and
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emwironmental issues. “\gein, | hope we will not assign too low a priority to responding to such
Mmlmalmum«mmmmanMmmmmmWMEm
of many by the quality, beasty, and appeal of their value explorations of significant issues.

thwmmmnaﬂmwmmweﬁmmm
. support for particular value positions. Other organszations concentrate on trying to teach values in
wban poor, extremely hostile, environments where the patience, and, to be quite candid, where the

comprehension levels of many residents are not . up to sophisticated ecological lectures. More

) : imagination is needed in designing ways to improve ecological understanding of people in-these
S, environments. F'm not sure ecology or ecologists have given this institutional challenge enough
. 'No treatment which deals with the institutional challenge of coping equitably with ecological
facts and human values cen overlaok the role of our judicial system. One of the marvels of the
environmental movement has been the lefﬂnemnhmmmﬂnmﬂnhnm

Mwhm@nhm“h&nmmmmmﬁhmmﬁmu

provide later legal ammunition for weakening other important cases. Ecolog:stsaﬂemlogal
“organizations should be concerned and challengd by this, and where competeme permits, offers of
help shauld be forthcoming.

" SUMMARY

I have sttempted to lay before you a range of the institutional challenges that face ecology and

ol erologists. Virtually all are getting some attention. For the mest part, I have chosen those [ feel
LR need additional, or even urgent, high quality attention. The range in scale of these challenges is
. enormous. The instilutional or organizational aspects per se are not the important element — rather

it is the set of scientific questions and the human or value problems that lie beyond and, in some

cases, that may be caused or exacerbated by the organizational mattors; these warramt attention.
Alleviation of or scientific progress toward resolution for most of these problems lies beyond personal

expertise or competence of single individuals. However, the aggregate of the scientific competence,

expertise, insight, and energy among the ecological community and its institutions can make .

substontial progress in all of these fields.

- 3 aes N

QUESTIONS AND ANSWERS

S. 1. AUERBACH: Johvi, thet was an overpowering set of challenges. | would first of all
like to see if there are any questions or comments from the audience. Let me start off with
one. One of the things you expressed .oncern over, which | am interpreting as the relationship
between little ecology end big ecology, and implicit in what you said, is that big ecology
ultimately depends on the development, maintenance, and strength of little ecology in academic
institutions. What you didn’t allude to, end I'd appreciate your comments, is that ultimately
little ucology depends on the marketplace for its wares. What we now have in the country is @
combinetion of future or present merkets for ecologists, ranging from the environmental firm
who, in @ serwe, derive social support through NEPA end related regulations end the
merchandisers of scientific information (e.g., Mitre, TRW, NUS, etc.). | think that there has to
be a more fruitful connection between that marketplece and little ecology than | sometimes
perceive, in the semse that it is there where little scology has to get its ultimate support and
therefore its sustenance. .

J.-E. CANTLON: Well, I certainly wouldn't dispute that. | think | skipped s section,
because 1 was running out of time, in which | muke the observation that "little ecology” really
was most of ecology up until the emergence of the AEC Nations! Laboratories. As one looks
shead in tims it is very difficult to visuslize the "little scology” ressarch community getting

ﬁffetutvalewtsofasngle of ecological and environmental facts, Tine doesa’t -
patmltmmkﬂwﬂupldmmoffmhmmhwnmmmnmndmjmumf
‘decade. Organizations such as the Enyironmental Defense Fund has become . the -equivalent of the
.-American Civil m;mt»mgwmmmmmm The

good .@s they can be.” Decisions overturned because of resoivable ambiguity in the fact situation can .

\)
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very large, and whet we see is the big ecology group growing. The thing that hes happened in P
DOE and EPA,T believe, is destined to happen in all of the federal agencies— ‘There clearly are .
environmental constraints on this planet and we have essentially to address those in order to

continue a healthy human system.

The  products of universities thet have been trained with problems ia Ettle _
ecology are guing 1o heve to be additionslly trained 1o pperate effectively in these larger - B Lo
probiem - settings. That is an instructional and training chellenge the wniversities are beginning .
to wark at and some are doing much better than others. The national laborstories can, through
MMMMIIQIQMU“MWM&M:W LT

VY

G-M.VANDYI’E lwmﬂdikemadtes“mmbeammdnﬂnt
said. YmﬁmMﬂcO&&@WMfwnsmhmﬂnEﬂemy
Decidsous Forest Biome Program of the international Biclegical Program. Later on, ‘you
WWWMMmMaﬂaMRumm“V
project. Mwumma“mmﬂ’,&:w-‘Mnm“dﬂ S
catt-ctmgmtrmdr. qu:ywmﬂzy&dngudpbmmmmwm?

3. E. CANTLON: :mm;.mmmnfmamwwm
have research organizetions olso setving #s contradiors. Thuisspee;ﬂlytnzmu\eEPA
iaboratories where the individuals who are Pls are aleo screeners of proposals and supervisors of
large numbers of grant projects.  In fact, some EPA laboratory scientists have complained thet
they are supervising so marsy grants they can’t do their cwn research effecively. [ think that is
a serious netimel) problem. Additionally, when laboratories receive proposals: and are
responsible for selecting some for funding, ther= is an opportunity for the unfunded agplicant to
perceive the -laboratory later performing work closely related to that pronosed but unfunded.
This is not to say there are no occasioms in a particuiar large project where one might
subcontract @ smail portion of it. What | was addressing is a standard pattern of action in which
the practice is the normal mode of operation. [ think that gets us into difficulty.

S. L ALERBACH: | was going to address that when Georgz did | would say that part of
the problem stems from more a question of individual ethics than the question of intrinsic

" conflict. We tend to feel, on 8 basic principle, that in a general area where there are some
broed goals to be achieved, the aims of the university researcher as well as the agency may be

. better achieved by laboratory researchers forming a3 subcontractual partnership with his
- © university colleague rather than the university colleague getling a grant somewhere out of
i Washington hradquerters with which he can do what he wants but which may keep him ou® of
contact with the mainstream of research. The kinds you aliude to are some of the ethics

. probleme that exist hetween investigators which unfortunately do exist. You can only hope they
= . work their way out.

o P G i e gl b KRR
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J. E. CANTLON: It is not only the ethics but the management problem as well. | think
that where the individuals are drawn in as joint invest.gators in a project with a commonly
agreed-upon set of objectives, it works better. [ think that was why IBP worked better than hes
been true in some of the routine contract management situations in national laboratcries.

H E. P. OOUM: Could you comment, John, just a bit more on your statement “rigorous

2 examination of contributions made in the name of ecology.” Do you think that the way the SF

g comracts DOE and EPA is sufficient or are you talking about something on a larger scale. For
instance, ’m thinking about the theory that diversity and ecosystems stability are causally
refated that came in just a short time ago and that everyone seemas to accept immediately, only
later to find out that it was not a sound generalization. Are we in error or are you Lalking
about more rigorous examination of concepts before they become written into all of our
standards, codes, etc.”

J. E. CANTLON: Clearly one of the ways science progresses is to make ideas accessible
- for everyone to shoot at them, and science has always progressed in part by investigators
making errors and publishing prematurely or with invalid interpretatinig of data. What | am
really getting at is that frequently in the case of urgemt national probiems in which such data
become pertinent, there is a8 tendency for decisions to get maxie in arenas 1n which bad data are
utilized as a basis for making or justifying a decision. ' think that the ecological community has
nct always been as responsible as it could be in commenting forthrightly abaut the quality of

the data utilized in some of these decisions. That is what } am stressing.

PR
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AUDIENCE: Ya,htfmm!y-tsmtcl&cwmmw&em How do
this menagement. | agree thet there are a Jot of things thet are pure garbage, and I thi
-rmchdemmmtwlengapm-hd\ﬂeymt&mgﬂ&mu&fw
of thing.

) E. CANTLON: wlmlmmmm I you go back and
mmmwnmmmamﬁcwmmm&gm
other’s ideas o much as they do today. MmmhaMdMM
;»«j-ﬂlw-#.lmukmhd, and 1 think thet is dengerous. It is especially in
- of ecology: The whole sres of environmental constraints on teciwmology poses the risk
- . an gwerwhebning cost to society thet decisions should be based on good data or pure
not_the laiter in the guise of the former. Mm&mmmm’m
Mmmhudmudmmmmm
i Mmam&hud.up&mmmuﬂuwﬁblﬂmpuuﬂnum
O mammummﬁum kmmu&icmm
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AUDIENCE: You emphesize the necessity of having deta thot are widely acceptable before
making an important decision on environmental issues. 1 would question whether we make most
of our decisions, important decisions, on environmental issues on the basis of data. We make
these decisions on the basis of experience with those issues and we try to draw in experienced
people. 1 would argue, counter to what you said 3 moment ago, that the objective really is to
deveiop the experienced people capable of interpreting previous data and laying out a course of
action thet can then be argued. It's experience that we are trying to build into the scientific
community, experience thet can be brought to bear on the major issues, and thote major issues
are indeed resolved on the basis of no data at all in many cases.

). E. CANTLON: No dats, bod data, inedequate data, good dota; | think all of those are

true. The challenge i to make clear which decisions rest on which of these. | would observe
that the arena of the courts hes become an exceedingly important area in evaluating decisions
conceming the environment. Many of the decisions thet we have lived with, and have
eventwally validated, and some federal acts have come ahout by testing them in the courts. -

AUDIENCE: Are you suggesting the courts are experts in handling thet circumstance? )
J. E. CANTLON: | wouldnt call them experts on scientific matter at all. As a matter

of fact, any good sttorney will tell you that it isnt who is right or who is wrong. it is who wins
the cese that counts.




et T i P e e

e e SRR RN A Py TRV IR

3
4
3
kS
g

(Y

3% ORNL -5666

APPLICATIONS OF £ECOLOGY TO ENVIRONMENT Ac. ASSESSMENT:
THE SOLE OF £MOLOGISTS N THE DECISIDNMAKING PROCESS

- F rank F. Hooper -
School of Natural Resourccs 7
The University of Michigan

- Amn Agbor, Michigan

S. . AUERBACH: Ve to iow our next spesker because he led a pioneering
experiment in putting m streams. We just duplicated it again last spring.
F rank Hooper and his colleague at Michigan State University, Bob Ball, were two of
the pioneers in stream radioecology. Frank hat. had an indirect association with us
over the Iast 20 years. In the early 1960s, he perticipated at tispes with us in running
our radistion ecology institutes because of his experience and interest. He served in
the then Atornic Enerqy Commission Division of Bioclogy and Medicine prograsm. As
you know, in 1971, we went into the enwvironnental impact statement business in a
large way. I was mandated then by the iegulatory branch of the AEC which
subsequently became the Niclear Regulatory Comwmission. This whole activity in
applying end enforcing the concepts of NEPA has resulted in, at leat ot this
Lsboratory, at the Asgorme Watione! [ aboratory, and at the Bettelle Nartwest
Laboretory, a considerable body of ecologists being involved in many nf thess isume
which, in fact and experience, are cominuously debated and which are of concern when
trying ta arrive at a prediction of impacts on the envirorwnent. Frank Hooper is one of
those few senior écologists who have qgone to serve with the Nuclear Requlatary
Cornmisston as a kind of judge in these administrative licensing and hearing boards. I'd
say there have been very few who have done this, and so he brings to this topic a3 rare
insight of direct experience on this matter. There is one last thing | should say about
Frark, a secret. In 1967, we were designing and planning what was ther the second
radioecology symposium which was to be held at Ann Arhar, Michigan. Ve would go up
tc Ann Arbor to meer, and Frank would be our host. There | learned the secrel of 2
rare martini that Mr. Hooper imparted Lo me and which 1 will nnw impart to you. The
secret of this drink, which is quaranteed to get a party going fast. is the following. -
Yoy mix up 2 fairly dry martini some days in advance. You put it in a deep freezer,
preferebly one sbout 30 degrees below zers (Fahrenheit! and just leave it there until
the party is about to start. Then you paur this thick viscous substance intg a glass and
you let the people start drinking it. It is marvelous. VAth that [ will introduce
Dr. F rankc Hooper.

Tne National Cavironmenta! Palicy Act together with the related circumstances brixging thuas
act into being have had enorrnaous effects upoa the fives of aimaost every citizen, and especially those
of us earning our livelihnod in the environmental sciences. In one way or another we have Deen
caught in its-qgrasp and, depending upon your special interests, its effects have been either a Diessing
or g plague which has trought cansiderable trauma into our lives. No one can contest the penefits .n
terms of money which has been funneled ito the environmental scisnces, not only throsph direct
spport of impact investigations txit alan indirectly through calling attention ta many areas which are
worthy of research. Mot to Le overlaokerd js the suppart furmished directly and indirectly to large
national laborstories such as we are dedicating today. It has rreated iobs for aur graduate stidents
and in some tnatances hos fed to stimulating and frisitful resaarch,

On the otter hand, ane must remember the qrear ncclusinn and cangestion that has faven place
in our national meeatings from the influx of papers concernes with apart fvestigatians. Me shogid
3lso remember the hordes of manuseripts submitted to journals for pubhication that Hrount delays
and fructrations.

Regardiess nf our npinians as to the: overall benefits ar non-benefits of tus act, | want to share
with you today my e«perience in deciuon-making anich has evolvwt a5 an sredicect cesuit of the
Nationz” Environmental Policy Act. Decision-makinng Oy scientisls i3 ane af nan changes brought
about try NEPA, it owe atiict may fuiwe iasting effacts non ocalangy anmd gaon saroet .
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My experience as a decision-malcer is limited to the Atomic Safety and Licensing Board Panel.
1 first wbhtodscriwﬂremgwﬁzaﬁmalmtmzldhm-medacisiming process works within
the Nuclear Reguiatory Commission. “here are many ways ecologists have played major roles in
acmmrq,asrefmandasmim but today I wish tu concentrate upon their rote in the
adp‘llcatxm process.

ﬂepm:edudnmbyafedetﬂwymalegatemmhtyfwdec-nm!m ﬂl
the Administrative Procedure Act of 1946. This allows the agency to delegate decis.on-making 0 an ‘
administrative law judge. Oecisions are made within 2 set of n.'es and policy cstablished by the
agency. Thus there are matters the judge cannot decide since they sre ~overed by rules and also 2 -
egmu\tﬂud\aopmfn@ciﬁm-nnlmq. Theough the Atomic Energy Act of 1954 (as amended), the -
i Commis;.. n has gone further than putting decisions in the hands of a single -
o~ adnlmhauve 1ow judge. It established one or move Atomnic Safety and Licensing Boards, each
*  comprised of three members; one must be qualified in- the conduct of the administrative proceedings
and two must have technical qualifications appropriate for the proceedings. In effect, this proyision
recognized that technical input into decisions was necessary because of the array of datd and
testimony considerpd. It further provided that the board members appointed by the Commission niay
be from either the private sector or the staff of the Commission or other federal avencies. -

)

" Decisions regarding the licensing of plants as well as other matters are, of course, subject to,
review. The immedis.e body of appcal from a decision made by a board is the Nuclesr Regulatory”
Commission Appeal Board, and appeal then can be made to the Comwnission itself. These bodies can
reverse or modify decisions made un any issue. Further, appea: of the Commissiun decisions can be
made te a U.S. circuit court.

The orgenization chart (Fig- 1) shows the rather unique positic.) of the Atomic Safety and
Licensing Board as regards the Commission and the other unmits of the Nuciear Regulatory
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Figure 1. Rlluiauhip of Atomic Sdcty and Licensing Board panel to the Nuclesr Regulstory ; L
Commisdion.




Commisstor.  Responsible only to the Commission for its decision, it thus is independent from the
fact-gatherin ) units which are responsible for the detai'ed tec*nical analysis of all of the engineening
and environmental matters in the coastruction of a muclear facility. This group called the NXC staff
is composed of cadres of experts in engineering, ecnmamics, geclogy, as well as in enviroosmental
affairs. This unit also contracts wath Zwe nati~ai laboratorier such as Oak Ridge for assistance in

Argorne, ard Battelle Northwest for many years carried the major burden of these investigatians.
This has been a source of support f-.r these Jaboratories- Many ecclogists as well ac other scientists
have devoted 2 major share of the.: time to these impact investigatiors.

As a Board member it would be irapprupriate for me to comment upon the quality of the
evaluations. Needless to say, they vary tremendausly, depending upion the subject anc t»e scope of
the investigation whicn has been required or requested by the NRC stafi. In the lang run, the merits
of the decision rzs. Jpon the sifting and winnowing of all facts relating to the individual proceeding.
It is appropriate to say that the correctness of the final decision must in part rest upon the quality of
the wark performed by the scientists themseives. Stated differently, the board's decision can be no
better than the quality of fata input requested and broaW¥: forth by the st. °f -from the nauonal
laboratories.

Ta raderstand how an ecologist fits into such a procedure, we r"-usttnext lock at the techmical
Tomposi Lsan < of the Licensing Boards and of tne parent panel from. which ihe Licensing Soards are
appoired Fig. 2l. The 20 or more boards operating at any ‘irue are appainted from a panel
con=sting of three component-: first, fawy ors qualified in administrative law: w:cond. physicists and
engineers walified in muclear-pn, <ics' and engineering, capable of evaluating physical scionce and
engineering aspects; and third, envir. "mentalists selected from ecologists and from the pdblic health
field. Each segment of the panel has 2 portion of the members from the permanently appointed
_ Viashington staff and a fraction from private sectar. Private sector members are from acadesic
e “institut:ons and the national Isboratories. In the case of the eculngist--public-health component, only

two of eieven members are permanently assigned in Washington. The renainder are from academic

institutions througimut the United States. Fxpertise among the snvironmentalists ranges Tiom a

i _ strong orientation toward water quality through 3 span of sgecialties in such fieids a3 amqustic

B - ecolagy, terrestrial ecalsgy, wildlife, etc. The basis of selection appears to have been mcre in the

natere of securing overa!l breadth in the panel rather than selecting-for specific subject matter
recurring within hearings.

L
&
t

ENGINEERS AND ENVIRONMENTAL AND

studyi~, the facts of any proprsed niclear site. The Oak Ridge National Laberatory, Brooidhaven, .

Tia LAWYERS - 17 PHYSICISTS -- 19 . PUBLIC HEALTH SCIENCES — 17
NRC-8 Consuttant-9 NRC-5 Conuttant -4 NPC-2 Consultant— 15

- “igure 2. Technical corapositior ¢f Atamic Safety and Licensing Board panel.

Oecistons by the three-mar Lnard zre not always unaninous. Dissenttr * apinions o« any part or
all of a decision may be ard sre written by 2 hoard member. On at least one nacasion, in the review
process of the decision, the dissenting opinion has been upheld over the majority by an appelate body.
Thus, witvin the area open to decision by the traard, therc is room for disagreement and dlfl erenses
af opinion.

As all of you know from readiug the -aewspapers, board decisions are subject to public scrutiny.

. Public demonstrations and protests are a part of nearly every contested proceeding. Proceedings

such as Seabrnok and “iabla Canyon have been mired in {ong-running public controversy. Others such

as Midlz 2 have undergane leqal appezl ta the Supreme Court. Thus, the grousmwork covered by the
haard hearings is nften the foundation for extensive social, palitical, und econamic controversy.

As 3 parenthetical.note, I might point out that Board members are not immune from personal
- repercussions. | was surprised to hear from my daughter whn attends an eastern university that all ot
the board members have baen rated by studeryt qroups concerned with environmental alfairs. In other
words, within e ranks there are the qoond quys and the bad quy... Frankly, [ didn't nave the couraqe
n mqwrt a8 10 my statusin this rankmr; procedurs, .

' Given the abave structure and funstioning ni thz licensierqg board, | now tarn ta my evaluaum of

how acnlingy and, more particularfy, ecologists have fared in decision-making, At the outset, | must
| |
| 1
| - |
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say that these are personai remarks and do not in any way represent the opinion of any Atomic Safety
and Licensing Board. It snould also be noted that my remarks concerming ecolngists and ecological
witnesses do not apply to the quality group of scientists supplied to these hearings by the Oak Ridge
Mational Laboratory. My remarks draw udon about 100 days of courtroom experience over six years
an] iwolving six licensing proceedings- 1 should also add that much of what | say comes not
exclusive!, irom personal opinion, but is strongly tempered by the attitudes tov-ard ecology expressed
bv my legal and technical colleaques.

Ecologists have entered adjudicatory proceedings in two ways: first as expert witnesses, and
se.cnd 2« hoard members who are the triers of facts and who ultimately make decisions.

The basis for using experts in administrative proceedings comes from. rules laid down by
Congress (Fig. 3). The basic function of a witness is to assist the trier of fact and enable him to
understand the evidence and to determine a fact at issue. An expert witness whom the trier has
faund to be qualified because of skills and/or experience may tesiify both as to fact and to opinion.
Opinion and inf-xence are things perceived or known before the hearings by the expert. It Should be
noted thst these need not be facts or data admissible as evidence, but can be other information if it
is of a type r2:asonably relied upon by experts in the field in forming opinions. Testimony in the form
of opinion.or inference is not objectionable if it embraces uitimate issues to be decided by the trier
of the fact. - . R T

_ RULE 702.
TESTIMONY BY EXPERTS

<= If scientific, technical cr other speciaiized knowledge will assist in trier of fact
to understand the evidence . (- determine a fact in issue, a witness qualified as an
-expert by knowledge, skill, experience, training, or education, may testify thereto in
the form of an opinion v otherwise.

RULE 703.

BASCS CF OPINION TESTIMONY BY EXPERTS

The facts or data in the particular case upon which an expert bases an opinion or

inference may be those perceived by or made known to him at or before the hearing.

- If of a type reasonably relied upon by experts in the particular field in forming

opinions or inferences w.on the subject, the facts or data need not be admissible in
evidence.

RULE 70:.
DISCLOSURE OF FACTS OR DATA UNDERLYING EXPERT OPINION
o i The expert may testify in terms of opinion or inference and give his therefor
L~ : without prior disclosure of the underlying facts or data, unless the court requires
o - : otherwise. The expert may in any event be required to disclose the underlying facts or
dats on cross-examination. ’
RULE 704,
OPINION ON ULTIMATE 15SUE

Testimony in the form of an opirion or inference otherwi.e admissible is not
objectionable because it embraces an ultimate issue to be decided by the trier of fact.

Figure 3. Federal rules of evidence reluting to testimony by experts,
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As you can see from these three rules, opinion can be arJ often is a vital ingredient in

- decision-making. Two points emerge where expert witnesses are exceedingly vulnerzble and on which

the Board, as the trier of fact, must make judgments: first, whether the witness is actually an expert
in the subject matter of concern. - second, whether or not the bases for opinion are facts of a type
relied upon by experts in the fi. —iearly the latter definition puts great_s'ress on what has been
relied upon in the past and on wi _.ner it is the norm and is accepted in the .ield in question. Hence
what is the "norm" in ecology is an issue at stake. Consideration of the above two points in the
context of witnesses runs head on into the question of professionalism within the ranks of ecologists
and the extent to which professional qualifications should be required. This leads to the more ¢general
question, whether or not this witness function is best pursued by ecolegists or whether it should be

_allowz=d to go by default to some other professional discipline. .

These are troublesome questions, and ones which we as ecologists have been reluctant to face.
Be that :as it nay, | do not wish to arque professionalism at this point. It would, however, be useful to
vs here to evaluate the existing stadus of ecologists as witnesses, particularly from the two
vulnerable poirts to which | have just referred. First of all, as to qualifications: boards on which |
ha\ 2 served have been exceedingly generous as to granting quahf' ication. They are very reluctant to
single out qualification as regards to institution or to degree a.tainment. Hence, nearly everyone
qualifies ii he has some experience - the high school teacher, the junior college professor, the per=zn
employed in outdoor work of ajmost any sort by a consulting firm. All are qualified if a limited
course backgromd can be summnned for their quallf' ications sheet in environmental science. Since
qualification is not an impurtant screening tool, it is necessary to rely heavily upon the second pomt.
whether or not a witness’ opinion reasognably falls within the norm for the field, and whether it is of
the type which in fact can be relied upon in decisions.

The weight to be given to opinion is always a difficult decision. Most difficult perhaps is the
weight to be“oiven to witnesses who tend to mix into opinion a large element of advocacy for an
environmental point of view. Fellow-board members, perhaps more than I, tend to be very sensitive
to suwch a coloring of opinion. Examples are such "intuitive" ecological old chestnuts as "but
ever ything is related to everything 2lse,” "but there must be some influence upon the higher levels of
the food chain,” or "the richness of species will most certainly be changed.” Such quotes are often
off-guard opinions made when the examiner bas the witness trapped without an escape-

However, such flavoring of opinion by some of our long-cherished notions often appears very
hollow unless (1) it supported by some sort of a mod°lmg or assumption exercise which narrows the
passibilities, and/or (2) the witness can recite experience based upon analagous situations which can
lend weight. Modeling which narrows the possible explanations is a powerful tool and by far the mast
successful used where data are all but lacking. But it too can be challenged when madeling skills are
on both sides of a given issue.

Thus, modeling at some stage may be a weak and almost subjective basis for support, and we
must look for other ways to sharpen and bolster the bases for opinion. Other disciplines (e.g.,
geology, meteorology) rely heavily on “professional experience.” When we examine what is meant
here, we find that it means more than simply being a member of a society. Witnesses often can cite
real cxperience with analogous situations which contribute to opinion. This admittedly becomes
subjective, but carefully reasoned "experience" can elicit greater credibility and can be more
persuasive than modeling exercises when there are loose and subjective guidelines for estimating the
critical parameters.

Compared to other disciplines, ecclogists seern to me either to {ack professional opinions nr to
lack the aptitude for expressing opinion in a convincing manner. This may arise either from lack of
professional "instincts” or fram the nature of the subject matter. Be that as it may, [ wish to suggest
that ecological witnesses should be able to defend opinion based upon our concepts on more *han an
almost intuitive basis. Failure to perform with more credibility in part has arisen because we have
not yet attempted to consolidate or assemble the vast array of environmental data so that analogs
can be easily ascertained or can be extracted from the mass of field observations. Thua. we have not
yet had time as a discipline to "extract” and synthesize,

Suggestions for improving the performance of ecological witnesses are three. First, we should
be more vigilant in separating advocacy from interpratation of fact, This is perhaps something some
of us have imparted to students which needs to be de-programmed. Second, opinion testimony couid
be improved via professional certification, although this is @ route plagued with prablems. Third, |
would arque that in addition to equipping our young ecologists with depth in the area of modeling and
assumption-making, we should look for alternative bases for opinion perhaps by extracting useful
analogs from past studies.

I
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The role of ecologists as technical consultants will expand as society continues to encounter
difficult environmental problems. [ also expect that our current use of ecologists as arbitrators and
as evaluators of technical materials will expand. However, | would also arque that there is certainly
raom in the future for utilization of the ecoiogist’s talents in similar decision-making roles such as |
"ave described for the licensing board. The technical member in this role becomes a full partner in
adjudicated decisions. This involves more than shedding advice and the presentation of evidence.
There are elements of judgment which go into decisions, albeit within strict rules and only after the
basis for judgment has been carefully reasoned with the attorney. It is argued that technicians should
not: be allowed to play both roles (as an interpreter of fact and as a decision-maker), because we have

- .. very little in our professional background to qualify us for the latter job. My colleagues at Ann Arbor

who claim expertise in the environmental policy area abhor the idea of anyone making decisions who
is n.t "properly™ trained in social science. Also, ecologists as a group are frequently accused of
having such g jaded background that we cannot make fair decisions for the public as a whole.

. The answer to both of these criticisms, 1 think, can be met within the structure and roles laid
~ down by the agency. The degrees of freedom in the decision-making open to technical members are
" chiefly. technical: | would support the notion that the judgment of technical people is not only
. appropriate inserving the public interest but it is advantageous.

Or the positive side of the participation of technical members in adjudication are a number of
- benefits.  Of overriding importance is what I believe to be almost a self-evident fact that a much
better technical hearing record will be accrued for the decisions. This is achieved in several ways.
First, the three-man panels collectively can have on the average a far better understanding of the
technical evidence than a single legal specialist. Second, the process of taking of evidence is greatly
improved via the inte-rogation of technical members. The one-on-one exchange between technical
panel members and technical witnesses permits technical skeletons to be uncovered. Without such a
one-on-one exchange it would seem to me that many important facts will fall through the legal
cracks. Technical members cannot always be completely effective with their counterpart witnesses.
However, they usually can explore the basis of opinion much better than an attorney. Their skill in
this venture improves with service. It is exceedingly difficult for the board chairman unless he is
specially trained in technical matters to appreciate all the fine points of cross-examination.
Technical members ease this burden and assist the examination so that it will critically embrace the
guestion at hand.

In summary, then, I would strongly support the positiw. that ecologists and other technical
specialists can greatly improve the efficiency and effectiveness of the hearing process through
participation as members of an adjudicatory panel. The role they play is to sharpen and tune the
technical matters so that the technical stones are not left unturmed. Thus, they serve as a safeguard
to both the interests of the public at large as well as the specific interests of the participating
parties.

A RERR

QUESTIONS AND ANSWERS

S. . AUERBACH: | know, Frank, you have been addressing a subject of high relevance and
at the same time one of considerable delicacy, for obvious reasons; but we will see whether
there are any questions or comments that you might be able to respond to.

S, W. CHRISTENSEN: In relation to the Jlast conclusion, if the ecologist in fact
performed as & dedicated scientist, do you think that it would be necessary for all three groups
to have the services of an ecologist? Why wouldn't it be just necessary for one group to have
the services of an ecologist? What is there that causes the ecologists to differ so much in their
views, perhaps as a function of their employers interests?

F. F. HOOPERs Well, | guess the answer here is that if things were completely
objective, you probably would be right. One set of ecologists could serve all three. But, as you
know, In the adjudication process, this is not the cass. We are bound to give everybody their

own say and so everybody comes in with his own group of ecologiats and this is the name of the
game,
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S. I. AUERBACH: | quess one thing | would want to mentim, which relates back to
something that John Cantion spoke about this moming, is that there is still ample room for
training at the academic level of ecologists in serving both as presenters of data and as
collectors of data within the context and confines of this adjudicatcry process, wouldn't you say?

F. F. HOOPER: Well, this is sort of a difficult one and we nave thought about how to
train people, and I really can't come up with a quick and easy answer. At Ann Arbor we
actually had a course a while back in which we had sort of 2 mock hearing process, but this
went over like a lead balloon. The student who is an advanced undergraduate and doing great,
well, he could care less about this sort of thing. Student interest in it was not high. [ guess the
answer here goes bacik to whether or not we are really serious about this matter and if we are
going to be professionals. | suppose we have to go this direction but [ think that whether
ecologists can go this route and become professionals in this sense is an open question. ['iv not
necessarily advocating it.

F.E. SMITH: What criteria are used for selecting the technicai members on the board?

F. F. HOOPER: Well, | wish | knew that. [ think, in my cese, Stan or some of these
guys told somebocdy else about me, [ don't know. [ was asked if I wanted to do it. [ have no way
of knowing.

F. E. SMITH: According to the process, was R any better than the one used to determine
whether ar not a witness was excellent?

F. F. HOOPER: I either case, there is a certain amount of subjectivity regarding these
things and [ don't really know what to say.

S. I. AUERBACH: [ think your last question or comment, Fred, is a valid one. This
Board has kind of a screening campaign or a hunting campaign in a somewhat typical
Washington-type manner, looking for senior-level ecologists who could bring experience. They
found, of course, that it is very hard to select someone.

F. F, HOOPER: 1t hard, particularly getting outside people; it takes a good deal of
time. It is a matter of how much time you have to spend on it.
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RADIATION ECOt OGY AT OAK RIDGE

—

Eugene P. Qdum
Institute of Ecology
University of Georgia
Athens, Georgia

S. I. AUERBACH: The next and last speaker nf the atternoon needs no introduction.
Gene Odum, 1 think, very rightfully can be called among a generation of American
ecologists, Mr. Ecology. His books on ecology and his writings probably have done
more to stimulate interest in the science cf ecology among undergraduate students at-
a particularly”formative part af their career tha. ~lmost any other individual's work in
the last generation. Again, in the early years of this program, when I was being
converted from an insect ecolegist to an agronomic plant physiologist trying to apply
ecosystem techniques, | used to call on Gene to consult with us and help us do this kind
of work on Vhite Oak Lake bed. One of the problems that we subsequently began to
address in philosophical terms was Gene's admenishment to me. He said " don’t want
you to become a third-rate health physicist; remain a first-rate ecologist. Don't worry
about measuring these isotopes well, they (health physicists) will do that.” V/e socon
learmed that such an approach to our problemms wasnt going to quite cut the mustard
befare the scientific peer community. Ecologists had to learn how to measure the
isotopes as well as the health physicists did. Subsequent to that, Gene served alse en
our Division Advisory Committee and pliyed an important raole in carrying to
Laborsiory management the imporstance and significance of ecology in institutions
such as this. So, with these brief comments which | said are really embellishments to
a man who doesn't neasd any introduction, it is a pleasure to introduce Gene Odum.

We are gathered here taday not onl - to celebrate the completion af a magnificent new facility
but also to reminisce a bit about the hist.ory of environmertal science and perhaps also to look into
the future. Although we zll know that it was the visior ) nersistence of Stan Auerbach that has
resulted in this new building, many of us who have been asscriated with the program over the years
like also to take some credit for the achievement. You hav. probably noticed how we all go around
patting each other on the back as if we really had something to do with ali of this.

Times for celebration are also times for good humor and perhaps a bit of good-natured kidding.
I know that Stan would not m...d; in fact, he probably enjoys some good-natured jokes at his expense.
Also, this is a time, perhaps, to play devil's advocate in order that we do not become too complacent
abaut our achievements, For one thing, this place looks so neat that one wonders if any real work is
ever done here. Books and papers are neatly stacved away and you can even see the tops of desks.
All the "gruy" literature that seems to multiply exponentiaily with increasing size of institution is all
neatly hidden in the baserrent. Laboratory benches are sparkling ciean and everybody runs around in
freshly iaundered lab coats. All of tnis neatness is certainly appropriate for a bacterjological
laboratory, but an enviranmental labaoratory should have some mud, soil, some dead leaves, and dirty
water around to make everybody feel really at home. -

Also, the building is so comfortable and so complete as 3 working place that one wonders if
anyone will ever go outdoors again., Working in a nice air-conditioned and temperature-con’rolled
building, it is minghty easy ta forget that the mission here s the environment, not the laboratory.

Since sp much of science is now concducted in laboratories, we must have, for balance, good science-

that deals with the out-of-doors. In our enthusiasm far technology and fancy facilities, we must not
forget that human-kind remai.s dependent on the natural environment for the basic goods and
services that we too often take far granted until there is a shortage nr a malfunction. | think we
should a1l monitor very carefully the nature of the papers which come out of a facility lie this, and
make certain that the directors and administritors understand that studies conducted in the
laboratory alone do not provide the kinds of answers we necd to deal with the much larger scale
problems that have to do with the linkage of man-made systems, parlicularly man-made energy
systams, and the mlar-powered systems of nature.

Even today, with very little direct use of solar enerqy in urban-industrial areas, about one-third
of the enerqy that civilization depends on comes from the natural or madified, semi-natural

e, i b,



~
1)

TR TSRS © | sty e e e e U

{1

ORNL-5666 54

solar-powered ecasystems. Food production, purification and recycling of aw and water, and other
life-support functions associated with primary praduction and material cycling are all processes
driven by sun energy. While we can certainly find substitutes for the fessil fuels as they dwindle,
there is-at the present time at least no technological substitute for life-support functions provided by
the natural environment. One need anly to recall Apollo 13, the anly ne of the moon shots that
failed to complete its mission because of a malfunction in the life-support .- 1dule of the space craft.
And when your hfe-support systern fails, there is only one mission, and that is survival. Fortunately,
Apollo i3 was able to return to the safe life-support system of earth withaut Joss of lii -. Should our
earth space craft life-support system fail, we have no refuge, no back-up system.

My point is, that if we really practice what we preaclt about ecology, that it is a 1 .ience which
deals with the interfacing of man and nature, then we must be sure that our research facilities are
also interfaced. We all know, of course, that assuciated with this building are a msmber of ex-ellent
field areas and field facilities. We just simply need to remind administrators and funding agencies not
to neglect the streams and rivers, the waste disposal areas, the watersheds, the forests, and the other
-outdoor laboratories where the real work of environmental science must take place.

When it comes to atomic energy itself, we are all very disappointed that o little prooress in the
peaceful uses of atomic energy has occurred in the thirty-five years or 30 since the estabushment of
Oakc Ridge and the other Department of Energy’s naticlsl research laboratories. Atomic energy
today is still largely military; unfortunately, it has proved to make much better weapons than plow
shares. One of the best assessments that | have seen on the subject of "What Went Wrong”™ is an
article in a recent issue (1979) of the Builetin of the Atomic Scientist, by Carroll L. Wilson, who was
the first general manager of the old Atomic Energy Commission. Wilson said, and [ quote, "No one
appeared to understand if the whole system did not all hang together coherently, none of it might be
ecceptable.” And, of course, it is the environmental aspects of the mxclear cycle which have not ung
together coherently, and are at present the big stumbling block to more widespread use of atomic
energy. In addition to pointing out the technological difficulties of controlling fission and cooling
reactors, Wilson also commented that in the early days chemists and chemical engineers were not
interested in dealing with waste, It was not glamorous, it was messy and nobody got “brownie points®
for caring about nucjear wastes. Consequently, Wilson charges that the AEC neglected the problem.
1 think we can say in all fairness that Oak Ridge was one place where the waste management problem
was not neglected, thanks to Dr. Alvin Weinberg, former director of the Oak Ridge National
Laboratory and Ed Struxress of Health Physics, both of whom are here today to pin in the dedication

.ceremonies, We also owe a great debt to Dr. K. Z. Morgan, who unfortunately is not here today.
Dr. Morgan was not anly the pioneer in establishing the new profession of Health Physics, but he was,
and contirues to be, a strong proponent of the idea that any radiation is undersirable and that levels
should be kept as low as possible, not only in man's working space but in the environment as well,

In the early days when the ecology program was operating ¢ a shoestring and struggling to
survive amidst the more glamorous programs of atomic physics, reactor technology, molecular
biology, genetics, and so on, Stan Averbach made a very smart move in requesting that outside
ecolngists be appointed to the advisory committees that annually review the work of ORNL.. As we
8l know, outside "experis” often have more clout with management than insiders, even when both
recommend the same thing. It was my privilege to serve on such an advisory committee for several
years. | recall some very interesting meetings in Dr. Weinberg's office where, after looking over the
details of the waste management and ecology programs, we would just sit around in a relaxed manner
and talkk. Dr, Weinberg would say, "Why are you ecologists so cautious about atomic energy? Can't
you see . . .” and he would sell us the line very beautifully. At that time all we could say is that w=
just had some kind of gut feeling that the "disorder potential” was such that prospects could not he as
rosy as pictured. Now, of courss, we all have a much better understanding of the whole energy
picture and realize that social, economic, and enwironmental constraints have to be considered, not
just technological feasibility. Or. Weinberg himself has written several articles in this vein recently
(see Weinberg 1972). The need is to take the holistic view, as already noted in the commentary on
Wlson's erticle. And this, sll things considered, is the great contrib*ion of the ecological paradigm.
At lesst, from the looks of this new facility, it is no longer necessary to "sell™ anyone at Osk Ridge,
or elsewhere, on the need for 8 comprehensive ecology prograin.

One of the more fortunate dividends accruing from the early emphasis on the military aspects
of atomic energy was the acquisition of 2 lot of buffer land tn provide security for the national
laboratories. It is this land that has provided unique environmenta; laboratories, and made possible-a
lot of experimentation and field instrumentation that would be more difficult to carry out in areas
more open to the public, Having all of this tand also required that the AEC develop not only
environmental study programs, but also land management programs, These were started very early at
the Savannsh River Plant 1.2 1952, where incidantly 8 new building is to be dedicated this spring. Al
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OakRi@e.ecologiealsMiawerzb-:qcnhdJmt 1954, and even earkier there was impcrtant work

going on 3t the Hanford Reservation in eastem Washington where the early discoveries of biological
magnification had much to do witk. alerting people to the dangers of envirormsmental contamination.
Although there we.e no ecologists in the Washington office of AEC during this early period, there
were physiologists, biochemists, and biophysicists who had the vision to realize that environmental
research was badly needed. They were able to get some very modest funding to start programs at the
mational laboratories and elsewhere. And, even more important, these early visionaries were able to
corwince the AEC tg establish an erwirorwnental dividion and to hire ecologists to help shape and
direct the program. This is when Or. Joha Wolfe came to AEC and, during his tenure, there was rapid
growth in erwironmental research programs at all of the [aboratorics and in the universities as well.
With strong colleagues in Washington we were later able to sell to AEC the idea of designating
the buffer iands as Natiomal Environemental Research Parks (NERPs) When security was relaxed,
there was pressure to retum buffer lands to private ownership an the basis that such property was no
longer needed. Fortunately, we could show that such lands were not "idle™ but were being used for
reseasch i the mational interest. We are proud of e fact that the Savannab Rives Project
reservation, where the University of Georgia operates an ecological facility for DOE, was the first to
be designated a National Eswironmental Research Park. | understand that the Oak Ridge reservation
will 300n receive such an official status. In my opinion, NERPSs have a special value as prototypes for
the industrial and power parics of the future (Odumn and Kroodsma 1975).  All high energy facilities,
such as power plants, chemical industries, and 30 on, that have 2 potential for dangerous pollution

_ and/or accidents, should be buffered by large areas of naturs] or semi-natural ecosystems. These not

only protect the pubBc in case of spills, but more impartant perhaps, the natural ecosystems can be
interfaced with man-made waste treatment facilities to provide the ultimate tertiary treatment for
the degradable components of waste<.

When Stan Auerbach was brought here in about 1954 Lo start an ecology progrum, it was
fortunate that the program was placed under the Health Physics Division rather than the Biology
Division. AL that time the biolagists were so preoccupied with the radiation effects at the organism
and cellular level that they had very filtle interest in eculogy. In contrast, Health Physics people
were interested in and concerned about the environsment. Stan would have been completely lost in
the Biology Building amony the huge colonies of mice and pure cuitures of microorganisms which
provided the main research tools in radiation biology in thase days. The philosophy then was that
since man and mammals were the most sansitive to radiation, it was only necessary to protect this
group; 3ll the rest of nature would presumably be taken care of. Like 3o many super reductionist
idgeas, this proved, as one could certainly predict, to be a gross oversimplification, and very soon the
need to consider populations, communities, and ecosystems began to be more widely understood.
Efforts to deal with atomic energy had much to do with the transformation of ecology from a minor
or secondary status in biology to 3 new integrative science which combines the physical, biological,
and sacial 3ciences. Thus, strange as it may seem, the problems and failures in trying to get into the
atomic age have proved to be a tremendous boost to the development of ecology as 3 new integrative
discipline {see Odum 1977).

But Stan did have his problems when he came "iere as 3 virtually unknown scientist working in &
subject which had very little scientific status at that time. As we mentioned, radiation effects was
the main emphasis and 30 everybody was rushing around radiating everything and anything that they
cauld find to see what would happen. [t just s happened that Stan’s doctoral thesis had involved the
study of mites and other small organisms which lived together in stump holes, that is, cavities in
trees which collect water during rain and support 3 small but very interesting microcosm, Thus, it
was only natural that he proposed when he got here to radiate stump holes. He became known
throughaut the Oak Ridge National Laboratory as “that stump hole ecologist.” Fortunately Stan
accepted the [abel in good humor and pushed the program rapidly along a hierarchy of eccsystem
levels from stump hole microcosms to White Oak Lake, 1o sink hole forests, to watersheds, and to
helping manage the U, S. Program of the Intemmational Biological Program, me of the largest and
most comprehensive ecological projects so far attempted.

Now let us look specifically at radiation ecology, a subject w.i~1 had its heyday here at Oek
Ridge and stiil is an important part of this laboratory's work., Durirg the 1960s and 1970s there were
three intern:tional congresses in radioecology and also many symposia and special programs at the
anmual meetings of the Ecological Society, the Health Physics Society, and rany other groups. Oak
Ridge people played major roles in all of these symposia, and subsequent publications revealed a very
large percentage of papers coming out of this laboratory. Radiation ecology, of co “se, if you want
to define it, is concerned with radioactive substances, radiation, and the environmen At least that
is the way | define it in my text hook. As you know, in 1959 | tried to write up this field in some kind
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of comprehensive manner as a chapter in the “nd edition of my Fundamentals of Eiclogy. In the
ensuing 20 years, there has been a lot of new work, but as far as ] can see the basic principles of
ecology, as applied to this special field, remain the same (see Odum 1959, 1971). As already
indicated, the impact of radiation ecology on ecology, in general, was extremely important. To work
in this field ecologists had to beef up their knowledge of the physical environment and to work clasely
with mathematicians, physicists, and chemists. In this way ecology was tremendously enriched; new
technolom- developed by physical scientists came into general use in ecology. This included such
things as tracer methodolcgy, mass chemistry, colorimetry, chromatagraphy, remote sensing,
automatic- monitoring, mathematical modeling, and computer technology. Thus, fancy instruments
with flashing lights and clicking sounds became just as much a part of the ecologist®s tools as that of
other scientists. As biologists and medical scientists pursued the general area of radiation effects,
the ecologists became interested in the other majr aspects, that is, the fate of radioactive
substances when released into the environment and the impact that they may have on the functioning
of complex and delicate systems. The results of radiation effects studies are, of course, essentially
negative becasse there very little good to be found in radiating biological systems - food
preservation being a possible exception. In contrast,:the "fate” aspects have a positive aspect in the

sense that radioactive tracers provide new tools for leaming more about the functioning of complex .

systems. Just as the microscope in all of its phases, incksding the electron microscopes, extends our
ability to study structure, so tracers in all their aspects extend greatly our ability to study “ o
Thus, with tracers one is able to follow the pathways of phosphorus, calcium, or other elel... 3 as

- they move through ecological systems or circulate within them. The very important field of srineral -

cycling, or biogeochemistry, which now {along with energetics) dominates present-day ecology, owes
much to the early development of radiation ecology. Because of the availability of secure outdoor
laborQlories, it was possible to experiment with tracers on 2 large scale, as in the case of the
so-called "cesium forest” here at Oak Ridge. Some 30 large tulip trees in an occluded sink hoie were
labeled with radicactive cesjum =nd the movement of this tag was followed over many years. From
this work our ideas about food chains, another important area of ecology, were greatly advanced.
Also this experiment focused attention on the tremendous importance of the microorganisms and
small animals that operate in the soil-plant-root interface.

Since the time of Darwin, biologists have extolled the value of earthwormns as soil conditioners,
but it was not until the age of tracers that we reslly found out what earthworms do. The studies in
the cesium forest have showed that within a square meter earthworms ingest 200 grams of organic
matter per year of which 20% is assimilated and the rest returned to enrich the s0il. Of the portion
that is assimilated, about 1% goes to earthworm biomass and the rest into the respiratory cost of
maintenance. In seven years earthworms will turn over about 20% of the soil, if | remember the
figures correctly (see Edwards et al. 1970). Thus, the truth about earthworms lies somewhere
between those who claim that they turn over the il every year and those who would say earthworms
have value only as fishing bait. This is just one example among dozens where tracers have made it
possible to ' measure quantitatively what had only been known qualitatively before. Microbial ecoluny,
another rapidly advancing subset of ecology, thus got a shot in the arm from work here.

Tracers have proved to be equally goxd tools for working with aquatic as with terrestrial
ec ystems. Just to pick out one example from the Oek Ridge experience, 1 wauld like to cite the
work of the late Dan Nelson, after whom this auditorium is named. After many years of using 2P
and other tracers, Dan and his colleagues developed the interesting theory of "material spiraling” in
streams - 3 ort of upstream nutrient conservation mechanism that allows scarce nutrients to remain
in the stream longer and to be recycled by the biomass more often (see Elwood and Nelson 1972).
Material spiraling s 8 gond example of 3 unique or "emergent property” that results from functional
integration of physical and biological components. It is another proof of the paradigm that the whole

is more than just s sum of parts.

This is not to say thet ecologists neglected the study of radistion effects. Comparative
radiosensitivity received a lot of atlention when it was discovered that organisms varied widely in
their vulnerability to ionizing radiation. Radiation botanists found a relationship with chromosomal
volume in plants to the extent that sensitivity of a given species could be predicted from
measurements of the volume of the cell nucleus. As would be expected, ecologists added the
dimensions of life history and vegetative structure that cen greatly alter effects in the intact
community. Thus, 8 sensitive plant with a large root system that is shielded from radiation survives
better than 8 more resistent plant that has most of its growing celis aboveground. Again, faboratory
or greenhouse experiments don't give the whole picture! The situation in animals is even more
complicated. Studies here at Oak Ridge have shown that very low levels of radiation in streams
flowing out of the waste disposal area cause chromosome aberrations in the midge larvae or "blood
worms” (Chironomids) that form the basis of the food chein for many game fishes (see Blaylock
1965). The wubtle and often unpredictable effects of ionizing radiation make it more difficult to deal
witl than if it acted like a poison such as cyanide that just kills quickly.

[
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In addition 0 mineral cycling, micrabial ecology, and fo ! chain energetics, a fourth arex,
systems ecology, now looms very important in ecology. To deai with complex systems -vith wezi
bonding, it is obviocusly necessary that one establish simplifies models to test theories and "o try .0
£ develop some kind of reasonable mimic to the real world. It 0 happens that so far as thr: United
+ . States is concerned, the first systems ecology began here at Oak Ridge. It was mainly based on the
: efforts of three people, Jerry Olson who is still here on the staff, George Van Dyne who is now at

Colorado State, and Bernard Patten who is with us at the University of Georgia. These three people
developed and taught the first course in systems ecolagy, dexeloped the first syllabus and other
teaching aids, and, of course, published and continue to publish very widely in this general and
important area. The history of this field is to be covered in a paper by OUr. Van Dyne later in this
dedication program. . ) ;

In sumsnary, radiation ecology "bloomed” as a sort of hybrid field for about twenty-five years
during which time it added "hybrid vigor” to the transforming field of ecology. Today, radiation
ecology has been absurbed back into the ™new™ ecology as an integrated part, so there is less ne2d for
special sympoasia or other special emphasis. As we have seen, the tools and concepts of radiation
ecology are now integral parts of four of the most important subdivisions of modermn environmentsl
science asa whole. -

The road from rev ~tionism and "one-problem-at-a-time™ solutions 1o holism and “multi-level,

S integrated” solutions is lon, 3nd hard. But it is 3 road that not only science must take, but one that

oo economics political and 1. ~ial science must take as well if man and his earth satellite are to
: avoid the fate of Apolio 13.

While fences at the national laboratories promote experimental work and hence should be
preserved, there must be no boundaries to the exchange of ideas. The rigid boundaries hetween
disciplines must be broken down. [ believe ecology is a good example of how this occurs when there is -
an oversil challenge such as atomic energy. Now that challenge is energy in general. The natjonal
laboratories can no longer be secure ivory towers of an atomic age yet to be bom; they must become
institutions of education that show a frightened and skeptical humankind how the pieces fit together.
For the rest of this century, at least, the real-world problems are not ta be solved by science and
techrology alone, because sacial, economic, and environmental components of the man-nature
interface now lgom as the main ingredients for survival.

LS BN K 2N

GUESTIONS AND ANSWERS

5. . AUERBACH: You would accept the Tennessee Valley as a logical qgoal for us to take
over, wouldn't you? Any comments or questions of Or. Odum. You have just had a rare
experience with pure Odumese.

It has been a long and very, very, pleasant day. Again, thank you for coming
and for a very enjoyable day.
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BRAV Plus L° Years

George (A Woodwe |
iMarine diclogical Laboratory
Woods Hale. Massachuysetts

A 1954 pomb test was 3 trigger i1n the development of the science of the envirorement.

On HMarch 1, 1953, almost 25 years ago to a day, the Atomic fnergy Commission exploded 3
thermonaciear bomb at Bikini Atoll. The test was BRAV(, the first of a series under the code woard
CASTLE. BRAVQO went awry, and, as accidents often do, taught ys mach.

The year 1954 was also the year in which the AEC started its program of pasic research at the
Oak Ridge Nationa! Laboratory. - The two events seem so remote as to be unrelated. [ intend to trace
some 0f the history that shows that they were in fact quite ciosely related.

Neal O. Hines in his 1972 book, Proving Ground, reconstructed the BRAVO detonalion as it

must have appeared from the Japanese fishing vessel essel “F ukuryu iaru,” The Lucky Oragon, which was
too close for safety:

". . . one member of the . . . crew, . . . standing alone on the deck in the early morming
light, saw the westermn horizon filled by a yellow glow and ran to the cabin to awaken his
shipmates, who emerged . . . to watch in amazement the changing hr;ht which resembled a
surwise. 'Seven minutes later,” s Captain Tsutsul recalled it, 'we heard a deafening
explosion and then saw in the next instant a tge mushroom form shooting up in the
distant sky. Abaut 90 minutes after the blast, show white ashes benan falling all around
the ship.™

The clouds roze to at [east 100,000 ft. Winds carnied the debris, not north as predicted, but
eastward toward Ajlinginae, Rongelap, and Rongerik Atolls, 75 to 150 miles away. Rongelap, |10
miles downwind, was the rpost seriously affected. Sixty-four inhabitants received about 179 R in
51 tr before they were remuved from the island. In addition the 35 members of the Lucky Dragon's
crew received an unmeasurcd but significant expaosure. One crewman died on September 23rd,
apparently of a liver problem complicated by pneunonia, but there ~3s no possibility of separating
his death from BRAV O in the eyes of the public.

The details of these events of the spring and summer of 1954 as recounted by Hines make:
fascinating reading. The events were frightening, rapidly noving, awesome in size, and the tim s
were revealing of both science and politics. The CASTLE series produced a fallout over 10,000
square mile: of the Pacific Ocean in which radiation expasures were rnany times the lethal exposur:
for man. Two Japanese oceanographic surveys and one American survey confirmed that the Pacific
Ocean had received extensive contamination with radioactive debris. Fisn in Japanese markets were
radioactive and were declared inedible. This mave in itself was disastrous for many Japanese
fishermen in the weeks that followed. Although the Japanese were quite understandably distressed,
there was little appreciation cf the mec:.inisms aof contamination of the fishery, of the power of
biotic mechanisms for conceMrating or discriminating against radioactive clements, or of the other
ways in which local concentrations of radioactivity might accur. Nor was there wide recognition of
the extent of wnridwide transport of faliout and the hazards associated with the re-entry of that
debris into the biosphere, The engineers were clearly in charge and milita; y considerations were
dominant. But the situation was ta change,

In 1954 the contamination of atmasphere and ncean was incidental ta impartant military
objectives. The widespread contamination of fisheries, however, and the ngtburst of abjections 1n
Japan were unexpected, unfortunate, and uncontrollable. The outburst did what biologists and even
some of the engineers had not heen able to do, The Atomic Enerqgy Commission w s forced,
willy-nilly, into a2 much mare comprehensive pursuit of the science of envronment, into expanded
studies of fallout distribution, metenraloqgy, and into exarmination of uch obv,ous problems elsewhere
as Vhite Qak lake at Nak Ridnge and the transport and accumulation of radionuciides by biotic
mechanisms,

[}
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“Tre CTASTLE series did not end the U.S. bomb test;, but it Jid mark the advent af a completely
~gw ievei of intensity of interest in environmental issues 1ssc_i1ated with muclear energy. By tne late
1353s when there was considerable interest in using nuclear explosives to excay ate harbors a2round the
«arid. interest focused on the Cape Thompson area of northwestern Alaska where tiwe proposal was o
carry out a demonstration project. At what ~as almost the final moment before the series of charges
was to be triggered. permission was gained by DUr. John N. Walfe of the AZZ to carry ‘out a series of
basic biological studies in the rea prior to the detanations. The studies extended ovos two years and
showed that the area was used by a small group of Eskimos who would certaimly be inconvenienced by
the blast and by the hole, and vrould in additian be exposed to unusual amounts of radioactivity. lhe
Atomic Energy Commussion propased, nonethzless, 10 praceed with the demonstratien, except that
two scientists on the project, Dr. Leslie Viereck and Dr. Mlliam Pruitt, objected, saying that the
hazards were too great. vhey pointed to their own data and to exgrrience with radicactivity
elsewhere ia the Arctic and emphasized the hazards to the local Eskimos. Although Viereck and
Pruitt incurred the wrath of AEC officials and others and lost their positionc at the University of
Alaska, the points they had made were telling. The biotic hazards were widely acCepted as too great
and the harbor was never made. The moment was an important one; for the first time biotic
considerations had deflected a major engineering enterprise.

The third event that marked a still greater degree of malturity in science was the groposal to
build 3 new sea-level canal across the Isthmus of Panama. Nuclear charges would be used and the
question. was safety. 1f the man in the stree’ had b.  asked, he might well have questioned the
project on the basis of his newspaper veneer of science. But it seemed wise to commissicon a series of
studies in the field. The answer, not surprisingly, was that while the technique was practical ang the
ditch could be made, the hazards of the ionizing radiation and certain other inconveniences involving
the displacement of people would be greater than anyone was willing to accept, and the project” was
dropped after the expesditure of relatively small sums for what was mainly an exammauon of biotic
haza-ds.

The progression of these three events toward dominance by biology was unavoidanle. The
transition was slowed somewhat by the Atamic Energy Commission’: early reluctance to enter
biology, at least environmental biology, in any significant way. But the transition was inexorable and
the dominance of biological aspects prediztable. So was the ultimate fate of the Commission.

The contributions of that period to knowledge were legion. We made spectacular advances in
our understanding of the transport ¢f particulate motter through the atmosphere from studies
assaciated with the bomb tests of the 1950s and the early 1960s. We learned that rates of transport
around *he world through tropospheric citculation were to be rweasured in days to weeks, but
exchanges between the northern and sauthern hemispheres were much less rapid. Ve learned much
about exchange rates between stratosphere and troposphere, that mixing occurs in the spring and in
middle to high .atitudes. We also started 2 grand series of tracer studies that have given us a basis
for measuring mixing rates of the oceans over decades, a topic obviously of vital importance if we
are to provide a credible basis for balancing the world carbon budget and budgets of other elements
as well.

The experience with the physical and chemical exchanges of the surface of the earth is
revolutionary, convincing evidence that man was now a worldwide force capable of significant
modifications of his habitat globally. It is hard to hide that sort of information. But the physical and
chemical aspects were only part of the drama that, as with almost all of science, grew in complexity
as experie” weumuiated. Suddenly, biotic mechanisms that had been obscure, the private preserve
of a few bi.  ,sts, became front page news. The absorption of radioactive elements by microbes ir
the sea might lead to high concentrations in fish, although the concentrations in the water were low.
The importance of the discriminatory functians of food webs became another frontier in science and
a8 major consideration in all analyses of toxic substances and their effects. Fhe realization that
human food webs could not be isolated from natural food webs came slowly, Similarly we gained the
basic understanding that it is possible Lo toxify the general environment, to change the biota, and in
50 doing to make many awkward, even intractable, problems for man. Although we may as scientists
deplore the time required for these advances, the progress was nonetheless rapid. The biotic studies
required precision in the range of nanograms and picograms, nanocuries and picocuries, and these
levels of precisior were and are routinely used. This in itself was a revolution: concern with one part
por billion in the c.wironment,

But most important of all was the remarkable advance in the understanding that the earth is a
biotic system and that the movement of toxins, once they enter the biosphere, is not to be described
on the basis of physical or chemical processes alone, averages or thresholds, but is subject to quite
surprising and often unpredictable patterns of concentration in transport by biotic mech.anisms.
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The same period wac marked of course bv what still stands as one af the great tricmpbs of
science and gpalitics: the 1962 treaty tanning atmo.pheris tests of muciear bombsl The treaty.is. |
hope, the protatvpe of a series of such treaties necessary to any effective apprenen e rnanagement
of the biasphere. The backgraumd of this treaty was 5 vears of hard-driving study, marked by all the
surprises, tragedies, and frustrations s JRAVO, the CASTLE series, the TROSIRUADS suiies before
#t, and otrers. phis extraordinary e'forts on the part of dipiomats ard "scientists tumed diplomats™
outside e AEC. It was a triv.oph and sands today, still unsigned by majer msctear nawers,China
and F rance, but i puweriol international d:terrent working t€eand respongiie bezaviar on the part of
all nations. Such ads ances require nurture and strengtherung. e nurture must come in part from
science, through push from within, act pull ‘from the top; throudh continual additions of knowledge
and undarstandiog, not sterife reiteratiun of fong-held positions, hawever valid *hey may see:

The prugress mau> in what I thiak of as ecalogy during that period was prenomenai, important
3s basic knowledge of the liospiwre and impartant in its use by government. The challenge of that
time seems simple now, 25 years after BRAVO, partly because the issces were clearer then and
partly because problems always seem simple in retrospect. i

The challengr now is in fact more diffuse, larger, more pervz sive, and developing more rapidly,
but | would suggest that it is not different in fundamental v ays. The problems of using and
contrating nuclear power temam; we havz in addition the piablems of power generation, the
recycliag of plutonium as a fuel, the challenges of coal gasification, and Synthetic fuels, an! the
apparntly inexorable process of hiotic impoverishment associated with the spread of human
activities. We have the CO; problem, the acidification of rain, the toxificztion of waters
worldwide. and the accelerating impoverishment of the lami We have a series of intericxing
economic prabiems 1ncluding persistent and apparently w.controllable inflation, certainly lirked
importantiy to the increasing demand for all resources and to th: cost of replacing r=scurces chat
have been diminished in value or lost. And we have the confusion gencratod nerpetuatly by arguments
for shori-term economic gains at tne cost of what is always presentad as 3 megligible incursion an
enviroamental quality. '

The problems seem d.verse ard diffuse, compliceted by the fay-Dy-day pressares and the
week-by-week shifts in empiasis brought by squalls in Washinqton ana elsewhere. What we lack now is
a set of 3bjectives to whirh we can -zmain steadfast, 3 set af objectives tha! can pe used along the
way to interpret and answer nd steady the corrse of science ind government. We need toe stz ngth
to say that we know a lof, that experience counts, that ad hoc data are not alway s fequired to address
e ch new envirJrmentai problem, that the prirciples of environment are Jdefinable and us sDie atd
sistaimahle in ciurt and efsewnere in government, that we need nol tie up our sTientitic
estabushrnent in L endless and nootless pussuit of detan! in defense of cach initiative 0! govermment
or industry but that answers on principle can suffice. \We need not learn again and again at Bikini and
Cape Thompson and tne [sthmus of Panama that the further distrioution of radioactivity into the
general envirornaent is unacceptadle.

Just as nuclear physics is sereamineg for its simplifyineg theary, sa the science of environinent is
cryinv} for relief from the burdens of detail. The icience s ooviously on a treadmiii; it cannot stop
with mere description of how the world works and definition of the principies of ecalogy. [t muyst
reacn h.:. 'nd and show the editorial writers of the Wall Street Journal that destruction of renewabie
resource. --auses inflation, tao. Ve are being asked to prov e unpopular answers, 19 measure and
define tr . limits of resources, ta tfraw the unhappy, decaning cufvee of human welfire verus
population, and to enter rore and mare often the uncamfortahle controversies that mark the
inteyface of science and governme.it. i

Experience is not encourairkg. £very generality can he chalienqged; special interests can always
raise questions, and scientists quite properly preter ta have their positions dorumented with ad hoc
detail. Nonetheless, most decisions in manaqgement of resources are miade an the pasis of experience,
nat an. the hasis of fresh data or even fresh aralyses. The qgreatest advance both in the devejopment
af tne hasic science anil in the applications of {nat scies. ¢ in public affairs would be thirough the
cevelopment of a stronger body of thenry, a body of rheary competert to comprete with the
simplifications of economic theasy that emerge daily n government and  appear  almost
imste -by -minute in the public press,

Ve are sull working with the wrore) cenerai.ciang (oe econmmst’s hypathesis that contimsed
twman welfare is based on oniversal anid sorvadoee groctn n @ aspeets of human aftaire, that
campramise along any gradiant is soprotsate, Aun the geadienc dtaelf may He wromj, e need a
clear alternative ta the grasthe medel (or caciety.” The z2ltaengtive & prabadiy nol 4 single nypothesis
bt an array of hypothrses gdentifiecdoaz the “reapant’s awsdel” of ervientment, S0 mportant
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WATER RESOURCES:  SIGNIFICANT ISSUES FOR 'ﬂ-E
' NATlUNAL LABORATORIESf-

- F rmk L. Parker
College of: Engmeen B
Vanderbnlt Lhuversirv -

: tu'energ'y;and he and}. ‘continue to mferact ina professmnal sense in" various uutsrde'
*". activities related to the mutual problems ‘of energy -and waste management. Frank
also is an environmentalist, which is again something that we have to recogn ze:is not

in-the. same context. Frank beheves that energy l.echnology must be compatible with
-~ the environment, but it must also be cost-effective. It is a' real pleasure for me to
-have him here to_ start off the morning. He is going to talk on water resources,

significant issues for the natmnal laboratory. Dr. Parker. ’

2EEX}
/’

Jtis a gneat prmlege and honor for me to be here at the dedication of this magnificent research,

* facility. It is particularly appropriate for me that this symposium is taking place in the

Daniel J. Nelson Auditorium because about 20 years ago Stan, Dan, and | were involved in what was
one of the first multi-disciplinary investigations of the fate of pollutants in-the environment. The
Clinch River Study broke scientific ground in many areas, but perhaps most importantly it showed
the” engmeers and ecologlsts could and must work together to help create the kind of environment we
want to lwe in,

This moring [ want to discuss the role of national laboratories in the solution of water
resources problems. By water. resources, | mean the whole suite of questions raised by the uneven
distribution in time and space of sufficient water of the proper quality to satisfy our demands, |
should note particularly that | said to satisfy our demands rather than our needs because our
physiological needs are only two liters per day.

ANALOGY TO ENERGY PROBLEMS 7

-

- As we start in the discussion, an analogy wiih the energy problems facing the country may be
appropriate. In fact, if you can think of all of the problems, technical, institutional, legal, and social,
facing us in energy and substitute the word water, you would hardly notice the difference, although
you could make a case that, emotionally, water is more devisive particularly in the west, An example
of the emotionalism is the recent Presidential so called it list.”

Note that we are dealing with both renewable and nonrenewablé resources. Ordinarily, we think
of water as a renewable resource, but some of our ground waters are similcr to our fossil fuels in that
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they are renewabse but only on a time scdle that is incommensurate vnth wr own needs. Therefore,
the "mining” of ground waters on the Texas High Plains must shortly come to an end uiless other
. wayt are found to augment the supplies or to change the life styles of those in that area and .of those
."of us who. depend upon the output of their irrigated acreage. The amount mined today is

amroxmately ZS% of our total ground-water w;thdrawals. LT .
i 3 gbneral, mlm there is a mapr chmatuc change, the average a\nual rainfall over the
contlglms United” States & 15 30 in. and:the average ru:nﬂ' is'8 in___but this is neither uniform over the
c:umtr .. OF uufurm over .. the seasons of the year, nor from year to year, which results in

‘tn‘be the moral equivalent of war, he did declare in 3 major -

S0 ym can see, as wnth energy, we have serlws water problems in the United States, with many
‘slutions similar stru:turally to those ‘for the energy crisis. Fortunately, the water problems do not
appear_ to be so severe, and the solutions basucally must rest with us, although our common water
resources with Canada and Mexico mll requnre intemational agreements and understanding (also, note
7tlere the analogy ml.h energy).

- : REVIEW OF WATER RESOURCES STUDIES

The natuonal mterest in wat.er probletm is not new. The firs’ funding by Congress was in
February 1809 for improvement and extension of the Corondelet Canal for enhancing the defense of
New Orleans. In 1824, Congress appmprlated funds for removal of sand bars and trees in the Ohio
. River. Since World War II, we have had a spate of reviews of our water resources needs, starting wi! »
.- the 1950 President’s Water Resources Policy Commission, "A Water Policy for the American People’

{GPO 1950); in 1955, President Eisenhower's Hoover Commission an Organization of the Executive

Branch of the Government, "Report on Water Resources and Power” (GPO 1955); in 1961,

Senator Kerr's "Report of the Select Committee on National Water Resources” (U.S. Congress 1960);

in 1973, The National Water Commission's "Water Policies for the Future™ (NWC 1973a); and finally

- the Section 80 study of the Water Resources Council "Planning and Cost Sharing Policy Options for

Water_and Related Land Programs” (WRC 1975) in 1975. A jeundiced view might be that they have

had decreasing impact, Although the National Water Commission's "Water Policies for the Future”

(NWC 1973a) met 8 quick death, @ number of its ideas have sime been revived Ly President Carter.

In the President’s May 1977 message, he directed the Office of Management and Budget, the
Council-on Environmental Quslity, and the Water Resources Council "to conduct a raview of the
present , . . Federal Water Policy” (CEQ 1977).

As an outcome of that study, the President, on June 6, 1978, presented a Water Policy Message
(President of the United Stetes 1978) which is designed to mest the foowing four objectives:
(1) improve.plaming and efficient management of Federal Water Resources programs to encourage
projects that ars economically and environmentally sound, (2) provide 2 national emphasis on watsr
conservation, (3) enhence federal-state cooperstion and improve state water resources planning, and
(4) increass attention to environmenta! quality.

‘_ Semlgflt-nr the ‘demand reduced. - %delhePreacbnthasmt ygt .

e that water conservat;m and efficnentuse of water are. '
mnrmenta!‘ message of May 1977 (CEG 1977) that:’;} '

ou 0% of the wate apor'passmg over the ed States falls’ TR
; l‘_gptwemm pmcessu)— by water rexse. b.-aste ‘heat -

O

-
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These objectives can be contrasied with the Report of the National Water Conwnission (NWC
1973b), "New Direction in U. S. Water Policy,” in 1973:

(1) The level o7 future demands for water is not inevitable but derives in large part from
policy decisions within the control of society.

(2) There is 3 shift in national priorities from (hvelcpménl of water resources to i 2storation
and enhancement of water quality.

(3} Water Resgurce Planning must be tied more closefy to land-use p(anning.

(8) Poficies should be recommended that will lead to the conservation of water, motivate
better use of wal'.er, and reduce water losses by improved efficiency.

{5} Sound economic principles shauld be applied to decisions on building water projects
‘ (consumers® willingnecs to pay full costs).

{6} Laws and legal institutions should be re-examined in the light of contemporary water
problems. The law prevents or discourages the transfer of water rights to more valuable
economical uses and provides insufficient protection ts in-stream values.  Ripatian law

modermzed.

o - -

‘ 'ﬁue development, management, and protection.of water resources should be controlled by
representing the vitai interests involved.

“The conclusions might also be compared with me co.x:lusmns of the pathfinding study, "The
" Outlook for Waler," by Wollman and Bonem {1971) which found that: e

1) it will be increasingly difficult to maintain a high-quality water environment over the
next half century unless the nation’s product mix or production processes are changed to
reduce the waste output per unit of GNP, or unless the needs for high-quality water =~
reduced (andfor the costs of desalination are dramatically reduced or other means of
augmenting our water resources are made available), or there is a large-scale shift of
waste-producing activity to coastal regions..

(2) Over the next half century the Soulhwesl will remain the nation's hard core area of
absolute water shortage.

{3) Problems of water quality wili be larger and morc difficult than those of quantity.

The report points out that unanimity on projections of water rescurces needs is difficult to
achieve because (1) most water prohlems are local or regional; {2) there is no true market for water;
(3) water from the same source is used for many different purposes and the various uses affect the
swply in many different ways; (4) water quantity is inextricably linked with quality, volumes alone
are not sufficiently descriptive; (5) there are few abmlute requirements for quality or quantilty; (6] if
one could reach concensus on quality and quantity and distribution of that quantity, there are an
infinite number of ways of achieving that goal; and (7) all of this is subject to a wide variety of
uncertainties such as rate of technological advance, development in national and world policies, and

redicability of human events,

The most recent look at the Nation's Water Resources i3, of course, the Second Nat. nal Water
Assessment (WRf_ 1978) by the U.S. Water Resources Council which was released last week.

In the finai draft, the following conclusions were reached:

(1) Water-quality management must be ;nt-qgrated with water quantily management,

(2) Ground-water management must be integrated with surface-water management,

(3) Water-management policies must be responsive_to changing national needs and priorities,

(4) Flood-water contro! throuqgh structural and nonstructural changes must be accelerated,

that level of government nearest the problem and most capable of effectively
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does not provide for resource planning and developr.. :, and qruund—water faw must be -




3) Quality of drinking water must be safequarded.
{6) Water-management decisions should be based more at the state and locat levels.

(7) There needs to be nationwide, coommated, managem=nt and plamming of water resources
development.

G The Council also noted that there had been insufficient attention to environmental quality in

thepastmdthapastwamrdevelq:mentadmma@matpmgnmhadcmmutedabsmwlly to .

] mhagl objectlm for economic tbvelopment.

projected that withdrawals in the year 2000 would be 303.9 8GD and consumptive withdrawal vmuld
be 133.6 BGD. The mean flowCin rivers in the contupms Lhuted States is 1240 330

, themlyofthemme.

(9) ctamage- and (10)' bay, estuary, and coastal waters degradation.

mtnents, bacterial pollution, high concentrations of suspended sediment, and heavy loadig of
oxygen- demanding material (EPA 1978). it should again be emphasized that federsl policies have a

i . _ profound effect on the s2v rity and even the existence of the problems, as was pointed aut in the
o C LA National Water Commission Report. ; -

. As in_all studies, alternative futures are not preduciuons of what will actually take place but
only m:mates of the ranges of needs. Consequently, delineations of the actions to shape the future
that we want are the purpose of these studies.

One of the highlights of this second national assessment is the -disaggregation of the United

i , States from 21 water resources regions into 106 subregions. However, even this smaller subdivision

still hides the fact that average conditions are usually not the difficuit conditions. This observation

was highlighted in the recent book, "The Uncertain Search for Erwironmental Quality,” where it was

pointed out that the worst conditions in the Delaware River occurred after rainstorms (when the

e combined s;wen overfiowed into the river) rather than during routine low-flow periods (Ackerman
- et al. 1974

CAVEATS

There has been some confusion in the government and in the national laboralories between what
is interesting scientifically and what is necessary to implement national policies. This was most
recently evident in the Office of Science and Technology Policy (OSTP) Document on Geological
Disposal of Radicactive Wastes (OSTP 1978). Note that we are not talking about basic scientific
research which must go forward but about mission-oriented programs and how best to fulfill that

- mission. For thet purpose, we caen turn back to the 14th century philosopher, William of Occam,
whose principie, "Occam's Razor,” stated that what can be done with fewer assumptions is done in
vain with more. The assessment, of course, did not follow this principle, but in a very complicated
fashion tried to include every detail. As a result, it had great difficulty in reconciling divergent state
and federal predictions of water needs. If they had adopted ¢he principle of alternative futures, then
both state and federal predictions could have been included within the range of alternative futures,

Before turning to specific water problems and how the special expertise of the laboratory can
be brought to bear upon them, we need to analyse how national labaratories operate and their relative
strong points and weak points.

Environmental research unlike most other kinds of ressarch cannot be conducted exclusively in
the labaratory or by papr studies. ~nere has to be field verification of the predicted resuits on the

: Stbstannvelylheﬁntll'sam lumduntmtalmmdrawalsml?” from the contiguous .
“United States was 335 billion gallons per day (BGD) and the consumptive use 105.5 BGD. The Council

X Therefore, - if lhe;-ater quaity were satisfactory and amnunts uuformly d'sl.ri:utzd, there
L wwldbem'wamrplwlem. The question then is how to achieve’ that qoac. 'l’o ::lve that, we need to'

- e pemewed“‘ itécal pmblems are. n!mf.lﬁed in. the report as= (1), mgg ,.“,g,'
-(2) 9'“"“""'""‘ depletion; (3) surface-water --ollution; (4) ground-water contamination; (5) domestic =~ -
~ water -supply. contamination; (6) flooding; (7) erosion -and sedmtentatmn; (8)y dredge and il

State ol‘ﬁclals pemelved water twahty problems ‘ somewhat dlfferently as:  high level of ~
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basis of paper and laboratory studies. The popular mode of Washington-directed research-is to
prepare a mathematical model and then to take action based upon the outcome aof the mathematical o
model. This, of course, is the wrong vay to preceed. Only a few model developers actually believe in = © T
the accuracy of the magnitude of the model results, with a slightly higher percentage believing that - Lo
tke model outputs -vill reflect the direction in which changes will actually ocecur as @ result of change :
in input. In the work of the national laboratories, Occam's principle needs to be firmly set to the =
foefront to avoid these erronecus and complicated mathematical models of how the environment
functions. In most of these models, the simulations are based upon first principle assumptions and
reguire enormous amounts of detailed data to generate transfer coefficients from one-compartment
of the ervironment to another. Rerely are these yseful in'the predictive mode, though multimillion
.and multibilion dollar programs, such as EPA’s 208 Area-Wide Planning, are frequently based uwpon. -
- their autpst. Rather, it is becoming evident that general overall comprehensive solutions are not
. working. Shey ignore the localized empirical evidence which would give some clues to the resolition
* of these problems, . Slrnpllf' ed models, using regiomalized regression analysis, mzqn be more useful e
for prediction and mplemuatum than the complic:ated first pnn:ple models. = .

v

AmmtaUm vnlh flexinlltybawd monjhe way the uutw bm maqlt be more uQul Bs mT o

‘preocoup: ' i
cnmputet progtamlng. Althouym such technmal modal pm »lems are. unportant and deserve cmtlmmg £y
1ttentlon, they..tend to divert attention from analysis. ar.d understanding of river. hy&olagy and the
- phenomena baing modeled.™ *. .. . and future efforts at applied madeling should ‘minimize extraneous
" mathematical mphsucauon and maximize the understanding of river phenomena (Hines et al 1975}

<

; More geuemllv, we can see the msdom of this approach #nd of : nlyznng all’.ematuve futures if
g i we look at the U.S. Water Resources Courncil's background information (WRC 1973) from it's
- ii T "Pnnclples, Standards, and Procedures for Water and Related Land Resources Plaming” which - .
9 %i - appeared in the Federal Register on September-10, 19.3, and upon which all projections of water -

g

i

I
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needs are to be based. These are shown in Yable 1. It can be seen that in a few short years the
projections would have been changed, and rather drastica,ly.

Table I, Water Resources Council prajected data {1973}

- v Rate of . .
Year ’ increasefyear i
1968 1980 2000 ( '
- ' ' Population { 106} W - 235 508 L3
' Unemployment rate 1) 2000 3.7 v 5.0 4 -
GNP {1958 $:0%; 708. 115 2506 . D

“In trying to predict water wqunrements, the first question that we need to look at is a
methodolanical one. As Neils Bohr is reputed to have said, "prediction is difficult, - esperially about
- the future,” but it isthe future that we are concerned about and what water problems, _are likely to be
10 to 20 or 30 yeurs from now. rrom trying to predict enervy requirements, you are all familiar with
the methodological problems. However, water has one addcd variable, the stochastic nature of the
supply. We can't predict whether it will be a dry year or a wet yeqr or whether it will-be an especially ~
hat or cold year. Consequently thaugh, | shall reply primarily on the just-issued Second Nationsl
Water Assessment by the Water Resources Council (1976) and the recently completed comprehensive
"Review of Federal Witer Policy,” { do have e profound disagreement with their methodology.
Because the future js so uncertain, to indicate ag the Water f.esoirces Courcil did that the expected
year-2000 runoff will be 1,539,083 MGD qives an erroneous sungse of accuracy to the figures. More |

e |
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importantly, it hides the fact thet this is only the most likely value for the conditions assumed. Even
futmwhmmxmdUmaaMnmumttewmeummm
{assumed) conditions can drasticelly alter the outcome (i.e., the water flows needed). Consequently, -
a sensitivity anclyses of the outcomes, with- credit & changes in inputs, would provide a far ‘nore '
useful set of numbers (i.e-, a reasonable range of sassible outcomes). This strategy has been tested
: mmam!yss(Jamesetd.lm)ﬂmmmmmt&mmmm“mmfw' :
ofulenmltthes-eremedstollws UL , ‘ : R

",-",Onu:emlysde: S T T ‘ R ~
yf(l) Suwn-ﬂw'mdichm mbasedmlﬂ-w Sﬂ-ywﬂwmfm

Waste luad and water demand

“projection 114,868 C 4829 : o
‘Water quality ob;ectuve 46,683 o 2,023 - :
- Vater quality model 8,193 - 200

Hydrology 205 166

Therefore, one would conchade that changes in demand dominate the outcome. Even thix is not -
necessarily true since the analysis was run on a restricted range of conditions. Because the outcomes
are not linesrly related to the inputs, if we had chosen other pomts o the spectrum of choices, we
might have had qute dlﬂerent outcomes.

WATER RESOURCES PROBLEMS

Now that we have outlined 8 framework of amly:ii, let us look at some of the ﬁb\ificm issues
ii» water resources and how the national laboratories can help resolve them, -

. The second assessment mmthatmeproblmatelmlabd, and solutions to one haw- an
T impact on the others. .

Ina te Water ) -~

lmdamau upply is the vxcess of desmand over available water. Therefore, the solution can be
spproached from both ends of the spectrum: provide more waler wnd reduce demend. In the <
assessment, it was noted that 70% of the 106 aggregated subregions of the contiguous Uniud States
have water supply shortages at present outputs and efficiencies.

Although it hes been previously mentioned that there is an average deily strsamflow of
1200 BGD, only 55% of the {low is available 95% of the yeer. But even that is not alweys aveilsble
becsuss thet would mean the capture and utilization of the totsl flow. Though there is a total
storage capacity in all reservoirs in the United States of 224,600 billion gallons which, if released in
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one year, would .equal 615 BGD; previous analysis by Pwve: indicated that only the median flow could
be utilized ar 2 little over 54% of the total flow (Piper 1965). It is recognized that as storage
increases so does evaparatich. ltualmobvmmiluummﬁmm.smm
supply that evaporation is the greatest. leuulutyoffu-mermmmdstmmstbecarefmw
evahmated.

More hikely, additions to the available supplies will be from more efficient use and reuse of
sﬂmnﬂz-ﬂmm.fmanimunwfmmnﬁhuum

Rsmsabsnnduﬂumhmmﬂemﬂmamlndshstofprdﬂem
areas. *ﬂﬂllmkaﬂuomwtuibaﬂmmfwrmse,m nr't letusloukatsnmenfthe
ﬁlﬁmlna in u:l.tunng such savings. - : )

Mmmmﬂnﬂmmmmwmmmtm mwmm

- Thfmmywofm-adwnfhstmstd,ml”Z,askedustocbssuveyof
Q nhu-:nng industries : in Nasiwille becouse The ‘j‘y”_ : -

mlumnm‘mvahmmil)mmmtmﬁtqmaymbemﬂ fmthat
-extram.(ﬂmtambemamdmmmofmmmmmmrts,(}, .
- existing comt may prevent raigng prices to reflect the cost of the sesvice and the value of tie

s

e A e
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- commedity, (&)mtedmtmmwlegalbanersmbemne The potential is great
;admmvatlmualmmmﬁzmhqnerpnm for wazerandmexmpacz of the
- Federal Water Pallution Tontrol Act {(FWPCA 1972) which, in somee instances, is making it easier and
chnperlormdntrytorecvctewatersratherﬂmdudlaqetm

In 1375, water mlh&awal and cms:mpum by industry in the United States was as shown in
Table 2(WPC 1978, p. 19}. Although not of particular concern to us in the East, irrigation [with &7%
of the withdrawals and.81% of consumplive use} is a prime candidate for cons~rvation. Potential
savings are 20 to 30% of the u<e of 30 to 45 BGD. Th.s could be accomplished by

(n lvmmwehmts to off-farm delivery system (such as lined and covered canals, computer -
manitoring and scheduling of releases, and automated weirs and gates), and

. {2} Improvements to on-farm water management nractices {such as irvigation, i.e., based upon
crop need, nighttime rather thon daytime irrigation, bocter Taad preparation, and more
efﬁclent irrigation systems (such as sprini»r or drip irrigatios.

~

Table 2, Water withdrawal and consumption in the United States by industry 1979

- Wthdrawal Consumption

e} - {8}
Irrigation 47 8l
Steam electric generation ) 26 1
Manufacturing 15 6
Domestic 7 6
Minerals i ’ 2 2 -
Cammercial - 2 1
Other i 3
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Electric steam generators (with 26% of withdrawals) are also a-fertile area for conservation of
-water as well as energy. lfﬂnwastehedemlldbeutuized.tlmlwcooﬁngvater would be
required. Cooling towers would decrease withdrawals but would increase consumptive use of water - . g

(unless dry towers were used). Tmmmemvzﬂmmﬂmﬂxmﬁm g

' Mmufu:tmu] {with 15% of- mthdrawals) is aln a- candidate for mvatwu. vnth in-plant
;trubnettalﬂraaebemg the most’ lice!ymte. However, aiterndtive manufacturing processes also

can play a role in. conservation. Topmmuﬁndedpmm-mmaemmththe
mlndmrrfwexunp!e,mmedlopro&nemtmofstaeivmafml9,ﬂlto65llllgl T
Mtlntusadtopmclnelmb.ofsngu-fmul;a'beetsvaﬁafmﬁto}zmm’*# : coL

- Duuauc mtmclpal, and eommerual seetm whldt use 7% of‘ wuth&awal and 6% ofﬁv BRI R
eons;mphve water offer oppurtmlua for- cnnservaum by mng mter-aavmg tbvum. eonectmg? ST e
'~leaks,aulwatennggremmuﬂy‘tomm appearalm ERR Fh T T

err stpplna cnuld be augmenl.ed by.

."”hlwly mllkely. L

»Decteaang qmtd—water tpleum gecdtmg fmm tryng o m:rease inadequat B
. The characteristics of .depletion’ are diminished water pressure, declining : spnng “and
- gtreamflow, fand nbsthnce, and salt-water :intrusion. Note that tbpletmg spnug and
streamﬂow makes the water sq:ply even more inadequate. :

) Decreasmg stﬂaceuvlater pollunon and grmnd-water cmtammauon, whnch have resuited ] e
. in mathquate supplies for pure water. ; . v o -

= The EPA has recently shown that about one-third of the oxygen-dunandmg matenals.
LTS two-thirds of the phosphorous, and three-fourths of the nitrogen discharged to streams comes from
S dispersed {nonpoint) agricultural sources.

. The tbgradatlm of our swfme water also affects our foreign policy. The Yuma plant of the

4,5, Bureau of Reclamation will desalt 106,000 acre-ft of Colorado River waler per year so that the
- salinity at the Morales Dam, Mexico, does not vary more than 125 * 30 ppm from that available at
" the Imperial Dam in the United States. Though the United States had kept ils guarantee to Mexico on
" the quantity of Colorado River water to be delivered the degradetion caused the water to be
unacceptable, and as a ‘resuit, was a source of friction between the two countries.

Ground-water contamination is more serious than swhce-water contamination because of long
trarmm times and lack of sunlight, the contamination tends to persist for long time periods.
Because 50% of the population derives its drinking water from ground water, the consequences can be
severe. » . .

Domestic water swply contamination is a result of the contamimation and poliution of the
sirface snd ground water. Meny water trestment systems do not” remove all the pollutants,
pwtiwl-'!y the viruses, toxics, and carcinogens. The costs of monitoring and troating these waters
~ are high. This has Jed to suggestions for dual waler systems, one of high purity for drinking water and
. @ second of lower purity for other uses. The increased concentrations of and concern sbout the toxics ;

. " and carcinogens are causing 8 revision in the view that upstream treatment onfy benefits in stresm ~

- . use, Dowrstresm users would slso significantly benefit by Upstrearmy removal since in-stream
- degradstion of Unu types of wastes is not important.

This discussion completes the water insufficiency problems udontmed in the Second National
Assessment. y

If we now discuss bay, estuery, and coastel water degradaticn, we wouid treat those problems

¢ that have chemiceal, biological, and physical componunts. These regiom are essential for maintensnce
of fisheries and wildlifs. Morecver, they are the source of major recreational opportunities for more

than 80% of the nation’s population.
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The remaining four pmhletm:ﬂaﬁlq, ergsion and sedimentation, dredge and fill, and drainage

\mmadypiyaca!pmbhns. Al!mpmdems.ofmse,havelegal,:mimumal,andwtmg .
- usedrﬂimlhs. -

lnmrmav.m-sueamm(bmhm.ﬁshng.mdmmu))pl :mpottantmm. The

:"mmmm:fwmpMmmmuszm-mumuﬁa .
‘lsmtmmpletelydesrtlntUunllbemmmenmofmmm';

thnu;\ mth&awals remsm aqnmuuahe!y enwtnnt.

controversy, unth nteramp!y ‘Fécreational, and farmiand problems, and vnth different beneficiaries

thanlmen. ete. In.the fmard‘mthevvnkmne, _aurence Tribemmtﬁntmbecma'ctamc",_

"Formofmtlmcanhemsatufactory wayof muargabm,mud\!&acUrqmm‘
dominated by value controversy without a commitment, recessarily subjective, tentative,-and -
self-correcting, to an evolving moral conception of man and his relationship to nature.. For o(.hers
among us, the very idea of any such commitment, however evolutionary, seems impractical and
abstract; they approach the jssues in very differemt terms. For them, the path of wisdom seems

- rather to be composed of the incremental analytic and decision-making techniques in a direction that,

amnng other things, gives greater recognition ta value conflicts and to the posable auemanvas that
migt help resolve them.

- ™, . we all rest most of our hopes for improvement in the short nm v, 3 mc:e crestive
deployment of existing scientific and analytic resources, resources that can often ircumvent value
conflict and value unceriainty by fashioning optwns. and perhaps even reshaping preferences, so as to
satisfy seemingly irreconcilable constraints” ( Tribe et al. 1976).

The fatler, short-run improvements appear to me to be th.2 vital role that the laboratory can
play in resolving the major water resources problems previously :numerated. The laboratories have
the staff and the technical expertise to indulge in meaningful-sized field verification, as well as the
intellectual muscle to do the theetical and jaboratory and pilot-pfant-scale research that is
required to salve these problems. Ir. additio., the laboratory has available the latest analytical tools
and a reasonable complement of sovial scientists to look at all facets of the problems. Equally
important, the faboratories have no built-in biases toward specific types of solutions and would look
at the total renges of choices for solution.

The first six problems may prove more suitable to the sc:em.mc complexes at the laboratories
in that they are multudwclplma'y. They require large-scale modeling and fiefd verification and can
use high technology in identifying and solving the problems. It also appears as though they are fikefy
to have some general solutions that are transferable to more than one region.

In the fong run, though, we retum to Tribe et al. (1976) and the unanswered questions that his
study raised; " . . . questions about 'nature,’ its cultural and historic meanings and man's relationship
to it; about the place of knowledge and analysis in situations of value conflict; about the actual
making of hard choices; and abaut the svolution of decision processes . . .,"

Here, the laboratory has no special competence. Bul answers to these basic mxeuibns need to
be souoht, and the Iaboratory must play its role along with phitosophers and social scientists.
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" QUESTIONS AND ANSKERS.

S. 1. AUERBACH: * Frank, yos have given us 3 comprehensive, almost mind-boggling,
overview of the problem and one in which in trying to think about it and how to approach it, yu .
are sort of left with the same feeling that we are left with in a lot of other problems; that is,
we as a saciety certainly in the western world are not yet under a sufficient kind of selective
pressure that we can avercome the institutional questions that you have described.

F. L. PARKER: | think that s trse, and [ think one of the things the President has
asked a number of the federal agencies to do in this reassessment is .o look st precisely that
problem. There apparentiy will be some message to Congress to set up a Department of
Natural Resources which would try to overcome one sof these institutional problems. It wiil
raise others as you are well aware.

S. I. ALERBACH: Any other questions?

J. S. OLSON: Your first caveat was an assumplion of no climatic change. Some of us are
confirming the likiihaod of some nontrivial change in climate; significant change seems more
ikely now than status quo. How sensitive are some of these issues to real possibilities of
climatic losses of avsilable water, at least in the [atitudes that cover mos: of our country.

- Increased water demands for technology and irrigation could leave us on the ragged edge of
drought in some of the very places where models suggest that available moisture {precipitation
minus loss) could be lower or less reliable,

F. L. PARKER: Jerry, what you have s3id is absolutely correct. [ think it brings up
more strongly the point | was trying to make that we should not pick a small number, as the
Water Rezou;ces Council did, and say that this is the number. This may be the number we
expect in the year 2000 but there is @ wide range of numbers that we may be faced wiln, We're
really talking, | think, about the only sensible planning regime that we have some controf over, -
the next 10, 20, to 30 years. [ don't think that we are going to see (you may have mare recent
evidence) any major climatic chanqges in that perind of time. We do know that in the long run
there will be very major climatic changes. Those of us who are involved in long-term problems
of radioactive waste disposal have to take that into consideration. Ve will be in a pluvial period
sometime in the next 10,000 years or that order of time, and there will be major ciimatic
changes, But we are talking about engineering structures and a time horizon of 13, 20, or
30 years, 1 don't think that climatic chanqge should be 3 major consideration during that period
of time. [ think man's aclivities and aur decisions wiil pe for more important than climatic
changes over that time period,
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J. S. OLSON: But, Frank, the continued rapid fossil enecgy expan ion within your 10- L

. 30-year time horizons starts buming the fuse, starting changes in carbon dixoide that might

affect the cimate. Commitments to start down the path of, let's say, dramatic western energy

" development would imply continuing escalating water demands that may lead to most need at

the very time when warming and evapotranspiration cut the expected supply or reli Dility well )

below present levels. Present policy thus leads to risk of collision, even though cur punishment -
occurs beyond your 30-year horizon. g

F. L. PARKER. I think, as you are well aware, we already have problems in the west of
: water for enerqgy supply. We must make some decisions whether we are ¢~ing to have irrigation
mfmlaﬂsmmueaegomgmlaveenergyebvelopmtmthmm

_F. E.. Nl‘n-t Vw made some: very - reasonable stalements mmt simplifying models lor
q:picamn, but when ymu v into a sensitivity analyas, are you 3 httle more concerned with Z
how much you are slmplifymg the model?
F. L. PARKER: | ooocx §oam: a blt. I think mat it would work in a aznslvmty analys;s
L i the mmbluamso.:ble approximation of what takces place in nature. ;“at is not always
sue,hutatleastthenwe would try tomlsteandubwfym:rputsmatarecrmmland
thd:mmtnmm ‘Now, Ifmemonhlnt.otaltym\g:tdnesﬂlebywabnt. S0 you: °
*i'have to_assume that it at Jeast conforms to what' you see”in nature. If we have the situation
. where the solution is canter—utuitﬂve, then | don't really | know what you are going to do under
s l.hnse clrcuustances. Yiu may have: sofme heb on this topic later in the program.
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A. M. WEINBERG: IhavelwopomtshnhrsllmtosaythatlI:hmkyouqav"a‘
beautiful talk on water. Pve been Estening to water talks for ma.ay years and this I think is one
of the best I've ever heard and | want to congratulate you, Frank.

) 'lfhe other question that I would like to put to you goes like this. As you
- B R pointed out so very well in your talk, -there is striking analogy between the considerations of
E Lo Tt water and considerations of energy. We used to say thut people might use as much as 180 quads
: SR " by 2000; in the last few years, sparked partly by the increase in the cost of energy but aiso by
o ;- reexamination of population, production, and possibility of conservation, it's now practically
- o ' conventional wisdom to lalkk about 100 to 110 quads by the year 2000 and there are some
radicals who talk about only 75 or even 65 quads. Now, do you think ‘many of those same
considerations that have forced this downward revision of estimated energy demand would apply =
to water also? I wonder whether the water futurologists have gotten to this point yet.

F. L. PARKER: The last part of the question, | think, is easy to answer; they bhaven't
yet, but the increasing pollution may make the situation somewhat different for water than it -
does for energy because we have not talked about the quality as well as the quantity. | think
. the quantity question is not the major consideration even today except in localized places. The
quality problem is the difficult question and how we deal with jt. 1 don't think people have
thought enough about the future to take into account the reduction in demand for the more
afficient uses of water.

A. M. WVENBERG: There is a further analogy between energy demand projections  and
projections of demand for minerals. Again, mineral resource futurologists have not gotten to
T the same degree of sophistication as the energy futurologists have. [ hope the water community
- will Jook carefully at what the energy community people have done in respect to reducing
) T demand as well as increasing swply. -

© F. L. PARKER: | think if you look at the second national assessment yous would be very
disappointed because they definitely “ave not done that in that casc.

AUDIENCE: Did they use, for exarnple, the most recent projections of utility rates?

F. L. PARKER: I'n embarrassed to say what they did use. I[n the draft version, which is
- the only one tha! | have seen (the published version only theoretically came out last week), they
are still talking about a thousand 1000-MW reactors in the year 2000!

k E. P. ODUM: Would it 2 possible to talk about a national policy of shifting irrigated
f - food making to-the well-watered sreas. In other words, this would require homesteading or
: some kind of help from the federal government to transfer large farming operations to
better-watered arsas. If you can get the people who grow irrigated crops which are grown in
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dry areas lize Ohanona < geourch. Da!las to mave to the Rhss:ssnppl Va-ley or m.‘ne other
well-watered areas, wimre there's: plenty of water, ven ya Al have the “water nece.‘san for
energy development i dri=! regions. 10 ather wards, 5it is possible to_lalk’ abosul~a natitnal
poficy fora sh.ft, on2 that would b2 mi more r'!du:al than the easlier mmratmn of tne Oklahoma
people ta C Cslifornia in the dust bowl days or lhe g-:at Esomesteadm aper:.uws of e early
~ . west. it woald have to w2 3 national movement that veixild take peoyis to wazer’ rather ‘than the
connmwsmcreaﬁng‘v expersuo operanon uf br-.n tirgg water tn peuple. _F s

Fo L. PAR."'P— l thm-( t?us deals r'anth a8 soc:ai questmn and. l d-:r‘t beheve 1 quahfy

S as an rzpert iri that area
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P A c - SYSTEMS ECOLOGY: THE STATE OF THE ART

George M. Van Dyne
Colorado State University
Fort Collins, Colorado

S l. AUERBACl-t Qur next speaker is- mees-ur George Van Dyne of Colorado State. _ : . e

. University. George is an internationally’ know:- leader in the application of systerns Lo m -

: lysis in various fields of ecology- . Hedid\'tstartwtthatwayw:. George IR A o
joined this’ laboratory. if 1964-  Hé had done Lis Ph.D. work in’the fields of Jrange - .

- manawment, working on the relatxomhlp betwan grazing ecosystems, kmds ofplants,‘ R
<7 and how they ‘affected ‘and were affected by cattle. | was introduced for t.he first time

S toﬁstu!asandstnmad: ana!ysaandall of the mngsthatecologustswt\'latdo« o

' toutm*ly. ‘Here in the East we sort of thought of it as somethmg out of this world.
_ Georg " is 'a -very dedicated, hard-woﬂnng lnd‘\ndual, ‘one’ of :the .meost . dedicated -
o kmdnn hals L -ever: met' l»wanLto gwerne htﬂe anecdote abmt George the context e

o constntutes above-average ‘performance ‘and 50 forth. § asked h;s opmmrrabwl: thwe -
thmgs. George is very posmve. ‘He felt. that 3 competent perfonnance was about one - S
" . papér.per_month, an” above-average perfermance was abaut - three papers every two oo
'mmths,andasupenorperfonrm-«asabwt twnpapersamonth. And,byGod,he PR T
“ came pretty close to that in the two years that he was here. It shook the rest of the ~ G
_staff completely. I'm nel sure that there wasn't.a_sigh'of re. ef when George went to .
Colorado State University in 1967. . Anyway, while he and Bernie ‘Patten and Jerry
T Olson were here, of cuurse, they were responsible for the big impetus to systems
. Sl ecology, At Coalorado Sta*e he then became the first leader of a bjome program. He
A e organized the grassland : - - ~e which served in many ways to get the rest of us moving
' on our biome organizat. - - He led that program and has since, as [ said, continued to
: develop his approach to systems ecology, particularly in the grezing iand area, both
e nationally and internstionally. Jt- a great pleasure to-have George back after all

i these years. I will now turn the pr . -am over to Georye Van Dyne. .
. . v c

L arewww

Mathematical madels have been used to analyze populations in ecology for about 150 years, but
the field of systems ecology is less than 20 years old. Shugart and O'Neill here at ORNL are the
compilers and »d:tors of 2 volume of 27 key references of "Benchmark Papers in Systems Ecology™;

< the -earliest of these papers was 1962, Work in systems ecolagy has followed an explosive growtn
pattern in the last 20 years. for several years now there has been published an international journal
called Ecological Modelling, which contains many environmental models and a few basically
ecological models. However, ONeill et al, (1977) here at ORMNL. published a "Bibliography of
Mathematical Medeling in Ecology” with more than 900 references. | have summarized in recent
N publications more than 120 grazmgland models alone published in less than 15 vyears
(Van Dyne et al. 1977)

As any new field develops, it is useful tn draw together the results and reflect on thess
developments, There ha.e been several recent at'c npts,

in 1976, the Enviranmental Protection Agency (EPA) held a conference on "Environu.~ntal
Modeling and Simulation.” This was the first time that an attempt was made to hring ltogeth.r -
models from qir pollutinn, water poilution, ecology, and other environmental areas in an attempt to
create one scientific field unto itself, More than 160 papers were presented at and published from
that conference (Ott 1976). o -

In August 1978, three workshops were held in different parts of the world as a prelude tc the
Second International Congress of Ecology, These workshops focused on modeling problems, with
emphasis on statistical ecology and simulation modeling. Separately, in August 1978, a symposium
was held on mndeling and simulation methodology in Rehovot, Israel. Again, separately, in August

N e na
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and September 1978, a conference was heid in Copenhagen, Denmark, on the state-of-the-art in
ecological modeling {Jorgensen 1979). Sti.l separate yet, in September 1978, a symposium was held -
at the Second Interi...ional Congress of Ecology on the state-of-the-art in ecological modeling in
Jerusalem. ;

These extensive and recent developments on an international scale emphasize the breadth of
the field which precludes me from attempting to cover the entire issue of "The State of the Art in -
Systems Ecology.” My objertives must be more modest.

A

‘OBXCTIVES | | E

The, mapr oblectwes of my tallc are (l) to dlscuss key chronological devéiopments in the field of i
vsysteus ecology, (2) to illustrate- rnajor Contributions of ORNL scientists, (3 to emphasize some

KO

since Lotka's bwk in; 1925 (Table D(Lntka 1925~ This view was stretqthened by the. outs

“work -of Lindeman in Minnesota in"1943 (Lindeman 1962). These systems ideas were fu

: stlmulated by work in the late 1950s and early 1960s in which radioisotopes were used as tracers for
. field ecologlcsl studies of nutrient cycling and food chains. Efforts here at ORNL under Auerbach

and at: the Savannzh River  Ecology Laboratory under E. P. (Gene) Odum were outstanding

contributions at this time.

m .

H. T. (Tom) Odum began formalizing his ecological system idea: in the late 1950s (Odum and
Pinkerton 1955), but really did not publish much specific analytical wor< until the middle 1960s. The
late H. L. "Curl;,” Lucas in Morth Carolina began his biomathematics training programs in the 1950s
~and was cotributing a great number of useful conceptual ideas beginning in the 1960s (Lucas
1960, 1964). 8. C. (Bernie) Patten’s 1959 paper on an "Introduction to the Cybernetics of
“ Ecosystems” further stimulated thought :and work on-trophic-dynamic aspects (Patten 1959). But the

real I rreakthrough was Jerry Olson's report in 196Z, co-authored with Neel, whnch I will refer to later
“o . (Nee! ‘and Olson 1962). .

Definitions of Systems Ecology

In 19656 Gene Odum really put the term "systems ecology” on the board (Odum 196%). Gene,
then president of the Ecological Society of America, used the term "systems ecology ' as follows:

. ; "...the new ecology is thus a systems ecology - or to put it in other words, the new
- ’ ecology deals with the structure and function of levels of organization beyond that of the
» individual and lpecle!.

Shugart and ONeill have characterized systems ecology studies and their difference from other
ecological studies as: -

(1) consideration of ecological phenomena at large, spatial, temporal, or organization scales,

(2) Introduction. of methodologies from other fields that are traditionally unallied with
ecology,

(3) an emyhasis on mathematical models,

. (4) an orientation to computers, both digital and analog devices, and

(5) a willingness to develop hypotheses about the nature of ecosystems, :
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Table 1. Some key people, dates, and events in systems ecology

132 . - RN -

Lotka 1925 General philosophical basis of ecological energetics

Lindeman 1942 ~ *irst thorough system-level field study

Odum (H.T.} & 1955 Concepts underiving energy-electrical circuit

Pinkerton ideas

Patten 1959 Cybermnetics concepts in ecology in reiatios to trophic
dynamics .

Lucas - 1960 Theory and mathematical concepts clarifie¢ for
applied biology

Neel & Olson 1962 Analog ¢ omputer models of linear ecological systems

Odum (EP.) 1963 Terminology of systems ecology
R Oison 1965 Digital compute; model >f interseasonal dynamics of
! field system B
e Kerlin and 9 1966 Freque..~y response and sensitivity analysis_
Lucius progInin ’
. Goodall 1967  Simulation w1\ spatial considerations
-
Patten & 1967 Mathematical madel of microcosms
N VAitkamp
Soith (F.E.) 1969 Interactive population analysis via differing f. d webs
Kelly et al. 1969 Models and field process and state variable
. ] measurements develaped cancurrently
? Bledsoe & 1962 Systems identification software and
3 Van Dyne application to ecologicai models
, ’ Patten 1969 Sensitivily analysis in an eccological systern maded
Bledsoe & {970 Generalized simulator designed for ecologists
Olson

ONeill 1971 Error anaiysis of ecaiogical modeis

Walters 1971 Clear discusstan of syste:ns ecolagy

Reichle et al. 1973 International comparison of forest Lsystems  wath

linear models

Cooper et al, 1974 Crass-biome madel experiments an qiven probrlem
Qak Ridge ) 1974 Team authorship in a systems ecolagy qrov,
Systems

Eenlogy Group
Shuqart et al. {976 Frequeiw. y respgonse analysis in an ecological study
Innis 1978 t.arqge-scale, multiple-flow, nonlinear  Jifference

equation  simulation  model; field  validared;
experimentally tested

L VRN
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Some workers consider the realm of systems ecology to be that of using mathematics to study
ecological systems. Although apclication of mathematical techniques to study ecosystems is an
important part of systems ecology, it is far from being 3ll of it. Systems ecology can be broadly
defined as the "study of the development, dymamics, and disructions. of ecosysterns”
{Van Dyne 1966}. | consider systems ecology to have two riain phases - a theoretical and analytical
phase as compared to an experimental phase. [ will talk only about the theogretical and analytical

" phase.

Maodels in Systei‘ns Ecology

In the early 1960s, Crawford and Linsley {1966} published several versions of a hydrological
model known as the Stanford Watershed Model. This model was concerned more with the groundwater
flow and channe! flow, however, than with infiltration and plant impacts on water dynamic i. These
models were mportant ntributions but not ecosystem models.

In the 1260s, sume models were being developed and published in the fore<try field. For
example, in the middle 1960s at the University of Georgia School of Forest Resources, these were
unpublished reports concerning 1 type of simulation of mdustnai forest enterprises. Again, these
were lmportanl. efforts but not ecisystems models.

In 1965, K.EF. (Ken) Watt urganized a symptslum on systems ecology at the AIBS meeting in
llGnois. Subsequently, Ken discussed the meanings of systems analysis for ecolog:sl.s and provided
some practical quidelines for persons intending to develop simulation models (Watt 1966).. Abcut this
time, C. S. {8ozz) Holling in Britishh Columbia published on his long-termm  experiments on
predator-prey relationships (Holling 1965). Neither of these individuals developed systems models
until much later.

The major thrust in systems ecology started in the middle 1960s. it has, as a foundation,
systems views in the publications of such individuals as Bernie Patten on the trophic dynamlc aspects
{Patten 1959), Olson on balance of producers and decomposers in ecological systems {Olson i963aj,
and Gene Odum on thi transfer of elements through parts of the system. Not many operational,
numerically implemented models had been developed prior to the middle 1960s.

This brings us back to the Neel and_Olson (1962) report of systems madels from ORNL. These
at'emnts at simulating ecological systems utilized Cifferential equations. -These equations were
usuiliy of first order and generally first degree and frequently were integrated on analog computers.
In 1963, Jerry Olsors published further on these analog computer models {Olson 1963b). By 1965,
how=aver, Jerry published on the use of a digital computer to olve system madels of interseasonal
dymmics of a field-system situation (Olson 1965). The emphasis stili'was on constant coefficients or
time-varying coefficients in the linear equation syslams. Because of the early modeling studies
which impacted many scientists, | nominate Jerry as the "father of systems ecolagy.”

At that time, Kerlin and Lucius (1966) at ORNL developed a computer code which readily
facilitated making frequency response and sensitivity analyses of systems madels. This tool and
technique subsequantly was utilized heavily by Patten and subsequently by his students, In 1967,
Patten and Witkamp published on 3 mathe natical model representing a microcosm study and used
amalog computers for the solution of the difirential equations (Patten and Whitkamp 1967). By 1969,
however, Bernie Patten had started using -‘he digital computer system to solve the differential
equations and provided, as far as | know, the first "quantitative” sensilivity anzlysis of an ecological
sy tem model (Patten 1969).

Spaialized Software Systems for Ecologists

f think L. J. (Sam) Bledsoe was the first individual with detailed formal mathematics traning to
enter “he systems ecology field, Sam was an undergraduate in mathematics at the Univesity of
Tennessee but worked in ecology with the late Royal Shanks. Subsequently, he worked at the
Oak Ridge National I_aboratory, first with Jerry Olson and then with me, and eventually went on to
Colorado with me in 1966 and now is at the University of Washington. But in the late 1960s, 5am, who
is @ wizard with ®ftware, developed two new tools for systems ecologists. The firast of these
published in 1969 was software for system jdentification developed for and applied to ecological
madels {Bledsoe and Van Dyne 1969). The second was a 1970 generalized simulalur designed for
solving differential equation sy items for and by ecologists (Bledaoe 1970, Bledsoe and Olson 1970),
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Systems Models and Field Experiments

: Otson's {1965} paper reported on early znalysis concerning the cesium-137 “sinchole® forest. In
) this inngvative experiment, tiees were injected with cesivm and subseguently various system parts
R were sampled over time to determine the cesium corcentration. Thus, the {ield experiment provided
‘ validation data for the model- The rcodel wis developed after the experiment had been going on for
some time. There were no early- experimenis for rate process information. The early models
developed here were with constant coefficients or time-varying coefficients in dnfferenuat equations
systems.

Another :first, at ORNL, was the report of Kelly et al. £1969) concerning simulation of two
grasslands dominated by singie species of either cool-season or warm-season growth habit. In this
study, the field investigations and the modeling investigations were plasned and carried out
concurrently. Not only -were driving variable and state variable data obtamed for vahdatmn, but also -
rate pmcesses ‘were measured in the field in 2 few instances.

"‘:SlstemEmfog!mTextbooks R T R R

Alt.houg" the above e:permmtwaspthhshedas 2 ORINL reportvmh hnnteddlstrﬂumnn. the |
result of this siudy found its way intc the two major ecology textbooks of the past two decades, as -
well as into readings, volumes, and other monographs. The baoks I refer to are, of course, = -
Gene Odum's Fundamencaleof Ecology {Odum 1971) and R. L. Smll.h's Ecology text (Smith 1973}

R In Gene Odurr's volu-'ne in 1971, the first textbook-tevel treatment of systems ecalogy designed e T ey
. for ecologists was written by Carl Walters, formerly 3 studer®k @&t Colorado and since a foculty ~= =
JC . T member at the University of British Columbia (Walters 1971). Carl and Buzz Hollimy and ithers
: teamed up in the 1970s to develop a uniqu2 "workshoy approach™ of developing, applying, and unbzmq 3 . -
systems models of ecological and resource systems. This will be referred to later. o v
No delailed textbook on syztemc ecology exists. {en Viatt's 1966 editec volume sWatt 1966) and )
Bervie Patten's (1971, 1972, 1979, and 1975} volumes conceming meodeling and analysis sive ) . -
important roles 4s references for training in systems ecology. Pielou’s books on matnematical ’
ecology really don't focus on system dynamics or system optimization models {i%izlos 1969). The
Europeans have actively been developing monographs_in this area which are extremely useful guides
in teaching, particularly at the undergraduate level[ e.y. see de VAt and Goudriaan {1974}, Jeifers
{(1978), and Brockmgton (19793 but these are not suitable for an in-depth graduzte course. Furtner -
aspects of books in this field are discussed elsewiiere (Van Oyne 19773, but at least two textbooks in
the field are now in preparation in this couh::y. - .

"Multiple-Currency”™ “odels

The early modeling emphazis was on first-order, constant-coeffizient, linear afferential
equation systems using compartmental models and focusing on {low of a single currency, usuaily
energy. This was a gross sirmplification «f biological reality to fit a mmdel structure thae covld be
handied easily by classical analyticai metiyods and techniques. This was a necessary learning step.

In the [ate 1960s, ecolagists began developing simulation mudels that accounted f.ar tne flow of - -
more than one currency i.e,, energy, nitrogen, jhasphorus, water, heat, animal numbers, carbon
biomass). These models generally were difference equation mndels, nonlinear rather than linear, and
often jncluded fag influences. Thus, it was passible to forecast with these rnodels but not (o .back2ast.

This raised a storm of argument among the "linearists” vs the "noniinearists,” with the twa
camps respectively championed by Patten and Bledsoe,

At this time, Bob ONeill wrote a very thoughtful paper discussing error analysis af ecological
models {O'Neill 1971). One of the consequences of qaing from a linear, simplified system to a
complex, nonlinear system relates tao the increase in numbers of parameters which must be estimated
and ta tne change ir structure of the model.

The Appearance and Rale of Optimization Models

[

Most of the discussion to this point has heen concerned with the development of simulation
models of ecological syatems. But now systems ecoingists frequently tilize oplimization models,
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particularly in applied ecology in the areas of renewable resource management. In the middle 1960s,
» when | was working at Oak Ridge, | began utilizing hinear and nonlinear programming techniques in
S ecological analysis. This work was first publisheo in 1966, applying and integrating multiple

regression and Bnear programming ~udels in renewable resource amalysis (Van Dyne 1966).
Subsequently, with Bernie Patten and Kevern and Withm, we used nonlinear programming, studying
enerngs of phytoplankton or of productivity of périphyton (Patten a’d Van Dyne 1968. vaern et
al. 1

- Entry of Engineers into System Ecology

‘ Some mdivuizals vnlh formal advanced Lra-mng in electrical, IMNGI, or aemspace
'!mmentngel\teredm:ysnem ecology field mthelate 1960s. .

Gt L. (Gordie) Swartzman started working on terrstnal ecolagical problems’in 1969 after
receiving his Ph.D. in engmeenng at the University of Michigan. - -Gordie first worked on grassland
<madeling but then forests and now aquatic systems. Mitch Timin, with his background in aeronautical
and azrospace ctqnwnng. pmed the systzms euot.sgy group at San Diego Stal,e. He m‘xklled tundra

Smulatlm Opnmnzamn

oo C
Must syuems ecology slmulauon models cannot be an;ected readsly to senmtmty analyses for
: ;vanms reasons, (mne ends up playing a limited number of "what if™ games with the simulation medel.
'] parllmlar. in renewable natural resource management (a set of fieids that increasingly are
.utilizing systems ecological tectmiques), the n.anager must be concerned simultanecusly with many
variables. Thus, in the fields of forestry, of range and watershed management, and of fishery,
- wildlife, and marine biology, common ecological principles are applied and the basic unit of -
management in each s the ecosystem. The first paper I am aware of that Lombines simulation and
optimization models on-fine in an ecological analysis was published in 1972. Gostlie Swartzman and | _
combined simulation and optimization models on-line (Swartzman and Van Oyne 1972). This is of
‘ _ .. - considerable value in bridging the gap between utilizing the informaticy from basic ecological
[ - research {from which many of the flow functions most be built for the simulation model segment} and
c S the pragmatic problems of the field resource planner (as in the optimization segment).

Simuiation and optimization combined in this manner do not guarantee a global optimum, but
the approach does allow complex simulation and complex optimization models to be run on-line
concurrently to provide good estimates of management strategics under a variety of simulation
conditions. -

Systems Models for Synthesis and Comparison

Another first is the publication of Reichle et al. (1973) which made an international comparison
of a large number of data sets from different forest systems, using linear madels. The international
Biological Program (IBP) workshop in 1972 which contributed to this publication had considerable
impact among forest ecologists. For peoplc of many countries, particularly in Westem Europe, it was
8 mind-expanding activity that they still talk about. Several of the synthesis volumes from the IBP
Emlude simulation models of ecolugical processes or of entire man-manipulated or natural systems
(e.9., see Grasslands, Systems Analysis and Man, Breymeyer and Van Dyne 1980)]. These illustrate
the usefulness of models as syntheses.- i} ]

Groups as Authors in Systems Ecology

Relatively early in the IBP program, the desert biome modeling group attempted to author sotne
internal reports as a group. But they only used this approach for a year or so.

in 1974, I first saw a publication authored by a group, the Oak Ridge Systems Ecology Group
(1974), which emphasizes the team authorship opporiunity and problem in systems ecology studies.
This problem has arisen in other situetions, but few individuals, particularly group leaders, have had
the fortitude to carry through publication by such a method!
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Cross-Siome Comparsons with Models

Also, 19758 marked the ptblicatmn by Cooper et al {1974} o1 cross-Diorne model

experimest
resuits on a given problem, iw- this case, weather modification impacts of a hypathetical fleet of

N sn.persmu: lramports uperatm; over the United States.

o F requency Analysis of Ecoicgical Models

= - Though Kerlin and Lucius {1966) introduced at ORNL a softwure pacicage which would pesform
frequency and sensitivity analysis, it was not until ten years later that Shagact. and others applied this
approach to an ecological system. [t is difficult for most of us to think in the frequency doman and
it will be interesting to see-if this technigue “catches o™ in ecology.

Large, Complicated, Votal-System Model Publication

, O\eof!iepmblemsmsystememhgyhabwimﬂmmhge—mm Naow, boolks are
produced on such efforts. mmsclwaimwemwmaw
multiple-flow, nonlincar difference equation simufation - modet  which - was ﬁeld validated zvd
‘emernmema!!yteswd. !wxllretm:omep:bhmtmpmblanabnlacr« :

L;

0RNL SYSTEMS ECOLOGIST AND PUBEICATIONS

} have made a\mlyssoflhe ptnﬁ«aummsystmeco&nqy by present mdpastmn_ suff.
1 drew my information largely from the "Bibliography of Mathematical Models in Ecalegy™ ' Kadlec
cet al. {1971) and the bibliograpby of ONeill et al. {1977}, as well as from a large nur ber of 1eprirds
and maruscripts submitted from GRNL. The purpase of doirs) this was 1o try lc quantitatively trace
the rate of development of pat” .,,: o2 atpul . systems ecolagy from the ORNL peayfe and the
nature of those outputs. .

-

The ORNL Systems Ecologists

Here is 3 summary of some of e personuel who published in systems ecology at ORNL
{Fig. 1. Their names appear at the vear of their first publication in this field. | apologize here for
thoce names | have omitted, st, in My quick reviewing of publications, 1 derived a time chart of this
natgre. Of course, not each inividual still is av ORI, altnaugn ™ ather™ Dison 18! More than 30
individuals are involved, The big influx of people was in [969 ot 1770 anxt related to the Castemn
Deciduaus Forest Siome stuydy as part of the P,

ORMNL Systems cology Pubcations

VAth respect to «ind. af outputs, | summacize separately thase in GEGNL puphications, sc.wentific
usnals, and book chapte s ankd proceedings voluines F1g. 2. | nave identsficd about ! 30 puohications
from the interval !962 trough 1978 cantawnicry moadels or model roncepts oy the ORI group. Tras
rumber, for exampie, conmares to 621 papers sbstracted py Kadlec (1971 and 936 oy U'Neill et al.
71977, QF course, t=» Uneill report included many papers included by adlec. [ nave not included
here many Eastern Vaciduaus Farest 3iome reports from nan-OURNL workers (such as the madeling

groups in Madison, Vésconsin; Troy, New Y ri; ar Durham, North Carolina, wno participated in the

proqram,

Raughly an e :"! maer were published wn ORNL publicatior -, and in scientific journal articles
{Table 2). The (N pushications ncluded tectnical memararkia, general (dINL  reporls,
I8P reports, and £0F 83 mema ~~orts, About 75% of the ORNL. publications on systems ecolagy came
from the 18P stady.

) Of the scientific oumals containgxy modelng articles from systern scologists at ORNL,
nenzratly there were only one or two per journal aver thus (7-year interval, However, some 3 such
articles have been encountenal in Ecology, the man publication outlet of the Ecological Society of
Amenina, Some 25 separale scientitic journals were identified contiumng modeling articies from
()AL, systems enolr.ists; 1 nf these were foraun or international journals,

.
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Figure 1. Some approxime : dates of first modeling publications by ORNL systems ecologists for S
the 1962-1977 pc riod.

IR P

_Table 2. Modeling publications from ORNL
systems ecologists, 1962 to 1978

Catego:y Percentage
ORNL poblications 36
Journal publications : 7 35
Book chapters and proceedings

papers _ 29

About 25 books and proceedings volumes contain papers from ORNL systems ecologists, i
Generally, there was only one paper ser volume with two exceptions., Bernie Patten’s edited series on -
"Systems Analysis Sim.lation and Ectlogy," first published by Academic Press in 1971, has contained
ot least sight articies from ORML systems ecologists. The "Summer Computer Simulation
Conference Proceedings” has conmmd at least five such articles.

The first ORNL publi sation o systems ecology was by Neel and Olson (1962XFi9. 2). This was

8 thorough presentation of iactruques for implementing linear ecosysiern models on an analog

computer. (I might note that it was some of the intriguing discussions with Jerry Olson early in 1963

at the Unjversity of (California that prompted me to come to ORNL to work.) Gcrfinka' had published

on digital computer simulations of ecologicel systemw in a nate in Nature in 1962 (Garfinkle 1962) and

Tom Odum with Pinkerton first advanced his concepcs for an elecirical analog circuit in 1955 (Odum

and Pinkerton 1955). But it was not until 1966 and 1967 that Tom had published papers showing

‘ olutions to probleme he had conceptuslized and forimlated, By this time Jerry had five or 8ix
| erticles published in ORNL reports, scientific journsls, end elsewhere. This, in addition to the
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Figure 2. Anproxlmal.e ‘number- of models -xbllshed per year by ORM_ systems ecologlsts from e
1962 o 1978.

smkinle field experiments, is why we can readily call Jerry the "father of systems ecology” in the
general sense that we now understand systems ecology.

: With the exception of the 1971 situation (to be discussed [ater), publication cutput from ORNL
o systems ecologists had a linear increase through 1973 (Fig. 3). The year 197] reflected a very large

’ number of Eastern Deciduous Forest Biome ISP pt.bhunms, of which about two-thirds were memo
: reports.

“ S Does the situation since 1973 indicate a decrease in ORMNL systems ecology efforts and
: publications? Perhaps, but it may reflect a transfer of effort to some books and synthesis volumes
which have not yet appeared in print. And it may reflect numerous papers | did not detect in my

search.

A GEOGRAPHY OF SYSTEMS ECOLOGY

If one looks at the distribution of systems ecology centers around Nortir America ar the world,
you recognize several influences: (i} the impact of ORNL as an institution, {ii) the International
Biological Programs as 2 massive scientific effort, (iii) the concern with movement of radiojsolopes
through ecological systems as a problem area, (iv) a few outstanding individua's, suct: as Ken Watt
and Tom Odum, to 1ame only two, and (v) renewable resource management as driving furces.

Viewed in another manner, the driving forces for the development of systems cology centess
have been large contracts originally from the AEC and subsequently from CRDA axd DOE, large
grants from NSF during the I8P and subsequent programs, and a few long-term governme, tal inputs in
resource management along with a sprinkling of efforts funded through NSF-RANN programy

North Amsrica

With respect to development of ecoingical system madels, the large irnpact of ALC, ERDA, and
NOE has heen on the naticnal laborataries (Fiq. 3). These funding arqanizations have not had much



O

A ';Geog'aphle distnbutlm ofsystemsecology centers “in the conteumnws UrutedStates,
mthmprfm:ingmcunoted.

: mfluence on university systems ecology. The efforts produced at Oak Fld;e in this area are greater
_ than the sum of thé efforts ot Los Alamos, Richland, Argonne, Lwermore, ~ewi Upton.

The National:Science F oundatmn, thrnugr its Ecosystem Analysis Office, but also through t'.2

T RANN program of past ‘years, has had more disperse inputs into the outputs of systems eco'pgy as -
noted on this  map. But major concentration of NSF-funded systems ecology efforts has been »: '

. Qak Rn@, Fort Collins, Logan, and Seattle, roughly in that order.

~ -7 Inputs into system ecology outputs from the state and federal - enewable resource management

agencies have been particularly strong in Vancouver and Seattle.

" . Other Continents

"On a global basis, there are not many examples of systems ecology centers outside of
North America and Western Europe. In South America | know of only two places where systems -
ecology work has arisen -- Caracas, Venezuela, and Barilochi, Argentina, There are no centers of
this type of work to my knowledge in Africa except for recent efforts in South Africa. There has
been some scattered work in the Indian subcontinent in systems ecological modeling, primarily arising
originally st Varanasi and subsequently at Nianital.. There has been a strong effort over the past
sight years in lsrael, largely centered in Jerusalem.

The Acustrelians have been particularly strong in the applied resourme management and
agricultursl areas, with groups starting in Canberra and spreading eventually to Armidale and Perth,
[ must mention D, W, ? David) Goodall who is -perhaps the "worid globetrotter” of the systems
ecologists. David started his work in £ngland then went to Australia, then to the United States, then
back to Australia, and now | believe is in Sweden. He has left a trail of models behind him and, in the
grezingiend scene, has published on more versions of a spatial model than any other individual [e.g.
see Goodall(l967) as the initial version, and Goodall (1972) for a more recent version),

In the Soviet Union there are efforts primarily in Novosibirsic and probably in many other areas
of which | am not aware, Western Europe has @ concentration of efforts in Great Britain., In the
Netherlands, at Wageningen, Case De Wit has been an outstanding ieader, There are also important
systems ecology efforts et several other locations in Europe and Scandinevia, as noted,
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PROBLEMS AND POSSIBILITIES

Systems ecologists today deal with total systems. This, however, was not always the case.
Richard Levins in 1966 was discussing the models of single populations or species, and reflected on

. the difficulties that would be encountered if muitiple-species systems were to be modeled
. {Levins 1975} He indicated that it would require setting up a mathematical model which is a faithful

one-to-ane reflection of this complexity. He indicated” this. would require wusing "perhaps 100
simultaneous partial differential equations with time lags,” measuring hundred of paramaters, solving

e equations to get numerical predictions, and then measuring these predictions against nature. He
- further went on to distuss that there were tos many parameters to measure, "the equations aie
¢ insolvable analyhully and exceed the cq)aclty of even good computers.' . :

Fortunately, there were maty in the 1960s who were not dlsnayed at anaiyzing whole systems.

--For example, Spedding {1977) in England indicated we should not be dismayed by attempted work on

total systems. He stated "the apparent arrogance of dealing with whole grassland _systems- largely

.. disappears if it is realized that a cell, a cow, a grassland system, or a national ‘industry cre all
o systems with as maly cowponents and as much’ complexu:y as the mvestlgator cares to recognize.”

\l\ithm ten mrs of l:he tIme of Levins pnbllmtmn in 1966 questlmmg whether systems models
would ever be built, models -‘were bunlt ‘of and ron for ecolagical, ‘agricultucal, and natural resource
sysiems having 100 simultaneous equations {albeit not partial differential equations); madels. havmg ’
tn'ne !a_;s, nonlinear:t-es, and thresholds; and models having l'undreds of parameters. -

- This has, however, rased problems .on how to evolve cffnclently and rapldiy a Iarge-scale,

g mlt:faceted maodel, particularly in an interdisciplinary environment.

Evolution of Models

A good example of evolving 3 model was dore by David Goodall. This model concerned grazing
management in semi-arid rangeland (Goodall 1967). Originally the model was structured with a single
herbivore, but subsequently with populations of different species of herbivores. The model
incorporated spatial aspects by a structure which enables simulating a paddack with water supplies
placed at different points and -with different topographic features, such as slopes and flats. By
varying the rnumbers and kinds of animal species, by varying the numbers ard placement of -water
points, and by controlling competing undesirable herbivores, information can be gained from the
model which wauld be a valuable aid in makmg a cost-benefit judgment on the potential value of the
manipylation practice.

This model was first published in 1967 in India and subsequent versions of it were published in
1969, twice in 1970, and in 1971. There may be even more recent versions oublished that I have not
encountered. It is of special interest here, however, because it is spatial and because of its
evolutionary nature.

Anather example of evolution of a model is the case of an ecosystr.m-level model of grasslands
called .ELM, which has gone through several versions. ELM was first documented jor a 1973 version
(Innis 1978). A 1974 version was developed but only partially documented. A 1977 version was fully
documented and thoroughly experimented with (Van Dyne et al. 1977). A 1978 version now is
operable and being tested. [ am not proposing that the ELM structure or approach is necessarily a
good one, but simply what was considciwd an impossibility in the middle 1960s was a demonstrated
reality within a dozen years.

The high costs of models are becoming increasirqgly well known. This has lead to new modeling
efforts in attempting to develop generalized models which can be adapted by parameter changes to a
variety of situations. This has introduced the concept of development of "canonical” submodels for
plants, consumers, and 3o forth, The approach has yet to be fully tested.

This approach was the basis of a research study by G. S, (George) Innis, formerly at Colorado
State University, at the Utah State University, beginning in about 1974 and continuing untii the last
year or so, George was attempting to develop a self-organizing software system which would take
theory, objectives, and a library of submadels and help organize an initial rnodel from these. As far
as [ know, he has not succeeded in developing this systemn to a publication stage. Such an output is,
however, greatly needed.




Chents for Systems Ecology Models

Many ecological systems models designed W answer questions concerning real-world problems
now require several professional person-years of input. Clients must be found to support these
efforts. A problem arises here. -

Let me attempt an analogy now between systems ecology modeling and global modeling as
derived - from an IIASA newsletter. Global modeling started out as client-directed {under a strong
client) and shifted to become academic and client-independent. The Club of Rome started by funding
' World 1, World 2, and World 3. The last version was eventually published as a popular volume "The

" Limits to Growth” before the technical documentation was completed. This helped it lose favor in
- the scientific community. Subsequently, the World Integrated l4odel of Mesarovic and Pestel was
déveloped as were several other world models including the UN World Model, Fuji, Sarum, and the
Latin American World Model. The principle which developed in these efforts was:

"Models have to be almost mstom-destgned to atabhsh client rapport- modeler-ccn:elved
multi-chent mdels are prone to failure.” .

f-mdmg. Also, some of the scnent;fnc std)hshment . appears to quutwn whether modeling is a science.

~the experience ‘that model documentation is difficult and =xpensive to prepare, voluminous, and
boring. Publishers are hard to fmd- audiences are sparse.

: e In the academic atmoasphere with its selection pressures favoring the esoteric, the refined, the
< w2 theoretically pure, and the  specialized, there is mot a particularly healthy environment for
: .. on - multidisciplinary -modeling.

Now, with funding scarce and audiences growing deaf, systems modelers are 2pt to make a case
for their own work by overselling it and depreciating the work of others, only to be followed by others
who denounce their work in tum. The logical cunsequence is that enthusiasm for large-scale,
total-system, academically oriented ecological modeling efforts srems to have dried up.

. The early years of systems ecology modeling were characteirized by exuberance, unrealistic
expectations, and inexperienced management. Cost and time requirements were grossly
underestimated with the consequence that model construction greatly overshadowed model testing,
dooumentatmn, and refinement.

Wnen modeling efforts start, limited ecosystems models tend to expand to account for more and
more variables, currencies, and detail and processes. But it takes money *o hold together modeling
teams made up of different disciplinary backgrounds, Or it takes long-term funding for an individual
or small group and dedication on their part to "stick with it.” The source of funds for large-scale,
basic ecosystem modeling has, to a large degree, dried up.

On the other hand, sources of funds for modeling applied problems have not yet been
forthcoming in the magnitude and for the duration to get the job done. But the clients are getting
more gophisticated, and more and morc people with training and understanding of the advantages and
limitations of these approaches are moving up through the ranks in the funding agencies. Each year,
however, more and more scientists trained in systems ecology gain senority. Each year more people
enter this field from related disciplines of engineering, mathematics, computer science, and
economics. -

So, aft_~ an intensive period of activity in systems ecological modeling, beginning in the middle
1960s and running through the m{jdle 1970s, I think we are now in a "lull of synthesis, contemplation,
and evaluation” of the decade's work. [ believe within a few years therz will be greatly increased
efforts in this area. | hope they will be more efficient perhaps in the decade of the 1980s than they
were in the initial decade of systems ecology. With greater efficiency, the clients should be happier.

| have detected in the writings of sone individuals from the ORNL Environmental Sciences
Division, particularly from the management level, a "defensiveness” regarding working in an applied
science laboratory, There seems to be a strong concorn as to how "academics” might view thase
individuals. Yet perhaps more progress in scological science has been achieved by individuals working
in applied rather than in basic areas. The inpiits into the area of syitems ecoloyy from those in the
national laboratories are outstanding.

Chmtm modelmg represents pure science and suffers from high cnrmetltmn and tight

Furthermore, partlcularly in larqe-scale, multitaceted systems ecology modeling, it has been'

—— e
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One of the real problems for sciontists in ecology in the last ten years bas been in attempting to
work on impact statements. Here the ecologis:, acaden.ically trained and oriented, is forced to
become involved in oroblems of real-life complexity. To some degree the applied ecologists in
agriculture and resource management have been "suffering from this problem” for several decades.
The ecologist in the liberal arts and natural science departments only entered this realn in the last
10 to 20 years. The problem in the impact statement analysis is that not only are the physical and
biological dimensions of the problem of concern but also the social, pelitical, and economic
dimensions constrain and challenge what is done. - ’ »

Dynamie Optimization
Renewable resource managers are important users of models and techniques developed in

systems ecology. Renewable resource management is & problemn of dynamic optimization.

Dynamic opl‘.lmlzatlon analyses can he accomphshed through dynamic programming, caloslus or
variations, - .-control~ theory = approach:s, and ‘other heuristic -3pproaches such as the
simulation-optimization method described already. Dynamic programming has been attempted for

simple - systems, but never has been accomplished for a rea'-life ecological ® system to -m..h .

complexity to my kmwleoge. The sar.e appl:&c to calculus of vanat'on to.ci‘u'uques.

B. K. (Ken) Will ams has rocentiy fmtshed a dissertation at Culorado State University involving a
control theory approach: for qrazing analysis (Williams 1979}, Here a difference equation simulation
model is utilized, under a variety of runs, to develop a response surface to show how plant production
and grazing output vary as a function of initial conditions, driving variables, and management
strategy which controls the season and amount of grazing harvest of the plants in the community. A
Markov decision process, including discounting the present worth of the future value of grazing at
different time steps, is used in the control approach. The model is a finite state, finite action,
infinite discrete-time horizon model. 8: starting either with an initial policy ar with an initial value,
the model interacts to find a fina! palicy and value.

We need many other me thods developed in this area.

Stochasticity

There is a pervasive problem of stact astic factors in ecological modeling.

We recognize that considerable uncertainty may exist in information aboul the driving v..riables
in an ecological simulation model. These are predominately climatic variables. We have developed
methods and techniques ta account for probalistic climate. How :ver. an ecosystem inodel contains
many parameters in the flow-function expressians. Fach parameter is not knawr: with certainty, but
instead may be cstimated as 3 mean value with sone variance. \We know httle about the
distributional propcrties of these parameters or of the variance-covariance. matrix for them,

Aszsume that we have knowledge of the means, variarces, and covariances for .17 the
parameters in flow functions, 72} the initial conditinns, and (}} the driving variables. Then., what
wauld be the statistical properties of the autput from the anmulaiion model? | o not know,

Stochastic or nrobablistic madeis have not been explored fully nor developed in systems ecalogy.

Hierarchies of Models

In the late 1960, Ben Clymer put forth a mumber of ideas about hierarchical lewels for
ecosystem models (Clymer 1969a, 1969b; Clymer and Biedsoe 1970), Subsequently Dave Goodall ang
others in the second or third round of modeling efforts in the IBP esert diome Studies started to
develop a hierarchical multifiow total systern model or desert systems. Even later, George Innis
started a project on self-organizing modeling approaches,

None of these 23,095 were carried to completion and application toroughoul the scientific
community. All of these eiiorts essentially were dirccted towards a common objertive. The
cbjertive waa to develop procedura. and mfiware to facilitate the Jdevelopment of ceologica’ system

models. This has not yet been attaine! and [ would like to contribule some ideas on approaches and

needs, hope fully to encourage someone to undertake such an effort,
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There is a strong need for the development of detziled conceptual dia_;rams of how ecological -
systems operate. Essenllally, what is needed are vall-sized charts speﬂfymg in detail the structure
- anc functional relationships in give ecosystems. Perhaps it would require focusing on Limited sets of
systems such as grazingland systems or deciduous forest systems.

=4 Yech diagrams would follow something like the Forrester flow ma;ram approach {F orrester
1961. i1 ‘which driving variables, state variables, and flr.~= are identified. Accompanying the large
“box-and-arrow tyge of diagvam would be a large flow-efiocts matrix (same may call it a flow-affects
matrix). The rows in this matrix would be the flows in the large diagram or chart. The columns in
* the mat ix would be the factors affecting the flows and would include time and the driving variables-
7nd ‘stat: variables in the large chart. The entries in the cells of the flow-effects matrix wouid
_simply irdicate whether that partlcular driving or state varigble has a inajor influence on the flow n
- -question. ~ .

B Develo;ung such a deta:l. d coﬁéeptual dta;ram is no small task. The logical- enumeratmn of the
kinds and amounts of bictic ar . abiotic companents within an ecosystem would take considerahle skill
md kmwledqe. Perhaps tho stbdmsmn mm state vanmles vmuld be accormng to functwnal groups

be mcluuve. o

The argr-scale dlagram is. of value in |tself but lts main value .is its use as 2 basxs of
developmg a hierarchical set of SUCC&GSIVPIY more aggreg..ted diagrams of the system.

B To explain thn anrr;ach, assume that we can- draw a low-resolutlon model déagram (Fig. lz) for
water flow in an ecological system. Here we.can xdentlfy three main. compartments {atmasphere,
surface, and stbsurf.ce) and four major kinds of flows (preclpstauon, infiltration, evayoration, and
up bakce). -

‘((f
fl\(‘

ORNL-DWG B0 -7424 ESD ‘ R

- _ l ATMOSPHERE . |
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EVAPORATION PRECIPITATION

SURFACE
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UFTAKE INFILTRATION

SUBSURFACE

Figure 4. A diagram of e simplifira water tiow model (after Hinds and Van Nyne 1980),
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At a higher deyree of resolutim we can subdivide or disaggregate these three -ompartments
into many more {Fig. 5). Thus, we account .wow for water in the atmaospi :re in the sol d, liquid, and
gaseous state. We account now for subsurface water in components or compartments f that in the
il in the root zone, in il below the root zone, ard in the groundwater as well as tha. in the plant
roots themselves.

Essentially, then, :hmughout the large wall-s:ze detailed chart 1 spoke of, we can make overlays
which aggregate compartments and flows. We can collapse the detail of the large chart in many ways.

. When we disaggregate the compartments we disaggregate the flows (Table 3). In the low
_resolotion model, we had a flow called precipitation. In the higher resolution madel this is
disaggregated inlo twelve different kinds of precipitaticn flows. In the low resolution model we had
an atmoasphere compartment and thus no within-atmosphere flows. In the higher "esolution model this . -
requires specifying sublimation, melt, freeze, evaporation, and condensation flows. Thus we can see
that the flows can be hierarchically arranged in correspondence with the hierarchical arrangement of
compartments. F urther examples of collq)smg or expandmg flows are shown in Fig. 6. -

, Now, consider that we may make mumple h:eramﬁu‘al levels for dxfferent compartments. )
Consider here the compartment labeled as surface in the low resslution madel, which corresponds 13

Jevel one in‘this. diagram.: Level three in_this diagram roudﬂy corresponds to the hlgher rea)lutlon' L
model. ; : <

There can be many levels of resolution defined within Ihe abiotic, autotrophic, and
heterotraphic subsystems of the overall ecological ‘systems. Associated with uny given level of ’
resolution, there would be a specific .flow diagram and a flow-effects matrix. Now, let's return to the
flow-effects matrix.
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Cigure 5. A diagram for a more complex water flow model (coripare ta ¥ i, 4),
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A given flow can be calculated in 3 mechanistic manner ar in an empicical manner. The degree
of resslution required in the calculation depends upon the objectives of the model and the importance
of that particular flow funclion. Thus, for example, we could calculste the decomposition flow
simp:’, as a function of temperature and moisture. At a higher level of resalution, we cnuld include
the mpact of ntrient concentrations.

-

Table 3. A hierarchy of water flows in grassland ecosystems

- General flow Figure number ~ Specific f'.w
1 .=~ Sublimation
) z Melt ’
-Within-atmosphere 3 Freeze
4 Evaporation (virga}
5 Condensation
6 Liquid precipitation to channel
7 Liquid precipitation to detention
8 Liquid precipitation to retention C
9 Liquid precipitation to interception
o ' i0 Liquid precipitation to litter
Precipitation 11 Solid precipitation to channel
i ¥4 Solid precipitation to detention
- 13 Solid precipitation to retention
14 Solid precipitation tn interception
15 Solid precipitation to litter
16 Gasenis walter o stems
17 Gaseous water to leaves
is Evaporation from chanr«!
19 Evaporation from detention
Evaporation 20 Evaporation from rrtention
21 Evaparation from interception
22 tvaporation from litter
23 Gaseous loss from stemns
26 Gaseous loss from icaves
At surface 25 Overland flow, detained to channel
26 Overland flow, detaired to retained
27 Stemfiow te litter
28 Stemflow to . :tained
29 Conduction, stems to leaves
30 interflow, rtannel to soil root zone
Infiltration 31 Interflow, channel to below-root zone
32 Interflow, channel to groundwater
33 Infiltration
Unsaturated fiow 34 Conduction, roots to stems
35 Uptake by plant rnnts
Within subsurface 36 Percolation to Ielow- root zone
37 Percolation to grounduwater
Atmosphere- 38 Vapor diffusion, atmosphc re Lo goil

subsurface 39 Vapor diffusion, soil to atinosphere
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Figure 6. An exzmple of the caoncept of hierarchical levels of compartments for the surface
romspon :nt of water flow models.

Our woarking components tnclude 3 hierarchy of flow diagrams, o hicrarchy of fiow-affects
matricaes, and families of flow furction expressions [iable 4., Now | want to nvoke tne rule of
"Occam's Razor.” Basically, aur bect model will be the sirnpiest madel for the particular objectives
at hand. Hf our interest is field mice within the oveall systern madel, we mifght want to represr.nt
that population in some detail, but other components of the system might be aggrenated. Also, the
degree to which we could aqqgreqate the "nopessenti.! parts” aof the system waosld depend 'pon the
level of rewlution we wanted to um in calculating the »Iaws in tne essential part of the system. At
any qgiven [evel of remiution of flow calculation, there will he a specific set of driving variables and
itate variables needed to rmake the calcylations. Including these drivirk and state variables will
result in yet more state variables and driving variables needed (o account for the dyp-.nics of that
particular state variable (Fiq. 7).

I propase that a mitware system be developed which utitizes "ecam's Razor” in carving aut
the simplest model to accomplish the effort of intereat fror the averall hierarchy of flow models and
hierarchy of flow-effacts matrices and families of flow-function expressions. This pracess would
produce a simplified diagrammatic model, flow-cffects matrix, and furctional code for the ecosysterr

of concern,

A further task in the overall effort would ne identifying ways in which dirferent driving
variables and state variables could be combined in caleulal.og flow expressions, Perhaps the entry
point here would be to make a comparative study of the wa different fiow processes are described ir
extant moreis. Within e © oadels, the paramneters should be identified,  This would, in part, be a
"cataloging effort,” bue + vauld prabably yield more value to the scientific commumty than an
independent, new-madel development,

In thiz effort, allernative fusctional forms could be examined i analysis exporionents Lo test
it the response ‘i.e,, flow rate varjation) accoming to variations sn the controlling variabies. Tiug
would help identify the lirnita of upereation of the various fumelion expressions, (1 thha cauld be done




Table 4. Some components of an ecosystem
madeling approach

- Hierarchy of flow diagrams

- Hierarchy of flow-effects matrices

- Families of flow functions

- An "Occam razor” for structuring modeis

ORNL-OWG 80-7428 €SD
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Figure 7.  An illustration of how driving variables (here DVs and DVg) and other state
variables (here SVy4, SV3, and SVg) control a flow between two state variables
(here 11 and 12). Note state variables &4, 7, and 9 each are changed by flows in and out.

in a wiform notation and coding scheme, the results could be utilized directly by modelers
throughout the world,

Unfortunately, many scientists hesitate to underiake such painstaking and extensive work.
Many funding organizations are inclined to approach modeling, if not with skepticism, with a "let's
hurry-on-.Jith-tie-job philosophy” and promote the development of a "new" piece cf scientific work.
The temperament and psychology of the researcher is also of concern. Perhaps the researchers feel
the rewards come in writing scientific papers of limited scope on new resilts and then moving on to
something else, rather than undertaking the large, long-term, arduous type of task discussed above?

But, perhaps an approach of the type | have illustrated would have considerable payoff for a
team of systems ecologists?

A Religion jor Systems Ecolog.sts

In ciosing, | would like to [ araphase from Fred Bunnell (1972) on a religion for systems ecology
(Tahle 5).

The true believers who have listened thus far will rucognize that many eisments of the systams
ecologist's doctrine have been interspersed throughout this talk. However, the faith has not hec.:
fully accepted! It has been questioned occasionally! N
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Table 5. Rules-of-thumb for systems ecclogists
C .
*  Yaurs is the right path
c “ *  Depend on generalizations
- *  [ncorrect results are mcst valusble
*  Simple is good
*  Rely on order-of-magnitude comparisons
. *  Depend on general pattern of response
Systems ecologists are devout, their faith is unwavering; almost _certainly, they are more devaut
than sane ecalogists. They are imbued and driven by the faiti that even though the approach ma, not
have worked yet, it remains one of the few paths to truth and light!
) They hold perhaps more faith than other ecologists in absolutes, ubiquitous patterns, universal
ST principles, or natural laws. Many systems ecologists seek these grails in only an abstract and
" .generalized sense. Further, they have unshaking faith in their model-building ability to abstract such
universais.
. In seeming contradiction to his or her acceptance of generakized =scological principles, the
‘ systems ecologist does not believe that he or she cannot test these principles or conclusively prove
their existence. The systems ecologist recognizes that his or her faith is pure and untainted by .
statistical exercise! They may state that “the madel is of mo=t uce when it is purely wrong!™
oL - Having imperturbable faith in gencral patterns, the systems ecoloyist is convinced that only a

small portion of the elements and paiterns within an ecological system are important. In face of
Pascal's statement that “error comes from exclusion,” the systems ecologist believes that ™error
comes from inclusion.” He or she adopts a teleological view of nature to the extent of recognizing
basic palterns. but remains convinced that there iz a lot of "garbage™ lying around withh no real
purpose -- nois2 in the jagon of the communications engineer--and ¢ ntaining little informat;on.

An outcome of these cc ibined feelings is that the systems ecologist assumes pattern through
time and relative magnitude to be more important than sholute magnitude.

Perhaps the single factor which is most weak in the religior of the systerns ecologist is that
they have no Bible. There is no smqle detailed comprehensive integrated treatrent of the principles
anc practices of systems ecology., We need a systems ecologist to write one; this person needs the
lan¢ sage abilities and literary interests and scholarly approaches of a Jack Major, an
Evely.) Hutchingon, and a Richard 8eliman all roli~d into ane*

Perhaps he or she is ir the audience here at (J2NL,?
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GUESTIONS AND ANSWERS

'S. L AUERBACH Of course, George,’vou. know the Bible was written by sort of being
fianded down by word of mouth and enbe'hshed as it went along through the centuries. Maybe
. that's what yas all have to.do. Any qn.estmns for George’s provocative comments? '

L. W. BARNTHOUSE: [ was lnterested in your critical comments of the first page of
‘Levins' 1966 paper, and | was wondering if you have noticed that the ideas that you presented
toward the end about the need for simplicity and hierarthies in -modeling were, .in fact, very
similar to what Levins wrote abcl.lt in I‘.he remaining pages of that pq)er"’

G. M. VAN DYhE- As I remenber the paper, a lot of it was on generahty, precision, and
‘reality. He indicated these were ‘contrasting properties and he couldn’t obtain all of those at
the same time. I think: he's right: I think it was a very interesting and useful paper.. The only
point: I wantedito make was that he indicated it couldn't be done. These large-scale models,
vblch gave reasonable raults, could not ‘be dealt within the time_frame.

“W. F. HARRIS: Tm surpnsed, among; the problems you hsted for systems ecologlsts in
the future, at the omission of techniques for validation. Do you think these techniques are at
hand or is this the next generation of problems beyond just simply the models themselves.

G. M. VAN DYNE: | did not mention that exclusively in the talk, but [ would ircorporate
that kind of activity in the error analysis activity. It does little good to make an error analysis
if you simply change parameters and have nothing to compare the results against. That brings
in the problem ot validation, what you are going to check against. There are some efforts
ongoing here at ORNL now that ! did not know about in detail. Maybe we'll learn more about
them today. That's why I did not include the validation problem.
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i ENVIRONS: RELATIVISTIC ELEMENTARY PARTICLES FOR ECOLOGY!

= . : Bernard C. Patten : :
' Department of Zoology and Institute of Ecolagy
University of Georgia
Athens, Georgia

i B : S. I. AUERBACH: George mentioned a paper in 1959 by Patten as being one of the key
o papers. I remember that it caught my eye. At that time also, we were starting a
series of radiation ecology imstitutes in Oak Ridge in association with the then
Qak Ridge Institute of Nuclear Studies. Bernie came up to one of those institutes and
we got to dialoguing. He was then at the Virginia Institute of Marine Sciences, an
organization with which we recently have had some interaction. But seriously, in our
- - discussions Bernie expressed what his ambition was, his professional ambition. He was
RN widely . concerned, he felt, about developing two things: truly working toward
il development of theory in ecology and truly developing the use of mathematics, not
simply mathematics as a means of elegant curve-fitting but using that mathematics
and mathematical thinking to move ahead in the theoretical development of ecology.
I D He and George and Jerry joined us about the same time. AL that time, our grouwp was
. small, and it was a very intense and exciting period as those three individuals began to
interact and develop their ideas. Bemie has pursued that single-minded effort toward
- developing theory, and he has became a widely known practitioner and leader in that
field. I presume he is going to talk about that today. Thank vou. 8Bemie.

- [ 28 2K 2% J

Corpuscular theories have a favored place in science. They serve well at all levels of
organization in advanced sc.ences such as physics, chemistry, and biology, and the pawer of a
discipline may often be correlated with the extent to which particulate conceptions underlie it.
Elementary particles, quanta. atoms, molecules, genes. cells, and organisms are all examgles of such
conceptions. Ecology lacks an elementary particie of its own, whose progerties can.be developed and
whose interactions can produce meaningful ecological systems with interesting associated
phenomena. In this paper my goal is to suggest such a particle, and indicate what is known about it
together with currently seen directions for leaming mare. -

Ecology, as the biological science of environment, really has not produced a synthesis of
enwvironment from its wide knowiedge of environmental paraineters and their influences on
organisms. The interplay of environmental causes and arganism reactions to these do~s not form an
integrated theory. The organism is portrayed as distinct from environinent, and argdnizational
wholeness of the organism-environment complex is denied. A principal eonsequence is that the
population, rather than the community or ecosystem, is the prime unit of ecolggical analysis.

An alternative 1o organism-environment dualism, which is what we have, is
organism-environment synergy in which the two halves rnake a unitary whole. A group of "ecological
psychologists™ recently has provided important logical and philosophical foundations for such a
unitary concept. These authors (Gibson 1961, 1966, i979; Turvey and Shaw (977; Turvey et al. 1978;
Shaw et al., in press; Shaw and Turvey, in press; portray life and environment as coimplicative,
having coevolved and been codesigned. They turn to Leibniz’ principle of mutual compatibility to
derive a law of existence, stating that existenrce is merely assumed without a reason in Darwinian
evolution. The law: Whatever exists does 30 because 1t is mutually ~ompatible with -nore things than_
omething else. Thus, natural selection receives a holistic setting in which survival of tne fittest
means maximizing compatible interactions, not numbers of offspring as in the population view, The
revolutionary corollary is that, not the organism. nor its population, bul the entire particulate
manifestation of organigm-environment synergy, whose existence issues from such a selective dictum,

l()evelnpad from o talkk presented at the dedication of the i.nvironinental Sciences
Labaratory huilding, Oak Ridge National { aboratory, Oak ibdge, Tenneasee, Febraary 26-27, 1979,
University of Georgia, Cantributions in Systemns Ecology, No, 47, and Okefenokee |eosysten
investigations, Paper No. 7,
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becomes the true unit of organic evolution. 1 will derive organism-environment coevolution from
simple principles in a later section.

When [ discovered the cited works in ecological psychology, 1 had already independently arrived
at unity of the organism-environment complex by irying to examine the interrelationship through
combine¢ frames of empirical ecology and mathematical system theory (Patten et al. 1976, Patten
1978a, Patten and Auble 1979, in press). The identity constraints of distributive and ronservative
system coupling (e.g., Caswell et al. 1972) rigidly fused organism and environment together; they are
not separable in models, so why should they be so in nature? Then I discovered that my theory was
not original. The German physiologist von Uexkull (1926) produced a remarkable look-alike 50 years
earlier, calling his wnit of organism-environment synergy a "function circle.” Mine | term an
"environ,” and it is this entity which is here nominated for elementary particle status in ecology. In
previous papers the environ has been surrounded by an elaborate embroidery of mathematical system
theory so that many of its features as a rich new concept have not been well communicated to the

general ecologist. Here, 1 want to try to bring cut some of these recondite but all important
characteristics a little better. '

A word about termimology. In constiacting environ theory o its present form, I marked the
various plateaus as they were reached with new words, to hold the place, so to speak, and make it
possible to explore further avenues and then return. The new terms tend to be resisted by my
students, referees, and readers, which impedes acceptance of the theory. However, | am not ready to
discard them even though they are not essential because they are expressive of key ideas. 1 will
simply ask the reader to be tolerant; ignore the terms if necessary but hold the thoughts. The words
in question are holon, creaon, genon, taxon, and environ. In addition, | will here take one further
lexical liberty to implant the environ-as-particle concept as deeply in the collective ecologicai
psyche as possible. | will refer to the environ center as its nucleus and to the remaindcr as
enviroplasm.

The environ is a relativistic particle, as my title indicates, because its center uniquely gives
meaning to the rest of iL in the whote system context, and vice versa. The ecological psychologists
speak in this connection of "affordances,” properties which resemble our "niches™ and to which [ will
again refer later. If there is a singular significance to the relativity, to the particulate and holistic
character of the environ, it is in its capacity to encompass a decidedly new view of nature. When the
meanings which my terminoiogy circumscribes are fully comprehended, with or without the words
themselves, the transition from perceiving a world full of organisms to comprehending instead a
world of environs is substantially achieved. The transformation is profound, and | hope I can convey
some sense of it, and its value, in what follows.

THE ENVIRONUCLEUS

Holons (H)

System theory defines systems as partially interconnected sets of “objects,” and then defines
objects znd their interactive coupling. Each theory {(e.g., Gill 1962, Zadeh and Desocer 1963,
Wymore 1967, Klir 1969, Windeknecht 1971, Mesarovic et al. 1970, Padulo and Arbib 1974, Mesaravic
and Takahara 1975, Rosen 1978) is different in its exact formalism and details, but in all of them an
object is in essence an input-state-output-entity. Stimuli {inputs} are converted to responses
{outputs; according to the condition (state) of the objert when the stimulus is received. Since
problems of scale, organization level, etc., are always difficult in ecology, I chose to cxplicitly
incorporate hierarchical considerations into environ theory by adopting Koestier's {1967) term holon
for system theoretic objects. The determinate stimulus-response relationship of a holon H is
expressed by two functions: a state transition function

":Zx X~ X, n

which generates state dynamics by mapping inputs Z and states X into subsequent states, and a
response function,

pr LAYV,

which generates response dynamics by takirg inputs and states into outputs Y.
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Systemn theorists have not heen interested,- in general. in the natwe of environment.
Expressions (1} and (2) are basicatly designed to generate time-dependent behavic - (Y, of holons given
external drives {Z) and internal states [X.-"Where is environment in (1) a2nd {2j? Input comes from
and ocutput goes to envircnment, 50 in some way these two expressions of the holon's nature as an
open system »7e determinants of the object's environment. For clarity we can be explicit aoout
time. Let A be any one of the se®s Z, X, and Y whase elements are time functions on specificable
time intervals. Define A(l) as towe value of the functions in A at time t; A; as the functi~z after

t including time t, At as tiie functions prior to and terminating * t, and App and AtV =s the
functions en the intervals [t,t') and (t,t'], respectively, t' > t. Here a parenthesis indicates ar- open
interval endpeint and a bracket a closed one. The fcrward behaviar af a holen beginning at time t can
then be written as '

Topo x X(t) ~ a(t’) , (3)

Seer hete

and

- Qt:Zt ! X(t) ﬁ:Yt . (4)

The outputs generated in (4) are available to stimulate other halons, and to the extent that they do so
they become elements of the environments of those holons. Hence, {3} and {3) represent an
environment-generating potential, and for this environmental aspect of the holon | employ the term
genon. The genon G generates potential components of the environments of other objects, and the
collection of realized potentials represents the output environment of the holan in juestion. The
relativity of cutput to input is explicit in (4}.

The inpats in (3] and (37 have Deen sciocied oy the holon irem eRilpois joneratag watnry the
olon's environment prior to time t. This input environment is, in effect. defired reiative Lo the
holon by the latter's reception of input 4t time t. Any elements of "enviroamemt” which do not
contribute to the ohserved response in effect are meaningless to tiee object and therefore not paert of
its input environment. It is only by output that input, and hence input en.ironment, can be <nNown.
The implicit creation of environment, therefore, in the act of receiving stimalt is a second
environmental aspect of the holon to which | refer by using the term crewon. Just 3 the genan
generacas initially the object’s outpul - wironment, tie creaon O creates ferminally ils input
environment, which may he madeted as fallows to bring aut the refativity of input Lo outpuat:

4 AN A &

RIS AMMER (R S0 WS SE X (s}
and
¥ L] " ’
Lt xery -2 16)

‘e ¢

where t Zt'. Expression 5 represents a retrospective state transition function tacuv) ouatputs into
past states, and (6, is a stimulus function which maps outpals and states into inpuls. Jeneralizing in
the manner of 'I; and 2}, the ret~ospective transition function s

ot x -Xx (7}
and the stimulus function g

YrX -7 . | “3)
1
[
Just as [2; generates the procemal paction of Aot envizaninent, oy fesponge *o atengl fron put
environmen®s, ‘8 determines the prasenal partion 3f nnat envirarenents et late 1o ohaeryed
nutputs that are cansequence., !
|
|

e

Ly
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X2r-.‘ yz...

Xy | & ‘ ' (9)

N 3 Dt T

- and y-.e\’,. i=lyeey3.  The . input  environment of Hy consists of
ified structures and phenomena generating z). The input environment
) - which generates y}, and again. z} ad the unspecified
“Similarly, the input . environment of Hj consists of- z3, H)
ore Z) and the prior distal phenomena leading to it. However,
d-Hj ar2. referenced by 772 and- Z3 rupectwely. which wnay
spending -on how the two holons perceive i Thus, y] represents
of Hy, but actualization of this potential is determined by Hp and
autpu environment  of H- consists of response yz, and all unspecified structures and
mena . issuing - from “yz. The™ wtput environment of Hs similarly consists of the proximal
portion’ 'y3 tngether with all ‘unspecified relationships generated distally by y3. The output
‘envrromwnt of Hy consists of the sesponse yj, its actualizations zp and 23 and Hp and
Hy» and their responses vz and y3, and s-.bsequent unspecified actualization and their distal

propagations. ' K .

<

. i, zZ,,

The identity constraints that bind this s?stem together, as the system theorist would write
s them, ae y) = zp°and y) = 23. However, we have allowed for the possibility that Hz and
- we vy} differently, bhence ws° must write = 22 and i)—- z3,
hey ;é) 4 Y?) necessarily, to m.orporate ‘his relativistic property. Aesuming that in some
sense Zp nd Z3 are implicit in Y), we can construct Y; to accommodate this assumption by
- letting Zz(Y 1 and Z3d1. Then, the respanse functions (2) for system (9) are

DZxx+v

x X -+ Y1< 2 . ) (10)
D 13x X + Y, .
L 21 represents the proximal input *environment (or realized ruch;z, see later) of H). V)

. represents the corresponding proximal mstput er ~ronment potential which is actualized 722 and
Z3) by interactions with Hz and K3 These i.«eractions generate further output environment
potentials Y2 and Y3 which will be actualized by whatever holons, available from the mutial
; compelibility test (see later section "Envuroplasm" on consistency), cen compatibly read them as
C inputs. Thus, a stream of causes and effects is generated by the initial response of Hy to Z),
: which is properly the output environment of Hj even though other hoions realize the original

potential represented by Y}. For (9) the stimulus functions (8) are

| ’ YZ X XZ - Z_2 H Yl(”' Vl(z) X Xl(z) + 11(2) (1)

“ Yox X

7 zy () (3 3 3
3 z3-n(,vl’xxf)»zf)

3

relati tic_, outputs, _stetes, and inputs are VYi)c Yh vPey, X@ e xy,
C Xy é CZy, end ZY/CZy, Here, 3 caussl stream s traced retrospectively
from each ultimate output of the system (Y2 and Y3) back to the proximal stimulus Zj. The
nature of this stimulus, and hence of the more distal input environment of Hj, is imparted by 3
stimulated ho ﬂ“ Hz and ki, w;:{zc;a daf through the interaction constraints Z; : &2
and Z3 = lponn l TCVI of Hj, and thus its proximal input
environment CZl. By luch means we come to the view of H; as the
nucleus, in (10). ol an output environment (genon case) and, in (11), of an input environment. Hy
and Hy are similarly the centers for their own above-described environments,

M

L
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i Taxons &

: Classically, proximal stimulation in the organism-environment interaction is considered to
: : underdetermine its distal referent, the input environment (Turvey and Shaw 1979, Shaw and Turvey,
i ) in press). The restricted vocabulaty of physical stimuli does not relate very wel iv e eiriched
experience of integrated environments, and subjective "epistemic mediation” is called forth to modif,
the objective inputs accordingly. Epistemic entities are inserted between the proximal stimulus and
the response-relevant input to derive envnronmental complexity and rreaning from physical simplicity - . :
and nonspecificity. . : . e

: i Thus, for example, in metaphysics Kan introduced human knowledge between z formless,
A SR qualityless, unknowable abaglute reality (noume:.a) to obtain a known reality {phenomena) consisting
: . of Intuitional -Forms (space,. time} and Categories (quality, quantity, sbstance, causality, etc.). In. -
linguistics, Whor f (1940) incerted language between environment and integrated behavior: "We dissect
nature along Enes iaid down by -our native languages. .-. . We cut nature up, organize it into concepts, T
‘) and describe significances as we do, largely because we are parties to a: agreement to organmze in - o
< .this way--an agreement that holds toroughoat our speech .:ommuuty and is codified in the patterns of
. our language.” In physiology, sensory perception is limited by sense organs, but may be expanded-by
" instruments such as microscopes, Geiger comnters, radiotelescopes, spectrophotometers, and 2V
receivers. In psychology, cognition is a complex set of reactions to stimul: involving .perceprion,
integration, representation, description, thought, language, @ 2mory, and leaming: *. . . objective..
knowledge seems possible and through objective knowledge the universe appears systematic amf
. predictable. Yet knowledge . . . must always be created by the list.aer . . . {Maturana 1970). In
& E science, 2 paradigm or disciplinary matrix consisting of symbofic gererafizations, partic.lar models,
shared values, and concrete exemolars is thrown up between objective nature and scientific = 7 - -
understanding (Kuhn 1970).

All these variations on the theme of epistemic madification of "oulside,” so that it means
something "inside” which leads to an adaptive response, give to the reacting hoion immense power to
create subjective inpur environments. These hecorme, in fact, the operatinnal environmoen.s of nature
because they are the ones to which the !slons resoond. Orly the respanses {outpuls) are objective,
and these are immediately made subjective by the next living objects they stimulate. Thus,
ecosystems would srem to be peculiar mixes of abjective (physical) frrces and fluxes organized based
on swbiective {phenomenal} input environments into wholes whose parts are physically consistent and
mutually compatible, whatever the suhjertive qualities of the said environment: with respect to taeir
de fining hojons.

Such is the natural consequence of an orthodoxy tased on organism-environment dualism which
sees the organiwn as distinct from its environment, necessitating epistemic constructs to order
interactions betv.een the twn, Patten and Auble (1979, in press) considered tne capability of creating
and reacting to phenaomenal inputs to be limited to, in fact be a universal property of, living holons.
Such objects make maoadels cf their reality, which is the essence of any epistemic modification
process, and for such modeiing holons these authors used the term taxon from biosystematics. To
describe the stimulss-responsg relationship of taxons, a modeling function . converting objective
inputs Z to subjective inputs Z is required to be added to the genon state transition and response
functior:s:

"L x X »i
el X o X (12)
c::i xX~+¥Y

The genon modeling function to qgo with (3 and (&) is

werly x K(t) - it . (13)
The corregponding retrosp tive model for tracing outpuls hack through subjective inputs to physical
inputs is: _
P X e X
EEEE: (14)

CiIx X1,
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~ and the modeling function that adds to (S) md(6) is

.zt

ax(t')* A : - (15)
Thus, we-come to discriminate two classes of ho.ms: those that are allve md produce phemxnenal
inputs through modeling HE™ p, 1™ or K¢, 0, 1) called taxons, and those that are not ahve and
respand tophys:ml Iq:utspet se, l-(d',p)nrHGa'.d. - [P o ,

~ . The. ecologtal psycholoji e the ‘taxon differently. - The mly alternatwe, they say, to
eplsl‘emlmlly modifxmg )

. hlg'l-ordet stimali, pr’d)jectwe mvanmts SN
nal. Varigbles. . Vln orgqum,-emm-t_ ‘

quent
Tows seem to. be satlsf’ ed by causal. pmposmons, bist the mtumve muon of -causal determlmsm is -

O

Sl streas of . p!ryswal ruhty is.to endow_the phynml stimyli .

difficult to capture in formalstatemerts (e.g., Patten et ol. 1976, p- 462). Toe :ul]mcnve proposition ¢

‘entails @ tru» premisea and a-tros. consequence b that follows necemnly from it. "The adjunctive
“formulation seems to capt.ure the sense :that laws of nature apply in an inexorable manner to grind out
realty . . . . the nature of living organisms fits with the nature of the universe in a tightly
constrained syst=m of mutual compatibility relations . . . in that a given species adjunctively entails
- its environment and a given’ em.ronment adjumtwely entails its specne.;" (Turvey and Shaw 1979).

These authors are thus led from ml.eractnoml to transactlonal modes of descrlptuon. In the
traditional interactional form of inquiry, consistent with organism-environment dualism, ‘rigidly

separate things, that is, things that one assumes can be described indifferent to any joint operation,

are isolated and held to relate through causal interaction * * * Physics . . . has transformed its
observation base . . . to one where the focus is system, described in full. This contemporary trend in
scientific inquiry is referied ta as transaction. In a transactional inquiry it is impossible to study one
component of. a system as an element in isolation; rather, components necessarily co-tmplicate their
complementary aspects * * * the concept of transaction, unlike . . . intersction, should preserve the
sensc of reciprocity among complemeniary components which is essential to the integrity of any
system. Clearly, the transaction,’] form of mquury is consistent with ammal-env:ronmet.t synergy”
{Shaw and Turvey, in press),

Whether physical inputs sufficiently determine environ nent for living entities, or whether
details are subjectively colored in, iz not particularly an ecolog;cal issue 50 leng as both models admit
the tran--~tional mode of delcrip;ion. The environucleus occupies the center of a transactional
wniverse, Lhe environ, and it is our perception and -mode! of that universe which are important and
which ultimately derive from the he -defining holon's responses lrrespu:tlve of the latter's propensities
for epistemic mediation.

ENVIROPLASV

In the conception of von Uexkdll (1926) each holon H, alive or not, is the epicenter of a holistic
universe { H, H*}, where H' is the environment that closes on H through the function circles of
the latter Te.g., Patten et al, 1976, Figs. 4 and », and Patten and Auble 1979, in press, Fig, 3a,b).
Even if it existed, it would be impossible to establish closure in the complexlues of the real worid:
"All the [fumtion] circles, however far they lie separated from one another i the werid-as-sensed

, intersect in the steeri nratus of the inner world[ and then separate from one another
agin in the world of action 't ™ (von Unxk(ii'1926), Therof ora, the holon-environment complex is
open,{H' H, H" where H Ts input environment and H” otput environment., Nonetheless, it is
instructive to Tmustigate some elemantary properties of the hypothetical closed particle {H, H"} as
a basis for understanding the more realistic case,
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Consistency

It is not unreasonable to consider that !:l', iike its nuclear counterpart, bears definition and
treatment also 3s a general system: Then, the laws of H and l:" are

* & * L 4
$*:Zx X+ X ,r:":Z rX -X
H: LA - * (16}
s xX-Y L;:Z xX -Y
for nonmadeling cases, and
- ot 4 - *
“"'Zxx-vx ¢ : Z xX +X
-~ ® * ¥ L 4 L g
H: gl x XY Bl o2 xX ~-Y (17)
- L 4 * L 4 . 4
wilx X+ , vl xX ~7

for taxans, understanding that in any unit JH, H'}any of the four combinations of H and H" as
modeling or nonmodeling may occur.

To show that H and H" are cansistent when botis are nonmodeling holons, Iet Z and 2 - ®
represent their respectwe sets of admissible inputs, md let Y and Y* repu:sent sets of outputs
coriesponding to the admissible inputs. Letez 2. z° =Z%, v.Y and v"oY" be parncular time
functions on an appropriate interval T. The constraints nf coupling, y° "z and v :z°, require
that v CZ and YCZ®; the oulpst sets of --l' and H are bounded, respectively, by the input sets of
H and H Suppose there were envnronmenlal outputs VAR AR 4 that were inad:missinle as
inputs to H, or nuclear outputs Y = Y - Z° inadmissible 23 nputs to H*. ¥ is inconsistent with
H because it implies irputs " -z to Ij that ~ould not have been generated by H since
Z®. Similarly, ¥ is inconsistent with H* becaswe it lmphr's inputs 7-Z to H that cauld nat have
been generated by Hf H* since YCZ. Therefore, neither Y* ror ¥ exist in the closed system g,
H } and Y -Z% and Y™ - 7. These identities establish the mutual consistency af H and r1 .

The situation when H and H are hoth taxmne is more comphicated, but the result is the same.
For the physical adnissible inputs, y* ~ 2z and y 2" lead 1o Y* 7 and Y- 7" as Aove. But
for the phenomenal ‘modeled; inputs, y £ 2 and y ?7°. Hawever, 7 and i° represen.
many-tg-one maps of members from 2 and /7, respectively. Therefore, with each z; associate
Y < Y* and with each 7] aswriate, Y; .Y, where Y/ and Y; are exhaustive
Y, = Y and YY; = Y but mot necessarily 'nutuax!y exclusive, Then, not as identities
but as equalities becau:r of qualitative differences, Y{ = z; and Y; : z{, and thus Y'
=2 and ¥ = 2°. Hand H® are again consistent systems.

In the fareqoing, it is the closure between nuclass and environment that provides the
input-output constraints frorn which consistency derives. In the case of the open par!icle,{ H,H, r_-_l"}.
the available constraints are y' "z and y - z", which are insufficient to establish consistency. Any
claim to consistent interaction bei ween a holun and its input or cutput environment must therefore
rest on special conditions, either implicit or explicit, that equally constrmin the sets in question as
would a clasing refation, y” 7', In qe.eral, therefare, it is not necessary that a holon and its vpen
environmeni be whnlly consistent. Input environments may deliver inadmissible inputs to the sucleus,
and the latter may qgenerate irrelnvant mutputs to the output environment, The key to a holon's
environmental accord would seem to lie in the extent of cinsue between its output and inout
environments. That closure, as well as the ‘enree of harmony or adaptation which consistency would
rep. asent, might well he measured by the sets ¥' - 7 and 2" - Y, if they could be ‘<nown. Of course, it
shauld be renembhered that ecosystems tend tn De causally closed {(Hutchinson 1948, Patten et al.
1976), so there are preponderantly consistent halon-environment interactions cxpected within these
natural structures,

Coevonlution

I nave felt from general consistency congiderations that organisms coevolve with  their
environments, and ths that whnie P(")"W'Iu'm are probablv coevolutionary units (Patten 1975, Patten
et al, 1776, For the clmed D'lrtlf'lf“H ! f tmevolutionary aspects lonk as Tollows,

e B T
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As before, Z and 2° are admissible ingt sets, and Y and Y* are corresponding output sets.
For the case af nonmodeling holaons, consist v coixditions are Y* : 7 and Y = Z*. Let H"
change, due to change in :"° or -* or both, cacim a 4 f.remt set of outputs Y*I o e
generated. Sene of these new outputs, Y L = Y*1 . 7 will be inadmissible as nputs to H.
Others, Z! = ¥*l . ¥Y*l| wilt be admissible, but the admissible input set will normally be
reduced compared to the onquml Zlz. Al the inputs Z - !4, and the correspanding outputs Y -
Y are no langer available as part of the behavioral repertoire of H; H is restricted:

1 )’ ‘v":ZIxX*X

-E._:ZIIK*Y] .
\

(18)

|

wth VICY. 7° becomes restricted to Z*l/®, and thence Y*l also. to Y*Zov*ll Thus,

H® becomes restricted:
] - - N
- "I xX -X “
I S (19)

- 2 X ~-Y'2 .

Tre original env mm'nenlal chanve has iniviated a contracting process which proqressively, with each
zycle around the }H, H"} interaction loop, attenuates the behavioral range, i.e., the input and
Citpat sets, of both H ‘and H'. To interrupt this process, H must adapt its input set to admit the
new behaviors V'l qcnemtpd hy the initial change in H A mutant HL, with input set 7! =

Y'l fother than z1 = 2° Y*l, reestablishing copsistency, Y'! : 7l ang vl z°1,
is required. Thus, H and H must  casvoive, o contract their innut and output sets
{nversperialization) to the paint /. f vanishing.

If the particle is open,{l'-_i'. , tl";, rather than clased and H* undergoes a change, then its state
transition and response sequences will change, and conseruently output froemy the unit will change.
8ut nothing else in]H¥, H, H" | mwst change because thers 15 no feedback to ki through H. Therefore,
alteration of H" carsies no impetus for a coevolutionary response of the remaining system. [f
changes, however, its output set changes to v'l, some af whose members Y'1 = ¥ _ 7 will e
inadmissible as inputs to H. But a contracting process is rot initiated as in the r-losed-sysl.em case,
because the reduced output st Yl of H, cor'espmqu to the reduced inputs b = vl o Y'(
to H, is not propaqgated around to the input set of H. 5, the behavior of H will be narrowed due to
its erq)osure to a restricte 2 input environment, but that is :ll. There is no force for a cocvolutionary
response of i in this situation.

The completely open and completely closed halon-environment particles are both extr:me
idealizations of the real condition. The contents of enviroplasm consist of other holons with which
the muclear holon shares reciprocal interactions, both affectirg and being affected by the others,
Each such mutual interaction corresponds tn a closing of the particle structure, and that closed
portion will be subject to cocvalution with the nucleus to truncate each rontracting process sct in
motion by environmental change. vhen the tendency of ecosystems lo causal closuie is aqain
remembered, system-wide coevolutionary processes must . » widespread in these structures by the
considerations 0 far presented. Howaver, ecosystems are not inhabited solely by nenmodeling
holons. [t is taxonz that make them most interesting.

Consider a clased holon environment uni®. in whic:y H and H* are both Jlaxons [Eq. (17)). Let

H" change due o change in ane or more of its defining functions;™,. " and ", A dilferent
set of outputs Y”! is ganerated, some of whn:h‘ ¥*! = v*l _ 2, will as before be inadmissible
as inpucs to H. The admissidle unes, 7! = Y°l - ¥*l, are a reduced =t compared to the
orlqmal ZkZ. T now has the power to make models from the physical input set. Before the change
n H®, the outputs Y* © 2 were being modeled to produce a phenomenal input set 2, a reduced set
compmd o 7, 7cZ, since modeling s many-to-one, \With the H change, the reduced physical set
71 is modeled to a phuromenal set Zlczl, and the question now is the relation of Z} to the
original 2, There are severa! pomsibilities: iy 21 - 2, the modeling power of H has compensated
for the restriction of phyucal inputs and innovatively maintains H just as rich in effective inputs
to H as before; (2) Nn y H has rwcrcompmmt.ed for the reduced variety of physical input by
m:ransirg the variety ol phenomenal inputs; and '3) 21 < 2, the modelad inpuls have been reduced
in reeponee to the reduction of physical inputs, The first case prevents the initiation of a contracting
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interaction sequence which would have to be countered by coevolution, but we have to question the
capacity of modeling to achieve this under significant reducticns in the variety of physical inputs to
H. The second case is unfikely, but if it happened, it would give rise to an expanding process around
the interaction loop which, as in ne case of attenuating sequences, could only be stopped by
coevolution, The third case is most plausible. Reduced physical inputs lead to even sharper reductions
in phenomenal inputs because of the reductionist nature of the modeling function., and a contracting
process is started taat only an eveolutionary response can end. Thus, 'nost plausibly, the modeling
capability prabably exacerbales the nuclear response to environmental change and enhances the
coevolutionary tendency. Tax. -3 in ecosystems add to the coevolution tt.at closed particles already
canfer, and the conclusion that ecosystems are coevolutionary units seems promising indeed.

Complementarity

The particle treatment of tie holon-environment relationship implies that the two interacting
members are compiementary, as does the whole thrust of our characterization, invoking such
concepts, as it has, of organism-ensironment synergy, the mutual compatibility law, adjunctive logic,
transactive holism, and the theory of affordz~>e. Complementatio., or reciprocity, is a stronger
property than consistency, which is all we have needed to derive coevomr ion. Ecologists often think
of niches and organisms as complementary expressions of the same thing, and niche is merely a
rastriction of input environment {Patten and Auble 1979, in press), so holon-environment
complementarity is quite consistent with traditional ecology.

Complem ntation within the closed iH H }slruclune is straightforward to establish. For
ronmodeling elements, consistency constraints VT ZandY:Z" are simpl,; substituted into {16}

* « * L ¢
Y ox X~ X - Y x X - X
H: . H:{ ., v (20)
Yo x X -Y SYxx - Y

The reciprocal cross couplings between H and H* through Y and Y® are apparent. In the same
way, the nonmodeling ciements of the open madel {H H, t7"§ are complementary at the points where
they interact.

(.u) Z' X Xp xu ‘;n:-{u x x . x {( n) Y X xn > xn
H: H: (21)
il ox XU~ Y SYx XY, Sl VD SEE A :
For the taxon-taxon interaction, . 17; becomes in the clased particle case:
- L 4 L 4 w* L 4
( Ml X o~ X (, I ox X - X
- » * " » L 4 »
H: . il X o H Llox X Y (22)
L 4 ) - L 4 ‘w
WY o ox X -7, LY x X -2 .
and in th~ open particle case;
, Wi ’l 4+ ; z
(; ) :2 X x - X: :«“:Z X x . x (;n)u:zn X xn - xu
H': o X ey H: il x X - Y H': ¢ "2 x X" - ¥ (23)
Vo X e 0, YT X1, LY ox Xt e 2t

Therefora, for all forms of holon-environment interactions, nonmadeling and madeling, the
interactions are a’ '3 comulementary,

This complemantarity property is developed to its extreme in the theory of affordance [Gibaon,
®.q., 1777, Chap. 8:in an unorthadnx but cornpelling organiame-relative description of environment, In
tt.. same yein as nne of my favarite aquotations from van Uexku,l ‘Patten 1973a, p. 2.0i, "where

|
|
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thaensafnottlmnapﬂ:"etc.,(;&m(lm,m 127, 141, 143) writes: 'ﬂeaﬂm:nﬂhe :
enmnnmentueuhalunffmmeamml,ﬂutumm«m***[m]mm -
be.meosured relative o the animei.. They are wnique: for that animal. They are not just sbstract -
s .phyacalpmerha'** Maﬁame...mmmwummmum
<.« = s the information to specify tae uliities of the erwironment is accompanied Yy information to
"manfylheobsewerhmnelf....mssmlymmzemmtmsmmby
propriocepticn—that to perceive the worid is to experience oneself. Thsnulnlly nmum -
3:¢nianmuwfmn....ﬂemofumldmdm_[ .

" world are not separobte ¥ # * Affordances are pie n with: 3
.are neither .physical nor phenorenal.” Agnqﬁembgml”mhlﬁvemm
_Mnneuutqﬂceaﬂ’m .

mmmlm»mdiectmtui\hmdeﬁnuqmm

- Th:s,acumCaxllkupptmdteN asweilasagamcanditsmtput »y’m«, !
_complemenury units, and this property can be extrapclated through ali holons in H and P, . DR
] muw&,wﬂuby:vﬂ:chmmhlmbmsmmmwmmyo botbltsirwt : L

pamculste treatment propmed in this paper. Formal complementarity is inherent in the g ¢{
holon-ervironment interrelativnship, and is the basis for a fuller account of enwironmenk in
orgenism-relevant terms, such as has already been begun by Gibson and his followers.

B4VIRONS

"~ Now we arrive at the point of hringing into focus and justifying the particulate conception. The
erwiron, an operationally defined unit that has beer. the object of my research for the past several
years, 8 a frighieningly large and complex object to be considered an “elementary particle.”
However, as | said in the Introaguction, particle theories have been very powerful in science, and the
analogy between the environ and a cell ¢ atom is designed to exploit the perspectives and
well-kncwn properties that come with these wits. A cell has a mcleus aid cytoplasm and a plasma
membrane or cell wall boundary. An atom has a nuclcus and assnciated ring structure of energy
states within which electrons whirl around in clouds. A cell interacts with other cells to form tirsues,
and an atom shares electrons with other atoows to form molecules. Environs have these sme
features, in addition to some wnich they do not share with cells of atoms, and vice versa., So let me
say what an environ is, and give some exampies from our work, and then return to the case for its
corpumlar nature. .

Definition

Mawoon and Langenheim (1957) did not include indirect factors in their concept of environment
for 8 particular reaso "To introduce indirect factors into caussi relationships within the
environment is to introduce an infinite regress into the system of expleration. Every cause hes in
tum iteelf o cause which becomes an indirect ciuse of the most recent effect. The regress is toward
the imbo of uitimate cause along an infinitely reticulating path. . . . To include such relations in
erwironment is to confuse environment with its history.” ‘

In the presenmt theory, however, indirect causes and effects are explicitly .ncluded in
environment. Input environment is seen as an afferent system leading to the defiring holon, and 1
autput environment is an efferent structure leading away [e.g., expression (9)) 1

T B I (7 (24)
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Or, upicitly representing groximal envnrmments as input and output niches, N;' and Ng",
respectively:

<o - A K= t) - 0[] H(Y) -~ (] - EH' . 31 & ool R {2:)

Tetrporally hm&rmhwmmmmlmmwsmt;_ time t T, ad the

tema.:m"..rumofthelmuaﬂmmutuwlmneltSrepmhntm(-,t}am futures{t,).

&nmmtfmupmmwshstmsﬂsmefum - -
= “The mmnadevwetommte the‘mfm‘:e .2gressione and pragressions propagating,
respec tively, inward toward and outward from the holon center. The defining holon is 2 member of a_
systen., and the truncatio~ occurs at the system boundary, ie., at the point when nd where the -
m{samhdmh)mmnsmmluwta*ndgenentes:tsawmtal
. outpat. Anmmuﬂuuamhuwgeﬂa-imnemratedmum-sysmmmmmﬁm‘
"Mhﬂ’anm - -

ﬂemnmmmﬁcﬂy emmdsamdsn fa!nvebeenpe:l’ectlygmeral

cause-propagsting structursss, with full richness of the physizal medistors f cansaiity included, Now, .
- mnmvidiqmmha-emmbmapecnﬁc.mdmsmcwpmmecoh;mimdo!s e
. -of reafity are spare shadows indeed. However, nothing of princip’e is sacr.ficed (m fact, principles

’ amewmnmdmtbetter)mmemumofatermmmmhm& "

Example 1. ' Accordingly, Fig. 1 shows a static, stmdg-state. compartment modei for: the
. hy drologic water balance within the watershed of Okefenokee Swamp in southeastern Geargia (Patten
- and Matis, & pressl. The four compartments of this model, representing water storages in the
ER surface and shallow sibsurface reservoirs of the swamp and uplands, are the nuclear holons in this
- case. This madel was chosen for purposes here in part because the campartments are abiological,
aliost nothing in nature could be simpler than a stored quantity of water, and yet these halons have
interesting environs that can become the subject of quite detailed analysis (Patten and atis, n -
pless)

The mrndology of "environ analysis™ /Matis and Patten, in press’ iz still under development,
having descended from economic input-cutput aneiysis through several lines of major development by
my nudents, John Fin (1977) and fraqg Larber {1978a,b;, as reviewed b+ Barber et ai. {1979.. If
Hy' and 4™ are the input and output environs, respectively, of compaonent H; in an ecosystem
H, then it environs normakized to the inpuls z; and outputs y; are:

Ei' = ’ii'/yl' Ei" ® ﬂ../zi' i:]v""n M (26)

5 where n = 4 for the Fig. | mudel, Figure 2 illustrates e unit ingut environ & ...k of the
Okefenokee model, ami Fig. 3 the unit output environs L|” and £3" as ‘mpu ed by the environ
analysis methods. E2” and E;” are not shown because in this model there are no groury vater
' inputs from autside the watershed bounviary,

e

The data in qus. 2 and 3 are interproico as rollows. For examgle, Fig. 2a depicts the snput
environ assaciated with one unit of surface water [oss (bold arrow) in the Okefenokse wplands. A bold
o arrov. identifies the nuclear hoion in each diagram. To generate 1.0 umit of culput from H)
B requires an input environ £}’ consist:ryy of other holons representing water storages, interconnected

by imrasystem fiows, all driven by systern environmental inputs, Thus, .1; the storages are C.0231

wnits in Hy and 0.0382 in Hp; (2) e intermal flows are 0.1210 units from Hj to Hp, and the
, same from Hz o Hj; and {3} the input is 1.0 unit as rainfall into H). Water destined tc exit the
i g watershed as H| output hac the following chacacteristics: (l) water in H) has contacted an
expected number of !.12 holins since first entering H, counting one visit for contact preceding
final exit, with a standard deviation of 0.37 visit:; ‘Z) water in 7 has contacted a mean of 0,12
holons since first entering Hj, with a standard deviation of 0. T4 visits; (3; water stored in o
; leaving the syuem 1mm ] has resided in 1, a total expected time of B days, with coefficieid of
¥ varmmn 1.0; and (4) water 10 or leaving as output from Hy has resided in H; a total mean of 14
v days, with 4.2 cnemc:em of variation,

y"\‘.f SR
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y, =0.6793 :  y]=16349

y2 =0.0710 - y2=00737 3 00138

Figure 1. Four-compartment weter budget model of the watershed of Okefenokee Swamp. Tne
; -compartments are: x)* = upland surface storage, xz* = upland: grourndwater storage,
x3* = swamp surface storage, W® = swamp sbsurface s vage. Inputs  are:
o z) = wland precipitation, z3 = swamp precipitation. Oulpuls are: y} -
< . evapotranspiration, i=l,~-8, = dewp seepage, yd = sheet ww _mream fiow,
yi = percolation, deep seepage, and_ latersl leakage,. and  yj = Daseflow,
flows ave: 2] = infiltration and percoistion, f3) = chanr! and overland
flow, fi7 = bamflow and interflow, 13y = baseflow, f;7 = iMeral seepaje, f53 =
infiltration and percolation, and fy4 = wpwelling and water-ievel rige. Storage units are

i | "er y“. Areal basis is the entire watershed,

In 8 similer way, consider in Fig. 3b the output environ generated by one unit of precipitstion
input (bold srrow} into the swomp surface water. .= wnit output enwircn €£3” praduced by this
input congists of other holorns agein representing storages, intrasystem flows hetween these holons,
and otputs to the system envirmment. Tows, (1) the storages are 0.3569 units in Hy and 0.0149 in
Hg; (2) the internal flows .ave 0.0011 units from H3 to Hg and 6 % 10-6 units from Hy to

and () the outputs ere 0,5442 + 0.4547 = 0.9989 units from H3y ang 0.0006 +~ 0.0001 . 0.0004 -
00011 wnits from Hg, totaling 1.0 wnit. Weter which entered the we’ercied as Hs input hes the
following cherscteristics: (1) wate. in Hx will contact @ mean of onfy 1.00 compartment before it
lesves, counting 1.0 visit for initial entry, with o standerd devistion of 0.002 units; (2) weter in Hy
will cortact & mesn of 0.00]1 holons before its last exit From 1ig, with a standard deviation of 0.3
visits; (3) water stored in or entering the system vio Hy will reside in Hy o total mesn of 130
deys, \/ith coefficient of varistion 1.0; end (3) water in or entering the system at H3 will reside a
total expected time in Hy of 5 duys, with coefficient of varistion 43.3. The other disgrams in
Figs. 2 and 3 car be similarly interpreted.

Q%m_z_. Figure & illustrates a second compartment model that has been described and
die in several previous pepers (Patien et al. 1976, Patten 1978b, Patten and Auble 1979,

in press). This is @ model of energy flow in Cone Spring, a cold water spring ecosystem in jowa

(Tilly 1968), Aside from energy being the causality mediator, this model differs from the previous
i one in ssveral important respects, }irst, four of the five compartments are taxons, and second, Lhere
are five fesdback loops in this system wheress the Okefenokes woater model has only two local loops
of negligible systam-wide significance. In other words, the Fig, 4 system is a more realistic
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Fipme 2. Unit input environs of the Fiq. | Okefenokee water budget modei:

. TSN )
0oE g,

- e EY,
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fach diagram shows

walef

fiows
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ms  yearti:

and

storages (107 m3; required to generate one wnit of output (107 m?

vear™i: at U

o bold arrow. Flows are assatiated with arrows, 47d storages apgpear 55 Lie SpPPel umder i
each bov., Tre middie nunbers of eacn box represet, wilhiout parentneses, the megn
umber of past visits 13 that Box of water presemkiy 1a of leaving the campacinent «ith toe
oold arrow, and witiun parentheses, assaciated standard deviations. Hotn these 'wiméers

- are unitless. Tne nattom rumbers in @ach oax regresent, witnaul parentaeses, tiw cxpey e

. pust residence time in that box of water preaently in or exiting from the Doid 3Tow
compartment, and within parentheses, associaled caefficients of variation. The neaw are
inh = haurs, o - days OF y = years, aml the coefficients of variation are anit lecs,

ecaGystemn structure than the first. s enwvirons have been illustrated in the shove-cited ceterences.,
and it is ot to the po.t here to show them again. But the dominance relations indicated (v a cantrei
diayram {Fig. 5; pase. on the comparison of the .nput and output environs 1s of nterest in justifying
the particqiate concept.

In Fig. 3, ) 15 sbsolitely dominant 1.0, over Hy,...ts  Tris s aovicus from Fug,
because there is o feedback from any of these latter halons to Hj Dy wich e darminance gt
be mtigated. Tne nonmadeling detritus holan ity controis bacteria tfy maderately 049,
detritiveres riy quite stronqgly [1.85, and the carnivores -5 al.o maderately (0.00.. The pactenia

H3 are mod.tately domirant

cver detritivores 1, (0.58, and the lstier strongiy control thwe

rarnivores vy 70.89 .

The part | made i the olher Pinars hears repealing here  Decause,

intuitively, domimance 5 thought of as o anmtive relation, i1 4, dorminat

LY

%

4,
L)1

AT r_f,
in the

- domynates rv, <en H, would De <o udrtet to dominate riy, Suen simphicity
nature af systems, however, In Fiq. o, riy cantrois v, cantrals rig, Dut rt, dorinates Hg
istead of the ather way around s transiivity wauld give. Thecefare, we nave o6 example of
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~ .- Figure 3. Unit output enwirons of the Fig. 1| Okefenokee water budget model: (3) E," and
) : %E}'. Each diagram shows water flows (107 m’> year-!) aid storages (107
_generated by ene wnit of input (10° m> year-l) at the bold arrow, Flows are
essociated with arrows, and storages appea - as the upper numbar in each box, The middle
numbers in each box repressnt. without |- entheses, the expected mymber of future visits
to that box uf waler presently in or entering the compartment with tie bold arrow, and
within parentheses, associated standard deviatinns, Both these numbers are unitless. The
bottom rumbers in sach box represent, without parentheses, the expected future residence
time in thet box of water presently in or entering the bola arrow compartmant, and within
parentheses, associated coefficients of variation. The means are in h = hours, d = days, or
y = yesrs, and the cosfficients of variation are unitiess.
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Static energy flow model of 3 coid-vater spring ecosystem H, Cone Spring. lowa (Patten
et al. 1976, p. 572 ff.}. {he components are H; plants, Hy detritus H3 bacteria,
l;ia’ detritivores, and Hs carnivores. Storage umils shown within the baces a2 keal
m-2, and {lows associated with arrows are in kcal m-Z vear-!,
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Figure 5. Unritrol diagram depicting dominance relationships hetwesn compone tr 6f the Fin, 37 cold
spring erergy model. For each belon pair H;, H,. the assn~ia ed rur-bher s 1'Ci§'
" - T,

where ST 'Bii"‘.l/v'a;j}-l' "-a:ij' CeAT s e -:‘,”" -A";Z_F 4. :.");]_

nontransilive cuntrol (0 an ecosystem modGel, #ch Mash Carry over to nature. | Inine st 13 amportant,
and | wish [ nad annther madel, or betler an empirical example, o6 Dam] 110 4o Lo demansteate i
furthier. | will return ta this 1n thz particulate context shortiy. Mow, ot Js 00X al M3t gl be
gained [and nathindg lost: Dy consdering envirans as ele atary pacticles far ecology.

The Cellular Analngy

The w.ing cell nas 3 nucious, and the enviren nas a nucieas in its de fining noion. Tne ceit nas a
B rndary #cross wnich enecgy, maties, and informstion ofe exchanged wilh e ceibilar env romment,
The onvimn taz a boundary, provided by operational defimtin of the curcumserining system tnat
containg the envitonuciasss enerdgy, matter, and information are transferred dorcss toug Gagundary.
The cell has a cytoplasmn stach surcaurds--cnvirons--its muciens, The 2ytapiasm eonsists of a et of
formed elem x.ats, orqganelies, dispersed in s allovaal mediam, Toe fayichian of the Tormed elements 13
ta carry on the caavfindated processes af celluing netabaiiam ander proumal ontrol of elaberate
enrame mnechanisms and under gltimate canteal of toe cell nucims. Coviroplasm conssts af 3 set of
farmed elements, nonmadelicsg nolons and tyaons, dispersed inan ecolaqueal space, and CACFyING on
the commerce al  ecosysten snetabolien ander provicnal contral af  elabarste HOChemical,
etholoqical, popufational, and syrntuotic requlstory mechanisms, and under Si0inate cantral of the
nuclear oion which, after ally oo defing, The caif cacions s toe repoytory of jenetic material, and




* of cotlotar reproductian in which this rtecial s transferied Incect. The enviromcleus
ferent when it is a living taxon. Only when the defining holon is not:alive dues it nat

-genetically -continubus replication of . other holons, and hence ewin

d‘enoe,pulaﬁzed miclens surrounded by ‘i:i;t.‘-‘ﬁtric shells of erieréyiéVe!s T

-SLoIn CON3ISLS 01 9. Gens. ¢ mcie , >
@jﬂtftxed‘wn‘ﬁgmmtso&electmmblt the center. -The énergy of each level.iginverse to -~ )
distance: froca-the nucleus.-Using Hill's graph dissipation property, the enviroouclers i, structurally | .

o -other-holars _within_its: environ in‘decreasing strength with distance, where distance is -~ =

Figure 6. h;tathsmmca! graphs of {a) the Fig. 1 Okefenokes water model i’ (b} the Fig. 6
" - Cong Spring energy model. :
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--=nez ared as the number of branches in a path from the nucleus to each member holon. Thus, an Hy
. branch from the nucleus will oceupy the first environ "shell,” two branches the second k branches the
K'th, and ‘increasing ‘levels will signify decreasing strength of structural relationship to the defining
bolon. : OFf course, an enyviron has two sets of such coacentric structures, ane on the input side and one -
an: the ‘output sic'2 of the defining hotm. -Figures 7 and 8 illustrate this cunception of environs for,
espectively, th ..ig.'1 and Fig. 4 compartment models. - : ,

Conrider. Fig.. 7a - in.comparison to the compartmental representations 6f these same two
shown ia Figs. 2a and 3a. The concentric rings, progressing:outwar: {rom’the center,
decreasing structural infldence from the nucleus. The proximal ring tn each side displays
tput resfized niches. Flows are .epresented by the conmections between rings, and
v of flows (inte _iity) and influe xce (capacity’ may form a basis for complementary
seen’ in physical science [ e.qy., the through and across ‘varisbles of

<1367, p. 7 f.)]. Storages, as given by enviror analysis, represent.

‘The  interholon transfer and ‘residence time
ters that further. developments-in environ
arly ‘structural dspects‘in ways ‘we' cannot -

ved that ‘comparison of input and output-environs, ina very -
ind ‘Auble 1979, in press), provided a measure of dominance. There = -
ies. for. input and output ‘environ comparisons, saine of them “surely to be
A ic._model if.it-should be pursued further. - The point is that these potentialities
would not exist without the particle oriem: ation. -~ "~ = -.. ST

o Ato , nteractto form molecules thro gh ‘shared e[ectroﬁs, and the cbnstraining properties are : , ‘
.. 1awfu: 'as summarized in the periodic table o’ the elements. Environs interact by a snaring of holors, . =
’ et -

Figure 7, Input and output environs (Figs. . and 3. of the Jkefenckee w *er model, dispiayed as

"atoms.” For simplicity, several conventions were used in conscructing these diagrams:

{1} Input environment H' and output environment " appear only once on each input and

output mde, respectively, and always in the "shel]"” clogest to the nucleus as appropriate in

: : 2ach case. (2) Ench holon sequence representing a cyclic path terminates in explicit

i representation after completion of one cycle, (3) No holon is represented more than once

i ©in one “ring” or "shell," (4) No divergent paths are depicted on the input sides, and no
converqgent paths on the output sides,
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"atoma,"

« 4 Cone Spring energy model, dllpléyed as

-

Diagraming conventions as for Fig. 7.

Figute 8, Input and output environs of the .
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ind a certain parity is observed in the process in that if H; occurs in the k'th ring of H, then
H; will be founc in the K. n ring of H;' {e.q., Figs. 7 and 8). Is the interaction of environs more
lawful than we can discern with our present models such that there might, in fact, exist a periodic
table of environs to be discovered? Elton (1927) saw niches as irwariant structures that could be
realized in different ecosystems by different groups of species, and environs are "extended niches”
Co (Levine 1977, Patten and Auble 1979, in press). The search for constant structure reticulums in
Lol enviroplasm wauld be enhanced and kept in better focus by a part{ulate conception.

» ENVIRON ANAL VSIS
c

i The enviren, cf course_ is not an atom 2. a cell, or any of the other particles that humans use to
. make order out of the world. It is its own thing, with unique character and properties. Leading
among these is bigness, in size and complexity. In this article I have argued to make it in principle
small, a reosonable package that, while it -might forever defy adeyuate measurement, can
nevertheless be carried comfortably as a concept within the mind. Curiously, even paradoxically, the
environ breaks with the particle tradition, for it is internally an antiparticle. As a whole it
encompasses everything of organism-environmert. synergy that can be captured by: haolism, mutual

compatibility, adpmctive logic, transactionism, consistency, coevolution, complementarity,
BN afferdance, and whatever ‘else | :nay have left aut {e.q, transitive closure, whose significance I
discovered in interaction with another of my studerts, Robert Bosserman; Patten et al. 1976, p. 530,
and Patten 1978a, Pmposition 2) that could be used to fuse the: thmg—env:ronmer.t complex into a
single immutable unit.

r,

I said at the autset that my intention would be to elaborate the environ 25 a concept in ways
that previous technical treatments have not been able to do. As far as [ can tell | have done Uws.
Now, in this section, I want to stress that the environ as a concept is made possible by the environ as
a formal mathematicel construct. It is an operatjonal concept, and [ want to make several further
observations about it from the analysis side. ~

Duality

The environ as a double structure has immediate technical implications and an enormous
ultimate analysis potential. Input and autput environs are not mathematical duals, but they have
more the character of transpeses. Having two emiromnents instead of one leads immediately to
expanded horizons far general systems theory. As | pointed et in the Environucleus section, normal
system theory is based on the gunon state transition and response function pair, Eqs. (1) and (2).
These equations generate only futures, hence output environments, and to produce input environments
new functions have to be introduced. The retrospective creaon transition and stimulus functjons,

- Egs. (7) and (8}, form the basis for a secend system theory to paralief the first. This retrospective
theory must now be developed. In interaction with the original, many new understandings, insights,

. and analyses should ensue. Incidentally, the dual perspective is represented in engineering system
theory in the concepts of observability (input environment) and controlladbility (output environment),
originiate:’ by Kalman (1961, Kilman et al. 1961;. In brief, a variable is observable vy another
variable if it is in the input environ of the latter, and controllable if it is in its outpotl environ, It was
these cor.cepts that lirst led ‘ne to thinic about networks in both forward and reverse directions. In
engineering, however, this approach serve: as methodology rather than as an encompassing paradigm.
The duality feature of enviran theory is one aof its potentially most powes ful characteristics,_and the
Fig. 5 control diagram based on input and oulpul environ cormparisons, with the example of
nontransitive control which it exhibits, was intended to tlustrate this poin®,

Fundamental Matrices

Environ analysi 3 {IMatis and Patten, in press), as it presently stands, is a linear | arameterization
of general sytems who..e results apply under lhf' Uaudl restrictions on linear mode.i--steady state,
neighbarhnnd, etc, Considers the standard linear state transition function,

= A" s 1, (27)

corresponding to Eq, (1, and iLs retrospective counterpart,

x = -A'x-y (28)
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correspanding to (7). Here x. %, z and y are column vectors, and A" and A’ are square matrices, all

d;mensnmed according to the order of the syste.., n. A static environ analysis is developed by setting
= O and solving for steady state:

* T ) - .
x = (-A") L. (-A*) 'y . (29)
The matrices (-A"r! and (-A"y] are fund~-.ental in the analysis in several ways.
: l. Environ computations. Let d” and . &', izl,.;n, denate the columis of (-I\.")":'1
(-AYl, respectively, and let D;" and Dy’ be dla;malnzed matrices of these wictors. Then, unit
environs E;" andE;'[Eq. (26)) are glven by: : -

E;" = A'D,-" Ei = “-'(A LIS P - . (30)

‘(')

2 Storgg pﬁtltlms. Let x,-" be the partun of xi' that ongnmtes as input z,.
)t“ be the fraction of x;* that leaves the system as output. y,, bzl Let Z and Y be
, diagonal matrices of z .and y, respectively, nad let X*(Z) and X'(Y) be matrices whose elements are
therespecuve storaqecompmentsx“ and x5 '_I'hen: ; =

(@]

(@) = () 'z ey s Yy L “GY

For wnit inputs or autputs, Z=1 and Y=, [ being the identity ;ﬁatrix_. we have
(1) = (47, X = A7 (2)

The matrices (-A"1 and. (-A'y] thus directly specify the storage cumpments xji" and x;f’
scaled to unit input zj and output Yj values, i,j=1,...,n.

3. Residence times. Let p;;” be the nrobability that matter in compartment j at timé-t will
be in compartment i at time t+l, and pji’ be the probability that raaterial in j at time t was in i at
time t-1, i,j=1,...,n. Let Q" and Q' be matrices of these respective probabilities, calculated as:

Q" = (I+hA"), Q' = (I+hA’} (33)

where h is & scalar chosen to make each diagonal element of Q" and Q' positive. These matrices
represent transition matrices for forward and reverse discrete time Markov chams, respectively. Let
M" and M be the cur ‘ative future and past residence times, respectively, in compartment i of
substance in jattimet ‘'e the substance remains within the system, and let

¢ - woe (100, s (10! (34)
Then: .
w o | W e
* h(1-g*)”! . = w(1-9")"
= h{1-(1+ha")]"! ‘ = h[1-(1+hA*)]"!
- (a7, - = (-4 (35)

The fundamental matrices (-A™-! and (-A')i give the expected future and past residence times
directly. Mm'ecverl they are alw invclved in variance calculations. Let Ma" and My’ be diagonal
matrices of (-A")-} and (-A'Fl, respestively, and let Mz" and Mz' be matrices whose entries
are the squares of the corrupanqu entries in (-A")' and (-A’)"l, Then, the variances of the
future and past residence times can be miuan, rnprtwaly.

ANt KR R C R AR K (N 0 WL (36)
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Tre simple raatrices {-A""! and {-A"}"i, easily uerived from the coefficient matrices A"
and A’ o7 the original system equations. (27) and :28), are truiy remrarkable. Tney provide a simple,
straightforward computation of environs [ttp. 30}] trat ..i s never achieved in the former methods of
my students (Finn 1977, Barber 1978a,t)._ They not -unly allow inputs and outputs to be partitioned
amongst storages, they are the partition [Eqs. f}Z;]. Storage analyses vere not a3 part of any of the
previous formulations, only flow analyses. The fundamental matrices also not cily aliow the

" computation of residence times, they are those residéace times Eqs.[(}S)]. Moreover, in Markov
chain theory, which lacks the dual perspective, the "residence time” of a particie within a system is
rnormzlly stated to be M" (e.g., Kemer.; axd Snel! 1960). With the two-environment model, total

: resukme time is seen as l:he-:um of two resides.c2 times, M™ and M.

In all the history of linear differential equaticns and linear system theory, with all the
applications of Enear models to applied probierns in tracer kinetics and compartment madeling, and
with all the use of Leontief input-output analysis in economics mhlch environ analysis makes
cbanlete, or at best cumbersome), the central pesition of (-A")l and (-A')l was never
appreciated. Yet, within a short time of .my acquainting James Matis with the environ perspective,
~ he discovered the described reiationships, which are elegant:in their simplirity and synthesis quality.
=~ 'In new work beyond Matis and Patten (in press), additiona! properties ae beginning to appear, for

- example, the fundamental matrices aiso figure in a system “ransfer function in the time domain. .

SUMMARY

Thus, analytically as well as conceptualiy, the environ is a promising new object for ex slogical
" and systems study. It captures many aspects of the world as they seem 1o be in a way that has never
been done before, that is, in a whose syste.ns way. The environ is quintessentially particulate because
all the physicai and phenamenal interactions which occur within it join it into a single whole. The
organsm and its environment are ane, and | have .aken nuteworthy cues for this from von UexkUlt,
who ! hope can be discovered by ecolegy, and more recently the ecologica psychologists wno have
distilled a Iat of philosophy and psycholagy in support or organism-environment synergy.

By now it should zppear that the terms "environucleus” and "enviropiasin™ are not so rash as
they may have seemerd at the beg.mning. But if they offend, as . said about the holon,..., environ *
‘amlly of words, put them aside too but keep the thoughts. [ also commented early that the environ
concept has power to alter one's view of the world. This is certainly true in my case cver the three
or four years | have been living with its emergence. | hape that the account | have given here may
start a similar process for others.

The erm.ron builds from the general system tneory of abstract objects. Zadeh ang Desoer (963
and Mesarovic and Takahara (1975} have been the two varsions wnat have guided me the most. These
are powerful theories indeed upon which to base this new concept, and [ f2el secure abaut the formal
basis for environ theory, even though a'* the bridges to real ecolrjy will not be made for a very long
time, | also fee! quite certain that environs can make a mark on systesn theo.y, which only modestiy,
if ever, acknowledges environment. The retrospective state ‘ransition funclion and stimulus
function[Eqs. (7)]and {8) are new innavations, and [ was led to tne farmer oy work of Barper 19783
on reverse Markov chains,

The recognition of epistemic mediation of inpiits as "modeling” 15 my idea, desived from
exchanges with another of my students, Gregor Auble, whio has cc-authored the papers (Patten and
_ Auble 1979, in press) in which [ first use the term "taxon." To say all living things model and
" nonliving things do not is a bold stroke indeed. it remains to He seen, of course, but § am buttressed
with reactions to this from severai generations of students and others. Of course, the ecological
psychologists make a stronq case for realism, and modeling a3 [ nave construed it is rat,onalistic. Tne
connection to niche is made in the Patten and Auble papers, which 1s satisfying in view of the igh
status ‘of this concept in erology. The niche is made a liltle prumitive Dy the environ, nowever.
Pursuing my commitment to organism-envirnnament syner.y, | introduced a number of concepts in
support of it: adjunclive logic, fransact,on and affordance from ecological psyctwology, and
consistency, coevo'ution, and complementarity from my Jwn work. The last three properties
illustrate the power of good formalisn; imagine being sble tn estaplish a strong case for whalc
systern coevolstich with a few modest assumptions, (Gibson's affordance concept 1s the strongest
expression of organisn-environment complementarity available,

[ gave exarmp:es of environs (Figs, 2, 5, and 9. 30 they could be senn in fanuliar terms on My
way to making a rase for their corpuscular nature, The argument for particulate status 13 utilitarian,
and the case is reamnable. [ hope that ecology witl undertake the study of environs; they can help it
become the systems science it needs to be,
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CHALLENGES IN LANDSCAPE £Q0L0GY

Frederick E. Smith .
< Gradiate School of Design
Harvard Univertity
Cambrridg:, Massactussetts

r

S. L. ALERBACKHE As [ said earfier, our three previous speakers were alurni of this
irstitution. The fourth speaker is not, but we have hed a very ciose iitellectual
association with him for a number of years. P-ofessor Fred Smith sterted oot past of
his career at the University of Michigan in Am Arbor in the 1950s and early 1960s
when Ann Arbor was one of the epicenters of ecology in the Unite] States. There was
a group of marvelous people there. meMummwmu
were all carving out new and exciting dirncnsions in population ecowngy.. Suadenly in
the mid-1960s (those of us down here were sort of keeping track of it), we were bath
profoundly sucprised and pleased when Fred began to-espouse ecosystem orientations in
his thinking. Fmdmgmtnthamyumpetelywhmﬂclﬂ’mbeugfwmed
in the United States. He took many of the leadership roles and became the director of

the Analysis of Ecosystens. project which was the ombrella project ovet the biome
programs. It was, as | remember, quite an experience for Fred in the sense of getting
involved- in an -integrated gquosi-management rofe with fellows who “were biome
"~ directors and who were somewhat individualistic and cantankerous. Soon after that,
Fred moved on to Harvard | Mversity to the Graduate Schoo! of Landscape
Ardhitecture and Design, and his interest again shifted, now to looldng at the broader
regional problems of ecology somewhat different than the more narrowly focused
analysis of ecosystems. Again, this has beeo of very misch interest to us, because we
had also been seeing the regional phenomenon, fegional ecology, as an area which we
found needed more and more consideration as we looked at the overafl problemsyou
have heard abaut in the last two or three days, - man and how he is going to use his
landscape. So it is with a great deal of Deasure that [ itroduce Professor Fred Smith.

LK 2R 2K 3K 4

Thank you very much, Stan. It is alemys a pleasure to visit Oak Ridge. [ remember, in the early

fifties, when Nelson Hairsten ang | thought you were far oul to come to a place lixe this.

| presume that the "cesium farest” nas had its day. You have lots of room here for new forests
reflecting new opportunities: perhaps an Talteriative energy farest,” definitely a “moace! forest™ witn
hierarchies of vegetaticn and arrows pointing in all directions. Of course, you should have a
"publication forest,” a tree for each puslication not only to commemaorate the everd out also to
replace the tree used to publish the paper. Finally, yos already have an "official forest,” a forest of
offices that we are now dedicating.

| wish today to talic abaut a subject that nas apparenily seemed unimportant to scientists, i.e.,
it has been neglected hy environmental crientists, This is the relationgiip between science and
design. Design is not my field, and f am a poor designer even though | work in 3 school of design with
architects, landscape architecls, city and reqnonal planners, etc. Nonetneless, | would like t) begin
with some remarks about design.

Landscape designs are the creations of jandscape architects, or reqional physical planners, o
urban designers, or whatever name you prefer to use. | am referring nere to peuvple who are
design-oriented, Good designs are more than technical solutions to problems; more than a
minimization of negative impact or maximization of benefit or resmlution of conflict, Good designs
are all of these, but, in addition, they are artistic in the fundamental sense of enobling the human
spirit, Olmstead 13 remembered not becasse he created parks, but because he created great parks,
Central Park in New York and the Emerald Nerk in Boston are not the fallout of elaborate
environmental analyses; they would not have hapoened if that was all that was going on, They are the
products of an artistic genius that goes further and creates, in a very reai sense, a value added that is
whnlly new,
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By a different process the landscapes of the 19th century, especially the rural landscapes, were
artistic, created very siowly and in small increments. Patterns of [and use and styles of structur
; . were moided to native Land forms. Landscape designs became indigenous, giving unique identity to
e ~ landscapes so that you could instankly tell whether you were in France, or England, or Vermont, or
‘ ST Pennsylvania, or Georgiaa Tne natwral landscape and clima*e awided the growth of the built
’ landscape into 2 tradition of whole. By saving the best they become artistic without perhaps the )

R necessity of genius being inwolved. Wherever the natural landscape was dive se and supportive of - X
= h-nmua,penpbtemledmrtmtodevelopadisﬁmhvesty-eofdnewmutom ~ ;
region, ", ’

Today, ofmdmmmlymmm-s.mrmmdmeﬁm
Dewelopment is more rapid and usually in large pieces. Our built world sits more rudely oon aatural
m:mwu&,ofmm,sﬂwwm:mmedfwmtmmwv
requlation. mulwm,w,ahouffmnmeuedwmnm The power

mmnmhmmsmummhwnohmmmwmtuﬂymm s

mmmumm .
o Wavcﬂemimmdsoﬂhahqmﬂh@u’ leysrefamdmtjuan. T
ecology bet in a variety of air, water, life, and engineering sciences; one can ke 3 Jong shopping  ~ .. 7
Est of what goes into this subject. Ewmmlxmar.\e,mamedwﬁeu U
sciences with a nsmber of practicing professions. Fcrest science serves forest management, and
fisheries and wildife biology serve fishery and wildlife management. A variety of animat, plant, awd
il sciences serve agriculture, Theappiedmuusmdedmmmmml\ot
mmmwmmmmmsbpcn

-
o

lnd:epadthesmmufhoruwltweaﬂoflamwapeplmnq(dud\dnshavemscuence ‘
mn)mbesaldtc!uveumfaceddocelymthlmdacapechsg; The needs today go far beyond
this, a problem obvious to anyone involved in jandscape development, management, ard design. For
today I will call these needs, collectively, the applied science Landscape Ecology.

. Appked sciences have several functions. First, they research needs as perceived by
~ -practitioners. Medical science, frw example, responds to the needs of medical practitioners; medical -
C o diagnosis is an art greatly strengthened by the tocls of medical science. Second, applied sciences - -
- = - maintain communication with related basic sciences and make use of new developmnents. We have an
example of a failure of this when, in traditional landscape architecture cutricula, c.u.ses on plant
§ maeﬂdsadhniwlmmmgummmmmtmdmmmmby
e scientists. From generation to generation contact is Jost with the basic sciences and the material
‘ becomes out of dete. In contrast, applied scientists belong to some of the same professional societies
as basic scientists, and they comnmumicate easily back and forth. Third, applied scientists produ:e_
new opportunities for practitioners by developirg new facets of knowledge in the applied science
-that is, they go beyond responding to perceived needs and develop new di-ections. Last and perhaps
the most important, applied scientists maintain finks of communication between science and the users
" of science,

Designers and planners working at the scale of landscapes and regions have had to scraobbie for
themeeives in the literatures of the natursl sciences. In fact, they are o accustomed to doing this
that they sometimes resent my discussions sbout the need for an intervening applicd science. They
are treined to go directly 10 the basic as well as 1o various applied sciences (I was hired by the School
of Design ar 8 basic ecologist), and have little concept of even the nesd for an applied science to
serve them. They dig for themeeives, and in fuct they are very poor at it. They are unable to -
evelupte what they find and tend to sssume thst something is true if it is published in a scientific
journsl. They have only very general concepts about what might be useful, or about what is
sveilable. Like other kinds of professional practitioners, they need and deserve 2 lot better support
then that,

Lennscape ecology, 9s the applied science for lendscape design, inescapably includes the human
slement. Knowledge of velues, institutions, economics, and legislation ere part of the environmental
design process. Clearly, lendscape ecologists {(the applied scientists who will be working with
designers) must undsrsiend thess sepects of the systams on which they ere doing research. Equally,
of course, they must thoroughly understand the professionsl practice of landscape design,

Much of the content of lendecape ecology is obvious, It includes the same array of science,
deta, and methods that s used In all kinds of environmental aneiysis, like those that hgve been
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discussed tiwoughout this symposium. Muck of tits science operates in the problem-soiving mode, and
of course includes studies of the value systems of variaus interest groups and studies of in<titutions
that are swolved in the implementation of problem sohstions. Michael McCarthy was at Oak Ridge
for a while. He is a Jandscape architect with Joctoral training in biology. He reviewed a body of
mlwmhwlwokmluﬁuréwmmrmm@m
{MicCarthy et al. 1976).- H. H. Shugart et al. (1978} have examined the potential of several modeling
spproaches to land-use issues. Altogether, the Regional Environmental Systers Analysis Program
{1 hope you can find a shotter title) and the Eastern Deciduous Forest Biome Program have produced
and oygenized an enormous smount of information on this subject vand just last night [ was given
another Oalc Ridge manssciipt on regional ecologyl. All of this is not quite the same as the applied
science | am taking about, but the two have a very large overlap. in Sw sense of 3 group of
scientists serving users, one group would probisbly serve all of these users; too much science &
m*cmmmmmlyﬂ\emedsoﬂmm

_ nmm,u\eemmmmwwmmmorm
assessment, and, W front in the piawing process, to reduce damage, maximize benefits, optimize

uimnmmlnmfkts,wsfwm Mehabmmwatm;mmﬂucmne~:ﬂ

m::uheammto facmunmwmuo‘mm
lu:ntu'eshaﬂdmt wawleauu\creauvelames. Inearﬁerzmau,pemlehad

" lower Bving standerds then we do, yet they did affoed style. M we canwi afford style, why are we

doing what we are doing? The minimization of damage and maximization of benefits and all these
unlyncalpmcednmbmthcmstyie. They do lead to the best solutions ygu can get without
style, but on top of that we shaudd also be able ta get the vake added that only artistic creativity con
pmmumutsmmms,mtywwummmmmbebmhmmmmn :

How Ccan we serv: tksqnersbettet? Consider, as an exarmple, tne phenomenon of species
diversity. Let's assume, tp avoid argument, that more species of plants and animals are better
becasse that is what people prefer (probably the best argumant for diversity that § will accepii. what
is impartant and ueful abaut this for the designer to know” The answer depends on scafe. AL a scafe
of a hectare or less plants can be made moru diverse by planting more kinds; our botanical gardens
are marvelous examples of plant diversity achieved entirely by construction. Or, plant diversity can
be encouraged by any of severai management techniques that allow more and mere plant species to

occuwpy a given area of land. In general, if plant form as well as piant spectes is varied, the area will

support more kinds of wildlife. Botanical gardens an vary form as wel: as species; the larger Englisn
gardens upoort some of the most derse, most diverse populations of breeding songbirds found

" anvahere in the world.

On a mmewhat larger scale, a greater variety of vegetalion form is encountered, and
vegetation form rather than plant species vecomes the major object of manipulation. Instead cof
going around planting species among species, we think 2baut designing different vegetation forms
and, in particular, the edges between forms. £dges are boundaries between different commumities of
plants and are known to be especially supportive of wildlife. _andscape ecologists could produce a3 ot
of information on how to save edges, create edges, and, in general, manage adges. We nave studied
edges - you have a man here, J. W. Ranney (1977, doing very interesting work on forest islands ang
edges - dbut we study these as cuisting phenoma rather than as somethung with Jdesign potentiaf. It
should be easy, [ think, to develop, 1n the sense of appiied research, the science of managing edqges.

On a stitl larger scale, the diversity of species vill be strongly 1nfluenced by landscape
diversity: the variety of land forms, the major vegetation types, wetiand types, etc. From a design
point of view, emphasis shoule be on the mix of major [and types that exist. Many of these can pe
saved, modified, or created. The whole of Central Park {if you are familiar with Central Park, you
must be aware of its variety and of its many naturalistic features; 18 entirely created, blasted out of
bedrock and buill. Nothing there is "naturil,” yet many natural processes have been coopted to help
in the development and maintenance of the park, It behooves the designer to oe harmonious with
natural processes, even within built svstems, if the cost of maintenance 15 to be kept down,
Comsttution Plaza in Hartford 1s an altractive area with a very high maintenance cost, in part
becauyse the design s opposed Dy many natural processes,

Wwhat kinds of informatjon are most useful to landscape designers” | nave found, in teaching and
consulting, that nothing s more yseful than an intimate familiarity with the material. By that I mean
the jocal natural history of plants, animals, lakes, streams, soil, etc. Unhappily very few people can
iegarmn much about everything in very many reqgions, and many prartitioners do tend to become
regionalized by their experience, Even so, this is contradictory. How can 3 designer with fittle
training in science absord all of the natural science of a reqgion” Instead, it 1s the [andscape ecologist
who needs the intimate familiarity, and the two people nced:a meathod of cammunication,
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For several yeers | have been using an approach that seems to be appreciated not only by
designers but by all kinds of people involved in manipulating and managiny erwironments. And it is
fun. It is useful «n part because in this day and age most of us grow up in cities and lack a rural
experience. It is curious that as we have become more powerful in cur ability to rebuild the world, on
the average we are becoming less familiar with & in terms of life experience.

i Stuﬁes.nnanrdhstcytadtoeumeuncmre,mmscmﬂedmmﬁm
Yet, it is probably better to understand, manipulste, and work with process than with structure. I've
l'-adahtofﬁnnnﬁnmmmamroﬂaummlmwmamofpmmﬂ
tna*aaenaofqn.nstmm:

1. Mfmprwmsm’ .
Z Duunsefmstillopenle"

3 rhmlwmmmmmmmmmmalwnmxm’

- l-htenmexmulen t!ntywmulderstmhi\atlmea:. ltumﬂntlmmﬂnmﬂﬂn

mwmmuumm-:ﬁg.x. . The lakke bottom sloped upward to 8 flat gravel
- shoal aboint theee et below the lsie surface. The shore rose abruptly from the shoal to a height two
1o five feet above the lake. Thend;emtauedm;ylatgemcksmduppuﬂedspmtraes,
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Figure 1. Profile of 3 loke shore in northem New Hampshire,

The developer's plan was to create the all-purpose shoreline that is found everywh:re, Carve
back the ridge, fill the swamp, convert both to lawn and scattered trees. Bury tne shoal \vith sloping
sand to meke a beach. Build houses along the waterfront, witn a little wooden dock m pumgs
sticking aut into the- water in front of each haue.

The present shore is 8 perticularly elegant set of structures. You will not find them in
'Tm, they are indigenn. 3 to more northern regions. | asked Lhe site engineer, what process
produced this shoreline? He was uneble to answer, but reasoned that the forces must have been
powerful and they must have happened long ago, because nothing that powerful now disturbs the
peaceful lake. Then he noted thet some of the trees were tilted - recently, He had never been there
during spring melt.

This shoreline teils much, It tells how thick the ice gets in winter: about three feet thick, In
the pring it meits around the edge and becomes loose. Then, if a ftorm comes up, it is moyed with
enormous forze against the shore. Not svery year. Some years in one direction and some yeasrs in
others, but the shore is crushed back agein and aGain. The shosl is 2 shave line as the ice moves in,
and the ridge is the wllifted crushed shore. The shoal may be 5 to 15 feet wide, and the ridge 3 to
100 fest wide, depanding on sfope, gravel conditions, and nrevailing winds,

‘where ‘2. J15-acre lake was scneduled for second-home devetopment. Much of the
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The raised ridge creates a well-drained microsite, with water never far below, that encourages
spruce. From aut or. the water the ring of spruce is very deautiful. 3ack of this are nardwoods that.
except in summer, »oild not shield housing from view. In spaing the stow melt comes down ai! over
everything, but is stopped at the ridge 0 that the load of sand and mud is dropped in the swamgy
area. The water moves laterally to scattered temporary streams that come down the hillside and
breach the ridge. Eacd. h s 3 snall natursl beach at tee shore. due to the erosion that is funneied to
them.

Thus, the processes producing these structures are still operating. How can they be usea? Tne
power involved is omir aus, awesome, so that the developer decided not to finht it. His sand would
quickly disappear (thece is 5 good grneral rule about sand for beaches: put sand where sand aiready
exists, otherwise the system will takke it away). The Jittle docks on pilings werc ridiculous. The
sloped lawns would sooner o later be crushed [this ha” 3ctually happened to me in Michigan: a
lakkeshore Jawn that 1 built was rolled up e a rug in the spring by ice scarcely 6 inches Thick.-

Instead we found values in the existing structures. The shoal is a good wading dep™, faiclv safe
for swimming yet deep enough for diving of f the larger rocks along the shore. The spruce scran was
besutiful. Its maintenance depended on the microsite, a ridge between swamp and lake. The swamp
was important as a sediment Uap. They decided o keep tne ridge a< 3 puwblic right-of-way. with a
path meandering around the lake. Thus, we have a 100-foot settack of development from the laxe
with no argument at all.

1 used this as an example because when vou get done with it, the whole pati~rn of deveiopment
They had been intending to seii § nign-priced waterfromt iots and iower-piiced iots on the
hillsides. With a public waterfront the quality of land goes back several blacks ficm the share;

projected profits were not hurt. Stream beaches became foci for smali ne.qmonood" Jeaties. -
* few, shared floating docks were planned that could oe taker, in in winter. Altogether, the desiq

repercussions of this example affected the entire area of development.

We had more experiences. They had 3 hillside vallev of beaver pands that we examuned i terms
of pracess, and in one part of the lake there was a muddy deita «ith Drush qrowiseg on it putit Dy a
stream from another lake, thal we had ts tajk about. In the end tnese people were running arourd
looking at the landscape and asking ali kinds of questians. it was stranje. Decuuse engineers ure’
trained in process, but they had never been trained to inok at t..e environment as process. To them
the ervironment was structure, tn be reshaped.

May Tuielgaard Watts [1957; wrote a fascinating little bock calied Qeading tie Landscase tha'
uses this approach, a questioning view from which one gradually learns to read landscapes. This wind
of knowledge, | irsist, s fundamental ta achieving eoxcellence In environmental design aor
management. An arganized effort to assemble this uind of knowleqge and praduce it in usacle farm
for all kinds of landscape uees would 52 very usetel. [t anuld De a rompendium of eznmioigy,
geomorpholagy, and nydrole ,v, 2rqanized aroun the structur:s encountared in the environmant.

| emphasize arganization by structure tec3use designers are visugal pu=ople.  You Tan talk
principles or concepts and they won't hear yous arg, warse, they will nisconstrue your comnments . e
problem has symmetry; when they talic concepts, [ 400't hear tnem either. e communicate mach
better if we talk strusture, and move frem strocture to process. ’

Leaming as an applied exiogist ta be more useful to your user .5 a difficult subject Lo qget nto,
yet it is something in which all of us are invaived. We are 3l workigg wmitn awers of science, | fiad
that | need to inderstand their needs very clasely in order L3 De productive Oevarwd tne first casy
steps of just crganizing infurmation, Yo, can trap. yourself into a wabit af thinking that jeads you te
sugrest additions) oppartunities te designers, neyordd what they are already doing. et me jive an
examplie. Again in New Hampshire, | w.as agker. tn consull an Lre derjn and construction of a new ski
tow and slope. They were very runcerned wilh erosion where the forest vas renoved, Tne ontire
region had reverted to foresf. [ thausght abhast the erosion Lrabiem, hat came Dack 3ggestineg Jnat e
design an improved wildiife habital 2¢ the same time as Duilding the s« facilicy. T1e twa can pe done
tngether and at the same Lime min:nize the pmtlem with eraosion,

This s where | appbr'd work that ol iering and otners 745 dawe heen Jdoieg in the
arnoretur. at Connecticut Collene on the ndn:’('f"ﬂtn' af verqetation under power hines, vhen | was
young, this veqgetation was trimmed by fhuind, Lvaery Jew years teams of men woald comme through andg
cut the trees, leaving 2 veqetation that was aredominately shralzs, These were excellent sreas for
blueherries, hiackbarries, and 4 vargety af mildufe,  After e cacand Sorid War, aerial sprayng with
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herbicides became the dominant methad of control. This praduces a much less useful vegetation, and
one th>". ‘equires frequant treatmont. Niering experimented with a coinbination of techniques. Hand
Tut the trees, killing the stumps with herbicides. Gracuaally the shrubs cover the ground so densely
that new t- .cs wiil seldom get started. The mix of junipers, berries, and other shrubs is quasi-stable,
and from the- un maintensnce costs are very low. The ond result is a good wildlife habitat, and a
gooc cradl syste.n for recreation, with a cost-effective basis such that this technique is now bemg
ased over the whole state.

Ski facilities can be treated in similar fashion. Bencath the chairiift, cut and kill the stumps,
«2ncouraging brush. Also, as in Bill Niering's system, cut back the trees on the sides to produce 2
ta; ered “canopy, i.e., the forest canopy is continuous with the shrub canopy. There are tvo rr:asons
for doing this. First, in the wildlife sense a contimious canopy is a better habitat, especially for
_birds. Second; if the sides are not tapered, the trees along the sides grow more heavily on the side
toward the opening. In four or five years they become so heavy that, with a snow or ice storm, they
fall across the tow. This is 3 common problem in New Hampshire and, of course, occurs in the ski
season. Eventually, then, the vegetation under the tow stabilizes, becomes a kind of natural area to
look down upon, and the erasion problem is minimized.

For the ski slopes, we know frum work at Coweeta that jorest can be converted to grass on

o . steep r untain slopes, and erosion is mininal unless the burden of sheep grazing is added. I assme

~ that grass slopes wauld have to be mowed only once every che or two years to be satisfactory for
winter skiing. Except where trails enter and leave, the borders can be converted to shrubs contimsous
‘with the forest canopy. Such slopes are excellent habitat for deer grazing and other wildlife. Deer
populations are de:lining in the region because succession has rarried almest everythmg back to
forest- open land is becoming scar2 in New England.

This offered the designer two sets of func.ions to play with, a ski facility and wildlife habitat.
Putting them together gives a sense of greater accomplishment.

I don't know, as I said earlier, how to develop the habit of thinking arand the designes's
problem and trying to think of additional opportunities, It is going that extra step. Too often, | have
simply responded to the guestion asked; in this example, it would be setting up nothing more than an
iimpact analysis of erosion. | think that an established applied science helps. If you were really
schooled in the profession you could interact and contribute rnore positively, as scientists commonly
do in issues of forest, wildlife, and fisheries management.

At the large scale of regional design, tar and away the most important first step is the system
of classifying Ic . It is difficult to stress this too much, Most of the data will be gathered
according o tnat_.lassificatior. It is alse the system that the designer will work with, Designers
recognize the compunents of a classification and manipulate them as elements in design.

f"or small sites, detai d descriptions of species compasitions, etc,, are useful. These are not
only impractical on a large scale, they are unnecessary. As in all fields of science there is a
hierarchy of scale: the larger the scale the coarscr the aralysis. For very large scales we do not
need detailed !and-use classifications. A major problem is thut different interests look at landscapes
differently, and although each of them may use a very simpie classification, the base data will have
to be gathered around a system satisfactory to all, i.e., able "0 be aggregated into any simpler form.
Working backwards from different i:iterest groups is one way of defining the [east detailed system
suitable for all. )

In the mapping efforts of the Forest Service the classification s, stem seems detailed enough for
most uses. Similar effor.s on wetlands in the Fish an; Wildliie Serwce are based on a very detailed
classification system, probably more detailed than is needed on a regional scale. [f, as intended, their
daia are stored on a hextare basis, we will have enarmous amounts of information to work with,

In 8 team research effort that occupied many of our staff fir several years, | was able to work
with a classification system aggregated to or’  six land types in a region of 50,000 hectares: water,
wetlands, open natural land, forest, less damaging dovelopment, and more damaging development
(Smith 1979),

We scientists tend to be type oriented. We classify iand by its type. From a design point of view
therc may be other aspects of land that are just as important, n'. r criteria by which land can be
clacsified. This is especially true where spatial arrangementys are cuncevned. [lesigrers work with
space in the area sense and soms aspects of these can be classifiead and mapped. | would like to
presant some slides showing two examples,
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The first, Fig. 2, shows the shove six land types for a region including eight towns southeast of
Boston. The darkest tone is torest; more damaging development is blank. Each dot represents a
hectare. Most of the development is more damaging; this includes industry and commerce, but is
mastly residential. Impacts are expected to spread strongly onto adjacent natural land. Less
damaging development includes croplend, cemetaries, parks, and golf courses. Open natural land
includes pasture, old fields, powerline clearings, etc. In our region these clearings are reatunably
goud wildlife habitat.

Figure 2. Six landscape types, 1975,

This is a very busy and confusing map, typical of an urbanizing region, Eacn natural type exists
in a variety of patches, with some continuity between patches, It is bewildering from an analytic
point of view, especially if one tries to apply or develop a technique of patch analysis, We were not
able to come uwp with any technique for analyzing patches that seemed to work and was economically
feasible.

Finally, we sidestepped the issue by using two additional methods for classifying land, both very
simple. First, each of the natural Lypes was classified by its distance from the developed types. Four
categories were recognized: adjacent to development, or 1, 2, 3 or more hectares removed from
development, Figure 3 shows the reqgion mapped by remoteness (blan hectares are developed, the
darkest tone is the most remote). The crazy patchwerk is resnlved into clearly recognizable areas
becasse those nectares adjacent to development are printed in a vers pale tone. The darkest
hectares, at least 300 meters fram the nearest development, wsere thought tc be suitable habitat for
creatures that are more shy, [f forest, they could be suitable habitat for deer to retire to by day,
One half of the total number of natural hectares is adjacent to development, and only one tenth are
"remote.” We had a projection for 10 years of treod development {what wmld‘happm i existing

|
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policies were implemented and OBERS population projections followed). The sumbor oi- adjacent
hectares remains about the same because development keeps pushing the edge but rot abliterating it.
The number of remote hectares. was cut in half, and it became obvious that remote areas would
disappear rQ;dly mlus th@/ were protected by conservation policies. -

This mep Pt!mnts a visual pattern to_ which dengnen can respond and begin manipulating, \Mvat

is mminq, totally missing, is any kind of natural science associated with remoteness. Wildlife habitat

i are not done 'with this: penp’ective, aithough they could be. A lot of research could be done
oNCerning the ut?ht.y of natural land in terms of ts distance from disturbance. .

The' oﬂm’ land clauiﬂmtim has to do with diversity. It is intended partly to locate edges,
ed;u on the scale of hectares, since an edge can be identified only where adjacent hectares have
. different types, A simple ssarch method from each natural hectare to the eight surrounding hectares
turned out «o be more efficient than more slaborate searches over more hectares. Figure 4 shows
"-the southeast region classified by diversity. Each hectare not blank is a natural hectare adjacent Lo a

‘natura hectare of a different tyje, and not adjecent to more demaging development. The darker

20 7 tone indicates greater diversiiy, i.e., 8 mixturs of at least three of the four natural types, It is much

- ~ 7L easier to look at diversity here than on the origingl map. This pulls out one feature separately for

. o ~ study, The tcwn Ene along the northwest part of Murshfield is the North River, an estuary that winds

' » back snd forth-toward the ocean at the right. Whers wetlands and forest meet, dark lines appear.

Elsswhere, dsvelopment intsrrupts the edge. A ressrvuir shows at the south-central edge of

Psmbroke, where watsr and forest mest. Lakes of equal size ferther north do not show becauss their
edges are dcvclopod.
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Figure 4. Diversity, 1975.

When we projected laad use into the future we included a model of natura” succession, much
coarser than models being developed here at Oak Ridge. We were using a very coarse classification,
and were concerned only when the classification of a hectare changed. Only two events were
ﬂmnflcant.. One is the growth of old fields into forest, and the other is at the end of wetland
" succession when 3 girub swamp grows into a forest. We had 1951 and 1971 vegetation maps to look
at, and could clock succession reasonably well. Succession reduces diversity because two relatively
scarce types, open land and wetland, are converted into the most common natural type, forest. Also,
of caurse, development cbliterates diverse areas. We found that the effects of devefopment and of

matural succecsion were sbout equal in the reduction of diversity, which was abort 40% in 10 years.

This altered our view on the problem of diversity. It is not just development that is reducing the
quality of the land, su. natural processes as well. Concepts of mar.aging or rejuvenating wetlands and
open land necd to be considered.

A more general aspect of diversity is the compcsition of a landscape without regard to spatial
pattern. Here in TYA country each new reservoir removes some river and some surrounding land.
Clearly, in a reqgion without many [akes, the first reservaoir adds diversity to the region. But at what
point are reservoirs becoming common and rivers scarce? Is one more reservoir goirg to increase or
decrease the diversity of land?

I vave played with this in a cou{ ! uf projects, and find it relatively easy to develop a procedure
that heips, if two rules can be accepted, One is: if we concider two land types of equal value per
unit are., it is preferuble to crange part of the more common type into the less izommon type than
vice versa, This puts a value on scarcity. The other is: if we consider two land types that are
equally commoan, it ‘s preferable ta change part of the (ess valued type (per acre) into the more




valued type thar vice versa. These two rules lead into 2 traditional divfersit-;- index approach based on
a nanlincar evstem for evaluating quantities of land.

The values attached to unit 2reas of land types can be specific, such as values placed by hunting
interests, or fishing interests, or cutdoor recreation interests, or development interests, or water
resource interests. Or you can try to generate some very general values thatamly'to‘penple "in
general,” because you may not know who the future interest gmq:s may be. -

\& actually worked with specific interests. Fa' a:anplr with tupect to hunting we took

‘survey information on hunting, and rated game species by hnter—days of effoirt- Then we went to the
“wildlife biologists and got the environmental needs of those species. Eventually we were- able_to
“map” the hunting interest onto the various land types. Nwﬁuerutzrutgmpslherareand
_endangered q)ecla protected by law. If you have 100 such species, and know. what habitat typa
~appu-taad\,|t mbbmnhmtmmmdmmlummummem

» mo pecies. &5

Wedevehpedmlsetsofvamfor ml&fferentkmdsofmteratsmmrwork on -the
llmof m\pacts relatmg tothepmpmﬁt;nul—'lmda BargeCanaL

TheduersilyqproadnthatlusedBveryunpleardamlartomusedmecms. For a
vgmpm]ectauemtwe,wwenmmtalmofmlandtypetologamhus. Mlltp!yud\loq
bythevaluemgnedformmtemtgrup Addthep'odu:ts,dmtbymemofthevabes,and
take the antilog. The result is aweujnted geomelric mean area that increases or decreases in
accordance with the two rules given above. We had 13 project alternatives, and thus 13 weighted

geomelncnmforach uerestgm.p,eauly ranked from best to worst with tie ranks when means

were very close.

This function will maximize when the areas of types are proportional to their values. 'f weights
are not used, the mean maximizes when all types are egually common, as with other i. Jices of
diversity. Actually, no weights means that all types are of equal value.

Other indices of diversity that blologm.s are fond of using can be adqned. They behave about
the same. This one is easy to compute and has an accepted parsllel in economics. None of them have
theoretical content in ecology, although some may be borrowed from some other field where they do
have such content. They are simply nonknear systems of counting in which the first unit of a type
counts the most, end successive units count less and less.

~ To retumn to the issue of reservoirs, we found that the ﬁm two reservoirs, already built, had
increased the regional diversity of land types, but that the proposed third reservoir would reduce
diversity, for several of rhe interest groups.

I could have talked about many other things. [ have said little aboul values and how to get
them. This is involved already in such activities as erwironmental assessment; as stated earlier they
are part of any applied science. | have not mentioned unique landscape features. I presume the best
spproach is to locate them and protect them, one by one on an ad hoc basis.

1 have said Bttle about ecological theory, and this is not accidental. For one thing such theory
does not communicate well to designers and planners. More important, however, | am dowtful that
very much ecological theory is directly implementable, To be sure, the landscape ecologist will work
with a considerable body ~* theory, much of which is identical to that in basic science &3 with any
applied science. There wil .e some additional theory concerned with faceting that particular applied
scierce to its users. But in the day-to-day interaction with designers, theory is better put in the
backqround, and attention focused on process and form in the environment.

Landscape ecology has yet to take form, as has the kind of ragionel ecology that is being
developed at Oak Ridge. It should not be left out. The needs of designers are somewhat different
from those of other user groups. As you continue developing 8 regional ecology, consider a full
spectrum of users and snmehow develop intimate interactions with all of them, especially designers.
Thank y ou,

v g T T
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QUESTIONS AND ANGWMERS

S. 1. .AUERBACH: In [listening to the earlier part of your talk, [ was taken by your

~ statement how landscape, particularly in the older cultures, was molded by nan, and the

relationship to a mimber of what | would tend to call partially value factors. If you think of

Europe, you are thinking particularly there of part of the value factors was 3 iabor-intensive

and nonenersjy -intensive culture that operated throughaut certain western European countr.es,

Whereas, in the United States, we, of course, have scen ogurselves becoming more and more
enz2rgy-intensive and non-'avor-intensive in our agriculture.

I am wondering whetner we should be, or are, facirky a change in cur agricultural and

landscape practices, because, as Frank Parker pointed out, w increasingly need” to be

- concerned about conservation of water and its related energy costs. What triggered this thought

was a conservation with a plant ecologist in Canada who ha¢ gone into private landscaping

business, and was very successful around [Montreal in getting subdivision developers and smalj

homeowners to shift their lawns and qgardens into natural assembleges of seif-maintaining

plants. They are interested in getting away fron flower gardens and qrasses that require

energy inputs in the form of fertilizer and repetitive watering. | do not know what will be

required to induce such a change in the United States, but that shift seemed to relate to some
of the points you made, Would you commient?

F. F. S4iTH: [ think the real change in this country comes ahbout with nol just the
enerqy-intensive but the scale of machinery that has gone with it, especially in recent times,
Alsn, of course, the French rural Iandscape is becoming very scarce. large areas of France
look fust like fown and really bave no identity,

. /. VAN DYHE: | don't know much about [andscape cealogy as a .eld or discipline or
how one develops a discipline, But, in trying to generalize from the exarnples you use, it seems
that penple are already available, plant and animal ecologists. Here you are dealing with a very
simple plant ecnlogical problem involving mil, water, and veqetation, Why do you need a new
dneipline”? - .
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E. SAITH: | Jont consider & 2 new disciphne. | dont think of wildlife biology
as a new discipline over animai Lology. It"s a particular applicatic y of it and in the process the
wildlife biologist knows 3 lot about wildife managemen: which is something the animal
biologist doest know. That is the difference. Of course, alw he is more iswolved with the
content of related fields in manajement theory and policy. No, | think a3 book of this kewd of
stuff could . -easily produced as a compendium althaxy: it would take some skill to present it

in 3 form that is not going to be misunderstood. It would also takce some skill to select out -

things that are really useful and not just a shopping list. That requires tamikarity with design
or, even in this case, developers of any kind. First of all, | guess | should express my
prejudices. 1 go to mcetings where there are whole discussions about ecology and land-use
problems and the word design never comes up. Pve gone to symposia of the Ecological Society
ol’Ameﬂcm.ndtheymwmhs]ndlﬂzpt@busofd\evwﬂadﬂqalum
recognize any role for design in the landscape. What | see is settling for a style-less world and |
object. [ want style. T!cproblennaranhtann’tsawfullhaluemmqwemstyle. At
least,that‘sthewylfeel about it.

M. VAN DYNE: Here is owe rore analogy to get into one of the applied fields.
C:nsdcrmmw In the textbooks there are chapters called measuring or
evaluating range condition and trend. lt'sexa:tlydutyw'remfaﬂ\haenm
memturemdtheprm m-umumtmﬂsm

E-SMllH:lthu*mrpveced generations were much more habituated to that
approach to landscape. It tikes a lack of famiiarity with nature to begin'to look at it as
s:m—!hl-gstatv‘

J. 5. OLSON: Stan'smunnr&mmrﬂsmolmy“httfncatdbo&mﬂm&\gme

(&l

Landscape of Euwrope” which, of course, goes strongly into this artistic tradition. She was
primarily an artist; but | will hereby nominate her alsa. as kind of "godmother of systems
ecology.” Il explain what [ mean — including ~° awe personal conmection, but also something
more. -

~ May Vatts did happen to be that "teacher’s teacher™ at the Morton Arboretum who
inspired me, as a high school freshman, to become an ecologist; she also introduced me to the
outlook of Henry Cowles and to ecolor.cal literature. Now Cowles’ work preceded, and indeed
later became corrupted somewhat in, the more widely written Clementsian tradition.. A Jogma
became imposed upon early flexible ideas of surcession or change which May Watts Fied grown
W with -- early in the twentieth century. Her influence led w0 my going to the university and
taking geolcgy degrees before finishing in ecology, and looking for common threads m both
fields.

Rut May Watls, in rurmn, was directly a student of George F uller and both were proteges of
Henry Cowles. | would nominate him as some kind of "great grandfather.” His role comes down
in many ways, involving physical as well as biological sciences. At least one mathematical
concept related to George's and Bemie’s talics is not often remembered. There_is a sentence, |
believe in Cowles’ dssertation in 1899, that talks about the prccess of succession not being as
rigid as in twentieth century textbooks: LCowles started talking about succession as ™a variable
approaching a variable rather than a constant.” This latier variable is simply the asymptotic
condition being approached by the transierl state that changes over time. And it is changes of
the asymplote {as well as the transients) varying in space that represents [he pattern of
landscapes. The mountain building and the glaciers and other agents left the initiaf pattern,
The analysis, by field trips and 80 on as you lead your own students, of what this lands ape
legacy of the earth sciences means will lead us to is a backdrop for connecting system science
to the great outdoors.

((ANSWER: There's a surprising amount of geomorphology. F.E.C.))

Also Pleistocene geology and paleoclimatology. But we have, in one sense then, a connection of
the asymptotic condition and system stability considerations -- going right back through this
somewhat artistic treatment of pattern and the other disciplines of the earth sciences. Of
course, geography too is a ciassic synthesis, with succession having come on in the 18%0s a~ a
kind of treatment of th_ transients of the states of the perturbed system back toward a stable
pattern: the "climax.,” More than Clements, however, Cowles and especially another geologist,
Wiliam Cooper, conceived successicn as 8 more general process of change, now well simulated
by the latest models of systems ecology.

(@)
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There are two other connections that lead back from the earth sciences specificaily to
current global system studies. Cowles was a kind of dispfaced gaclogy gracate himseif who
gove credit to T. C. Chamberlin for a lot of scientific reasoning, e.g, the famous method of

 witiple working hypotheses. Chamberlin, of course, Canes back to us today as we treat jlobal -
ecological consideratiCas of climatic change. His theoty of carbon dioxide as one of many

factors regulatino climate change is now ready for clo&r scretiny using system medels. That's
one connection with this Division's new reseau:h.

There's anothor <o 2ce specific connectior *hat also dates bacsic to earth sciences, and that

is the mathematics of geochemical models that wers develapmg well by the inid-1950s, a Lttle
bit before mast of the George’s charts.

((ANSMER: 1 was taught that subject in the 1940s; my notebook is full; Hutchinson had it all. F.E.5)

Right, and te cited 3 fot of the source literature; but, as I recall, most of those models were

essentially invoking the steady state assunglions to calculate coefficients, e.g., by Craig and -

others duting the first Geneva conf ces on Atoms for Peace. But it was essentially the
treating of the transients rather than just the steady states that helped to mativate Bab Neel's

thesis here and a lot of the other publications on models by the early 1960s. We simulated

radiocarbon transfers before the big thermosuciear tests preceding the atmospheric  test- bn

treaty. First, pool sizes of biomass were ireated as carriefs, modeled as changing quantitiés

rather than as static reservoirs to which tracers were merely added and spread around. Then
the quantities of material, efement by element, per unit of mass were modeled for food chains
and landscape movements of pol'utants — now the stock in trode for ass&ssmeﬂts of failout a-‘.d
of efiluent poliutants from mjusv‘y.

" S0, connecting Georqe's talic and yours, | think thar there are mdeed same threads of
connection leading to systems ecology, dating back through the history of science. The earth
sciences come back first through ecology’s underlying disciplines of physical science, ultimately
-including the differential equations for rates of change, with or withaut a steagv state being
approached at any locality. Second, geclogy and geography nffered motivation for some of the
ecvlogical -- and artistic -- elements, with explicit attention to pattern of meamingful variation
on the landscape. Such a rich down-to-earth backqround for systens ecology seems to provide
the foundation for the sort of applied pmfessional aspect of "ecoiogical design” which vou teach.

E. SMITH: | think if | see a need for another kind of an applied scientist, it
really reflects the increases in specialization that follow more knowledge in a mare compiex
society. In the last century the people who were doing ecology were familiar with a whole lot
of other things, and people could work together much more easily than we con today.

wwadays, after we have mastered a larqge burden of technical training and gone off Lo work
among other people who thinx like us, we find ourseives more 1olated fram other speriaities.
Pve often thought it was ironic that the environmental crisis came upan us at a time when
ecology had become an abstract theoreticaf subject in basic bislogy thal knew very kittie anout
people, and the engineers of the world had for the first time grown W withaut 3 common rural
background. [ think the coanfrontar uns in the early days of the environmental movement were 3
smaring of igqnorance as much a~ ;5 sharing of knowledqge.,
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Thank you, Fred )
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