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PREFACE 

The dedication of the new Environmental Sciences Laboratory coincided with the 25th year of 
che establishment of the science of "ecology" at Oak Ridge National Laboratory. That quarter 
century witnessed the evolution of ecology fron an obscure, backwater discipline of biology to a 
bi-oadly used, everyday household word. The transition reflected broad and basic changes in our social 
arid cultural view of the world. This was brought about as a result of the awareness developed in our 
society of tf>e importance of the environment, coupled with efforts of ecologists and other 
environmental scientists who identified, clarified, and formulated the issues and challengtjs of 
environmental protection for both the lay p>jblic and the scientific community. In many respects, the 
activities in ecr logy nt ORNL were a microcosrr. of the broader 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 and general sense for a larger audience which was unfamiliar with the 
field and somewhat alien to its concepts and philosophy. The success of this effort is reflected in the 
existence of the new Environmental Sciences Laboratory. The achievements 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 rxanaging forces of 
the Laboratory an understanding and confirmation nf the visions and goals being presented. This 
decica?;nn volume brings together the thoughis and reflections of many of these scientists whose 
efforts contributed in a unique and ir dividualistiu fashion not only to ORNL but also to the national 
identification of ecology and its importance to the achievement of our national goslj. Their remarks 
and presentations are not only a pleasant and personalty gratifying recapitulation of the past and of 
ORNL's contributions to ecology but j,lso portend some of the challenges to ecology in the future. 

S. I. Auerb?~h, Director 
Environmental Sciences Division 
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WELCOMING REMARKS 

5.1 . Auerbach 
Director, Environmental Sciences Division 

Good morning and welcome to the occasion that a 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. I want to welcome you all here this morning and, in 
particular, a number of guests from different parts of the country who have all been in some way or 
another associated with us professionally as colleagues, or involved with our programs through their 
respective organizations jnri agencies. I want tc welcome our colleagues from our sister 
organizations: from Pacific Northwest Laboratory, Bert Gushing; from Southeast Laboratory in 
Atiiens, the EPA laboratory, Or. Dave Duttweiler, Director of that Laboratory; locally from tr^ Oak 
Ridge Associated Universities, Dr. Phil Johnson and Dr. Bill Felling; from the Department of Energy 
in Washington, Dr. Jeff Swinebroad, the Director of the Division of Ecological Programs, and 
Dr. VKiliam Osburn from that program; from the National Wildlife Society, Dr. Rtchard Denny, the 
Executive Director; from Michigan State University, Dr. George Lauff. the Chairman of our AJvisory 
Committee; and from >VA, Dr. Bill Yee, representing the Division of Environmental Planning. I 
particularly want to welcome a gentleman who played a key role in the history of this organization, 
Dr. Alvin Weinberg from Oak Ridge Associated Universities. Also, '. want to welcome 
Mr. Samuel Nelson, who is Dan Nelson's brother, and Dante! and Eric Neison, Dar.'s sons. We are 
delighted that ynu are all here and we look forward, as I said earlier, to this particular day. 

Now I would like to introduce a gentleman who is a d tinguished radiobiologisf in his own right. 
\-h joined the Laboratory several years ago — the Associate Director of the Laboratory for the Life 
Sciences PrograrnC It is 3 great pleasure for me, therefore, to turn the podium over to 
Dr. Chester R. Richmon-1, our Associate Director. 
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INTRODUCTORY REMARKS 

C- F~ Richmond 
Associate Director, Oak Ridge National L aboratory 

Good morninc, ladies and gentlemen. It is rm> plea/ure to welcome you to this dedication. Fm 
very pleased that you have taken the opportunity to travel from your home institutions and from 
various utner places ti join us on this occasion. There are representatives from the University -* 
Tennessee and also the State 5f Tennessee with us this morning and we are very pleased to share these 
activities with them. I - wild like, by wav .if ir*root>c*ion, to introduce you first to the people up here 
on the Aage and thei. Pd tike to introduce you to seme of trie program that is conducted here in the 
£nvirorr.-.ental Sciences Division. On your left at the far end is Dr. Steven Reznek of the 
Environmental Protection Agency. He is the acting Deputy Assistant Aomin>'<>trr'or for Energy, 
MaCe :r<s, and Industry and he is no stranger to Oak Ridge. Through personal visits in the past ' e 
knows of the programs which are supported here by EPA. Next is Roger Hibbs vmo is the President of 
the Nuclear Division of Union 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 realize that this is a time 
when hearing- are going or. in Congress and ;'. is very difficult to gtst away, even for a brief period of 
time and we >--•• 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 because of the inclement weather, and I understand he probably will not be here this 
morning. Next is an old friend of nun. Bob Rabin, who is the Special Assistant to the Director of the 
National Science Foundation and who is no stranger to Oak Ridge or its programs. The last person, 
you heard from him earlier, Stan Auerbach. 

I would like at this point 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 ran appreciate, things 
never hi ppen without people b»ing involved. I think one of the major operating phrtosophies of the 
laboratory, although it may not be written down, is that our most important resource is people. 
Although we are dedicating a facility that is made of brick a.d mortar, it is the people that make 
things worn and Stan A'lerbach is a good example of one of those people who r>-_xe things work. He 
has had personal involvement all through the efforts which culmineted in this builai.-*) and, for those 
biologists among you, the gestation period for this facility »» on the the order of 1G year: They don't 
happen over night. 

I would like to say just a few words about the programs that are carried out here in uie 
Environmental Sciences Division. The Laboratory is an institution which is involved in research and 
development related to fnergy, energy technologies, and energy-producing systems. We have been 
able to combine programs that are supported by the Department of Energy, I am speaking of the Life 
Sciences in particular now, with programs that are supported by other Federal agencies such as the 
Environmental Protection Agency, the National Science Foundation, and others. If >^u look across 
the Laboratory there is a very strong involvement with other agencies who arc not represented here 
today only because they are not directly involved with the programs conducted within the 
Environmental Sciences Division, We have a broad perspective in terms of trying to look ahead as far 
as we can to anticipate problems, especially those related to energy production, and to try to marshal I 
the resources we need both from our parent organization, the Department of Energy, and other 
Federal and state organizations. We try to marshal' and ir.cerjrat* these resources so we can ben 
approach the problems that we see and yet function within the mandates of the various agencies. We 
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think we have been quite successful in this area and i am also extremely pre id to rave beer-
associated with this particular organization for the last four years. The average ace of this Division, I 
think, is another interesting statistic. I t turns out that we are the voungest division in the 
Laboratory, and that brings with it all sorts of interesting problems if yen. are in iTianogcment --
young, eager, ambitious people who are a pleasure to work with. 

I think, again, those of you who are familiar with the problems realize tfrtt much of s .terns 
ecology and much o' the wnrfc in the environmental area related to energy production has its roots in 
parts of the program that has been in existence here at Oak Ridge for several decades. r h e principle 
objectives of t i e Environmental Sciences Division deserve a few comments. These are to develop 
procedures to minimize technologic 1 impacts on the environment, \u c antify the environmental 
pathways and the behavior and the fate of pollutants, to evaluate potential ecological effects of 
pollutant emissions end other impacts resulting from energy technologies, to evaluate natural 
resource constraints, and to assess the siting and operation of energy-producing facilities. I think it is 
quite apparent from th?se important major objectives that to accomplish them we ne£3 to integrate 
our activities in the environmental sciences, the ecological sciences, with all those other resources, 
be they engineering, or dht mistry research, or engineering control activities. Again we mafshall the 
resources of the entire i.->stitutian and, in fact, the entire area to try to meet these objectives and ir-
solve some of t l * probler.is that we jee as being critically impor.ant national problems. 1 mention?;} 
very briefly earlier that ou major sponsor is the Department of Energy, and within the Department of 
Energy the Assistant Secretary of the Environment, Ruth Clusen, is our major ccK act and major 
source of support. But also important is the fact that programs within the Environn «*ntai Sciences 
Division are supported by the Assistant Secretary for Energy Technology — in the ai->a of fossil 
energy, solar energy, and nuclear energy — and also by the Assistant Secretary fo, Resource 
Applications. 

I briefly alluded to input from other Federal agencies, including the Nuclear Regulatory 
Commission; the Environmental Protection Agency; the National Science Foundation (mainly in the 
area of problem-oriented ecosystems analysis'); the Council on Environmental Quality; the Department 
of the Interior; and, as an example of nonfederal input, the Electric Power and Research Institute 
which represents many of the individual utilities. We also have some extremely interesting 
cooperative programs, one of which is the very important one which is raw maturing rapidly with the 
t^Tpejsee Valley Authority. We have spent considerable time in the last year, starting with the 
efforts af Davv Freeman and Herman ' ostma and carrying on down to thes* individual contacts with 
working scientists in the twi organrzatio.%, trying to exploit, if you will, all our resources in solving 
some of the problems that are common to trus p i*t of the United States. It is very obvious that many 
of these problems need to be addressed on the regiori^l scale and not solely for a site-specific 
location. So one steps back and 'ooks at these activr'ie-.. We are enc^jed in seme site-specific 
activities, for example, from a gasifier at tiw University of Minnesota at Duluth to regional activities 
which, for example, would include large portions of the entire Tennessee Valley Rervon, to actual 
global conce-ns that can perhaps best be represented by our growing interest in dr.doping researcr. 
and development programs related to the carbon dioxide problem. I t is very apparent that pollutants 
can be exported from one country to another or from one part of a country to another. Perhaps some 
of the bes* irown are the acid rain that is exported from the Northern European countries to 
Scandinavia and those materials generated around the Grest Lakes whose effects are apparent in tr>-
northeastern part of our country. Some cf t l« programs in this Division are investigating gior jl 
impact and, again, the best example I can give you is the carbon dioxide situation. 

We have a great number of involvements with other organizations, primarily in the acs> <e-r*.c 
community. Our nearest neighbor in this regard is the Oak Ridge Associated Universities &..-, I notice 
Dr. Johnson is here today. I am pleased that he could be with us. Tr* other activity with a n«ar 
neighbor includes our many involvements with the Univ»»:»,ty of Tennessee. We aisc have t rv 
Great Lakes Colleges Association, the Southern College University Union, and specific involvements 
with a great number cf institutions around the country. 

The Laboratory has diversified a great deal in the past several years and, as many of vou know, 
there is a large efforv in terms of subcontracting activ ties with many organizations. Within t>ie •_ fe 
Sciences Program much of this activity requires interactions with the academic comr.iunitv, and we 
find that, especially within the environmental and biological sciences, we have a great number of 
involvement* with many universities acrosr 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 term* of providing input through advisory committees o»- select panels or advisory 
bodies to organizations such as various parts of DOE or the National Academy of Sciencft-s. We alsr 
try to make our total resources available to local and ktate governments and organizations whenever 
possible. 
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I don't want to spend too much more time giving you an overview of our numerous activities and 
I think I will stop at this point. You will be hearing from some very p«estigious speakers later in the 
day and tomorrow, and you will be heart rvj a great deal about some of the contributions to programs 
associated with the Envitonmental Sciences Division. 
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DEDICATORY AOOR£SS 

"\ *N C. Ct isen 
Assistant St»c-eta v i • - '"nvironment 

U.S. Department of C:>ergy 
Washington. fXC.v 

OR. RICHMOND: I would now i k e to turn attention t o t e Dedicatory Address vn^ch 
will be given by ^uth Clusen. As I mentioned earlier she has been in Oak Ridge 
before, but this ir a first official visit to Oak Ridge National Laboratory and we hope 
we will see much more of her in the future. I am personally very pleased in that during 
the last half year, I have been ante to meet with some of the jenior staff within the 
fvSEV and with Mrs. Clusen to discuss problems involving the ir Aitutions supported by 
the DOE/ASEV, from the perspective of staff in the Washington headquarters and 
representative fmm the Laboratories. This activity is very demanding in terms of 'ter 
available time to afscuss plans with people from the field and we view it as an 
extremely useful mechanism. I think we have already seen some benefits from this 
interaction and, speaking for many of my colleagues around the country, we are deeply 
appreciative of the opportunity to take our problerr directly to Mrs. Clusen and have 
her listen very patiently. I would ask her as a personal consideration to have patience 
with us. It may be difficult ar this potr.. in time to understand what she is jetting out 
of this arrangement. We deeply appreciate her interest and that of her senior 
managers, and I assure her that we intend to provide statesman-like input so that we 
can all function much more efficiently than perhaps we have in the past. 

Prior to joining the Department of Energy, Mrs. Clusen was National President of 
the League of Women Voters. She formerly srcved as an international environmental 
consultant to the State Department and was a consultant to the Department of 
Interior, Conservation Foundation, 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. *vancement of ine environment. Those of you who have had an 
opportunity to look at' the inside font cover of the dedication brochure will be able to 
get some insight as to how Mrs- Clusen vi^ws the national objectives of producing 
energy and yet remains concerned about preserving ttvs environment. I think this is a 
very important and admirable stance, and we all pledge our support in any way that we 
can to help the Department of Energy and Mrs. Ciusen meet these important 
challenges. 

Thir. lahoraforv >i important, •wt j.ist nerause ;t ic t'w» iepartnent ir t ner jy'« largest 
environmental research >mt. rJot pist tof-nurs- i* cost a lot r ; f noney. r-*» ia.'ioratory is important 
nerause it will help provide answers to t t v ro.igh proOK-mr, that surround f w paramount question 
f ac.ng us Americans at home today: 

How wilt we meet our enerqv needs while improving or even maintaining Vie present quality of 
the air we breath, trie water we -Inn'*. the sml tha* provider, our f and and fu>er ' 

\^Al ,'re.-\—r- ' •"'?•.i-i ce phrased .n many way,-- •foe'; not astonish anyone today. There 
wa» a time ASOTI it would r.hvv, P;i.l"~ npirenn na« made Tains ;'i the iasf gu-trter century. 

: )r. flrtward ' i . 'truxhev-, i-.-iHt h» -e a5>*5-t ! . >ise[f a r^rwiar question when he was developing trie 
ecology program here i " i>'>5. Ar. tu~.*f', -*f the radio.srive wa-ite disposal program, he wa> concerned 
ahouf adverse effects of '„r^ waste ipor lr»it«q tm:wy: a.vt t w i r erwirnrrnent. 

Tl-m following year Or. Auerharh w.v. nire'i nr. trie r Uralfh Hnysir; .^vision's first ful l - t ime 
eroiogist. After developing i unit, he was mover) to the luonset Hut. .me r> che ;OJS jr/en him was 
to start planning a suitable i-inoraforv to replai*" the )u.ins*»t >luf. After many permutations ami 
••'. ' :.' , ;>n' 1" > ';. f ''*.: fv;ildinq ha1, emerqer.1. 

'••;?. V. t K-'., ' v..:;' ; - - / " ' vM i . "> •• r ' v m r v j wis the late )r. )aniel J. Welsun for whom this 
aurti'.onu n is named. It was ')r. "del-inn won ..•..,-(• '"'. f";.t 'his building become a working 
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demonstration of energy 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 wilt be saved as 
compared with ordinary construction. DOE thanks everyone involved for that. And i do 
conservation-minded ta~payers. 

At one point in Che planning. Or. Auerbach had wanted a circular laboratory. His "round 
building." he has written, was an attempt to counteract the tendency of scientists to work in 
so!ituo>. He put it this way: "Mo corners, and the scientists can always interact." 

Times and bureaucracy worked against the round buuoing. But even when this more 
conventional laboratory wis approved. Or. Auerbach sought 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 Themselves, ''.ound or not, you can't corner them 
here-

Neither can one corner the stuff of science, the samples from the field. The building is 
designed to permit t i e flow of work—specimens to laboratories or greenhouses to data >o computers 
to publications and out to the users. 

So, it is indeed a marvelous building designed to produce marvelous things: Ideas, facts, 
knowledge that we decision-makers in Washington, and innovators elsewhere, can put to use. 

Eventually, everything done in a laboratory is put to use. "Laboratory" is derived from tr« 
medieval Latir «ord for workshop (laboratorium). To some that would connote a place of solitary 
concentration and production, particularly for artisans and, later, for scientists. It is a place for 
\vf\y but rewarding work. All thinking human beings need quiet, solitude to produce. But artisan 
ana scienti? . uls'to neec" interaction with.nhe world and its creatures in order to produce. 

In the world of pure and applied research there is room for ooth ihe solitary scientist and the 
one who communicates with his fellows. Within this building work those of many disciplines, physics, 
chemistry, mathematics, to name but a few. And within a short distance, right here on the Gjk 
Ridge Reservation, are otter professionals. 

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

A start has already been made towards the co>r:ept of a complete or tot if environmental 
laboratory. You hr*ve many of the components here. 1 congratulate you on having coi,-i sj far. dut I 
would also challenge you to go fartr^r. I would offer the fallowing: A laboratory should be more 
f ian o collection of researchers, Duildinru, land, problems. I'- should have a research plan and puolic 
involvement. The public mjst understand our rationale for research- They rxjulft be informed in such 
a way that they understand vtd trust scientific decisions. This is a big oroer and reoyires rj special 
expertise, but the complete labors, ^ry must involve this kind '<l aetivi'y. 

The Department of Energy has 1 program that fits that concept. Unf.-rtunatf-ly, a National 
Environmertii Research Park has not been es.ablished here, although i «re nan been fa,* of it for 
about five years. Application has been made, but action has not been forthcoming from Washington. I 
learned of that shortcoming while preparing for this dedication. 

I wish I were able to announce today th?t a National Environmental Research Park ha3 oeen 
established. I cannot do that. I can, however, say that work has been accelerated and tr t an v.'ioo 
memorandum will be submitted woon to 'he Under Secretary for his approval. 

The research parks actually are field laboratories set aside or ecological research, W *' :dy of 
the environmental impact* of energy "levelopments. Through thtm and the knowledge they pr iduce, 
the public can be informed of the environmental and land-use options open to them. 

Oak Ridge National Laboratory has been a leader in environmental researcn in tni3 part of toe 
country. It md Oak Ridge Associated Universities have provided opportunities in collaborative 
research and trailing; to •'..rfidreds of faculty members and students in a wide range of scientific and 
engineering discipline*. These efforts have transferred research ideas to colleges and university* 
throtHjhout the country. 

Thus ary environmental research oark he-re would furthe- the efforts that already have had 311^ 
great success. 

file:///vf/y
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The research park concept sprang from a report to the President titled, "Trie VJorld environment 
in the Light of Population increase," and from the National Environmental Policy Act of i-itii. The 
f>EPA, of course, is the steering /heel in r:y Office of Environment within the Department of 
Energy. Fulfilling the mandates of r-EPA * ; . ;»eer energy technologies through the traffic of 
environmental hazards. If the trip is negotiated carefully, our society benefits—improved iieaith and 
safety, increased and innovative sources of energy, and economic wellbeing-

The car— IL has been brought to my attention—is a good analogy for environmental research. Jfe 
in DOE have a great many experts working on separate parts—carburetor, transmission, electrical 
system, differential, and so forth. 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 ecasv^te-ns so 
that if a technology or development is introduced we can predict it' effects. In other words, now our 
car will behave in traffic in the reel world. 

Once a hypothesis is developed in the laboratory, the scientist can check it in a growth chamber 
or greenhouse or microcosm or in a simulation model- The final testing ground, however, for things 
biological is the outdoor environment—the outdoor laboratory. This is especially true for those thing? 
that are subtle and a long time in happening. 

So the laboratory—this building, the land out there—will prove, ot disprjve, the environment 
controls that are the reason for the existence of the Of'ice of Environment. 

You, the women and men of the Oak Ridge Environmental Sciences Laboratory, we important 
to us in DOE. I'm sure we don't tell you that often enough. I'm grateful for thi- occasion because this 
dedication cjivei me a chance to thank you firsthand for your efforts and your v r k . You mve a fine 
p l a c n which to do it and we arc glad you Nave it. Ti« nation will—because you are nere and jsi.i.j 
this Environments! Sciences Laboratory—be grateful, too. 



REMARKS 

Robert Rabin 

Steven R. Reznek 
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REMARKS 

Robert Rabin 
National Science Foundation 

Washington, D.C. 

DR. RICHMOND: I would like to point out in this portion of the program that on the 
back page of the dedication brochure there is a picture of the ceramic mural which is 
located on the side of the new building. This mural -apicts the environment and all 
living things, and I am particularly p r ud that in a large, modern re-.earch organization 
that is heavily involved with engineering and technical activity... of so-called hard 
scienros we can indeed conduct a viable, useful program in the life sciences. 
Mrs. Clusen referred lo the automobile in the seme of putting it together to make i t 
work. This is a key concept, obviously, in the ecological sciences and many of you 
again are ail very familiar with this holistic approach. I should point this out, it is a 
key word, not just a buzz *ord , it's a key word. We try extremely hard to use the 
holistic approach in our attempts 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 be with us this morning. The first person 
scheduled to be or. the program, Eloise Clark, could not be here and we are very 
fortunate to have with us the Senior Scientific Associate who is also the Special 
Assistant to the Director of the National Science Foundation who wi l l share seme 
comments with ui. this morning. We introduced him earlier, Dr. Rabin from the 
National Science Foundation. 

» » » « » 

! am particularly pleased to be y ju r guest at this dedication, since 1 have had both a 
professional and personal interest in your ef for ts . '. convey warm graetings f rom 
Or . Richard Atkinson, Director of the Nationat Science Foi'ndation, and from Dr. Betsy Clark, whose 
place I take on tnis program today. At this hour, Dr . Clark 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 wiio are guests here and the 
members of the Environmental Sciences Division, 

The National Science Foundation and "the Ridge" foundec a continuing relationship in 1969 
when Dr. Auerbjch became project director for the Eastern Deciduous Forest Biomc of the U.S. 
International Biologi'.-al Program. Oak Ridge National Laboratory coordinated the efforts of many 
investigators in a systematic ef for t to qualify and quantify the functions of the eastern deciduous 
forest. Teams of f ield and laboratory scientists, mathematicians, and computer experts explored 
macro- and micro-scale relationships of carbon, biomass, water, and nutrient cycling. Models were 
designed, scrapped, and rebuilt from work at Coweeta, Triangle, Lake Wlngra, Lake George, and here 
at the Oak Ridge site. 

The efforts and results generated $8 mill ion in support through Fiscal Year 1974. The money 
also provided for the administrative services and a biome information bank centered at QRNL. The 
mobilization of resources for the U.5. 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 soil3, strearni, and ai r . The National Science Four j t i on Trace 
Contaminants Program provided about $3 mil l ion tor interdisciplinary work in which Stan Auerbach, 
Bob Van Hook, Oave Reichle, and their colleagues were prominent and successful. 

A3 IBP pnaseo down, the middle years, 1975-1977, marked the transition to the post-lBP 
generation of smaller research projects and an emphasis on integrating the IBP data. rteeentiy, we 
have seen the addition of large numbers of investigators to thr» general competition for funding in 
Ecosystem Studies; personnel of OKNL ar,i among them. 
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The projects led by Ors. Bob Gardner and Hank Shugart on methods to improve system 
simulation and analyse, by Or. Jerry Rwood on nutrient cycling and transport in streams, and b> 
Ors. 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 mode, (2) the special nature of the OOE 
reserve that allows onsite performance of some types of laboratory and field experiments that would 
be impossible 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 community of academic 
institutions. 

We at NSF 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 330 
individual papers in the open scientific literature. 

In dedicating your new facilities, we wi%ii tna* your work continues to represent the best in the 
tradition of "the endless frontier." 
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REMARKS 

Steven R. Reznek 

Act ing Deputy Assistant Administrator 
for Energy, Minerals, and Industry 
Environmental Protection Agency 

Washington, D.C. 

DR. 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 programs for various agencies. Congressional 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 research management is to look at 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 solve a 
problem in its entirety. It is especially encouraging to me that I think we see more and 
more involvement at the Federal level among the various agencies recognizing the 
capabilities of RAO organizations consistent with trieir Congressional mandates. And I 
think we are seeing the evolution of a ve.-y healthy att i tude in terms of mult ip le 
support of programs at some of trie large universities and laige national research 
faci l i t ies. 

The next speaker is from the Environmental Protection Agency. He is 
Dr . SLeven Reznek who is the Act ing Deputy Assistant Administrator for Energy, 
Materials and Industry. 

• # * # • 

Thank you. Mrs. Clusen and distinguished visitors. I'm very glad to be here this morning. vVhen 
you come to 3 dedication like this and sit on the podium you think back about some other l imes you 
have been down here. 1 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. I have been down many t imes 
since. While I was reminiscing, I went a l i t t le bit further back and thought of some advice that one o f 
my professors gave me just as I graduated. He said, "as you go through your career, let me give you 
one piece of advice. Never get involved in ouilding a building." Onviously Stan did not have the same 
professor as I did. I think 1 have been tangential l / , even direct ly, unfortunately, involved in building 
some new facil i t ies along the way and I appreciate the number of headaches that Stan has had 
bringing this all about. A ten-year gr .ation period, someone remarked, is certainly u long t ime. 

Since I have a l i t t l e more t ime than was originally scheduled, I would like to digress and talk a 
l i t t l e about tha snergy/erwironment crunch. Mrs, Clusen mentioned that the Federal Ciovernment's 
package to deal with the short-term cruncli and the short-term allocation problems is going over to 
the Congress today. Another thing that happened today, as you have all probably heard on the 
morning news, was the announcement by Venezuela that they are going to follow the I5'!b price rise 
that the small Middle Eastern States in i t iated. The fact that we are running out of ch.jap oi l and gas 
certainly means that we ar > going to have to produce and be dependent upon more expensive energy 
supplies - more expensive in any sense that you want to talk about them. The input of capital and 
labor is going to Iiavo w be greater to produce the same numbers of useful (itu's. Our society is just 
becoming aware of what that wi l l mean in terms of the necessity to live with decreases in overall 
production, fn the next five fo ten year3, these hinds of problems are going to become increasir j ly 
serious. They are going to involve us al l . The shortages in the industrial sectors are going to l ' ) t i a 
dominant theme of western society over the next decade. The price increase, possibly a factor of 
ten, in going from oil and natural ga3, which used to come out of the ground fair ly easily, to these 
new fuels that take a lot of work and sweat to pull out of the ground, i3 not the only cost. I he new 
fuels will be more expensive in their production costs and in the costs to our society of their impact 
on our basic capabilities for agricultural production and for sustaining public health. The pollutants 
associated with these new fuels could, if uncontrolled, forever remove land from production, lower 
air and water quality so that we lone our basic ecosystems, and seriously affect public health. These 
costs, the nonmarket costs, could he as great as tl.e market cost increase associated with the 
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production of the fuels. The challenge fo» =»ll of us is to understand the nature of these nonmarket 
costs and to commit ourselves to actions whirh will allow decision-makers to make wise and proper 
choices 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 fu?I sources, but at the same 
time we also need to understand the nature of the environmental effects that are associated with 
them. We are committed to a program that has and will continue to produce those answers. This 
laboratory will continue as a major and integral part of that progrrm. The piiilosopl.y oi cooperation 
between the agencies charged with energy production and those charged with environmental 
protection was incorporated in these early programs and continues today. Everyone's goal is to have 
as rational and sensible an approach as possible. 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 at the local level siting facilities, at the state 
level developing regional energ> plans, or at the Federal level writing emission standards on energy 
technologies 

Let me now touch on some of the areas of environmental protection that we think are most 
important. We anticipate that in the short term, of course, we are going to see vastly expanded era! 
production, and most of that coal over the next 10 to 15 years is going to be burned in conventional 
combustion facilities. Coal production is going to increase in the traditional coa! *:»Mf i f 
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 pollution control and land 
reclamation. These issues vary considerably by coal providence and by actual mining site. They vary 
by coal mining practice, soil chemistry, and surface or underground hydrology. The unique character 
of the local environment must be incorporated into any particular mining plan, and the insight that is 
gained by the ecological sciences should be part of the development of tin •» 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 s.vitch from oil and natural gas 
- the clean fuels - to coal in these areas. Many of these areas are having a great difficulty 
maintaining air quality standards. Sulfur in its aerosol forms 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 bie x i d 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 eastern Canada and of Scandinavia 
which are already responding to this acid deposition. 

Another area that is TQ LO be subject to environmental pressure is the coastal basin. Drilling 
operations on the east coast t iot been very productive at this point; however, we are going '.o see 
expanded drilling both in the & . Coast and off the west coast of Alaska. In these areas, we need 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 only 3ee 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 
synthetic fossil fuels in the United States. We are going to be producing large quantities of pollutants 
and chemicals. We now only vaguely understand what these pollutants are or what their 
environmental effects may be. These include carcinogenic materials, o ganic complexes of 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 sensible, 
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 immediate 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 
has ,nade tremendous advances into turning the kinds of understandings that are developed by 
examining toxicity on single species and the interaction of the species in the ecosystem into tools 
that will be used in managing energy development areas. These tools can be integral in -nakinn a 
decision on such questions as siting individual plants or setting constraints on the operation of those 



21 ORNL-5666 

plants through emission regulations for the control of either pollutants or hear. The Environmental 
Protection Agencj is becoming more involved in the national program for the ecologicai research. We 
have a small but an integral part of the .-esponsibility for the ^rjgrams that wilt be funded at 
Oak Ridge. MR look forward to that very much. We knc.. thai this question ot ecology and 
environmental decision-making has now matured to the point where one does not have l& reserve Che 
kinds of scientific efforts across the country to one or to another agency. Cooperative programs and 
cooperative uses of our national scientific resources, Such as this one, will be a growing theme in the 
future. More and more our agency and other agencies will be using the types of expertise, knowledge, 
and skills that have been developed here. Vite look f orwa'-d 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 deveiop>nu. of ecosystems and ecological 
responses into bet' »r solutions of our society and our ecot<omy in the coming years. Thank you. 
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COMMENTS 

C R. Richmond 

The comments o. the last speaker reminded me that I should make a plug at this point. We have 
heard a lot about naU^Cal f>~eds, national resources, and our energy situation in this counUy. And 
research manageu-snt also hns to be in tune with changing needs. Last year we organized the first 
annuel Life Science'. Syr.ipostum here at the Laboratory. The objective of this s t ies is to mix people 
from many •Ksciptint-s — engineering, analytics: chemistry, biclogy, and various forms and parts of 
biology — psopie in tie mv>ronmer£*l sciences, and bring them together tc use their total resources 
in solving problems. 7** topic of our first symposium last year, test September, had to do with coal 
conversion. We waated, early on, to become heavily involved in the life sciences with Ov 
development of a so-railed new energy technology. That particuW- meeting, we think, was very 
successful because we brought together people from UvVacadtmic communities, the national 
laboratories^and the various industries involved, and people from the government agencies in 
Washington vho have respomibiltUes for the development of these systems. The idea is to make 
people uncomfortable. Not to hav? the traditional meetings where biologists talk to biologists and 
chemists take to chemists and economists taik to economists. We think this is an extremely useful 
approach and if* a way of mixing tXiree major components into any system. 

Historically we have worried about technical feasibility of a modem technology, be it something 
related to energy production or not. The second ingredient is economic viability. These have been 
the two tr?*tional concerns, again technical feasibility and economic viability. What 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 September, in Gatlinburg, we will hold our Second Annual Life Sciences Symposium. 
We will address the sulfic problem mentioned by Or. Rcznefc, starting, from sources, transport, 
transformation, and effects both on plants and animals, including a session on beneficial aspect* of 
sulfur, and I am told that there are some. So this, again, I think is an indication of hevi a large R&D 
organization crc marsnall its capabilities on an interdisciplinary approach to tackle these very 
difficult problems. At this point I would like to turn the program over to Stan Auerbach. 
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COMMENTS 

S- L AUERBACH 

Thank you, Chet. Before we get into the next phase of the program, I do want to make a few 
mrifc personal announcements. I want to welcome some academic colleagues who came in a little 
{ate. Representing the University of Tennessee is Vice Chancellor Or. Walter Herndon with whom we 
hav- had a lo>! association; and representing Tennessee Technological University are 
Dr. ttffiam Vt lkrd and Or. Htt**X Martin, both old friends of ours. 

I appreciate the kind words that have been said about me in respect U the formulation and 
gestation of this building. Actually, the implementation and successful creation of such a structure 
involves a great many people whom I « n perhaps fortunate to be the symbol thereof. But in 
particular there is one individual who enthusiastically joined my campaign some years ago, and who, 
convinced of the nesd and Justification for this bunding, worked for i t , and then, when he went on to 
Washington, took i t upon himself to help us make this buildkig a reality. I want to give a particular 
vote of thanks to Dr. Jim Liverman; Ruth has already said so, but I wanted to pass on my own 
personal vote of thanks. 

At this time, we were scheduled to have a planting of an environmental grove outdoors, but 
tnfortunatety the weather has wreaked havoc with us; however, there is no reason why we cant do it 
indoors. We are going to miss something though. When we thought about this, about six or nine 
exmths ago, we scheduled it to start at 10:15 a.m. and end at 10:30 a m . We looked at our almanac 
and we knew there was going to be m eclipse of the sun starting at 10:30 a j n . Of course, what 1 had 
prepared to do, as the trees were being planted and as the sun was starting to disappear, was a 
"Marrying Sam" version of Cas Walker imitating Will Rogers' incantation in. the 1932 movie 
"The Connecticut Yankee." You arent geing to see that so Pll 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 
brought here from Mt. Vernon some months ago. The national emblem tree is the tulip tree, 
Liriodendron tutipifera; it is also the State Tree of Tennessee. Planting this species of tree has more 
than that simple kind of state and national symbolism for us here in the Environ>:iental Sciences 
Division, and I 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 
in the Eighteenth Century, East Tennessee, the southern Appalachians, and 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 fe*% 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 National Forest on the borders of 
North Carolina and Tennessee. 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 'ailed. 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-^t Tennessee. So, this tree is really 
symbolic of much of eastern North America, and I think it has been recognised as such by being the 
national emblem tree taken by the President te England and planted there. 

Now, why is i t of a particular significance to us? As most of you know, this program began with 
the mission of examining the effects of radioactive materials on the environment, particularly 
radioactive materials derived from radioactive *aste disposal. In the early yean, nf o>, field 
experiments, one of our goals was to apply some of the new developing concepts in ecosystem ecology 
to this challenge. Part of the question that we were attempting to address was the prediction of the 
rates of movement and fates of long-lived isotopes, such as cesium-137, a common waste fission 
product, once they entered, in this case, the terrestrial environment. To address this question in 
mora quantitative and rigorous terms, we designed a 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 proportional to the biomess of the particular tree so that after the experiment had been 
underway several years we could sample aspects of leaves, twigs, and roots, and assure ourselves we 
could get readily detectable and measurable quantities of the radionuclide. This experiment involving 
the tagging of a tulip poplar grove, or forest as we call it, came to be known as .' .« cesium forest. It 
was our first attempt at integrated ecosystem analysis and one that proved to j e highly successful; 
one that led uc down the road toward integrating ecosystem approaches that toon won us a reputation 
among our colleague* in the country and one which really led almost directly to our being offered the 
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opportunity to lead the Eastern Deciduous Forest Biomt; Project of the US/IBP. So the tulip poplars 
in these groves represent symboBcally our first major experiment and sometl-ing we wish to be 
tenanted of. They also have another function, one that will certainly trans-.-en-j my term here and 
most of yours as well. There is another problem associated with occupying a new building. It has 
often been stated that when you move into a new building, tne new building doesnt represent a new 
building, it represents a mausoleum, and what goes on b more typica' of what occurs in a 
mausoleum. The environmental grove w going to be there to remind you i -srwtse, and it has a 
special significance in this respect. I think it was welt said in the words of Donald Cuirass Peattie, 
the great American naturalist, who wrote in his Natural History of North American Trees about 30 
years ago the following words; 

"But, despite the sptdndor cf its dimensions, there is nothing overwhelming about the 
Tufiptree, but rather something joyous in its springing straightness, the candte-Uke Maze 
of its sunlit flowers, in the fresh green of its leaves which, being more or less pendulous 
on long slender stalks, are forever turning and rusting in the slightest breeze; this gives 
the tree an era of IiveBness, lightening its grandeur. So even a very ancient Tuliptree has 
no look of eld about it, far not only does it make a swift growth of youth, but in maturity 
it maintaim itself marvelous!) free of decay." 

Tĥ s grove will always be Utere, looking youthful, as a reminder to you of the way the program 
shDfa?d always be in the years ahead. Thank you. 
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THE WSTITUTIONAL CHALLENGES FOR ECOLOGY 

John E. Cantion 
Vice President for Research and Graduate Studies 

VKch'igan State University 
East Lansing, fctchigan 

S. L AUERBAOfc This afternoon we start the .scientific part of this dedication, and, 
as was alluded to this morning several times, buildings and programs such as these are 
the result of the efforts of many people. The speakers who are going to be talking to 
us this afternoon and tomorrow all have had a role, either as direct participants or as 
indirect participants, in si aping what is now the Environmental Sciences Division at 
Oak Ridge Motional Laboratory. I think that is something that those of us who are 
developing our own careers and programs have to continue to bear in mind. Getting 
input from others that is timely to the questions you are trying to work with can give 
you guidance, insights, and perceptions that are pertinent. All of these individuals 
have played some kind of role. I wilt endeavor in my introductory remarks to give you 
some idea of what each has done in the past in relation to our program. 

The talks this afternoon are relatively informal, we advised the speakers that 
after they are. through, there will be time for questions arxf answers. So please feel 
free to ask questions. 

Our first speaker is Or. John Cant Ion who is the Vice President of Research, 
formerly the Provost, of Michigan State University. John can sometimes be described 
as an ecologwt's ecoiogjst and I w:II tell you why. He is a man of extraordinary 
perceptions of the role of ecology in society and in organizations, - its strengths, its 
needs, w d its weaknesses. If you look out in the cabinet in the lobby, you will see a 
newspaper article, dated 1961, on 3 meeting of a committee on chemical cycles in 
ecology which the Ecological Society of America initiated in 1959. John was 
instrumental in starting to push i t ; Jerry Olson was involved in pushing it; and some of 
the rest of us got involved 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 «nd I talked about this, was 
how was the plant ecoEogtst of that time, whose knowledge of chemistry — particularly 
soil chemistry — physics, and mathematics was almost minimal, if it existed at all , 
going to tackle what we saw coming as the need to look at ecosystems, plants 
composed of ecosystems in the context of what agronomists had ueen using for the 
previous 40 or 50 years in their approaches to plant/soil interactions. I don't 
remember the result of our deliberations, but I guess we encouraged enough people, 
because plant ecology today is considerably different than it was, at least in a number 
of institutions. John's role here at the Laboratory has been a significant one, although 
not necessarily an apparent one. He was one of the early members of our Division 
Advisory Committee, wherein he served along with others who were trying to 
illustrate what ecology was to a laboratory management which admittedly was 
interested in what ecology is, but really didn't quite understand it. laboratory 
management needed individuals wno were articulate and who could interpret w^at 
ecology W H and why it was needed at a national laboratory Subsequent to that, John 
was invited to join our Management Advisory Council which is the committee that 
reports to the President of the Nuclear Division and which works with the Director of 
the Laboratory in looking over the whole laboratory program and not merely the 
Environmental Sciences Division or it? predecessor, the Radioecology Section of the 
Health Physics Division. Again, 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 related components can provide to this type of 
institution, the national laboratory. And so it is witr qreat pleasure that I introduce to 
you. Dr. John Cent Ion, who will talk on the "Institutional Challenges to Frology." 

Throughout the 19th century, ecology was a very rnodemt piece of natural history and of very 
little concern either to most decision-makers or to the smalt intellectual communities m the 
universities of that day. Hy t>w beginning of Mie last quarter of the 20th century, otology had 
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become a significant discipline in joining the physical, biological, and social sciences. Its principles 
and paradigms have become important in how we think and act about such matters as human health, 
resource management, agriculture, evolutionary change, and technological development, and have 
become important elements in our cor,cem for nun's place on the planet earth and in the universe. 

It should come as no surprise, therefore, that broad institutional challenges have emerged for 
both ecology as a discipline and for Geologists and related practitioners of the discipline. These 
institutional challenges cover the full gamut of human social organization: from the nuclear family 
to world governmental organizations — from academic departments to federal executive .^encies — 
from narrowly self-interested industrial cartels to governmental regulatory r>otf es or religious orders. 

I t should Thither come as no surprise that most of these organizational questions have not been 
resolved in 197?. As a long-time warrior in the halls of academe, a some-tirr.^ advisor to federal 
agencies, national academies, industry, and professional societies, i would be less than candid if I 
suggested all these organizational questions will be resolved or disappear in the near future. Probably 
more accurately, they will evolve into related problems snd man will continue his rewarding struggle, 
hopefully addressing and resolving more substantive questions in the process. 

This remark reflects, I hope, my general b>as which should be clearly stated; i.e., organizations, 
per se, are unimportant even though the functions they perform-may be absoiutely crucial to man's 
continued well-being. My wnungness to accept the topic Stanley Auerbach asked me to develop 
stens not so 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 questions from this 
perspective. 

As I've laid out a framework to explore, and have cautiously stuck a toe into the dark 
intellectual waters that tuderlie these institutional matters, Pve become painfully aware of my 
limitations of training, experience, and even of time for developing these matters into more useful 
starting points for discussion. I commend the topic to others who have more time and better 
reallocations to develop it into a more useful product. 

A series of questions might usefullv be posed to get the right array of intellectual juices flowing 
before we address the specific organizational and institutional challenges that face ecology. To 
reduce redundancy I have not always closed each of the following 16 question* with the central 
thematic focus: namely, what institutional and organizational facilitation exists in each area and 
how can it be improved? Some useful questions are: 

1. How good are the par tdigms witn which ecology operates today? Are they adequate as 
bases for federal legislation; e.g., is ecosystem stability really related to spec-es 
diversity? What is the quality of the evidence for this and is the paradigm adequate re­
citing as partial justification for an Endangerec? Species Act or a National Environmental 
Protection Act? 

2. How does the well-informed citizen's view of "ecology" and of "environment" overlap? In 
addressing toxic substances in the environment, what are the general public distinction? 
among human health et'rects, economic effects, and ecological effects? 

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

4. Mhat appears to be the future of environmental or ecological consulting firms and how-
good is the training of the present professionals they employ'' 

5. vftat is the relative frequency of ecologists among the members of the U.S. National 
Academy of Sciences compared with other disciplines'7 Is it close to the ratio of 
significant ecological papers in scientific magazines of broad coverage such as AAA5 
SCIENCE? 

6. Is there a need for a national and a world ecological survey comparable to the U.S. 
Geological Survey? If so, what would be their missions and priority assignments'7 

1. \Mwt are the ethical and value questions for man that are rooted in ecological 
understanding and insight? How well are these currently integrated into the learning if 
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values by. U.S. citizens through family ex.».Tnple? through K- i2 education? tnrough 
religious organizations? and how ecologicalty sophisticated are our colleagues in the arts 
and humanities' 7 

8. What was the quality of —w'.ogicjl sophistication o f the average bachelors degree graduate 
in 1978? Was i t better than i t was a decade ago? Is it improving? What inr t r jc t iona! 
processes work best to improve ecological understanding of college students? 

9. Are U.S. industries and 'ne trans-nationals becoming ecologically more sophi^ 'cated or 
are they simply responding to environmental regulation? Are there advantages to 
important industries i f they become ecologically sophisticated? Who might design and 
deliver useful ecoiogical workstr.'ps for corporate leadership? 

I C A t the world governmental level is there any special meri t in havirg a high level of. 
ecological awareness among the executive off icers and t'.eir staffs? 

11. What is your perception o f the level of ecological sophistication of key UUS. Congressional 
commit tee staff? Or key state legislative commit ter staff? 

12. As ecolog-sts, would you be comfortable i f the Endangered Species Ac t , t i ie National 
Environmental Protect ion A c t , and the National Clean Air Act were repealed and those 
responsibilities delegated to the 50 states? 

13. Are urban and local governments ecologically aware? On what resources of ecological 
expertise can they draw? Are organizational networks emerging to meet tnts need? What 
is the quality of their advice? 

14. Of the major challenges man is likely to face in the next LOO years, which have strong 
ecological content"' Are there base and applied research programs proceeding that might 
shed light on these Questions? Vtvise responsibility is it in tne Lfciited States to fund, 
manage, and assess long-range, large-scale ecological research? 

15. What are the pr ior i ty basic research questions in ecology"' Are basic researcn funding 
levels adequate? If so, are there Imi ta t ions related to scientif ic personnel, maiiaijement. 
instrumentation, monitoring, anal, J S , or what? 

16. Of 'ne rjtsciplines wrtich contribute to ecological research, where is transJiscspitnir. 
.-ommmicattsn the weakest 7 e.g.. wi tn plant and animal physiology"] wi th =<*&.-; 
-natr»mi»tt'ca! and statist ical research 0 gvith geneucs^ with geocr»jmistr. " .-/.t.• 
econirnics' ' wi th management theory'' with the humar. behaworai and social pon'.ica. 
sciences? with errgineerirtq'' VAiat organizational and institutional steps mignt faethtaie 
progress? 

C-.•• cculd extend this fist of questions, out I've served the purpose intended and wiii no-M 
develo: the subject nf institution.!! challenges order n< topical neadirKjs: nig ecology antl l i t t le 
ecolo'-.., iruversity-federal relations, ecology in the federal (jovernment, international ecology, 
prof .iionai a-ocietlers -ind other national organi/atinrss, and ecology in val'.e-focused organizations. 

I 3.Rr^: MUl.TI- AND n*AM50lSOIPUNAt> V PKO.ir-. T i AMD 
•. IT n.f. £OOLOGY KHSr.AttOH 

The International Biological Program which started j jst over a .tecade ago t.vluded some major 
scwystarn 3t'>1ies. Th»? aisessrients of the outputs nf these l~roe m-iltidisctpliriary studies have ueen 
generally biomodni, ci-iStenrvj around charger. r-f low cost-effectiveness, low output of new scienti f ic 
results, arid failuru i.a meet "specified goals on the one hand, and on the otner hand, -jeneraily high 
marks h> ind iv idual w*-o participated in or -lanr-ed the-w studies. Reality is probaoly a mixture of 
both assessn- nls hut, :r, nrw judgment, is certainly closer to success tMn to fai lure. 

f)ne r,'< {ne institutional cha!Ir-rr \v; e r r i l o j , '.ice-i ir. finding ;*ppT,prv5te i o w j for 
cost-effective, f ru i t f - j i , long-ramie, lar-je-scale ^ p w i m e n t s v •Appropriate institutional candidates 
inrlude: the national lahorafr/ri(v>; tnp hiofo-fiVoi i t . i t i o m , <.-specialty tnp i-^jf -ulara.tfiatt ero|,xj<rai 
rnaearch preserve-;; f»--l**r:i( agent'v ' ledl :;r;i!i'jrv: ii»H* a-i '•••',(• '• J. >, f'-srr-r.t >r>r<i_-«, trie U,.i. >ra.',n<) 
Service, :md the t ja i rv ia i i'-ir- '"» irvi,i»; -ir:.-{ . •vlai-'**. '^: i , i i ' t r- ' 1 ' '\t*'.-,•*•<. n-.-tr, f•••.jr-: .til*, inri 
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university-affilia'-rd. Each of these institutions could serve as homes for this complex and demanding 
kind of research. 

In my judgment, : - old AEC national laboratories are by far the best sites for high-quality, 
muitidiseiplin-../, targe-i'-ile, ecological research. Oak Ridge has been responsible for and 
contributr d personnel to many of the very best studies. The Eastern Deciduous Forest Biome studies 
of the VV, operated out of QRNL were some of the best. The national laboratories' preeminence at 
beino able to direct or manage comp'ex research tea-ro toward agreed-upon objectives is one reason 
f": their preeminence- However, not all laboratories with this authority use it , ind many fail tn 
rigorously assess the quality of their work product or personnel. Ook Ridge National Laboratory haj 
an excellent record at these matters. 

Poorly represented in these potential management organizations are real opportunities to do 
long-term research in landscapes which include a myriad of essentially unregulated human activities. 
Tor example, experimentation with more efficient regional energy patterns and particularly studies 
which inquire into the 1 aggregate impacts of individual and collective decisions in energy, land use, 
water 'ise, e t c , are challenges not yet well addressed experimentally. Appropriate 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 appropriate assessments, and 
for providing the demanding managerial skills need attention. 

It is only fa's to observe that federal agencies have met with Congressional resistance when 
requesting funding for studies in which human behavior and human values are examined. I f a proposed 
project appears to have a component which might modify human values and behaviors, it is even more 
difficult to find either funding or q management institution. 

Within large interdisciplinary study groups the search for common language and substantive 
cjmmunication is a painful, tK.<;-consuming, and only partially successful process. I 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 tha*. 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 institutional mechanisms for strengthening this process. 

I am cheered by the impact that tough regulator/ decisions by federal and 3tate agencies are 
having in forcing assessments of the communications and research gaps among such diverse fields as 
toxicology, ecology, epidemiology, economics, anthropology, and management. This is a task that is 
in likely, I believe, to be raved in any final sense. Rather, it will be addressed with more frequency 

and sophistication in more c .-nplex settings with increasing demand for rigor in the communication. 

In my judgment, there isn't erough national attention to this problem by specialists in 
communications.- and decision theor . The potential for payoff here in better understands,,- and 
better decisions is probably greater than is generally appreciated. I 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 social, behavioral, and economic 
research in ecological and environmental questions. Many establishment scientists tend to attribute 
this part of such problems to "value questions separate from science or fact questions." Since the 
ecosystems 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," 

"Little ecology" is meant to infer not necessarily the scale of the ecological phenomenon Deing 
studied but the relative simplicity of the scientific crew committed tu the effort. The institutional 
frameworks in which little ecological research is pursued cover the full range of institutions with 
ecolog'its. In my probably biased judgment, the best ecological research in this category is located in 
the universities. Bormann's Hubbard Brook scuoy MacArthur** and Wilson's studies of island 
biogeography, Hutchinson's and Edmondson's studies of lake biogeochemistry, and Saunder's and 
Conn's studies of marine niche separations are all outstanding ecological research by university 
people, What are the institutional challenges to keeping ihe quality and quantity of little ecology 
proceeding apace? 

Obviously, the first is the challenge to continue to recruit exception*! irdividuals into the field 
of ecology. Happily we an now benefiting from the recent popularity of ecological matters to young 
people and have more of the better minds attracted to the field than ever before. The institutional 
challenge is to ensure that these graduates will continue to move into scientifically productive 
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employment. This is going to become a .••^'or problem in the universities as student enrollment 
declfnes throughout the 1960s and the 1990s. Somehow we wilt 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 up is a better phrasing, to the over-60 crowd, and soon university will be forced to 
continue to age 70 all who-wish to stay. The tragedy is that the liveliest and most productive of the 
older scientists have the greatest temptation to retire early. Thb stems from the fact that they tend 
to have higher salaries than their slower-witted or less-productive colleague' and also have more 
opportunities for visiting lectures, consulkti.'tships, etc. Thus, the financial indueerrtarrt is for the less 

- productive to insist on staying in the university until age 70. Clearly, we will >ved to face this 
institutional challenge vigorously, and soon. 

Another institutional challenge for little ecology is to maintain a broad erray of research 
support opportunities for the gifted ecologist. I think the situation is better today than it was 
25 years ago, but it can be even better. Wfe need to expand and improve the quality of the extramural 
programs in many of the federal agencies that need ecological research to 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 tmrortatifei of costly energy and other 
imports. Research support for small-scale, basic ecological research may become further strained as 
Congress and major federal advisory bodies counsel that more of the nation's R&D expenditure should 
be focused on enhancing U.S. productivity. In my personal view, there is as much potential 
contribution to national productivity from well-chosen ecological research as from many other 
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 I think warrants further attention. 

The continued output of high quality "little ecology" 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 i t . These will probably be more difficult in the worsening fiscal 
crunch most universities face. Between declining enrollments and shrinking student fee income, 
tightening up of state legislative appropriations in response to a pandemic proposition-13-like 
atmosphere and a reduction in the recovery by universities of real indirect costs because j f new 
federal accounting regulations, there will be a tendency because of these matters to trim faculties, 
cut back on equipment-matching funds, and increase faculty teaching loads. AH of these stresses will 
require imaginative institutional reorganizations LO keep top quality faculty research at a high level. 

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

INSTITUTIONAL CHALLENGES TO ECOLOGY IN UNIVERSITY-FEDERAL 
GOVERNMENT RELATIONS 

I would like to treat this complex institutional challenge in two broad rubrics: first, to note the 
cracks and strains beginning to emerge in general university-federal government relationships, and 
second, to look specifically at the intramural vs extramural distribution of effort between federal 
agencies and universities. My entire time could productively be spent on either of these sutitopics, 
but I will simply illustrate the challenges in both arenas and make a few suggestions. It is an area 
warranting urgent and continuing attention because continued healthy development of ecological 
research is probably as vulnerable as any of the disciplines, due to its association with an 
anti-technology bias in the minds of some people. 

In looking at the present stress in university-federal government relations one needs both to put 
the matter into proper U.S. 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 university research 
capabilities is a post-VW-ff development and more accurately a product of the two decades of the 
1990s anr* 1960s. It is uniquely American in that a greater percent of the research needs of our 
federal agencier is provided by U.S. universities than is true of universities in other countries. In 
part, this stems from the American tradition of expecting our universities to address society's 
problems. Indeed, the U.S. land-grant university was an American invention flowing from khe demand 
of the farmers and manufacturers of the 1890s and 1860s for institutions which would train specialists 
to address their problems and later to also provide the necessary research and help to deploy useful 
knowledge th. jugh extension. 
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Each of the 50 states as wsll as most of the U.S. dependencies has at least one such institution. 
In additiai, there are 30 or JO major research universities lhat are not land-grant institutions tut 
which do actively solicit major research projects that address specific national problems. The 
lamHjrant universities" get approximate!;- as much research and-extension funding from state 

appropriations as they get sponicrsti research funding.from the-federal agencies. These 
state-supported efforts tend to be highly prpbiem-foeused. ..This mixture of private, state, and 

folded research, instruction, and extension developed its present composition substantially 
; 1950s and 1960s. During that period Jthere was a deep, underlying sense of commonality of 

^a/ft ̂ tinMjbeJtwem ̂  came the-1970s with the .Vietnam War {fought on 
^n»oneyX-i!the" campus revolts, thW corrosion of citizen; trust in federal government, the 

I ord^«.in^stud^.enrollmentj the unionization of public employees, and the explosion of 
[ ie^at^,co>^ra>-?ti;>xi f^utfvelmtyjcbmmim^ came broad populist 
n -̂̂ iOw;:peCT,;j«Vjment syste^ tbf ^tlbc^^7re3eV^.,9>arks,.an-.irBistence oh institutional 

pi^,j$iarii^ research^support to universities, 
« .Jit_-LE^-_^r=«_ jr. ji_IJ^jM_^*i.-k.». - J L J I * . . ^ _ J.^^. ... •- ^^gfcj^^-^ffgf^faff, tmt. one which 

t'ertvii a mieiA. •*-• 
^There emerges the very real danger 
'' 1 ! : ?^^^^"'-':fa^ty%udei^st3te; 

rne rote that 
convince' them they 

IhJ^jjirati^ of the 15% called for in the 
oMrac|.r Whim'uniyern for-real costs incurred 

^itjicausp ^ i torsuw rulesUl-adapled for.universities which typically have instruction, research, and 
"'-^service, alT emanating from a single investment of time, the people who pay for this mandated 

allocation to the federal agency are students, whose fee costs already strain family budgets, and 
state legislatures, which would prefer to finance state, not federally chosen, problem solving. 

The restoration of trust and health to this federal-state-university research relationship is 
urgent. It is especially so for areas of ecological research which require close interplay of these 
agencies in addressing needed experiments, inventories, and monitoring. I am hopeful that the 
recently established National Commission on Research will make some progress toward resolving 
these issues. However, J doubt that enough of its members adequately understand the problems of 
student fees financing government research, or adequately grasp 0 * state legislatures' roles in these 
matters. Further, even among groups that ought to know better, e.g., among land-grant university 
representatives, we find situations where agricultural research leadership attempts to pressure their 
universities to forego the substantial indirect costs of research projects, forcing these costs to be 
picked up by student fees and by general legislative appropriations made for other purposes. With 
inflationary costs mounting, the trajectory we are on is clearly not sustainable. Our most urgent 
institutional challenge to little ecology- is to prevent revolt among the participants in this crucial 
university—federal government—state government support system. 

Let me Witch now to the intramural-extramural matter and the university-national laboratory 
relationship. Again, this is a complex matter and my remarks are totally inadequate to its long-range 
importance. I would assert at the outset that, overall, a mixed intramural and extramural federal 
research system is clearly necessary and in the national long-range interest. Directed research 
within federal laboratories and agencies is essential to meeting agency missions. Additionally, some 
related undirected research opportunities are essential to keeping top scientists in the federal 
laboratories. On the other hand, universities offer the federal agencies several important 
supplemental feature*. 

1. Better access to young, exceedingly bright, graduate research assistants. This talent pool, 
properly utilized, can in my judgment be the most cost-effective research expenditure by 
the federal government. Much of the innovation and insight coming from faculty 
researchers is, in part, a by-product of faculr, working to stretch and challenge these 
young minds. I know many researchers who prefer the services of good technicians to 
graduate students when the faculty person is sfngle-mindedly pursuing specific research 
objectives. When aggregating oyer a Mock of years and problems, however, the output of 
• research group thet include* graduate/tudents and young post-doctorates will, I believe, 
prove to be richer in perspective* on mob problems. 

2. Extramural research support for university faculty gives the federal government access to 
a much broader talent pool than it can afford to maintain irvbouse. In particular, the 
universities provide access to capable scientists in e broader range of disciplines than 
federal agencies, operating under tough personnel ceilings, are inclined to recruit for 
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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 6J long-term 
commitments to individuals - - a matter of significant economic impact as any manager of 
complex personnel operations will recognize. The USDA experience in the competitive 
grants area would be worth developing here if we had time. I will terminate this short list 

•\: -'•, . of advantages by noting that. 

\ . ".'_ \ ' A capabilityQhat federal agencies could probably make more use of than they now do is 
the extension-research fink in land-grant universities. At Michigan State University, for 

•>/'- T example, we have found that deploying applied ecological research as part of new 
;\ - V / '. integrated pest control strategies requires both expertise and credibility with individuals 

." S*'rlL'• • being asked *o try new, unproven technologies. Our extension field people have been 
*l- ' -v valuable in obtaining real-world assessments at low cost, the results of which then have 

J. '-'r~ ~•- ~ broad public acceptance. Agencies in addition to the USDA need to develop experience 
' . '~- ' ;P r- with this and nonagriculturar university extension systems. 

:~' :-"cS :"''''' Focusing now on some specific institutional challenges from the in-house extramural question 
\ :

; . h < k r C we might note that in some federal agencies researchers in the national laboratories have become 
' : ^ % : © , ' ' 0 p r o g r a m directors dispensing and overseeing extramural grants. I believe this is in conflict with a 
•f^W'^l • n e a I t h y relationship between national laboratories and their university peers. Occasionally, a 
• ' ^ fp tu ' - ' laboratory staff member will publish research results that might suggest that ideas were borrowed 
', fj£3§?*''•'"- from proposals that were reviewed but not funded. Even where this is not in fact the case, the 
. , - ^ f c relationship^becomes strained. In rQr judgment, federal extramural research grants and contracts 

. • '•-;'-' should be funded and supervised by units tb i t are not directly engaged in research themselves. 

University ecological researchers could probably' benefit by greater use of national laboratories 
during sabbaticals, and Interagency Personnel Agreements could probably be used more extensively to 
rotate national laboratory ecology personnel into university research settings. Looking broadly at 
federal research, more of the professional ecological research done in national laboratories should DP 
subjected to rigorcis 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 aid AEC, now DOE, national laboratories have had a generally healthier give and take with 
university researchers than is true foremost of the other federal agencies. V*iile we can clearly 
improve and broaden mutually rewarding ecological research relationships, even between DOE 
laboratories ?nd the universities, the room for improvement is much greater in EPA, NASA, the 
Department of Interior, and the USDA laboratories. 

ECOLOGICAL AND ENVIRONMENTAL RESEARCH AND DEVELOPMENT 
BY THE FEDERAL GOVERNMENT 

There is growing recognition that ecological and environmental R&D occurs across a wide range 
of the federal agencies and that some coordinative oversight might be useful. Congress has mandated 
that such a study be made. The Office of Science and Technology Policy (OSTP) has been directed to 
conduct such an assessment. The OSTP, in turn, has sought assistance from the.National Academy of 
Science. Wthin the Carter Administration there have been explorations of the Viator i. . p u r e e s and 
environmental federal responsibilities witn an eye to considering 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 outset it must be recognized that all of fedpral ecological research and development 
cannot be aggregated into a single agency. Most agencies require answers to ecological questions in 
order to meet their mission responsibilities properly. Some agencies have such questions more 
central to their missions than others and some have stronger research traditions than other agencies. 

For example, we might acknowledge tlwr the fnvironmental Protection Agency and the Council 
on Environmental Quality have massive central ecological requirements in meeting their missions. 
The EPA is largely regulatory in mission, while CEQ is largely an oversight and assessment agency. 
The Nuelejr Regulatory Commission har. *n environmental regulatory responsibility in a specific 
narrow field. 

i 
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The Department of Interior, with 8 L M , USGS, OWRT, NPS, F&WS, and BOR, his major natural 
resource development, inventory, and stewardship responsibilities. The Department of Agriculture 
also has major natural resource development, inventory, and stewardship •esponsibilities, 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 resource and technology development responsibilities, but its 
obligation to have those technologies meet tough social, environmental, and ecological constraints 
requires major ecological research efforts. One could pose the same challenge for the Departments 
of Housing and Oban Development, of Transportation, and of Defense, and Uvs National Aeronautic 
and Space Agency and could also note that the research tradition is net equally developed among 
these four. The Health, Education, and Vfelfare Department has major ecological responsibilities 
relating to human health, particularly in N IFH, FDA, and PHS. The U.5. State Department has 
responsibilities for international aspects of environmental and ecological matters and only a modest 
record of providing either support or leadership in these areas." 

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

Pve left the National Science Foundation for separate treatment in that its mission ic primarily 
to ensure a strong and healthy U.S. science program. Ecology and environmental areas of basic 
research are handled essentially the same as for other disciplines. Some observers have argued that 
ecological research might be given more support relative to physics, for example, but I 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 concentrated into one 
or even into a few agencies, is there no merit in any consolidation or coordination? On the contrary, 
I agree with the Carter reorganization team's suggestion that the natural resource development, 
inventory, and stewardship area could profitably 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 from 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, I think there should be an ecological survey that would parallel the USGS and provide a 
coordinated approach to biological inventories for use in environmental impact statements and 
natural resource management planning. Properly constrained so it did not develop too rapidly, it 
could, i am persuaded, grow into a very important aspect of natural resource research and inventory. 

History has demonstrated *yzl the development and regulatory missions cannot be easily 
accommodated in the same agency. For this reason I believe that EPA cannot and should not be part 
of any Department of Natural Resources. As a related matter, I would be strongly opposed to any 
merging of EPA into a human health agency. In my judgment, ecological and environmental issues 
are jar broader than narrowly conceived human health issues. If these agencies were consolidated I 
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 vies of the HUD 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, 
however. 

INSTITUTIONAL CHALLENGES TO ECOLOGY AT THE INTERNATIONAL LEVEL 

It is clear to almost everyone, I 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 smog that appears to derive from temperate 
region industrial areas. The build-up of global CO2 r r o r n fossil-fuel consumption is well 
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documented and of potentially targe consequence for global weather and the safety and economics of 
coastBne 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 China produced global radioactive fallout. 
Pesticides like DOT and toxic metals like lead have become global contaminants. Ocean pollution by 
petroleum, exotic chemicals, and decay-resistant plastic debris is now world-wide. Overexploitation 
by a few developed nations of marine mammal, fish, and invertebrate populations create local 
displacements of marine ecosystems, economic hardships, and social unrest. High-flying aircraft, 
heavy space-vehicle traffic, agricultural fertilizers, and exotic che>r~cals all pose potential threats to 
the earth's ozone layer, with possible consequent difficulties in global 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 resource supplies but many of tlie earth's natural ecosystems and entire species 
populations. 

Clearly all these matters illustrate why tnerj 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 an 
early date. J ~ 

The International Council of 5ciT>tific Unions (ICSU) involves the academies of sctsnce in many 
of the world's countries. ICSU has it-. Special Committee en Protection of Environment (SCOPE). 
From this modest, partially governmental, partially nongovernmental, organization, a 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 begimino. 

The United Nations has addressed a nurnber of important ecological questions through 
conferences and symposia and through some of its operating divisions such as the World Health 
Organisation and FAO. 

8i-national or regional groupings of nations have established commissions, e.g., the 
International Commission on Marine Mammals, to look at particular problems which have had 
significant ecoloy.oal content. 

The professional scientific societies have sponsored international symposia, conferences, and 
workshops to address specific problems or broad scientific areas, often with large ecological 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 ecological 
problems. It would be a surprise to find i, otherwise. The important question is whether or not more 
adequate international structures are esseni.il, and if so, what are the priority ecological objectives 
that need to be pursued and what types of international structures appear to hold the most promise? 
For example, in addressing the international ecological and human health repercussions from releases 
of major toxic substances, what mechanisms would be helpful? VKiat research would assist in helping 
us understand how the substantial competences of private industry c m best be utilised and how the 
initi.il costs of assersment and clean-up can be borne? Wiat do we need to know to propose how 
damages be assessed to causing organizations? 

Again, this international institutional challenge is an exceedingly rich topic that deserves much 
fuller treatment, but I 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.S. ecological organization is the Ecological Society 
of America. This "institution" has undergone a series of fissions in its two-generation lifetime. The 
Ecologists Union that eventually became 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 Society of Limnology and Oceanography was formed largely by 
aquatic ecologists seeking more control over meetings and publications. The Institute of Ecology is 

http://esseni.il
http://initi.il
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an outgrowth of the Ecological Society's concern for improving pubac imderatantSng of ecology and 
enhancing the scientific basis for environ-iental tegjstaticn and adniiistiation. this tendency of 
professional groups to split into factions and to ptoBferate new institutions seems irresistible. The 
penalties for such tack of restraint, however, are large. Communication between splinter groups fans 
off and the cost to individuals and institutions of multiple memberships eventually forces choices 
which further reiduce con-- »unfcatian. A concomitant with this communication reduction is a 
dispersal of the potential political and social impact of the dtscscEne. Q 

Thus, loosing ahead, ecotagists must give more thought to how they can stow this proBfemtion 
of new disciplinary subgroups into independent araanrratjons. IwanoWwin, more i>ufesaUinal attention 
"needs to .be <pven to improving the effectiveness of professional organizations. Much professional 
communication continue? to proceed via means that antedate the- conmunicatians rtvoiatiun we are 
now-cau^H op in. Just how best to utilize the myriad of new communicatian technologies to 
facilitate intra- antf tian*4&scipanaiy scieiaJfic demurer needs special attention, fm very mindful 
of my own suspjetans of means other than facoto-'ace meeting:, eaefaoajed lettersr and pubBihed 
literature for scientific communication. I worry about how ojuanty contra* of science can lentiiM? to 
function i f the products .are not printed and widely nod over a period of years. Peihaps this is a 
shortcoming of uc^ey4»eanfc»jw^ti In 
am/ case, professional organizations must devote more waaajnation and energy to their central 
"reasons far being. • -

The population of trained ernlonjsrs who hoM positians in industry, private foundations, 
free-standing itscaicli institutes, or federal and state laboratories b growing. The former Tdear 
leadership dloininetion of ecology's scientific and professional organizations by university-ofMated 
individuals will be unlikely in the years ahead. One of the institutional chaOenges to ecotagjsta is to 
recognize this and anticipate the kind of differences this will make to these organizations and their 
roles in society. 

The ecological and environmental revolution of the late !?£3s and early 1970s emerged at a 
time when more drastic change was possible Hi the U.S. society than is characteristically the case. 
Major federal and state environmental legislaticn emerged in that period; the Clean Air Act, the 
Clean Water Act, the Environmental Protection Act, the Toxic Substances Act, the Endangered 
Ipecies Act, the Valdemess Act, etc. EcologJsts in those ye^rs became almost as familiar in the halls 
of Congress as protesting farmers are in 1979. Congressional staffs and individual Congressmen 
became quite knowledgeable about ecological issues. C 

The national mood i.ito which we have now moved is exceedingly different. While polls indicate 
tfcat people say tfiey still support Congressional actions which improve the environment, the cost of 
such proposals in lost jobs, lost exports, increases in e frgy consumption, new taxes, and more federal 
regulations all command far more political attentian than in 1970. One of the very important 
institutional challenges facinq ecology and ecologisu is to find mechanisms for improving the quality 
of advice offered in important decisions by Congress and the federal and state agencies. 

The National Academy of Sciences, in spite of the fact that up to the late 1960s they had but a 
single ecologjst among their members (G. £. Hutchinson of Yale), did play and continues to play an 
important role in advising on environmentally and ecologically important legislaticn. This was 
possible because much of the advisory services provided by the Academy come through its National 
Research Council, in which most contributors are r>ot Academy members. Some ecologisu have been 
critical of this state of affairs, but I think it is rectifying itself as more outstanding eca^gisU are 
invited to become Academy members, and most ecologisu seem to be comfortable in providing 
advice that i* credentialed by the Academy's reoort review processes. I list this matter as a modest 
institutional challenge to ecology and presume that a better Job will be done to recognize the 
outstanding ecologisu by current and future Academy members. 

THE V ALUE-TRANSMITTING INSTITUTIONS AND ECOLOGY'S CHALLENGES 

One of the great features about the discipline af ecology is iU almost unique power to pull the 
great fact edifice of science into creative associations with the rich insights into human values and 
ethic* from the arts and^,humanities. The scientific demonstrations that species can be 
interdependent, that ecosystems require many different kind* of species to function normally, that 
many specie* ara far mora vulnerable than human* are to man'* technological impacu on the 
biosphere all carry value implications in addition to the fact* themselves. The discovery that certain 
agricultural strategfe* *uch a* broad spectrum persisunt pesticides ware inherently instable was an 
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interesting body of scientific data. That these strategies were developed in ignorance of their broad 
biological ramifications and were the causes of immense unintended envKonmental damage came as 
sobering scientific data and also as an important lesson in relative values. 

The rapidty growing humanities literature that explores the value questions which flow from 
ecological imdevst&nding will , I think, keep future students of the ltterature-of-the-197Qs busy for a 
long time. However, nne of the institutional challenges, ecology faces is the vastly contrasting human 
actions that can be taken based on differing value i'jdgments flowing from ecologically flavored 
perceptions of the world and man's place in it-

C*e needs only to think of individuals Bke Ms. Squeeky From whose associate suggested that her 
unsuccessful presidential assassination attempt was perpetrated to call attention to the perceived 
need to halt man's environmental damage and man's threat to other animal and plant species. Or, we 
can remind ourselves of the well-educated new pioneers w»io have dropped out of our technological 
society to live quite primitively in order to be in harmony with nature. " 

'" 0 
Vfcrik; these may be extreme examples, they do illustrate one c~t of ecologically related, 

value-influenced human behavior. The reroHpoyulation growth efforts have ecological perspectives as 
do wilderness preservation orojanizarions, wildlife conservation organizations, etc. Organizations 
today oppose highways, forest management practices, wildlife management practices, power fine and 
power plant siting {both nuclear and fossil} as well as overseas development operations, among o t h p 
kinds of human activities. Frequently such opposition is made in the name ot ecology — and on 
occasion — with some pertinent facts from ecological research. 

In a brief presentation it is not putsible to develop fully the range of value positions adopted by 
individuals who frequently honestly feel they are responding responsibly to the facts as they see 
them. What we can do at this time is to note that this area poses an important set of institutional 
challenges to ecology and to ecologists. 

It is clear, however, that the challenge is not one of bringing people over to am or another 
specific set of values. Rather it is to improve human understanding both of ecology and of the 
meaning of risk. In the latter, one needs to be cognizant that risk boCh to man and to other species 
populations needs to be addressed. Further, much work needs to be done in improving understanding 
of man's need to continue to make decisions in conditions of uncertainty. Failure to decide or long 
delays in making decisions are themselves a kind of decision with major ecological, economic, and 
value ramifications. The first challenge to ecology and to ecologists is to rigorously exarrv-e the 
quality of the data being advanced in the name of ecology, and where these are clearly questionable, 
statements from scientists need to appear in print to point out where such are in conflict with 
dependable data. Additionally, competent ecologists need to reach out toward the value questions, 
but with a clear understanding 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 #t, might address it rnore easily if we ask how well 
ecology and ecologists are articulated with jch institutions. The nuclear family is clearly one of 
man's most important value-transmitting social organizations. Other than our owr> immediate 
families, what cost-effective vehicles are there fr improving real ecological understanding in large 
numbers of families? The mass media are c « avenue. How well is high quality ecology made 
available via the mass media? V*ib* efforts are made by ecology and ecologists to enhance this? 
Personally, I think more can be done here. Another 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 
household to the broader ecosystems. It permits and even encourages exploration of how individual 
and family values influence behavior which influences Tonsumption and waste of resources, and how 
collective behavior can achieve objectives related to s w e d values. I commend your cultivation of 
these institutional linkages, because good data, sound questions, and useful paradigms are well 
appreciated and there is much underutilized talent in these settings. 

Religious institutions clearly attempt to instill particular values in their parishioners. Some of 
these organizations have quite actively sought ecological and environmental expertise to assist their 
understanding of the farts of important matters. These are institutions I triKtt ecology and Geologists 
<vill not ignore when invited. More formal linkages are very difficult to achieve by public institutions 
and governmental agencies. However, I am not at all sure we have been imaginative in this regard. 

On campuses our colleagues in the arts and humanities are frequently deeply interested in 
exploring the quality of the fact* used by opposing sides in heavily value-laden ecological and 
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emironmental issues. Again, I hope we will not assign too low a priority to responding to such 
requests or initiating the contacts ourselves, because these gifted men and women influence the fives 
of many by the quality, beauty, and appeal of their value explorations of significant issues. 

Various wilderness, conservation, and other groups devote muchrenergy and effort to garner 
support for particular value positions. Other organizations concentrate on trying to teach values in 
urban 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 
environments. Urn not sure ecology or ecoiogists have given this institutional challenge enough 

"" thought-

No treatment which deals with the institutional challenge of coping equitably with ecological 
facts and human values can overlook the role of our judicial system. One of the marvels of the 
environmental movement has been the role of the courts in coping with groups who have very 
different value assessments of a single array of ecological and environmental facts, Time doesn't 
permit us to develop the gold mine of fascinating case law that has been accumulating over the past 

Q decade. Organizations such as the Environmental Defense Fund has become the equivalent of the 
' :* American Civil Liberties Union in playing watchdog over important environmental legal issues. The 

•- challenge to ecology is to ensure that the facts on which important points of law are decided are as 
good as they can be. Decisions overturned because of resolvable ambiguity in the fact situation can 
provide later legal ammunition for weakening other important cases. Ecoiogists and ecological 
organizations should be concerned and challenged by this, and where competence permits, offers of 
help should be forthcoming. 

SUMMARY 

I have attempted to lay before you a range of the institutional challenges that face ecology and 
eralogists. Virtually all are getting some attention. For the most part, I have chosen those I feel 
need additional, or even urgent, high quality attention. The range in scale of these challenges is 
enormous. The institutional 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 matters; these warrant 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 
substantial progress in all of these fields. 

• » • » * 

QUESTIONS AND ANSWERS 

S. I. AUERBACH; Jotvi, that was an overpowering set of challenges. I 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 concern over, which I am interpreting as the relationship 
between little ecology and 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, and Pd appreciate your comments, is that ultimately 
little jcology depends on the marketplace for its wares. What we now have in the country is a 
combination of future or present markets for ecoiogists, ranging from the environmental firm* 
who, in a sense, derive social support through NEPA and related regulations and the 
merchandisers of scientific information (e,g,f Mitre, TRW, NUS, etc.). I think that there has to 
be a more fruitful connection between that marketplace and little ecology than I sometimes 
perceive, in the sense that it is there where little ecology has to get its ultimate support and 
therefore Its sustenance. 

J, E. CANTLON; Well, I certainly wouldn't dispute that. I think I skipped a section, 
because 1 w»$ running out of time, in which I make the observation that "little ecology" really 
was most of ecology up until the emergence of the AEC National Laboratories. As one looks 
ahead in time it is very difficult to visualize the "tittle ecology" research community getting 
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ver* target and what we see is the big ecology group growing. The thing that has happened m 
DOE and EPA, I beSeve, is destined to happen in all of the federal agencies. There dearly 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 that have been trained with problems in Bttle 
ecology are going to have to be additionally trained to operate effectively in these larger 
prabtem settings. That is an instructional and training challenge the universities are beginning 
to work at and some are doing much better than others. The national laboratories can, through 
summer lesearch opportunities far graduate and undergraduate students, ebo play a significant 
role. 

G. M. VAN DYNE: {"would Wee to address what appears to be a conflict in what you 
said. You first commended the Oak Ridge National Laboratory for its role in the Eastern 
Deciduous Fore* Biome Program of the International Biological Program. Later on, you 
condemned organizations which participate in research as well as contract it out on the same 
project.- Now it seems to me that in the HP, Oak Ridge was participating in reseascn and also 
contracting out research. Ma/ do you suggest they dta a good job on one hand and then put 
forward the suggestion that they should not do both? 

c. • "> 
J. E. CANTLON; \ think there is an inherent conflict of interest that emerges when you 

have research organizations ate serving as contractors. This is especially true in the EPA 
laboratories where the individuals who are Pis are also screeners of proposals and supervisors of 
large numbers of grant projects. In fact* some EPA laboratory scientists have complained that 
they are supervising so many grants they cant do their own lesewch effectively. I think that is 
a serious national problem. Additionally, when laboratories receive proposals, and are 
responamte for selecting some for funduig, there is an opportunity for the unfunded applicant to 
perceive the laboratory later performing work closely related to that proposed but unfunded. 
This is not to say there are no occasions in a particular large project where one might 
subcontract a small portion of it- What I was addressing j s a standard pattern of action in which 
the practice is the normal mode of operation. I think that gets us into difficulty. 

S. L AUERBACHt I was going to address that when George did. I 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 a basic principle, that in a general area where there are some 
broad goals to be achieved, the aims of the university researcher as well as the agency may be 
better achieved by laboratory researchers forming a subcontractual partnership with his 
university colleague rather than the university colleague getting a grant somewhere out of 
Washington headquarters with which he can do what he wants but which may keep him out of 
contact with the mainstream of research. The kinds you allude to are some of the ethics 
problems that exist between investigators which unfortunately do exist. You can only hope they 
work their way out. 

J. E. CANTLON; It is not only the ethics but the management proolem as well. I think 
that where the individuals are drawn in as joint investigators in a project with a commonly 
agreed-upon set of objectives, it works better. I think that was why IBP worked better than has 
been true in some of the routine contract management situations in national laboratories. 

E. P. OOUM: Could you comment, John, just a bit more on your statement "rigorous 
examination of contributions made in the name of ecology." Oo you think that the wa< the SF 
contracts DOE and EPA is sufficient or are you talking about something on a larger scale. For 
instance, Vm thinking about [he theory that diversity and ecosystems stability are causally 
related that came in just a short time ago and that everyone seems to accept immediately, only 
later to find out that it was not a sound generalization. Are we in error or are you talking 
about more rigorous examination of concepts before they become written into all of "our 
standards, codes, etc.? 

J. £. 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 interpretations of data. What I am 
really getting at is that frequently in the case of urgent national problems in which such data 
become pertinent, there is a tendency for decisions to get made in arenas in which bad data are 
utilized as a basis for making or justifying a decision. ^ think that the ecological community has 
not always been as responsible as it could be in commenting forthrightly about the quality of 
the data utilized in some of these decisions. That is what I am stressing. 
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AUCXENCC: Yes, but frequently it is not dear who generated the data. How do we get 
this management. 1 agree that there are a lot of things that are pure garbage, and I think there 
was an article in SCENCE not too leng ago in which they were taking EISs to task for this sort 
of thing. 

X E. CANTLQ* VJeB, T guess I would make lias observation, if you go tack and read 
the Scientific fiteratureof 50 years ago, scientists did not wear kid gloves in deaang with each 
others ideas as much as they do today. There seems to be a tendency of 'don't knock my. boat, 
and I won't knock your boat,' and I think that is dangerous. It is especially dangerous in the field 
of ecology. The whole area of environmental constraints on technology poses the risk of such 
an overwhearang cast to society that decialoos should be based on good data or pure pofitics, 
not the latter in the guise of the fanner. The environment in which much of the major 
awMwmenfail legislation was derived came out of an environment in which this society was 
probably more susceptible to change than in any other comparable 10-year period in the nation's 
history. That is water/ *» ae the case in the future. It was-a vary pecuBar transition time. 
Ecological data that are clearly questionable need to be questioned through articles in the 
letters section or the short-term report sectior such as one finds in SCIENCE. EcotogjaU need 
to point out why tfnse data and those conclusions need to be held open. VJe dont do Una 
frequently enough, we really dorft. 

AUDIENCEs Anatwej '• place to auaVees the quality of lesearch undergvdmg environmental 
decMons is whan you supervise teauaili contracts. Actually, if you had the right people in the 
right places, you codd short-cut things by two or three years and simultaneously keep a lot of 
this faculty data from getting into the decision process. If you have somebody who is 
over-burdened, even if he has the capability and the talents to cut out some of these things in 
spunsoied research and contracts, it may not happen. There'c another place where we dont 
have enough people in the right place and time. But what you're saying is to be more 
responsible arid less gentlemanly and to challenge someone directly. 

AUDIENCE: You emphasize the necessity of having data that are widely acceptable before 
making an important decision on environmental issues. I 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. I would argue, counter to what you said a moment ago, that the objective really is to 
develop the experienced people capable of interpreting previous data and laying out a course of 
action that can then be argued. It's experience that we are trying to build into the scientific 
community, experience that can be brought to bear on the major issues, and those major issues 
are indeed resolved on the basis of no data at all in many cases. 

J. E. CANTLOr* Nb data, bad data, inadequate data, good data; I think all of those are 
true. The challenge is to make clear which decisions rest on which of these. I would observe 
that the arena of the courts has become an exceedingly important area in evaluating decisions 
concerning the environment. Many of the decisions that we have lived with, and have 
eventually vaBdated, and some federal acts have come about by testing them in the courts. 

AUDIENCE: Are you suggesting the courts are experts in handling that circumstance? 

X E. CANTLOfc I wouldn't call them experts on scientific matter at all. As a matter 
of fact, any good attorney will tell you that it isnt who is right or who is wrong, it is who wins 
the case that counts* 
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APPLICATIONS OF ECOLOGY TO ENVIRONMENT A t ASSESSMENT: 
THE 5SXJE OF ECOLOGISTS r>J THE DEC>SIQN-MAKB>1G PR0CE5S 

~- Frank F. Hooper 
School of Natural Resources 
The University of Michigan 

: Arm Arbor, Nfichigan 

S. I . AUERBAOfc Vfe got to know our next speaker because he led a pioneering 
experiment in putting *2p m streams. We just duplicated it again last spring. 
Frank Hooper and his colleague at Michigan State University, Bob Ball, were two of 
the pioneers in stream radioecokjgy. Frank has had an indirect association with us 
over the last 20 years. In the early 1960s, he participated at times with us in running 
our radiation ecology institutes because of his experience and interest. He served in 
the then Atomic Energy Commission Division of Biology and Medicine program. As 
you know, in 1971, we went into the environmental impact statement business in a 
large way. I t was mandated then by the vegulatory branch of the AEC which 
subsequently became the Nuclear Regulatory Commission. This whole activity in 
applying and enforcing the concepts of NEPA has resulted in, at l e s t ->t this 
Laboratory, at the Argonne National Laboratory, and at the Batteite Nort:t«,<-st 
Laboratory, a considerable body of ecolooists being involve*! in mnoy of thete issue* 
which, in fact and experience, are continuously debated and which are of concern when 
trying lu arrive at a prediction of impacts on the environment. Frank Hooper is one of 
those few senior ecologists who have gone to swve with the Nuclear Regulatory 
Commission as a kind of judge in these administrative licensing and hearing boards. Pd 
say there have been very few who have done this, and so he brings to this topic a rare 
insight of direct experience on this matter. There is one last thing I should say about 
Frarfc, a secret. In 1967, we were designing and planning what was titer, the second 
radioecology symposium which was to be held at Ann Arbor, Michigan. VA- would go up 
to Ann Arbor to meet, and Frank would be our host. There I learrwd the secret of a 
rare martini that Mr. Hooper imparted to me and which I will now impart to you. The 
secret uf this drink, which is guaranteed to get a party gninq fast, is the following. 
You mix up a fairly dry martini some days in advance. You put if in a deep freezer, 
preferably one about 50 degrees below zero (Fahrenheit; and just leave it there until 
the party is about to start. Then you pour this thick viscous substance into a glass and 
you let the people start drinking it. It is marvelous. Wrh that I will introduce 
Dr. Frank Hooper. 

The National Environmental Policy Act together with the related ctrcurnststoces orrigtng this 
act into being have had enormous effects upon the lives of almost every citizen, and especially those 
of us earning our livelihood in the environmental sciences, in one way or another we have been 
caught in its grasp and, depending upon your special interests, its effects have been either a olessing 
or a plague which has brought considerable trauma into our lives. No one can contest tne Benefits ;n 
terms of money which has been funneted nto the environmental sciences, not only through direct 
support of impact investigations but also indirectly through calling attention to many areas which are 
worthy of research. Not to be overlooked is the support furnished directly and indirectly to large 
national laboratories such as we are dedicating today. It has created jobs for our graduate students 
and in some instances he* le<i to stimulating and fruitful research. 

On the otfer hand, one must remember the great occlusion and congestion that has ta«"*i place 
in our national meetings from the influx of papers concerned with impwf mvesti'pti.i'tt. ,•*> should 
also remember the hordes of manuscripts submittet1 to journal-, far puolicatcm that wrought delays 
and frustrations. 

Regardless of our opinions as to this overall nenefirs or non-tienefits 'if fur. <*~r, ! M ,nt n> share 
with you today my experience in 'tecimnn-maktng *ni,-+i has evolved -ri ;*n ^-f ir- i f rcr,.j|r of the 
Natiorwl Environmental Policy Act. !)ecision-makirv] ny vriAnfints r, nc\f :%1 n;«i. r!i,in<|*'i brought 
about by NEPA, bw one «hict-. may h;w>» lasting rff»*,•!•; JOT> <>.ni,)-|v ,»n<s i(,or. .•!<-,(.{.. 
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My experience as a decision-maker is limited to the Atomic Safety and Licensing Board Panel. 
I first wish to describe the organizational structure and how the decision-making process works within 
the Nuclear Regulatory Commission. "iere are rnany ways ecologists have played major roles in 
decision-making, as referees and as consultants, but today I wish t j concentrate ipon their role ;n the 
adjudication process. 

The procedure whereby a federal agency can delegate responsibility for decisions, comes from 
the Administrative Procedure Act of 1946. This allows the agency to delegate decision-making lo an 
administrative law judge- Decisions are made within a set of rw'es and pofiey established by the 
agency. Thus there are matters the judge cannot decide since they 5re coveted by rules and also a 
segment which is open to decision-making. Through the Atomic Energy Act of 1954 (as amended), the 
Nuclear Regulatory Commis-. m has gone further than putting decisions in the hands of a single 
administrative law judge. It established one or more Atomic Safety and Licensing Boards, each 
cumptised of three members; one must be qualified in the conduce of the administrative proceedings 
and two must have technical Qualifications appropriate for the proceedings, in effect, this pt&visifin 
recognized that technical input into decisions was necessary because of the array of data and 
testimony considered. It further provided that the board members appointed by the Commission may 
be from either the private sector or the staff of the Commission or other federal agencies. 

Decisions regarding the Ecensing of plants as welt as other matters are, of course, subject to, 
review. The immedif-e body of appeal from a decision made by a board fc» the Nuclear Regulatory 
Commission Appeal Board, and appeal then can be made to the Commission itself. These bodies can 
reverse or modify decisions made on any issue. Further, appeat of the Convrussijn decisions can be 
made w a US. circuit court. 

The organization chart (Fig. 1) shows the rather unique positici of the Atomic Safety and 
Licensing Board as regards the Commission and the other units of the Nuciear Regulatory 
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Commission. Responsible only to the Commission for its decision, it thus is independent from the 
f act-gatherin j units which are responsible for the detai'ed technical analysis of ail of the enajneenog 
and environmental matters in the construction of a nuclear facility. This group called the r-TlC staff 
is composed of cadres of experts in engineering, een-.-jmics, geology, as well as in environmental 
affairs. This unit also contracts with Ste nat»«rai laboratorier such as Oak Ridge for assistance in 
studyi.--, the facts of any propcied n-iclear siie- The Oak Ridge National Laboratory, drookhaven,,. 
Argonne, ami Batteile Northwest for many years carried the major burden of these investigations. 
This has been a source of support f'.r these laboratories- Many eco'ogists as well as Other scientists 
na»c devoted a major share of the..- time to these impact investigations. 

As a Board member it would be inappropriate for me to comment upon the quality of the 
evaluations. Needless to say, they vary tremendously, depending upxi the subject are* t~>e scope of 
the investigation wbicn has been required or requested by the NRC staff. In the long run, the merits 
of the decision res. jpon the sifting and winnowing of all facts relating to the individual proceeding. 
I t is appropriate to say that the correctness of the final decision must in part rest upon the quality of 
the work performed by the scientists themselves- Stated differently, the board's decision can be no 
better than the quality of data input requested and brounh? forth by the si. cf front trie national 
laboratories. 

To t iwlerstand how an ecologist fits into such a procedure, wa must next look at the technical 
compos* Uon of the Licensing Boards and of tne parent panel from, which tne Licensing Boards are 
appointed (Tig. Z'u The 20 or more boards operating at any :inie are appointed frsm a panel 
corv'.stinq of t^ree component-: first, lawyers qualified in administrative law: <a>canrt. physicists and 
engineers nualified in nuclear prt/'sics'and engineering, capable of evaluating physical setjnee and 
engineering aspects;-and third, envirvTmentalistt selected from ccolooists and from the public health 
field. Each segment of the panel has a portion of the members from the permanently appointed 
Washington staff and 3 fraction from private sector. Private sector members are from academic 
institutions and the national laboratories. In the case of the ecoiogist—public-riealth component, only 
two of eleven members are permanently assigned in Washington. Thr reniainder are from academic 
institution* througtout the United States. Expertise among the environmentalists ranges fiom a 
*trong orientation toward water quality through a span of specialties in such fields as aquatic 
ecology, terrestrial ecology, wildlife, etc. The basis of selection appears to have been mere in tite 
nature of securing .overa'I breadth in the panel rather than selecting for specific subject matter 
recurring within hearings. 

ENGINEERS AND ENVIRONMENTAL AND 
LAWYERS - 17 PHYSICISTS - »9 PUBLIC HEALTH SCIENCES - 17 

NRC-8 ContuKant-9 NRC-5 Constant t4 W C - 2 Consultant-IS 

"igure 2. Technical composition of Atomic Safety an.1 Lic?r,sing Board pane!. 

.Tiicisions by the three-mar L,iard are not always unani.nous. Dissentir, • opinions on any part or 
ait of a decision may be and are written by a. board member. On at least one occasion, in the review 
process of the decision, the -lissentinq opinion has been upheld over the majority by an appelate body. 
Thus, within the area open to decision by t;\e board, there is room for disagreement and difierences 
of opinion. 

A* all of you know from reading itwviewspapers, board decisions are subject to public scrutiny, 
Public demonstration? and protests are a part nf nearly every contested proceeding. Proceedings 
such as Seabrook and %iabfo Canyon have been mired in !onq-runniev) public controversy. Otters such 
as Mi dU r* have undergone legal appeal to the Sipreme Court, fhui, toe qro;;fidwork covered by the 
hoard hearings is often the foundation for extensive social, political, and economic controversy. 

As a parenthetical-note, t might point out that Brjard members are nof immune from personal 
repercussionc I was surprised to hear from my daughter who attends an eastern university that all of 
the board members have been rated by student groups concerned w<th environmental affairs. In other 
words, within our ran&3 there .ire the good guys and the bad guys. Frankly, I didn't r^ve the courage 
to inquire a.* to my status in this ranking procedure. 

("liven the above structure wd functioning of th:; Ijcensirg ooard, I now turn to my evaluation of 
how î coloqv and. more particularly, ec.iIo<}iit3 have fared in deniirv-i-makinfj. *U t.'te outset, f muni 
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say that these are personal remarks and do not in any way represent the opinion of any Atomic Safety 
and Licensing Board. I t snould also be noted that my remarks concerning ecoiogists and ecological 
witnesses do not apply to the quality group of scientists supplied to these hearings by the Oak Ridge 
National Laboratory. My remarks draw upon about 100 days of courtroom experience over six years 
an ! involving six licensing proceedings. I should also add that much of what I say comes not 
exclusive.!; Trom personal opinion, but is strongly tempered by the attitudes tov-ard ecology expressed 
bv my legal and technical colleagues. 

Ecoiogists have entered adjudicatory proceedings in two ways: first as expert witnesses, and 
st«.Tnd ?« boird members who are the triers of facts and who ultimately make decisions. 

The basis for using experts in administrative proceedings comes frorr. 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 
found to be qualified because of skill? and/or experience may testify both- as to fact and to opinion. 
Opinion and inf a-ence are things perceived or known before the hearings by the expert. It should be 
noted that t.'iese need not be facts or data admissible as evidence, but can be other information if it 
is of a type reasonably relied upon by experts in the field in forming opinions. Testimony in the form 
of opinion.or inference is not objectionable if it embraces ultimate issues to be decided by the trier 
of the fact. , . 

RULE /02. 

TESTIMONY BY EXPERTS 

-' I f scientific, technical cr other specialized knowledge will assist in trier of fact 
to understand the evidence r. I determine a fact in issue, a witness qualified as an 
expert by knowledge, skill, experience, training, or education, may testify thereto in 
the form ol an opinion v.- otherwise. 

RULE 703. 

B A ^ S 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 14,0.1 the subject, the facts or data need not be admissible in 
evidence. 

RULE 701. 

DISCLOSURE OF FACTS OR DATA UNDERLYING EXPERT OPINION 

The expert may testify in terms of opinion or inference ami give his therefor 
without prior disclosure of the underlying facts or data, unless the court requires 
otherwise. The expert may in any event be required to disclose the underlying facts or 
data on cross-examination. 

RULE 704. 

OPINION ON ULTIMATE USUE 

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

Figure 3. Federal rules of evidence relating to testimony by experts. 
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As you can see from these three rules, opinion can be and often is a vital ingredient in 
decision-making. Two points emerge where expert witnesses are exceedingly vulnerable 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 Jlearly the latter definition puts great stress 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 ecologists or whether it should be 
allowsd to go by default to some other professional discipline.. 

These are troublesome questions, and ones which -Me as ecologists have been reluctant to face. 
Be that'as i t may, I do not wish to argue professionalism at this point. It would, however, be useful to 
or here to evaluate the existing status of ecologists as witnesses, particularly from the two 
vulnerable points to which I have just referred. First of a l l , as to qualifications: boards on which I 
hav3 served have been exceedingly generous as to granting qualification. They are very reluctant to 
single out qualification as regards to institution or to degree attainment. Hence, nearly everyone 
qualifies if he has some experience - the high school teacher, the junior college professor, the person 
employed in outdoor work of almost any sort by a consulting f irm. All are qualified if a limited 
course background can be summoned for their qualifications sheet in environmental science. Since 
qualification is not an important screening tool, it is necessary to rely heavily upon the second point: 
whether or not a witness1 opinion reasonably 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 such a coloring of opinion. Examples are such "intuitive" ecological old chestnuts as "but 
evejything is related to everything elsev" "bur 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 has 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 j f a modeling or assumption exercise which narrows the 
possibilities, 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 most 
successful used where data are all but lacking. But it too can be challenged when modeling 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 experience 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, ecologists seem to me either to lack professional opinions or to 
lack the aptitude for expressing opinion in a convincing manner. This may arise either from lack of 
professional "instincts" or from the nature of the subject matter. Be that as it may, I wish to suggest 
that ecological witnesses should be able to defend opinion based upon our concepts on more than 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. Thus, we have not 
yet had time as a discipline to "extract" and synthesize. 

Suggestion* for improving the performance of ecological witnesses are three. First, we should 
be more vigilant in separating advocacy from interpretation of fact. This is perhaps something some 
of us have imparted to students which needs to be de-programmed. Second, opinion testimony could 
be improved via professional certification, although this is a route plagued with problems. Third, I 
would argue 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. 
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The role of ecologists as technical consultants will expand as society continues to encounter 
difficult environmental problems. I also expect that our current use of ecologists as arbitrators and 
as evaluators of technical materials will expand. However, I would also argue that there is certainly 
room in the future for utilization of the ecoiogist's talents in similar decision-making roles such as I 
'wave described for the licensing board. The technical member in this role becomes a full partner in 
abjudicated 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 not "properly" trained in social science. Also, ecologists as a group are frequently accused of 
having such a jaded background that we cannot make fair decisions for the public as a whole. 

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

Of! 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 interrogation 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 unlev* 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 
question at hand. 

In summary, then, I would strongly support the po?&w. 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 unturned. 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. 

# # » » » 

QUESTIONS AND ANSWERS 

S, I. AUERBAOfc I know, rrank, 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. CHRISTENSENf In relation to the last conclusion, if the ecologist in fact 
performed as a 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 ecologies to differ so much in their 
views, perhaps as a function of their employers interests? 

F. F. HOOPER: Well, I 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 case. We are bound to give everybody their 
own say and so everybody comes in with his own group of ecologists and this is the name of the 
game. 
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S. I. AUERBACH: I guess one thing I would want to rnenti m, which rotates back to 
something that John Cantion spoke about this morning, is that there is still ample room for 
training at the academic level of ecologists in serving both a; presenters of data and as 
collectors of data within the context and confines of this adjudicatory 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 a 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. I guess the 
answer here goes back to whether or not we are really serious about this matter and if we are 
going to be professionals. I suppose we have to go this direction but I think that whether 
ecologists can go this route and become professionals in this sense is an open question. I'm not 
necessarily advocating it. 

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

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

F. E. SMITH; According to the process, was it any better than the one used to determine 
whether or not a witness was excellent? 

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

S. I. AUERBACH; I 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; It is hard, particularly getting outside people; it takes a good deal of 
time. I t is a matter of how much time you have to spend on it. 



r 
^ < * . 

i 



S3 ORNL-5666 

RADIATION ECOLOGY AT OAK RIDGE 

Eugene P. Odum 
institute of Ecology 

University of Georgia 
Athens, Georgia 

5. I. AUERBACf-fc The next and last speaker of the afternoon needs no introduction. 
Gene Odum, I 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 c* ecology among undergraduate students at 
a particularly formative part of their career thai, -'most 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 ecologist to an agronomic plant physiologist trying to apply 
ecosystem techniques, I used to call on Gene to consult with us and help us do this kind 
of work on White Oak Lake bed . One of the problems that we subsequently began to 
address in philosophical terms was Gene's admonishment to me. He said 1 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." We soon 
learned that such an approach to our problems wasnt going to quite cut the mustard 
before 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 also on 
our Division Advisory Committee and ptuyed an important role in carrying to 
Laboratory management the importance and significance of ecology in institutions 
such as this. So, with these brief comments which I said are really embellishments to 
a man who doesn't need any introduction, it is a pleasure to introduce Gene Odum. 

We are gathered here today not onl • to celebrate the completion of a magnificent new facility 
but also to reminisce a bit about the history of environmental science and perhaps also to look into 
the future. Although we all know that it was the visior r<i persistence of Stan Auerbach that has 
resulted in this new building, many of us who have been associated 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 »f we realty had something to do with all 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, K); 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 
about 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 stacked away and you can even see the tops of desks. 
All the "gr«y" literature that seems to multiply exponentially with increasing size of institution is ail 
neatly hidden ; n the basement. Laboratory benches are sparkling clean and everybody runs around m 
freshly laundered tab coats. All of this neatness is certainly appropriate for a bacteriological 
laboratory, but an environmental laboratory 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 a working place that one wonders if 
anyone will ever go outdoors again. Working in a nice air-conditioned and temperature-controlled 
building, it is mighty easy to forget that the mission here is the environment, not the laboratory. 
Since so much of science is now conducted in laboratories, we must have, for balance, good science 
that deals with the out-of-doors. In our enthusiasm for technology and fancy facilities, we must not 
forget that human-kind remains dependent on the natural environment for the basic goods and 
services that we too often take for granted until there is a shortage or a malfunction. I think we 
should ail monitor very carefully the nature of the papers which come out of a facility li*e this, and 
make certain that the directors and administrjtors understand that studies conducted in the 
laboratory alone do not provide the kinds of answers we need to deal with the much larger scale 
problems that have to do with the linkage of man-made systems, particularly man-made energy 
systems, and the solar-powered systems of nature. 

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



ORNL-5666 54 

solar-powered ecosystems. Food production, purification and recycling of air and water, and other 
life'Support functions associated with primary production and material cycling are all processes 
driven by sun energy. While we can certainly find substitutes for the fossil 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 only to recall Apollo 13, the only me of the moon shots that 
failed to complete its mission because of a malfunction in the life-support • >dule of the space craft. 
And when your life-support system fails, there is only one mission, and that is survival. Fortunately, 
Apollo 13 was able to return to the safe life-support system of earth without loss of Ui -. Should our 
earth space craft life-support system fai l , we have no refuge, no back-up system. 

My point is, that if we really practice what we preach about ecology, that it is a i 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 associated with this building are a number of ex-xlient 
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 i t comes to atomic energy itself, we are all very disappointed that so little prowess in the 
peaceful uses of atomic energy has occurred in the thirty-five years or so since the establishment of 
Oak Ridge and the other Department of Energy's netioQal 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 I have seen on the subject of "Vftat Went Wrong?" is an 
article in a recent issue (1979) of the Bulletin of the Atomic Scientist, by Carroll l _ Wilson, who was 
the first general manager of the old Atomic Energy Commission. Wilson said, and I quote, "No one 
appeared to understand if the whole system did not all hang together coherently, none of it might be 
pccep table." And, of course, it is the environmental aspects of the nuclear cycle which have not hung 
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. I t was not glamorous, it was messy and nobody got "brownie points" 
for caring about nuclear wastes. Consequently, Wilson charges that the AEC neglected the problem. 
I think we c a t 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 Struxnessof Health Physics, both of whom are here today to join 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 only the pioneer in establishing the new profession of Health Physics, but he was, 
and continues to be, a strong proponent of the idea that any radiation is undersirabie 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 c a shoestring and struggling to 
survive amidst the more glamorous programs of atomic physics, reactor technology, molecular 
biology, genetics, and so on, Stan Auerbach made a very smart move in requesting that outside 
ecologists be appointed to the advisory committees that annually review the work of ORNL. As we 
all know, outside "experts" 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. I recall some very interesting meetings in Or. 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 talk. 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 be as 
rosy as pictured. Now, of course, we all have a much better understanding of the whole energy 
picture and realize that social, economic, and environmental constraints have to be considered, not 
just technological feasibility. Dr. Weinberg himself has written several articles in this vein recently 
(see Weinberg 1972). The need is to bike the holistic view, as already noted in the commentary on 
Wilson's article. And this, sll things considerrd, is the great contribution of the ecological paradigm. 
At least, from the looks of this new facility, it is no longer necessary to "sell" anyone at Oak Ridge, 
or elsewhere, on the need for a comprehensive ecology program. 

One of the more fortunate dividends accruing from the early emphasis on the military aspect* 
of atomic energy was the acquisition of a lot of buffer land to provide security for the national 
laboratories. I t is this land that has provided unique environmental 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 land also required that the AEC develop not only 
environmental study programs, but also land management programs. These were started very early at 
the Savannah River Plant U» 1952, where incidontly a new building is to be dedicated this sprinn. At. 
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Oak Ridge, ecological studies were begun in about 1934, and even earier there was important work 
going on at the Hanford Reservation in eastern Washington where the early discoveries of biological 
magntficatioi had much to do with alerting people to the dangers of environmental contamination. 
Although there we.-e no ecologi&ts in the Washington office of A£C 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 
national laboratories and elsewhere. And. even more important, these early visionaries were able to 
convince the AEC to establish an environmental division and to hire ecotagists to help shape and 
direct the program. This is when Or. John Wolfe came to AEC and, during his tenure, there was rapid 
growth in environmental research programs at all of the laboratories 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 lands as National Environmental Research Parks (NERPsX When security was relaxed, 
there was pressure to return 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 
rescaich in the national interest. We are proud of the fact that the Savannah Rives Project 
reservation, where the Universfcy of Georgia operates an ecological facility for DOE, was the first to 
be designated a National Environmental Research Park. I understand that the Oak Ridge reservation 
will soon receive such an official status. In my opinion, NERPs have a special value as prototypes for 
the industrial and power parks of the future (Odum and Kroodsma 1975X All high energy facilities, 
such as power plants, chemical industries, and so on, that have a potential for dangerous pollution 
and/or accidents, should be buffered by large areas of natural or semi-natural ecosystems. These not 
only protect the pubfic in case of spills, but more important perhaps, the natural ecosystems can be 
interfaced with man-made waste treatment facilities to provide Die ultimate tertiary treatment for 
the degradable components of wastes 

When Stan Auerbach was brought here in about 1934 to start an ecology program, it was 
fortunate that the program was placed under the Health Physics Division rather than the Biology 
Division. At that time the biologists were so preoccupied with th2 radiation effects at the organism 
and cellular level that they had very tittle interest in ecology. In contrast. Health Physics people 
were interested in and concerned about the environment. Stan would have been completely lost in 
the Biology Building among the huge colonies of mice and pure cultures of microorganisms which 
provided the main research tools in radiation biology in those days. The philosophy then was that 
since man and mammals were the most sensitive to radiation, it was only necessary to protect this 
group; all the rest of nature would presumably be taken care of. Like so many super reductionist 
ideas, 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 a new integrative science which combines the physical, biological, 
and social sciences. 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 a new integrative 
discipline (see Odum 1977). 

But Stan did have his problems when he came 'tere as a virtually unknown scientist working in -a 
subject which had very little scientific status at th.it time. As we mentioned, radiation effects was 
the main emphasis and so everybody was rushing around radiating everything and anything that they 
could find to see what would happen. It just so 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 a small but very interesting microcosm. Thus, it 
was only natural that he proposed when he got here to radiate stump holes. He became known 
throughout the Oak Ridge National Laboratory as "that stump hole ecologist.'' Fortunately Stan 
accepted the label in good humor and pushed the program rapidly along a hierarchy of ecc;ystem 
levels from stump hole microcosms to White Oak Lake, to sink hole forests, to watersheds, and to 
helping manage the U. S. Program of the International Biological Program, ine of the largest and 
most comprehensive ecological projects so far attempted. 

Now let us look specifically at radiation ecology, a subject wC.:"i had its heyday here at Oak 
Ridge and st'I! is an important part of this laboratory's work. During the 1960s and 1970s there were 
three international congresses in radioecology and also many symposia and special programs at the 
annual meetings of the Ecological Society, the Health Physics Society, and many 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 I define it in my trxt book. As you know, in 1939 (tried to write up this field in some kind 

http://th.it


ORNL-5666 56 

of comprehensive manner as a chapter in the ~nd edition of my Fundamentals of Ecology. In the 
ensuing 20 years, there has been a lot of new work, but as far as I can see the basic principles of 
ecology, as applied to this special Held, 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 closely 
with mathematicians, physicists, and chemists. In this way ecology was tremendously enriched; new 
techno Ion- developed by physical scientists came into general use in ecology. This included such 
things as tracer methodology, mass chemistry, colorimetry, chromatography, 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 ecologisfs 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 major 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 because there is 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 learning more about the functioning of complex 
systems. Just as the microscope in all of its phases, including the electron microscopes, extends our 
ability to study structure, so tracers in all their aspects extend greatly our ability to study ' io.v 
Thus, with tracers one is able to follow the pathways of phosphorus, calcium, or other e l t w i as 
they move through ecological systems or circulate within them. The very important field of irineral 
cycling, or biogeochemistry, which now (along with energetics) dominates present-day ecotogy, owes 
much to the early development of radiation ecology. Because of the availability of secure outdoor 
laboratories, it was possible to experiment with tracers on a 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 hole were 
labeled with radioactive cesium and 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 earthworms as soil conditioners, 
but it was not until the age of tracers that we really 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 soil. 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 I remember the 
figures correctly (see Edwards et aL 1970X Thus, the truth about earthworms lies somewhere 
between those who claim that they turn over the soil 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 ecolcqy, 
another rapidly advancing subset of ecology, thus got a shot in the arm from work here. 

Tracers have proved to be equally good tools for working with aquatic as with terrestrial 
ec tystems. Just to pick out one example from the Oak Ridge experience, I would like to cite the 
work of the late Dan Nelson, after whom this auditorium is named. After many years of using 5 2 P 
and other tracers, Dan and his colleagues developed the interesting theory of "material spiraling" in 
streams - a sort 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 is a good example of a 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 a sum of parts. 

This is not to soy that ecologists neglected the study of radiation effects. Comparative 
radiosensitivity received a lot of attention when it was discovered thai 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 can greatly alter effects in the intact 
community. Thus, a sensitive plant with a large root system that is shielded from radiation survives 
better than a more resistant plant that has most of its growing cells aboveground. Again, laboratory 
or greenhouse experiments don't give the whole picture! the situation in animals is even more 
complicated. Studies here et 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 chain for many game fishes (see Blaylock 
1965). The tub tie and often unpredictable effects of ionizing radiation make it more difficult to deal 
will, than if it acted like a poison such as cyanide that just kills quickly. 
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In addition to mineral cycling, microbial ecology, and fore1 chain energetics, a fourth are?, 
systems ecology, now looms very important in ecology. To d>*t with complex systems with weik. 
bonding, it is obviously necessary that one establish simplifies models to test theories and "o try .o 
develop some kind of reasonable mimic to the real world. It so happens that so far as ttv. United 
States is concerned, the first systems ecology began here at Oak Ridge. I t 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 ecology, developed the first syllabus and other 
teaching aids, and, of course, pub&shed 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 Or. Van Dyne later in this 
dedication program. 

In summary, radiation ecology T>loomed" 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 absorbed back into the "new" ecology as an integrated part, so there is less ne ;d for 
special symposia 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 modem environmental 
science as a whole. 

The road from reC "tionism and "one-problem-at-a-time" solutions to holism and "multi-level, 
integrated^ solutions is IOTK, and hard. But it is a road that not only science must take, but one that 
economics-and poltical and ^ ~ial science must take as well i f man and his earth satellite are to 
avoid the fate of Apollo 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 between 
discipfines must be broken down. I believe ecology is a good example of how this occurs when there is 
an overall challenge such as atomic energy. Now that challenge is energy in general. The national 
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 ho« the pieces fit together. 
For the rest of this century, at least, the real-world problems are not to be solved by science and 
technology alone, because social, economic, and environmental components of the man-nature 
interface now loom as the main ingredients for survival. 

» » » * » 

(QUESTIONS AND ANSWERS 

S. I. AUERBACH; You would accept the Tennessee Valley as a logical goal for us to cake 
over, wouldn't you? Any comments or questions of Dr. Odum. You have just bad a rare 
experience with pure Odumcse. 

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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Woods Hale. Massachusetts 

A 1954 bomb t*»st was a trigger m the development of trie science of the environment. 

On March i , 1934, almost 25 years ago to a day, the Atomic Energy Commission exploded a 
thermonuclear bomb at Bikini Atoll. The test was 3RAV0, the first of a series under trie eotte word 
CASTLE. BRAVO went awry, and, as accidents often do, taught us much. 

The year 1954 was also the year in which the A£C started its program of baste research at the 
Oak Ridge National Laboratory. The two events seem so remote as to be unrelated. I intend to trace 
some of the history that shows that they were in fact quite closely related. 

Neal O. Hires in his 1972 book, Proving Ground, reconstructed the BRAVO detonation as it 
must have appeared from the Japanese fishing vessel "Fukuryu Maru," The Lucky Dragon, which was 
too close for safety: 

". . . one member of the . . . crew, . . . standing alone an the deck in the early morning 
light, saw the western horiz-jn filled by a yellow glow and ran to the cabin to awaken his 
shipmates, who emerged . . . to watch in amazement the changing light which resembled a 
sunrise. 'Seven minutes later,* cs Captain Tsutsui recalled it, 'we heard a deafening 
explosion and then saw in the next instant a huge mushroom form shooting up in the 
distant sky. About 90 minutes after the blast, »now white ashes began falling all around 
the ship.*" 

The clouds rose to at least 100,000 ft. I'Ands carried the debris, not north as predicted, but 
eastward toward Ailinginae, Rongelap, and Rongerik Atolls, 75 to 150 miles away. Kongclap, 110 
miles downwind, was the most seriously affected. Sixty-four inhabitants received about 175 R in 
5J hr before they were removed from the island. In addition trie 2 J members of the Lucky Dragon's 
crew received an unmeasured but significant exposure. One crewman died on September 23rd, 
apparently of a liver problem complicated by pneumonia, but there -ns 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 Nines mak'.-
fascinating reading. The events were frightening, rapidly moving, awesome in si/e, and trie tim is 
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 exposures were many times the lethal exposure 
for man. Two Japanese oceanographic surveys and one American survey confirmed that the Pacific 
Ocean had received extensive contamination with radioactive debris. Fisri in Japanese markets were 
radioactive and were declared inedible. This move 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 of contamination of the fishery, of the power of 
biotic mechanisms for concentrating or discriminating against radioactive elements, or of the other 
ways in which local concentrations of radioactivity might occur. Nor was there wide recognition of 
the extent of worldwide transport of fallout and the hazards associated with the re-entry of that 
debris into the biosphere. The engineers were clearly in charge and military considerations were 
dominant. But the situation was to change. 

In 1954 the contamination of atmosphere and ocean was incidental to important military 
objectives. The widespread contamination of fisheries, however, and the outburst of objections in 
Japan were unexpected, unfortunate, and uncontrollable. The outburst did what biologists and even 
some of the engineers had not been able to do. Trie Atomic fcnergy Commission w is forced, 
willy-nilly, into a much more comprehensive pursuit of the science of enyronment, into expanded 
3tudiesof fallout distribution, meteorology, and into examination of -uch nbv.ous problems elsewherc 
as White Oak Lake at Oak Ridge and the transport and accumulation of radionuclides by biotic 
mechanisms. 
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Tne CASTLE series did not end the U.S. bomb test;, but it did mark the advent of a completely 
- . e * ie»el of intensity t»f interest in environmental issues -issp-.tated with nuclear energy. By tne late 
1353s when there was considerable interest in using nuclear explosives to excavate harbors around the 
*orld. interest focused on the Cape Thompson area of northwestern Alaska where the proposal was to 
carry out a demonstration project. At what jvas almost the final moment before the series of charges 
was to be triggered, permission was gained by Dr. John N. Wolfe of the AEC to carry out a series of 
basic biological studies in the res prior to the detonations. The studies extended ov?» two years and 
showed that the area was used by a small group of Eskimos who would certainly be inconvenienced by 
the blast and by the hole, and would in addition be exposed to unusual amounts of radioactivity. I he 
Atomic Energy Commission proposed, nonethsless, to proceed with the demonstration, except tnat 
two scientists on the project, Or. Leslie Viereck and Dr. "AHIliam Pruitt, objected, saying that the 
hazards were too great. They pointed to their own data and to experience with radioactivity 
elsewhere in 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 positiorc 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 m&jor engineering enterprise. 

The third event that marked a still greater degree of maturity in science was the proposal Co 
build a new sea-level canal across the isthmus of Panama. Nuclear charges would be used and the 
question was safety, i f the man in the street had b. asked, he might well have questioned the 
project oil the basis of his newspaper veneer of science. But i t seemed wise to commission a series of 
studies in the field. The answer, not surprisingly, was that while the technique was practical and 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 expenditure of relatively small sums for what was mainly an examination of biotic 
hazards. 

The progression of these three events toward dominance by biology was unavoidaole. The 
transition was slowed somewhat by the Atomic Energy Commission'*: «arly reluctance to enter 
biology, at least environmental biology, in any significant way. But the transition was inexorable and 
the dominance of biological aspects predictable. 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 cf particulate i..c'ter through the atmosphere from studies 
associated with the bomb tests of the 1930s and the early 1960s. We learned that rates of transport 
around 'he world through tropospherii: circulation were to be r ieasured in days to weeks, but 
exchanges between the northern and southern hemispheres were much less rapid. We learned much 
about exchange rates between stratosphere and troposphere, that mixing occurs in the spring and in 
middle to high latitudes. We also started a 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 
modification .s 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* accumulated. Suddenly, biotic mechanisms that had been obscure, the private preserve 
of a few biw ,*ts, became front page news. The absorption of radioactive elements by microbes ir, 
the tea might lead to high concentrations in fish, although the concentrations in the water were low. 
The importance of the discriminatory functions of food webs became another frontier in science and 
a major consideration in all analyses of toxic substances and their effects. The realization that 
human food webs could not be isolated from natural food webs came slowly. Similarly we gained the 
hasic understanding that it is possible to toxify the general environment, to change the biota, and in 
to 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 precision were and are routinely used. This in itself was a revolution: concern with one part 
por billion in the t.ivironment. 

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 
or. 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 mect.anisnns. 
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The same period .vac marked of course by what stilt stand-, as one of trie great tria-mpf»s of 
science and politics: the 1962 treaty banning atmospheric tests of fBjclesr bombs. Pie treaty-is. I 
hope, the prototype of a series of such treaties necessary to any effective approver! re management 
of the biosphere. The background of this treaty was l*> years of !»ard-driying; study, marked by all tne 
surprises, tragedies, and frustrations ji oRAVQ, the CA5 TLC series, tr.e O^dSSftO ADS » i i e s before 
»tT and otf.ers. pits extraordinary e ' fort i rm the part of diplomats arid ""scientists turned diplomats" 
outside tive AEC- It was a triu'.vh and s-wds today, still unsigned by major nuctear nawers,.Otina 
antj F ranee, but ;> powerful iriternational deterrent working tttwaru respo«-«sraie secaviai an trie part of 
all nations. Such adv ances require nurture and strengthening. TT« nurtSife must com*, in part from 
science, through push from within, net pull from the top; through continual additions of knowledge 
and understanding, not sterile reiteritiun of tang-held positions, terwever valid *hey may seem. 

The progress mat^ in what I t'nnk of as ecology -during that period was prtenomenai, important 
as basic knowledge of the c>osp'ip;-e and important in its use by government. The challenge of Crat 
time seems simple now, 2b years after BRAVO, partly because the issues were clearer tr-.en and 
partly because problems always seem simple in retrospect. 

The challenge now is in fact more diffuse, larger, mors pervj ave, and developing more rapidly, 
but I would suggest that it is not different in fundamental v ays. The problems of using and 
controlling nuclear power remain; we have in addition the pioblems of power generation, the 
recycling of plutonium as a fuel, the challenges of coal gasification, artd synthetic fuels, ami ttv* 
apparently inexorable process of biotic impoverishment associated with the spread of human 
activities. We have the CO2 problem, the acidification of rain, the toxification of waters 
worldwide^, arc; the accelerating impoverishment of the land. Hfe have a series of interl<^:i<jng 
economic probiens including persistent and apparently i».controllabie inflation, certainly linked 
importantly to the increasing demand for oil resources and to tru cost of replacing resources that 
have been diminished in value or lost. And we have the confusion generated perpetually by arguments 
for short-term economic gains at the cost of what is always presented as a negligible incursion an 
environmental quality. 

The problems seem d verse ard diffuse, complicated by the lay-by-fey pressures and tne 
weeK-by-week shifts in emp'iasis brought, by squalls in Washington ana elsewhere. What we lack now is 
a set of objectives to which we can remain steadfast, a set of oo/ectives Vial can r« 'ised along the 
way to interpret and answer -»nd steady the course of science ind government. We need t i e at:, ngth 
to -.ay that tie know a lot, that experience counts, that ad hoc data ar t not always ;-equired to address 
erch new envirjtmentai problem, that the principles of environment are definable and us tole aJ»d 
s istainahle in ci urt and elsewhere in government, that we need not tie up our srientific 
i_-stal>iish-r\erit in in endless and ooottess pvirsuit of detail in defense of each initiative of government 
or industry but that answers on principle can suffice. We need not learn again and again at Bikini and 
Cape Thompson and tne Isthmus of Panama that the further distrtouiisxi of radioactivity into the 
genera! environment is unacceptable. 

Just as nuclear physics is screaming for its sioiplifj ing theory, sn the science of environineiit is 
crying for relief from the burdens of detail. XUe jcience .is obviously on a treadmili; it cannot stop 
with mere description of 'TOW the world works and definition of tne principles of ecJdigy. it nvjst 
reach h^.nnd and show the editorial writers of the Wall Street Journal that destruction if renewable 
resource.- auses inflation, too. We .ire being askes! to prov•-!e unpopular answers, to rneasure and 
define t 1 - , limits of resources, to 1raw the unhappy, declining curve" of human welf.ire .er.us 
population, and to enter more and more often the uncomfortable controversies tnat mark the 
interface of science and governme.it. 

Experience is not encouraging. Every generality cjn be challenged; special interests can always 
raise questions, and scientists quite properly prefer to have their positions documented with ad hoc 
detail. Nonetheless, most decisions in management of resources are made on the oasis of experience, 
not on the basis of fresh data or even fresh analyses. The greatest advance both in the development 
of toe basic science and in the applications of that sciei. •>. in public affairs .would be tr-.rough the 
c'evelopment of a stronger body of theory, a body >:i 'heory compete ' t to compete with the 
simplificatioiB of economic theory that emerge daily :n government and appear almost 
mmute-by-minute in the public press. 

We are stili working wirh the wrong <;ener;>; /.ion; £*-,? economist's hypothesis that continued 
human welfare is based on universal arid r^rv.vuvt qro*;fr> in a-, aspects of human affairs, that 
compromise along any gradient is ripproovMte, when the gradient irsfclf may he wrong. .Ve need a 
clear alternative to the gro/ztti mr..*et for •i.riely." The »Jt.r<-n.iti»rr is prcowuy not a ungie hypothesis 
hut in array of hypothec?-, idf'-i? ifiej..>v" the "cro;.•.s.%itf.'5 mi* lei" ol envirmirneiil. »,n important 
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contribution to this end was made recently by a group of ecologists working with Or. Phillip Johnson 
of Oak Ridge Associated Universities and was published as a paradigm for ecology. 1>s idea is an 
excellent one, but no scientist wishes to accept another's model and this one has not yr.t been widely 
accepted..Perhaps it was not sufficiently controversial to have been incorporated into the special 
sector of scientist's minds reserved for personal pique and .bitter argument. Here is the challenge: 
Thedefiiiitian and redefinition of ecology and the introduction of that definition, complete with 
principles and operating instructions, into management, of the biosphere. 

The step is subversive, as P-ul Sears pointed out years ago; in that it requires a new attitude, a 
•C- mejorahif t in the approach of government to management of resources. Yet we have shown over the 
^past ten jears 'that:;the systenV we^have/ at..(east in the United.States, is sufficiently flexible to 

^*ac&iTMn(3ate such shifts. Wfe"'have srmwri the enduring ppwer of science, the strength of simple truth, 
.'- *fe-interest of the public at large,'and the basic syinpatfrVZjif owe poEticalsystem. And. we have 
L Jsho^titeeffects of -the inexorable anarch, of truth on the AEG. -

..•--", .pvra'nationaHaboratory operated un 4er_contFict to the Department of Energy foment such a 
"ievplBtion7^"^-'- ~">*f n-^L " — —=--"—--- -•• -—-•- - ~ --••---.- --.. ~* ^ • =.:_. .̂ 6t?J.-'Once we^recogrrize that all .such efforts jnust be loved and r-ultured, just as. 
^i|^n^^j^'Q^v«rn^nt^^afi^RdKiols" and nwralv tnp;»jwe[cm acc^t dW sbinetimes ^Itirig : 

'^f^j^d^f-^^^ts^^i^^St^iUi^'to^eh^^^^ Ujiid the; new hypotheses 'i*scessary^.#Ffeir'f' 
UVeawopijaJiaT^ : ; 
andj^tofe*hat>^ us aiijnjthe v^:t^ughViob^^t 
^jhajfe ;ah^un^f^^^ perception of*a'rich aid yjaried;future~ . 

^ ^ property of 
•being at once almost infinitely renewable -mdlin'te. '"-' ^ '""•'."-• . -
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WATER RESOURCES: SIGMFICANT ISSUES FOR THE 
NATIONAL LABORATORIES 
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"— Frank L. Parker 
College of Engineering 
Vanderbilt Universirv 
Nashville, Tennessee.: 

r. I. AUERBAO-fc Good morning and welcome to .the second day "of our symposium 
"Perspectives in Ecology." Our first speaker thisrpprningyFrahk Parker, is an alumnus 
of the Laboratory"and an alumnus,of the parental.organization that spawned r this' 
Division and ..the Health and Safety Research Division. Frank came, here in 1956 to 
work in the Waste Disposal and Management Section, of which we of the redioecology 
group were also a part. Frank is an ewironmerttalengineer; In those early-years, he 
served a' very useful purpose, which was, continuing Tiy e d i t i o n , an education in the 
broadest sense of tlie term because I come rieiel ratheraf^miwlr trained in erqloqy and_' 
I was getting involved more and. more in 'a variety.rf ir£erdiscipJjiiieFy activities.. 1 • also -
came-with a lot of the biasesrthat gp wi&.,the ? ^ 
talked about; yesterday. ;Fra^ introduce^ 

. engineJringpeu^-Ie-who work mttjhe:v%^irorwne^ Then, over therhext 
seyeraTiyears/we interactedjn a:)iiJrV]toa- of programs that yirere :t»rtGerned here. With • 
waste: management environment^ ;Frank' proved to be: a skilled arid able leader with-
consulerable insight on how to look at problems in the quantitative sense, which was 
characteristic of .engineers at that time.. Frank left in 196" io go back to academia at 
Vonderbilt -University where he was appointed professor m the College of Water 
Resources. He has maintained, however, a very active interest in the problems related 
to energy, and he and 1 continue to interact in a professional sense in various outside 
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'believes that energy technology 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 national laboratory. Dr. Parker. 

"-is 

G 
It is a great privilege 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 3. Nelson Auditorium because about 20 years ago Stan, Dan, and I 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 
th<' engineers and ecologists could and must work together to help create the kind of environment we 
want to live in. 

This morning I want -to discuss the role of national laboratories in the solution of water 
resources problems. By water resources, I 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, I 
should note particularly that I said to satisfy our demands rather than our needs because our 
physiological needs are only two liters per day. 

ANALOGY TO ENERGY PROBLEMS 

As we start in the discussion, an analogy with 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 toe recent Presidential so called "hit list," 

Note that we are dealing with both renewable and nonrenewable resources. Ordinarily, we think 
of water as a renewable resource, but some of our ground waters are similer to our fossil fuels in that 

J 
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they are renewable but only on a time scale that is Incommensurate with our own needs. Therefore, 
the "mining" of ground waters on the Texas High Plains must shortly come to an end uatess other 
wayr are found to augment the supplies or to change the life styles of those in that area and of those 
of us w*io depend upon the output of their irrigated acreage. The amount mined today is 
approximately 25% of our total ground-water withdrawals. 

In general, unless there is a major climatic change, the average annual rainfall over the 
contiguous United States is 30 in. amf-the average runoff is'8 : " , but this is neither uniform over the 
countr nor uniform over the seasons of the year, nor from year to year, which results in 
maldistribution problems equivalent to the glut of Alaskan oil on the West Coast. 

With the amount of water fixed and the needs growing with increasing population, energy 
.development and transportation needs, and demands for higher levels of environmental quality, 
auxiliary sources of Water must be sought or the demand reduced. While the President has not yet 

. declared.the fight'for- water sufficiency to be the moral equivalent of war, he did declare in a major 
p.oicy address on June.6th of this last year that water conservation and efficient use of water are 

^Urgent neetfat-- The; President had stated in hi& environmental message of May 1977 (CEQ 1977) that 
^^ejnatidrj needed a ^wmprehensive reform of water resources peficy, with water conservation as its 
\cornerstbhe.*'"*'/"--:•' '•' "-\-~~\~' - ' -

?i-< ^ m «*»** sharing and pricing leading to full cost 
^ p r i c i n ^ . ^ and reduction in demand through the market 

mech^^~:are not sufficient. Further resources must be.forthcoming by seeding, clouds (compare 
with breeder reactors) as now only about 10% of the water vapor passing over the Uhued States falls 
out as precipitation; by desalination (coal conversion processtj); by water reuse (waste heat 

- utilization); or by water transport from one region of the country or world to another (m rch as the 
-North American IWater and. Power A , , : ince Plan) (Stegner 1965); or by towing iceberg from 
Antarctica (which'can be compared wi' :oal slurry pipe lines or transport of Algerian liquid natural 
<?s to the United States). 

So you can see, as with energy, we have serious water problems in the United States, with many 
solutions similar structurally to those for the energy crisis. Fortunately, the water problems do not 
appear to be so severe, and the solutions basically must rest with us, although our common water 
resources with Canada and Mexico will require international agreements and understanding (also, note 
here the analogy with energy). 

REVIEW OF WATER RESOURCES STUDIES 

The national interest in water problems 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 appropriated funds for removal of sand bars and trees in the Oh'o 
River, Since World War II, we have had a spate of reviews of our water resources needs, starting wit • 
the 1950 President's Water Resources Policy Commission, "A Water Policy for the American People' 
(GPO 1950); in 1955, President Eisenhower's Hoover Commission on 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 I960); 
in 1973, The National Water Commission's "Water Policies for the Future" (NwC 1975a); 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 jaundiced view might be that they have 
had decreasing impact. Although the National Water Commission's "Water Policies for the Future" 
(NWC 1973a) met a quick death, a number of its ideas have since been revived L»y President Carter. 

In the President's May 1977 message, he directed the Office of Management and Budget, the 
Council on Environmental Quality, and the" Water Resources Council "to conduct a review of the 
present.,. Federal Water PoBcy" (CEO 1977), 

As an outcome of that study, the President, on June 6, 1978, presented a Water Policy Message 
(President of the United States 1978) which is designed to meet the fo.lowing four objectives* 
(1) improve planning and efficient management of Federal Water Resources programs to encourage 
projects that are economically and environmentally sound, (2) provide a national emphasis on water 
conservation, (3) enhance federal-state cooperation and improve state water resources planning, and 
(4) increase attention to environmental quality. 

file://-/-~~/~'
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These,objectives can be contrasted with the Report of the National Water Commission (NMC 
1973b\ "New Direction in U. S. Water Policy," in 1973: 

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

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

(3) Water Resource Planning must be tied more closely to land-use planning. 

(ft) Policies should be recommended that will lead to the conservation of water, motivate 
better us3 of water, and reduce water losses by improved efficiency. 

(5) Sound economic principles should 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 uf water rights to more valuable 
economical uses and provides insufficient protection to in-stream values. Riparian law 
does not provide for resource planning and deveIoprr_-:t, and ground-water law must be 

. . _-' -•/ .modernized. r-

l\ (7) the development, management, and protection of water resources should be controlled by 
that level of government nearest the problem and most capable of effectively 
representing the vital interests involved. 

The conclusions might also be compared with the co.elusions of the pathfinding study, "The 
Outlook for water," by Wollman and Bonem (1971) which found that: c 

(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 i - " 
reduced (and/or 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 Southwest will remain the nation's hard core area of 
absolute water shortage. 

(3) Problems of water quality will be larger and more difficult than those of quantity. 

The report point3 out that unanimity on projections of water resources needs is difficult to 
achieve because (1) mosi water problems are local or regional; (2) there is no true rnar^et for water; 
(3) water from the same source is used for many different purposes and the various uses affect the 
supply in many different ways; (4) water quantity is inextricably linked with quality, volumes alone 
are not sufficiently descriptive; (5) there are few absolute requirements for quality or quantity; (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 suhject to a wide variety of 
uncertainties such as rate of technological advance, development in national and world policies, and 
unpredicability of human events. 

The most recent look at the Nation's Water Resources i3, of course, the Second Nai . mal Water 
Assessment (WRC 1978) by the 1X5. Water Resources Council which was released last week. 

In the final draft, the following conclusions were reached: 

(1) Water-quality management must be ;r.r'jqrated with water quantity management, 

(2) Ground-water management must be integrated with 3urface-water management. 

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

(ft) Flood-water control through structural and nonstructural changes must he accelerated. 

J 
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(5) Quality of drinking water must be safeguarded. 

(6) water-management decisions should be based more at the state and local levels. 

(7) There needs to be nationwide, coordinated, management and planning of water resources 
development. 

The Council also noted that there had been insufficient attention to environmental quality in 
the past and that past water development and management programs had contributed substantially to 
national objectives for economic development. 

Substantively the Council's assessment found that total withdrawals in 1975 from the contiguous 
United States was 335 billion gallons per day (BGO) and the consumptive use 105.5 BGO. The Council 
projected that withdrawals in the year 2000 would be 303.9 BGO and consumptive withdrawal would 
be 133.6 BGD. The mean flowcin rivers in the contiguous United States is 1240 8GO-

Therefore, if the water quality were satisfactory and amounts uniformly distributed, there 
would be no water problem. The question then is how to achieve that goai. To solve that, we need to 
know the demands for and the supply of the resource. 

The perceived critical problems are identified in the report as: (1) inadequate supply; 
(2) ground-water depletion; (3) surface-water r-olkition; (4) ground-water contamination; (5) domestic 
water supply contamination; (6) flooding; (7) erosion and sedimentation; (8) dredge and fill; 
(9) drainage: and (10) bay, estuary, and coastal waters degradation. 

State officials perceived water quality problems somewhat differently as: high level of 
nutrients, bacterial pollution, high concentrations of suspended sediment, and heavy loading of 
oxygen- demanding material (EPA 1978V It should again be emphasized that federal policies have a 
profound effect on the sev rity and even the existence of the problems, as was pointed out in the 
National Water Commission Report. 

As in all studies, alternative futures are not predictions of what will actually take place but 
only estimates 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 
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 difficult conditions. This observation 
was highlighted in the recent book, "The Uncertain Search for Environmental Guality," where it was 
pointed out that the worst conditions in the Delaware River occurred after rainstorms (when the 
combined sewers overflowed into the river) rather than during routine low-flow periods (Ackerman 
et at. 1974V 

CAVEATS 

There has been some confusion in the government and in the national laboratories 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 oh Geological 
Disposal of Radioactive Wastes (OSTP 1978V 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 that purpose, we can turn back to the 14th century philosopher, William of Occam, 
whose principle, "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 the 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 laboratories operate and their relative 
strong points and weak points. 

Environmental research unlike most other kinds of research cannot be conducted exclusively in 
the laboratory or by pap><r studies, "nere has to be field verification of the predicted results on the 
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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 of the mathematical 
model. This, of course, is the wrong way to proceed. Only a few model developers actually believe in 
the accuracy of the magnitude of the model results, with a slightly higher percentage believing that 
the model outputs -.vill reflect the direction in which changes will actually occur as a result of change 
in input. In the work of the national laboratories, Occam's principle needs to be firmly set to the 
forefront to avoid these erroneous and complicated mathematical models of how the environment 
functions. In most of these models, the simulations are based upon f i r j t principle assumptions and 
require enormous amounts of detailed data to generate transfer coefficients from orte^compartrnent 
of the environment to another. Rarely are these useful in the predictive mode, though muilimillion 
and muiUbilBon dollar programs, such as EPA's 208 Area-Wide Planning, are frequently based upon 
their output. Rather, it is becoming evident that general overall comprehensive solutions are not 
working. They ignore the localized empirical evidence which would give some ckies to. the resolution 
of these problems.. Simplified models, using regionalized regression analysis, might be more useful 
for prediction and implementation than the complicated first principle models. 

Augmentation with f lexbility based upon the way the world behaves might be more usQftil as an 
approach rather than radical changes based upon the way the world is supposed to behave. We can see 
some movement in that direction in the recent comprehensive assessment of the Willamette River 

. Basin, Oregon, by the ULS. Geological Survey (Ridciert et aL 1976). Their conclusions were:. 

"Unfortunately; the proliferation of sophisticated, geneigl-case river-quality models (Qual—II 
and Explore) has caused, a:preoccupation with mathematical development, solution techniques, and 
computer programing. Although such technical model pro >lems are important and deserve continuing 
attention, they, tend to divert attention from analysis ar.d understanding of river hydrology and the 
phenomena b».:ng modeled." " . . . and future efforts at applied modeling should minimize extraneous 
mathematical sophistication and maximize the understanding of river phenomena'' (Hines e t a t I975X 

<^ 
More generally, we can see the wisdom of this approach MK) of ; talyzing alternative futures if 

we look at the U.S. Water Resources Council's background information (WRC 1973) from it's 
"Principles, Standards, and Procedures for Water and Related Land Resources Planning" which 
appeared in the Federal Register on September 10, 19.3, and upon which all projections of water 
needs are to be based. These are shown in Table i. It can be seen that in a few short years the 
projections would have been changed, and rather drast icaiN. 

Table I . Water Resources Council projected data (1973) 

Rate of 
Year increaise/year 

1968 1980 2000 (%} 

Population ClO^j 201 23^ 508" 1.3 

Unemployment rate ["/<» 2000 J.7 4.0 4 

GNPC1958S10 9; 708- 1154 2506 , 4.0 

In trying to predict water requirements, the f irst question that we need to look at is a 
methodolctjical one. As Neils Bohr is reputed to have said, "prediction is d i f f icu l t , - especially about 
the future," but i t is the future that we are concerned about and what water problems, are likely to be 
10 to 20 or 30 yftjrs from now. r r o m try ing to predict eneriy requirements, you are all familiar with 
the methodological problems. However, water has one added variable, the stochastic nature of the 
supply. We can't predict whether i t w i l l be a dry year or a wet year or whether i t w i l l be an especially 
hot or cold year. Consequently though, I shall reply primari ly on the just-issued Second National 
Water Assessment by the Water Resources Council 11976) and the recently completed comprehensive 
"Review of Federal Witer Policy." I do have p. profound disagreement with their methodology. 
Because the future is so uncertain, to indicate as the Water P.esources Council did thar the expected 
year-2000 runoff wi l l be 1,339,083 MOD gives an erroneous sense of accuracy to the figures. More 
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importantly, it hides the fact that this is only the most likely value for the conditions assumed. Even 
for the contfitiom assumed there is a distribution tef expected outcomes, but changes in predicted 
{assumed) conditions Can drastically alter the outco'r* (i-e-, the water flows needed). Consequently, 
a sensitivity analyses of the outcomes, with credit .e changes in inputs, would provide a far more 
useful set of numbers (i.e-, a reasonable range of .Mssible outcomes). This strategy has been tested 
oh an analysis (James et al. 1969) of the Potomac River where, in predicting iuture water needs, four 
of the input quantities were varied as follows: ~ -

On the supply side: 

(1) Stream-flow predictions were based on IB- or 30-year Pow information, 

(2) Stream-quality predictions were based oh two quality models one utilizing 5-day 
biochemical oxygen demand, the other using the ultimate BOO, 

: (3) Quantity was based on expected business conditions and 123% of expected business C 

, conditions,and .. - •«.• • -

(4) Quality was based on environmental standards of * or 5 mg/iter. 

•"•' The analysis of variances of the KSMUS shows the mean square values of the months in which 
* ttB^tanjet dnsolved oxygen was not met to be: c 

_ - . : 0 ^ 
.50-year simulatians 40-year simulations 

Means 597,*33 ~" 22,633 
Waste load and water demand 

projection 114,864 - 4,829 
Water quaMty objective 46,683 2,023 
Water quality model 8,193 200 
Hydrology 205 166 

Therefore, one would concU'de that changes in demand dominate the outcome. Even thin is not 
necessarily true since the analysis was run on a restricted range of conditions. Because the outcomes 
are not linearly related to the inputs, if we had chosen other points en the spectrum of choices, we 
might have had quite different outcomes. 

WATER RESOURCES PROBLEMS 

Now that we have outlined a framework of analysis, let us look at some of the significant issues 
it* water resources and how the national laboratories can help resolve them. 

The second assessment notes that the problems are interrelated, and solutions to one have an 
impact on the others. 

Inadequate Water Supply 

Inadequate supply is the excess of demand over available water. Therefore, the solution can be 
approached from both ends of the spectrum; provide more water and reduce demand. In the 
assessment, it was noted that 70% of the 106 aggregated subregiohs of the contiguous United States 
have water supply shortages at present outputs and efficiencies. 

Although it has been previously mentioned that there is an average daily streamflnw of 
1200 SCO, only 35% of the flow is available 93% of the y»ar. But even that is not always available 
because that would mean the capture and utilization of the total 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 Ptrter ifMficated that only the median flow ct*Jd 
be utilized or a little over 54% of the total flour (Piper 1965). I t is recognized that as storage 
increases so does evaporation. It is also obvious that i t is those legions where water is in shortest 
supply that evaporation is the greatest. The utility of further capture and storage must be carefully 
evaluated. 

More Ekeiy, additions to the avauaMe supplies will be from more efficient use and reuse of 
surface water and ground water, from designation, and from weather modification. 

Water reuse is subsumed under conservation in the Mater Resources Council's list of problem 
areas. We shall look at what opportunities there are for reuse, but I r t let us took at some of the 
difficulties in instituting such s 

As in energy conservation, there are costs involved in water conservation: capital costs for 
more efficient equipment, more intensive labor practices, or sacrifices in output or convenience. 

The former mayor of NasnviUe was ahead of .Ms time and, in 1972, asked us to do a survey of 
r-using industries in Nashraie because 3he sewage-treatment plant was iwerloaded. Vie were -

: to show that a number of industries, and in particular the meat processing industry, could save 
money by r^ducirsj their water usage. Some of the waste material was diverted to soBd wastes, but if 
the same amount of waste were discharged.with a lesser amount of water, this would increase the 
concentration of wastes and its impact (GammiH and Parker 1975V 

" • • ' . • ' . ' ' . • • • . . ' • o 

'' Other deterrents to conservation are (1) persons who save the water may not benefit from that 
extra water, (2 ) water may be so underpriced that the costs of saving are-more than the benefits, (3) 
existing contracts may prevent raising prices to reflect the cost of the service and the value of t i e 
commodity, and (4) assorted imtitutionct and legal barriers must be overcome. The potential is great 
and some conservation s alreabV proceeding due to higher prices for water and the impact of the 
Federal Water Pollution Control Act (FWPCA 1972) which, in some instances, is making it easier and 
cheaper for industry to recycle waters rather than discharge them. 

In 1975, water withdrawal and consumption 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 47% 
of the withdrawals and,£1% of consumptive use) is a prime candidate for conservation. Potential 
savings are 20 to 30% of the u*e of 30 to 45 BGO. Th.s could be accomplished by; 

(1) Improvements to off-farm delivery system (such as. lined and covered canals, computer 
monitoring and scheduling of releases, and automated weirs and gates), and 

. (2) Improvements to on-farm water management practices (such as irrigation, i.e., based upon 
crop need, nighttime rather than daytime irrigation, b'.-iKT la:rJ preparation, and more 
efficient irrigation systems (such as sprintrr or drip irrigation). 

Table 2. Water withdrawal and consumption in the United States by industry 197* 

Irrigation 

Steam electric generation 

Manufacturing 

Domestic 

Minerals 

Commercial 

Other 

VKthdrawai Consumption 

47 81 

26 1 

15 6 

7 6 

2 2 -

2 i 

I 5 
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Electric steam generators (with 26% of withdrawals) are also a fertile area for conservation of 
water as well as energy. If the waste heat could be utilized, then less cooBng water would be 
required. Cooling towers would decrease withdrawals but would increase consumptive use of water 
(unless dry towers were used). Towers are more expensive than once-through cooling. 

Manufacturing (with 15% of withdrawals) is also a candidate for conservation, with in-plant 
treatment and reuse being the most Ucety route. However, alternative manufacturing processes also 
can play a role in conservation. To produce the finished product, water-use varies even with the 
same industry; for example, water used to produce one ton of steel varies from 1900 to 65,000 gal 
and that used to produce 100 B>- of sugar from sugar beets varies from 75 to 3200 gal. : 

Domestic, municipal, and commercial sectors which use 7% of withdrawal and 6% of 
-consumptive water offer opportunities for conservation by using water-saving devices, correcting 
leaks, and watering green areas only to maintain appearances. 

Water supplies could be augmented by: 

(1) Weather modification. Seeding winter storms in the western 'Jhited States has increased 
precipitation 5 to 25%. Seeding of summer cumulus clouds'has had mixed success,, but 
projects in the Dakotas have increased total seasonal rainfall"10 to 20%. •j?'-

. (2) DesaEnation plants. However, desalting is still.very expensive and most Sleety will nit 
become more widespread unless there is a significant decrease in energy costs, which is 

^•^mmf-i • MgMy unlikely. 

• ViU,.-:; 
(3) Decreasing ground-water depletion resulting from trying to increase inadequate supplies. 

The characteristics of depletion are diminished water pressure, declining spring and 
streamflow, land subsidence, and salt-water intrusion. Note that depleting spring and 

I - • . .;., ;••' streamflow makes the water supply even more inadequate. 

." • " W Decreasing surface-water pollution and ground-water contamination, which have resulted 
in inadequate supplies for pure water. 

The EPA has recently shown that about one-third of the oxygen-demanding materials, 
two-thirds of the phosphorous, and three-fourths of the nitrogen discharged to streams comes from 

C dispersed (nonpoint) agricultural sources. 

The degradation of our surface water also affects our foreign policy. The Yuma plant of the 
U.5. Bureau of Reclamation will desalt 100,000 acre-f t of Colorado River water per year so that the 
salinity at the Morales Dam, Mexico, does not vary more than 125 i 30 pom from that available at 
the Imperial Dam in the United States. Though the United States had kept Us guarantee to Mexico on 
the quantity of Colorado River water to be delivered the degradation caused the water to be 
unacceptable, and as a result, was a source of friction between the two countries. 

Ground-water contamination is more serious than surface-water contamination because of long 
transport 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 supply contamination is a result of the contamination and pollution of the 
surface and ground water. Many water treatment systems do not remove all the pollutants, 
particularly the viruses, toxics, and carcinogens. The costs of monitoring and treating these waters 
are high." This has led to suggestions for dual water systems, one of high purity for drinking water and 
a second of lower purity for other uses. The increased concentrations of and concern obout the toxics 
and carcinogens are causing a revision in the view that upstream treatment only benefits in stream 
use. Downstream user* would also significantly benefit by upstream removal since in-stream 

- degradation of these type* of wastes is not important. 

This discussion completes the water insufficiency problem* identified in the Second National 
Assessment. 

If we now discuss bay, estuary, and coastal water degradation, we would treat those problems 
that have chemical, biological, and physical components. These regions are essential for maintenance 
of fisheries and wildlife. Moreover, they are the source of major recreational opportunities for more 
than 80% of the nation'* population. 
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The remaining four problems: flooding, erosion and sedimentation, dredge and fill, and drainage 
are primarily physical problems. All 10 problems, of course, have legal, institutional, and competing 
use difficulties. 

.*£5 

In our society, in-stream uses (boating, fishing, and swimming) play important roles. The 
assessment has assumed that if all other problems are solved, the in-str^am uses will be satisfied. It 
is not completely clear that this will be the case because consumptive use of water increases even 
though withdrawals remain approximately constant. 

• X ^ 

- .--3---V 

<-- ROUE OF THE NATIONAL LABORATORIES . / - . 

The national la^j-^tories Sre unique collections of highly talented individuals fro-n a wide range . 
of disciplines (scientific, enot-.-^ring, social sciences,' and the humanities) with the laboratory and 
field facilities necessary to deal v»;»h these problems on a sufficient scale tc nave iome chance for 
success in their resolution. "'.',:-, 

- ' ' •- - * _ .— v - " . - o '" . - '• . • /•'.:[• •<_;; 
In all of these problems, however, ; t must ale recognized that there are convicting values, such • 

as at TelEco Darn where reservoir waters ype r e c r e a t e confficts with white. vSjber recreation^ w in 
- the Southwest where irrigation 'wajf^^use .̂ competes with.rnatiufaaunrjg ?i(BberHise. .One can.easily 
see the role policy plays: if : ^ cpmpares^e pep-capita withdiWjtsJm the New England and 
Mid-Atlantip regions,'. apptos&r«ate^>«5DGPD^ yfth-the-' wirJhbVawals in the Stuthwest,; Lowerf 
Colorado, Rio Grande, and Tex«s-Guff Water ReoTorv J050 GPfX with Jthe. same per-iaolta usage'lne: 

. Southwest could support seven times more people than it does now. There can be no technical fix 
unta these policy conflicts'and value conflicts are resolved. A recent volume CTribe et af. 19767 on -
this topic, "Vtiert Values Conflict," deals with conceptual differences in resolving the Tocks Island 
controversy, with water supply, recreational, and farmland problems, and with different beneficiaries 
than losers, etc. In the f creward to the volume, Laurence Tribe notes that issue became a "classic" 
instance of Hegers conflict of right against right- As their research progressed they found 
themselves farther apart on resolution techniques than they were when they started. As he notes, 
"For some of us there can he no satisfactory way of talking about, much less acting upon, issues 
dominated by value controversy without a commitment, necessarily subjective, tentative, and 
self-correcting, to an evolving moral conception of man and his relationship to nature. For others 
among us, the very idea of any such commitment, however evolutionary, seems impractical and 
abstract; they approach the issues in very different terms. For them, the path of wisdom seems 
rather to be composed of the incremental analytic and decision-making techniques in a direction that, 
among other things, gives greater recounition to value conflicts and to the possible alternatives that 
miojit help resolve them. 

" . . . we all rest most of our hopes for improvement in the short run u. a mete creative 
deployment of existing scientific and analytic resources, resources that can often circumvent value 
conflict and value uncertainty by fashioning options, and perhaps even reshaping preferences, so as to 
satisfy seemingly irreconcilable constraints" (Tribe et at. 1976). 

The latter, short-run improvements appear to me to be tr.s vital role that the laboratory can 
play in resolving the major water resources problems previously enumerated. The laboratories have 
the staff and Hie technical expertise to indulge in meaningful-sized field verification, as well as the 
intellectual muscle to do the theoretical and laboratory and pilot-plant-scale research that is 
required to salve these problems, It addition, the laboratory has available the latest analytical tools 
and a reasonable complement of social scientists to took at all facets of the problems. Equally 
important, the laboratories have no built-in biases toward specific types of solutions and would look 
at the total ranges of choices for solution. 

The first six problems may prove more suitable to Che scientific complexes at the laboratories 
in that they are multidiscipiinary. They require large-scale modeling and field verification and can 
use high technology in identifying and solving the problems, tt also appears as though they are likely 
to have some general solutions that are transferable to more than one region. 

In the long run, though, we return to Tribe et ai. (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 about the evolution of decision processes . . . . " 

•:^M 
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Here, the laboratory has no special competence. But answers to these basic questions need to 
be souobt, and the laboratory must play its role along with philosophers and social scientists. 
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QUESTIONS AND ANSWERS 

S. I . AUERBAOfc Frank, you have given us a comprehensive, almost mind-boggling, 
overview of the problem and one in which, in trying to think about it and how to approach it, yt J 
are sort of left with the same feeling that we are left with in a lot of other problems; that is, 
we as a society certainly in the western world are not yet under a sufficient kind of selective 
pressure that we can overcome the institutional questions that you have described. 

F. L. PARKER: I think that is t r je , and I think one uf the thi<-<js the President has 
asked a number of the federal agencies to do in this reassessment is .o took at 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 of these institutional problems. It will 
raise others as you are well aware. 

S. I . AUERBACHc Any other questions? 

J. S, OLSON: Your first caveat was an assumption of no climatic change. Some of us are 
confirming the liklihood of some nontriviat change in climate; significant change seems more 
likely now than status quo. How sensitive are some of these issues to real possibilities of 
climatic losses of available water, at least in the latitudes that cover most 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 
minis lass) could be lower or less reliable. 

F. L. PARKER: Jerry, what you have said is absolutely correct. I think it brings op 
more strongly the point I was trying to make that we should not pick a small number, as the 
Water Resources Council did, and say that this is the numbw. This may be the number we 
expect in the year 2000 out there is a wide range of numbers that we may be faced wim, We're 
really talking, I think, about the only sensible planning regime that we have some control over, 
the next 10, 20, to 30 years. I don't think that we are going to see (you may have more recent 
evidence) any major climatic changes in that period of time. We do know that in the Jong 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. We will be in a pluvial period 
sometime in the next 10,000 years or that order of time, and mere will be major climatic 
changes. But we are talking about engineering structures and a time horizon of 10, 20, or 
JO years. I don't think that climatic change should be a major nonaiJ^ration during that period 
of time. I think man's activities and our decisions will oe fcr more important than climatic 
changes over that time period. 
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J . S. OLSON: But, Frank, the continued rapid fossil energy expar on within your 10- t 
30-year tune horizons starts burning the fuse, starting changes in carbon dixoide that might 
aft Pet the climate. 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 J>ility well 
below present levels. Present policy thus leads to risk of collision, even though our punishment 
occurs beyond your 30-year horizon. 

F . L. PARKER: I think, as you are well aware, we already have problems in the west of 
water for energy supply. We must make some decisions whether we are 5"-:ng to have irrigation 
on farm lands or whether we are going to have energy development in those areas. 

F . E. SMITH: You made some very reasonable statements about simplifying models lor 
application, but when you <jo into a sensitivity analysis, are you a little more concerned with 
how much you are simplifying the model? 

F . L. PARKER: I s^rr« I am a bit. I think mat it would work in a sensivitity analysis 
if the model is a reasot.able approximation of what takes place in nature. J>at is not always 
sure, but at least then we would try to isolate and identify those inputs that are critical and 
that are most important. Now, i f the model is totally wrong it doesn't help you a bi t . So you 
have to assume that i t at least conforms to what you see in nature. If we have the situation 
where the solution is counter-intuitive, then I don't really know what you are going to do under 
those circumstances. You may have some help on this topic later in the program. 

A. M. WEfcMBERG: I have two points but first I want to say that I think you gave a 
beautiful talk on water. I've been listening to water talks for ma.iy years and this I think is one 
of the best Pve ever heard and I want to congratulate you, Frank. 

The other question that I would like to put to you goes like this. As you 
pointed out so very well in your talk, there is striking analogy between the considerations of 
water and considerations of energy. We used to say that people might use as much as 180 quads 
by 2000; in the last few years, sparked partly by the increase ir, the cost of energy but also by 
reexamination of population, production, and possibility of conservation, it's now practically 
conventional wisdom to talk 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, I think, is easy to answer; they haven'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. I 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 it. I don't think people have 
thought enough about the future to take into account the reduction in demand for the more 
efficient uses of water. 

A, M. WEINBERG: There '» a further analogy between energy demand projections and 
projections of demand for minerals. Again, mineral resource futurologists have not gotten to 
the tame degree of sophistication as the energy futurologists have. I hope the water community 
will look carefully at what the energy community people have done in respect to reducing 
demand as well as increasing supply. 

F. U. PARKER; I think if you look at the second national assessment you would be very 
disappointed because they definitely s ave not done that in that case. 

AUDIENCE; Old they use, for example, the most recent projections of utility rates? 

F. L. PARKER; I'm embarrassed to say what they did use. In the draft version, which is 
the only one that I have seen (the published version only theoretically came out last week), they 
are still talking about a thousand 1000-MW reactors in the year 20001 

E, P. OOUM; Would It ts possible to talk about a national policy of shifting irrigated 
food making to the well-watered areas. In other words, this would require homesteading or 
some kind of help from the federal government to transfer large farming operations to 
batter-watered areas. I f you can get the people who grow irrigated crops which are grown in 
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dry areas like Qktahona or—around Dallas to move to the VUsstssippi Valfe-y or sortie other 
weH-waten**} areas, wftere there's, plenty of water, thtr. yocl l have the-»iater necessary for 
energy development srr <A-r>»- regions. In other <mords,;it iŝ  possible to la Ik about a natitnal 
po'ic. for ? shift, orw tha". *ou!ti be no more radical than the earlier miaration of uie Oklahoma 
people to California in the oVst bowl days or Uie great hofrtesteading operations of,t>e early 
west, it would have to >s a national movemefit thai would take people to water rather than the 
continuous mcr-eastng.lv expert*e operation of brir»jing water to people. -. -, 

. PARKMrt: 1 think this deals, w i t h , a social j^uestion airf- I , tort" believe I qualify 
as an expert m that area. "" 

http://mcr-eastng.lv
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SYSTEMS ECOLOGY: THE STATE OF THE ART 

George M. Van Dyne 
Colorado Stat? University 

Fort Collins, Colorado 

S. I. AUERBACHfc Our next speaker is Professor George Van Dyne of Colorado State 
University. George is an internationally know leader in the application of systems 
analysis in various fields of ecology. He didn't start out that way though. George 
joined this laboratory in 1964. He had done lis Ph-D- work in the fields of range 
management, working on the relationship between grazing ecosystems, kinds of plants, 
and how they affected and were affected by cattle. I was introduced for the first time 
to fistulas and stomach analyses and all of the things that .ecologists out West do 
routinely. Here in the East we sort of thought of it as something out of this world. 
George is a very dedicated, hard-working individual, one of the most dedicated 
indivi Juals I ever met. I want to give'one little anecdote about George in the context 
of sr̂ ne present-day concerns. George was also a graduate of the "university of hard 
knr.cks." He is very businesslike, and he soon approached me and asked auout our 
rviteria for sala y increases as well as the criteria for promotions. This; was before we 
had the 3-3,2-2,1-1 business that we have today that all of .you are familiar with. We 
started a discussion about what constitutes competent performance arid what 
constitutes above-average performance and so forth. I asked his opinion about these 
things. George is very positive. He felt that a competent performance was about one 
papier per month, an' above-average performance was about three papers every two 
months, and a superior performance :Was about two papers a month. And, by God, he 
came pretty close to that in the two years that he was herf It shook Oie rest of the 
staff completely. I'm not 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 
Olson were here, of course, they were responsible for the big impetus to systems 
ecology/ At Colorado Sts":e he then became the first leader of a biome program. He 
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 I said, continued to 
develop his approach to systems ecology, particularly in the grazing land area, both 
nationally and internationally. It a great pleasure to have George back after all 
these years. I will now t'jrn the pr "tm over to George Van Dyne. 

Mathematical models 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 editors of a volume of 27 key references of "Benchmark Papers in 5ystems Ecology"; 
the earliest of these papers was 1962. Work in systems ecology has followed an explosive growth 
pattern in the last 20 year3. 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, O'Neill et al. (1977) here at ORNL published a "Bibliography of 
Mathematical Modeling in Ecology" with more than 900 references. I have summarized in recent 
publications more than 120 grazingland models alone published in less Own 15 years 
(Van Dyne et al, 1977). 

As any new field develops, it is useful to draw together the results and reflect on these 
developments. There have been several recent at'.< opts. 

In 1976, the Environmental Protection Agency (EPA) held a conference on "Environn.-ntal 
Modeling and Simulation." This was the first time that an attempt was made to tring together 
models from <*ir polluting, water pollution, ecology, and other environmental areas in an attempt to 
cieate one scientific field unto itself. More than 160 papers were presented at and published from 
that conference (Ott 1976). „ 

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 modeling and simulation methodology in Rohovot, Israel. Again, separately, in August 
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and September 1978, a conference was he id in Copenhagen, Denmark, on the state-of-the-art in 
ecological modeling (Jorgensen 1979). Stiil separate yet, in September 1978, a symposium was held 
at the Second Intentional 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 objectives must be more modest. 

0BXCTIVE5 

The major objectives of my talk are (1) to discuss key chronological developments in the field of 
systems ecology, (2) to illustrate major contributions of ORNL scientists, (3) to emphasize some 
"firsts", in important aspects of the field, and (4) to consider briefly a few of the needs of this area of 
science. 

A CHRONOLOGY OF DEVELOPMENTS 

In the Beginning 

Ecologists have had available to them a long history of systems views of ecological systems 
since Lotka's book in 1925 (Table lXLotka 1925). This view was strengthened by the outstanding 
work of Lindeman in Minnesota in 1943 (Lindeman 1942). These systems ideas were further 
stimulated by work in the late 1950s and early 1960s in which radioisotopes were used as tracers for 
field ecological studies of nutrient cycling and food chains. Efforts here at ORNL under Auerbach 
and at the Savannah River Ecology Laboratory under E. P. (Gene) Odum were outstanding 
contributions at this time. 

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. "Curly" Lucas in North Carolina began his biomathematics training programs in the 1950s 
and was contributing a great number of useful conceptual ideas beginning in the 1960s" (Lucas 
I960, 1964). B. C. (Bernie) Patten's 1959 paper on an "Introduction to the Cybernetics of 
Ecosy items" further stimulated thought and work on trophic-dynamic aspects (Patten 1959). But the 
real breakthrough was Jerry Olson's report in 1962, co-authored with Nee I, which I will refer to later 
(Nee! and Olson 1962). 

Definitions of Systems Ecology 

In 1964 Gene Odum 'eally put the term "systems ecology" on the board (Odum I9t>'(}. 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 species." 

Shugart and O'Neill have characterized systems ecology studies and their difference from other 
ecological studies at: 

(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 enrvbasis 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 I . Some key people, dates, and events in systems ecology 

Lotka 1925 

Lindeman 1942 

Odum (H.T.) & 
Pinkerton 

l 9V i 

Patten 

Lucas 

1959 

1960 

Nee) & Olson 1962 

Odtim (E -P.) 1964 

Olson 1965 

Kerf in and r 

Lucius 
1966 

Goodall 1967 

Patten & 
Vtftkamp 

1967 

Scpith (F.E.) 1969 

Kelly et a l . 1969 

Bledsoe & 
Van Dyne 

1969 

Patten 1969 

Bledsoe A 
Olson 

1970 

O'Neill 1971 

Walters I97t 

Reiehle et a l . 197} 

Cooper e l a l . 1974 

Oak Ridge 
Systems 
Ecology Group 

1974 

5huqart et a l . 1976 

(mis 1978 

General philosophical basis of ecological energetics 

1 i rst thorough system-level f ield study 

Concepts underlying energy-electrical c i rcu i t 
ideas 

Cybernetics concepts in ecology in relation to trophic 
dynamics 

Theory and mathematical concepts c lar i f ied for 
appEed biology 

Analog computer models of linear ecological systems 

Terminology o f systems ecology 

Digi ta l computer model if interseasonal dynamics of 
f ie ld system 

Freque..~y response and sensitivity analysis 
progre.n 

Simulation wuh spatial considerations 

Mathematical model of microcosms 

Interactive population analysis via differing L d webs 

Models and f ield process and state variable 
measurements developed concurrently 

Systems identi f icat ion software and 
application to ecological models 

Sensitivity analysis in an ecological system model 

Generalized simulator designed for ecologist'; 

Error analysis of ecological models 

Clear discussion of systems ecolocjy 

International comparison of forks' /.vstems with 
linear models 

Cro3s-biome model experiments an given problem 

Team authorship in a systems ecology gro iv 

Frequeik., response analysis in an ecological study 

Large-scale, mult iple-f low, nonliaear difference 
equation simulation model; field validated; 
experimentally tested 
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Some workers consider the realm of systems ecology to be that of using mathematics to study 
ecological systems. Although application of mathematical techniques to study ecosystems is an 
important part of systems ecology, it is far from being all of it . Systems ecology can be broadly 
defined as the "study of the development, dynamics, and disruptions of ecosystems'* 
(Van Dyne 1966k I consider systems ecology to have two '.lain phases - a theoretical and analytical 
phase as compared to an experimental phase. I will talk only about the theoretical and analytical 
phase. 

Models in Systems 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 channel flow, however, than with infiltration and plant impacts on water dynamic s. These 
models were important antributions but not ecosystem models. 

In the 1960s, some models were being developed and published in the forestry field. For 
example, in the middle 1960s at the University of Georgia School of Forest Resources, there were 
unpublished reports concerning n type of simulation of industrial forest enterprises. Again, these 
were important efforts but not eosystems models. 

In 1965, K-EJ 7 . (Ken) Watt jrganized a symposium on systems ecology at the AIBS meeting in 
IIG no is. Subsequently, Ken discussed the meanings of systems analysis for ecologists and provided 
some practical guidelines for persons intending to develop simulation models (Watt 1966). About this 
time, C. S. (8uzz) Hailing in British Columbia published on n s long-term experiments on 
predator-prey relationships (Ho I ling 1965X. Neither of these indiviJuaU 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 Bemie Patten on the trophic dynamic aspects 
(Patten 1959), Olson on balance of producers and decomposers in ecological systems (Olson 1963a;, 
and Gene Odum on thC. 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 models from ORNL. These 
attempts at simulating ecological systems utilized differential equations. These equations were 
usuiliy of first order and generally first degree and frequently were integrated on analog computers. 
In 1963, Jerry Olson published further on these analog computer models (Olson 1963b). By 1965, 
however, Jerry published on the use of a digital computer to solve system models of interseasonal 
dymmics of a field-system situation (Olson 1965). The emphasis 3tili was on constant coefficients or 
tirr.e-varying coefficients in the linear equation systems. Because of the early modeling studies 
which impacted many scientists, I nominate Jerry as the "father of systems ecology." 

At that time, Kerlin and Lucius (1966) at ORNL developed a computer code which readily 
facilitated mak'ng frequency response and sensitivity analyses of systems models. This tool and 
technique subsequently was utilized heavily by Patten and subsequently by his students. In 1967, 
Patten and Wtkamp published on a mathematical model representing a microcosm study and used 
analog computers for the solution of the differential 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 I know, the first "quantitative" sensitivity analysis of an ecological 
sy item model (Patten 1969), 

Specialized Software Systems for Ecologists 

r think L, J , (Sam) Bledsoe was the first individual with detailed formal mathematics training 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 Notional Laboratory, 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, Sam, who 
is a wizard with software, developed two new tools for systems ecologists. The first of these 
published in 1969 was software for system identification developed for and applied to ecological 
models (Bledsoe and Van Dyne 1969), The second was a 1970 generalized simulator designed for 
solving differential equation sy items for and by ecologists (Bledaoe 1970, Bledsoe and Olson 1970;, 
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Systems Models and Held Experiments 

Olson's (1965} paper reported on early analysis concerning the cesium-147 "sinKhole" forest. In 
this innovative experiment, trees were injected with cesium and subsetfoently various system parts 
were sampled over time to determine the cesium concentration. Thus, the field experiment provided 
validation data for the model: The model wus developed after the experiment had been going on for 
some time. There were no early- experiments for rate process information. The early models 
developed here were w : th constant coefficients or time-varying coefficients in differential equations 
systems. 

Another first, at ORNL, was the report of Kelly et ai. <I969) concerning simulation of two 
grasslands dominated by single species of either cool-season or warm-season growth habit. In this 
study, the field investigations and the modeling investigations were planned and carried out 
concurrently. Not only -were driving variable and state variable data obtained for validation, but also 
rate processes were measured in the field in a few instances. 

Systems Ecology in Textbooks 

Although the above experiment was published as an ORNL report with limited distribution, the 
result of this suidy found its way into the two major ecology textbooks of the past two decades, as 
well as into readings, volumes, and other monographs. The books I refer to are, of course. 
Gene OdunVs Fundamental;: of Ecology (Qdum 1971) and R. L. Smith's Ecology text (Smith 1974). 

In Gene QdunVs volume in 1971, the first textbook-level treatment of systems ecolog> designee 
for ecologists was written by Carl Walters, formerly a student at Colorado and since a' faculty 
member at the University of British Columbia (Walters 1971). Carl and Buzz Hollinu and others 
teamed up in the 1970s to develop a unique "workshop approach" of developing, applying, and utilizing 
systems models of ecological and resource systems. This will be referred to later. 

No detailed textbook on systems ecology exists. lien Watt's 1966 edited volume -Watt 1966) and 
Ber l ie Patten's (1971, 1972, 197^, and 1976) volumes concerning rnodelir*} and analysis sevve 
important roles as references for training in systems ecology. Pielou's books on mathematical 
ecology really don't focus on system dynamics or system optimization models CRi?l0u 196''). The 
Europeans have actively been developing monographs in this area which are extremely usefu! guides 
in teaching, particularly at the undergraduate level £(e.y. see * Wt and Goudriaan U974/, Jeffers 
(1978), and Brockington (1979}], but these are not suitable for an in-depth graduate course, f urtner 
aspects of books in this field are discussed elsewhere (Van Dyne 19771, but at least two le*U>ook$ in 
the field are now in preparation in this country. 

"Multiple-Currency" Models 

The early modeling emphasis was on first-order, constant-coefficient, linear differential 
equation systems using comparlmentat models and focusing on flow of a single currency, -i*ja!!y 
energy. This was a gross simplification t f biological reality to fit a model structure Uvn could be 
handled easily by classical analytical methods and techniques. This was a necessary learning step. 

(n the late 1960s, ecologists began developing simulation models that accounted f.<r tne flow of 
more than one currency i.e., energy, nitrogen, phosphorus, water, bent, animal numoers, carbon 
biomass). These models generally were difference equation models, nonlinear rather than linear, and 
often included lag influences. Thus, it was possible to for<*cast with these models but not to back - as t . 

This raised a storm of argument among the "linearists" vs the "nominearists," with tne two 
camps respectively championed by Patten and Oledsoe. 

At this time, Bob O'Neill wrote a very thoughtful papei discussing error analysis of ecological 
models (O'Neill 1971). One of the consequences of going from a linear, simplified system to a 
complex, nonlinear system relates to the increase in numbers of parameters which must De estimated 
and to tne change in structure of the model. 

The Appearance and Role of Optimization Models 

Most of the discussion to this point hn3 been concerned with the development of simulation 
models of ecological systems. But now systems ecoioqists frequently j t ih /e optimization models. 



D R M -SAAA. 

particularly in applied ecology in the areas of renewable resource management. In the middle 1960s, 
when I was working at Oak Ridge, I began utilizing finear and nonlinear programming techniques in 
ecological analysis. This work was first pubusheo in 1966, applying and integrating multiple 
regression and finear programming "rjdels in renewable resource analyse (Van Dyne 1966). 
Subsequently, with Bemie Patten and Kevem and Wftlhm, we used nonlinear programming, studying 
energetics of phytoplankton or of productivity of peripnyton (Patten a..d Van Dyne 1968, Kcvern et 
al. 1966). ^ 

Entry of Engineers into System? Ecology 

Some individuals with formal advanced training in electrical, industrial, or aerospace 
engineering entered the systems ecology field in the late 1960s. 

G. L. (Gordie) Swartzman started, working on terrestrial ecological problems in 1969 after 
receiving his PhD. in engineering at the University of Michigan. Gordie first worked on grassland 
modeling but then forests and now aquat-c systems. Mitch Timin, with his background in aeronautical 
and aerospace engineering, joined the systems ecoCjgy group at San Diego State. He modelled tundra 
systems. ~ ' 

Simulation - Optimization 

Most systems ecology simulation models cannot be subjected readily to sensitivity analyses for 
various reasons. One ends up playing a limited number of "what i f games with the simulation mccei. 
In particular, in renewable natural resource management (a set of fields that increasingly are 
utilizing systems ecological techniques), the n.anager must be concerned simultaneously 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 is the ecosystem. The first paper I am aware of that combines simulation and 
optimization models on-fine in an ecological analysis was published in 1972. Gorclie Swaruman and i . 
combined simulation and optimization models on-line (Swart;man and Van Dyne 1972). This is of 
considerable value in bridging the gap between utilizing the information from basic ecological 
research (from which many of the flow functions must be built for the simulation model segment) and 
the pragmatic problems of the field resource planner (as in the optimization segment). 

Simulation 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 models. The International 
Biological Program (IBP) workshop in 1972 which contributed to this publication had considerable 
impact among forest ecologists. For people of many countries, particularly in Western Europe, it was 
a mind-expanding activity that they still talk about. Several of the synthesis volumes from the IBP 
include simulation models of ecological processes or of entire man-manipulated or natural systems 
[(e.g., see Grasslands. Systems Analysis and Man, Breymeyer and Van Dyne 1980)1. These illustrate 
the usefulness of models as syntheses. 

Groups at Authors in Systems Ecology 

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

In 1974, I first taw a publication authored by a group, the Oak Ridge Systems Ecology Group 
(1974), which emphasizes the team authorship opportunity and problem in systems ecology studies. 
This problem hat arisen in other situations, but few individuals, particularly group leaders, have had 
the fortitude to carry through publication by such a method? 
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Cross-Biome Comparisons with Models 

Also, 1974 marked the publication by Cooper et ai . (1974) o i cross-biome model experiment 
results on a given problem, {"•v this case, weather modification impacts of a hypothetical fleet of 
supersonic transports operating over the United States. 

Frequency Analysis of Ecolcgtcal Models 

- Though SCerfin and Lucius {1966} introduced at ORNL a software package which would perform 
frequency and sensitivity analysis, it was not until ten years later that Shugarf and others appled this 
approach to an ecological system. It is difficult for most of us to think in the frequency domain and 
it will be interesting to see i f this technique "catches on* in ecology. 

Large, Complicated, Total-System Model Publication 

One of »he problems in systems ecology hasbeen publishing large-scale models. Now, books are 
produced on such efforts. Thus Innis (1978) pubisbed e-book vmich described a targe-scale, 
multiple-flow, nonEnear difference equation simufacionmodel which was field va&dated and 
experimentally tested. I will return to the publication problem a bit latere 

O . 

ORNL SYSTEMS ECOLOGIST AM3 P U B & A T K j N S 

I have made an analysis of the publications in systems ecology by present and past ORNL staff. 
I drew my information largely from the "Bibliography of Mathematical Models in Ecott^gy** r Kadlec 

:ct at. (1971) and the bibliography of DNeUl et al. (1977), as well as from a large nur.feer ot teph'Xs 
and maruscripts submitted from GRNL. The purpose of doing mis was to try tc quantitatively trace 
the rate of development of putT.-^;:;- 7-Jtpui i,. systems ecology from the ORNL people and the 
nature of those outputs. ° 

The ORNL Systems EcoloqisU 

Here is a summary of some of t i e personnel who publisher! in systems ecology at ORNL 
(Fig. l>. Their names appear at the year of their f»rst publication in this field. I apologize here for 
those names I have omitted, but, in my quick reviewing of publications, I derived a time chart of this 
nature. Of course, not each individual still is at ORNL, although "father" Olson is! More man JO 
individuals are involved. The big influx of people was in 1969 ot i*70 and related to the eastern 
Deciduals Forest Siame study as part of the IUP. 

ORNL Systems Ecology Publications 

V/ith respect to Kind', of outputs. 1 summarue separately those in OKNL pveiications, sc.<;ntific 
journals, and book chapte.-s and proceedings volumes ,fiq. 2,. ! have identified about J JO puDticattons 
from the interval 196? through 1978 containing models or model concepts ay the OH."*, group. Tr.is 
rumber, for example, compares to 621 papers abstracted by Kadlec a '> 7 l . and W6 oy CNeilt et al. 
•'1977';. Of course, t*~w» CrNeill report included many papers included by Kadlsc. I have not included 
here many Eastern Oaciduous forest 3iome reports from non-CJKNL workers ;such as the modeling 
groups in Madison, Wisconsin; Troy, New Y rk; or Durham, North Carolina, wno participated in the 
program. 

Roughly an e.; rt nmser were published >n ORNL publication', ami in scientific journal articles 
(Table 2). The fKNL puulications included technical memoranda, general ORNL reports, 
IBP reports, and EOT B memo ""norls. About 7V'« of the QKNL publications on systems ecolotjy came 
from the IBP 31 idy. 

Of the scientific tmimals containing modeling articles from system «cologists at ORNL, 
generally there were only one or two per journal over this 17-year interval. However, some 10 such 
articles have linen encountered n> Ecology, the main puDlicalion outlet of the Ecological Society of 
Ame-ica. Gome 25 separate scientific journals were identified containing modeling articles from 
f JUNE systems ecolr,.jists; 10 of th«se were foreign or international journals. 
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Figure 1. Some approxwm : dates of first modeling publications by ORM. systems ecologists for 
the 1962-1977 p» riod. 

Table 2. ModeDng publications from ORNL 
systems ecologists, 1962 to 197B 

Category Percentage 

ORNL publications 

Journal publications 

Book chapters and proceedings 
papers 

36 

35 

29 

About 25 books and proceedings volumes contain papers from ORNL systems ecologists. 
Generally, there was only one paper ,">er volume with two exceptions, Bernie Patten's edited series on 
"Systems Analysis Simulation and Ecology," first published by Academic Press in 1971, has contained 
at least eight articles from ORML systems geologists. The "Summer Computer Simulation 
Conference Proceedings'- has contained at least five such articles. 

The first ORNL publication on systems ecology was by Nee I and Olson (1962XFig. 2). This was 
a thorough presentation of :cc?r,iques for implementing linear ecosystem models on an analog 
computer. (I might note that it was some of the intriguing discussions with Jerry Olson early in 1963 
at the University of California that prompted me to come to ORNL to work.) Garfinke^had published 
on digital computer simulations of ecological system in a rote in Nature in 1962 (Garfinkle 1962) and 
Tom Odum with Pinkerton first advanced his concepts for an electrical analog circuit in 1955 (Odum 
and Pinkerton 1955). But it was not until 1966 »>d 1967 that Tom had published papers showing 
solutions to problems he had conceptualized and fonoulated. By this time Jerry had five or six 
articles published in ORNL reports, scientific journals, and elsewhere. This, in addition to the 
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Figure 2 . Approximate number of models published per year by ORNL systems ecolegists from 
1962 to 1978. 

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

With the exception of the 1971 situation (to be discussed later), publication output from ORNL 
systems ecologists had a Gnear increase through 197? (Fig. 3). The year 1971 reflected a very large 
number of Eastern Deciduous Forest Biome ISP publications, of which about two-thirds were memo 
reports. 

Does the situation since 1977 indicate a decrease in ORNL 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 I did not detect in my 
search. 

A GEOGRAPHY OF SYSTEMS ECOLOGY 

If one looks at the distribution of systems ecology centers around North America or the world, 
you recognize several influences: (i) the impact of ORNL as an institution, (ii) the International 
Biological Programs as a massive scientific effort, (iii) the concern with movement of radioisotopes 
through ecological systems as a problem area, Civ) a few outstanding, individuals, sued as Ken Watt 
and Tom Qdtim, to l a m e only two, and (v) renewable resource management as driving f jrces. 

Viewed in another manner, the driving forces for the development of systems ecology centers 
have been large contracts originally from the AEC and subsequently from CRDA *xJ DOE, large 
grants from NSF during the IBP and subsequent programs, and a few long-term governmental inputs in 
resource management along with a sprinkling of efforts funded through NSF-RANN programs 

North America 

With respect to development of ecological system models, the large impact of AEC, ERDA, and 
DOE has been on fh« national laboratories (Fig. 3;. These funding organiiations have nnt had much 
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Figure 3. Geographic distribution of systems ecology centers in the conterminous United States, 
with major funding sources noted. 

influence on university systems ecology. The efforts produced at Oak F idge in this area are greater 
than the sum Of the efforts at Los Alamos, Richland, Argonne, Li venture, -wt Upton. 

The National: Science Foundation, through its Ecosystem Analysis Office, but also tnrough t'.e 
RANN program of past years, has had more disperse inputs into the outputs of systems eco.'ogy as 
noted on this map. But major concentration of NSF-funded systems ecology efforts has been ».: 
Oak Ridge, Fort Collins, Logan, and Seattle, roughly in that order. 

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 I 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 at Varenas* and subsequently at Nianital. There has been a strong effort over the past 
eight years in Israel, largely centered in Jerusalem. 

The Australians have been particularly strong in the applied resource management and 
agricultural areas, with groups starting in Canberra and spreading eventually to Armidale and Perth. 
I must mention O, W. (David) Goodall who is -perhaps the "world globetrotter" of the systems 
ecologist*. David started his work in England then went to Australia, then to the United States, then 
back to Australia, and now f believe is in Sweden. He has left a trail of models behind him and, in the 
grazingland scene, has published on more versions of a spatial model than any other individual [e.g. 
see Goodall (1967) as the initial version, and Goodall (1972) for a more recent version). 

In the Soviet Union there are efforts primarily in Novosibirsk and probably in many other areas 
of which I am not aware. Western Europe has a concentration of efforts in Great Britain. In the 
Netherlands, at Wageningen, Case De Wit has been an outstanding leader. There are also important 
systems ecology efforts at several other locations in Europe and Scandinavia, as noted. 

L 
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PROBLEMS AND POSSIBILITIES 

Systems ecologtsts 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 multiple-species systems were to be modeled 
(Levins 1975X He indicated that it would require setting up a mathematical model, which is a faithful 
one-to-one reflection of this complexity. He indicated this would require using "perhaps 100 
simultaneous partial differential equations with time lags," measuring hundred of parameters, solving 
the equations to get numerical predictions, and then measuring these predictions against nature. He 
further went on to discuss that there were too many parameters to measure, "the equations are 
insolvable analytically and exceed the capacity of even good computers." 

Fortunately, there were many in the 1960s who were not dismayed at analyzing whole systems. 
For example, Spending (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 

'' y disappears if it is realized that a cell, a cow, a grassland system, or a national industry ere all 
systems with as many components and as much complexity as the investigator cares to recognize." 

• -'[• Within ten years of the time of Levins publication in 1966 questioning whether systems models 
;V..^f^ would ever be built, models were built of and run for ecological, agricultural, and natural resource 

. ' £ - ' systems having 100 simultaneous equations (albeit not partial differential equations); models having 
•- •";} . time lags, nonBnearitses, and thresholds; and models having hundreds of parameters. 

This has, however, raised problems on how to evolve efficiently and rapidly a large-scale, 
muitifaceted model, particularly in an interdisciplinary environment. 

Evolution of Models 

A good example of evolving a model was done by David Goodatl. 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 paddock with water supplies 
placed at different points and with different topographic features, such as slopes and flats. By 
varying the numbers 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 would be a valuable aid in making a cost-benefit judgment on the potential value of the 
manipulation 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 published that 1 have not 
encountered. It is of special interest here, however, because it is spatial and because of its 
evolutionary nature. 

Another example of evolution of a model is the case of an ecosystem-level model of grasslands 
called ELM, which has gone through several versions. ELM was first documented /or 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, I am not proposing that the ELM structure or approach is necessarily a 
good one, but simply what was considered an impossibility in the middle 1960s was a demonstrated 
reality within a dozen years. 

The high costs of models are becoming increasingly well known. This ha3 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 so forth. The approach has yet to be fully tested. 

This approach was the basis of a research study by G. 5, (George) Innis, formerly at Colorado 
State University, at the Utah State University, beginning in about 1974 and continuing until the last 
year or so. George was attempting to develop a self-organizing software system which would take 
theory, objectives, and a library of submodels and help organize an initial model from these. As far 
as I know, he has not succeeded in developing this system to a publication stage. Such an output is, 
however, greatly needed. 
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Clients for Systems Ecology Models 

Many ecological systems models designed to 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 versian 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 Model of Mesarovic and Pestel was 
developed 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 custom-designed to establish client rapport; modeler-conceived 
multi-client ir«wfels are prone to failure." 

Clientless modeling represents pure science and suffers from high competition and tight 
finding. Also, some of the scientific establishment appears to question whether modeling is a science. 

Furthermore, particularly in large-scale, multitaceted systems ecology modeling, it has been 
..the experience "that model documentation is difficult and expensive to prepare, voluminous, and 
boring. Publishers are hard to find; audiences are sparse. 

In the academic atmosphere with its selection pressures favoring the esoteric, the refined, the 
theoretically pure, and the specialized, there is not a particularly healthy environment for 
multid'BCipGnary modeling. 

Now, with funding scarce and audiences growing deaf, systems modelers are apt 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 turn. The logical consequence is that enthusiasm for large-scale, 
total-system, academically oriented ecological modeling efforts sterns to have dried up. 

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

When 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 targe 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 sophisticated, and more and more 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, a f L - an intensive period of activity in systems ecological modeling, beginning in the middle 
1960s and running through the m j d l e 1970s, I think we are now in a "lull of synthesis, contemplation, 
and evaluation" of the decade's work. I believe within a few years there will be greatly increased 
efforts in this area. I hope they will be more efficient perhaps in the decade of the 1980s than they 
were in the initial decade of systems ecology. VMth greater efficiency, the clients should be happier. 

I have detected in the writings of some 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 concern as to hew "academics" might view these 
individuals. Yet perhaps more progress in ecological science has been achieved by individuals working 
in applied rather than in basic areas. The inp'its into the area of sy.stems ecology from those in the 
rational laboratories are outstanding. 
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One of the real problems for scientists in ecology in the last ten years i~.as been in attempting to 
work on impact statements. Here the ecologis*, acaden.:caily 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 problerr" for several decades. 
The ecotogist in the liberal arts and natural science departments only entered this realm 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, political, and economic 
dimensions constrain and challenge what is done. 

Dynamic Optimization 

Renewable resource managers are important users of models and techniques developed- in 
systems ecology. Renewable resource management is a problem of dynamic optimization. 

Dynamic optimization analyses can he accomplished through dynamic programming, calculus or 
variations, control theory approaches, and other heuristic approaches 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 tnuh 
complexity to my knowledge. The sar.ie applies to calculus of variation techniques. 

" c 
B. K. (Ken) Will ams has recently finished a dissertation at Colorado State University involving a 

control theory approach: f""- grazing 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. B*/ starting either with an initial policy- or with an in i t ia l value, 
the model interacts to find a fina' policy and value. 

We need many other mithods developed in this area. 

Stochastic ity 

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

We recognize that considerable uncertainty may exist in information about the driving variables 
in an ecological simulation model. These are predominately climatic variables. We have developed 
methods and techniques U> account for probalistic climate. How ;i/er. an ecosy3terr» model contains 
many parameters in the flow-function expressions. Each parameter is not knowr. with certainty, but 
instead may be estimated as a mean value with some variance. We know l i t t le about trie 
distributional properties of these parameters or of the variance-covarianct. matrix for them. 

A3S'ime that we have knowledge of top means, variances, and covariances for ,T the 
parameters in flow functions, '2'5 the in i t ia l conditions, and (5) the driving variables. Then. what 
would be the stat ist ical properties of the output from the simulation mode!? I lo not know. 

Stochastic or orobablistic models have not been explored fully nor developed in systems ecology. 

Hierarchies of Models 

In the late I960-,, Ben Clymer put forth a number of ideas about hierarchical le-. ftb Kir 
ecosystem models (Clymer 1969a, !969b; Clymer and Bledsoe 1970), Subsequently Dave Goooall and 
others in the second or third round of modeling efforts in the IBP Desert riiome Studies started to 
develop a hierarchical mul t i f low- to ta l system model or desert systems, Even later, Georqe fnnis 
started a project on solf-organi^ing modeling approaches. 

None of these 3i.?ar. were carried to completion and application mrouqhout the scientific 
community. A l l of these eTforts essentially were directed towards a common nujcntivc. The 
objective wars to develop procedure, and software to faci l i tate the development of ecologies' system 
models. This has not yet been attained and I would like to contribute some irleas on approaches and 
needs, hopefully to encourage someone to undertake such an ef for t . 
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There is a strong need for the development of detailed conceptual diagrams of how ecological 
systems operate. Essentially, what is needed are »all-sized charts specifying in detail the structure 
anc functional relationship'- in given ecosystems. Perhaps it would require focusing on limited sets of 
systems such as grazingland systems or deciduous forest systems. 

iuch diagrams would follow something like the Forrester flow diagram approach (Forrester 
196L, i t which driving variables, state variables, and flr.-s are identified. Accompanying the large 
box-ant'-arrow type of diagvam would be a large f/ow-efwcts matrix (same may call it a flow-affects 
matrix). The rows in this matrix would bethe 3lows 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 
tnd stat» variables in the large chart. The entries in the cells of the flow-effects matrix would 
simply indicate whether that particular driving or state variable has a inajor influence on the flow in 
question. 

Developing such a detail' d conceptual diagram is no small task. The logical enumeration of the 
kinds and amounts of biotic ar ^ abiotic components within an ecosystem would take considerable skill 
and knowledge. Perhaps uV subdivision into state variables would be according to functional groups 

- rather than'-indivibual species. The functional groups should be defined in such a way, .however, as to 
be inclusive. 

- The largo-scale diagram is of value in itself, but its main value is its use as i basis of 
developing a hierarchical set of successively more aggregated diagrams of the system. 

To explain this aoprnich, assume that we can draw a low-resolution model diagram (Fig. 4) for 
water flow in an ecolrigical system. Here we. can identify three main compartments (atmosphere, 
surface, and sibsur'^e) and four major kinds of flows (precipitation, infiltration, evaporation, and 
uptake). 
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figure 4. A diagram of a simplified water flow model (after Hinds and Van Oyne 19B0). 
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At a higher degree o f resolution we can subdivide or disaggregate these three -ompartments 
into many more (Fig. 5). Thus, we account .IOW for water in the atmospt -re in the sal d , l iquid, and 
gaseous state. Vfe account now for subsurface water in components or compartments >f that in the 
soil i n the root zone,.in soil below the root zone, and in the groundwater as wel l as tha». in the plant 
roots themselves. 

Essentially, then, throughout the large wall-size detailed chart I spoke of, we can make overlays 
which aggregate compartments and f lows. We can collapse the detail o f the large chart i n many ways. 

When we disaggregate the compartments we disaggregate the flows (Tabid 3). In the low 
resolution model, we had a f low cal led precipi tat ion. In the higher resolution model this is 
disaggregated into twelve di f ferent kinds of precipitat ion flows. In the low resolution model we had 
an atmosphere compartment and thus no within-atmosphere f lows. In the higher resolution model this 
requires specifying sublimation, mel t , freeze, evaporation, and condensation flows. Thus we can see 
that the flows can be hierarchical ly arranged i n correspondence wi th the hierarchical arrangement of 
compartments. Further examples of collapsing or expanding flows are shown in Fig. 6. 

Now, consider that we may make mult iple hierarchical levels for di f ferent compartments. 
Consider here the compartment labeled as surface in the low resolution model, which corresponds to 
level one in this.diagram. Level three in . this diagram roughly corresponds to the higher resolution 
model. 

There can be many levels of resolution defined wi th in the abiotic, autotrophic, and 
heterotrophic subsystems of the overall ecological systems. Associated wi th any given level of 
resolution, there would be a specific f low diagram and a f low-effects matr ix . Now, let's return to the 
f low-effects matr ix . 
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A given flow can be calculated in a mechanistic manner or in an empirical manner. The degree 
of resolution required in the calculation depends upon the objectives of the model and the importance 
of that particular flow function. Thus, for example, we could calculate the decomposition flow 
simp^ as a function of temperature and moisture. At a higher level of resolution, we could include 
the inpact of nutrient concentrations. 

Table 3. A hierarchy of water flows in grassland ecosystems 

General flow Figure number Specific f >v» 

Wi thin-atmosphere 

1 
2 
3 
4 
5 

Sublimation 
Vtelt 
Pcpeze 
Evaporation (virga) 
Condensation 

6 
7 
8 
9 

10 

Liquid precipitation to channel 
Liquid precipitation to detention 
Liquid precipitation to retention 
Liquid precipitation to interception 
Liquid precipitation to litter 

Precipitation 11 
12 
15 
14 
15 

Solid precipitation to channel 
Solid precipitation to detention 
Solid precipitation to retention 
Solid precipitation to interception 
Solid precipitation to litter 

16 
17 

Gasenus water to stems 
Gaseous water to leaves 

Evaporation 

18 
19 
20 
21 
22 

Evaporation from channel 
Evaporation from detention 
Evaporation from retention 
Evaporation from interception 
Evaporation from litter 

23 
24 

Caseous loss from sterns 
Gaseous loss from leaver, 

At surface 25 
26 
27 
28 
29 

Overland flow, detained to channel 
Overland flow, detailed to retained 
Stemflow to litter 
Stemflow to i stained 
Conduction, 3tems to leaves 

Infiltration 
30 
31 
32 

Interflow, rf.annel to soil root zone 
Interflow, channel to below-root zone 
Interflow, channel to groundwater 

33 Infiltration 

Unsaturated flow 3ft Conduction, roots to stem3 

Within subsurface 
35 
36 
37 

Uptake by plant roots 
Percolation to 'jelow root zone 
Percolation to groundwater 

c 

Atmosphere- 38 Vapor diffusion, atmosphere to soil 
subsurface 39 Vapor diffusion, soil to atmosphere 
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F igured. An rrxf.mple of the concept of hierarchical levels of compartments for the surface 
rompnn ;nt of water flow models. 

Our working components include a hierarchy of flow diagrams, .1 hierarchy of f iow-affects 
matrices, and families of f low function expressions ' tab le '•*'., Now I want to invoke toe rule of 
"Occam's Razor." Basically, our bet t model wi l l be the simplest model for 'he particular objectives 
at hand. If our interest is f ie ld mice wi th in the ove i i l l system model, we might want to represent 
that population in some deta i l , but other components of the system might tie aggregated. Also, the 
degree to which we could aggregate the "nonessential pans" of the system would depend 'jpon the 
level of resolution we wanted to use in calculatirig the i l m s in trie essentia! part ol the system. At 
any given level o f resolution o f flow calculation, there wil l be a specific set of driving variables and 
«a te variables needed to make the calculations. Including these driving and state variables wi l l 
result in yet more state variables and driving variables needed to account for tne dyr>-.mcs of that 
particular state variable (Fig. 7). 

I propose that a software system he developed which uti l izes "Occam's Razor" in carving out 
the simplest model to accomplish the ef for t of interest from the overall hierarchy of f low models and 
hierarchy o f f low-effects matrices and families of f low-function expressions. This process would 
produce a simplified diagrammatic model, f low-effects matrix, and factional code for the eco3ystern 
of concern. 

A further task in the overall ef fort would ne identifying ways in which dirferent driving 
variables ftnrt state variables could he combined in calculat.ng flow expressions. Perhaps the entry 
point here would be to make a comparative study of t i ic wa" di f ferent f low processes are described ir 
extant rnodeis. Within e models, the parameters should be identi f ied. This would, in part , be a 
"cataloging ef for t , " but . . o.ild probably yield more vi lue to the scientif ic community than an 
independent, new-model development. 

In this effort , alternative fiMOf.ional forms could be examined in analysis experiments to test 
out the response ' i .e . , flow rate variation) according to variations in the controlling variables. This 
would help identify the l imits of operation of the various function expressions, (f this could be done 
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Table 4. Some components of an ecosystem 
modeling approach 

Hierarchy of flow diagrams 

Hierarchy of flow-effects matrices 

Families of flow functions 

An ."Occam razor" for structuring models 

ORNL-OWG 80-7428 ESO 

D ^ - . ^ - D V 6 

STATE 
VARIABLE 11 

*-R-f 

STATE 
VARIABLE 12 

' > ' • A 

Figure 7. An illustration of bow driving variables (here DV5 and DVg) and other state 
variables (here SV4, SV7, and SV9) 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 uniform notation and coding scheme, the results could be utilized directly by modelers 
throughout the world. 

Unfortunately, many scientists hesitate to undertake such painstaking and extensive work. 
Many funding organizations are inclined to approach modeling, if not with skepticism, with a "let's 
hurry-on-.,iu.-t;,e-job philosophy" and promote the development of a "new" piece t*f 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 results 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 I have illustrated would have considerable payoff for a 
team of systems ecologists? 

A Religion for Systems Ecoloq.»ts 

Fn closing, I would like to 1vaphase from Fred Bunnell (1972) on a religion for systems ecology 
(Table 5). 

The true believers who have listened thus far will rmoqnize that many elements of the systams 
ecologill's doctrine have been interspersed throughout this talk. However, the fairh has not hec> 
fully accepted! It has been questioned occasionally! 
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Table 5. Rules-of-thumb for systems ccciogtsts 

* Yours is the right path 

* Depend on generalizations 

* Incorrect results are mcst valuable 

* 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 devout 
than sane ecologists. They are imbued and driven by the faitii 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 
principles, or natural laws. Many systems ecologists seek these grails in only an abstract and 
generalized sense. Further, thev have unshakirsg faith in their model-building ability to abstract such 
universals. 

In seeming contradiction to his or her acceptance of generalized ecological principles, the 
systems ecologist does not believe that he or she cannot test these principles or conclusively prove 
their existence. The systems ecologist recognizee that his or her faith is pure and untainted by 
statistical exercise! They may state that "the model is of mo*l uce when it is purely wrong!" 

Having imperturbable faith in general patterns, the systems ecoloqist is convinced that only a 
small portion of the elements and patterns 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 adapts a Ideological view of nature to the extent of recognizing 
basic patterns, but remains convinced that there is a lot of "garbage" lying around with no real 
purpose — noisa in the ja>gon of the communications engineer—and containing little information. 

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

Perhaps the single factor which is most weak in the religion of the systems ecologist is that 
they have no Bible. There is no single detailed comprehensive integrated treatment of the principles 
anc practices of systems ecology. VVe need a systems ecologist to write one; this person needs the 
Iant Jage abilities and literary interests and scholarly approaches of a Jack Major, an 
Evely.i Hutchinson, and a Richard Bellman all rolled into one' 

Perhaps he or she is ir» the audience here at OF*Ni? 
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QUESTIONS AND ANSWERS 

5. I. AUERBACH: Of course, George, '•} you know the Bible was written by sort of being 
handed down by word of mouth and etrfce'iished as it went along through the centuries. Maybe 
that's what you all have to do. Any questions for George's provocative comments? 

L. W. BARNTHOUSE: I was interested in your critical comments of the first page of 
Levins' 1966 paper, and I was wondering if you have noticed that the ideas that you presented 
toward the end about the need for simplicity and hierarchies in modeling were, in fact, very 
similar to what Levins wrote about in the remaining pages of that paper? 

C M . VAN DYNE: As I remember the paper, a lot of it was on generality, 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 wanted to make was that tie indicated it couldn't be done. These large-scale models, 
which gave reasonable results, could not be dealt within the time, frame. 

W. F. HARRIS: Fm surprised, among Die problems you listed for systems ecoiogists 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. V A N DYNE: I did not mention »Kit p.velusjvely jo the talk, but I would ifcorporate 
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 J 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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ENVRONS: RELATIVISTIC ELEMENTARY PARTICLES FOR ECOLOGY 1 

Bernard C. Patten 
Department of Zoology and Institute of Ecology 

University of Georgia 
Athens, Georgia 

S. I. A U E R B A O t George mentioned a paper in 1959 by Patten as being one of the key 
papers. I remember that it caught my eye. At that time also, we were starting a 
series of radiation ecology institutes in Oak Ridge in association with the then 
Oak Ridge Institute of Nuclear Studies. Bernie came up to one of those institutes and 
we got t o 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 
widely concerned, he felt, about developing two things: truly working toward 
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. 
He and George and Jerry joined us about the same time. At that time, our group was 
small, and it was a very intense and exciting period as those three individuals began to 
interact and develop their ideas. Bernie has pursued that single-minded effort toward 
developing theory, and he has become a widely known practitioner and leader in that 
field. I presume he is going to talk about that today. Thank you. Bernie. 

» * * * * 

Corpuscular theories h i ve a favored place in science. They serve well at all levels of 
organization in advanced sciences such as physics, chemistry, and biology, and the power ot a 
discipline may often be con elated with the extent to which particulate conceptions underlie i t . 
Elementary particles, quanta, atoms, molecules, genes, cells, and organisms are al l examples of such 
conceptions. Ecology lacks an elementary part ic le of its own, whose properties 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 part ic le, and indicate what is known about i t 
together with currently seen directions for learning more. 

Ecology, as the biological science of environment, reai'.y Mas not produced a synthesis of 
environment from its wide knowledge of environmental parameters and their influences on 
organisms. The interplay of environmental causes and organism reactions to these dt^s not form an 
integrated theory. The organism is portrayed as distinct from environment, and organisational 
wholeness of the organism-environment complex is denied. A principal consequence is that the 
population, rather than the community or ecosystem, is the prime unit of ecological analysis. 

An alternative to organism-environment dualism, which is what we have, is 
organism-environment synergy in which the two halves make 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, 1979; Turvey and Shaw 1979; Turvey et al . 1978; 
Shaw et al . , in press; Shaw and Turvey, in press) portray l i fe and environment as coimplic-^tivu, 
having coevolved and been codesigned. They turn to Leibniz' principle of mutual compatibi l i ty to 
derive a law of existence, stating that existence is merely assumed without a reason in Darwinian 
evolution. The law; Whatever exists does so because i t is mutually compatible with more things than 
something else. Thus, natural selection receives a holistic setting in which survival of f.ne f i t test 
means maximizing compatible interactions, not numbers of offspring as in the population view. The 
revolutionary corollary is that, not the organism, nor i ts population, but the entire part iculate 
manifestation of organism-environment synergy, whose existence issues from such a selective d ictum. 

'Developed (mm a tMk prer-cnled at the dedication of the Environmental Sciences 
Laboratory building, Oak Kidge National Laboratory, Oak it idqe, Tennessee, February 26-27, 1979. 
University of Georgia, Contributions in Systems Ecology, Hn. V7, and Okefenokcc Ecosystem 
Investigation-!, Paper No. T. 
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becomes the true unit of organic evolution. I will derive organism-environment coevolution from 
simple principles in a later section. 

When I discovered the cited works in ecological psychology, I had already independently arrived 
at unity of the organism-environment complex by trying to examine the interrelationship through 
combined frames of empirical ecology and mathematical system theory (Patten et a l . 1976, Patten 
1978a, Patten anr! Auble 1979, in press). The identity constraints of distributive and conservative 
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 unit of organism-environment synergy a "function circle." Mine I 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 elabprate 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 out some of these recondite but all important 
characteristics a little better. 

A word about terminology. In const! acting environ theory to 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, I am not ready to 
discard them even though they are not essential because they are expressive of key ideas. I 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, tax on, and environ. In addition, I will here take one further 
lexical liberty to implant the environ-as-particle concept as deeply in the collective ecological 
psyche as possible. I will refer to the environ center as its nucleus and to the remainder as 
enviroplasm. 

The environ is a relativistic particle, as my title indicates, because its center uniquely gives 
meaning to the rest of it in the whole system context, and vice versa. The ecological psychologists 
speak in this connection of "affordances," properties which resemble our "niches" and to which I will 
again refer later. If there is a sir.cjulor 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 terminology 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 1 hope I can convey 
some sense of i t , and its value, in what follows. 

THE ENVIKONUCLEUS 

HoIpns(H) 

System theory defines systems as partially interconnected sets of "objects," and then defines 
objects end their interactive coupling. Each theory (e.g., Gill 1962, Zadeh and Desoer 1963, 
Wymore 1967, Klir 1969, Wndeknecht 1971, Mesarovie et al. 1970, Padulo and Arbib 1974, Mesarovic 
and Takahara 1975, Rosen 1978) is different in its exact formalism and details, but in all of thern an 
object is in essence an input-state-output-entity. Stimuli (inputs) are converted to responses 
(outputs) according to the condition (state) of the object when the stimulus is received. Since 
problems of scale, organization level, etc., are always difficult in ecology, I chose to explicitly 
incorporate hierarchical considerations into environ theory by adopting Koestler'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 

* " : Z x X - X , (1) 

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

P: Z x y. - V, (?) 

which generates response dynamics by taking inputs and status into outputs V. 
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System theorists have not been interested,•- in general, in the natuio of environment. 
Expressions CD and C2) are basically designed[to generate time-dependent behavic- [Yj of nolons given 
external drives (Z) and internal states £\VWhere is environment in U) and (2>? Input comes from 
and output goes to environment, so in some way these two expressions of the holon's nature as an 
open system s>?e determinants of the object's environment. For clarity we can be explicit about 
time. Let A be any one of the sfis Z, X, and Y whose elements are lime functions on specificable 
time intervals. Define A(t) as t.ie value of the functions in A at time t, A t as the f«inct'~-ii after 
but including time t, A 1 as the functions prior to and terminating ft t, and A t t i and A l t * ^s the 
functions on the intervals [t , t ' ) and (t,t*3, respectively, V > t. Here a parenthesis indicates ar• open 
interval endpoint and a bracket a closed one. The fc-ward behavior of a hoion beginning at time t can 
then be written as 

i t t . : Z t t . X X(t) - X(t 'J (3) 

and 

P t : Z t x X(t) - : V t . (4) 

The outputs generated in (4) are available to stimulate other holons, and to the extent that they do so 
they become elements of the environments of those holons. Hence, C3) and C4) represent an 
environment-generating potential, and for this environmental aspect of the holon I employ the te«m 
qenon. The genon G generates potential components of.the environments of other objects, and the 
collection of realized potentials represents the output "environment of the hoion in question. The 
relativity of output to input is explicit in (.4). 

The input.- in ,5; anrf ;4* have been sciccieJ n\ "••?: hjlar. iroti :ss:p:;.-r; y.:::cr3'.2.% wnnrt the 
holon's environment prior to time t. This input environment is, in effect, oefir.ed relative to inc. 
holon by the tatter's reception of input at time t. Any ele-ients of "environment" ivhich do not 
contribute to the observed response in effect are meaningless to trie abject and therefore not part of 
its input environment. It is only by output that input, and hence input en. ironment, can be knavtn. 
The implicit creation of environment, therefore, in the act of receiving stimuli is a second 
environmental aspect of the hotan to which I refer by using the tsrm cre..6n. Just •.-. the ;jenon 
genera».'^s initially tiie object's output Tvironment. the creaon C creates terminally its input 
environment, which may he modeled .is follows to bring exit t.-ie relativity of input to output: 

{ " ' r T 1 1 ' ". X(t ) - X(t' ; (5) 

and 

S'-.Y1' x X ( t ' J - ZV . <6) 

where t C t'. Expression ''><. represents a retrospective state transit; in function taking outputs into 
past states, and '6, is a stimulus function which maps outpiits and states into inputs. jenera!i/ing in 
the manner of 'X; and '2;, the ret-uspective transition function is 

; ' : Y x X - X , ( 7 ) 

and the stimulus function is 

• : Y x X • 7 . , -a) 

Just as '2; generates the prrximal |io rlion uf ot*r;mt enw-o'vient . >-i response ' o stimuli fro;•: input 
environments, '8 determines the pro«.;ni! p-irfi'in -i< in;> i! en-, irm. n.':its .v'->\,'> :••',.tte' tn uh-.ervt»d 
outputs that are eonse'iuence;.. i 
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Consider the following system of three interacting holons: 

(9) 

inhere z§ eZ§, XJ eXj, and yjeYj , i=l,.„,3. The input environment of H^ consists of 
stimulus z j and all unspecified structures and phenomena generating z j . The input environment 
of H2 consists of z j , £ 1 which generates y j , and again zj and the unspecified 
relationships that generate it. Similarly, the input environment of Hy consists of z j , H j 
through its output yj , and once more zj and the prior distal phenomena leading to it. However, 
the input environments of H2 and H3 ara referenced by Z2 and Z3, respectively, which may 
or may not be ider^ticai, depending "on how the twit holons perceive Y I - Thus, yj represents 
potential output environrr-%its of H j , but actualization of this potential is determined by H2 and 
H> The output environment of Ho consists of response y2, and all unspecified structures and 
phenomena issuing from n~ The" output environment of H3 similarly consists of the proximal 
portion Yi together with all unspecified relationships generated distaliy by yy The output 
environment of H j cunsists of the response y j , its actualizations Z2 and zy and H£ and 
H3, and their responses yj and y3, and subsequent unspecified actualization and their distal 
propagations. 

The identity constraints that bind this system together, as the system theorist would write 
them* are yj 5 Z£ and yj = Z3. However, We have allowed for the possibility that Hj and 
Hv may see y\ differently, hence «£ must write yjW = Z2 and y^' = Z3, 
Tt' I JY^ necessarily, to incorporate his relativistic property. Assuming that in some 
sense Z2 wd Z3 are implicit in Y j , we can construct Y^ to accommodate this assumption by 
letting Z2CY1 and Z3CY1. Then, the response functions (2) for system (9) are 

Zj x X 
. - . < 

3 Z 2x X2 

(10) 

Z\ represents the proximal input environment (or realized niche, see later) of Hj . Y± 
represents the corresponding proximal output er '>onment potential which is actualized l z 2 and 
Z3) by interactions with H2 and H3, these interactions generate further output environment 
potentials Y2 and Y3 which will be actualized by whatever holons, available from the mutual 
compatibility test (see later section "Enviroplasnn" on consistency), ca. compatibly read then as 
inputs. Thus, a stream of causes and effects is generated by the initial response of H| to Zj , 
which is properly the output environment of Hj even though other holons realize the original 
potential represented by Y i . For (9) the stimulus Functions (8) are 

V V V ' i ( i , ' ' i ( , , " « i ( , ) * * i W , 
( i i ) 

relativistic outputs, .Jfates, and inputs are Y ^ C Y j , Y ^ C Y j , x ^ c X j , 
' C X j , Z ^ ' C Z i , ""^ Z V ' C Z j . Here, a causal stream is traced retrospectively 

from each ultimate output of the system (Y2 and Yj) back to the proximal stimulus Z\. The 
.nature of this stimulus, and hence of the more distal input environment of H}, is imparted by the 
stimulated holons H? and H j , .which define through the interaction "constraints Z? ~ YV2' 
and Z3 2 YP)_tri"e #j»spor7« \^p ^ \ c y l of " " its proximal input Z j 2 U V ^ 0 1 0 ^ • p o n w ' ^ u>Y» JCYi of H i , and thus 
environment r z r ' ° z r ' » c z l ' 8 v , u c n means we come to the view of Hj as the 
nucleus, in (10), of an output environment (gerton case) and, in (11), of an input environment. H2 
and H j are similarly the canters for their own above-described environments. 
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Taxons 

Classically, proximal stimulation in the organism-environment interaction is considered to 
underdetermire its distal referent, the input environment (Turvey and Shaw 1979, Shaw and Turvey, 
in press). The restricted vocabuiaiy of physical stimuli does not relate very weti «.« uie t'lricned 
experience of integrated environments, and subjective "epistemic mediation" is called forth to modify 
the objective inputs accordingly. Epistemic entities are inserted between the proximal stimulus and 
the response-relevant input to derive environmental complexity and rpeaning from physical simplicity 
and nonspecificity. 

Thus, for example, in metaphysics Kan introduced human knowledge between z formless, 
quaBtyless, unknowable absolute reality (noume..a) to obtain a known reality (phenomena) consisting 
of Intuitional Forms (space, time) and Categories (quality, quantity, S'fcstance, causality, etc.). In 
linguistics, Whorf (1940) inserted language between environment and integrated behavior: 'Vie dissect 
nature along lines iaid down by our native languages. .*„. .We cut nature up, organize it into concepts, 
and describe significances as we do, largely because we are parties to a>: agreement to organize it in 

c this way—an agreement that holds throughout our speech _-orru.u»>ity 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 comters,. radiotele-icopes, spectrophotometers, and 1V 
receivers. In psychology, cognition is a complex set of rear lions to stimuli involving perception, 
integration, representation, description, thought, language, armory, and learning: " . . . objective, 
knowledge seems possible and through objective knowledge the universe appears systematic an& 
predictable. Yet knowledge . . . must always be created by the lisc-oer . . ." (Maturana 1970). In 
science, a paradigm or disciplinary matrix consisting of symbolic generalizations, particular models, 
shared values, and concrete exemplars is thrown up between objective nature and scientific 
understanding (Kuhn 1970). 

All these variations on the theme of epislemic modification of "outside," so that it means 
something "inside" which leads to an adaptive response, give to the reacting hoi on immense power to 
create subjective inpu' environments. These become, in fact, the operational environment of nature 
because they are the ones to which the Talons respond. Ocly the responses (outputs) are objective, 
and these are immediately ntade siijjective by t ie next living objects they stimulate. Thus, 
ecosystems would r e m to be peculiar mixes of objective (physical) forces and fluxes organized based 
on subjective (phenomenal) input environments into wholes whose parts are physically consistent and 
mutually compatible, whatever the subjective qualities of the said environments with respect to t.ieii 
defining holons. 

Such is the natural consequence of an orthodoxy based on organism-environment dualism which 
sees the organism as distinct from its environment, necessitating epistemic constructs to order 
interactions between the two. Patten and Auble (1979, in press) considered tne capability of creating 
and reacting to phenomenal input3 to be limited to, in fact be a universal property of, living holons. 
Such objects make models cf their reality, which is the essence of any epistemic modification 
process, and for such modeling holon3 these authors used the term tax on from biosystematics. To 
describe the stimulus-response, relationship of taxons, a modeling function •-; converting objective 
inputs 2 to subjective inputs 7. is required to be added to the genon state transition and response 
functions: 

i ":Z x X - Z 

:":Z x X • X (12) 

c.l x X •* T . 

The genon modeling function to qo with (3) and (4) is 

» t ' .Z t x X(t) •' Z t . (13) 

The corre^>onding retrosp :ctive model for tr;icinq outputs hack through auhjectivo inputs to physical 
input.-) is; 

«/:1 x X •' X 

•> :Y x X -, Z ( 1 4 ) 

u':Z X X Z , 
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and the modeling function that adVts to (5) and (6) is 

lT rZ* x X( f ) - -Z* . . (15) 

Thus, we come to docriminate two classes of nolens: those that are alive and produce phenomenal 
inputs through modeling H($", p,u") or H(.<pto,\i'\ called taxons, and those that are not alive and 
respond to physical inputs"pet se, H(4Vd or H ($/). 

The ecological psychologists see -the taxon differently. The only alternative, they say, to 
epistemicalty modifying the force-flux stream of physical reality is to endow, the physical stimuli 

. themselves with K • • requisite qualities to keep them from underdetermining environment.-' The role 
of the (axon is then, only :to respond to complex,- high-rorder stimuli, or objective invariants 
representing them,, without the intervention of phenomenal variables. In orgamsm-fenvtronmr-.t 
synergy, the, organism is directly responsive to, anoa reflection of, a complex situation which it fits 
perfectly. Compatibility and consistency are inherent, and adaptation is complete. Adjunctive logic 
is the basis: logical propositions may be conditional (if a then b), causal (because a, then b\ or 
adjunctive (since a, then b). Conditional propositions are a poor model for natural law because, there 
are too many ways they can be valid (a can be true or .false, and so can b). In causal logic the premise 
a must be true and the consequent b may be true or false, but must follow from the premise. Natural 
laws seem to be satisfied by causal propositions, but the intuitive notion of causal determinism is 
difficult to capture in formal statements (eg., Patten et pi. 1976, p. 462X Tne adjunctive proposition 
entails a true premise a and artrus consequence b that follows necessai ily from it. "The adjunctive 
formulation seems to capture the sense that laws of nature apply in an inexorable manner to grind out 
reality . . . . the nature of living organisms fits with the nature of the universe in a tightly 
constrained system of mutual compatibility relations . . . in that a given species adjunctively entails 
its environment and a given environment adjunctively entails its specie.*" (Turvey and Shaw 1979). 

These authors are thus led from interactional to transactional modes of description; In the 
traditional interactional form of inquiry, consistent with organism-environment dualism, "rigidly 
separate thing*, 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. Thus contemporary trend in 
scientific inquiry is referied to 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-implicate their 
complementary aspects * * * the concept of transaction, unlike . . . interaction, should preserve the 
sense of reciprocity among complementzry components which is essential to the integrity of any 
system. Clearly, the transaction.*! form of inquiry is consistent with animal-environment synergy" 
(Shaw and Turvey, in press). 

"Another physical inputs sufficiently determine environ nent for living entities, or whether 
details are subjectively colored in, is not particularly an ecolog'.cal issue so long as both models admit 
the tran-Ttional mode of description. The envifonucleus occupies the center of a transactional 
universe, ine environ, and it is our perception and model of that universe which are important and 
which ultimately derive from the defining holon's responses irrespective of the tatter's propensities 
for epistemic mediation. 

ENVROPLASfV 

In toe conception of von Uexkilll (1926) each holon H, alive or not, is the epicenter of a holistic 
universe JH, H*f, where H* i* the environment that closes on H through the function circles of 
the latter Te.gT, Patten et"al, 1976, Figs. 4 and >, and Patten and* Auble 1979, in press. Fig. Ja,b). 
Even if it existed, it would be impossible to establish closure in the complexities of the real world: 
"All the [function] circles, however far they lie separated from one another it, the woWd-as-tensed 
| j ' ] , intersect in the steerhtg apparatus of the inner world [H], and then separate from one another 
again in the world of action [HrJ* (von LtoxkOll 1926). Therofore, the holon-environment complex is 
open,{H'r H, HP}, whee H'Ts input environment and H" output environment. Nonetheless, it i> 
instructive'to Investigate some elementary properties of "the h>pothet)cal 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 H " , i ike its nuclear counterpart, bears def ini t ion and 
treatment also as a general system: Then, the laws of H and H* are 

»{::; i " : Z x X - X 

Z x X - Y 

* u » * 
" :Z 

* 
x X - X 

K : t 

^ :Z x X - V 
(16) 

for nonrnodeting cases, and 

H: ( c:Z 

z".l x X - X I £" : Z x X - X 
* I * * * * * 

x X - Y H : / . :Z x X ~ Y (17) 

p : Z i ! - Z , | u*:Z* x X* 

for t ixons, understanding that in any unit I H , H*} any of the four combinations of H and H* as 
modeling or nonmodeling may occur. 

To show that H and H* are consistent vtfien botiv are nonmodeling no Ions, let Z and Z* 
represent their respective sets of admissible inputs, and let Y and Y* represent sets of outputs 
conesponding to the admissible inputs. Let ez Z. z* --Z*, y . Y and y * - Y * be particular t ime 
functions on an appropriate interval T. The constraints of coupling, y* " / and y . z*, require 
that V * C Z and YCZ*; the output sets of H* and H are bounded, respectively, by the input sets of 
H and H* . Suppose there were environmental outputs Y* = Y* - Z that_ '.were inadmissible as 
inputs to H, or nuclear outputs Y = Y - Z* inadmissible ns inputs to H * . Y ' is inconsistent with 
H because it implies i ryuts Z* - Z* to H* that Ctiuld not have been generated by H since C 
Z*. Similarly, Y is inconsistent with H* became it implies inputs Z-Z to H that could not have 
been generated by H* since Y ^ Z . Therefore, neither Y ' nor Y ex-st in the closed system i K, 
r j * | , and Y : Z * and Y* Z. These identities establish the mutual consistency of H and H*. 

The situation when H and H* are both taxros is more complicated, hut the result is the same. 
For the physical admissible inputs, y* : ?. and y z* lead to Y* Z and Y . Z* as auove. Out 
for the phenomenal 'modeled; inputs, y* I z and y I 7*. However, 2 and 1* represer... 
many-to-one maps of members from Z and / ' , respectively. Therefore, with each z\ associate 
Y* C Y* and with each / * associate, Yj r. Y, where Y* and Y; are exhaustive 
; * / * z Y* and fY j - Y.! but not necessarily mutually exclusive. Then, not as identities 
but as equalities because of qualitati«e differences, Y* - zx and Yj = z* , and thus Y* 
- Z and Y - Z*. H and H* are again consistent systems. 

In the foregoing, it is the closure between n-iclais and environment that provides the 
input-output constraints from which consistency derives. In the case of the open particle,{ H \ H , ri"|, 
the available constraints are y' 1 and y z", which are insufficient to establish consistency. Any 
claim to consistent interaction between a holiin and i ts input or output environment must therefore 
rest on special conditions, either implicit or explicit, that equally constrain the sets in question as 
would a closing relatfon, y" i \ In general, therefore, it is not necessary that a holon and its open 
environment be wholly consistent. Input environments may deliver inadmissible inputs to the nucleus, 
and the latter may generate irrelevant outputs to the output environme"' . The key to a holon's 
environmental accord would seem to lie in the extent of closure between its output and inout 
environments. That closure, as well as the •ienree of harmony or adaptation which consistency would 
rep.esent, might well be measured by the sets Y1 - / a id Z" - Y, i f they could be '<nown. Of course, i t 
should be reniembered that ecosystems tend to oe causally closed (Hutchinson 1948, Patten et al . 
1976), so there »re preponderantly consistent holon-environment interactions expected wi th in these 
natural structures. 

Coevolution 

I have felt from general consistency considerations that organisms cocvolve with their 
environments, anfl thus that, whole ncrwyntfins are prnhahlv coevolutionary units ^ fat ten i97'j. Patten 
et a l . 1976). For the closed part io leJH, H*\, i.-oevolutionary aspect a look an follown. 
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As before, Z and Z* are admissible inpit sets, and Y and Y* are corresponding output sets. 
For the case of nonmodefing ho Ions, consist;----y conditions are Y* 7 unet Y = Z* . Let H* 
change, due to change in :"* or -•* or both, ca^nTn t '•''f^ftjni set of outputs Y * * to be 
generated. Some of thjsse new outputs, Y * l = Y * 1 - Z, will be inadmissible as inputs to H. 
Others, Z l = Y * I - Y * 1 , wi»l be admissible, but the admissible input set will normally be 
reduced compared to the original, ZkrZ- All the inputs Z - . I 1 , and the corresponding outputs Y -
Y 1 , are no longer available as part of the behavioral repertoire of H; H is restricted: 

. f '-:ll x X - X 

j . :Z' * X - Y 1 . 

'.Vith Y l C Y . 7* becomes restricted to f*ki*, and thence Y * 1 aI-». to Y * 2 C Y # 1 . Thus, 
H* becomes restricted: 

* * i * * 
•:" :Z * x X - X 

. :Z x X - Y 

The original envi-onmenlal change has initiated a contracting process which progressively, with each 
-^ycle around the | H , H ' j interaction loop, attenuates the behavioral range, i.e., the input and 
(~*jtput sets, of both~H and H* . To interrupt this process, H must adapt its input set to admit the 
new behaviors Y * ' generated by the initial change in Hr. A mutant H*-. with input set Z* = 
Y * 1 rather than Z l = Z * 1 - Y * 1 , reestablishing consistency, Y * i - f 1 and Y 1 ." Z ' 1 , 
is required. Thus, H and M* must coevolve. or contract their >"pu*. and output sets 
Coverspecialization; to the point < f vanishing. 

If the particle is open, IH", H, K*{, rather than closed and hf" undergoes a change, then its state 
transition and response sequences will change, and consequently output from the unit will change. 
But nothing else i n { H \ H, H"|must change because ther? is no feedback to HI through HT. Therefore, 
alteration of hT carries no impetus for a revolutionary response of the remaining system. If K 
changes, however, its output set changes to Y ' l , some .->f whose members W - Y*' - Z will be 
inadmissible as inputs to H. But a contracting process is rot initiated as in the closed-system case. 
because the reduced output set Y* of H, corresponding to the reduced inputs Z ' - Y*' - Y"' 
to H , is not propagated around to ihe input set of HF. Go, the behavior of H will be narrowed due to 
its exposure to a restricted input environment, but that is .-ill. There is no Torce for a coovolutionary 
response of H in this situation. 

The completely open and completely closed holon-environment particles are both extreme 
idealizations of the real condition. The contents of enviroplasm consist of other hoions with which 
the nuclear ho Ion shares reciprocal interactions, both affecting and being affected by the others. 
Each such mutual interaction corresponds to a closing of the particle structure, and that closer] 
portion will be subject to cocvoiution with the nucleus to truncate each contracting process set in 
motion by environmental change. When the tendency of ecosystems to causal closure is again 
remembered, system-wide revolutionary processes must . J widespread in these structures by the 
considerations » far presented. However, ecosystems are not inhabited solely by ncnmodeling 
hoions. It is taxon: that make them most interesting. 

Consider a closed ho Ion environment uni» in whici H and H * are both taxons [Cq. (17/). Let 
H* change due to chanqe in one or more of its jetefining functions; "*, ^ * and,. . A different 
set of outputs Y * 1 is generated, some of which, Y**_= Y * 1 - Z, wi<l as before be inadmissible 
as inpua to H. The admissible ones, Z ' ; Y ' - V ' 1 , are a reduced set compared to the 
original Z^CZ. H now has the power to make models from the physical input set. Before the change 
in H * , the outputs Y* Z were being modeled to produce a phenomenal input set 2, a reduced set 
compared to Z, 7X7., since modeling s many-to-one. With the H* change, the reduced physical set 
Z l it modeled to a phenomenal K t Z ' c Z ' , and tne question"now w the relation of Z l to the 
original Z. There are several possibilities: (1) Z 1 = 2 , the modeling power of H has compensated 
for the restriction of physical inputs and innovatively maintains H* jjst as rich in effective inputs 
to H as before; (2) t\ >7., H has overcompenMted fo' the reduced variety of physical inp.it by 
increasing the variety of phenomenal inputs; and 'i) Z 1 < '/., the modeled inputs liave been reduced 
in rf^porwe to the reduction of physical inputs. The first case prevents the initiation of a contracting 

r. 
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interaction sequence which would have to be countered by coevokition, but we have to question the 
capacity of modeling to achieve this under significant reductions in the variety of physical inputs to 
H. The second case is unlikely, but if it happened, it would give rise to an expanding process around 
the interaction loop which, as in tne case of attenuating sequences, could only be stopped **•/ 
coevofcition. 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 t ia t only an evolutionary response can end. Thus, most plausibly, the ruxteling 
capability probably exacerbates the nuclear response to environmental change and enhances the 
coevotutionary tendency. T a x i . ; in ecosystems add to the coevohition that closed particles already 
confer, and the conclusion that ecosystems are coevotutionary units seems promising indeed. 

Complementarity 

The particle treatment of the ho Ion-environment relationship implies that the two interacting 
members are complementary, as does the whole thrust of our characterization, invoking such 
concepts, as it has, of organism-en.*ironment synergy, the mutual compatibility law, adjunctive logic, 
transactive holism, and the theory of affortt?.->;e. Complementatiwi, or reciprocity, is a stranger 
property than consistency, which is all we have needed to derive coevoiu' ion. Ecologists often think 
of niches and organisms as complementary expressions of the same thing, and niche is merely a 
rsstriction of input environment (Patten and Auble 1979, in press), so holon-environment 
complementarity is quite consistent with traditional ecology. 

Complem -ntation within the closed JH, H*[ structure is straightforward to establish. For 
ran mode ling elements, consistency constraints V*? 2 and Y ?. 2 * are simp!/ substituted into U6) : 

(20) 

The reciprocal cross couplings between H and H* through Y and Y* are apparent. In the same 
way, the nonmodeling t iements of the open model { K . H, H"j are complementary a' ti ie points where 
they interact. 

H ' : 
(;")'--Z' x X' - X1 

H: 
' : V x X - X f ( r ) " : V x X" - X" 

H": < 
' : Z ' x X' • r , I c:Y' x X - Y , ^ i " : Y x X" - Y" . 

For the taxon-taxon interaction, ,17; becomes in the closed part ic le case: 

r - . 7 

H: 

Z x X • X 

• :l x X - V 

; - : Y * x X - Z 

f * * * 
:" :Z x X 

: Z x X 
* * 

. :Y x X 

[21) 

(22) 

and in t h " open particle ca-.e; 

1 ( ; " ) • : :Z ' x X' - X' 

K' : I , ' :V x X' •• Y' 

/• 
%":l x X ' X 

H : ^ . :Z x X • Y 

. . : Y ' x X - Z 

( 2 3 ) 

Therefore, for all forms of holon-environment interactions, nonmodeling and modeling, the 
interactions are a' •% complementary. 

This romplernintsr i ty property is developed to its extreme in the theory of affordance (Gioaon, 
e.g., 1977, Chap. Hi in an unorthodox but compelling organ i am-relative description of environment. In 
U.; same vein an one of my f-ivoritn quotation! from von Uexkull [Patten 1973a, p, 210/, "where 
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there is a foot there is a path" et&, G3>son (1979, pp. 1Z7, 141,143) writes: "The affofdances of the 
environment are what it offers the animal, what it provides or furnishes* * * [affordances] have to 
be ro&osured relative to t ie awry.;. They are unique for that animal. They are not just abstract 
physical properties • • • An afforianL-e... points two ways, to the environment and to the observer 
. . . . the information to specify fcw utii^ms of the environment b accompanied by information to 
soecify the observer himself . . . . This is only to reemphasize that exteroceptJon is accotnnanied by 
propriocepticn—that to perceive the world is to experience oneself. This is wholly inconsistent with 
dualism in any form . . . . . The awaicncii of the world and onrt complementary relations to me 
world are not separob'e* * * Affordancss are properties taken with reference to the observer. They 
are nether physical nor phenomenal." Again, the ecologjcel niche seems to have been reaching 
toward something Bee affordance. 

Since my theory passes-* two environments, I am immediately m a position to suggest a 
concept that is to output r vironment what af'ordance is *c input environment. And so I would 
introduce the effectance to be what a holon ̂ affords to fts environment. However, the ecological 
psychologists have seen the wisdom of this before me even though they lacked an explicit output 
environment. Tutvey end Shaw. (1979) define the ^ffectrvtty" of Eving things as V-specific 
combination of the functions of tor tissues and organs taken with reference to ah environment. By 
this conception an aftianel is defined as a set of effectivjties, or aneffecrjvity structure." For me* an 
effecte/tce, or effecttvfcy, is an output niche (Patten and Aubie, in press), the pHBomel portion of 
output environment that is in direct contact whh the defining holon. 

Thus, a cceaon C and its input niche W, as well as a genon G and its output niche NT, are 
complementary units, and thrs property can be extrapolated through all nolons in tf and VT, 
respectively, so that by induction a hoton becomes complementary with the entirety of bom its input 
and output environments. Tne complementarity properties expressed in Eqs. (20) - (23) are^the core 
of any unitary character which the holon-environment relationship might possess that would justify 
the particulate treatment proposed in this paper. Formal complementarity is inherent in the 
hoion-environment interrelationship, and is the basis for a fuller account of environment in 
organism-relevant terms, such as has already been begun by Cjbson and his followers. 

ENVIRONS 

Now we arrive at the point of bringing into focus and justifying the particulate conception, the 
environ, an operationally defined unit that has beer, the object of my research fot the past several 
years, is a frighteningly large and complex object to be considered an "elementary particle." 
However, as I said in the introduction, particle theories have been very powerful in science, and the 
analogy between the environ and a cell ej atom is designed to exp*oit the perspectives and 
well-known properties that come with these units. A cell haw a nucleus atsJ cytoplasm and a plasma 
membrane or cell wall boundary. An atom has a nucleus and associated 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 atoms to form molecules. Environs have these snme 
features, in addition to some wnich they do not share with cells or atonw, and vice versa. So let me 
say what an environ is, and give some examples from our work, and then return to the case for its 
corpuscular nature. 

Definition 

Mason and Langenheim (1957) did not include indirect factors in their concept of environment 
for a particular reason; "To introduce indirect factors into causal relationship} within the 
environment is to introduce an infinite regress into the system of explanation. Every cause has in 
turn itself n cause which becomes an indirect cause of the most recent effect. The regress is toward 
the limbo of ultimate cause along an infinitely reticulating path. . . , To include such relations in 
environment is to confuse environment with its history." 

in the present theory, however, indirect causes and effect* are explicitly included in 
environment. Input environment is seen as an afferent system leading to the defining holon, and 
output environment is an efferent structure leading awwy [e.g., expression (9)js 

. . . H ' ( - , t ] * H ( t ) *H"Ct,»). . . . (24) 
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Or, expEcrtty representing proximal environments as input and output niches, N j ' and Nj" , 
respectively: 

- . « « * - B'K—.t) - E'W * H(t4 - «"(t] - Of - «-}(«»-* . (2t> 

TetTooraUy the nuclear holon and its niches are in instantaneous contact <.- time t T , and the 
remaLrino r - f t i o m of the input and output environments represent histories (- , t j and futures ( t , X 
Environment, except fot its. proximal segments, js history and js the future. 

The environ is a device to truncate the infcn.se . jgressions and prngressions propagating, 
respec lively, inward toward and outward front the holon center. The defining holon is » member of a 
systerr, and the truncation occur: at the system boundary, i.e^ at the point when and where the 
system (as a higher level holon) receives its environmental input and generates its environmental 
output. An environ is thus a holon together with the associated within-system environment of that 
holon 0 » * D n 197BBX 

r i - - , v - . examples 

The envUTnments, and implicitly environs, discussed so far have been perfectly general 
cause-propagating structures, with full richness of the physical mediators >f causality included. Now, 
in providing examples, we have to become specific, and Otis means cryptic because ecological models 
of reality are spare shadows indeed. However, nothing of principle is sacrificed {in fact, principles 
sometimes stand out better) in the restriction of attention to simple models. 

Example 1 . Accordingly,. Fig, 1 shows a static, steady-state, compartment model for the 
hydrologic water balance within the watershed of Qkefenokee Swamp in southeastern Georgia (Patten 
and Matis, fc« press). The four compartments of this model, representing water storages in the 
surface and shallow subsurface re-^crvoirs of the swtmp and uplands, are the nuclear holons in this 
case. This model was chosen for purposes here in part because the compartments are abiologic-ji, 
almost nothing in nature could be simpler than a stored quantity of water, and yet these hokms have 
interesting environs that can become the subject of quite detailed analysts (Patten and ivlatis, m 
press). 

The methodology of ^environ analysis" 'Matis and Patten, in press; is still under development, 
having descended from economic input-output aneiysis through several lines of major development by 
my students, John7Finn (1977) and fir* *j barber (1978a,b), as reviewed t»r Barber et ai. 1979. If 
Hj* and Hj" are the input and output environs, respectively, of component Hj in an ecosystem 
H , then unit environs norman;ed to the inputs r.\ and outputs y\ are: 

V » Hi* / / , . E t- ~- H ; Vz f . f»l,....n (26) 

where n = A for the Fig. 1 mtxfel. Figure 2 illustrates tne unit input environ c-_,—£^' of the 
Okefenokee model, and Fig. J the unit output environs L{" and E j " , as -mpti ed by the environ 
analysis methods. E ^ and E4" are not shown because in this model there are no cjrojr u *ater 
inputs from outside the watershed boundary. 

The data in Figs, 2 and 3 are i n t t r p r ^ a as follows. For example, Fig. 2a depicts the input 
environ associated with one unit of surface water loss (bold arrow) in tne Okefenokse uplands. A bold 
arrow identifies the nuclear holon in each diagram. To generate 1.J unit of output from H j 
requires an input environ F j ' consist"*) of other holons representing water storages, interconnected 
by intrasystem flows, all driven by system environmental inputs. Thus, - I ; the storages are C.023I 
units in H i and O.Q382 in W2I ' 2 ' f t , e internal flows are 0,1210 wi ts from H j to Hj, and the 
same from H2 to H\\ and (J* the input is 1.0 unit as rainfall into H\. 'Mater destined"*tt exit the 
watershed as H\ output has the following characteristics; 'A) water in H j has contacted an 
expected number of 1,12 hol/ins since first entering H j , counting one visit Tor contact preceding 
final exit, with a standard deviation of 0.37 visit;; '2~ water in H% has contacted a mean of 0.12 
holons since first entering Hjf with a standard deviation of O.T* visits; (3) water stored in 01 
leaving th<? system from H{ has resided in H ; a total expected time of 8 days, with coefficieu of 
variation 1,0; and >'4i water in or leaving as output from Hj has resided in H^ a total mean of 14 
days, with 4.2 coefficient of variation. 

http://infcn.se
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y' =16349 
3 

z , =2 3647. 

t •*> —t 

y^ =15007-

* 3 =2 4700 

y | =0.0710 y* =00737 y* =00138 

Figure 1. Four-compartment Meter budget model of the watershed of Okefenokee Swamp. The 
compartments are: x|* = upland surface storage, x^* = upland groundwater storage, 
xy* - swamp surface storage, x** - swamp subsurface s>. '/rage. Inputs are: 
z\ - upland precipitation, xy _x swamp precipitation. Ob "pot* are: yf = 
evapotranspiration, 1=1,^^4, y£ = de-jp seepage, y | = sheet ,*W stream flow, 
y$ = percolation, deep seepage, and laten.1 leakage, and y | = oaseflow. 
Intra-system flows are: f2l = infiltration and percolation, f)i - chantral and overland 
flow, f 12 = baseffow and interflow, F32 = baaefiow, f^7 - i *eral seepage, f$j -
infiltration and percolation, and fj$ = upwrltinq and water-level rise. Storage units are 
l ip ^ year y~*. Areal basis is the entire watershed. 

In a similar way, consider in Fig, % the output environ generated by one unit of precipitation 
input (bold arrow) into the swomp surface water. ', «e unit output environ £3" produced by this 
input consists of other hotons again representing storages, intrasystem flows between these hotont, 
and output* to the system environment. Thus, ( I J the storages are 0.3569 units in H j and 04)149 in 
Hfe; (2) the internal flows are OJJOIl uniu from H j to H4. and 6 TT10-* units from H* to 
Hjf and (J) the outputs are 0,5442 • QA547 = 0.9989'uniu from K 3 and 0JBB06 * 04)001 » 04)004 = 
041011 units from Hfe, totaling J4> unit. Water which entered the wsferciied as H j input has the 
following characteristics: (1) wate. in Wj will contact e mean of only 1.00 compartment before it 
leaves, counting IJO visit for initial entry, with a standard deviation of 04)02 units; (2) water in H$ 
will cortact • mean of 04)01 hplons before its last exit from H4, with a standard deviation of 0uu3 
visits; (3) water stand in or entering the system via H j wifl reside in H j a total mean of 130 
days, v/ith coefficient of variation 1.0; and (4) water in"or entering tf>e system at H j will reside a 
total expected time in H$ of 5 days, with coefficient of variation 43,3. The other diagrams in 
Figs, 2 and 3 ear be similarly interpreted. 

example 2. Figure 4 illustrates a second compartment model that has been described and 
discussed in several previous papers (Patten et si. 1976, Patten 1978b, Patten and Auble 1979, 
in press). This is a model of energy flow in Cone Spring, a cold water spring ecosystem in Iowa 
(Tilly 1968), Aside from energy being the causality mediator, this model differs from the previous 
one in several important respects, I irst, four of the five compartment* are taxons, and second, there 
are five feedback loops in this system whereas tne Okefenokee water model has only two local loops 
of negligible system-wide significance. In other words, the Fig, 4 system is a more realistic 
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Fi-jurc 2. Unit input environs of the Fig. I Okefenokee water Oudrjet model: .a; t. j ' , ;o £ / , 
•'c> £5", and (d< £4*. £ach diagram mows -water fiows [lift m* year"*.- ami 
storarjes ;10 ' m*> required to generate one- i#>it of output iii)^ 11* ^<»ar'' at u«e 
bold arrow. Flows are associated jhth arrows, .rid st jratjes appear ~>s u\e dipper nu«r>oer in 
each bOK. Tne middle numbers of eacn box represent, «;ii.out paTemneaes. trie lOuan 
number of past visits to that hox of water prese?*ly in cr leaving the compartment *itn tiw 
oold arrow, and within parentheses, associated standard deviatams. tkitn tnese 'luroeefs-
are unities*. Tne hottom numbers in each ban represent, witnout parentheses. t.ne cnpect«i 
past residence time in that Dox of mater presently in or exiting from trie *>old arrow 
compartment, and withm parentheses, associated coefficients of var;<»t(0o. I'v •!»»«»-« jre 
inh = hours, d - days, or y •-- years. and the coefficients of variation i r s «initie:-s. 

eco&yttem structure than the first. Its environs ha-,e oeen illustrated in the ahove-cjted returences. 
and it is ,-wt to the pen t here to show them again. But the itormnance relations indicated in a control 
diagram {Fiq. % nasec on the comparison of the ;nput and output environs is of interest :n justifying 
ttie particulate concept. 

J'i f iq. '>, rtj is absol ;tely dominant 1.0, over H^,...,H<>. Tnis is oowous from f ,q. •* 
because there is no feedback from any of these latter Unions to Mj DV which trie dominance mi<jrit 
be mitigated, Tne nonmodclinn, detritus holoii ri> controls bacteria H5 moderate* M.69;, 
detrstivcrcs Hj quite strongly ;0.8V, and the carnivores ;-<•> also moderately §.)'>,. r*ie fwcteria 
H j are mor*;rately dominant ever detritivores H^ [0.^5,, and the J.itter itronyi, control ttie 
carnivores H«> ''(Mr?. The point I made in tne other piv?rs Sears repealintj nere tiecause, 
intuitively, dominance is fhouoht of as .1 '.vansitive relation, if rt, dominate?) t\ <«nfi sS, 
dominates t^, <hen H, would he co. •Mdr-r-t »o dominate H^, Such -simplicity ;s rwt in the 
nature of systems, however. In ^ in,. .., Hj controls M^ controls H>,, Out ri-_, dominates H5 
instead of t?ie other way around -«s f rariSitivit» *ouit' nue . rrterefnre, *e ;MH' .,?, example of 
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Figure 3. Unit output environs of the Fig, 1 Okefenokee water budget model: (a) ty" and 
(b) E3". Each diagram tows Mater flow* CIO9 m* year"1) »id storages CIO9 

«K). generated hy ene unit of input (10 9 ITK year"1) at the bold arrow. Rows are 
associated with arrows, and storage* appea • as the upper number in each box. The middle 
numbers in each box represent, without f'"entheses, the expected ngmh«»r of future visits 
to that box of water presently in or entering the compartment with trie DolcJ arrow, and 
within parentheses, associated standard deviations. Both these numbers are unit less. The 
bottom lumbers in each box represent, without parentheses, the expected future residence 
time in that box of water presently in or entering the bold arrow compartment, and within 
parentheses, associated coefficients of variation. The means are in h = hours, d = days, or 
y s years, and the coefficients of variation are unities*. 
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6 3 5 0 

11184 »203 .0 

Figure 4. Static energy flow model of a coirf v.-ater spring ecosystem H, Cone Spring, Iowa {Patten 
et au i"*76, p. t>1l it.), fhe components are Hi plants. H 2 detritus Hj bacteria, 
H ,̂ detritivores, and Hj carnivores. Storage units shown arithin the bo<es a. a kcat 
vie-, ami Hows associated with arrows are in kcal m"2 -/ear"1. 
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Figure '>. Control diaqram depicting dominance relationships betwr«?r. con-pone tr r.f ?be f in. i ' cold 
spring energy model. For_ each__ hrsinn pair ( Hj, H, ._the asse-ia. erf njr-ber is 1-Cj;, 
where e 

energy model. For each hrrinn pair H:, H, . the 
c l | a i j ' ~**rr • a i / M " n r : " i | 

-A'-MFq. 29J. 

rmntransitive control in an ecosystem moc^l. which :Tv..st carry over t;> nat.ire. [ fni-t* it is important, 
and I //ish I had another moifcl, or better ...-. empirical example, or. n.-iog «.i:ri «nich ru demonstrate it 
further. I will return to this m th» particulate content shortly. r-Jo.»» iot JS ioo'x at ji/nat r.;;j<>r oe 
gained ;and nothing lost< Dy considering environs as s l e t jntary particles for ecology. 

The Cellular Analogy 

The tiding cell has 1 nucleus. ;ind the environ has :j nucleus in its defining noion. Trie cell fias a 
cn.ndary across .which energy, matte,-, -ind information ..»re exeh.tfwjed vi!r, Die reil-ilar environment. 
The onviron has a boundary, provided hy operations! defimtiiin of tnc- circumscnrimg systersi mat 
contains ttie environu<-iein; energy, matter, and information arr transferred acrcss this jjundary. 
The cell ha* a cytoplasm //tirh r.urroiirids—onvcrons—ifs nucleus. The cytoplasm consists of a set of 
formed clemjMts, organellas, dispersed in a ^.iloiual medium. Tfn* function of the romied elements u 
to carry on the COOL-itrvite-1 processes of cell.,i.ir metabolism .ituier pro-tima! .ontrol of elaborate 
en 'vine mechanisms and under jitirr(,>t^ "introl of tne ceil nucleus, r.nvirnpl.ism consists of a 3et >if 
formed elements, nnnmodeUng holms and ta«om, dispersed in ;>n ecol^jcal spare, -md carrying on 
the commerce of ecosystem motaoolivn under pro''imai control of eUourile .jiochei-niojt, 
etiological, popular tonal, and symbiotic reguiiroi r mechanisnns, irul under ilti.n^t,- control of the 
nuclear hninn .vhich, after all, r, defining. The ceij r'ucieir. is trie reposilor* of jervtii: material, and 
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s the cent of cellular reproduction in which this material is transferred inurct. The environucleus 
is' not an* ferent wnen it is a living taxon. Only when the defining holon is not alive dues it not 
pfcrticipal genetically continuous replication of other batons, and hence environs, of its kind. 
Cells %r jetact by exchange of energy, matter, and information to form tissues, and enviions interact.' 
in a ^Re manner to form systems. Input and output environs each form a system partition (Patten 
1978o, Proposition 3J, however, an 4 ii. thb i-especi there are no transfers of physical, or phenomenal 
quantities between input jr if<xit and output x output environs of different holrins. But such-
interactions ma». occur between input x output environs of the same or. different hoJonV The 
situation« e '^natieto.an analogy between atoms and environs.' \ . = ~- ~—ss£-- "—"' 

^-T- < I^ t i ®* ! M 1 ' * r *^ e , * »no^^-Bl«S*rc^'in^igi.^''jantt 'î each possess, a character^t^slracture 
|8^;tfrgt:.c»^^ consist ofastelr of vertices 

^mMMMmm^ 
Kjo^ijdyHihe'niathe^natical properu^of suWstrujtures, as^sUucKSraf"feat 

s^^t^ca^SeJa^o^'ps of life vejrticei^-media&d b^^.«rancNes. 
"^"']ffid9u»^l'cbiioVr^oiv_-ic£- ", ; v f 5 f.'. -•" -•--^=5^.r:"'r"=;;1 ,-\";•". • . 

j^^rtauctosfe^j iar^rj^;|fe^te^t?nM , i•j'S?. t»u^Jpo«*?s >n grap>» 'ibeqrv-j_HSM calls the.abstract 
^^Mp&otS^:WWecn'Wr ies ̂ Wtoehce," a ^ t K h a : determined ah'inffoence measure by which one 
F ^ | ^ ^ p ^ b ^ ^ e ^ i r ^ ' 9 ^ 9 ^ ^ f u ^ u r e ; One of the Clrj^hing^heiliawVed in his early work was 

^ ^ j»j^^iflh^^iapJ^'. l«f.a1l. |^ir ta6s6^Upn..a^ absence of flows, are dtssipative entities: No measure of 
^^^^^0^<-''^^^!>^e"•"'.P-0***0.'?^'unless the "strength'* of iriftuencV-O tend to think of gravitation or mutual body 

j§|!§lll|||**?f^-"'"attraction here) is induced, with distance ar.each branch is. traversed in forming a path, or oranch 
f S ^ ^ ^ S C v 5*<juehce, from one vertex to another.- this knowledge makes possible the analogy between atoms at.> 
• •j*̂ --i'isJA;.> .' '• enr/irons* 

XT-

& • * * . ? • * • " . 

.The- atom consists of a,dense, polarized nucleus surrounded by co*i-*entric shells of energy levels 
yifilhin \«#»iph fixed complements of electrons orbit the center. The energy of each level is inverse to 

v distance"fgua^the nucleus: Using Hill's graph dissipation property, the envtronuclersi. structurally 
related to other holons within its environ in defeasing strength with distance, where distance is 

(0) 

Figure 6. fvtethematicsJ graphs of (a) the Fig. 1 Okefenokee water model to'.* (b) the Fig, * 
Cone Spring energy model. 
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m a .ured as the number of branches in a path from the nucleus to each member holon. Thus, an H^ 
branch from the nucleus will occupy 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 
folon. Of course, an environ has two sets of such concentric structures, o^e on the input side and one 
on the output sit'? of the defining holon. F-gures 7 and 8 illustrate this conception of environs for, 
respectively, th , ig. 1 and Fig. 4 compartment models. 

::: Consider Fig. 7a in comparison to the compartmental representations of these same two 
environs as shown in Figs. 2a and 3a. The concentric rings, progressing.outwar-: Tram the center, 
represe.it decreasing structural influence from the nucleus. The proximal ring tin each side displays 
the input and output realized niches. Flows are .epresented by the connections between rings, and 
some combination of flows (intr ;ity) ancf influe xre (capacity'1 may form a basis for complementary 
variable analyses, of the «nd seen in physical science [e .y . , the through and across variables of 

: electrical engineering (Kojnig et a l . 1967, p. 7 f f . ) ] . Storages, as given by enviror. analysis, represent 
w | f h e 'mass of each enviroplasmic holon, and throe coupled with the influence measure may yield some 

useful descriptive r> functiohar environ variable. The interholbn transfer and residence time 
information, plus ptl>ef deterministic and stochastic parameters that further developments in environ 

{analysis canbe expected to yield,; may similarly be related to structural aspects in ways we cannot 
how see.' In the discussion of Fig. 5,1 showed that comparison of input and output environs, in a very 
simple way (Patten 1978b; Patten and Auble 1979, in press), provided a measure of dominance. There 
will be many possibilities for input and output environ comparisons, some of them surely to be 
.suggested by the atomic model if it shoufd be pursued further. The point is that these potentialities 
would not exist without the particle orien, ation. 

Atoms interact to form molecules thro> gh shared electrons, and the constraining properties are 
lawfui as summarized in the periodic table o. the elements. Environs interact by a snaring of hoi or s, 

Figure 7, Input and output environs (Figs. * and Jj of the Jkefonokee w 'er model, displayed as 
"atoms," For simplicity, several converitioa". were used in constructing the3c diagrams: 
( i ) Input environment H' and output environment H" appear only once on each input and 
output side, respectively, and always in the "shell" closest to the nucleus as appropriate in 
aach case, (2) Ench holon sequence representing a cyclic path terminates in explicit 
representation after completion of one cycle, (3) No holon is represented more than once 
in one "r ing" or "shell," (4) No divergent paths are depicted on the input sides, and no 
convergent paths on the output sides. 

http://represe.it
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K igure 8. Input and output environs of the r >?. A Cone Spring energy model, dliplayed as "atoma." 
Diagraming conventions as for Fig. 7, 
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£nd a certain parity is observed in the process in that i f Hj occurs in the k'th ring of Hi", then 
Hj will be found in the k* n ring of Hj' (e.g., 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 invariant structures that could be 
realized in different ecosystems by different groups of species, and environs are "extended niches" 
(Levine 1977, Patten and Auble 1979, in press). The search for constant structure reticulums in 
enviroplasm would be enhanced and kept in better focus by a particulate conception. 

ENVIRON ANALYSIS 
C 

The environ, 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 reasonable package that, while it might forever defy adequate 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 c-ganism-environment synergy that can be captured by: holism, mutual 
compatibility, adjunctive logic, transactionism, consistency, coevolution, complementarity, 
affcrdance, and whatever else I -nay have left out (e.g., transitive closure, whose significance I 
discovered in interaction with another of my students, Robert Bosserman; Patten et al . 1976, p. 530, 
and Patten 1978a, Proposition 2) that could be used to fuse the thing-environment complex into a 
single immutable unit. 

I said at the outset that my intention would be to elaborate the environ £S a concept in ways 
that previous technical treatments have not been able to do. As far as I can tell I have done this. 
Now, in this section, I want to stress that the environ as a concept is made possible by the environ as 
a formal mathematical construct. It is an operational concept, and I 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 output environs are not mathematical duals, but they nave 
more the character of transposes. Having two environments instead of one leads immediately to 
expanded horizons for general systems theory. As I pointed out in the Environucleus section, normal 
system theory is based on the g«non state transition and response function pair, Eos. ( i ) 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 functions, 
Eqs. (7) and (8), form the basis for a second system theory to parallel 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 
ttieory in the concepts of observability (input environment) and controllability (output environment), 
oriqiniatet' by Kalman (1961. Kidman et al. 1961;. In brief, a variaole is observable uy another 
variable if it is in the input environ of the latter, and controllable if it is in its output environ. It was 
these concepts that first led :ne to think about networks in both forward 3nd reverse directions. In 
engineerimj, however, this approach serve-, as methodology rather than a3 an encompassing paradigm. 
The duality feature of environ theory is one of its potentially most powerful characteristics,.and the 
Fig, 5 control diagram based on input and output unviron comparisons, with the example of 
nontransitive control which it exhibits, was intended to illustrate this point. 

Fundamental Matrices 

Environ analysis (Matis and Patten, in press;, a3 it presently stand3, is a linear i arameterization 
of general sylems whose results apply under the usual restrictions on linear mode...--steady state, 
neighborhood, etc. Consider the standard linear state transition function, 

x = A"x + z , (27) 

rorroiipondinn, to Fig, '11, ;irid its retrospective counterpart, 

x c - A ' x - y (28) 



ORNL-5666 124 

corresponding to (7X. Here x. x, z and y are column vectors, and A" and A' are square matrices, ail 
dimensioned according to the order of the syste..., n. A static environ analysis i* developed oy setting 
x = O and solving for steady state: 

x* = ( - A T ' Z = ( -A ' ) _ 1 y . (29) 

The matrices (-A")~l and {-A')-l are fundamental in the analysis in several ways. 

1. Environ computations. Let dj" and dj% i=l,...,n, denote the cokim is of (-A")-l and 
(-A'}"1, respectively, and let D|" and Of be diagonalized matrices of these vectors. Then, unit 
environs E|" and Ei'[Cq. (26)] are given by: : 

c E," = A-D,-", E f ' ; - b f

, ( A , - ) T , *.«1......n . (30) 

2. Storage partitions.-.Let Xji" be the portion of XJ* that originates as input zj, and 
xjj be the fraction of XJ* that leaves the system as output y;, i,j-l,...,fv Let Z and Y be 
diagonal matrices of z and y, respectively, a-id let X"(2) and X"(Y) be matrices whose elements are 
the respective storage components x|j" and xjj'. Then: c -.?•••; 

X"(Z) = (-A-)"1!, X'{Y) = { -ATV . (31) 

For unit inputs or outputs, Z-\ and Y=I, f being tie identity matrix, we have 

X"(I) = (-A")" 1 , X ' ( I ) • " ( - A ' ) " 1 . (32) 

The matrices ( -AT* and C-A')~* thus directly specify the storage components XJJ" and XJ,' 
scaled to unit input z • and output y: values, i,j=l,...,n. 

3. Residence times. Let py" be the probability that matter in compartment j at time-t will 
be in compartment i at time t+1, and pij' be the probability that material in j at time t was in i at 
time t - 1 , i,j-l,...,n. Let O" and Q" be matrices of these respective probabilities, calculated as: 

Q" = il+hA"), Q' = (J+hA') , (33) 

where h is & scalar chosen to make each diagonal element of Q" and O* positive. These matrices 
represent transition matrices for forward and reverse discrete time Markov chains, respectively. Let 
M" and M' be the cur -'alive future and past residence times, respectively, in compartment i of 
substance~in j at time t : | e tie substance remains within the system, and let 

C M" = ( H ) " ) " 1 , « ' - ( I - Q ' ) " 1 . (34) 

Then: 

H" * hM' H'* MC 

' hd-Q")"1 - h(l-Q')"1 

» hCl-d+hA")]"1 * hCl-d+hA')]"1 

• (-A")"1 . * ( -AT 1 '. (35) 

The fundamental matrices (-A")"1 and C-A')"* give the expected future and past residence times 
directly. Moreover, they are also involved in variance calculations. Let M A" and My be diagonal 
matrices of C-A")"1 and (-A1)*1, respectively, and let M2" and M2' be matrices whose entries 
qre the squares of the corresponding entries in (-A")"1 and (-A')"1. Then, the variances of tie 
future and past residence times can be written, respectively, 

V" • (2M&" - I) (-A")* 1 - M 2", r ' (2HA ' - n ( -A' )" 1 - hV . (36) 
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The simple niatrices (-A")-l and (-A'}"S easily uerived from the coefficient matrices A" 
and A' o"." the original system equations. (27) and '28), are truly remarkable. Tney provide a simple, 
straightforward computation of environs [tqo. (JO;] trot ..; s never achieved in the former methods of 
my students (Finn 1977, Barber 1978a,bX. They not jnly allow inputs and outputs to be partitioned 
amongst storages, they are the partition [Eqs. '>2)]. Storage analyses vere not a part of any of the 
previous formulations, only flow analyses. The fundamental matrices also not cily allow the 
computation of residence times, they are thr»se residtace times Eqs.[(35)]. Moreover, in Markov 
chain theory, which lacks the dual perspective, the "residence time" of a particle within a system is 
normally stated to be M" (eg . , Kemer.y and Snel! 1960). With the two-environment model, total 

• residence time is seen as the sum of two residet.es titles, M" and M*. 

In all the history of linear differential equations and linear system tneory, with all the 
applications of Enear models to applied problems in tracer kinetics and compartment modeling, and 
with all the use of Leontief input-output analysis in economics (which environ analysis maker 
obsolete, or at best cumbersome), the central pt«sition of (-A"}-* and ( - A T 1 was never 
appreciated. Yet , within a short time of my acquainting James Mat is with the environ perspective, 
he discovered the described relationships, which are elegant.in their simplicity and synthesis quality. 
In new work beyond Matts and Patten (in press), additional properties are beginning to appear, for 
example, the fundamental matrices also figure in a system iransfer function in the time domain. 

C . . 
SUMMARY 

Thus, analytically as welt as conceptually, the environ is a promising new object for ecological 
and systems study. It captures many aspects of the world as they seem to be in a way trtat has never 
been done before, thst is, in a who»e syste.ns way. The environ is quintessential^ particulats because 
ail the physical and phenomenaf interactions which occur within it join it into a single whole. The 
organism and its environment are one, and I have ,aken noteworthy cues for this from von Uexkull, 
who I hope can be discovered by ecology, and more recently t:»e ecologies psychologists wno nave 
dbtilled a lot of philosophy and psychology in support o> organism-environment synergy. 

By now it should appear that the terms "environucleus" and "enviroplasm" are not so rash as 
they may have seemad at the beginning. But if ihey offend, as '. said about the holon,..., environ 
family of words, put them aside too but keep the thoughts. I also commented early that the environ 
concept has power to alter one's view of the world. This is certainly true in my case over the three 
or four years I have been living with its emergence. I hope that the account I nave given nere may 
start a similar process for others. 

The environ builds from the general system tneory of abstract objects. Zadeh ana Desoer U ^ J j 
and Mesarovic and Takahara (1975) have been the two versions mat have guided me tne most. These 
are powerful theories indeed upon which to base this n e * concept, and I teel secure aonut tne forma! 
basis for environ theory, even though a|' the bridges to real ecology will not be trade tor a very long 
time. I also feel quite certain that environs can make a mark or> system tneo.y, which only modestiy. 
if ever, acknowledges environment. The retrospective state Transition function and stimulus 
function [Eqs. (7)}and (8) are new innovations, and I was led to the farmer oy *ork of t3aroer ,1^783; 
on reverse Markov chains. 

The recognition of epistemic mediation of inputs as "modeling" is my idea, deuved from 
exchanges with another of my studen's, Gregor Auble, wi-io has cc-authored tne papers (Patten and 
Auble 1979, in press) in which I first, use the term 'taxon.' To say ail living things model and 
nonliving things do not is a bold stroke indeed. It remains to ^e seen, of course, but I am Duttressed 
with reactions to this from several generations of students and others. Of course, the ecological 
psychologists make a strong case for realism, and modeling as I nave construed it is rationalistic. Tne 
connection to niche i3 made in the Patten and Auble papers, which is satisfying in view of the high 
status "of this concept in ecology. The niche is made a li'tle primitive by tne environ, however. 
Pursuing my commitment to organism-environment synergy, I introduced a number t>f concepts in 
support of its adjunctive logic. Transact,on and affordance from ecological psychology, and 
consistency, coevo'.ution, and complementarity from my Jwn work. The last three pt.^pertie^ 
illustrate the power of good formalism; imagine being anle to establish a strong case for whole 
system coevolution with a few modest assumptions, Gibson's affordance concept is the strongest 
expression of organ ism-environment complementarity available, 

I gave examples of environs (Figs, 2, 3, arid '/ so they could be sefsn in familiar terms on my 
way to making a case for their corpuscular nature. The argument for particulate status is utilitarian, 
and the case 13 reasonable. 1 hope that ecology will undertake the study of environs; they can help it 
become the systems science it needs to be. 

http://residet.es
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CHALL€NGES IN LANDSCAPE ECOLOGY 

Frederick E. Smith 
Graduate School of Design 

Harvard University 
Cambridge Massachusetts 

S. L AlERBACf-fc As I said earfier, our three previous speakers were alumni of this 
institution. The fourth speaker is not, but we have had a very dose intellectual 
association with him for a number of years. Poofessor Fred Smith started oat part of 
his career at the University of Michigan in Am Arbor in the 1990s and early 1960s 
when Ann Arbor was one of the epicenters of ecology injhe United States. There was 
a group of marvelous people there. Fred, Larry Statadkin. Metoon Heirston, and others 
were all carving out new and exciting dimensions in population ecotogy.. Suddenly in 
the mid-1960s (those of us down here were sort of keeping track of it), we were both 
profoundly surprised and pleased when Fred began to espouse ecosystem orientations in 
his thinking. Fred swung over to that very completely when the IBP was being formed 
in the United States. He took many of the leadership roles and became the director of 
the Analysis of Ecosystems project which was the umbrella project over the Some 
programs. It was, as 1 remember, quite an experience for Fred in the sense of getting 
involved in an integrated quas*-n>anagement role with fellows who 'were biome 
directors ar>'J who were somewhat individualistic and cantankerous. Soon after that, 
Fred moved on to Harvard I ftsversity to the Graduate School of Landscape 
Architecture and Design, and his interest again shifted, now to looking at the broader 
regional problems of ecology somewhat dffferent than the more narrowly focused 
analysis of ecosystems. Again, this has been of very much interest to us, because we 
had also been seeing the regional phenomenon, regional ecology, as an area which we 
found needed more and more consideration as we looked at the overall problems-you 
have heard about in the last two or three days, - man and h o * he is going to use his 
landscape. So it is with a great deal of pleasure that I introduce Professor Fred Smith. 

Thank you very much, Stan. It is always a pleasure to visit Oak Ridge. I remember, in the early 
fifties, when Nelson Hairston and I thought you were far out to come tti a place iike this. 

I presume that the "cesium forest" has had its day. You have lots of room here for new forests 
reflecting new opportunities: perhaps an "alternative energy forest," definitely a •'model forest" with 
hierarchies of vegetation and arrows pointing in all directions. Of course, you should have a 
"publication forest," a tree for each publication not only to commemorate the event out also to 
replace the tree used to publish the paper. Finally, yau already have an "official forest," a forest of 
offices that we are now dedicating. 

I wish today to talk about a subject that has apparently seemed unimportant to scientists, i.e., 
it has been neglected hy environ<r.ental rpientists. This is the relationship Between science and 
design. Design is not my field, and I am a poor designer even though I work in a school of design with 
architects, landscape architects, city and regional planners, etc . Nonetheless, I would like ts begin 
with some remarks about design. 

Landscape designs are the creations of landscape architects, or regional physical planners, 01 
urban designers, or whatever name you prefer to use. I am referring rwre to people who are 
design-oriented. Good designs are more than technical solutions to proolems; more than a 
minimization of negative impact or maximization of benefit or resolution of conflict. Good designs 
are all of these, but, in addition, they are artistic in the fundamental sense of enobling the human 
spirit, Olmstead is remembered not because he created parks, but because ne created great parks. 
Central Park in New York and the Emerald Neck in Boston are not the fallout of elaborate 
environmental analyses; they would not have hapoened if that was all tnal was going on. They are the 
products of an artistic geoius that goes further and createi, in a very real 3«nse, a value added that is 
wholly new. 
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By a different process the landscapes of the 19th century, especially the rural landscapes, were 
artistic, created very slowly and in small increments. Patterns of land use and styles of structure 
were maided to native land forms. Landscape designs became indigenous, giving unique identity to 
landscapes so that you could instantly tell whether you were in France, or England, or Vermont, or 
Pennsylvania, or Georgia. Toe natural landscape and cBme*e .raided the growth of the built 
landscape into a tradition of whole. By saving the best they become artistic without perhaps the 
necessity of genius being involved. Wherever tfr? natural landscape was dtve.de and supportive of 
human use, people tended over time to develop a distinctive, styie of development adapted to that 
tegion. 

Today, of course, we can more easily move mountains, alter rivers, and control climate. 
Development is more rapid and usually in large pieces. Our built world sits more rudely ojwn natural 
systems, and t fm, of course, b why we have a greater r.eed for impact analysis, planning, and 
regulation. This increased power, however, also offers increased opportunities in design. The power 
to mansjMfate landscapes can be used constructively in a design sense, design that not only uses toe 
best of nature and keeps harmony between built and natural systems but through manipulation and 
construction improves the natural systems. 

What are the natural science needs of these designers of landscapes? They are found not just in 
ecology bet in a variety of air, water, fife, and engineering sciences; one can make a tang shopping 
Est of «nat goes into thb subject. Environmental sciences ru-ve interfaces as recognized applied 
sciences with a number of practicing professions. Forest science serves forest man a y imnf, and 
fisheries and wildEfe biology serve fishery and wildlife management. A variety of animal, plant, and 
sail sciences serve agriculture. The appBed science that b needed to serve landscape design does not 
exist; not much thought has been givtn to Die subject. 

In the past the sciences of horticulture and of landscape planting (which does have some science 
in i t ) can be said tc have interfaced closer/ with landscape design. The needs today go far beyond 
thb, a problem obvious to anyone involved in landscape development, management, and design. For 
today I will call these needs, collectively, the applied science Landscape Ecology. 

Appfced sciences have several functions. First, they research needs as perceived oy 
practitioners. Medical science^!nr example, responds to the needs of medical practitioners; medical 
diagnosb b an art greatly strengthened by the tools of medical science. Second, applied sciences 
maintain conrnunication with related basic sciences and make use of new developments, vie have an 
example of a failure of rhb when, in traditional landscape architecture curricula, c^.ses on plant 
materiab and horticulture are taught within the department of landscape architects, not by 
scientists. From generation to generation contact b lost with the basic sciences and the material 
becomes out of date. In contrast, applied scientist* belong to some of the same professional societies 
as basic scientists, and they communicate easily back and forth. Third, applied scientists produce 
new opportunities for practitioners by developing new facets of knowledge in the applied science 
-that is, they go beyond responding to perceived needs and develop new directions. Last and perhaps 
the most important, appfied scientists maintain links of communication between science and the users 
of science. 

Designers and planners working at the scale of landscapes and regions have had to scrabble for 
themselves in the literatures of the natural sciences. In fact, they are so accustomed to doing this 
that they sometimes resent my discussions about the need for an intervening applied science. They 
are trained to go directly to the basic as well as to various applied sciences ( I was hired by the School 
of Design ar. a basic ecologbt), and have little concept of even the need for an applied science to 
serve them. They dig for themselves, and in f -c t they are very poor at it . They are unable to 
evaluate what they find and tend to assume that something is true if it is pubfished in a scientific 
journal. They have only very general concepts about what might be useful, or about what is 
available. Like other kind* of professional practitioners, they need and deserve a lot better support 
than that. 

Landscape ecology, as the applied science for landscape design, inescapably includes the human 
element. Knowledge of values, institutions, economics, and legislation are part of the environmental 
design process. Clearly, landscape ecologfets (the applied scientists who will be working vith 
designers) must understand these aspect* of the systems on which they ere doing research. Equally, 
of course, they must thoroughly understand the professional practice of landscape design. 

Much of the content of landscape ecology is obvious. It includes the same array of science, 
data, and method* that b used in all kinds of environmental analysis, like those that nave tunn 
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discussed throughout this symposium. Much of this science operates in the piublem-soiving mode, and 
of course includes studies of the value systems of various interest groups and studies of institutions 
that are involved in the implementation of problem solutions. Michael McCarthy was at Oak Ridge 
far a while. He is a landscape architect with doctoral training in biology. He reviewed a body of 
environmental science for regional ecological studies rfclated to energy resource development -
(McCarthy et al- 19765.- H . H. Shugart et a i . (1978) have examined the potential of several modeling 
approaches to land-use issues. Altogether, the Regional Environmental Systerfts Analysis Program 
CI tape yocs can find a shorter title) and t i e Eastern Oeciduous Forest Biome Prognm have produced 
and organized an enormous amount of information on this subject (and just last night i was given 
another Oak Ridge manuscript on regional ecology}. All of this is not quite the same as the applied 
science I am talcing about, but the two have a very large overlap, bx the sense of a group of ' 
scientists serving users, ore group would probably serve ail of these users; too much science £» 
involved for landscape ecology to serve only the needs of landscape designers. 

A t present, however, these sciences have been developed to serve the needs of impact 
assessment, and, up front in the planning process, to reduce damage, maximize benefits, optimize 
allocations, resolve conflicts, and so forth- There fas been no expressed attention to what can be 
done in these same sciences to facilitate the creative aspects o* landscape design. 

1 insist that we should not settle for less than creative landscapes. In earfier times, people had 
lower iving standards than we do, yet they did afford style. I f we cannot afford style, why are * e 
doing what we are doing? The minimization of damage and maximization of benefits and all these 
analytical procedures do not lead to style. They do lead to the best solutions you can get without 
style, but on top of that we should also be able to get the value added that only artistic creativity can 
produce. Only artists can do this, not you or I, unless you happen to be both scientist and artist. 

How can we serv; designers better? Consider, as an example, the phenomenon of species 
diversity. Let's assume, to avoid argument, that more species of plants and animals are better 
because that is what people prefer (probably the best argument for diversity that I wilt accept:. What 
is important and useful about this for the designer to know'' The answer depends on scale. At a scale 
of a hectare or less plants can be made more 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 several management techniques that allow more and mere plant species to 
occupy a given area of land. In general, if plant form as well as plant species is varied, Vie area wilt 
support more kinds of wildlife. Botanical gardens on vary form as weU as species; trie larger Englisn 
gardens support same of the most dense, most diverse populations of breeditK} songbirds found 
anywhere in the world. 

On a somewhat larger scale, a greater variety of vegetation form is encountered, and 
vegetation form rather than plant species oecomes the major object of manipulation. Instead cf 
going around planting species among species, we think about designing different vegetation forms 
and, in particular, the edges between forms, edges are boundaries between different communities of 
plants and are known to be especially supportive of wildlife. Landscape ecologists could produce a lot 
of information on how to save edges, create edges, and, in general, manage edges. We nave studied 
edges - you have a man here, J . H. Ranney Ll977„ doing very interesting work on forest islands and 
edges - but we study these as existing phenoma ratfter tnan as something * i th design potential. It 
should be easy, I think, to develop, m the sense of applied research, the science of managing edges. 

On a still larger scale, the diversity of species v. ill be strongly influenced DV landscape 
diversity: the variety of land forms, the major vegetation types, wetland types, etc. From a design 
point of view, emphasis should be on the mix of major land types that exist. Many of these can be 
tawed, 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; is entirety created, blasted out of 
bedrock and built. Nothing there is "nature!," yet many natural processes nave 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 systems, if the cost of maintenance is to be kept down. 
Const ,tut ion Plaza in Hartford is an attractive area with a very high maintenance cost, in part 
because the design is opposed by many natural processes. 

\Mhat kinds of information are most useful to landscape designers'' I nave found, in teaching and 
consulting, that nothing is more useful than an intimate familiarity with the material, By that I mean 
the local natural history of plants, animals, lakes, streams, soil, etc. Unhappily very few people can 
learn much about everytfiing in very many regions, and many practitioners do tend to become 
regionalized by their experience. Even so, this is contradictory. How can a designer with little 
training in science absorb all of the natural science of a region'' Instead, it is the landscape ecologist 
who needs the intimate familiarity, and the two people need a method of communication. 
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For several years I have been using an approach that seems to be appreciated not only by 
designers but by all kinds of people involved in manipulating and managing environments. 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 our ability to rebuild the world, on 
the average we are becoming less familiar with it in terms of life experience 

Studies :n natural history tend to emphasize structure, and design ts concerned with structure. 
Yet, it is probably better to understand, manipulate, and work with process than with structure. Tve 
had a lot of fun inducing designers to approach all natural structures as consequences of process, and 
to ask a series of questions: 

r '• 

1. What forces produced this structure? .'_ 

2. Oo those forces still operate? 

5. How can I use them, replace them, jar oppose them to create various alternatives? 

Here is an example so Chat you can understan f what I mean. It is one that I encountered in northern 
New Hampshire where a 315-acre race was scneduled for second-home development. Much of the 
shorefine of the lake had the form shown in Fig. L The lake bottom sloped upward to a flat gravel 
shoal about three te«t below the lake surface. The shore rose abruptly from the shoal to a height two 
to five feet above the lake. The ridge contained many large rocks and supported spruce trees, 
sometimes in very denje stands. Farther from the lakev lae. land surface dropped l £ just above the 
lake level where it was wet and swampy. Tim area and the adjacent hillside was covered with 
hardwoods. 

' ORWL-BwG 80-11187 ESD 
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Figure 1. Profile of a lake shore in northern New Hampshire. 

The developer's plan was to create the all-purpose shoreline that is found everywhere. Carve 
back the ridge, fill the swamp, convert both to lawn and scattered trees. Bury trtc shoal with stopiru} 
sand to make a beach. Build houses along the waterfront, with a little wooden dock in pilings 
sticking out into the water in front of each house. 

The present shore is a particularly elegant set of structures. You will not find them in 
'Tennessee; they are indigent s to more northern regions, i asked the site engineer, what process 
produced this shoreline? He was unable to answer, but reasoned that the forces mutt have been 
powerful and they must have happened long ago, because nothing that powerful now disturbs the 
peaceful lake. Then he noted that some of the trees were tilted - recently. He had never been there 
during spring melt 

This shoreline tails much. It tells how thick the ice gets in winter: about three feet thick, in 
the spring it melts around the edge and becomes loose. Then, if a rtorm comes up, it is moved with 
enormous force against the shore. Not every year. Some years in one direction and some years in 
others, but the shore is crushed back again and again. The shoal is a shave line as the ice moves in, 
and the ridge is the uplifted crushed shore. The shoal may be 5 to 15 feet wide, and the ridge 3 to 
100 feet wide, depending on slope, gravel conditions, and prevailing winds. 
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The raised ridge creates a -.•veil-drained microsite, with water never far below, that encourages 
spruce. From out or. the water the ring of spruce is very beautiful. Sack of this are hardwoods that. 
except in summer, Mould not shield housing from view. In spring the snow melt comes down all over 
everything, but is stopped a t the ridge JO that the load of sand and mud is dropped in the swampy 
area. The water moves laterally to scattered temporary streams that come down the hillside and 
breach the ridge. Eact h. s a s-nall natural beach a t trie shore, due to the erosion that is funneied to 
them. 

Thus, the processes producing these structure?; are still operating. Haw can they be usea ' Fne 
power involved is omirous, awesome, so t-\at the developer decided not to f-nht it. His sand would 
quickly disappear (thrre is a good general rule about sand far beaches: put sand where sand already 
exists, otherwise the systerr. will take it away). The »'ttle docks on pilings were ridiculous. The 
sloped lawns would sooner. 01 later be cushed (this ha** actually happened to me in Michigan: a 
lakeshbre lawn that I built was rolled up See a rug in the spring by ice scarcely 6 inchec Thick.. 

Instead we found values in the existing structures. The shoal is a good wading d e p ^ . fairly safe 
for swimming yec deep enough for diving off the larger rocks along the shore. T*~ spruce scr "in was 
beautiful. Its maintenance depended on the microsite, a ridge between swamp and lake. The swamp 
was important as a sediment trap. They decided to keep tne ridge a r a public right-of-way with a 
path meandering around the lake. Thus, we have a 100-foot setback of development from the lake, 
with no argument a t all. 

I used this as an example because when von get done with it, the whole pat'<_-»m of development 
changed. They had been intending to seii high-priced waterfront iots and iow«r-pi:ced iols on tne 
hillsides. With a public waterfront the quality of land goes back several blocks iicm tne shore; 
projected profits were not hurt. Stream beaches became foci for small "neighborhood" oeacnes. A 
few, shared floating docks were planned that could oe taker, in in winter. Altogether, the desi.p 
repercussions of this example affected the entire area of development. 

Wfe had more experiences. They had a hillside valley of beaver ponds f iat we examined m "ems 
of process, and in one part of the lake there was a muddy delta with brush growing on it. ouiit D> a 
stream from another lake, that we had to talk about. In tne end tnese people were running around 
looking at the landscape and asking all kinds of questions, it was strange, because engineers ;*re~. 
trained in process, but they had never been trained to iook at r.-.e environment as process. To the'-n 
the environment was structure, to be reshaped. 

May Tiiieigaard Vfetts .1957; wrote a fascinating little book called heading t..r? Landscape thar. 
uses this approach, a questioning; view from which one gradually learns to read landscapes. This kind 
of knowledge, I insist, is fundamental to achieving excellence in environmental design or 
management. An organized effort to assemble this Kind of knowlege and produce it ,n usable t'jrm 
for all kinds of landscape users would be verv useful. It w:xiid be a rompemJuti .if ecoiogv. 
geomorphology, and hydrolo 3f, org-mi/ed around the structures encountered in trie environment. 

I emphasize organization by structure because designers are visual people Von -an taU 
principles or concepts and they won't hear you or, worse, they will misconstrue your comments . fne 
problem has symmetry; when they talk concepts, I iloo't hear tnem either. »Ve communicate much 
better if we talk structure, and move from striy-ture to process. 

Learning as an applied ecoiogist to be more useful to your user .s a difficult suDject to get i.itr, 
yet it is something in which all of us are involved. »Ve are ill working win U».TS of iJience. i fud 
that I need to jnderstaod their needs very closely in order to be productive beyond trie firs? eas^ 
steps of just crganizing infvirmation. You can trail, yourself into a uabit a ' thinking mat ie.ids you tc 
suggest additional opportunities tr. designers, beyond what they are already doing. Let me -j:ve <*n 
example. Again in New Hampshire. I was a3kef. to consult anL>e design and construction of a new ski 
tow and slope. They were very concerned with erosion where the forest va» removed. F:ic entire 
region had reverted to forest. I thought ah our. tne erosion ,,roGlem, but came oack suggesting t nat we 
design an improved wildlife habitat ?t the same time as building the s*. facility, r v '.wo car. »e done 
together and at the same lime mm::.ni/e the problem with erosion. 

This is where I appli'id work th it r..ll Niering anrt others . i i~^. ;ia»«» been .toinrj in trie 
arboretum at Connecticut College on the management of vegetation under power lines. When I was 
young, this vegetation was trimmed by hand, Lver» lew yo.irs teams of meri wrmi.i come through and 
cut the trees, leaving a vegetation that was jredom i,-itel/ shrubs. Th.-se were excellent areas for 
blueberries, 'lUtckherriei, ,tnd a vanet* if wiiiuf". Afr•*r rue -eorvd .Vorld »Var. aerial spraying with 
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herbicides became the dominant method of control. Thb produces a much less useful vegetation, and 
one th?" -equires frequent treatment. Ntering experimented with a co.-rtbination of techniques. Hand 
cut the tr>-es, killing the stumps with herbicides. Gradjally the shrubs cover the ground so densely 
that new t ;_-«! v : <l seldom get started. The mix of junipers, berries, and other shrubs is quasi-stable, 
and from the, on maintenance costs are very low. The ond result is a good wildlife habitat, and a 
good Lracl system for recreation, with a cost-effective basis such that this technique is now being 
used over the whole star*;. 

Ski facilities can be treated in similar fashion. Beneath the chair lift, cut and kilt the stumps, 
encouraging brush. Also, as in Bill Niering's system, cut back the trees on lire sides to produce a 
tapered canopy, i.e., the forest canopy is continuous with the shrjb canopy. There are tvr. rr.-asons 
for doing this. First, in the wildlife sense a continuous canopy is a better habitat, especially f i r 
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 a 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 erosion problem is minimized. 

For the ski slope;, we know from work at Coweeta that forest can be converted to grass on 
steep ir '•untain slopes, and erosion is minimal unless the burden of sheep grazing is added. I assume 
that grass slopes would have to be mowed only once every one or two years to be satisfactory for 
winter skiing. Except where trails enter and leave, the borders can be converted to shrubs continuous 
with the forest canopy. Such slopes are excellent habitat for deer grazing and other wildlife. Deer 
populations are declining in the region because succession has carried almost everything back to 
forest; open land .s becoming scan?? 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 atjund the designer's 
problem and trying to think of additional opportunities. It is going that extra step. Too often, I have 
simply responded to the question asked; in this example, it would be setting up nothing more than an 
impact analysis of erosion. I think that an established applied science helps. If you were really 
schooled in the profession you could interact and contribute more 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 id. It is difficult to strr-ss this too much. Most of the data will be gathered 
according to that -lassificatior.. It is also the system that the designer will work with. Oes.gners 
recognize the components of a classification and manipulate them as elements in design. 

Tor small sites, dstai d descriptions of species compositions, 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 coarser the analysis. For very large scales we do not 
need detailed !and-use classifications. A major problem is ths>t 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 '.o be aggregated into any simpler form. 
Working backwards from different Interest groups is one way of defining the least detailed system 
suitable for all. 

In the mapping efforts of the Forest Service the classification syitem seems detailed enough for 
most uses. Similar efforts on wetlands in the Fish an . Wildlife Service are based on a very detailed 
classification system, probably more detailed than is needed on a regional scale. If, as intended, their 
data are stored on a hectare basis, we will have enormous amounts of information to work with. 

In a team research effort that occupied many of our staff f w several years, I was able to work 
with a classification system aggregated to or' six land types in a region of 30,000 hectares: water, 
wetlands, open natural land, forest, less damaging development, 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 
there may be other aspects of land that are just as important, o' -r criteria by which land can be 
clauified. This is especially true where spatial arrangements are concerned. Designers work with 
space in the area sense and some aspects of these can be classified and mapped. I would like io 
present tome slides showing two examples. 
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The first, Fig. 2, shows the b^ove six land types for a region including eight towns southeast of 
Boston. The darkest tone is lorest; more damaging development is blank. Each dot represents a 
hectare. Most of the development is more damaging; this includes industry and commerce, out is 
mostly residential, impacts are expected to spread strongly onto adjacent natural land. Less 
damaging development includes cropland, cemetaries, parks, and golf courses. Open natural lanu 
includes pasture, old fields, powerline clearings, etc. In our region these clearings are reasonably 
good wildlife habitat. 

F'iqiire 2. Six landscape types, 1975. 

This is a very busy and confusing map, typical of an urbanizing region, Each 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 trie3 to apply or develop a technique of patch analysis. \We were not 
able to come up 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 types 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 region mapped by remoteness (blan'< hectares are developed, the 
darkest tone is the most remote). The cra/y patchwf rk is resolved into clearly recognizable areas 
because those nectares adjacent to development are printed in a ver ' pale tone. The darkest 
hectares, at least 300 meters from the nearest development, .teva thought tc be suitable habitat for 
creatures that are morn shy. If forest, they could be suitable habitat f i r dee: to retire to by day. 
One half o f the total number of natural heUaren is adjacent to development, and, only one tenth are 
"remote." We had a projection for 10 years nf trend development (what, would happen if existing 
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poicies were implemented and OBERS population projections followed).. The number oi aJjacent 
hectare* remains about the same because development keeps pushing the edge but cot obliterating it. 
The number .of remote hectares was cut in half, and it became obvious that remote areas would 
disappear rapidly unless they were protected by conservation policies. 

This map presents a visual pattern to which designers can respond and begin manipulating. What 
is missing, totally missing, is any kind of natural science associated with remoteness. Wildlife habitat 
studies are not done with this perspective, although they could be. A lot of research could be done 
concerning the utility of natural land in terms of its distance from disturbance. 

The other land classification hat to do with diversity. It is intended partly to locate edges, 
edges on the scale of hectares, since an edge can be identified only where adjacent hectares have 
different types. A simple search method from each natural hectare to the eight surrounding hectares 
turned out to be more efficient than more elaborate searches over more hectares. Figure 4 shows 
the southeast region classified by diversity. Each hectare not blank is a natural hectare adjacent to a 
nature! hectare of a different t<,ye, and not adjacent to more damaging development. The darker 
tone indicates greater diversity, i,e„ a mixture of at least three of the four natural types. It is much 
emdn to look at diversity here than on the original map/ This pulls out one feature separately for 
study. The trwn line along the northwest part of Mjrshfield it the North River, an estuary that winds 
back and forth toward the ocean at the right. Where wetlands and forest meet, dark lines appear. 
Elsewhere, development interrupts the edge. A reservoir shows at the south-central edge of 
Pembroke, where water and forest meet. Lakes of equal size farther north do not show because their 
edges are developed. 



Figure 4. Diversity, 1975. 

When we projected la.id use into the future we included a model of nature' succession, much 
coarser than models being developed here at Oak Ridge. Vfe were using a very coarse classification, 
and were concerned only when the classification of a hectare changed. Only two events were 
significant. One is the growth of old fields into forest, and the other is at the end of wetland 
succession when a shrub 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 course, development obliterates diverse areas. We found that the effects of development and of 
natural succecsion were about equal in the reduction of diversity, which was *0Mt 40% in 10 yea's. 
This altered our view on the problem of diversity. It is not just development that is reducing the 
quality of the land, ^ut. natural processes as well. Concepts of mauling or rejuvenating wetlands and 
open land need to be considered. 

A more general aspect of diversity is the composition 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 region without many lakes, the first reservoir adds diversity to the region. But at what 
point are reservoirs becoming common and rivers scarce? Is one more reservoir goirq to increase or 
decrease the diversity of land? 

I lave played with this in a eou( \c of projects, and find it relatively easy to develop a procedure 
that helps, if two rules can br accepted. One is; if we consider two lane types of equal value per 
unit are.i, it is preferable to cHinge part of the more common type into Lne less common type than 
vice versa. This puts a value on scarcity. The other is; if we consider two land types that art 
equally common, it ;» preferable to change pan of the less valued type (per acre) into the more 
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valued type thar vice versa. These two rules lead into a traditional diversity index approach based on 
a nonIre?r «ystem for evaluating quantities of land. 

The values attached to unit areas of land types can be specific, such as values placed by hunting 
interests, or fishing interests, or outdoor recreation interests, or development interests, or water 
resource interests. Or you can try to generate some very general values that apply to people "in 
general," because you may not know who the future interest groups may be. 

C : 
V*s actually worked with specific interests. For example with respect to hunting we took 

survey information on hunting, and rated game species by hunter-day's of effort- 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. Another interest group is the rare and 
endangered species protected by law. If you have 100 such species, and know what habitat types 
support each, it is possAJe to value each type according to its overall importance among the 
100 species. O-'.. ~ ' 

We. developed several sets of values for several different kinds of interests in our" work on-the 
overall assessment of impacts relating to the proposed CptswRorideBaneCanaL 

The diversity approach that I used is very simple and similar to one used in economics. For a 
given project alternative, convert the total area of each land type to logarithms. Multiply each log 
by the value assigned for an interest group.; Add the products, divide by the sum of the values, and 
take the antilog. The result is a weighted geometric mean area that increases or decreases in 
accordance with the two rules given above. We had 13 project alternatives, and thus 13 weighted 
geometric means for each interest group, easily 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 equally common, as with other i. 1ices of 
diversity. Actually, no weights means that all types are of equal value. 

Other indices of diversity that biologists'are fond of using can be adapted. They behave about 
the same. The one is easy to compute and has an accepted parallel 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 nonlinear systems of counting in which the first unit of a type 
counts the most, and successive units count less and less. 

to return to the issue of reservoirs, we found that the first two reservoirs, already built, had 
increased the regional diversity of land types, but that the proposed third reservoir would reduce 
diversity, for several of rH* interest groups. 

I could have talked about many other things. I have said little about values and how to get 
them. This is involved already in such activities as environmental assessment; as stated earlier they 
are part of any applied science. I have not mentioned unique landscape features. I presume the best 
approach is to locate them and protect them, one by one on an ad hoc basis. 

I have said little about ecological theory, and this is not accidental. For one thing such theory 
does not communicate well to designers and planners. More important, however, I am doubtful 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 aj with any 
applied science. There wit *e some additional theory concerned with faceting that particular applied 
science to its users. But in the day-to-day interaction with designers, theory is better put in the 
background, and attention focused on process and form in the environment. 

Landscape ecology has yet to take form, as has the kind of regional 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 a regional ecology, consider a full 
spectrum of ussrs and somehow develop intimate interactions with all of them, especially designer*. 
Thank you. 
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QUESTIONS AND ANSWERS 

S. I . AUERBACH: In listening to the earlier part of your talk, I was taken by your 
statement how landscape, particularly in the older cultures, war. molded by man, and the 
relationship to a number of what I would lend to call partial ly value factors. If you think of 
Europe, you are thinking particularly there of part of the value factors was a labor-intensive 
and nonenergy-intensive culture that operated throughout certain western European countries. 
Whereas, in the United States, we, of course, have seen ourselves becoming more and more 
enortjy-intensive and non-'aoor-intensive in our agriculture. 

I am wondering whetner we should be, or are, facing a change in our 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 wi th a plant ecologist in Canada who bar.' gone into private landscaping 
business, and was very successful around (Montreal in getting subdivision developers and small 
homeowners to shift their lawns and gardens into natural assemblages of self-maintaining 
plants. They are interested in gett ing away from flower gardens and grasses that require 
energy inputs in the form of fert i l izer and repetit ive watering. I do not know what w i l l be 
required to induce such a change in the United States, but tt-at shift seemed to relate to some 
of the points you made. Would you comment? 

F. E. SMITH: 1 think the real change in Urn country comes about with not just the 
energy-intensive but t h j scale of machinery that has gone with i t , especially in recent t imes, 
Al3o, of course, the French rural landscape is becoming very scarce. Large areas of France 
look jt»ftt like Iowa and really have no identi ty. 

C',. I / . VAN DYNE? I don't know much about landscape ecology as a . ield or discipline or 
how one develops a discipline. Hut, in trying to generalize from the examples you use, it 3eems 
that people are already available, plant and animal ecologists. Here you are de-Wing with a very 
simple plant, ecological problem involving soil, water, and vegetation. Why do you need a new 
discipline'' 
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F . E . SMITH: I tait consider it a new discipline. I don* think of wildlife biology 
as a new discipline over animal biology. It's a particular appBcatio i of it and in the process the 
wildafe biologist knows a lot about wildBfe management which is something the animal 
biologist doesn't know. That is the difference. Of course, also he is more involved with the 
content of related fields in management theory and poicy. No, I think a book of this land of 
stuff coukf c o s i l y produced as a cornpendium although it would take some skill to present it 
in a form that is not going to be misunderstood. I t would also take some skill to select out 
things that are really useful and not just a shopping list. That requires tamiGri ty with design 
or, even in this case, developers of any kind. First of a l l , 1 guess I should esptess my 
prejudices, i go to meetings where there are whole discussions about ecology and land-use 
problems and the word design never comes up. Fve gone to symposia of the Ecological Society 
of American and they were going to solve al l the problems of the world arid they don't even 
recognize any role for design in the landscape. iNhat I see is setting for a style-less world and I 
object. I want style. The problems around it arent so awful that we have to give up style. At 
least, that's the way t feel about i t . 

G. M . VAN DYNE: Here is one ivore analogy to get into one of the appEed fields. 
f-^sidcr range management, in the textbooks there are chapters called measuring or 
evaluating range condition and trend. I t * exactly what you're putting forth bete in measuring 
the structure and the process ~ condition is structure; trend is process. 

F . E . SMITH; I think our preceding generations were much more habituated to that 
approach to landscape. I t takes a lack of familiarity with nature to begin to look at it as 
something static 

J . S. OLSON: Stan's comment reminds me of May Watts' second book on "Reading the 
Landscape of Europe" which, of course, goes strongly into the artistic tradition. She was 
primarily an artist; but I will hereby nominate her also, as kind of ^godmother of systems 
ecology." I l l explain what I mean — including ~v own personal connection, but also something 
more. 

May Watts 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 ecoloQl^l literature. Now Cowles' work preceded, and indeed 
later became corrupted somewhat in, the more widely written Clementsian tradition.. A dogma 
became imposed upon early flexible ideas of succession or change which May watts had grown 
up with — early in the twentieth century. Her influence led to my going to the university and 

c taking geolcgy degrees before finishing in ecology, and looking for common threads in both 
fields. 

But May Watts, in turn, was directly a student of George Fuller and both were proteges of 
Henry Cowles. I 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 taftVs is not often remembered. ThenCis a sentence, I 
bef eve in Cowles' dissertation in 1899, f ia t taBcs about the process of succession not being as 
rigid as in twentieth century textbooks; Cowles started talking about succession as "a variable 
approaching a variable rather than a constant." This latter variable is simply the asymptotic 
condition being approached by the transient rtate that change* over time. And it is changes of 
the asymptote (as well as the transients) varying in space that represents the pattern of 
landscapes. The mountain building and the glaciers and other agents felt the initial pattern. 
The analysis, by field trips and so 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 geomnrphology. F .£.£,)) 

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 clastic synthesis, with succession having come on in the 1890s ax a 
kind of treatment of the transients of the states of the perturbed System back toward a stable 
pattern; the "climax," More than Clements, however, Cowies and especially another geologist, 
William Cooper, conceived succession as a 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 Sack from the earth sciences specifically to 
current global system studies. Cowles was a kind of displaced geology graduate himself who 
gave credit to T. C . Chamberfin for a lot of scientific reasoning, e-g., the famous method of 
rtultipie working Hypotheses. Chamberfin, of course, o n e s back to us today as we treat global 
ecological consideratids of climatic change. His theory of carbon dioxide as one of many 
factors regulation climate change is now ready for closer scrutiny using system models. That's 
one connection with this Division's new research. 

There's anoUtcr .->j^e specific connection 'hat also dates back to earth sciences, and that 
is the mathematics of geochemical models that were developing well by the mid-1950s, a littSe 
bit before most of the George's charts. 

(CAN3MER: f was taught that subject in the 1940s; my notebook is full; Hutchinson had it all . FJE.S.)) 
r 

Right, and he cited J lot of the source literature; but, as I "recall, most of those models were 
essentially invoking the stea«ty state assumptions to calculate coefficients, e g . , by Craig and 
others during the first Geneva conferences on Atoms for Peace. But it was essentially the 
treating of the transients rather than just the steady states that helped to motivate Bob Neel's 
thesis here and a lot of the other publications on models by the early 1960s. Hfe simulated 
radiocarbon transfers before the big thermonuclear tests preceding the atmospheric test byt 
treaty. First, pool sizes of biomass were treated as carriers, modeled as changing quantities 
rather than as static reservoirs to which tracers were merely added and spread around. Then 
the quantities of material, element by element, per unit of mass were modeled for food chains 
and landscape movements of pol'utants — now the stock in trcde for assessments of fallout and 
of effluent pollutants from indusi<-y. 

So, connecting George's talk and yours, I think thar there are indeed some 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 without a steaoy state being 
approached at any locality. Second, neology and geography offered motivation for some of the 
ecological — and artistic — elements, with explicit attention to pattern of meaningful variation 
on the landscape. Such a rich down-to-earth background for systems ecoiogy seems to provide 
the foundation for the sort of applied prof essional aspect of "ecological design" which you teach. 

F. E. SMITHs I think if i see a need for another kind of an applied scientist, it 
really reflects the increases in specialization that follow more knowledge in a more complex 
society, (n 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 can today. 

•jwadays, after we have mastered a large burden of technical training and gone off to work 
among other people who thin* like us, we find ourselves more isolated from other specialties. 
I've often thought it was ironic that the environmental crisis came upon us at a time -when 
ecology had become an abstract theoretical subject in basic biology uwi knew very little aoout 
people, and the engineers of the world had for the first time grown up without a common rural 
background. I think the confronta'jns in tlie early days of the environmental movement *erc a 
sharing of ignorance as much ?>'• * sharing of knowledge. 
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CLOSWG 

S.I. AULRBACH 

Thank you, Fred. 

well, that brings us to the dosu of the dedication of this facility. Today we have had, among the 
four speakers, the rare privilege of hearing almost a century of accumulated professional experience 
in the area of environment- I want to thank each of our speakers personally for bringing together 
today what was for me a very stimulating set of lectures. 

Finally, I want to thank all of these gentlemen for giving us a very, very, marvelous two days. 
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