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ABSTRACT 

Basic o b j e c t i v e s  of t h i s  s tudy  were t o  explore  t he  use  of t h e  ecosystem 

concept  i n  land use  planning and t o  develop methods of e c o l o g i c a l l y  based 

planning.  Basic ecosystem processes  a r e  reviewed and i n t e r p r e t e d  a s  s e r v i c e s  

provided by n a t u r a l  systems t o  t h e  human communities. A s e r i e s  of g u i d e l i n e s  

i s  presented  f o r  t h e  use  of ecosystem concepts  i n  planning. 

Methods a r e  developed and descr ibed  f o r  t h e  use  of t h e  Landscape Com- 

pa r tmen ta l i za t ion  approach i n  which a  planning a r e a  i s  d iv ided  i n t o  fou r  com- 

partments  based on n a t u r a l  c h a r a c t e r i s t i c s  of t h e  l and  and i t s  ecosystems. 

The P r o t e c t i v e  Compartment i nc ludes  a r e a s  t h a t  must be pro tec ted  from in t en -  

s i v e  use  t o  main ta in  n a t u r a l  p rocesses  and environmental q u a l i t y .  The Pro- 

duc t ive  Compartment i nc ludes  h igh ly  product ive  a g r i c u l t u r a l  and f o r e s t  l and .  

The Urban Compartment i s  composed of l and  we l l  s u i t e d  f o r  i n t e n s i v e  develop- 

ment. Remaining Land i s  placed i n  t h e  Mul t ip l e  Use Compartment and may be 

s u i t a b l e  l o c a l l y  f o r  any p rospec t ive  use.  

The compartmentalization method i s  app l i ed  t o  a  s p e c i f i c  l and  area-- the 

Eno River  Basin i n  Orange and Durham Counties,  North Caro l ina .  Legal  means 

of implementing a compartment p lan  a r e  d iscussed  b r i e f l y .  
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SUMMARY AND CONCLUSIONS 

With the increased environmental awareness and concern of the past few 

years has come the realization that faulty land use is at the heart of many 

cases of environmental degradation. Concerned land use planners are looking 

for means to match human desires with natural characteristics so that they can 

regulate land use in an environmentally sound way. Passage of pending 

national and state land policy laws will intensify this effort. 

Since ecosystems are the basic functional units of the natural world, they 

should also form the basis of environmentally sound land use planning. Many of 

the natural characteristics and processes of ecosystem provide useful, neces- 

sary services to humans. Wise land use planning should attempt to take advan- 

tage of these services whenever possible by guiding land use so as to maintain 

the functional integrity of the ecosystems providing them. This requires 

determination of the compatibility of various land uses with ecosystem processes 

and other environmental characteristics. 

The method sf Landscape Compartmentalization provides a systematic means 

of analyzing land use and environmental compatibility. Each of the four eom- 

partments, Protective, Productive, Urban Development, and Multiple Use, has a 
specific function and certain environmental characteristics that determine its 

location, By examining the environmental characteristics of an area, the four 

compartments can be delineated and used as a guide for locating various land 

uses in an environmentally protective manner. The following steps are used in 

applying Landscape Compartmentalization: 

I, Set overall goals for the planning region; 

2. Identify the purposes of each compartment; 

3 ,  Determine land characteristics pertinent to each compartment; 

4 .  Analyze land characteristics to determine location of each 

compartment; and 

5 ,  Modify regulatory procedures to allow for realization of the 

classification scheme. 

The feasibility of the first four steps was demonstrated by applying the 

method to the Durham County portion of the Eno River Basin. Recent passage of 

differential taxation and sediment control laws and the pending Land Policy Act 

seem to make implementation feasible. Prerequisites for use of the compartment- 

alization method are an informed citizenry and a local planning staff and gov- 

erning body dedicated to environmental quality as a valid and necessary objective. 





RECOMMENDATION S 

Based on t h i s  s tudy,  the  fo l lowing  recommendations a r e  presented:  

Maintenance of a  h igh-qual i ty  environment should be accepted by 

planning agencies  a t  a l l  governmental l e v e l s  a s  a  v a l i d  and 

necessary obj  e c t  i ve .  

The Landscape Compartmentalization method descr ibed  i n  t h i s  

r e p o r t  should be used as a sys temat ic  framework f o r  guiding land 

use  whi le  main ta in ing  environmental q u a l i t y .  

The s e r v i c e s  provided t o  human communities by n a t u r a l  ecosystems 

should be recognized,  i d e n t i f i e d ,  and p ro t ec t ed  t o  t h e  g r e a t e s t  

e x t e n t  p o s s i b l e ,  

Ecosystems should be used as t h e  b a s i c  u n i t s  of land u s e  

planning.  

Important n a t u r a l  processes  should be i d e n t i f i e d  as they occur 

i n  ecosystems of s e v e r a l  s i z e s  ranging from whole r i v e r  b a s i n s  

t o  i n d i v i d u a l  small watersheds o r  o t h e r  l o c a l  ecosystem u n i t s .  

The s p e c i f i c  land  a r e a s  and b i o t i c  communities most important  

t o  t h e  continued ope ra t ion  of t h e s e  processes  should be iden- 

t i f i e d  and l o c a t e d  on t h e  ground. This  provides  t h e  b a s i s  of 

t he  P r o t e c t i v e  Compartment. 

A s  much spec i e s  and h a b i t a t  d i v e r s i t y  a s  p o s s i b l e  should be 

maintained i n  every planning r eg ion ,  

A s  much undeveloped a r e a  should be maintained i n  and around 

i n t e n s i v e  development as i s  economically and p o l i t i c a l l y  f e a s i b l e .  

Highly product ive  land  should be i d e n t i f i e d  and maintained i n  

a g r i c u l t u r a l  o r  f o r e s t  p roduc t iv i ty  t o  t h e  g r e a t e s t  ex t en t  p o s s i b l e .  

This  should be done wi th in  developing a r e a s  a s  w e l l  a s  i n  r u r a l  

a r e a s ,  

Urban development should be loca t ed  on land  s u i t e d  f o r  construc-  

t i o n  and where environmental degrada t ion  can be minimized. 

Legal  methods f o r  p r o t e c t i n g  environmental ly  s i g n i f i c a n t  and 

h igh ly  product ive  l ands  must be developed and enforced.  

Toward t h i s  end, t h e  North Caro l ina  General Assembly should 

enac t  t h e  pending Land Po l i cy  Act and those  r e l a t e d  a c t s  deal-  

i ng  s p e c i f i c a l l y  wi th  the  c o a s t a l  and mountainous a r e a s  of t h e  

S t a t e  without  f u r t h e r  de lay .  



x i i  

M. The North Caro l ina  S t a t e  Parks Div is ion  should proceed as quickly  

a s  p o s s i b l e  wi th  purchase of land  f o r  t h e  Eno River  S t a t e  Park. 



LANDSCAPE COMPARTMENTALIZATION: A PHILOSOPHY 

OF LAND USE PLANNING 

. . . "p  l a n n i n g  i s  two t h i n g s :  (1) a n  a c c u r a t e  f o r m u l a t i o n  s f  o u r  own d e s i r e s  - 
t h e  s p e c i f i c  knowledge of what i t  i s  we want; and ( 2 )  a n  a c c u r a t e  r e v e l a t i o n  
of t h e  l i m i t s ,  and t h e  o p p o r t u n i t i e s ,  imposed and bequeathed t o  u s  by n a t u r e . "  
--Benton MacKaye 

Land u s e  p l a n n i n g  and some d e g r e e  of r e g u l a t i o n  i s  wide ly  a c c e p t e d  today 

as a v a l i d  and n e c e s s a r y  a c t i v i t y  o f  government. S i n c e  t h e  i n t r o d u c t i o n  of 

zoning e a r l y  i n  t h i s  c e n t u r y ,  most u rban  a r e a s  have adopted zon ing  o r d i n a n c e s  

and developed p rocedures  f o r  e x e r t i n g  some c o n t r o l  over  t h e i r  p a t t e r n s  o f  

development.  C i t y  and coun ty  p l a n n i n g  depar tments  abound. But one  need o n l y  

l o o k  a t  t h e  d e v e l o p i n g  f r i n g e s  of any c i t y - - l a r g e  o r  smal l - - to  r e a l i z e  t h a t  

t h e s e  l o c a l  p l a n n i n g  and zon ing  a c t i v i t i e s  have f a i l e d  t o  prevent--or pe rhaps  

have encouraged--a d i s a s t e r  i n  l a n d  development.  

Urban expansion h a s  seemed i n e v i t a b l y  t o  r e s u l t  i n  w a t e r  and a i r  p o l l u t i o n ,  

l o s s  of p r o d u c t i v e  a g r i c u l t u r a l  l a n d s ,  d e s t r u c t i o n  of n a t u r a l  a m e n i t i e s ,  and 

d i s r u p t i o n  o f  v i t a l  n a t u r a l  p r o c e s s e s .  The r e a l i z a t i o n  t h a t  l o c a l  l a n d  u s e  con- 

t r o l  i s  a p p a r e n t l y  i n a d e q u a t e  t o  p r e v e n t  such a d v e r s e  consequences  h a s  l e d  t o  

t h e  development o f  what h a s  been c a l l e d  a " q u i e t  r e v o l u t i o n  i n  l a n d  u s e  con- 

t r o l "  (Bosselman and C a P l i e s ,  l 9 7 6 ) ,  T h i s  " revo lu t ion1 '  c o n s i s t s  p r i m a r i l y  i n  

s t a t e  governments t a k i n g  a l a r g e r  r o l e  i n  l a n d  u s e  r e g u l a t i o n  i n  a n  e f f o r t  t o  

a l l e v i a t e  env i ronmenta l  d e g r a d a t i o n  r e s u l t i n g  from l a n d  development.  As of 

t h i s  w r i t i n g  Hawaii, Vermont, Maine, Massachuse t t s ,  and  Wisconsin have adopted 

s t a t e w i d e  l a n d  u s e  c o n t r o l  p o l i c i e s  f o r  a l l  o r  c r i t i c a l  p a r t s  o f  each state 's  

environment ,  S e v e r a l  o t h e r  s t a t e s - - i n c l u d i n g  North Carol ina--are  i n  t h e  forma- 

t i v e  s t a g e s  o f  d e v e l o p i n g  s t a t e  l a n d  u s e  p o l i c i e s .  The F e d e r a l  Land Use P o l i c y  

b i l l  pending i n  Congress  w i l l  a c c e l e r a t e  development of s ta te  a c t i v i t i e s ,  While 

t h e s e  e f f o r t s  by t h e  s t a t e  and f e d e r a l  governments a r e  well-meant and c e r t a i n l y  

l o n g  overdue,  whether t h e y  work any b e t t e r  t h a n  l o c a l  c o n t r o l s  depends  more on 

t h e  ph i losophy  of  l a n d  u s e  u n d e r l y i n g  them t h a n  on s imply s h i f t i n g  t h e  c e n t e r  

o f  c o n t r o l .  

L o c a l  l a n d  u s e  c o n t r o l  h a s  f a i l e d  because  i t  h a s  c o n s i d e r e d  o n l y  t h e  f i r s t  

h a l f  o f  t h e  d e f i n i t i o n  o f  p l a n n i n g  proposed by Benton MacKaye (1928) - our 

d e s i r e s ,  And even of o u r  d e s i r e s ,  o v e r r i d i n g  importance h a s  been g iven  t o  

o n l y  one--the d e s i r e  f o r  economic g a i n ,  T h i s  one-s ided approach  t o  l a n d  u s e  

p l a n n i n g  and c o n t r o l  h a s  s o  overwhelmed many l o c a l  p l a n n e r s  t h a t  t h e i r  f u n c t i o n  



has become simply one of f a c i l i t a t i n g  economic development. No one can deny 

t h e  importance of economic well-being t o  a s a t i s f a c t o r y  l i f e  i n  our s o c i e t y .  

But i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  r e s t  of t h e  human environment h a s  become 

s e r i o u s l y  degraded when land  use  dec i s ions  have been based almost e n t i r e l y  

on t h i s  one a spec t  of human l i f e .  There has been a n e a r l y  u n i v e r s a l  neg lec t  

of t h e  second p a r t  of t h e  planning process:  " r eve l a t ion  of t h e  l i m i t s ,  and t h e  

o p p o r t u n i t i e s ,  imposed and bequeathed t o  u s  by na tu re . "  

Within t h e  p a s t  few yea r s ,  however, everyone--with p l anne r s  and l o c a l  

governments no exception--has become more aware of environmental problems. 

But t h e  approach of most environmental a c t i v i t y  has  s t i l l  been a p a r t i a l  one, 

an  a t tempt  t o  cu re  t h e  e f f e c t s  of our p a s t  mistakes r a t h e r  than an  e f f o r t  t o  

q u i t  making mistakes.  The e f f e c t s ,  such a s  water and a i r  p o l l u t i o n ,  a r e  

symptoms of a f a u l t y  approach and not  t h e  problem i t s e l f .  Cleaning up t h e  

e f f e c t s  might make t h i n g s  look b e t t e r ,  bu t  i t  doesn ' t  so lve  t h e  problem. Our 

approach i s  analogous t o  u s ing  ant ihis tamines-- they s t o p  a runny nose,  bu t  

they don ' t  cure  t h e  co ld .  Cleaning up t h e  bad e f f e c t s  of environmental 

neg lec t  i s  c e r t a i n l y  a d e s i r a b l e  short- term measure. But what i s  needed i n  

a d d i t i o n  i s  a sound, long-term approach t o  t h e  b a s i c  v 'disease ' l  i t s e l f ;  t h a t  

is,  we need "planning" i n  t he  t r u e  sense  of t h e  word. 

In  l and  use  t h e  "disease" i s  unguided, uncoordinated land  development. 

I f  t h i s  d i sease  i s  t o  be cured by a c t i v i t y  a t  any l e v e l  of government, a more 

h o l i s t i c  o r  eco log ica l  approach t o  land  u s e  planning and r e g u l a t i o n  i s  t h e  

f i r s t  p r e r e q u i s i t e .  The a n a l y s i s  of our  d e s i r e s  must be expanded beyond 

economics t o  i nc lude  a l l  r a t i o n a l  human wants and needs. Who wants t o  l i v e  

i n  an ugly, crowded landscape? Who doesn ' t  need water t o  d r i n k ,  a i r  t o  

b rea the ,  and space i n  which t o  r e c r e a t e ?  And t h e  " l i m i t s  and t h e  opportuni-  

t i e s "  of n a t u r e  must be considered i n  a complete and r e a l i s t i c  way. The 

n a t u r a l  world must be viewed as the  complex, i n t e r r e l a t e d  system t h a t  i t  i s  

r a t h e r  t han  a s  a b lank  s l a t e  f o r  man t o  do w i t h  as he  w i l l .  What i s  needed i s  

a r e t u r n  t o  t h e  concept of t h e  planner  a s  "a seeker ,  a revealer 'YMacKaye, 

1928) who ana lyzes  human d e s i r e s  and the  p r o p e r t i e s  of t h e  n a t u r a l  world t o  

t h e  g r e a t e s t  e x t e n t  p o s s i b l e  wi th  modern knowledge and technology and then 

matches t h e  one w i t h  t h e  o t h e r  t o  p lan  f o r  a harmonious and s a t i s f y i n g  human 

environment . 



The process  of planning,  a s  opposed t o  t h e  background a c t i v i t y  of d a t a  

ga ther ing ,  i s  the  process  of matching human d e s i r e s  and needs wi th  t h e  capa- 

b i l i t i e s  of t h e  world t o  meet them. Man must and w i l l  u se  t h e  r e sou rces  of 

t h e  n a t u r a l  world f o r  h i s  own well-being. But i f  those  resources  a r e  t o  con- 

t i n u e  t o  support  t he  human r a c e  i n  a  s a t i s f a c t o r y  way, man's u se  must no t  

exceed t h e  capac i ty  of t he  resources  t o  be used. It was no t  u n t i l  t h e  p a s t  

twenty o r  so yea r s  t h a t  t h e  human popula t ion  reached such a  s i z e  and technology 

became s u f f i c i e n t l y  advanced t h a t  t h e  capac i ty  of r e sou rces  t o  cont inue  t o  be 

used was i n  ques t ion .  But t h a t  i s  a  ques t ion  t h a t  we w i l l  never  aga in  be a b l e  

t o  ignore  and one t h a t  must be c e n t r a l  t o  planning f o r  t h e  f u t u r e ,  

Taking f o r  granted t h a t  man w i l l  cont inue t o  need and u s e  land and t h a t ,  

a s  t h e  human popula t ion  cont inues  t o  i nc rease  i n t o  t h e  fo re seeab le  f u t u r e ,  

t h i s  use  w i l l  cont inue  t o  expand and i n t e n s i f y ,  l and  use  r e g u l a t i o n  must be 

a  process  of guiding land  development i n  harmony wi th  n a t u r a l  p rocesses  and 

the  a b i l i t y  of t he  land  t o  suppor t  use.  In  o t h e r  words, t h e  primary goal  i n  

planning o r  managing land use  i s  t o  make optimum use  of t h e  world without  

des t roying  i t  o r  degrading i t  too s e r i o u s l y .  The reasons  f o r  t h i s  i nc lude  not  

on ly  t h e  f a c t  t h a t  s e r i o u s  environmental degradat ion t h r e a t e n s  many of t he  bio- 

l o g i c a l  processes  upon which human l i f e  depends, bu t  a l s o  t h a t  a  h igh-qual i ty  

environment can provide many ameni t ies ,  such a s  n a t u r a l  beauty and r e c r e a t i o n .  

Undeveloped land ,  proper ly  managed, can a l s o  provide urban a r e a s  wi th  c e r t a i n  

h ighly  valued goods and s e r v i c e s  a t  very  l i t t l e  c o s t .  Aside from t h e  food and 

e s s e n t i a l  raw m a t e r i a l s  produced on a g r i c u l t u r a l  and managed f o r e s t  l ands ,  t h e  

maintenance of such n a t u r a l  p rocesses  as b i o l o g i c a l  p r o d u c t i v i t y ,  minera l  

cyc l ing ,  t h e  hydro logic  cyc l e ,  water and a i r  f i l t e r i n g ,  and n a t u r a l  s t a b i l i t y  

can be performed by n a t u r a l  ecosystems a t  no c o s t  t o  human s o c i e t y  except t h e  

oppor tuni ty  c o s t  of choosing no t  t o  des t roy  them f o r  a l t e r n a t i v e  uses .  It 

would seem t o  be the  l o g i c a l  goa l  of good planning t o  t ake  advantage of t h e s e  

minimal-cost s e r v i c e s  whenever poss ib l e .  The ques t ion  of how t o  guide land  

development so a s  t o  u t i l i z e  t h e  s e r v i c e s  of n a t u r a l  ecosystems without  

des t roy ing  them i s  one of t he  b igges t  problems c u r r e n t l y  f a c i n g  e c o l o g i s t s  and 

l and  use  p l anne r s ,  

Let u s  begin t o  add res s  t h i s  problem by s t a r t i n g  wi th  t h e  obvious premise 

t h a t  c e r t a i n  uses  of l and ,  i f  c a r r i e d  ou t  a t  h igh  i n t e n s i t y ,  a r e  c l e a r l y  

incompatible  wi th  one another .  This  i d e a  has  been implemented even i n  



t r a d i t i o n a l  zoning where it is  recognized; f o r  example, t h a t  h igh  i n t e n s i t y  

i n d u s t r i a l  o r  commercial development i s  incompatible  wi th  h igh-qual i ty  r e s i -  

d e n t i a l  use.  From a more eco log ica l  po in t  of view, high b i o l o g i c a l  product i -  

v i t y  by p l a n t s ,  i n  e i t h e r  a g r i c u l t u r a l  o r  unmanaged systems, i s  incompatible  

wi th  h igh  i n d u s t r i a l  p roduc t iv i ty  or  i n t e n s i v e  housing development on t h e  same 

p i ece  of ground. And maintenance of minera l  cyc l ing  and water  f i l t e r i n g  and 

s t o r a g e  i s  incompatible  wi th  paving the  land  f o r  a  parking l o t .  

I n  view of t h i s  non-compatibi l i ty  of c e r t a i n  land uses ,  we have two 

choices .  The f i r s t  p o s s i b i l i t y  i s  t o  use t h e  whole landscape i n  a  haphazard, 

mediocre way. Unfortunately,  t h i s  has  been t h e  choice most o f t e n  made by 

de fau l ty .  I f  no conscious e c o l o g i c a l  a n a l y s i s  o r  plan i s  made, t h i s  p a t t e r n  

of l and  use appears  t o  be t h e  i n e v i t a b l e  r e s u l t .  Thus, we have thousands of 

a c r e s  of suburban developments t h a t  n e i t h e r  a r e  very p l easan t  p l aces  t o  l i v e  

nor  a l l ow f o r  the  u t i l i z a t i o n  of n a t u r a l  p rocesses .  The o t h e r  p o s s i b i l i t y  i s  

t o  t a k e  t h e  t ime and e f f o r t  t o  consider  t h e  environmental c h a r a c t e r i s t i c s  of 

a  land a r e a  be fo re  i t  i s  developed and t o  compartmentalize i t  according t o  i t s  

s u i t a b i l i t i e s  f o r  va r ious  uses  and i t s  c a p a b i l i t i e s  f o r  providing goods and 

s e r v i c e s .  

The concept of compartmentalization i s  we l l  i l l u s t r a t e d  i n  a  model pro- 

posed by t h e  e c o l o g i s t  Eugene Odum (1969, 1971) reproduced i n  F igure  1. The 
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same idea  i s  i m p l i c i t  i n  t h e  work of McHarg (1969) and h i s  a s s o c i a t e s  (Wallace, 

1970) and has been app l i ed  i n  C a l i f o r n i a  by P a t r i  (1971). The b a s i c  approach 

i s  t o  d iv ide  the  landscape i n t o  u n i t s  o r  compartments wi th  those  a r e a s  b e s t  

s u i t e d  f o r  a  p a r t i c u l a r  u se  being des igna ted  and managed f o r  t h a t  use.  Other 

u ses  a r e  subserv ien t  o r  i n c i d e n t a l  o r ,  i n  t h e  ease  of incompatible  u ses ,  n o t  

allowed a t  a l l .  This  i s  analogous t o  a type  of land zoning, w i th  t h e  b a s i s  of 

zoning being sound s c i e n t i f i c  r a t i n g  of t h e  l a n d ' s  c a p a b i l i t y  t o  perform cer -  

t a i n  func t ions .  Such compartmentalization would r e s u l t  i n  planning f o r  t h e  

l a n d ' s  "h ighes t  and b e s t  use" i n  a  r e a l  sense.  

Odum has proposed f o u r  landscape compartments: (1) t h e  product ive  com- 

partment;  t h a t  i s ,  a g r i c u l t u r a l  o r  managed f o r e s t  l ands ;  ( 2 )  t h e  p r o t e c t i v e  

compartment; t h a t  i s ,  those  a r e a s  which se rve  a  v i t a l  func t ion  i n  environ- 

mental p ro t ec t ion ;  (3) t h e  u rban - indus t r i a l  compartment, inc luding  l and  

a l r eady  i n t e n s i v e l y  developed o r  b e s t  s u i t e d  f o r  such development; and (4)  

t he  compromise o r  mult iple-use compartment which inc ludes  a l l  l ands  n o t  f a l l -  

i ng  exc lus ive ly  i n t o  one of t h e  o t h e r  compartments and which can se rve  s e v e r a l  

u ses  s imultaneously.  This ,  of course,  i s  not  t h e  only way of d iv id ing  up t h e  

landscape but  i t  i s  a reasonable  and u s e f u l  framework f o r  eco log ica l  land  use  

planning. 

Since t h e  b a s i s  f o r  compartmental izat ion i s  t h e  p r o p e r t i e s  of t he  land 

i t s e l f  and of the  ecosystems i t  suppor ts ,  t h i s  approach n e c e s s i t a t e s  a  thorough 

environmental inventory  as t h e  f i r s t  s t e p  i n  t h e  l and  u s e  planning process .  

The purpose of the  environmental inventory  i s  t o  i d e n t i f y  f i r s t  those  a r e a s  

t h a t  should be i n  t h e  p r o t e c t i v e  and product ive  compartments, which a r e  t h e  

most s i g n i f i c a n t  e c o l o g i c a l l y .  Expansion of t h e  urban compartment can then 

be guided i n t o  those  a r e a s  t h a t  do no t  n e c e s s i t a t e  a  compromise wi th  h ighe r  

p r i o r i t y  u ses .  

Use of t h e  term "higher p r i o r i t y "  i n d i c a t e s  a  va lue  judgment based on 

e c o l o g i c a l  cons ide ra t ions .  From an eco log ica l  po in t  of view, t h e  h ighes t  

p r i o r i t y  lands  a r e  those  i n  t h e  p r o t e c t i o n  compartment, s i n c e  t h e s e  a r e  t h e  

a r e a s  t h a t  must be kept  undeveloped t o  i n s u r e  a h igh-qual i ty  environment, It 

must be emphasized t h a t  environmental p r o t e c t i o n  i s  a  v a l i d  and h igh  p r i o r i t y  

land  - use. Land i n  t h e  p r o t e c t i v e  compartment s e r v e s  va luab le ,  low-cost 

f u n c t i o n s  which a r e  i r r e t r i e v a b l y  l o s t  wi th  i n t e n s i v e  development. Thus, t h i s  

l and  cannot be simply t h a t  l e f t  over  from o t h e r  u ses  bu t  must be i d e n t i f i e d  





ECOSYSTEMS AND ENVIRONMENTAL PLANNING 

"When we t r y  t o  p ick  out  anything by i t s e l f ,  we f i n d  i t  
h i t ched  t o  every th ing  e l s e  i n  t h e  universe."--John Muir 

The b a s i c  p r i n c i p l e  of modern ecology i s  t h e  ecosystem concept.  Put s i m -  

p ly ,  t h e  ecosystem concept s t a t e s  t h a t  t h e  e a r t h  ope ra t e s  a s  a  s e r i e s  of i n t e r -  

r e l a t e d  systems and t h a t  w i th in  each system a l l  of t h e  components--biotic and 

ab io t ic - -a re  l i nked  wi th  one another  i n  complex ways such t h a t  a  change i n  any 

one component w i l l  b r ing  about some corresponding change i n  t h e  ope ra t ion  of 

the  whole system. Up t o  t h e  p re sen t ,  a p p l i c a t i o n  of t h i s  i d e a  has  l a r g e l y  

been l i m i t e d  t o  eco log ica l  research .  While our knowledge i s  s t i l l  f a r  from 

complete, enough i s  known about how ecosystems o p e r a t e  t o  a l low u s  t o  begin 

us ing  t h i s  knowledge i n  ways more d i r e c t l y  r e l a t e d  t o  t h e  needs and a c t i v i t i e s  

of man. 

Perhaps the  most va luab le  u se  of t h e  ecosystem concept i n  t h e  near  f u t u r e  

w i l l  be i n  planning f o r  t h e  r a t i o n a l  u se  of s t i l l  undeveloped l and  and water  

resources .  In  t h e  p a s t ,  l and  development has  been based on s i n g l e  use  con- 

s i d e r a t i o n s  a t  a s i n g l e  p o i n t  i n  space and time. L i t t l e  thought has  been given 

t o  t he  r e l a t i o n  of t h e  p a r t i c u l a r  a r e a  of development t o  t h e  r e s t  of t h e  complex 

system of which i t  i s  a p a r t .  The ecosystem concept ,  by n e c e s s i t a t i n g  considera-  

t i o n  of t h e  whole system even though one may be s p e c i f i c a l l y  i n t e r e s t e d  i n  only 

a  p a r t  of i t ,  can s e r v e  a va luab le  func t ion  a s  t h e  b a s i c  framework f o r  guiding 

use and development of land .  

The use  of ecosystems a s  t h e  b a s i c  u n i t  f o r  r e sou rce  u s e  planning i s  

d i r e c t l y  a p p l i c a b l e  t o  r i v e r  systems such a s  t h e  Eno River  Basin. A r i v e r  bas in  

i s  c l e a r l y  an i n t e r r e l a t e d  system of land  and water  and t h e  organisms l i v i n g  

i n  each. Use of t h e  land  i n  a  watershed markedly a f f e c t s  volume, t iming,  and 

q u a l i t y  of t he  water  f lowing from it;  and c h a r a c t e r i s t i c s  of a  r i v e r  a r e  s t rong  

determinants  of land  use  p a t t e r n s  along i t s  banks. None of t h e  c h a r a c t e r i s t i c s  

of t he  land  o r  t h e  water  can l o g i c a l l y  be viewed as s e p a r a t e  from a l l  of t h e  

c h a r a c t e r i s t i c s  of both.  This environmental p r o t e c t i o n  p l an  f o r  t h e  Eno River  

Basin i s  based on t h i s  view of t h e  bas in  a s  a  s e r i e s  of i n t e r r e l a t e d  ecosystems. 

There a r e  two primary reasons  f o r  p r o t e c t i n g  undeveloped land:  (1) f o r  

p re se rva t ion  of i t s  a e s t h e t i c  o r  r e c r e a t i o n a l  va lue ;  and (2 )  f o r  maintenance of 



t h e  n a t u r a l  p rocesses  i n  t h e  ecosystems occurr ing  the re .  T r a d i t i o n a l  l and  

p r o t e c t i o n ,  from the  p re se rva t ion  of green b e l t s  i n  c i t i e s  t o  t h e  s e t t i n g  a s i d e  

of remote wi lderness  a r e a s ,  has  been based almost  exe lus ive ly  on t h e  f i r s t  

reason .  While p r o t e c t i n g  undeveloped l and  f o r  n a t u r a l  beauty and r e c r e a t i o n  

i s  necessary  and h igh ly  d e s i r a b l e ,  t h i s  approach a lone  i s  no t  s u f f i c i e n t  t o  

i n s u r e  p r o t e c t i o n  of c r i t i c a l  a r e a s  and n a t u r a l  p rocesses  v i t a l  t o  human wel l -  

being.  Ecologica l  planning must cons ider  both c r i t e r i a  i n  des igna t ing  l and  t o  

be included i n  t he  p r o t e c t i o n  compartment. 

Ecosystem processes  a r e ,  i n  ve ry  r e a l  and d i r e c t  ways, more v i t a l  t o  t h e  

maintenance of h igh-qual i ty  human l i f e  than a r e  r e c r e a t i o n a l  a r e a s  and n a t u r a l  

beauty. This  i s  no t  meant t o  minimize t h e  s i g n i f i c a n c e  of outdoor  r e c r e a t i o n  

and n a t u r a l  beauty t o  human happiness  and psychologica l  well-being, b u t  many 

n a t u r a l  p rocesses  a r e  necessary  n o t  only f o r  human happiness  b u t  f o r  l i f e  

i t s e l f .  I n  s p i t e  of t h e i r  importance, t h e  maintenance of e c o l o g i c a l  processes  

has  seldom been considered a  v a l i d  reason f o r  no t  developing l and .  "Pro tec t -  

i n g  t h e  ecology" of an a r e a  has  meant p r o t e c t i n g  t h e  b i r d s  f o r  b i rdwatchers  o r  

t h e  t r e e s  f o r  amateur n a t u r a l i s t s ,  r a t h e r  than p r o t e c t i n g  t h e  ope ra t ion  of 

ecosystems f o r  t h e  b e n e f i t  of everyone concerned. Yet, a s  i s  obvious from even 

a  rudimentary understanding of t h e  ecosystem concept ,  i t  i s  imposs ib le  r e a l l y  

t o  p r o t e c t  b i r d s  o r  t r e e s  wi thout  main ta in ing  t h e  i n t e g r i t y  of t h e  ecosystems 

of which they a r e  a  p a r t .  The purpose of t h i s  chapter  i s  t o  examine t h e  ways 

i n  which ecosystems do se rve  va luab le  func t ions  and t o  explore  how a n a l y s i s  of 

t hese  processes  can be used as t h e  b a s i s  of a t r u l y  e c o l o g i c a l  p r o t e c t i o n  sys- 

tem. To accomplish t h i s ,  we must f i r s t  b r i e f l y  review what i s  known about  t h e  

n a t u r e  and ope ra t ion  of ecosystems. 

Basic  Processes  and C h a r a c t e r i s t i c s  of Ecosystems 

I n  o r d e r  t o  v i s u a l i z e  t h e  complex ope ra t ions  of ecosystems, e c o l o g i s t s  

have found i t  u s e f u l  t o  make s i m p l i f i e d  f low c h a r t s  such as t h a t  shown i n  

F igu re  2 .  Organisms a r e  grouped i n t o  compartments, a s  i n d i c a t e d ,  on t h e  b a s i s  

of t h e i r  f u n c t i o n s  i n  t h e  ecosystem. Pathways of movement of m a t e r i a l s  and 

energy a r e  i n d i c a t e d  by arrows, and a  boundary i s  put  around a l l  of t h e  com- 

ponents  t h a t  a r e  considered t o  be i n  one ecosystem. Since i t  may a t  f i r s t  be 

misleading,  t h e  i d e a  of ecosystem boundaries  deserves  f u r t h e r  a t t e n t i o n .  
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F i g u r e  2 .  Schematic diagram of t h e  b a s i c  components of 
a n  ecosystem showing t h e i r  r e l a t i o n s h i p s  
through energy  f l o w  ( s o l i d  l i n e )  and m i n e r a l  
c y c l i n g  (broken l i n e ) .  

The s o i l  s c i e n t i s t  J .  S. Rowe h a s  d e f i n e d  an  ecosystem a s  I t . . .  a  topograph ic  

u n i t ,  a volume of  l a n d  and a i r  p l u s  o r g a n i c  c o n t e n t s  extended a r e a l l y  over  a  

p a r t i c u l a r  p a r t  o f  t h e  e a r t h ' s  s u r f a c e  f o r  a  c e r t a i n  t ime." Th is  d e f i n i t i o n  

s t r e s s e s  t h e  r e a l i t y  o f  ecosystems a s  f u n c t i o n a l  u n i t s  of t h e  l andscape  t h a t  

can be i d e n t i f i e d  and surrounded by a  d e f i n i t e  boundary. The boundar ies  of 



ecosystems, however, a r e  never  c losed  o r  impermeable; they a r e  open t o  t r a n s f e r  

of energy and m a t e r i a l s  t o  o r  from o t h e r  ecosystems o r  from t h e  e x t e r n a l  

environment. This  openness i s  ind ica t ed  i n  t h e  schematic diagram by us ing  a 

dashed l i n e  f o r  t h e  boundary. The open q u a l i t y  of ecosystem boundaries  is  

important ,  f o r  even though we may be dea l ing  wi th  a p a r t i c u l a r  ecosystem a s  a 

l and  use  u n i t  we must keep i n  mind t h a t  t h e  exchange of m a t e r i a l s  w i th  i t s  

surroundings i s  an important  aspecg of t h e  ope ra t ion  of t h a t  system. 

Since ecosystem boundaries  a r e  r e a l ,  a l though open, they can be  l o c a t e d  

on the  ground a s  w e l l  as i n  theory .  I n  t h e  case  of r i v e r  bas ins ,  watershed 

boundaries  a l s o  form meaningful ecasystem boundaries .  In  f a c t ,  much of t h e  

r e sea rch  on ecosystems has  been done on watershed systems (Bormann, 1969; 

Likens, e t  a l e ,  1970).  The watershed of each small c reek  may be cons idered  a s  

an ecosystem, as may t h e  watershed of t h e  e n t i r e  r i v e r .  This  a l s o  i l l u s t r a t e s  

t he  po in t  t h a t  ecosystems can be nes t ed  and t h a t  one l a r g e  ecosystem may 

inc lude  many sma l l e r  ones.  Such nes t ed  watersheds, i n  a he i r a rchy  t o  b e  

descr ibed  l a t e r ,  have been used a s  t he  ecosystem u n i t s  i n  t h i s  s tudy .  

A s  i l l u s t r a t e d  i n  F igure  2 ,  one of t h e  major t r a n s f e r s  through t h e  

boundary of an ecosystem i s  t h e  inpu t  of energy. I n  t e r r e s t r i a l  ecosystems 

such as t h e  watersheds we a r e  dea l ing  wi th  a l l  of t h i s  i npu t  c o n s i s t s  of r a d i a n t  

energy from t h e  sun. The cap tu re  of t h i s  energy and i t s  t r a n s f e r  through t h e  

system comprise one of t h e  major processes  t h a t  occur  i n  ecosystems. 
i 

The only way s o l a r  energy can be captured i n  n a t u r a l  systems i s  by t h e  

photosynthe t ic  process  i n  green p l a n t s  which conver t s  r a d i a n t  energy t o  s t o r e d  

chemical energy. The process  of energy c a p t u r e  and conversion by t h e  p l a n t s  

i n  an ecosystem i s  c a l l e d  primary product ion ,  and the p l a n t s  t hus  occupy the  

"primary producer" compartment i n  t h e  schematic diagram. This  compartment i s  

a l s o  known a s  t h e  f i r s t  t r o p h i c  (energy) l e v e l .  Animals t h a t  e a t  p l a n t s ,  o r  

he rb ivo res ,  a r e  primary consumers and form t h e  second t r o p h i c  l e v e l ,  s i n c e  they  

o b t a i n  t h e i r  energy from t h e  f i r s t  t r o p h i c  l e v e l .  S imi l a r ly ,  ca rn ivo res  a r e  

secondary consumers and form t h e  t h i r d  and h ighe r  o rde r  t r o p h i c  l e v e l s ,  Very 

seldom a r e  t h e r e  more than f o u r  t r o p h i c  l e v e l s  i n  one ecosystem. The i n d i v i d u a l  

organisms t h a t  occupy t h e  v a r i o u s  t r o p h i c  l e v e l s  form food cha ins  along which 

food energy pas ses  as one organism consumes another .  More d e t a i l e d  explana t ions  

of t h e s e  concepts  a r e  given i n  i n t roduc to ry  ecology t e s t s  (e .g . ,  Odum, 1971).  



The s i g n i f i c a n t  p o i n t  about energy t r a n s f e r  i n  ecosystems i s  t h a t  a l l  of 

the  organisms, inc luding  man, and a l l  of t h e  processes  of t h e  system depend 

upon primary product ion by green p l a n t s  a s  a source  of energy. Since t h e  

flow of energy i n  food cha ins  i s  n e c e s s a r i l y  i n  only  one d i r e c t i o n  and s i n c e  

t h e  t r a n s f e r  of energy a s  one organism consumes another  i s  r e l a t i v e l y  i n e f f i -  

c i e n t ,  a l l  ecosystem ope ra t ions  depend upon t h e  continued inpu t  of energy from 

the  sun and t h e  cont inuous cap tu re  and s t o r a g e  of t h i s  energy by p l a n t s .  But 

t he  consumer organisms need more than  j u s t  energy. Most of them feed  spec i -  

f i c a l l y  on c e r t a i n  o t h e r  organisms, and a l l  of them need a s p e c i f i c  environ- 

ment i n  which t o  l i v e .  Thus, t he  maintenance of cond i t i ons  s u i t a b l e  f o r  t h e  

growth of green p l a n t s  i s  necessary  f o r  any ecosystem t o  func t ion ,  and t h e  

s u r v i v a l  of c e r t a i n  k inds  and numbers of p l a n t s  i s  necessary  f o r  t h e  ope ra t ion  

of any s p e c i f i c  ecosystem. 

Another of t h e  b a s i c  processes  t h a t  occur i n  ecosystems i s  t h e  t r a n s f e r  

of m a t e r i a l s  i n  t he  form of chemical elements o r  compounds between t h e  com- 

partments  of t he  system. This  process  i s  c a l l e d  minera l  cyc l ing  o r ,  more 

d e s c r i p t i v e l y ,  biogeochemical cyc l ing .  A s  w i th  energy flow, minera l  cyc l ing  

begins wi th  green p l a n t s  which e x t r a c t  a v a i l a b l e  mine ra l s  from t h e  s o i l  and 

inco rpora t e  them i n t o  t h e i r  t i s s u e s .  These minera ls  a r e  then passed t o  o t h e r  

organisms i n  t h e  ecosystem through food cha ins  i n  exac t ly  t h e  same way a s  

energy, However, u n l i k e  energy, minera ls  a r e  n o t  d i s s i p a t e d  a s  they move 

through a normally ope ra t ing  ecosystem, b u t  a r e  recyc led  and kep t  w i th in  t h e  

system i t s e l f .  

The minera l  r e c y c l i n g  process  i s  c a r r i e d  on by a ve ry  s i g n i f i c a n t  com- 

ponent of ecosystems--the decomposers. A s  t h e i r  name sugges ts ,  decomposers 

a r e  a complex group of organisms t h a t  f eed  on dead organic  m a t t e r  and reduce 

i t  t o  i t s  c o n s t i t u e n t  elements.  Thus, t h e  mine ra l s  t h a t  a r e  incorpora ted  i n  

t he  bodies  of p l a n t s  and animals a r e  r e tu rned  t o  t h e  s o i l  n u t r i e n t  pool upon 

t h e  organisms' death.  By t h i s  con t inua l  r ecyc l ing ,  well-balanced ecosystems 

a r e  a b l e  t o  main ta in  themselves f o r  long per iods  of t ime wi th  no inpu t  of 

n u t r i e n t s  except what i s  slowly r e l e a s e d  by decomposition of t h e  under ly ing  

rock s t r a t a .  The " t i gh tnes s"  of minera l  cyc l ing  wi th in  an ecosystem a l s o  pre- 

v e n t s  t h e  movement of m a t e r i a l s  t o  ad j acen t  ecosystems where they might a c t  

as p o l l u t a n t s .  



The p a t t e r n s  of both energy f low and minera l  cyc l ing  change over  t ime a s  

t h e  process  of e c o l o g i c a l  succession occurs .  Bas i ca l ly ,  e c o l o g i c a l  success ion  

i s  the  replacement of one group, o r  community, of p l a n t s  and animals by ano the r  

community a s  a r e s u l t  of n a t u r a l l y  induced environmental changes. The a c t u a l  

spec i e s  of p l a n t s  and animals p re sen t  i n  any s t a g e  of success ion  va ry  i n  d i f -  

f e r e n t  a r e a s  and on d i f f e r e n t  s i t e s  and w i l l  be d iscussed  i n  d e t a i l  f o r  t h e  Eno 

River  Basin i n  a l a t e r  chapter .  But a long wi th  t h e  changes i n  p l a n t  and animal  

composition go s e v e r a l  changes i n  ecosystem func t ion  t h a t  a r e  s i m i l a r  i n  a l l  

ecosystems. These developmental changes i n  ecosystem func t ion  have been w e l l  

summarized by Odum (1969; 1971).  

Usually,  i n  t h e  e a r l y  s t a g e s  of eco log ica l  succession a f t e r  some d i s t u r b -  

ance, ecosystems con ta in  r e l a t i v e l y  few spec i e s .  Thus, t h e  d i v e r s i t y  of 

organisms i n  young ecosystems i s  low. Such i s  t h e  case  wi th  the  p l a n t s  and 

animals  t h a t  i n i t i a l l y  invade abandoned f i e l d s  and graded o r  o t h e r  ex t ens ive ly  

d i s tu rbed  s o i l s .  Because of t h e  extreme environment, t h e  sma l l  number of 

s p e c i e s  p re sen t ,  and t h e  f a c t  t h a t  the  organisms have been growing t o g e t h e r  

f o r  on ly  a r e l a t i v e l y  s h o r t  per iod  of t ime,  t h e  r e l a t i o n s h i p s  among t h e  organisms 

i n  a young ecosystem a r e  s imple and no t  we l l  developed. Food cha ins  a r e  l i n e a r  

and f a i r l y  sho r t ;  decomposer popula t ions  a r e  small  due t o  t h e  smal l  amount of 

accumulated o rgan ic  ma t t e r ,  and the  organisms e x e r t  l i t t l e  c o n t r o l  over  t h e i r  

environment . 
These condi t ions ,  i n  t u r n ,  l e a d  t o  i n e f f i c i e n t  ope ra t ion  of t h e  ecosystem 

processes  of energy f low and minera l  cyc l ing .  Much energy i s  used i n  t he  

r a p i d  r e s p i r a t i o n  necessary  t o  maintain organisms i n  an extreme environment, 

and t h e  s h o r t ,  s imple food cha ins  don ' t  a l low e f f i c i e n t  t r a n s f e r  of energy from 

one t r o p h i c  l e v e l  t o  t h e  next .  Because t h e r e  i s  no well-developed decomposer 

system, mine ra l  cyc l e s  tend t o  be open and incomplete,  r e s u l t i n g  i n  mine ra l  

l o s s  from t h e  system i n s t e a d  of r ecyc l ing .  A11 of t h e s e  c h a r a c t e r i s t i c s  of 

e a r l y  succes s iona l  stages--low d i v e r s i t y ,  s imple i n t e r r e l a t i o n s h i p s ,  and 

i n e f f i c i e n t  energy t r a n s f e r  and minera l  cyc l ing- - resu l t  i n  a h igh ly  u n s t a b l e  

cond i t i on .  Young ecosystems a r e  s u s c e p t i b l e  t o  ex t ens ive  d i s r u p t i o n  from out -  

s i d e  d i s tu rbances  such as i n s e c t s  o r  d i seases ,  heavy r e c r e a t i o n a l  use ,  o r  o t h e r  

human in f luences .  

Young ecosystems do, however, have something i n  t h e i r  f avo r .  The p l a n t s  

t h a t  occur i n  them tend t o  grow f a i r l y  r a p i d l y .  This f a c t ,  t oge the r  w i th  t h e  



small  number of consumer organisms, means t h a t  such systems have a high p r i -  

mary p roduc t iv i ty .  A l l  of ou r  h ighly  product ive  systems, whether they be 

a g r i c u l t u r a l  f i e l d s  o r  r a p i d l y  growing f o r e s t s ,  a r e  ecosystems i n  t h e  e a r l y  

s t a g e s  of succession.  In  management of t h e s e  a r e a s ,  we choose t o  p u t  up 

with t h e i r  disadvantages i n  o r d e r  t o  u t i l i z e  t h e i r  h igh  p roduc t iv i ty .  

A s  e co log ica l  success ion  proceeds i n  non-intensively managed systems, 

many s i g n i f i c a n t  changes occur .  A s  t he  p l a n t s  p re sen t  i n  a  young system grow 

and f u l l y  occupy t h e  s i t e ,  they e x e r t  an inc reas ing  in f luence  on environmental 

condi t ions ,  making them l e s s  extreme. The new s i t u a t i o n  a l lows  new spec i e s  of 

p l a n t s  t o  invade t h a t  were no t  a b l e  t o  su rv ive  e a r l i e r .  And with t h e  new 

p l a n t s ,  of course,  come new animals t h a t  f eed  on them o r  u se  them f o r  s h e l t e r .  

Normally, more spec i e s  of p l a n t s  and animals a r e  a b l e  t o  su rv ive  i n  t h e  l e s s  

extreme environment so d i v e r s i t y  i nc reases .  With inc reas ing  d i v e r s i t y  comes 

g r e a t e r  complexity--longer and more branched food cha ins ,  c l o s e r  r e l a t i o n s h i p s  

among organisms, a g r e a t e r  amount of both l i v i n g  and dead o rgan ic  ma t t e r ,  and 

g r e a t e r  c o n t r o l  over s p e c i e s  composition and environmental cond i t i ons .  

Inc reas ing  d i v e r s i t y  and complexity i n  t h e  ecosystem r e s u l t  i n  g r e a t e r  

e f f i c i e n c y  and s t a b i l i t y  of ecosystem processes .  The g r e a t e r  number of spec i e s  

occu r r ing  toge the r  f o r  long  per iods  of t ime become c l o s e l y  ad jus t ed  and l i nked  

t o  one another .  These c l o s e r  l i nkages  and more complex food cha ins ,  t oge the r  

wi th  the  high d i v e r s i t y  of p l a n t  spec i e s  and form, a l low g r e a t e r  e f f i c i e n c y  i n  

cap tu re  of s o l a r  energy and i n  energy t r a n s f e r ,  s o  t h a t  energy i s  conserved 

i n s t e a d  of wasted. This conserva t ion  of energy a l lows  a  l a r g e r  amount of l i v i n g  

m a t e r i a l  (biomass) t o  be supported by the  energy a v a i l a b l e  even though the  

growth r a t e  and primary p roduc t iv i ty  may be  lower than i n  e a r l i e r  s t a g e s .  The 

l e s s  severe  environment and the  g r e a t e r  amount and v a r i e t y  of dead organic  

ma t t e r  a l s o  a l lows  t h e  bui ldup of a l a r g e ,  complex decomposer system. Since 

t h e  decomposers a r e  r e spons ib l e  f o r  r e t u r n  of minera ls  t o  t h e  s o i l  n u t r i e n t  

pool,  mineral  r ecyc l ing  becomes more e f f i c i e n t  and l e s s  l o s s  occurs  from the  

sys  tem. 

Highly developed mature o r  semi-mature ecosystems t ake  a  long time t o  

develop--hundreds of yea r s  i n  some cases .  But once they  do develop, they  a r e  

very s t a b l e ,  e f f i c i e n t  systems composed of many organisms c l o s e l y  ad jus t ed  t o  

one another  and t o  t h e i r  environment. The r e s i s t a n c e  t o  e x t e r n a l  d i s tu rbance  

i s  high,  and they  a r e  a b l e  t o  maintain ecosystem processes  even wi th  s u b s t a n t i a l  



human use and manipulat ion.  From t h e  s t andpo in t  of environmental p r o t e c t i o n ,  

mature ecosystems a r e  h ighly  d e s i r a b l e  components of t h e  landscape.  

Ecosystems and Land Use Planning 

The c e n t r a l  problem i n  eco log ica l  land use  planning i s  n o t  t h e  s ta tement  

of g e n e r a l i t i e s  about  ecosystems, bu t  t h e  ques t ion  of how t h e s e  p r i n c i p l e s  can 

be p r a c t i c a l l y  used. It i s  i n  t h i s  a r e a ,  however, t h a t  bo th  p l anne r s  and 

e c o l o g i s t s  know t h e  l e a s t .  The fo l lowing  d i scuss ion  i s  a f i r s t  approach t o  

t h i s  problem t h a t  may a i d  p lanners  i n  developing f u r t h e r  thoughts  and 

techniques.  

The major po in t  t o  be emphasized i s  t h a t  ecosystems a r e  t h e  b a s i c  u n i t s  

of o rgan iza t ion  and func t ion  i n  t h e  n a t u r a l  world. I f  l and  u s e  p lanning  i s  t o  

be e c o l o g i c a l l y  based, ecosystems must be used a s  t h e  b a s i c  planning and man- 

agement u n i t s .  It i s  w e l l  e s t a b l i s h e d  t h a t  t h e  t r a d i t i o n a l  u s e  of p o l i t i c a l  

boundaries  t o  d e l i m i t  planning j u r i s d i c t i o n  i s  u n s a t i s f a c t o r y  and c r e a t e s  many 

c o n f l i c t s ,  economic a s  w e l l  as environmental.  Since ecosystem boundaries  a r e  

t he  f u n c t i o n a l  d i v i d i n g  l i n e s  of t h e  landscape,  t h e i r  use  t o  d e l i m i t  p lanning  

j u r i s d i c t i o n  would a t  l e a s t  minimize environmental c o n f l i c t s .  

Some r e c e n t  developments i n  planning procedures  could be used t o  approach 

an ecosystem-based planning system. Severa l  m u n i c i p a l i t i e s  i n  North Caro l ina ,  

i nc lud ing  the  C i ty  of Durham, have r e c e n t l y  extended t h e i r  planning and r e g u l a -  

t o r y  boundaries  beyond t h e  c i t y  l i m i t s  themselves.  These have been a r b i t r a r y  

ex tens ions  of a c e r t a i n  d i s t a n c e  beyond t h e  c i t y  l i m i t s  and have had no n a t u r a l  

o r  e c o l o g i c a l  b a s i s .  The same i d e a  could be  app l i ed ,  however, t o  t h e  ex tens ion  

of municipal  planning boundaries  t o  some n a t u r a l  l and  form t h a t  bounds a mean- 

i n g f u l  ecosystem u n i t .  Such boundaries  could be loca t ed  on maps j u s t  as r e a d i l y  

a s  t he  a r b i t r a r y  ex tens ion  and would have more meaning i n  terms of t h e  proper- 

t i e s  of t he  land  t h a t  i s  being planned f o r .  The implementation of such an 

approach aga in  awa i t s  r ecogn i t i on  t h a t  t h e  planning process  i s  p rope r ly  based 

n o t  only on our  d e s i r e s ,  a s  r ep re sen ted  by expanding c i t i e s ,  b u t  a l s o  upon t h e  

l i m i t s  and o p p o r t u n i t i e s  of t h e  l and  i t s e l f .  

Perhaps a more promising development i s  t h e  r ecen t  i n c r e a s e  i n  r i v e r  bas in  

planning (Hufschmidt, 1971).  A s  mentioned above, watersheds o r  r i v e r  b a s i n s  

may be  used as meaningful ecosystem u n i t s .  While r i v e r  bas in  planning i n  t h e  

f e d e r a l  contex t  emphasizes management and development of water  r e sou rces ,  t h i s  
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approach can form t h e  b a s i s  f o r  o v e r a l l  ecosystem-based r e g i o n a l  land planning 

a s  w e l l ,  Water movement t i e s  t oge the r  t h e  land  and water  of a watershed i n t o  

an i n t e g r a t e d  ecosystem u n i t  where t h e  environmental goa l s  of land  use  regula-  

t i o n  revolve  around maintenance of h igh  water  q u a l i t y  and cont inued balanced 

func t ioning  of t h e  land-water hydrologic  system. This  i s  t h e  b a s i c  i d e a  under- 

l y i n g  t h e  whole Eno River  Basin plan.  

The watershed ecosystem u n i t  can form t h e  b a s i c  u n i t  f o r  s e v e r a l  l e v e l s  of 

planning,  The watershed of an e n t i r e  r i v e r  system may form an  ecosystem u n i t  

f o r  r eg iona l  planning where t h e  m a t t e r s  of concern a r e  genera l  p a t t e r n s  of 

development and popula t ion  d i s t r i b u t i o n ,  major r e sou rce  development p r o j e c t s ,  

and achievement of r e g i o n a l  goa l s  and s t a b i l i t y .  Watersheds of t r i b u t a r y  

s t reams a r e  w i th in  t h e  j u r i s d i e t i o n  of l o c a l  planning agencies  where t h e  goal  

i s  guided l o c a l  development w i th in  t h e  context  of o v e r a l l  r e g i o n a l  goa ls .  Pre- 

sumably, of course ,  one of t h e  r e g i o n a l  goa ls  i s  t h e  maintenance of environ- 

mental q u a l i t y  which may be expressed a t  t h e  l o c a l  l e v e l  i n  t h e  way land i s  

r egu la t ed  i n  a r e a s  ad j acen t  t o  t h e  t r i b u t a r y  stream. And, f i n a l l y ,  t h e  l e v e l  

of t h e  smal l  source  watersheds c o n s i s t i n g  of i n d i v i d u a l  r av ines  and small  

i n t e r m i t t e n t  s t reams i s  i n  t h e  realm of s i t e  planning of s i n g l e  development 

p r o j e c t s .  Here, environmental q u a l i t y  goa l s  a r e  incorpora ted  i n t o  t h e  s i t e  

p lan ,  governed by t h e  l o c a l  planning boa rd ' s  requirements  f o r  permi ts  and 

appropr i a t e  zoning, and expressed i n  t h e  way t h e  developer  f i n a l l y  makes use  of 

t h e  land.  Thus, a t  every l e v e l  of planning and development a c t i v i t y ,  t h e  water- 

shed ecosystem forms a convenient  and e c o l o g i c a l l y  meaningful. l and  u n i t .  

Whatever l e v e l  of watershed o r  s i z e  of ecosystem we a r e  dea l ing  wi th ,  how- 

ever ,  we must s p e c i f y  t h e  goa l s  of environmental q u a l i t y  fox  which we a r e  plan- 

n ing  and managing. And t h e s e  goa l s  must be based on t h e  ecosystem processes  

and c h a r a c t e r i s t i c s  we a r e  t r y i n g  t o  main ta in  o r  enhance. It would be w e l l ,  

then, t o  examine aga in  t h e  b a s i c  p r o p e r t i e s  of ecosystems, t h i s  time wi th  an 

eye s p e c i f i c a l l y  toward t h e  va lue  they may have i n  terms of human goa l s  and 

how t h e  planning process  can be used t o  i n s u r e  t h e i r  maintenance. 

The processes  of energy cap tu re  and t r a n s f e r  i n  ecosystems a r e  t h e  b a s i s  

of most obvious human uses  of t h e  n a t u r a l  world. A l l  p roduc t iv i ty ,  from produc- 

t i o n  of food i n  a g r i c u l t u r e  t o  product ion of w i l d l i f e  popula t ions  f o r  n a t u r e  

s tudy o r  hunt ing,  i s  t h e  r e s u l t  of t h i s  b a s i c  ecosystem process .  There i s  no 

need t o  l i s t  t h e  many products  human s o c i e t y  de r ives  from d i r e c t  ha rves t  of 



a g r i c u l t u r a l  c rops ,  f o r e s t s ,  waters ,  and o t h e r  product ive  systems. This  i s  

e s p e c i a l l y  t r u e  i n  North Carol ina where a g r i c u l t u r e  and f o r e s t  p roducts  a r e  

major segments of t h e  S t a t e ' s  economy. The s i g n i f i c a n c e  of primary p r o d u c t i v i t y  

i n  t h i s  sense  i s  obvious, a l though seldom considered as an eco log ica l  process .  

I n  s p i t e  of t h e  r e a d i l y  admit ted s i g n i f i c a n c e  of p roduc t iv i ty ,  t h e r e  i s  

u s u a l l y  no a t tempt  made t o  preserve  i t  i n  t h e  f a c e  of urban expansion. The 

b e s t  a g r i c u l t u r a l  l ands  around a c i t y  a r e  o f t e n  t h e  b e s t  s i t e s  f o r  subd iv i s ion  

development, s i n c e  they a r e  l e v e l  and open. And c u r r e n t  proper ty  v a l u a t i o n  

and t a x a t i o n  p r a c t i c e s  encourage such development by t ax ing  farm l a n d s  a s  sub- 

d i v i s i o n  s i t e s  i n s t e a d  of f o r  t h e i r  a c t u a l  c u r r e n t  and, perhaps, b e s t  use .  

Hopefully,  t h e  D i f f e r e n t i a l  Taxation Act passed by t h e  1973 North Caro l ina  

General Assembly w i l l  improve t h e  t a x a t i o n  s i t u a t i o n .  So more and more produc- 

t i v e  a g r i c u l t u r a l  l and ,  and o f t e n  h ighly  product ive  f o r e s t  l and  a s  w e l l ,  d i s -  

appears  i n  development; and ex tens ive ly  developed a r e a s  exceed a l l  n a t u r a l  

systems except  d e s e r t s  i n  t h e i r  l a c k  of p roduc t iv i ty .  Decreased primary produc- 

t i v i t y  r e s u l t s  n o t  only i n  fewer products  f o r  human consumption, bu t  a l s o  i n  

removing t h e  base of the food cha ins  which support  animal popula t ions .  So 

most w i l d l i f e ,  e s p e c i a l l y  t he  carn ivores  a t  t h e  top  of food cha ins ,  d i sappea r s  

from developed a r e a s .  

There i s  no reason  why t h e  l o s s  of product ive  land  should be a  necessary  

consequence of urban expansion. I f  i t s  p re se rva t ion  were recognized a s  a  v a l i d  

goa l  of planning,  a  change i n  proper ty  t a x  assessment and t h e  u s e  of c u r r e n t l y  

e x i s t i n g  land  r e g u l a t i o n  procedures  could be  used t o  achieve  i t ,  F i t t i n g  i n  

suburban development around product ive  a g r i c u l t u r a l  and f o r e s t  l and  would 

c r e a t e  a  d i v e r s e  and p l eas ing  landscape,  main ta in  primary p r o d u c t i v i t y  f o r  

economic purposes,  and main ta in  t h e  base of food cha ins  t o  support  a  d i v e r s e ,  

well-developed b i o t i c  community. Except i n  a r e a s  w i t h  a i r  p o l l u t i o n  l e v e l s  

h igh  enough t o  cause crop damage, t h e r e  i s  no fundamental c o n f l i c t  between 

a g r i c u l t u r e  and suburban development on ad jacen t  l and .  Such an admixture could 

s e r v e  t o  acqua in t  c i ty-dwel le rs  wi th  the  problems and processes  involved i n  

food product ion as w e l l  as having economic advantages i n  farm-to-market 

sh ipping .  It i s  a l s o  p o s s i b l e  t o  ha rves t  t imber from suburban woodlands wi thout  

s e r i o u s l y  d e t r a c t i n g  from t h e i r  o t h e r  u ses  (Noyes, 1971).  The time i s  r a p i d l y  

approaching when we w i l l  no longer  be a b l e  t o  a f f o r d  t h e  s a c r i f i c e  of l ands  

capable  of producing food o r  o t h e r  va luab le  products ,  



The d i v e r s i t y  t h a t  an i n t e r s p e r s i o n  of product ive  and developed land  would 

a l low has va lue  i n  i t s e l f ,  a s i d e  from i t s  r o l e  i n  provid ing  g r e a t e r  p roduc t iv i ty .  

Ecological  d i v e r s i t y  i s  of two types--habi tat  o r  landscape d i v e r s i t y  and spec i e s  

d ivers i ty- -both  of which would be  provided by t h e  mixture  s f  developed and 

undeveloped l and  proposed he re .  Landscape d i v e r s i t y  i s  a measure of t h e  he te ro-  

gene i ty  of b i o t i c  communities, landforms, and o t h e r  b i o l o g i c a l  and v i s u a l  e l e -  

ments of an a rea .  High v i s u a l  d i v e r s i t y  i n  t h e  landscape has  long been a  goa l  

of landscape a r c h i t e c t s ,  s i n c e  t h i s  i s  t h e  type  of surroundings t o  which humans 

seem t o  respond most favorably .  This  f avo rab le  response t o  d i v e r s i t y  probably 

goes beyond c u l t u r a l  t r a d i t i o n ,  s i n c e  evidence i s  accumulating t o  i n d i c a t e  t h a t  

a  v a r i e t y  of v i s u a l  s t i m u l i  a r e  necessary  f o r  normal psychologica l  development 

( I l t i s ,  Loucks, Andrews, 1970).  

While t h e  psychologica l ly  p l eas ing  q u a l i t y  of landscape d i v e r s i t y  i s  per- 

haps i t s  most obvious human va lue ,  i t  a l s o  provides  a v a r i e t y  of p l a n t  and 

animal h a b i t a t s ,  a l lowing t h e  development of h igh  s p e c i e s  d i v e r s i t y ,  The 

presence of many d i f f e r e n t  k inds  of p l a n t s  and animals i s  a l s o  psychologica l ly  

p l eas ing  t o  those  who a r e  aware enough t o  n o t i c e  i t ,  bu t  s p e c i e s  d i v e r s i t y  has  

s i g n i f i c a n t  b i o l o g i c a l  va lue  a s  we l l .  Of t h e  enormous number of spec i e s  of 

p l a n t s  and animals i n  a  given a r e a ,  on ly  a few a r e  of p re sen t  d i r e c t  use t o  man. 

But the  o t h e r s  a r e  va luab le  i n  two r e a d i l y  i d e n t i f i a b l e  ways: i n  provid ing  

cond i t i ons  s u i t a b l e  f o r  t h e  s u r v i v a l  of spec i e s  of d i r e c t  i n t e r e s t  and i n  main- 

t a i n i n g  a  gene t i c  r e s e r v e  of spec i e s  t h a t  may be  of f u t u r e  b e n e f i t ,  

It i s  obvious t h a t  many o t h e r  spec i e s  a r e  necessary  t o  provide  cond i t i ons  

s u i t a b l e  f o r  huntable  popula t ions  of w i l d l f f e  o r  fur -bear ing  animals,  t h a t  

b i o t i c  communities a long a  s t ream have a  s t rong  in f luence  on water  cond i t i ons  

f o r  f i s h ,  and t h a t  many va luab le  t imber s p e c i e s  f l o u r i s h  only i n  c e r t a i n  f o r e s t  

communities. A l l  of t h e  s p e c i e s  and i n t e r r e l a t i o n s h i p s  between them necessary  

t o  maintain some des i r ed  component of an ecosystem a r e  n o t  known o r  i d e n t i -  

f i a b l e  wi th  p re sen t  knowledge. Our l a c k  of knowledge f u r t h e r  emphasizes t h e  

need t o  main ta in  t h e  whole ope ra t ing  system even though ou r  d i r e c t  i n t e r e s t s  

a r e  i n  only a  p a r t  of i t .  While t h e  v a l u e  of g e n e t i c  r e s e r v e  f o r  p o s s i b l e  

f u t u r e  use may n o t  be a s  i n t u i t i v e l y  obvious, i t  i s  c e r t a i n l y  no l e s s  important .  

Many examples, such a s  t h e  development of d i s e a s e  r e s i s t a n c e  i n  g r a i n s  by 

c r o s s  breeding wi th  wi ld  g ra s ses  and t h e  discovery of t h e  product ion of a n t i -  

b i o t i c s  by common microorganisms, i l l u s t r a t e  t h e  p r a c t i c a l  v a l u e  of maintain- 

i ng  p re sen t ly  unused s p e c i e s ,  



Perhaps the  g r e a t e s t  va lue  i n  main ta in ing  d i v e r s i t y  l i e s  i n  i t s  r o l e  i n  

promoting s t a b i l i t y .  S t ab i l i t y - -o r  t he  absence of l a r g e  and unexpected f l u c t u a -  

t i o n s  away from t h e  normal condition--may a l s o  be considered at  s e v e r a l  l e v e l s :  

(1) s t a b i l i t y  of populat ion s i z e  of an i n d i v i d u a l  spec i e s ,  (2)  s t a b i l i t y  of t h e  

composition and processes  w i th in  a  s i n g l e  ecosystem, and (3)  r e g i o n a l  s t a b i l i t y  

i n  t h e  ba lance  among many ecosystems and t h e i r  components. 

S t ab i l i t y - -o r  l a c k  of s t ab i l i t y - -o f  s p e c i e s  popula t ion  s i z e  i s  t h e  type  

most commonly d e a l t  wi th .  When a  popula t ion  escapes i t s  n a t u r a l  equ i l i b r ium 

and begins f l u c t u a t i n g  widely, i t  i s  l i k e l y  t o  a t t r a c t  a t t e n t i o n .  I f  t h e  popu- 

l a t i o n  becomes too  l a r g e ,  t h e  spec i e s  w i l l  become a  p e s t ;  and i f  t h e  popula t ion  

of a  d e s i r a b l e  w i l d l i f e  spec i e s  becomes too smal l ,  people w i l l  become concerned 

over  i t s  s c a r c i t y .  Species  popula t ion  s i z e  i s  kept  i n  balance by t h e  i n t e r -  

a c t i o n  of members of t h e  popula t ion  wi th  t h e  supply of food and s u i t a b l e  habi-  

t a t  and wi th  p reda to r s ,  p a r a s i t e s ,  and pathogens. A l l  of t hese  c o n t r o l l i n g  

f a c t o r s  a r e  c l o s e l y  r e l a t e d  t o  s p a t i a l  he te rogenei ty  and s p e c i e s  d i v e r s i t y .  

An a r e a  wi th  very  low landscape d ive r s i t y - - tha t  i s ,  wi th  much a r e a  occupied 

by t h e  same p l a n t  s p e c i e s  o r  hab i t a t - - i s  l i k e l y  t o  provide i d e a l  cond i t i ons  of 

food and h a b i t a t  f o r  some spec i e s ,  a l lowing t h e i r  popula t ion  s i z e  t o  become 

l a r g e  and perhaps reach  p e s t  p ropor t ions .  On t h e  o t h e r  hand, those  s p e c i e s  

t h a t  r e q u i r e  a  d i f f e r e n t  food source o r  h a b i t a t  f o r  a t  l e a s t  p a r t  of t h e i r  

l i f e  c y c l e  w i l l  d e c l i n e  i n  number. I f  the d e c l i n i n g  s p e c i e s  a r e  p reda to r s  on 

t h e  p e s t  spec i e s ,  t he  p e s t  problem w i l l  be increased .  This  s i t u a t i o n  occurs  

commonly where suburban development des t roys  t h e  h a b i t a t  of foxes  and o t h e r  

p reda to r s ,  a l lowing  r a b b i t s  and s q u i r r e l s  t o  become s e r i o u s  p e s t s ,  and where 

ex t ens ive  p l a n t i n g  of a s i n g l e  crop provides i d e a l  condi tons f o r  t h e  p r o l i f e r a -  

t i o n  of i n s e c t  p e s t s  and d i s e a s e s .  

S imi l a r ly ,  t h e  more s p e c i e s  of a c t u a l  o r  p o t e n t i a l  p reda to r s  o r  p a r a s i t e s  

of a s p e c i e s  e x i s t  i n  an  a r e a ,  t h e  more l i k e l y  i t  i s  t h a t  one o r  more w i l l  con- 

t i n u e  t o  ope ra t e  t o  hold t h e  s p e c i e s 1  popula t ion  s t a b l e .  Likewise, p reda to r  and 

p a r a s i t e  popula t ions  w i l l  be  b e t t e r  a b l e  t o  su rv ive  temporary f l u c t u a t i o n s  i n  

one of t h e i r  food sources  i f  o t h e r  a l t e r n a t i v e  sources  a r e  a v a i l a b l e  (The 

I n s t i t u t e  of Ecology, 1971).  I n  gene ra l ,  then,  t he  more s p e c i e s  t h e r e  a r e  

i n t e r a c t i n g  i n  a  given a r e a  and the  g r e a t e r  v a r i e t y  of h a b i t a t s  t h e r e  a r e  f o r  

t hese  s p e c i e s  t o  l i v e  i n  o r  escape t o ,  t h e  more s t a b l e  w i l l  b e  t h e  popula t ion  

s i z e  of t h e  s p e c i e s  involved.  Thus, popula t ion  s t a b i l i t y ,  wi th  a l l  of i t s  

obvious advantages,  depends heav i ly  on t h e  maintenance of d i v e r s i t y .  



S t a b i l i t y  of p o p u l a t i o n  s i z e  o f  t h e  s p e c i e s  i n  an  ecosystem s i m u l t a n e o u s l y  

depends upon and promotes s t a b i l i t y  of ecosystem p r o c e s s e s ,  Maintenance of 

p o p u l a t i o n  e q u i l i b r i u m  i n  a s p e c i e s  i n  any t r o p h i c  l e v e l  depends upon c o n t i n u a l  

balanced food supp ly  and p r e d a t i o n ;  t h a t  is ,  upon a  s t e a d y  f l o w  of energy and 

n u t r i e n t s  i n t o  and o u t  of t h e  p o p u l a t i o n ,  Any d i s r u p t i o n  o f  a lower  l e v e l  of 

a food c h a i n  obv ious ly  r e s u l t s  i n  l o s s  of e q u i l i b r i u m  s f  p o p u l a t i o n s  a t  h i g h e r  

t r o p h i c  l e v e l s ,  Thus, s t a b i l i t y  of p o p u l a t i o n s  i s  determined by s t a b i l i t y  of 

t h e  ecosystems of which t h e y  a r e  a  p a r t ,  S i m i l a r l y ,  cons tancy  o f  energy f l o w  

and m i n e r a l  c y c l i n g  depends upon r e l a t i v e l y  c o n s t a n t  s i z e  o f  t h e  p o p u l a t i o n s  

i n  each t r o p h i c  l e v e l ,  A l a r g e  change i n  t h e  s i z e  o f  t h e  p o p u l a t i o n  o f  any one 

s p e c i e s  i n  an  ecosystem can  cause  exaggera ted  changes i n  amounts and p a t t e r n s  

of energy and m a t e r i a l  t r a n s f e r .  The f i r s t  two t y p e s  of s t a b i l i t y ,  t h e n ,  a r e  

i n e x t r i c a b l y  bound t o g e t h e r  and a r e  b o t h  c l o s e l y  r e l a t e d  t o  t h e  maintenance of 

d i v e r s i t y .  

S t a b i l i t y  may a l s o  b e  c o n s i d e r e d  a t  t h e  l e v e l  of b a l a n c e  among ecosystems 

o c c u r r i n g  w i t h i n  a  r e g i o n ,  T h i s  may b e  thought  of as s t a b i l i t y  w i t h i n  a l a r g e ,  

r e g i o n a l  ecosystem composed of many smaller ones .  These s m a l l e r  ecosystems,  

due t o  t h e  open n a t u r e  of t h e i r  boundar ies ,  exchange organisms and m a t e r i a l s  

among one a n o t h e r ,  Movemen& o u t  of one ecosystem r e p r e s e n t s  a n  i n f l u x  of 

energy and n u t r i e n t s  i n t o  an  a d j a c e n t  one. Normally, t h e  amount of exchange 

between a d j a c e n t  ecosystems i s  s m a l l ,  and t h e  sys tems a r e  a d a p t e d  t o  i t s  p r e s -  

ence s o  t h a t  o v e r a l l  s t a b i l i t y  i s  main ta ined .  However, i f  some d i s t u r b a n c e  

a l t e r s  t h e  r a t e  o f  o u t p u t  o f  energy o r  n u t r i e n t s  from one system,  t h e  eco- 

sys tems t h a t  r e c e i v e  t h a t  o u t p u t  may become u n s t a b l e  and undergo d r a s t i c  

changes ,  

A widespread example o f  such  a  breakdown o f  r e g i o n a l  s t a b i l i t y  i s  t h e  po l -  

l u t i o n  o f  l a k e s  and s t r e a m s  by human sewage o r  an imal  f e e d  l o t  r u n o f f .  The 

commonly used secondary sewage t r e a t m e n t  p r o c e s s  removes most o f  t h e  o r g a n i c  

m a t t e r  from che sewage b u t  l e a v e s  l a r g e  amounts of i n o r g a n i c  n u t r i e n t s ,  

These n u t r i e n t s  e n t e r  a q u a t i c  ecosystems i n  t r e a t m e n t  p l a n t  e f f l u e n t s  i n  much 

g r e a t e r  amounts t h a n  t h e  ecosystems are a d j u s t e d  t o  r e c e i v e ,  The added n u t r i -  

e n t s  s t i m u l a t e  growth of a q u a t i c  p l a n t s  and g r e a t l y  i n c r e a s e  t h e  r a t e  of energy 

c a p t u r e  and pr imary p r o d u c t i o n .  I f  a q u a t i c  ecosystems reached  a new e q u i l i -  

brium w i t h  g r e a t e r  p r o d u c r i v i t y ,  t h i s  could  be d e s i r a b l e  f rom t h e  human p o i n t  

of v iew s i n c e  g r e a t e r  amounts of energy p a s s i n g  up food  c h a i n s  cou ld  i n c r e a s e  

p o p u l a t i o n s  of secondary o r  t e r t i a r y  consumers such a s  f i s h .  But due t o  t h e  



c h a r a c t e r i s t i c s  of the  a q u a t i c  p l a n t s  involved,  t h e  l a c k  of ba lance  among organ- 

i s m s ,  and the  dynamic n a t u r e  of t h e  ecosystem i t s e l f  such a  new equ i l i b r ium i s  

seldom reached. In s t ead ,  t h e  popula t ions  of p l a n t s  tend t o  f l u c t u a t e  w i l d l y ,  

wi th  l a r g e  "blooms" of a lgae  followed by massive d ie -of fs .  

This  f l u c t u a t i o n  i n  primary product ion i n  i t s e l f  p revents  t h e  e s t a b l i s h -  

ment of l a r g e r  popula t ions  i n  t he  upper t r o p h i c  l e v e l s ,  bu t  t h e  sudden dea th  

of g r e a t  numbers of p l a n t s  p r e s e n t s  an even more s e r i o u s  problem. This  g r e a t  

i nc rease  i n  dead o rgan ic  ma t t e r  r e s u l t s  i n  i n c r e a s e s  i n  t h e  popula t ions  of 

decomposer organisms. A s  t h e  decomposers break down t h e  dead p l a n t  m a t e r i a l ,  

they consume oxygen from t h e  l i m i t e d  supply d i s so lved  i n  t h e  water .  I f  they 

use oxygen f a s t e r  than i t  i s  being rep len ished ,  t h e  oxygen content  of t h e  water  

decreases  and may f a l l  so low t h a t  o t h e r  organisms, such as f i s h ,  begin t o  d i e .  

So i n s t e a d  of being inc reased ,  f i s h  popula t ions  a r e  deple ted  and i n  some c a s e s  

completely des t royed .  The same cond i t i ons  r e s u l t  i f  animal was tes ,  u n t r e a t e d  

sewage, o r  o t h e r  l a r g e  amounts of o rgan ic  ma t t e r  a r e  added t o  a q u a t i c  ecosystems, 

In  t h i s  ca se  oxygen i s  dep le t ed  by decomposers working d i r e c t l y  on t h e  added 

o rgan ic  ma t t e r  without  t h e  in t e rmed ia t e  s t e p  of increased  primary product ion .  

There i s  some n a t u r a l  i npu t  of o rgan ic  m a t t e r  i n t o  any s t ream o r  l a k e .  

Leaves and o t h e r  p l a n t  m a t e r i a l s  f a l l  i n t o  t he  water  and some ino rgan ic  

n u t r i e n t s  l e a c h  from the  s o i l s .  But t he  ecosystems a r e  ad jus t ed  t o  t h i s  l e v e l  

of i npu t  and a r e  a b l e  t o  a s s i m i l a t e  i t  o r  perhaps even b e n e f i t  from i t .  It 

i s  only when t h e  inpu t  exceeds t h e  bounds of equ i l i b r ium t h a t  s t a b i l i t y  i s  l o s t .  

The i n s t a b i l i t y  of t h e  a q u a t i c  ecosystem may, i n  t u rn ,  a f f e c t  t h e  e q u i l i -  

brium of o t h e r  p a r t s  of t h e  r e g i o n a l  ecosystem. Increased  r a t e s  of f i l l i n g  i n  

of l a k e s  and ponds due t o  t h e  decomposed p l a n t s  s e t t l i n g  t o  t h e  bottom may 

cause changes i n  success ion  and composition of p l a n t  communities around t h e  

banks. Decreased f i s h  popula t ions  may r e s u l t  i n  dea th  o r  emigrat ion of f i s h -  

e a t i n g  animals .  Depleted f i s h  popula t ions  and po l lu t ed  waters  o f t e n  b r i n g  

about  marked economic and c u l t u r a l  changes i n  human s e t t l e m e n t s  i n  t h e  reg ion .  

One could go on, bu t  t h e  po in t  has  been w e l l  enough i l l u s t r a t e d .  Regional 

s t a b i l i t y  depends upon t h e  maintenance of ba lance  among a l l  of t h e  major eco- 

s y s  tems contained i n  t he  reg ion .  

The va lue  of some degree of r e g i o n a l  eco log ica l  s t a b i l i t y  i s  obvious. 

Long-term economic and s o c i a l  well-being of a human community depends upon 

e i t h e r  a  s t a b l e  supply of m a t e r i a l s ,  money, workers,  e t c ,  o r  t h e  a b i l i t y  of 



t he  community t o  adapt  t o  change. Ce r t a in ly ,  technology has  given modern 

s o c i e t y  the  a b i l i t y  t o  adapt t o  change more r a p i d l y  and e f f i c i e n t l y  than has  

ever  before  been poss ib l e .  But t h e r e  a r e  s t i l l ,  and probably always w i l l  be ,  

some l i m i t s  t o  t h e  speed, amount, and frequency of major changes human s o c i e t y  

can cope wi th  without s e r i o u s  d i s r u p t i o n .  And t h e  sma l l e r  t h e  d i v i s i o n  of 

human soc i e ty ,  t h e  more complete t h e  d i s r u p t i o n  i s  l i k e l y  t o  be. Near com- 

p l e t e  d i s s o l u t i o n  of smal l  communities dependent upon one indus t ry  which 

c l o s e s  down amply a t t e s t s  t o  t h i s ,  a s  w e l l  as t o  t h e  v a l u e  of d i v e r s i t y  t o  

human ecosystems. 

The above example of an a q u a t i c  system ty ing  toge the r  t h e  ecosystems of 

a reg ion  aga in  b r ings  us  t o  t h e  s u b j e c t  of t h e  watershed ecosystem and water- 

r e l a t e d  n a t u r a l  p rocesses .  The r o l e  of water ,  a s i d e  from i t s  obvious neces- 

s i t y  i n  t he  phys io log ica l  processes  of l i v i n g  organisms, i s  p r i m a r i l y  a s  a  

c a r r i e r  of m a t e r i a l s .  Movement of n u t r i e n t s ,  p a r t i c u l a r l y  those  i n  i no rgan ic  

form, i n  ecosystems occurs  p r imar i ly  i n  water .  Thus, t h e  hydro logic  and 

minera l  cyc l ing  processes  of ecosystems a r e  c l o s e l y  r e l a t e d .  

A s  pointed out  e a r l i e r ,  mineral  cyc l ing  i n  well-developed ecosystems i s  

r e l a t i v e l y  " t i gh t ; "  t h a t  is,  n u t r i e n t s  a r e  kept  w i th in  a  p a r t i c u l a r  system 

i n s t e a d  of moving out  i n t o  another  one. The r e l a t i o n s h i p  between s t a b i l i t y  

and t i g h t n e s s  of minera l  cyc l ing  i s  aga in  a  s i t u a t i o n  i n  which each simul- 

taneously promotes and depends upon t h e  o t h e r .  Conservation of n u t r i e n t s  

w i th in  an ecosystem i s  necessary  f o r  i t s  continued s t a b l e  ope ra t ion ,  Con- 

v e r s e l y ,  a  s t a b l e  i n t e r a c t i n g  system i s  r equ i r ed  t o  prevent  n u t r i e n t  l o s s .  

Excessive l o s s  of n u t r i e n t s  from an a r e a  prevents  t h e  development of a balanced 

ecosystem on t h a t  s i t e  and may s e t  o f f  t h e  type of cha in  of even t s  i l l u s t r a t e d  

above by an  i n f l u x  of n u t r i e n t s  i n t o  ad j acen t  a r e a s .  Thus, l and  use  p r a c t i c e s  

must hold prevent ion  of n u t r i e n t  l o s s  as a major o b j e c t i v e ,  bo th  t o  main ta in  

f e r t i l i t y  on t h e  s i t e  i t s e l f  and t o  prevent  p o l l u t i o n  of o t h e r  ecosystems, 

p a r t i c u l a r l y  a q u a t i c  ones. 

One of t h e  major impacts of land development i s  i t s  e f f e c t s  on hydrolo- 

g i c  processes ,  Dis rupt ion  of normal water  movement p a t t e r n s  may c e r t a i n l y  

d i s r u p t  the  n u t r i e n t - r e l a t e d  processes  of ecosystems a s  j u s t  descr ibed ,  b u t  

may have more immediate and d r a s t i c  e f f e c t s  a s  w e l l ,  Well-developed vegeta-  

t i v e  cover and l i t t e r  of decaying l eaves  a r e  very  e f f e c t i v e  i n  prevent ing  

r a p i d  runoff  and i n  promoting seepage of water  i n t o  t h e  s o i l .  Flood 



prevent ion ,  groundwater recharge,  and maintenance of s t a b l e  base  f low a r e  a l l  

well-documented func t ions  t h a t  vege ta t ion  se rves .  The l o s s  of t h e s e  f u n c t i o n s  

through unwise land  development has  l e d  t o  t he  a l t e r n a t i n g  f l o o d s  and water  

sho r t ages  t h a t  have been so  common i n  r e c e n t  years .  

Proper ly  func t ion ing  ecosystems a r e  a l s o  very  e f f i c i e n t  p u r i f i e r s  of 

water  and a i r .  The f i l t e r i n g  a c t i o n  of l e a f  l i t t e r  under a f o r e s t  removes 

s i l t  and many o t h e r  p o l l u t a n t s  from water  f lowing through i t  from runof f .  By 

breaking  the  f o r c e  of ra indrops  and slowing runof f ,  any good v e g e t a t i v e  cover  

promotes seepage of water  i n t o  the  s o i l  where very  e f f e c t i v e  f i l t e r i n g  occurs .  

The p o s i t i v e  e f f e c t  of vege ta t ion ,  p a r t i c u l a r l y  f o r e s t s ,  on a i r  q u a l i t y  i s ,  

perhaps, l e s s  than t h e  e f f e c t  on water  q u a l i t y  b u t  is  n e v e r t h e l e s s  a r e a l  and 

va luab le  func t ion .  Tree l eaves  d i r e c t l y  remove ozone, s u l f u r  d iox ide ,  and, of 

course,  carbon d iox ide  from the  a i r  (Rich, 1971).  E f f e c t i v e  d i s p e r s i o n  of 

a i r  p o l l u t a n t s  a l s o  occurs  over open space and i s  increased  i f  t h e  l and  i s  

vege ta t ed  (Off ice  of A i r  Programs, 1971).  By evapora t ive  cool ing  v e g e t a t i o n  

c r e a t e s  a coo l  humid s u r f a c e  which keeps dus t  and o t h e r  p a r t i c u l a t e s  on t h e  

s u r f  ace  (Rydell  and Schwarz, 1968).  

The cool ing  e f f e c t  of v e g e t a t i o n  i s  a l s o  one of t h e  primary ways i n  which 

l a r g e  vege ta t ed  a r e a s  a f f e c t  l o c a l  c l imate .  Vegetat ion a l lows  d i s s i p a t i o n  of 

energy by evapora t ion  t h a t  would o therwise  be used i n  hea t ing  t h e  a i r .  

Stands of t r e e s  a l s o  in f luence  o t h e r  f a c t o r s  such a s  humidity,  wind, and s o l a r  

r a d i a t i o n ,  t h a t  a c t  t oge the r  t o  determine t h e  microcl imate of an a r e a .  Urban 

a r e a s ,  due t o  t h e  absence of vege ta t ion  and l a r g e  a r e a s  of pavement and bu i ld -  

i ngs ,  o f t e n  b u i l d  up h e a t  i s l a n d s  i n  which t h e  temperature may be  10' t o  2 0 ' ~  

h ighe r  than i n  t h e  surrounding count rys ide  (Lowry, 1969).  Exce l l en t  d i scus-  

s i o n s  of t h e  e f f e c t  of open space and v e g e t a t i o n  on microcl imate have been 

presented  by Federer  (1971) and Waggoner (1962). 

In  l i g h t  of t h i s  d i scuss ion  of the  f u n c t i o n a l  va lue  of ecosystem processes  

c e r t a i n  d i r e c t i v e s  f o r  l and  use  planning and management a r e  c l e a r .  It would 

seem t o  be the  l o g i c a l  o v e r a l l  a i m  of l and  use  planning t o  t ake  advantage of 

t hese  va luab le  processes  whenever poss ib l e .  The func t ions  of water  f low regu- 

l a t i o n ,  water  and a i r  p u r i f i c a t i o n ,  primary p roduc t iv i ty ,  and maintenance of 

s t a b i l i t y  must be performed i n  some way. Doing them a r t i f i c i a l l y  by human 

a c t i v i t y  i s  very  c o s t l y  i n  terms of money, energy, and human and m a t e r i a l  

resources .  I f  they  a r e  done by n a t u r a l  systems, they a r e  e s s e n t i a l l y  f r e e .  



And a s  s i d e  b e n e f i t s ,  t h e s e  n a t u r a l  systems provide man wi th  t h e  n a t u r a l  

beauty and r e c r e a t i o n  necessary f o r  h i s  psychologica l  well-being. 

Once t h e  p r a c t i c a l  va lue  of u t i l i z i n g  n a t u r a l  func t ions  has  been accepted 

a s  a goa l  s f  planning,  t h e  nex t  and more d i f f i c u l t  s t e p  i s  the  development of 

methodology t o  achieve  t h i s  goal .  Severa l  guiding p r i n c i p l e s  t o  methodology 

development may be deduced from t h e  above d e s c r i p t i o n  of ecosystem opera t ion .  

1. Logical  ecosystem u n i t s  should be used a s  b a s i c  planning 

u n i t s  t o  t h e  g r e a t e s t  e x t e n t  poss ib l e .  

A s  discussed  above, watersheds a r e  probably the  most con- 

venien t  and meaningful. ecosystem u n i t s  i n  most a r e a s ,  

Planners  a r e  a l r eady  accustomed t o  us ing  watersheds f o r  

planning water  and sewer systems, so  t h a t  i n  most urban 

a r e a s  watershed boundaries have a l r eady  been e s t a b l i s h e d .  

Other types  of ecosystem boundaries may, however, be more 

appropr i a t e  i n  some cases .  I n  mountainous a r e a s  h i l l s i d e s ,  

whole mountains, o r  v a l l e y  bottoms may be more r e a d i l y  

i d e n t i f i a b l e  ecosystem u n i t s .  I n  l a r g e l y  undeveloped a r e a s  

where much of t h e  n a t u r a l  vege ta t ion  remains, vege ta t ion  

types may be used t o  d e l i n e a t e  ecosystems. I n  some a r e a s  a 

combination of physiographic and b i o t i c  c h a r a c t e r i s t i c s  may 

be used t o  l o c a t e  ecosystem boundaries .  I n  t h e  c o a s t a l  zone, 

f o r  example, o f f sho re  i s l a n d s ,  s h o r e l i n e  e s t u a r i e s ,  t i d a l  

marshes, beaches, dune a r e a s ,  and mari t ime f o r e s t s  could be 

i d e n t i f i e d  a s  s e p a r a t e  ecosystems f o r  planning purposes.  

However ecosystems a r e  de l inea t ed ,  t he  s i g n i f i c a n t  p o i n t  i s  

t h a t  n a t u r a l  boundaries  r a t h e r  than a r b i t r a r y  ones should 

be used around planning u n i t s .  The pathways of r e l a t i o n -  

s h i p s  i l l u s t r a t e d  i n  Figure 2 must be i d e n t i f i a b l e  w i th in  

the  u n i t  chosen and between t h a t  u n i t  and ad jacen t  eco- 

systems and l a r g e r  r eg iona l  ecosystems, 

2 .  Important n a t u r a l  processes  should be i d e n t i f i e d  a s  they 

occur i n  ecosystems of s e v e r a l  s i z e s  ranging from the  whole 

region t o  i n d i v i d u a l  small  watersheds o r  o t h e r  l o c a l  eco- 

system u n i t s .  



This i s  an extremely s i g n i f i c a n t  s t e p  s i n c e  t h e s e  n a t u r a l  

p rocesses  a r e  t h e  s e r v i c e s  t h a t  human communities must 

p r o t e c t .  To be  done i n  d e t a i l ,  of course ,  t h i s  s t e p  and 

t h e  fo l lowing  one could be  very  expensive and t ime con- 

suming. Anyone wi th  s u f f i c i e n t  e c o l o g i c a l  t r a i n i n g  and 

i n s i g h t ,  however, should be a b l e  t o  i d e n t i f y  a t  l e a s t  t h e  

rough p a t t e r n s  of processes  wi th  a  minimal amount of 

i n v e s t i g a t i o n  based on a e r i a l  photographs, topographic maps, 

and f i e l d  surveys.  The n e c e s s i t y  of some eco log ica l  t r a i n -  

i n g  t o  perform t h i s  s t e p  emphasizes t h e  a d v i s a b i l i t y  of 

having e c o l o g i c a l l y  t r a i n e d  personnel  on t h e  planning s t a f f .  

A s  an example of how t h i s  s t e p  might b e  implemented, con- 

s i d e r  t h e  s i t u a t i o n  of an  urbaniz ing  a r e a  a t  t h e  headwaters 

of a  major r i v e r  system i n  a c o a s t a l  s t a t e .  Water q u a n t i t y  

and q u a l i t y  r e l a t e d  processes  t h a t  should be of concern 

inc lude  use of water  by vege ta t ion ,  runoff  r e g u l a t i o n  by 

s o i l  pexcola t ion ,  a q u i f e r  d i scharge  t o  main ta in  s t ream f low 

dur ing  dry  pe r iods ,  s o i l  s t a b i l i z a t i o n  by vege ta t ion  t o  pre-  

ven t  s t ream s i l t a t i o n ,  f i l t r a t i o n  of urban runoff  by vege- 

t a t i o n ,  e t c .  While a l l  of t hese  processes  a r e  b a s i c a l l y  

hydrologic ,  t h e i r  r e l a t i o n s h i p  t o  c l ima te ,  geology, s o i l s ,  

p l a n t  and animal communities, and human development can be 

r e a d i l y  i d e n t i f i e d .  Various land  use  a l t e r n a t i v e s  should 

be considered i n  r e l a t i o n  t o  t h e i r  impact on these  processes  

i n  each s m a l l  watershed and t h e i r  cumulative impact on t h e  

hydro logic  balance of t h e  e n t i r e  r i v e r  bas in  and even t h e  

c o a s t a l  e s t u a r i e s  i n t o  which t h e  r i v e r  f lows.  

3.  The s p e c i f i c  land  a r e a s  and b i o t i c  communities most impor- 

t a n t  t o  t h e  cont inued ope ra t ion  of t h e s e  processes  should be 

i d e n t i f i e d  and loca t ed  on t h e  ground. 

C e r t a i n  s p e c i f i c  p a r t s  of an ecosystem may be more c r u c i a l  t o  

t h e  ope ra t ion  of n a t u r a l  p rocesses  than  o t h e r s ,  a l though t h e  

u n i t a r y  n a t u r e  of t h e  whole system must be kept  i n  mind. 

This s t e p  c o n s i s t s  of l o c a t i n g  these  c r i t i c a l  a r e a s  on t h e  

ground and perhaps looking a t  them i n  more d e t a i l  w i th  an eye 



toward t h e i r  s t a b i l i t y  i n  t h e  f a c e  of l a n d  u s e  r e l a t e d  p e r t u r -  

b a t i o n s ,  It i s  a t  t h i s  s t a g e  t h a t  t h e  a c t u a l  d e s c r i p t i o n s  of 

b i o t i c  c o r n u n i t i e s  d i s c u s s e d  above would b e  a p p r o p r i a t e .  

I n  r e l a t i o n  t o  t h e  example d i s c u s s e d  i n  s t e p  ( 2 ) ,  t h e  c r i t i c a l  

segments of ecosystems may b e  f l o o d p l a i n s ,  r i p a r i a n  p l a n t  com- 

m u n i t i e s ,  v e g e t a t i o n  and s o i l s  of s t e e p  s l o p e s ,  a q u i f e r  r e c h a r g e  

areas, and v e g e t a t e d  s t r i p s  a t  t h e  edges  of roadways and o t h e r  

paved a r e a s .  The r e l a t i o n s h i p  between t h e  p e r c e n t  o f  impervi-  

ous s u r f a c e  and t h e  a b i l i t y  of remaining v e g e t a t e d  a r e a s  t o  

h a n d l e  t h e  i n c r e a s e d  r u n o f f  shou ld  a l s o  be  c o n s i d e r e d .  

4 .  Environmental  g o a l s  shou ld  b e  s e t  f o r  each  l e v e l  o f  ecosystem. 

That  i s ,  communities and p l a n n i n g  a g e n c i e s  a t  t h e  l o c a l  and 

r e g i o n a l  l e v e l s  must d e c i d e  which of t h e  n a t u r a l  ecosystem 

f u n c t i o n s  t h e y  wish t o  t a k e  advantage of by p r o t e c t i n g .  

Th is  s t e p  goes  beyond t h e  i n v e n t o r y  s t a g e  t o  t h e  p o i n t  of a c t u a l l y  

making l a n d  u s e  d e c i s i o n s  based on b o t h  human and n a t u r a l  

v a l u e s .  The d i f f e r e n c e  between t h i s  approach and t r a d i t i o n a l  

open s p a c e  r e s e r v a t i o n  i s  t h a t  t h e  aim of p r o t e c t i o n  i s  n o t  

s imply t o  keep l a n d  undeveloped b u t  t o  m a i n t a i n  t h e  o p e r a t i o n  

of n a t u r a l  p r o c e s s e s  t h a t  p r o v i d e  s e r v i c e s  t o  t h e  human 

community. 

Again f o l l o w i n g  t h e  above example, t h e  c h o i c e  might  be  between 

p r o t e c t i n g  f l o o d  p l a i n s ,  r i p a r i a n  and s t e e p  s l o p e  p l a n t  com- 

m u n i t i e s ,  and s u f f i c i e n t  v e g e t a t e d  l a n d  t o  a l l o w  p e r c o l a t i o n  

o f  wa te r  o r  spend ing  l a r g e  amounts of money on l o c a l  s t r e a m  

c h a n n e l i z a t i o n  and downstream r e s e r v o i r s  t o  p r e v e n t  f l o o d i n g .  

I n  t h e s e  t e rms  t h e  r e l a t i v e  economic v a l u e  o f  p r o t e c t i o n  

v e r s u s  development of t h e s e  a r e a s  can be  c a l c u l a t e d .  S i m i l a r  

c o n s i d e r a t i o n s  would a p p l y  t o  t h e  c h o i c e  between u s i n g  n a t u r a l  

sys tems t o  f i l t e r  and remove n u t r i e n t s  from urban  r u n o f f  o r  

I n s t a l l i n g  t e r t i a r y  t r e a t m e n t  f a c i l i t i e s  t o  t r e a t  s t o r m  w a t e r  

(Odum and Odum, 1972) .  I n  a l l  such  c a s e s  r e g a r d i n g  t h e  pro- 

t e c t i o n  o f  ecosystem p r o c e s s e s ,  t h e  u l t i m a t e  d e c i s i o n  shou ld  

t a k e  i n t o  account  t h e  i n t e r r e l a t i o n s h i p s  between l o c a l  and 



r e g i o n a l  ecosystems so  t h a t  t h e  b e s t  i n t e r e s t s  of t h e  e n t i r e  

reg ion  a r e  served r a t h e r  than  those  which may seem t o  s a t i s f y  

l o c a l  needs bu t  wreak havoc elsewhere. 

5. Methods f o r  p r o t e c t i n g  t h e  lands  necessary  f o r  maintenance of  

the  d e s i r e d  func t ions  must be developed and enforced.  

This  s t e p ,  of course,  i s  t h e  d i f f i c u l t  one f a c i n g  p lanners  

whenever they  wish t o  keep land  undeveloped f o r  any reason.  

The advantage of t h e  ecosystem approach i s  t h a t  good econ- 

omic arguments can be  used i n  f avo r  of p r o t e c t i o n  of ecosystem 

processes  t o  supplement t h e  usua l  a e s t h e t i c  and r e c r e a t i o n a l  

reasons  f o r  open space p re se rva t ion .  P ro t ec t ion  should be 

considered a v a l i d  and h igh  p r i o r i t y  land  u s e  r a t h e r  than  a 

non-use. 

6. A s  much s p e c i e s  and h a b i t a t  d i v e r s i t y  a s  i s  p o s s i b l e  should 

be maintained.  

Eco log i s t s  have found t h a t  t h e  d i v e r s i t y  of spec i e s  and 

environments u s u a l l y  found i n  n a t u r a l  ecosystems has  g r e a t  

va lue  i n  main ta in ing  t h e  sys tem's  s t a b i l i t y  (Odum, 1971).  As 

human development encroaches upon n a t u r a l l y  d i v e r s e  ecosystems, 

t h e  usua l  e f f e c t  i s  t o  s imp l i fy  them' and thus  decrease  t h e i r  

n a t u r a l  r e s i s t a n c e  t o  breakdown. P lanners  should make t h e  

maintenance o f  d i v e r s i t y  a h igh  p r i o r i t y  guiding p r i n c i p l e  

i f  they  wish t o  p r o t e c t  ecosystem processes .  

7. A s  much undeveloped a r e a  should be maintained i n  and around 

i n t e n s i v e  development a s  i s  economically and p o l i t i c a l l y  

f e a s i b l e  . 
I n  view of t h e  a l r eady  recognized v a l u e  of main ta in ing  eco- 

system opera t ion  and the  s t r o n g  p o s s i b i l i t y  t h a t  many more 

p r e s e n t l y  unknown reasons  f o r  p r o t e c t i n g  them e x i s t ,  a s  much 

l and  as i s  f e a s i b l e  should be p ro t ec t ed  from i n t e n s i v e  

development. The e c o l o g i s t  Eugene Odum (1970) has  done some 

pre l iminary  c a l c u l a t i o n s  on the  amount of n a t u r a l  environment 

r equ i r ed  t o  main ta in  human l i f e  suppor t  systems i n  t h e  S t a t e  

of Georgia. He recommends t h a t  a t  l e a s t  50 percent  of t h e  

land  a r e a  of t h a t  s t a t e  should remain i n  n a t u r a l  ecosystems 

and t h a t  t h i s  f i g u r e  should s e r v e  a s  a working hypothes is  f o r  

p lanners .  



NATURAL DETERMINANTS 

While entire ecosystems are the actual units with which we must deal in 

planning, it is difficult to comprehend all the characteristics and processes 

of an ecosystem at once. We are normally forced, therefore, to consider these 

major characteristics and processes separately in the early stages of analysis, 

It is possible to analyze geology, soils, biotic communities, etc. using rela- 

tively well-developed methods and criteria and to relate these analyses to 

land use, Since each natural characteristic of the landscape in some way acts 

to determine its suitability for various uses, these characteristics have been 

called determinants (McHarg, 1969). The purpose of this section is to explain 

the significance of several natural determinants to land use so that they can 

be incorporated into the planning process in a meaningful way. It must be 

emphasized, however, that all of the separate environmental determinants must 

be related to one another and to the functioning of whole ecosystems before 

they can be validly incorporated into a comprehensive land use guidance system. 

The natural environment of a land area acts to determine the suitability 

of the land for various uses in one of three ways: (1) it may have character- 

istics that make it well suited for the use in question, in which case it gro- 

vides an opportunity for that use.' (2) It may have characteristics that 

limit its suitability for some uses, thus providing restraints to those uses. 

(3) It may exhibit characteristics or perform functions that merit its being 

protected from any use other than remaining in its present condition. Which 

of these three conditfon~ the total environment presents for a given land use 

depends upon the states and interaction of all of the separate natural determi- 

nants and the environmental requirements of the particular use. 

Each natural determinant may similarly be considered to present in itself 

opportunities, restraints, or the need for protection. It is at this level of 

the state and characteristics of individual determinants that the opportunity, 

restraint, or protection condftion can be most readily determined. For example, 

a well-drained, stable soil with a high bearing capacity clearly presents an 

opportunity for urban development, while a low-lying highly plastic soil gre- 

sents a clear restraint to such use. 

It is extremely difficult, however, to go from the characteristics of 

individual parameters such as the soil to a determination of environmentally 

suitable land use, Each potential land use has requirements that relate to 



several environmental determinants, some of which may provide opportunities for 

that use at the same time that others provide restraints. An alternate use may 

have different relationships to the same determinants. The actual natural 

determinant-use requirement matching process is enormously complex, Any attempt 

at land use determination that overlooks this complexity and bases decisions on 

a one characteristic-one requirement approach inevitably will lead to adverse 

environmental consequences. It is this situation that has led to the frustra- 

tion of planners who have attempted to use environmental data in land use deci- 

sions but have found the results of their decisions to have been as detrimental 

as if they had used no environmental data at all. So we return once again to 

the entire ecosystem as the only basis for integration of all of the separate 

determinants . 
Before we can integrate natural determinants into an ecosystem context, 

however, we must understand each of them as they exist separately. This in 

itself is a major undertaking and is beyond the scope of this study. The fol- 

lowing analysis, however, provides a basic framework for the land use planner 

in considering several of the major determinants from an opportunity-restraint- 

protection perspective. Further details may be obtained for some of the 

determinants by consulting the more extensive studies cited. The integration 

of these separate determinants is discussed later in this report. 

PHYSIOGRAPHY - Geologic and topographic determinants 
Opportunities 

Good supportive characteristics - elastic bedrock 
Stable formations 

Flat areas 

Good drainage 

Restraints 

Shallow bedrock 

Unstable formations - fault zones, mass movement 
Steep slopes 

Poor drainage 

Protection Areas 

Bluffs, scenic rock outcrops 

Significant mineral deposits, gravel deposits and quarries 

Floodplains 



Sources of further information : 

Flawn, 1970 

Hill and Thomas, 1970 

McHarg, 1969 

Nichols and Campbell, 1971 

SOILS 

Opportunities 

Stable support - adequate bearing capacity 
Good drai nage 

Resistance to erosion 

Restraints 

Low bearing capacity 

High shrfnk-swell potential 

Poor drainage 

High erodibility 

Protection Areas 

High production potential 

Sources of further information: 

Bartellf, -- et al, 1966 

McHarg, 1969 

Hills, 1961 

Southeastern Wisconsin Regional Planning Commission, 1969 

WATER 

Opportunities 

Adequate ground water supply or proximity to water system 

No flooding problems or seasonally high water table 

Restraints 

Inadequate supply 

Runoff from development likely to cause flooding 

Too much impervious surface in watershed 

Protection Areas 

Floodplains and buffer strips along streams 

Aquifer recharge areas 

Vegetation on steep slopes where rapid runoff may occur 



Sources of further information: 

Putnam, 1972 

Ward, 1967 

BIOTIC COMMUNITIES 

Opportunities 

Stable communities 

Long-lived species 

Aesthetically pleasing plant cover 

Restraints 

Unstable or old-growth communities that will deteriorate as a 

result of development 

Conditions in which lessening density and exposing remaining 

individuals may cause their death 

Protection Areas 

Rare or unique species or ecosystems 

Highly diverse communities where disturbance would decrease 

diversity 

Flood plain communities 

Highly productive forests 

Exceptional wildlife habitat 

Sources of further information: 

Hills, 1961 

McHarg, 1969 

National Academy of Science, 1970 

Odum and Odum, 1972 



THE EN0 RIVER BASIN - A CASE STUDY 

The Eno River a r i s e s  i n  two branches i n  n o r t h  c e n t r a l  Orange County, North 

Caro l ina .  The two branches flow gene ra l ly  southward and j o i n  one another  n o r t h  

of Hillsborough, t h e  county s e a t  of Orange County. J u s t  west of Hil lsborough 

the  r i v e r  t u r n s  t o  t h e  e a s t ,  f lowing through Hil lsborough and on i n t o  c e n t r a l  

Durham County. I n  Durham County the  Eno flows a long  t h e  no r the rn  edge of t h e  

Durham urban a r e a  and i n  t h e  e a s t e r n  p a r t  of t h e  county j o i n s  t h e  F l a t  River  t o  

become the  Neuse River .  The L i t t l e  River  flows i n t o  t h e  Eno s h o r t l y  above i t s  

confluence wi th  the  F l a t .  The e n t i r e  l eng th  of t h e  Eno River i s  approximately 

35 mi les .  I ts watershed con ta ins  about  90,000 a c r e s  o r  140 square  mi les .  The 

Eno River  watershed i s  i l l u s t r a t e d  i n  F igure  3 .  

Figure  3.  The Eno River watershed. 



The a r e a  through which t h e  Eno River  runs  i s  t y p i c a l  of t h e  gen t ly  r o l l -  

i n g  t e r r a i n  of t h e  n o r t h  c e n t r a l  Piedmont of North Caro l ina .  With t h e  except ion  

of t h e  h i l l s  and b l u f f s  a long p a r t s  of t h e  r i v e r  which a r e  too s t e e p  f o r  c u l t i -  

v a t i o n ,  much of t h e  land i s  being o r  has  been used f o r  a g r i c u l t u r e .  Abandoned 

f i e l d s  and s t e e p  h i l l s  a r e  covered wi th  f o r e s t s  of southern p ines  and second- 

growth hardwoods of vary ing  ages  and q u a l i t y .  Approximately 70 pe rcen t  of t h e  

watershed i n  Orange County and approximately 60 of t he  watershed i n  Durham 

County i s  f o r e s t e d .  With t h e  except ion of t h e  Town of Hil lsborough and Durham 

Ci ty ,  most of t h e  watershed i s  r u r a l  wi th  only s c a t t e r e d  smal l  s e t t l emen t s .  

The Eno f lows through the  smal l  town of Hil lsborough which uses  t h e  r i v e r  

f o r  both water supply and d i sposa l  of t r e a t e d  sewage. The Town of Mebane and 

o t h e r  p a r t s  of west c e n t r a l  Orange County and e a s t  c e n t r a l  Alamance County a l s o  

r e c e i v e  p a r t  of t h e i r  water  supply from t h e  Orange-Alamance Water System r e s e r -  

v o i r  above Hil lsborough.  In  Hil lsborough,  paper m i l l s ,  g r i s t  m i l l s ,  and t e x t i l e  

m i l l s  formerly used t h e  r i v e r  f o r  power and f o r  waste d i sposa l ;  b u t  p r e s e n t l y ,  

t h e r e  i s  l i t t l e  d i r e c t  d i sposa l  of wastes  i n t o  t h e  r i v e r  except  f o r  t h e  H i l l s -  

borough sewage t rea tment  p l a n t .  

I n  Durham County t h e  r i v e r  f lows from west t o  e a s t  immediately t o  t h e  

n o r t h  of t h e  C i t y  of Durham. Suburban development i s  spreading r a p i d l y  nor th-  

ward from Durham and has reached t h e  v i c i n i t y  of t h e  Eno wi th in  t h e  p a s t  few 

years .  New subdiv is ions  a r e  appearing r a p i d l y  on both  t h e  n o r t h  and south  

s i d e s  of t h e  r i v e r ,  and a t  one po in t  (along Roxboro Road) a shopping cen te r  and 

o t h e r  commercial developments have r e c e n t l y  been cons t ruc ted .  The land  a long  

t h e  s t ream i t s e l f ,  however, i s  s t i l l  l a r g e l y  undeveloped and wi ld .  Durham 

obta ined  most of i t s  water  supply from the  Eno u n t i l  t h e  e a r l y  1920's .  The 

C i t y  p r e s e n t l y  ope ra t e s  a  sewage t reatment  p l a n t  on t h e  lower p a r t  of t h e  

r i v e r .  P lans  a r e  being made t o  expand t h i s  p l a n t  and extend sewer l i n e s  i n t o  

t h e  Eno Basin t o  meet t h e  needs of expanding development t he re .  

The e a r l i e s t  exp lo ra t ions  and f i r s t  non-Indian se t t l emen t s  i n  t h e  Durham 

a r e a  a r e  s a i d  t o  have been a long  the  Eno River .  From t h e  mid-1700's t o  t h e  

advent of e l e c t r i c a l  power i n  t h e  reg ion  t h e r e  were i n  ex i s t ence  as many a s  

32 water-driven m i l l s  a long t h e  r i v e r .  These m i l l s  funct ioned as s o c i a l  and 

p o l i t i c a l  c e n t e r s  of a c t i v i t y  a s  w e l l  a s  providing s e r v i c e s .  Many roads  l e d  

t o  and from t h e  m i l l  s i t e s  which were always loca t ed  near  r i v e r  f o r d s .  Many 

s i g n s  o f , t h i s  e a r l y  i n t e n s i v e  use of t h e  r i v e r  s t i l l  e x i s t ,  bu t  t h e i r  o v e r a l l  

impact on t h e  present  n a t u r e  of t h e  r i v e r  v a l l e y  i s  s l i g h t .  



Generally,  t h e  Eno River  i t s e l f  i s  l a r g e l y  unpol lu ted ,  s w i f t ,  rocky, and 

b e a u t i f u l ,  The s t e e p  f o r e s t e d  h i l l s i d e s  and b l u f f s  a long  t h e  r i v e r  i s o l a t e  i t  

from developments, r e s u l t i n g  i n  an impression of i s o l a t i o n  and wildness  even 

though subdiv is ions  may e x i s t  a s h o r t  d i s t a n c e  over t h e  c r e s t  of t h e  h i l l ,  

Due t o  i t s  l o c a t i o n  and n a t u r a l  beauty,  t h e  Eno River  has  h i s t o r i c a l l y  

played a l a r g e  r o l e  i n  both the  commerce and r e c r e a t i o n  of r e s i d e n t s  of t h e  

Durham a r e a .  P a r t i c u l a r l y  i n  r e c e n t  yea r s  t h e  r i v e r  v a l l e y  has  been heav i ly  

used f o r  h ik ing ,  f i s h i n g ,  swimming, canoeing, and r a f t i n g .  But t h e  p re s su res  

of urban expansion t o  t h e  n o r t h  of Durham have become so  g r e a t  t h a t  i t  i s  

n e a r l y  i n e v i t a b l e  t h a t  t h e  Eno Basin, a t  l e a s t  i n  Durham County, w i l l  be  con- 

ve r t ed  from r u r a l  t o  urban wi th in  t h e  nex t  decade. Whether t h i s  u rban iza t ion  

w i l l  have t h e  usua l  r e s u l t s  of d e s t r u c t i o n  of a e s t h e t i c  appea l ,  degradat ion of 

water q u a l i t y ,  l o s s  of wild cha rac t e r  and w i l d l i f e  h a b i t a t ,  and consequent 

l o s s  of r e c r e a t i o n a l  va lue  o r  whether t h e s e  va lues  can be preserved i n  something 

near  t h e i r  p re sen t  s t a t e  w i l l  depend upon t h e  even tua l  ba lance  of s e v e r a l  some- 

times opposing f o r c e s  c u r r e n t l y  a c t i n g  t o  i n f luence  l and  u s e  i n  t h e  a r ea .  

The f i r s t ,  and perhaps most powerful,  of t hese  f o r c e s  i s  t h e  pace of urban 

expansion i n  t h e  a r e a .  Between 1960 and 1970 t h e  popula t ion  of t h e  C i t y  of 

Durham increased  from about  78,000 t o  over 95,000 and by 1972 had exceeded 

100,000, During t h e  same period the  t o t a l  Durham County popula t ion  increased  

from about 112,000 t o  n e a r l y  133,000. Inc reases  of s i m i l a r  o r  g r e a t e r  magni- 

tude were experienced i n  t h e  ad jacent  Orange and Wake coun t i e s .  The three-  

county region has a high p o t e n t i a l  f o r  f u t u r e  popula t ion  growth due t o  t h e  

development of t h e  Research Tr i ang le  Park and t h e  expansion of t h e  t h r e e  major 

u n i v e r s i t i e s  i n  t h e  a r e a .  The Research Tr iangle  Regional Planning Commission 

(1969) p ro j ec t ed  t h e  populat ion of Durham County t o  be a s  hfgh a s  268,000 by 

t h e  year  2000. Much of t h e  populat ion inc rease  c o n s i s t s  of f a i r l y  wel l-  

educated people i n  middle t o  upper income groups wi th  a h igh  demand f o r  medium- 

p r i ced  suburban housing. 

Much of t h e  development of t h i s  housing has  been occurr ing  t o  t h e  n o r t h  

of Durham. The Ci ty  of Durham i s  expanding t o  t h e  no r th ,  as i s  evidenced by 

t h e  annexation of 3.19 square  mi l e s  of land by t h e  c i t y  i n  1966 t h a t  brought 

t he  c i t y  l i m i t s  wi th in  one-half mi le  of t h e  Eno River .  Between 1965 and 1970, 

t h i r t e e n  new housing developments conta in ing  over  1100 r e s i d e n t i a l  l o t s  were 

b u i l t  i n  t h e  nor thern  p a r t  of Durham County. Since then,  t h e  pace of develop- 

ment has  increased  even f u r t h e r .  Roxboro Road i s  one of t h e  main a r t e r i e s  



l e a d i n g  no r th  from Durham and has been t h e  s i t e  of most of t h e  development. 

Many new subdiv is ions  have appeared a long  i t  i n  t h e  p a s t  few yea r s ,  i nc lud ing  

a  l a r g e  subdivision-apartment-shopping c e n t e r  complex b u i l t  v i r t u a l l y  on t h e  

banks of t h e  Eno River .  Guess and Cole M i l l  Roads a l s o  head n o r t h  from Durham 

and have a l s o  been t h e  s i t e s  of i n t e n s i v e  suburban development. L e f t  uncon- 

t r o l l e d  and i n  p r i v a t e  ownership, i t  would appear t o  be t h e  f a t e  of most a l l  

of t h e  l and  i n  t h e  Durham County p a r t  of t h e  Eno Basin t o  undergo such 

development. Two o the r  f o r c e s  have been a c t i n g ,  however, t o  a t  l e a s t  par- 

t i a l l y  counterac t  t h i s  t rend .  

The C i ty  of Durham has p ro j ec t ed  t h a t  i t s  demand f o r  water w i l l  exceed 

t h e  supply from Lake Michie, i t s  p re sen t  r e s e r v o i r  on t h e  F l a t  River ,  by 1985. 

In  order  t o  avoid a p o s s i b l e  water  shor tage ,  t h e  C i ty  has been planning and 

a c q u i r i n g  land f o r  a d d i t i o n a l  water sources .  Since t h e  Eno River i s  t h e  

c l o s e s t  t o  t h e  c i t y  and i s  a p o t e n t i a l  source  of a  l a r g e  amount of r e l a t i v e l y  

c l ean  water ,  i t  has been s l a t e d  a s  a  p o s s i b l e  s i t e  f o r  a  f u t u r e  r e s e r v o i r .  

Since Durham formerly acquired i t s  water from t h e  Eno and s i n c e  t h e  Army Corps 

of Engineers recommended a  f lood  c o n t r o l  r e s e r v o i r  f o r  t h e  r i v e r ,  t h e r e  was 

some j u s t i f i c a t i o n  f o r  t h e  c i t y ' s  beginning t o  acqu i r e  land  i n  t h e  Eno bas in  

f o r  a  f u t u r e  r e s e r v o i r  s i t e .  

Beginning i n  t h e  mid-1960's and a c c e l e r a t i n g  i n  t h e  e a r l y  19701s ,  t h e  

C i t y  of Durham has been acqu i r ing  l a r g e  amounts of land  a long  t h e  r i v e r  t o  

keep i t  out  of development and r e s e r v e  i t  f o r  f u t u r e  water supply and r ec rea -  

t i o n a l  use.  I n  a d d i t i o n  t o  land  f o r  a  r e s e r v o i r ,  t h e  c i t y  has  acquired o t h e r  

l and  f a r t h e r  downstream f o r  r e c r e a t i o n a l  use  and f o r  t h e  expansion of i t s  

sewage t reatment  p l a n t  on t h e  lower Eno. F igure  4 shows t h e  l and  i n  c i t y  

ownership i n  e a r l y  1973 and lands  t h a t  a r e  planned f o r  f u t u r e  a c q u i s i t i o n .  

A very  a c t i v e  l o c a l  conserva t ion  group, The Socie ty  f o r  t h e  P re se rva t ion  

of t h e  Eno River  Val ley ,  has a l s o  been t ak ing  a c t i o n  t o  keep t h e  r i v e r  v a l l e y  

i t s e l f  ou t  of development. This  group, however, v i o l e n t l y  opposes construc-  

t i o n  of a  r e s e r v o i r  on t h e  r i v e r  and thus  opposes much of t h e  c i t y ' s  a c t i v i -  

t i e s  a long t h e  r i v e r ,  even though they a r e  a l s o  aimed a t  p revent ing  develop- 

ment. The Eno Assoc ia t ion  generated a  g r e a t  d e a l  of p u b l i c i t y  about t h e  beauty 

of t h e  Eno River  dur ing  the  e a r l y  1970 ' s  and promoted r e c r e a t i o n a l  u s e  of t h e  

a r e a  by sponsoring h ikes  and r a f t  t r i p s  and by g iv ing  s l i d e  shows and t a l k s  t o  

l o c a l  o rgan iza t ions .  The Durham newspapers have s ided  wi th  t h e  Eno Assoc ia t ion  

i n  opposing r e s e r v o i r  cons t ruc t ion  on t h e  r i v e r  and have a l s o  given t h e  ma t t e r  



Figu re  4 .  Exten t  o f  p r e s e n t  p u b l i c  ownership 
of l a n d  a long  t h e  Eno River .  

much p u b l i c i t y .  Both t h e  Eno Assoc i a t i on  and t h e  newspapers have promoted t h e  

i d e a  of a s t a t e  park  a s  a means of p r e se rv ing  t h e  r i v e r  v a l l e y  a s  opposed t o  

c i t y  ownership of t h e  land .  

I n  1972 t h e  Eno Assoc i a t i on  began t o  t a k e  a more a c t i v e  r o l e  by forming an 

Eno River  P r o j e c t  Group of  t h e  Nature  Conservancy. Th i s  group has  convinced 

t h e  S t a t e  Board of  Conservat ion and Development and t h e  S t a t e  Parks  D iv i s ion  t o  

p u b l i c l y  back t h e  i d e a  of an Eno River  S t a t e  Park  over  the  oppos i t i on  of t h e  

Durham C i t y  government. The Nature  Conservancy h a s  acqu i r ed  s e v e r a l  t r a c t s  of 

l a n d  a long  t h e  r i v e r ,  some wi th in  t h e  proposed r e s e r v o i r  a r e a  (F igure  4 ) ,  and 

t h e  1973 s e s s i o n  of t h e  North Caro l ina  General Assembly app rop r i a t ed  money t o  

beg in  t o  purchase l a n d  f o r  a s t a t e  park.  



I n  mid-1973 when p l ans  f o r  an  Eno River S t a t e  Park began t o  c r y s t a l l i z e ,  

t h e  North Caro l ina  Department of Natura l  and Economic Resources began t o  e x e r t  

p re s su re  on t h e  C i t y  of Durham t o  put  t h e  Eno a t  t h e  bottom of i t s  p r i o r i t y  

l i s t  f o r  p o s s i b l e  r e s e r v o i r  s i t e s .  Simultaneously an innovat ive  p lan  t o  use  

a  quarry along t h e  lower Eno a s  a  water  s t o r a g e  r e s e r v o i r  were developed by 

the  c i t y .  In  October 1973 t h e  Durham c i t y  government announced t h a t  i t  was 

abandoning i t s  p l ans  f o r  an  Eno r e s e r v o i r  i n  favor  of o t h e r  p o s s i b l e  water  

sources.  This  move amply t e s t i f i e s  t o  t h e  a b i l i t y  of well-organized and per- 

s i s t e n t  p r i v a t e  conserva t ion  o rgan iza t ions  t o  i n f luence  governmental a c t i o n s  

regard ing  environmental resources .  

While i t  now appears  a  c e r t a i n t y  t h a t  a t  l e a s t  a  c o r r i d o r  a long  p a r t s  of 

t h e  r i v e r  w i l l  become s t a t e  park,  t h e r e  i s  no l e s sen ing  of t h e  p re s su res  of 

urbaniza t ion  on t h e  r e s t  of t he  Eno Basin. Indeed, p l ans  f o r  a  park could 

i n t e n s i f y  suburban development a long  i t s  f r i n g e s .  There i s  a  p re s s ing  need t o  

i d e n t i f y  and purchase land t h a t  should be included i n  t h e  park  be fo re  i t  i s  

developed f o r  o t h e r  uses .  And t h e  need t o  p r o t e c t  water q u a l i t y  i n  t h e  Eno 

River  and p l eas ing  surroundings f o r  t h e  park through environmental ly  based 

l and  use  planning and r e g u l a t i o n  f o r  t he  whole bas in  i s  more urgent  than  

before .  



LANDSCAPE COMPARTMENTALIZATION - THE MECHANICS 

S t a r t i n g  wi th  the  land use  philosophy, concept of n a t u r a l  de te rminants ,  

and the  e x i s t i n g  s i t u a t i o n  f n  t h e  Eno River  Basin a s  descr ibed  above, t h e  

purpose of t h i s  s e c t i o n  i s  t o  formulate  a  method whereby a  given area--the 

Eno Basin--can be p a r t i t i o n e d  i n t o  compartments t h a t  r e v e a l  t h e  o p p o r t u n i t i e s  

and c o n s t r a i n t s  of t h e  land .  

An important cons ide ra t ion  i s  t h a t  t h i s  method be workable; t h a t  i s ,  t h a t  

t h e  compartments can be appropr i a t e ly  and s u f f i c i e n t l y  de l inea t ed  by t h e  use  

of r e a d i l y  a v a i l a b l e  informat ion  and a reasonably uncomplicated procedure. 

The degree of i n t r i c a c y  of t h e  method should be l i m i t e d  not  only nega t ive ly  

by t h e  a v a i l a b i l i t y  of a l l o c a b l e  t ime, e f f o r t ,  and funds,  bu t  a l s o  p o s i t i v e l y  

by the  wise choice  of c a t e g o r i e s  of l and  use  t h a t  w i l l  be  

proper land  use p a t t e r n s  and of parameters  t o  be measured 

t o  d e c i s i v e l y  ca t egor i ze  land  a r e a s .  

The Categor ies  of Land Use 

The most important  cons ide ra t ion  a t  t h i s  p o i n t  i s  t o  

ca t egor i e s  land  use  should be d iv ided  so  t h a t  t h e  n a t u r a l  

suf f  i c i e n t  t o  r e v e a l  

t h a t  a r e  s u f f i c i e n t  

determine i n t o  which 

o p p o r t u n i t i e s  and 

c o n s t r a i n t s  of t h e  land  a r e  adequately r e f l e c t e d .  This  o r i e n t a t i o n  l e a d s  t o  

c e r t a i n  assumptions. S p e c i f i c a l l y ,  t h e s e  a r e  t h a t  where n a t u r e  i s  c l e a r l y  

ca r ry ing  out  a  v i t a l  func t ion ,  such as r e g u l a t i o n  of s t ream f low and s tream 

q u a l i t y ,  t h i s  func t ion  should be p ro t ec t ed ;  where n a t u r e  has  given a b e n e f i t ,  

such a s  f e r t i l e  s o i l ,  t h i s  b e n e f i t  should determine t h e  b e s t  u s e  of  t h a t  land;  

where n a t u r e  has  imposed a p r o h i b i t i o n ,  such as a f lood  p l a i n ,  t h i s  p r o h i b i t i o n  

should be respec ted .  To use  Ian  ~ c ~ a r g ' s  (1969) phrase ,  a  "presumption i n  

favor  of na ture"  i s  being made. 

This  being the  o r i e n t a t i o n  taken,  i t  seems t h a t  t h e  land  types  mentioned 

by Odum (1969a) form a proper b a s i s  f o r  categorizat ion--perhaps wi th  a  few 

minor a l t e r a t i o n s .  These genera l ized  types  a r e  P ro t ec t ion ,  Product ion,  Urban 

Development, and Multiple-Use lands .  Once t h e  lapdscape of a  given a r e a  i s  

p a r t i t i o n e d  i n t o  blocks according t o  t h e s e  c a t e g o r i e s ,  s p e c i f i c  s i t e  i nves t iga -  

t i o n s  can be c a r r i e d  out  where i n t e n s i v e  uses  a r e  contemplated. For example, 

once an a r e a  i s  gene ra l ly  designated a s  f a l l i n g  i n  t h e  urban development 

category,  information on any s p e c i f i c  s i t e  w i t h i n  t h a t  a r e a  would be  adv i sab le  

t o  i n s u r e  t h a t  t h a t  p a r t i c u l a r  s i t e  i s  i n  f a c t  s u i t a b l e  i n s o f a r  a s  a l l  important 
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f a c t o r s  a r e  concerned, f o r  t he  in t end  ed use.  In  o t h e r  words, what would be 

accomplished by t h e  method being d iscussed  he re  i s  the  d e l i n e a t i o n  of a r e a s  

t h a t  appear t o  be gene ra l ly  s u i t e d  t o  v a r i o u s  d i f f e r e n t  types  of l and  u s e  on 

t h e  b a s i s  of a  sample a t  a given i n t e n s i t y  of t he  va lues  of parameters  t h a t  i t  

i s  f e l t  a r e  s u f f i c i e n t  t o  d i s t i n g u i s h  among t h e s e  types .  This  does n o t  

guarantee t h a t  cond i t i ons  a t  a  given s i t e  w i l l  be  opt imal  f o r  a given use-- 

t he re fo re ,  t h e  recommended s i t e  i n v e s t i g a t i o n ,  However, i t  does c r e a t e  a  

gene ra l  p a t t e r n  of l and  use  t h a t  (1) g ives  t h e  most probable b e s t  l and  u s e  a t  

any given s i t e ,  and (2 )  i s  based on an i n v e s t i g a t i o n  of t h e  n a t u r a l  a t t r i b u t e s  

of t he  land .  

Generalized Descr ip t ion  of Land i n  Each of t h e  Categor ies  

Having chosen t h e  genera l ized  c a t e g o r i e s  of land use ,  i t  would be bene- 

f i c i a l  a t  t h i s  po in t  t o  b r i e f l y  desc r ibe  t h e  types  of land t h a t  would be placed 

i n  each and perhaps t o  make some a d d i t i o n s  t o  o r  a l t e r a t i o n s  of t h e  f o u r  b a s i c  

c a t e g o r i e s  i f  t h i s  appears  necessary .  

The p r o t e c t i o n  ca tegory  w i l l  be considered f i r s t .  This  c o n s i s t s  p o s i t i v e l y  

of those  a r e a s  t h e  e s s e n t i a l l y  n a t u r a l  s t r u c t u r e  of which should be  r e t a i n e d  

such t h a t  they  may cont inue  t o  perform t h e i r  n a t u r a l  func t ions ,  t h e s e  having 

been d iscerned  a s  a p o s i t i v e  value--a recognized n a t u r a l  resource-- that  i t  

b e n e f i t s  man t o  preserve .  Negat ively,  t h i s  a l s o  c o n s i s t s  of those  a r e a s  t h a t  

c a t e g o r i c a l l y  must be p ro t ec t ed  t o  prevent  hazard.  

This  ca tegory  has  been def ined  a long  e s s e n t i a l l y  an th ropocen t r i c  l i n e s ,  

p r o t e c t i o n  being extended t o  those  th ings  t h a t  i t  i s  f e l t  t o  be i n  t h e  human 

i n t e r e s t  t o  p r o t e c t .  However, a s  implied above, i t  i s  f e l t  t h a t  what i s  i n  

t h e  b e s t  human i n t e r e s t  i s  t o  i n t e g r a t e  our a c t i v i t i e s  as c l o s e l y  a s  p o s s i b l e  

wi th  t h e  p a t t e r n s  of na tu re .  Accordingly, p r o t e c t i o n  i s  t o  be extended t o  

t hose  th ings  t h a t  a r e  f e l t  t o  bear  on our immediate needs and, f u r t h e r ,  t o  

t hose  th ings  t h a t  bear  on our suspected needs f o r  a  n a t u r a l l y  v a r i e d  and p leas-  

i ng  environment. 

I n  t he  example being presented  a long  wi th  t h i s  d i scuss ion ,  t hose  f e a t u r e s  

t h a t  happen t o  occur  i n  t h e  reg ion  i n  which t h e  a r e a  under s tudy  i s  l o c a t e d  

which were f e l t  t o  perform t h e  r o l e  j u s t  desc r ibed  were considered under t h e  

heading of P r o t e c t i o n ,  (The a r e a  s tud ied  was t h a t  p a r t  of t h e  Eno River  

watershed f a l l i n g  i n  Durham County. O r i g i n a l l y ,  i t  was in tended  t o  i nc lude  



i n  t h e  s tudy the  e n t i r e  watershed of t he  Eno, bu t  t h i s  w a s  prevented by t h e  

l i m i t e d  a v a i l a b i l i t y  of information f o r  t h e  Orange County po r t ion  of t h e  water- 

shed , )  This included designated water  course  c o r r i d o r s ,  a r e a s  of s t e e p  

topography, s c e n i c  a r e a s ,  a r e a s  t h a t  a f f o r d  unique r e c r e a t i o n a l  o p p o r t u n i t i e s ,  

a r e a s  t h a t  exe lus ive ly  provide unique w i l d l i f e  h a b i t a t s ,  and flood-prone a reas .  

In  a  genera l ized  d i scuss ion  of t h e  method being developed he re ,  i t  would be 

adv i sab le  t o  inc lude  a sub-category t h a t  might be e n t i t l e d  "other  n a t u r a l l y  

unique o r  important  a r e a s , "  

A few comments might be made on each of t h e  above, It i s  f e l t  t h a t  cor- 

r i d o r s  running t h e  l eng th  of water  courses  should be p ro t ec t ed  due t o  t h e  

important r o l e  such b u f f e r  s t r i p s  p lay  i n  t he  r e g u l a t i o n  of s t ream f low and 

i n  t he  maintenance of water  q u a l i t y .  Disturbance w i t h i n  t h i s  s t r i p  may r e s u l t  

i n  s i l t a t i o n  and o t h e r  r educ t ions  of water  q u a l i t y  t h e  l i k e l i h o o d  of which 

would be decreased by conf in ing  a c t i v i t i e s  expected t o  cause such d i s tu rbances  

beyond i t ,  Disturbances could a l s o  l e a d  t o  a l t e r e d  s t ream f low response-- 

u sua l ly  g r e a t e r  f lash iness- - to  p r e c i p i t a t i o n  events .  Water i s  one of our  most 

va luable  resources ,  and s o  water  courses  mer i t  p r o t e c t i o n ,  C e r t a i n  planned 

types  of d i s tu rbance  might be allowed, such a s  vege ta t ion  manipulat ion where 

t h i s  s e rves  a  u s e f u l  purpose, bu t  development un re l a t ed  t o  d e s i r a b l e  a l t e r a -  

t i o n  of s t ream q u a l i t y  o r  q u a n t i t y  should be excluded, 

Fu r the r ,  f lood-prone a r e a s  along r i v e r s  and extending beyond t h e  desig-  

na ted  p ro t ee t fon  c o r r i d o r s  should be p ro t ec t ed  a s  we l l ,  though t o  a  d i f f e r e n t  

degree.  Whereas a l l  i n t e n s i v e  use  i s  bar red  from the  c o r r i d o r s ,  non-construct ion 

uses  are permiss ib le  i n  t h e  flood-prone a r e a s  extending beyond them. This  

would inc lude  such a c t i v i t i e s  a s  f o r e s t r y  and a g r i c u l t u r e .  A s  a ma t t e r  of 

f a c t ,  s tudy  of t h e  flood-prone a r e a s ,  f o r e s t r y ,  and a g r i c u l t u r a l  maps produced 

i n  t h e  example a t  hand show t h a t  f lood  p l a i n s  gene ra l ly  have the  most produc- 

t i v e  s o i l s  f o r  t h e s e  a c t i v i t i e s ,  Flood-prone a r e a s  should be  withheld from 

development, however, because (1) p o s i t i v e l y  they do become f u n c t i o n a l  i n  

moving f lood  waters  and should n o t  be blocked, ( 2 )  development i n  t h e  sense  of 

cons t ruc t ion ,  e t c ,  would c o n s t i t u t e  a  l o s s  t o  a g r i c u l t u r e  and f o r e s t r y ,  and 

(3) nega t ive ly ,  they do pose a hazard t o  development. 

Areas of s t e e p  topography should c a t e g o r i c a l l y  be p ro t ec t ed  from t h e  p o i n t  

of view t h a t ,  given t h a t  they do e x i s t ,  they i n t r i n s i c a l l y  pose hazards of 

e ros ion  and i n s t a b i l i t y  i f  developed o r  i n  o the r  ways d i s t u r b e d ,  



Scenic a r e a s  and a r e a s  t h a t  a f f o r d  unique r e c r e a t i o n a l  o p p o r t u n i t i e s  should 

be p ro t ec t ed  f o r  t h e i r  obvious amenity va lues ,  which i s  one reason ,  r e a l i z e d  

through hunt ing o r  genera l  i n t e r e s t ,  f o r  p r o t e c t i n g  a r e a s  t h a t  e x c l u s i v e l y  pro- 

vide--through t h e i r  community composition o r  a r e a l  extent--a s u i t a b l e  h a b i t a t  

f o r  p a r t i c u l a r  w i l d l i f e  spec i e s .  However, another  j u s t i f i c a t i o n  f o r  p r o t e c t i n g  

t h e  l a t t e r  type  of a r e a  i s  t h a t  d e s t r u c t i o n  of t h e  h a b i t a t  requirements  of 

c e r t a i n  spec i e s  can r e s u l t  i n  eco log ica l  imbalances such a s  might occur  when 

p reda to r s  a r e  e l imina ted  i n  c e r t a i n  predator-prey r e l a t i o n s h i p s .  
11 Other n a t u r a l l y  unique o r  important a r eas"  was included t o  provide  a  

genera l ized  sub-category which comprehends those  elements of a  s p e c i f i c  land-  

scape--not occurr ing  i n  a l l  landscapes--that due t o  t h e i r  p a r t i c u l a r  f u n c t i o n s  

o r  c h a r a c t e r i s t i c s  should be p ro t ec t ed .  For i n s t ance ,  i f  s tudy  were be ing  

made of a  c o a s t a l  a r e a ,  such physiographic f e a t u r e s  a s  beaches, foredunes,  and 

marshes would be p ro t ec t ed .  Elsewhere, our concern might be important  a q u i f e r  

recharge  a r e a s  which due t o  t h e  geologic  c h a r a c t e r i s t i c s  of a  p a r t i c u l a r  a r e a  

do not  co inc ide  wi th  t h e  r i v e r  c o r r i d o r s  o r  t h e  f lood  p l a i n s .  Also included i n  

t h i s  category would be e c o l o g i c a l l y  unique a r e a s  i n  which unique s t r u c t u r e s  o r  

systems a r e  found bu t  which have n o t  been extended p r o t e c t i o n  under any of t h e  

o t h e r  p r o t e c t i o n  sub-categories .  Any of t h e s e  f e a t u r e s  would be des igna ted  a s  

a  p r o t e c t i o n  sub-category as such i n  a s tudy of an a r e a  where i t  occurred  

r a t h e r  than being r e f e r r e d  t o  by t h e  genera l ized  t i t l e  "o ther  n a t u r a l l y  unique 

o r  important  a r e a s .  ' I  

/ 
Severa l  p o i n t s  might be made a t  t h i s  j unc tu re .  The f i r s t  p e r t a i n s  t o  t h e  

e x t e n t  of use  t h a t  can be  made of l and  f a l l i n g  wi th in  t h e  p r o t e c t i o n  ca tegory .  

I n i t i a l l y ,  i t  must be recognized t h a t  t h e  a c t  of p l ac ing  an  a r e a  i n  t h e  pro- 

t e c t i o n  ca tegory  e s t a b l i s h e s  a  use;  i . e . ,  t h e  land cont inues  t o  perform i t s  

p e c u l i a r  n a t u r a l  func t ion .  Beyond t h i s ,  however, c e r t a i n  low i n t e n s i t y  types  

of use may concurren t ly  be  made of t h e  l and .  Largely,  t h i s  w i l l  be  confined 

t o  low-intensi ty  r e c r e a t i o n  such a s  p i cn ick ing  and h ik ing  and t o  c e r t a i n  

s c i e n t i f i c  and educa t iona l  p u r s u i t s .  Flood p l a i n s  beyond t h e  p r o t e c t i o n  cor-  

r i d o r s ,  as mentioned, a r e  n o t  given ' Y u l l  p r o t e c t i o n  s t a t u s ' '  i n  t h a t  c e r t a i n  

i n t e n s i v e  uses  can be made of such a r e a s  wi th  a  p r o h i b i t i o n  on c o n s t r u c t i o n  

so  t h a t  f l o o d  p l a i n  func t ions  a r e  n o t  impaired and human l i f e  and p rope r ty  a r e  

no t  endangered. 

Another p o i n t  is  t h a t  i t  should not  be f e l t  t h a t  a l l  l and  no t  i n  t h e  pro- 

t e c t i o n  ca tegory  i s  des t ined  t o  be even tua l ly  developed i n  some way such t h a t  



any des i r ed  open space systems must be designated under t h e  heading of protec-  

t i o n  land .  Open space systems can be assembled from many types of l and ,  Pro- 

duc t ion  land,  f o r  i n s t a n c e ,  c o n s t i t u t e s  open space and f u r t h e r  open space can 

be chosen by subsequent planning dec i s ions  from urban development and mul t ip le -  

u se  lands .  It might be r e i t e r a t e d  t h a t  t h e  method being d iscussed  he re  i s  not  

a  f i n a l  planning procedure bu t  a land  u s e  planning guide t h e  purpose of which 

i s  t o  l o c a t e  t h e  b a s i c  gene ra l  c a t e g o r i e s  of u s e  i n  t h e  most f avo rab le  a r eas .  

A t h i r d  po in t  concerns t h e  f a s t  t h a t  an element of s u b j e c t i v i t y  e n t e r s  

i n t o  the  des igna t ion  of land as belonging t o  c e r t a i n  of t h e  p r o t e c t i o n  sub- 

ca t egor i e s ,  such a s  t h e  s c e n i c  o r  perhaps t h e  unique r e c r e a t i o n a l  category.  

Some may argue t h a t  only q u a n t i f i a b l e  va lues  should be included o r  t h a t  

f a c t o r s  t h a t  defy d i r e c t  q u a n t i f i c a t i o n  should be measured according t o  some 

common--though a r t i f i c i a l - - y a r d s t i c k  be fo re  any commitment of r e sou rces  can be 

made, It seems t h a t  such a  d e s i r e  t o  be  "scientific" can o f t e n  be more m i s -  

d i r e c t e d  than cornmendable. Although what i s  recognized as being a e s t h e t i c a l l y  

appea l ing  o r  i n t e r e s t i n g  v a r i e s  among people,  i t  is  f u l l y  as l i k e l y  o r  perhaps 

even more l i k e l y  t h a t  choices  gene ra l ly  f u l f i l l i n g  t h e  needs of a  populace 

can be made by a  group of i n d i v i d u a l s  gene ra l ly  a t t uned  t o  t h e  t a s t e s  of 

s o c i e t y  and a c t i n g  on t h e  b a s i s  of t h e i r  s u b j e c t i v e  f e e l i n g s  as by r e s t r i c t i o n  

t o  t h ings  d i r e c t l y  q u a n t i f i a b l e  o r  by r e s o r t  t o  s t r a i n e d  and a r t i f i c f a l  

q u a n t i f i c a t i o n s .  

The f i n a l  p o i n t  t o  be made he re  concerns a r e a s  t h a t  i n  e f f e c t  w i l l  be pro- 

t e c t e d  a l though n o t  s p e c i f i c a l l y  des igna ted  under t h e  p r o t e c t i o n  category.  

Land placed i n  t h e  p r o t e c t i o n  category i s  so  des igna ted ,  a s  mentioned above, 

stemming from e i t h e r  one of two p o i n t s  of vfew--a p o s i t i v e  one o r  a  nega t ive  

one; t h a t  i s ,  l and  i s  p ro t ec t ed  e i t h e r  t o  prevent  l o s s  of a  b e n e f i t  o r  t o  

avoid a  hazard. It can be seen t h a t  i n  gene ra l  t h e  types  of f e a t u r e s  t h a t  a r e  

extended t h i s  p r o t e c t i o n  c o n s i s t  of "systems" t h e  disruptPon of which produces 

impacts extending u s u a l l y  t o  more than  t h e  immediate s i t e  of t h e  d i s r u p t i o n .  

In c o n t r a s t  t o  t hese  p r o t e c t i o n  a r e a s  b u t  s t i l l  f a l l i n g  i n t o  an unspec i f i ed  

category of "p ro t ec t ion  by de fau l t "  w i l l  be  t hose  a r e a s  t h a t  should no t  be  

developed o r  subjec ted  t o  any i n t e n s i v e  use  due t o  t h e  e x i s t e n c e  of some 

l o c a l i z e d  n a t u r a l  cond i t i on  t h a t  would have an adverse  e f f e c t  on t h a t  use  i n  

terms of and extending t o  only the  immediate s i t e .  The n a t u r a l  condi t ion  

could be,  f o r  i n s t a n c e ,  a  c l a y  l e n s  i n  t h e  s u b s o i l  caus ing  low permeabi l i ty  



and/or  seasonal  perched water  t a b l e  problems t o  intended development o r  s i n k  

h o l e s  o r  t h e  l i k e .  A l l  such a r e a s  w i l l  no t  be designated a s  p r o t e c t i o n  a r e a s  

a s  such but  w i l l  drop out  as undeveloped a r e a s  as c l o s e r  s i t e  i n v e s t i g a t i o n s  

a r e  made i n  a r e a s  gene ra l ly  s u i t a b l e  f o r  i n t e n s i v e  u s e  of some s o r t ,  

The Product ive category i s  t h e  next  of t h e  suggested land  u s e  c a t e g o r i e s .  

Land reserved  f o r  product ion i s  simply t h a t  l and  t h a t  i s  e s p e c i a l l y  s u i t e d  t o  

e i t h e r  a g r i c u l t u r a l  o r  f o r e s t  product ion due t o  the c h a r a c t e r i s t i c s  of i t s  s o i l ,  

i t s  topographic p o s i t i o n ,  and s o  f o r t h .  It was f e l t  adv i sab le  t o  d i v i d e  t h e  

o r i g i n a l l y  proposed product ion ca tegory  i n t o  t h e s e  two s e p a r a t e  ca tegor ies - -  

a g r i c u l t u r a l  l ands  and f o r e s t  lands--as both of t h e s e  types  of l and  u s e  are of 

cons iderable  importance i n  t h e  reg ion  i n  which t h e  example under s tudy  i s  

loca t ed .  

The Urban Development ca tegory  c o n s i s t s  of t h a t  land  which i s  p a r t i c u l a r l y  

we l l  s u i t e d  t o  be developed. "Development," of course,  can cover a  v a r i e t y  of 

t h i n g s ,  t h e  p a r t i c u l a r  type occu r r ing  i n  any given s i t u a t i o n  be ing  determined 

by t h e  p o t e n t i a l s  of t h e  a r e a  be ing  considered,  In  a l l  c a ses ,  "development" 

connotes a  r a t h e r  d r a s t i c  a l t e r a t i o n  of t he  landscape and r e q u i r e s  t h a t  t h e  

land  i n  ques t ion  be possessed of c e r t a i n  c h a r a c t e r i s t i c s  i n  o rde r  t o  avoid 

both degrada t ions  of t h e  landscape and de t r iment  t o  t h e  development. h h r e  

d i f f e r e n t  types of development--made f e a s i b l e  by t h e  c h a r a c t e r i s t i c s  of t h e  

land--pose d i f f e r e n t  requirements  on t h e  land ,  i t  would be adv i sab le  t o  c r e a t e  

c i i f fe ren t  development c a t e g o r i e s  such as an urban category inc lud ing  r e s i d e n t i a l ,  

commercial, and l i g h t  i n d u s t r i a l  development; a  heavy i n d u s t r i a l  category;  and 

a  mining o r  e x t r a c t f v e  development ca tegory  t o  cover t h e  s i t u a t i o n  i n  which t h e  

l a n d ' s  b e s t  u se  i s  a s  a  source of some minera l  (or  water )  of u t i l i t y  t o  man, 

In  t he  example under s tudy ,  t h e  only type  of development t h a t  i s  probable  i s  

t h e  s o r t  j u s t  descr ibed  a s  forming an ''urban ca tegory ,"  i i . e . ,  i nc lud ing  r e s f -  

d e n t i a l ,  commercial, and l i g h t  i n d u s t r i a l  cons t ruc t ion ,  and so i n  pursuing t h i s  

example t h e  only  development ca tegory  t o  be made use  of w i l l  be an urban develop- 

ment ca tegory  i n  t h i s  sense .  

L a s t l y ,  t h e r e  i s  t h e  "Multiple-Use" ca tegory  which c o n s i s t s  of t h a t  l and  

i n  any a r e a  under cons ide ra t ion  which i s  n o t  placed i n t o  any of t h e  o t h e r  

ca t egor i e s .  This  becomes "lef t -over"  land  i n  a sense ,  b u t  t h i s  i s  f a r  from 

saying  t h a t  t h i s  land  i s  without  g r e a t  u t i l i t y .  Se t  a s i d e  i n  each of t h e  pre- 

ceding c a t e g o r i e s  i s  land most s u i t e d  i n  t h e  a r e a  under cons ide ra t ion  ( t h i s  - 
a l s o  means t h a t  i t  i s  somewhat w e l l  s u i t e d  on an a b s o l u t e  as w e l l  as a r e l a t i v e  



sca l e - see  below) f o r  provid ing  man's b a s i c  needs of maintenance of t h e  func- 

t i o n i n g  of n a t u r e ,  a  p l e a s i n g  environment, water ,  food,  f i b r e ,  mine ra l s ,  and 

s u i t a b l e  bu i ld ing  s i t e s .  Land i n  t h e  mul t ip le -use  ca tegory  though not  

e x h i b i t i n g  t h e  b e s t  c h a r a c t e r i s t i c s  t o  be found i n  t h e  a r e a  under considera-  

t i o n  f o r  any of t h e s e  uses  might,  accord ing  t o  t h e  make-up of t h e  s p e c i f i c  

s i t e ,  be q u i t e  s a t i s f a c t o r i l y  used f o r  any of t h e s e  purposes,  By judic ious  

u s e  of land i n  t h i s  ca tegory ,  c r e a t i v i t y  can be  a p p l i e d  t o  land use  problems 

and a  balance can be  s t r u c k  among land  use  a l l o c a t i o n s .  Perhaps it i s  b e s t  

t o  re-emphasize t h a t  t h e  p a r t i c u l a r  u se  t o  which land i n  t h e  mul t ip l e -use  

ca tegory  i s  pu t  depends on t h e  make-up of t h e  s p e c i f i c  s i t e  and on land use  

needs. 

A f i n a l  comment t h a t  might be made a t  t h i s  p o i n t  p e r t a i n s  t o  t h e  ma t t e r  

of s ca l e .  That i s ,  t h i s  approach t o  determining land use  p a t t e r n s  becomes 

reasonable only  when app l i ed  t o  a r e a s  s u f f i c i e n t l y  l a r g e  t h a t  gene ra l i zed  

p a t t e r n s  a r e  meaningful. For i n s t ance ,  i t  would not  make sense  t o  go looking 

f o r  f o r e s t r y ,  urban, e t c .  a r e a s  on an  a c r e  p l o t ;  bu t  it would i n  t h e  dra inage  

b a s i n  of a  r i v e r  o r  some o t h e r  r eg iona l - l eve l  a rea .  As j u s t  mentioned above, 

however, i n v e s t i g a t i o n s  of t h e  small  s c a l e  s i t e  do have t h e i r  p l a c e  i n  determin- 

i n g  t h e  a c t u a l  f i n a l  use  t o  which any g iven  p i ece  of ground i s  put .  

The Hierarchy of Land Uses 

An important  ques t ion  a r i s e s  a t  t h i s  juncture.  What i f  a  given a rea  

f a l l s  w i t h i n  more than  one of t h e  above c a t e g o r i e s ?  What happens, f o r  i n s t a n c e ,  

i f  a n  a rea  i s  e s p e c i a l l y  we l l  s u i t e d  t o  both a g r i c u l t u r e  and urban development? 

This  problem i s  reso lved  by t h e  f a c t  t h a t  t h e r e  i s  a  h i e r a r c h y  of land uses  

which i s  e s s e n t i a l l y  i m p l i c i t  i n  t h e  o r i e n t a t i o n  t h a t  has  been assumed. Hav- 
I 

i n g  dec lared  a  "presumption i n  favor  of na tu re , "  land  f a l l i n g  i n  more than  

one ca tegory  w i l l  be a s s igned  t o  t h e  ca tegory  of land  t h a t  can wi ths tand  t h e  

l e a s t  d i s r u p t i o n  and s t i l l  be capable of  cont inuing  t o  perform t h e  func t ions  

o r  o f f e r  t h e  c h a r a c t e r i s t i c s  upon which we have placed a  va lue ,  For example, 

i f  land i s  ca t egor i zed  f o r  urban development, and t h i s  i s  t h e  only  ca tegory  

i n t o  which i t  f a l l s ,  urban development i s  then  a n  accep tab le  use  of t h e  land 

because no de t r iment  w i l l  be  caused t o  t h e  n a t u r a l  func t ions  and b e n e f i t s  we 

have placed a  va lue  upon and no n a t u r a l  p r o h i b i t i o n s  t h a t  we have d iscerned  

w i l l  be breached. However, i f  t h i s  land  should f a l l  under both t h e  urban 

development and p r o t e c t i o n  c a t e g o r i e s ,  then  it must be placed s o l e l y  i n  t h e  



p r o t e c t i o n  ca tegory  because by so  doing we commit no breaches and cause no 

de t r iments ,  whereas by us ing  t h e  land  f o r  urban development we i n  e f f e c t  w i l l  

d e s t roy  t h e  p r o t e c t i o n  func t ion  of t h a t  land .  This  argument can be extended 

t o  form t h e  core  of t h e  h i e ra rchy  of land uses  as fo l lows:  p r o t e c t i o n ,  produc- 

t i o n ,  and urban development. 

Mult iple-use l ands  w i l l  n e c e s s a r i l y  be placed a t  the  bottom of t h e  h i e r -  

archy because, a s  explained above, t h e s e  a r e  t h e  l ands  t h a t  remain a f t e r  t h e  

lands  b e s t  s u i t e d  t o  t h e  o t h e r  c a t e g o r i e s  have been d e l i n e a t e d .  Of t h e  two 

types  of mult iple-use l ands ,  t h e  one wi th  t h e  p r o h i b i t i o n  on c o n s t r u c t i o n  w i l l  

be  placed a  s t e p  higher  i n  t h e  h i e ra rchy  than  t h e  o t h e r ,  gene ra l  mul t ip le -use  

category because of t h e  degree of p r o t e c t i o n  t h a t  t h e  former extends t o  f l o o d  

p l a i n s .  

F i n a l l y ,  f o r  t h e  example being considered,  a g r i c u l t u r a l  l a n d s  a r e  ranked 

one s t e p  higher  than  f o r e s t r y  l ands .  This  i s  n o t  based on t h e  above argument 

but  on t h e  f e e l i n g  t h a t  i n  t h i s  case  the  a v a i l a b i l i t y  of good a g r i c u l t u r a l  

l and  i s  i n  some degree  more important  than t h e  a v a i l a b i l i t y  of good f o r e s t r y  

land ,  cons ider ing  t h e  economy and gene ra l  c h a r a c t e r i s t i c s  of t h e  a r e a  f o r  

which t h e  example s tudy  i s  made. The two a r e  nonethe less  placed one above 

t h e  o t h e r  i n  t h e  h i e ra rchy  because of t h e  s i m i l a r i t y  of r e sou rce  commitment 

involved a s  compared wi th  t h e  o t h e r  land uses .  

Therefore,  t h e  f i n a l i z e d  h i e ra rchy  f o r  t h e  example under s tudy  i s  a s  

fo l lows  : 

P r o t e c t i o n  

Agr i cu l tu re  

F o r e s t r y  

Urban Development 

Multiple-Use, excluding cons t ruc t ion  

General Multiple-Use 

What t h i s  amounts t o  i s  t h a t  when a given land  u n i t  i s  being s t u d i e d  according 

t o  t h e  method being developed here ,  t h e  f i r s t  p r i o r i t y  i s  t o  s e t  a s i d e  those  

a r e a s  des igna ted  a s  p r o t e c t i o n  l ands .  Once t h i s  has  been done, i t  i s  de t e r -  

mined which p a r t s  of t h e  remaining l and  f a l l  i n t o  t he  a g r i c u l t u r a l  ca tegory ,  

which p a r t s  of what - then  remains f a l l  i n t o  t h e  f o r e s t r y  ca tegory ,  and so on 

down t o  assignment of land ,  remaining a f t e r  a l l  o t h e r  l and  use  des igna t ions  

have been made, t o  t h e  gene ra l  mult iple-use ca tegory .  



Paramete rs  and T h e i r  Values  

The n e x t  s t e p  a f t e r  t h e  c h o i c e  of l a n d  u s e  c a t e g o r i e s  and t h e  r a n k i n g  of 

t h e s e  i n t o  a h i e r a r c h y  have been accomplished is  t o  de te rmine  which f a c t o r s  o r  

pa ramete rs  should  be  c o n s i d e r e d  i n  o r d e r  t o  a l l o w  placement of a r e a s  b e i n g  

s t u d i e d  i n t o  t h e  p roper  c a t e g o r i e s .  As i n d i c a t e d  e a r l i e r ,  t h e  o b j e c t  h e r e  i s  

t o  choose t h e  s m a l l e s t  number o f  pa ramete rs  t h a t  a l l o w  d e f i n i t i v e  des igna-  

t f o n  of l a n d  a s  be long ing  t o  one o f  t h e  c a t e g o r i e s .  

I n  t h e  example b e i n g  cons idered  i t  was f e l t  t h a t  t h e  f o l l o w i n g  paramete rs  

were s u f f i c i e n t :  

1, D i s t a n c e  f rom t h e  n e a r e s t  w a t e r  c o u r s e  

2 ,  Slope 

3 .  A g r i c u l t u r a l  p r o d u c t i v i t y  i n d e x  

4 ,  F o r e s t  s i t e  i n d e x  

5. Sub-soi l  p e r m e a b i l i t y  

6.  Shr ink-swel l  p o t e n t i a l  of t h e  s o i l  

7, Depth t o  bedrock 

8. P o s i t i o n  w i t h  r e s p e c t  t o  f l o o d  p l a i n s  

It was s t a t e d  e a r l i e r  t h a t  s c e n i c  a r e a s ,  a r e a s  a f f o r d i n g  un ique  r e c r e a t i o n a l  

o p p o r t u n i t i e s ,  and a r e a s  t h a t  e x c l u s i v e l y  p r o v i d e  un ique  w i l d l i f e  h a b i t a t s  

could  a l s o  be i n c l u d e d  a s  p r o t e c t i o n  l a n d s  i n  t h e  example s i n c e  a l l  of t h e s e  

occur  i n  t h e  r e g i o n  where t h e  a r e a  s t u d i e d  i n  t h e  example i s  l o c a t e d .  These 

a r e  n o t  l i s t e d  among t h e  pa ramete rs  used,  however, as t h e  t h i r d  of t h e s e  d i d  

n o t  occur  i n  t h e  a r e a  a c t u a l l y  s t u d i e d  and t h e  f i r s t  two o c c u r r e d  o n l y  w i t h i n  

t h e  r i v e r  c o r r i d o r s  i n  t h i s  a r e a  (unique r e c r e a t i o n a l  a r e a s  were  l i m i t e d  t o  

t r a i l s  and r i v e r  a c c e s s  p o i n t s )  and t h u s ,  t h e i r  i n c o r p o r a t i o n  i n t o  t h e  p r o c e s s  

o f  d e s i g n a t i n g  p r o t e c t i o n  l a n d s  would add no l a n d  n o t  a l r e a d y  p r o t e c t e d .  It 

shou ld  be no ted  t h a t  i n  any s i t u a t i o n  where o t h e r  c a t e g o r i e s  o r  s u b - c a t e g o r i e s  

shou ld  be added, t h e  n e c e s s a r y  paramete rs  t o  r e f l e c t  t h e s e  would a l s o  b e  

added t o  t h e  above l i s t .  

Values  had t o  be  a s s i g n e d  t o  each of t h e  pa ramete rs  t h a t  were chosen f o r  

c o n s i d e r a t i o n  i n  o r d e r  t o  a l l o w  d e c i s i o n  on t h e  c a t e g o r y  i n t o  which any g iven  

a r e a  of l a n d  shou ld  be  p l a c e d .  The v a l u e s  were chosen on t h e  b a s i s  o f  gudg- 

ment g iven t h a t  t h e  a i m  was t o  d e s i g n a t e  t h o s e  a r e a s  b e s t  s u i t e d  t o  t h e  v a r i o u s  

u s e s ,  c o n s i d e r i n g  t h e  g e n e r a l  c h a r a c t e r  o f  t h e  a r e a  under  s t u d y .  Th is  l a s t  

p o i n t  m e r i t s  a d d i t i o n a l  comment, as mentioned e a r l i e r .  Land i s  p o s i t i v e l y  



placed i n  each of t h e  va r ious  ca t egor i e s ,  except  t h e  mult iple-use ca tegory  

i n t o  which land  i s  placed by v i r t u e  of i t s  having rece ived  no o t h e r  des igna-  

t i o n ,  on t h e  b a s i s  of i t s  being t h e  b e s t  s u i t e d  f o r  t h a t  u se  of t h e  l and  i n  

t h e  a r ea  under s tudy,  - i f  i t  i s  j u s t i f i a b l e  t o  use  land  i n  t h a t  a r e a  f o r  t h a t  

purpose a t  a l l .  That i s ,  i f  t h e  s u i t a b i l i t y  throughout an  a r e a  were q u i t e  -- 
low f o r  a  given use,  t h a t  use  would be abandoned i n  t h a t  a r e a  r a t h e r  than  

t h e r e  being a  recommendation t h a t  t h e  b e s t  s u i t e d  land  i n  t h e  a r e a ,  though 

nonethe less  poorly s u i t e d ,  be r e l e g a t e d  t o  t h a t  use .  Therefore,  a s  i n d i -  

ca ted  e a r l i e r ,  t he  parameter va lues  t h a t  have been chosen r e f l e c t  something 

of an  abso lu t e  a s  w e l l  a s  r e l a t i v e  s u i t a b i l i t y  f o r  a  given use .  

Keeping t h i s  i n  mind, t he  fo l lowing  va lues  f o r  t h e  parameters  used i n  

t h i s  case  were chosen: 

1. Width of t h e  water course  coor idors  - I n  o rde r  t o  be of s ig -  

n i f i c a n t  e f f e c t  a s  a b u f f e r  t h a t  would keep development o r  

d i s r u p t i o n  away from water  courses ,  a s  an a i d  t o  r e g u l a t i o n  

of s t ream f low and s t ream q u a l i t y ,  and a s  a v i s u a l  and per- 

haps a c o u s t i c a l  b a r r i e r  enhancing t h e  a e s t h e t i c  and recrea-  

t i o n a l  appeal  of water  courses ,  i t  was f e l t  t h a t  t h e  pro tec-  

t i o n  c o r r i d o r  should extend 300 f e e t  on e i t h e r  s i d e  of a l l  

pe renn ia l  channels  and 100 f e e t  on e i t h e r  s i d e  of a l l  i n t e r -  

m i t t e n t  channels .  A 300-foot b u f f e r  s t r i p  along pe renn ia l  

s t reams i s  t o  some e x t e n t  a r b i t r a r y .  However, i t  i s  f e l t  t o  

be t h e  l e a s t  d i s t a n c e  necessary f o r  t h e  b u f f e r  t o  a c t  a s  a  

f i l t e r  f o r  sediment and overland and subsurface p o l l u t a n t s .  

It i s  a l s o  t h e  approximate d i s t a n c e  of v i s i b i l i t y  through 

f o r e s t e d  land and would p r o t e c t  t h e  r e c r e a t i o n a l  va lue  of 

t h e  s t reams and trails along t h e i r  banks. Local v e g e t a t i o n ,  

s lope ,  and s o i l  type, of course,  i n f luence  t h e  exac t  b u f f e r  

width necessary  t o  perform these  func t ions ,  bu t  i t  was n o t  

considered p r a c t i c a l  i n  view of t he  s c a l e  and p r e c i s i o n  of 

a v a i l a b l e  d a t a  t o  va ry  buf fer  width t o  a t tempt  t o  c o r r e l a t e  

wi th  these  f a c t o r s .  

Severa l  precedents  a l s o  e x i s t  f o r  u s e  of a  300-foot b u f f e r  

s t r i p ,  inc luding  t h e  fol lowing:  t h e  Plan and Program f o r  

t h e  Brandywine (1968); Wisconsin s t a t e  law r e q u i r i n g  se tbacks  



along navigable  s t reams (Laws of Wisconsin, 1965); t h e  Miami 

Valley Regional Planning Commission's p lan  f o r  t h e  L i t t l e  

Miami River  v a l l e y ;  and Rockland and Winnebago coun t i e s ,  

I l l i n o i s ,  r e g u l a t i o n s  f o r  bu i ld ing  along water  courses  

d ra in ing  over 500 a c r e s .  

Although i n t e r m i t t e n t  s t reams d o n ' t  always con ta in  f lowing 

water ,  during heavy r a i n f a l l  they can d ischarge  l a r g e  volumes 

of sediment and p o l l u t a n t s  t o  pe renn ia l  s t reams,  Since t h e  

l a r g e s t  amounts of sediment and p o l l u t a n t s  a r e  in t roduced  i n t o  

s t reams i n  runoff  fo l lowing  heavy r a i n s ,  t h e  s i g n i f i c a n c e  of 

p r o t e c t i n g  i n t e r m i t t e n t  s t ream b u f f e r s  i n  o rde r  t o  main ta in  

high water  q u a l i t y  of t h e  Eno i t s e l f  i s  obvious. During mod- 

e r a t e  storms, b u f f e r s  a long i n t e r m i t t e n t  s t reams w i l l  a l l ow more 

water  t o  soak i n t o  t h e  ground i n s t e a d  of running o f f .  A 100- 

f o o t  b u f f e r  s t r i p  i s  considered s u f f i c i e n t  t o  perform t h e s e  

func t ions .  

Slope - It was decided a f t e r  reviewing U. S. S o i l  Conservation 

Serv ice  c r i t e r i a  and consu l t i ng  wi th  SCS personnel  t h a t  any 

s lope  over  25 percent  should be  placed i n  t h e  p r o t e c t i o n  ca te -  

gory. In  f a c t ,  t h e  SCS r a t i n g s  r e f e r  t o  s l o p e s  i n  t h e  1 5  - 
25 percent  c l a s s  as imposing a severe  l i m i t a t i o n  f o r  dwel l ing  

cons t ruc t ion ,  but  i t  was decided t o  i nc lude  i n  t h e  p r o t e c t i o n  

category only those  s lopes  of 25 percent  o r  g r e a t e r  a s  i t  was 

f e l t  t h a t  problems of e ros ion  and i n s t a b i l i t y  would i n  gene ra l  

not  be seve re  enough i n  t h e  case  of most d i s tu rbances  of s l o p e s  

of l e s s  than 25 percent  t o  warrant  t h e i r  being s e t  a s i d e  i n  t h e  

p r o t e c t i o n  category.  It seems b e s t  t h a t  s l o p e s  i n  t h e  15 - 25 

percent  c l a s s  be con t ro l l ed  as t o  t h e  u s e  t o  which they a r e  pu t  

r a t h e r  than s e t  a s i d e .  

A s  t o  what t h e  upper l i m i t  on s lope  should be i n  o rde r  f o r  an 

a r e a  t o  be ca tegor ized  as recommended f o r  urban development ( i n  

conjunct ion wi th  t h e  occurrence of s e v e r a l  o t h e r  c h a r a c t e r i s t i c s )  

i t  was decided t h a t  s l o p e s  of up t o  10  percent  would impose no 

s i g n i f i c a n t  d i f f i c u l t i e s .  These SCS r a t i n g s  r e f e r  t o  t h e  l i m i t a -  

t i o n  imposed by s l o p e s  of 10  percent  and l e s s  on dwell ing construc-  

t i o n  a s  being "none t o  s l i g h t "  which, accord ing  t o  SCS c r i t e r i a  



means any l i m i t a t i o n s  a r e  " e a s i l y  overcome" and "good perform- 

ance and low maintenance can be expected." 

3 .  A g r i c u l t u r a l  p roduc t iv i ty  - A s  an index f o r  a g r i c u l t u r a l  

p roduc t iv i ty ,  t h e  number of bushe ls  per  a c r e  of corn t h a t  a 

s o i l  w i l l  produce was chosen. The b a s i s  f o r  t h i s  choice was 

t h a t  corn i s  one of t h e  most common crops i n  t h e  a r e a  under 

cons ide ra t ion  and probably se rves  a s  a  b e t t e r  gene ra l  index 

f o r  t h e  f e r t i l i t y  of t h e  s o i l  than do c e r t a i n  o t h e r  s p e c i a l -  

case  c rops  t h a t  a r e  common i n  t h e  a r e a ,  such as tobacco, In  

o t h e r  a r e a s  d i f f e r e n t  "index crops" might be more appropr i a t e .  

F igures  on corn product ion f o r  t h e  v a r i o u s  s o i l s  found i n  t h e  

s tudy a r e a  were obta ined  from t h e  SCS. Review of t h e i r  f i g u r e s  

and conversa t ions  wi th  personnel  l e d  t o  t h e  choice of 90 bu. 

co rn l ac .  a s  t he  l e v e l  a t  o r  above which land would be  recom- 

mended f o r  a g r i c u l t u r e .  Within t h e  a r e a  under s tudy  only one 

s o i l  gave a g r e a t e r  yield--100 bu. co rn l ac ,  and a  cons ide rab le  

ma jo r i t y  of t h e  s o i l s  occurr ing  t h e r e  gave sma l l e r  y i e l d s .  

Therefore,  90 bu. corn/ac.  i s  a  r a t h e r  good y i e l d  r e l a t i v e  t o  

t h e  spectrum of y i e l d s  found i n  t h e  s tudy a r e a ;  b u t  f u r t h e r ,  a s  

i s  a l s o  r equ i r ed  a s  poin ted  o u t  above, t h i s  i s  a s u b s t a n t i a l l y  

good y i e l d  f o r  t h e  l a r g e r  reg ion  i n  which t h e  s tudy  a r e a  i s  

loca t ed .  Given t h e  d e s i r a b i l i t y  of growing such crops  l o c a l l y ,  

then,  90 bu. corn lac .  was dec lared  a s  t h e  c r i t e r i o n  f o r  recommend- 

i n g  t h a t  l and  be used f o r  a g r i c u l t u r e .  It should be  poin ted  

o u t  t h a t  t h e  a g r i c u l t u r a l  p r o d u c t i v i t y  index and t h e  f o r e s t  s i t e  

index, d i scuss ion  of which fo l lows ,  a r e  b a s i c a l l y  s u f f i c i e n t  i n  

themselves a s  measures of t h e  p r o d u c t i v i t y  of an  a r e a ,  They a r e  

s ta tements  of t h e  observed p r o d u c t i v i t y  of s i t e s  of given charac- 

t e r i s t i c s .  This  r e p r e s e n t s  t h e  t o t a l  e f f e c t  of a l l  f a c t o r s  t h a t  

bea r  on p r o d u c t i v i t y  so t h a t  i t  i s  unnecessary t o  cons ider  such 

an index toge the r  w i t h  o t h e r  c h a r a c t e r i s t i c s  of a  given area-- 

t h e  index a lone  s u f f i c e s ,  being i n  e f f e c t  a  composite va lue .  

4 .  F o r e s t  p r o d u c t i v i t y  - The l i n e  of reasoning  on which t h e  choice  

of a  f o r e s t  p r o d u c t i v i t y  index was based was comparable t o  t h e  

reasoning  behind t h e  choice of t he  a g r i c u l t u r a l  p r o d u c t i v i t y  



index and s o  t h e  common elements of t h e  reasoning  w i l l  n o t  be 

repea ted .  The c r i t e r i o n  f o r  recommending l and  t o  be used f o r  

f o r e s t r y  purposes was a  l e v e l  of p r o d u c t i v i t y  represented  by 

a  f o r e s t  s i t e  index of 90 f o r  l o b l o l l y  p ine ,  and a s  s t a t e d  

above, t h i s  measure a lone  w a s  f e l t  t o  be  s u f f i c i e n t  f o r  t h i s  

purpose. 

The nex t  t h r e e  parameters ,  sub-so i l  permeabi l i ty ,  shr ink-swell  

p o t e n t i a l  of t h e  s o i l ,  and depth t o  bedrock, a long  wi th  con- 

s i d e r a t i o n s  of s lope ,  d i scussed  above, and p o s i t i o n  w i t h  r e s p e c t  

t o  f l ood  p l a i n s ,  f u r t h e r  d i scussed  below, were f e l t  t o  s u f f i -  

c i e n t l y  cover t h e  cons ide ra t ions  t h a t  need t o  be taken i n t o  

account t o  gene ra l ly  recommend f o r  urban development land  t h a t  

i s  found i n  t h e  a r e a  being s tud ied .  An i n v e s t i g a t i o n  of s l o p e  

covers  cons ide ra t ions  t h a t  p e r t a i n  t o  topography, and p o s i t i o n  

wi th  r e s p e c t  t o  f l o o d  p l a i n s ,  those  t h a t  p e r t a i n  t o  s u r f a c e  

dra inage .  Sub-soil  permeabi l i ty  d a t a  adequate ly  d e s c r i b e  t h e  

hydrologic  p r o p e r t i e s  of and cond i t i ons  i n  t h e  s o i l  t h a t  a r e  

important  t o  urban development, and a  s tudy  of shr ink-swell  

p o t e n t i a l  is s u f f i c i e n t  t o  desc r ibe  t h e  p e r t i n e n t  mechanical 

q u a l i t i e s  of t h e  s o i l .  F i n a l l y ,  an i n v e s t i g a t i o n  of depth  t o  

bedrock covers  about t h e  only s p e c i a l  geo log ica l  problem t h a t  

i s  l i k e l y  t o  be found i n  t h e  a r e a  under s tudy.  

5. Sub-soil  permeabi l i ty  - The minimum r a t e  of sub-so i l  pe rmeab i l i t y  

t h a t  was s e l e c t e d  as al lowing l and  t o  be recommended f o r  t h e  

urban development ca tegory  was .63 - 2.00 inches /h r .  The rea-  

soning behind t h i s  choice w a s  t h a t  a l though t h i s  r a t e  was placed 

i n  t h e  "moderate" permeabi l i ty  c l a s s  i n  t h e  SCS r a t i n g s  and i t  

would be more d e s i r a b l e  t o  choose a  h ighe r  r a t e  as t h e  c r i t e r i o n - -  

say,  2 ,00 - 6.30 inches lh r .  which c o n s t i t u t e s  t h e  "moderately 

rap id"  c l a s s - - i t  was found i n  examining SCS informat ion  t h a t  of 

t h e  s o i l s  occurr ing  i n  t h e  s tudy  a r e a ,  no sub - so i l  had a  g r e a t e r  

than  "moderate" permeabi l i ty .  Rather  than completely exclude 

development on t h e  b a s i s  of sub-so i l  permeabi l i ty ,  i t  was 

decided t o  choose as t h e  c r i t e r i o n  t h i s ,  t h e  h ighes t  occurr ing  

r a t e ,  This  i s  n o t  an  i d e a l  s i t u a t i o n  as such s o i l s  do p re sen t  

some l i m i t a t i o n s ,  bu t  t hese  a r e  n e i t h e r  s eve re  no r  insurmountable.  



6. Shrink-swell  p o t e n t i a l  - I n  t he  s o i l s  found i n  t h e  s tudy  a r e a ,  

t h e  shrink-swell  p o t e n t i a l  of t h e  s o i l s  below the  "A" hor izon  

a l s o  p r e s e n t s  something of a problem i n  t h a t  i t  i s  u s u a l l y  

moderate, f r e q u e n t l y  high,  and sometimes very  h igh  according 

t o  SCS r a t i n g s .  Shrink-swell  p o t e n t i a l  i n  t he  " A ' 3 o r i z o n  was 

n o t  taken i n t o  account s i n c e  t h i s  horizon i s  u s u a l l y  r a t h e r  

t h i n  i n  t h e  a r e a  and i s  consequently e n t i r e l y  removed i n  con- 

s t r u c t i o n  such t h a t  f o o t i n g s  and foundat ions  a r e  a f f e c t e d  only  

by sub - so i l  l a y e r s ,  A moderate shr ink-swell  p o t e n t i a l  i s  recog- 

n ized  by t h e  SCS a s  posing a moderate l i m i t a t i o n  t o  dwel l ing  

cons t ruc t ion .  A s  some sub-so i l s  t h a t  have a lower than  moderate 

(low o r  low-to-moderate) shr ink-swell  p o t e n t i a l  do occur  i n  t h e  

s tudy  a r e a ,  i t  was decided t o  d e c l a r e  this--a  lower-than-moderate 

poten t ia l - -as  t h e  c r i t e r i o n  t o  be used; t h a t  is ,  a t  l e a s t  some 

po r t ion  of t h e  sub-so i l  must have such a p o t e n t i a l  and none of 

i t  may have g r e a t e r  than  a moderate p o t e n t i a l .  

7. Depth t o  bedrock - The d e s i r a b l e  depth t o  bedrock f o r  urban 

development was s e t  a t  5 - 20 f e e t  o r  "very deep" according t o  

SCS r a t i n g s .  The reasoning was t h a t  rock any c l o s e r  t o  t h e  sur-  

f a c e  could cause cons iderable  problems i n  almost any s i g n i f i c a n t  

excavat ion  t h a t  might be c a r r i e d  ou t ,  as f o r  basements o r  deep 

foundat ions  both of which must be  allowed f o r  i n  a r e a s  des igna ted  

f o r  urban development. A s  a ma t t e r  of f a c t ,  t h e  SCS r a t i n g s  

r e f e r  t o  bedrock occu r r ing  wi th in  40 inches  of t h e  s u r f a c e  a s  

imposing a s eve re  l i m i t a t i o n  f o r  dwell ing cons t ruc t ion .  There- 

f o r e ,  t h e  g r e a t e s t  depth c l a s s  given f o r  t h e  axea--"5-20 feet1'--  

was chosen as being most d e s i r a b l e .  It i s  t r u e  t h a t  i n  s o i l s  of 

s eve re  mechanical cha rac t e r i s t i c s - - e .g . ,  w i th  a very  h igh  shr ink-  

swe l l  p o t e n t i a l - - i t  might be advantageous t o  have bedrock occu r r ing  

c l o s e r  t o  t h e  s u r f a c e  t o  provide a f i r m  base f o r  foundat ions ,  a t  

l e a s t  where basements axe no t  des i r ed .  However, i t  i s  f e l t  t h a t  

p rov i s ion  should be made f o r  f a c i l i t a t i n g  deeper  excavat ions  i n  

des igna t ing  l and  a s  recommended f o r  urban development. I f  ano the r  

p r e r e q u i s i t e  i s  t h e  occurrence of s o i l  of accep tab le  mechanical 

charac te r i s t ics - -which  we have t r i e d  t o  provide f o r  i n  t h e  above 



choice of a  shr ink-swell  c r i te r ion- - then  i t  would be  unnecessary 

t o  r e l y  on having bedrock c l o s e  t o  t h e  s u r f a c e  which could be 

used t o  provide a  s t a b l e  foundat ion.  

8. Pos i t i on  wi th  r e s p e c t  t o  f l ood  p l a i n s  - Del inea t ion  of f l o o d  

p l a i n s  was accomplished by r e fe rence  t o  t h e  app ropr i a t e  U .  S. 

Geological Survey map of flood-prone a r e a s  which, according t o  

information p r i n t e d  i n  t h e  margin of t h e  map, shows "those a r e a s  

t h a t  a r e  occas iona l ly  f looded."  It was f e l t  t h a t  t h i s  source 

of information was t h e  b e s t  t o  use  s i n c e  (1) i t s  purpose i s  t o  

provide information t o  "admin i s t r a to r s ,  p l anne r s ,  and engineers  

concerned wi th  f u t u r e  land development," (USGS, 1951) and (2) 

such maps a r e  r e a d i l y  a v a i l a b l e .  

The Method of Data Gather ing  

A t  t h i s  po in t  dec i s ions  have been made a s  t o  what types  of d a t a  a r e  t o  be  

gathered,  what va lues  each of t h e s e  types  o r  parameters  can assume, and what 

t h ings  we want t o  show wi th  t h i s  d a t a .  The nex t  s t e p  i s  t o  develop methods of 

handl ing the  d a t a  on a computer and producing computer maps of each parameter 

considered and an o v e r a l l  compartmentalization map. The ques t ion  a t  t h i s  

po in t  then becomes one of how t h e  d a t a  w i l l  be  ga thered  and handled i n  o rde r  

t o  c a r r y  through from our  prev ious  dec i s ions  t o  t h i s  f i n a l  product ,  

1, Base maps - For each parameter measured, information must be 

obta ined  from a base  map of t h e  a r e a  i n  ques t ion  which g ives  

t h a t  s p e c i f i c  type  of information.  Due t o  t h e  choice  of 

parameters  t h a t  has been made, i t  i s  n o t  necessary  t o  produce 

o r  ob ta in  s e p a r a t e  base maps f o r  a l l  of t h e  v a r i o u s  parameters .  

The fo l lowing  were used a s  base maps i n  t h e  example under 

s tudy  : 

a. Dis tance  from t h e  n e a r e s t  water  course  - This  informa- 

t i o n  was go t t en  from U. S. Geological  Survey topographi- 

c a l  maps of t h e  a r e a  a t  a s c a l e  of 1:24,000 on which were 

drawn c o r r i d o r s  of c o r r e c t  widths t o  r e p r e s e n t  300 f e e t  

and 100 f e e t  on e i t h e r  s i d e  of pe renn ia l  and i n t e r m i t -  

t e n t  s t reams,  r e s p e c t i v e l y .  

b. Slope, a g r i c u l t u r a l  p r o d u c t i v i t y ,  f o r e s t  p r o d u c t i v i t y ,  

sub-so i l  permeabi l i ty ,  shr ink-swell  p o t e n t i a l ,  and 



depth  t o  bedrock - Information f o r  a l l  of t h e s e  parameters  

can be go t t en  by us ing  SCS f i e l d  s h e e t s  a s  base maps. 

F i e l d  s h e e t s  a r e  a e r i a l  photographs upon which have been 

recorded s o i l  survey information which c o n s i s t s  of de l inea -  

t i o n  of s o i l  types  and a p p r o p r i a t e  code des igna t ions .  

Code numbers taken from t h e  s o i l  types  t h a t  occur  i n  t h e  

a r e a  under s tudy can be submitted t o  SCS personnel  a long  

wi th  a  r eques t  of those  types of information t h a t  a r e  of 

i n t e r e s t ,  such a s  t h e  above. A r e p o r t  w i l l  then  be furn-  

i shed  t h a t  g ives  t h e  va lue  of each of t h e  reques ted  prop- 

e r t i e s  f o r  each type of s o i l .  I n  a  few coun t i e s ,  s o i l  

survey information has been presented i n  a  p u b l i c a t i o n  on 

t h e  s o i l s  of t h e  county--complete wi th  maps--but f o r  t h e  

most p a r t ,  survey work i s  no t  p r e s e n t l y  t h a t  f a r  a long,  

and f i e l d  s h e e t s  must be used. I n  many coun t i e s  a  com- 

p l e t e  s e t  of f i e l d  s h e e t s  i s  n o t  even a v a i l a b l e .  In  

Durham County where t h e  s tudy a r e a  i s  loca t ed  a complete 

s e t  of f i e l d  s h e e t s  i s  a v a i l a b l e ,  bu t  t h i s  i s  n o t  t h e  

c a s e  i n  ad j acen t  Orange County where t h e  remainder of t h e  

Eno River  watershed i s  loca t ed .  This  l a c k  of d a t a  made 

i t  impossible  t o  c a r r y  out  a  complete compartmental izat ion 

of t h e  whole watershed. Only t h e  p r o t e c t i o n  compartment 

could be loca t ed  i n  Orange County s i n c e  i t  i s  t h e  only  one 

n o t  r e q u i r i n g  d e t a i l e d  s o i l s  information.  

c .  P o s i t i o n  wi th  r e s p e c t  t o  f l ood  p l a i n s  - A s  a l r eady  men- 

t ioned ,  t h i s  in format ion  was taken from a USGS map of 

flood-prone a r e a s .  

Various o t h e r  base maps could come i n t o  use  a s  o t h e r  land 

use  c a t e g o r i e s  and o t h e r  parameters  a r e  included i n  given 

s i t u a t i o n s .  A number of t h e s e  w i l l  have t o  be cons t ruc ted  

by t h e  i n v e s t i g a t o r  such a s  those  f o r  s cen ic  a r e a s  o r  cer -  

t a i n  e c o l o g i c a l l y  unique a r e a s  s i n c e  t h e s e  th ings  must be 

determined by i n v e s t i g a t i o n  i n  t h e  f i e l d .  Such f i e l d  su r -  

veys were performed f o r  t h i s  s tudy  and were used t o  iden- 

t i f y  t h e  p r o t e c t i o n  compartment. 



2 .  Overlays - Once a l l  t h e  necessary base maps have been assembled, 

t h e  information thereon must i n  some way be gathered f o r  u se  i n  

t h e  computer mapping program. The computer program i s  s e t  up 

on the  b a s i s  of a s c a t t e r  of da t a  p o i n t s  covering t h e  a r e a  t o  be 

mapped a t  which p o i n t s  va lues  of t h e  parameters  being mapped 

a r e  read  i n .  Therefore,  da t a  must be gathered on t h e  same b a s i s  

and t h e  most obvious choice  of techniques i s  the  u s e  of a 

r ec t angu la r  g r i d  over lay  which a l lows  e f f i c i e n t  and o r d e r l y  d a t a  

c o l l e c t i o n ,  

Several  ma t t e r s  must be considered i n  cons t ruc t ing  and us ing  t h e  

g r i d .  It i s  convenient t o  draw the  g r i d  on a p i ece  of c l e a r  

a c e t a t e  t h a t  a l lows  easy reading  of information from t h e  base 

maps when t h e  former i s  ove r l a id  on t h e  l a t t e r .  The g r i d  i s  

e a s i e s t  t o  make i f  i t  i s  drawn t o  c o n s i s t  of h o r i z o n t a l  and ver -  

t i c a l  s e t s  of p a r a l l e l  l i n e s  a s  opposed t o  d o t s ,  Information i s  

then read from t h e  p o i n t s  on t h e  base  maps f a l l i n g  below t h e  

i n t e r s e c t i o n s  of t h e  l i n e s .  It may be  more convenient t o  u s e  a 

s e p a r a t e l y  cons t ruc ted  po r t ion  of t h e  t o t a l  g r i d  when working 

with the  s e p a r a t e  f i e l d  s h e e t s  when these  a r e  t h e  base maps i n  

ques t ion ;  d a t a  readings  could be  re ferenced  i n  t o  t h e  t o t a l  g r i d .  

The next  cons ide ra t ions  a r e  s c a l e  and placement of t h e  g r id .  

The b a s i c  idea  he re  i s  t h a t  t h e  va lues  of each of t h e  parameters  

being considered a r e  read a t  a s c a t t e r  of p o i n t s  t h a t  r ep re sen t  

a c t u a l  p o i n t s  on t h e  ground. Therefore,  i t  must be made c e r t a i n  

t h a t  t h i s  i s  what i s  a c t u a l l y  done a s  opposed t o  reading  t h e  

va lues  of one parameter a t  one s e t  of p o i n t s ,  those  of another  

a t  a d i f f e r e n t  s e t ,  and s o  on. Regard t o  two cons ide ra t ions  

a s s u r e s  t h i s .  I n  t h e  f i r s t  p l ace ,  e i t h e r  a l l  base maps must be 

a t  t h e  same sca le - - th i s  can be accomplished by means of a pro- 

j e c t i n g  en la rge r  i f  t he  maps a c t u a l l y  obta ined  a r e  a t  d i f f e r e n t  

scales--so t h a t  t h e  same ove r l ay  can be placed on all of t h e  

base maps being used, o r  d i f f e r e n t  ove r l ays  must be cons t ruc ted  

f o r  u se  wi th  base maps of d i f f e r e n t  s c a l e s  such t h a t  i n t e r -  

s e c t i o n s  of t h e  same coord ina tes  on t h e  v a r i o u s  g r i d s  w i l l  

r ep re sen t  t he  same p o i n t s  on t h e  ground when o v e r l a i d  on t h e  



a p p r o p r i a t e  base maps. The second cons ide ra t ion  i s  t h a t  a s  over- 

l a y s  a r e  placed on base maps, i t  must be made c e r t a i n  t h a t  they  

a r e  always o r i en t ed  i n  exac t ly  t he  same fash ion;  o therwise ,  t h e  

same g r i d  coord ina tes  w i l l  r e f e r  t o  d i f f e r e n t  a c t u a l  ground p o i n t s  

a s  taken from d i f f e r e n t  base maps. The i n i t i a l  over lay ing  on t h e  

f i r s t  base  map can be random; but  a l l  subsequent over lay ings  must 

be of e x a c t l y  t h e  same o r i e n t a t i o n .  

The f i n a l  ma t t e r  t o  be considered wi th  r e s p e c t  t o  over lay  con- 

s t r u c t i o n  and use  concerns t h e  i n t e n s i t y  of po in t  s c a t t e r  t h a t  i s  

des i r ed .  In  t h e  example s tudy a  g r i d  c o n s i s t i n g  of 46 l i n e s  by 

4 9  l i n e s  was used wi th  the  spacing between both v e r t i c a l  and ho r i -  

zon ta l  l i n e s  being ad jus t ed  t o  r ep re sen t  1000 f e e t  on t h e  ground 

when used wi th  t h e  a p p r o p r i a t e  base  map. ( In  the  example s tudy,  

base maps of d i f f e r e n t  s c a l e s  were used n e c e s s i t a t i n g  d i f f e r e n t  

ove r l ays . )  Thus, each i n t e r s e c t i o n  represented  approximately 

22 .9  ac re s .  It was f e l t  t h a t  t h i s  was a s u f f i c i e n t  i n t e n s i t y  

when t h e  i n t e n t i o n  was t o  inc lude  t h e  e n t i r e  Eno River  watershed 

i n  t h e  s tudy a rea ;  o t h e r  s t u d i e s  have used a  s i m i l a r  i n t e n s i t y  

( P a t r i ,  1970).  The choice  of i n t e n s i t y  of d a t a  p o i n t s  must be 

determined by cons ider ing  (1) how accu ra t e  a  r e p r e s e n t a t i o n  of  t h e  

d i s t r i b u t i o n  of v a l u e s  of t h e  parameters  measured a  p a r t i c u l a r  

i n t e n s i t y  g ives ,  and ( 2 )  what magnitude of t a s k  a s  concerns d a t a  

ga the r ing  and computer and ca rd  keypunching i s  imposed by a  given 

i n t e n s i t y .  The former cons idera t ion  i s  the  more important ,  bu t  

t h e  l a t t e r  must be kept  w i th in  t h e  bounds of f e a s i b i l i t y .  For t h e  

example s tudy ,  790 d a t a  p o i n t s  r e s u l t e d ;  f o r  t h e  s tudy  area o r i g i -  

n a l l y  intended,  t h e r e  would have been 4224 d a t a  p o i n t s .  

3.  Recording parameter va lues  - Keypunching computer ca rds  i s  g r e a t l y  

f a c i l i t a t e d  i f  t h e  d a t a  gathered from t h e  base maps by means of t h e  

over lays  i s  recorded i n  an  o r d e r l y  f a sh ion ,  It i s  suggested t h a t  

t h e  coord ina tes  of t h e  d a t a  p o i n t s  be l i s t e d  according t o  rows 

wi th  t h e  va lue  of each parameter a t  any given p o i n t  being l i s t e d  

bes ide  t h e  app ropr i a t e  s e t  of coord ina tes .  For example: 



Data  p o i n t  Parameter  1 2  3 4 5 6 7 8 

4 - 240 e t c .  

e t c .  

(The r e a s o n  t h a t  row numbers f o r  d a t a  p o i n t s  a r e  g i v e n  i n  

m u l t i p l e s  of 4  and column numbers i n  m u l t i p l e s  of 5 w i l l  be  

exp la ined  below as w i l l  t h e  v a l u e s  t h a t  a r e  a s s i g n e d  t o  t h e  

s e v e r a l  pa ramete rs  f o r  t h e  purpose  of computer mapping.) 

The Computer Programs 

I. Symap - Symap i s  "a d i g i t a l  computer program des igned  t o  produce syna- 

g r a p h i c  maps which g r a p h i c a l l y  d e p i c t  s p a t i a l l y  d i s p o s e d  q u a n t i t a t i v e  and 

q u a l i t a t i v e  i n f o r m a t i o n e '  (Symap I n s t .  Manual, 1972) .  The program h a s  been 

developed by a number of d i f f e r e n t  i n d i v i d u a l s  over  t h e  las t  n i n e  o r  t e n  y e a r s  

and i s  p r e s e n t l y  a v a i l a b l e  a t  t h e  T r i a n g l e  U n i v e r s i t i e s  Computation C e n t e r ,  

a c c e s s  t o  which was a v a i l a b l e  f o r  t h e  example s t u d y  p r e s e n t e d  h e r e .  

B a s i c a l l y ,  a  Symap program a s  used i n  t h e  example s t u d y  c o n s i s t s  of f o u r  

i n p u t  packages o f  i n f o r m a t i o n  i n  a d d i t i o n  t o  a s e t  of j ob  c o n t r o l  s t a t e m e n t s .  

These a r e  as f o l l o w s :  (1)  a package o f  c a r d s  on which a r e  punched t h e  coord i -  

n a t e s  of p o i n t s  t h a t  i n d i c a t e  t h e  o u t l i n e  of t h e  a r e a  i n  q u e s t i o n ,  i n  t h i s  c a s e  

t h e  p o r t i o n  of t h e  Eno wate r shed  i n  Durham County: p o i n t s  a r e  chosen wherever 

t h e  o u t l i n e  changes  d i r e c t i o n  (wi th  t h e  number o f  p o i n t s  b e i n g  k e p t  w i t h i n  

reason ,  o f  c o u r s e ) ,  (2)  a package g i v i n g  t h e  c o o r d i n a t e s  of a l l  t h e  d a t a  p o i n t s ,  

i . e . ,  a l l  t h e  g r i d  i n t e r s e c t i o n s  f a l l i n g  w i t h i n  t h e  a r e a  i n  q u e s t i o n  a t  which 

d a t a  h a s  been t aken ,  (3)  one g i v i n g  t h e  v a l u e s  of t h e  i n f o r m a t i o n  t o  b e  mapped; 

t h a t  is, t h e  v a l u e  t o  b e  mapped a t  each  d a t a  p o i n t ,  and (4)  a f i n a l  package 

t h a t  s p e c i f i e s  t h e  t y p e  and form of t h e  map produced. 

Th is  b r i n g s  up a number of p o i n t s  t h a t  shou ld  b e  d i s c u s s e d .  The f i r s t  con- 

c e r n s  t h e  r e l a t i o n s h i p  between t h e  s p e c i f i e d  d a t a  p o i n t s  and t h e  g r e a t e r  number 

of map p o i n t s  o r  %on-data p o i n t s "  t h a t  a r e  a c t u a l l y  p r i n t e d .  One o f  t h e  



g r e a t  j u s t i f i c a t i o n s  f o r  Symap i s  t h a t  many more p o i n t s  a r e  a c t u a l l y  p r i n t e d  

o u t  than a r e  read i n .  That is ,  information i s  read i n  r ep re sen t ing  v a l u e s  a t  

a  given number of po in t s ;  t h e  r e s u l t i n g  pr in t -out  i s  composed of a more com- 

p l e t e  coverage accomplished by means of i n t e r p o l a t i o n s  between d a t a  p o i n t s .  

Standard l i n e  p r i n t e r s  on which t h e  maps a r e  produced p r i n t  o u t  t en  columns of 

c h a r a c t e r s  per  h o r i z o n t a l  inch  and e i t h e r  s i x  o r  e i g h t  rows pe r  v e r t i c a l  inch;  

i n  t he  example e i g h t  rows per  i nch  were used. Dimensions f o r  t h e  p r i n t e d  map 

were s p e c i f i e d  such t h a t  us ing  t h e  chosen d a t a  p o i n t  i n t e n s i t y  a s  e s t a b l i s h e d  

by t h e  g r i d  over lay ,  d a t a  p o i n t s  occurred every 0.5 inch.  For every d a t a  

p o i n t  n ine t een  a d d i t i o n a l  p o i n t s  o r  a  t o t a l  of twenty map p o i n t s  were a c t u a l l y  

p r i n t e d  out  i n  a p a t t e r n  of f o u r  rows and f i v e  columns. Thus, i n  terms of t h e  

t o t a l  p r in t -ou t ,  d a t a  p o i n t s  occurred only i n  every f o u r t h  row and every f i f t h  

column, and t h i s  exp la ins  t h e  numbering of d a t a  p o i n t s  demonstrated above. 

A s  j u s t  mentioned, map p o i n t  va lues  f a l l i n g  between d a t a  p o i n t s  a r e  

determined by i n t e r p o l a t i o n s  between d a t a  p o i n t  va lues .  Three d i f f e r e n t  b a s i c  

map types a r e  a v a i l a b l e  each of which handles  t h e  i n t e r p o l a t i o n  i n  a d i f f e r e n t  

way and thus  produces maps of d i s t i n c t i v e  form and information c o n t e n t ,  

B r i e f l y ,  t hese  a r e  a s  fo l lows:  ( I )  Contour maps - In  t h i s  type  of map con- 

t inuous  v a r i a t i o n  i s  assumed between the  v a l u e s  which appear a t  known d a t a  

p o i n t s .  That i s ,  i f  t h e  h ighes t  of t h r e e  va lues  occurs  a t  one d a t a  p o i n t  

and t h e  lowest  a t  t h e  next ,  t he  p r in t -ou t  w i l l  show an in te rposed  band of 

map p o i n t s  of t h e  in t e rmed ia t e  va lue  between bands of p o i n t s  of t h e  high and 

low va lues .  (2 )  Proximal maps - In  t h i s  type,  each map p o i n t  i s  ass igned  

t h e  va lue  of t h e  n e a r e s t  da t a  p o i n t ,  (3 )  Conformant maps - I n  t h i s  f i n a l  

type  of map o u t l i n e s  of a r e a s  known t o  conta in  p o i n t s  a l l  of t h e  same v a l u e  

a r e  read  i n  and every po in t  w i t h i n  t h a t  o u t l i n e  i s  p r i n t e d  out  a t  t h e  va lue .  

An a r e a  can c o n s i s t  of a  block of some shape wi th  width and breadth ,  a  l i n e ,  

o r  a  s i n g l e  p o i n t .  

The next  t o p i c s  t h a t  need t o  be discussed p e r t a i n  t o  t h e  values--repre- 

s e n t i n g  t h e  observed parameter values-- that  a r e  a c t u a l l y  read  i n t o  t h e  program 

and t h e  symbols r ep re sen t ing  t h e s e  v a l u e s  t h a t  a r e  a c t u a l l y  p r i n t e d  ou t .  The 

va lues  read  i n t o  t h e  program were a r b i t r a r i l y  chosen one-digi t  numbers; i . e . ,  

0, 1, 2 ,  3, 4 ,  5, 6, 7 ,  8, 9 ,  There i s  no r e s t r i c t i o n  t o  one d i g i t ,  b u t  t h i s  

gave enough numbers t o  cover a l l  t h e  parameters  used i n  t h e  example. The 

mapping program merely scans  t h e  range of v a l u e s  t h a t  a r e  read  i n ,  d i v i d e s  t h e  



range i n t o  a s  many l e v e l s  o r  p o r t i o n s  a s  a r e  s p e c i f i e d ,  and a s s i g n s  a symbol 

t o  each l e v e l .  Then, f o r  each po in t  on t h e  map a symbol i s  p r i n t e d  out  t h a t  

r e p r e s e n t s  t h e  l e v e l  t o  which the  va lue  a t  t h a t  po in t - -e i ther  e s t a b l i s h e d  

d i r e c t l y  by being read  i n  i f  t h a t  p o i n t  i s  a d a t a  p o i n t ,  o r  i n d i r e c t l y  by 

i n t e r p o l a t i o n  i f  t h a t  p o i n t  i s  a non-data point--has been ass igned .  For 

example, i f  t h e  range of va lues  read i n  i s  1 - 5 and f i v e  l e v e l s  of symbolism 

a r e  s p e c i f i e d ,  then  a d i f f e r e n t  symbol w i l l  be p r i n t e d  ou t  f o r  each of t he  

va lues  encountered. The symbols t h a t  a r e  used i n  Symap produce f i e l d s  of 

d i f f e r e n t  v i s u a l  tones ,  symbols producing darker  tones  being ass igned  t o  

higher  va lues ,  I n  t h e  example j u s t  given, a r e a s  of va lue  5 would be d a r k e s t  

and a r e a s  of va lue  1 l i g h t e s t  wi th  a t o n a l  g rad ien t  i n  between. This  f a c t  can 

be used, and w a s  i n  t h e  example s tudy ,  t o  v i s u a l l y  r e f l e c t  a chosen h i e ra rchy  

of va lues ;  t h a t  i s ,  p r o t e c t i o n  l ands  appear d a r k e s t ,  a g r i c u l t u r a l  l ands  t h e  

next  shade l i g h t e r ,  and so on down t o  genera l  mult iple-use a r e a s  which a r e  

represented  by the  l i g h t e s t  f i e l d s .  

This  demonstrates why t h e  a r b i t r a r y  va lues  were chosen f o r  u s e  i n  t h e  map- 

ping program. It can be seen t h a t  i t  might be meaningless t o  read  i n  t h e  

va lues  of s e v e r a l  parameters t h a t  a r e  measured i n  d i f f e r e n t  u n i t s  and which 

a r e  a l l  t o  be combined i n  t h e  same map, A s  a ma t t e r  of f a c t ,  t he  va lues  t h a t  

were assigned t o  t h e  parameters  i n  t h i s  case  a r e  n o t  r e a l l y  a c t u a l  va lues  

but  a r e  s ta tements  of whether o r  n o t  t h e  parameter va lues  f a l l  w i th in  c e r t a i n  

ranges.  The fo l lowing  i s  a l i s t  of t h e  parameters considered,  t h e i r  a c t u a l  

a l t e r n a t i v e  va lue  ranges,  and t h e i r  program a l t e r n a t i v e  va lue  assignments 

(page 58). 

A f i n a l  ma t t e r  t h a t  should be d iscussed  p e r t a i n s  t o  which of t he  fo l lowing  

descr ibed  map types were chosen f o r  each of t h e  maps produced. For t h e  s lope ,  

a g r i c u l t u r a l  p r o d u c t i v i t y ,  f o r e s t  p r o d u c t i v i t y ,  sub-so i l  permeabi l i ty ,  shr ink-  

swe l l  p o t e n t f a l ,  and depth t o  bedrock maps, t h e  contour type  was used. For 

a l l  of t hese  except  s lope ,  t h e r e  were only two va lues  so t h a t  no in t e rmed ia t e  

va lues  were in t e rposed ,  In  t h e  case  of t h e  s lope  map, t h i s  could occur s i n c e  

t h e r e  were t h r e e  va lues ,  b u t  t h i s  was no t  f e l t  t o  be unreasonable i n  t h e  case  

of a parameter- l ike s l o p e  which normally does e x h i b i t  continuous v a r i a t i o n  

between va lues .  

The proximal map type was used f o r  t h e  f i n a l  map because s i x  d i f f e r e n t  

va lues  were being mapped--reflecting t h e  s i x  d i f f e r e n t  l and  u s e  categories--  

and i n  t h a t  case  continuous v a r i a t i o n  could no t  be assumed between va lues .  



Parameter 

D i s t .  fm. Water Course 

Slope (%) 

Ag. P roduc t iv i ty  

For.  P roduc t iv i ty  

Sub-soil  Perm. 

Shrink-swell  Pot.  

Depth of Bedrock 

Pos. wfres .  t o  FP 

A l t .  Value Ranges 

pe r . :  ~ 3 0 0 '  o r  >3001 
interm: < l o o '  o r  > l o o '  
0-10, 10-25, 25 

>90 bu. co rn j ac re  
~ 9 0  bu. co rn j ac re  

2S. I. 90 f o r  l o b l o l l y  
<S.I. 90 f o r  l o b l o l l y  

>. 63 inchesfhour  
4.63 incheslhour  

ave. of l e s s  than  mod, 
ave. of mod. o r  g r e a t e r  

45 f e e t  
45 f e e t  

i n  o r  ou t  

A l t .  Program 
Values 

9 0 

For example, it cannot be assumed t h a t  between "multiple-use land ,  construc-  

t i o n  excluded" (va lue ,  5 )  and f o r e s t r y  land  (value,  3 )  t h e r e  e x i s t s  a band of  

land  s u i t a b l e  f o r  urban development (value,  4 ) ,  The conformant type  could n o t  

be used he re  e i t h e r ,  because t h e  e x t e n t  of t h e  a r e a s  f a l l i n g  i n  each ca tegory  

of use was n o t  known u n t i l  a f t e r  t h e  f i n a l  program i t s e l f  was run  ( see  below). 

The conformant map type was used t o  produce t h e  maps of "d is tance  from 

water  course" and "pos i t i on  wi th  r e spec t  t o  f l ood  p l a ins . "  This  was because 

maps produced f o r  t h e s e  two parameters by u s e  of va lues  gathered by t h e  g r i d  

over lay  would not  be  very  u s e f u l  a s  r e p r e s e n t a t i o n s  of r i v e r  c o r r i d o r  and 

f lood  p l a i n  a r e a s .  Because of t h e  f a c t  t h a t  d a t a  gathered i n  t h i s  i s  based on 

a r e c t a n g u l a r  g r i d  and because of t h e  i n t e r p o l a t i o n  procedure, such repre-  

s e n t a t i o n s  of t h e s e  a r e a s  a r e  q u i t e  sp lo tchy  and inaccu ra t e .  I n  o rde r  t o  g ive  

a more accep tab le  r e p r e s e n t a t i o n ,  t he  g r e a t e r  accuracy of t h e  conformant type  

w a s  u t i l i z e d .  This  a l lows  f o r  t h e  v e r t i c e s  of t h e  r i v e r  c o r r i d o r  and f lood  

p l a i n  o u t l i n e s  t o  be  chosen a t  any of t h e  p o i n t s  a v a i l a b l e  w i th in  t h e  map 

frame as opposed t o  only  a t  t h e  g r i d  i n t e r s e c t i o n s ,  i n  t h e  manner of choice 

of v e r t i c e s  f o r  t h e  o u t l i n e  of t h e  t o t a l  a r ea .  

11. The Aux i l i a ry  Program - The purpose of t h e  a u x i l i a r y  program i s  t o  

i n  some way review the  va lues  of a l l  of t h e  parameters a t  each of t h e  d a t a  

p o i n t s  and then a s s i g n  t o  each d a t a  po in t  a va lue  which s i g n i f i e s  t o  which 



land use  category t h a t  po in t  belongs. The f u r t h e r  up i n  t h e  h i e ra rchy  of land 

use a d a t a  poin t  i s  p laced ,  t he  h igher  t h e  va lue  i t  w i l l  b e  ass igned  by the  

a u x i l i a r y  program so t h a t  t he  h ie rarchy  is  r e f l e c t e d  by t o n a l  d i f f e r e n c e s  i n  

t h e  pr in t -out ,  t h e  higher  t h e  ca tegory ,  the  darker  t h e  tone.  

It was decided t o  be b e s t  t o  accomplish t h i s  f i n a l  assignment of va lues  

t o  t h e  da t a  p o i n t s  by means of a s epa ra t e  f o r t r a n  program r a t h e r  than  by 

at tempting t o  add a sub-program t o  t h e  Symap program. However, i n  order  t o  

f a c i l i t a t e  t h e  e f f o r t ,  i t  was s p e c i f i e d  i n  t he  a u x i l i a r y  program t h a t  t h e  

output  be i n  t h e  form of ca rds  onto which these  f i n a l  va lues  a r e  punched 

r a t h e r  than i n  t he  form of p r i n t  ou t ,  and fur thermore t h a t  they be  punched i n  

t he  format requi red  by Symap. 

The review of t h e  parameter va lues  occurr ing  a t  each d a t a  p i n t  by which 

use  c a t e g o r i e s  were ass igned  was c a r r i e d  ou t  by a s e r i e s  of " l o g i c a l  IF" s t a t e -  

ments arranged i n  a c e r t a i n  sequence, as mentioned e a r l i e r .  The idea  was t o  

read a l l  t h e  d a t a  i n t o  a mat r ix  i n  which each row rep resen ted  t h e  va lues  of a 

given parameter a t  each of t h e  d a t a  p o i n t s  and each column represented  t h e  

va lues  of a l l  of t h e  parameters a t  a given d a t a  p o i n t ,  The f i r s t  row repre-  

sented t h e  "d is tance  from water  course" parameter;  t h e  second, t h e  "slope" 

parameter,  and so  on, Then, fol lowing t h e  h ie rarchy  of u s e  c a t e g o r i e s  t h a t  

has  been e s t ab l i shed ,  i t  was f i r s t  asked "IFD'  t h e  va lue  i n  row one, column 

one, were equal  t o  9 (meaning t h a t  d a t a  po in t  f a l l s  w i th in  t h e  r i v e r  c o r r i -  

dor )  "OR" t h e  va lue  i n  row two, column one, were equal  t o  8 (meaning t h a t  da t a  

po in t  f a l l s  on an a r e a  of s lope  g r e a t e r  than 25 pe rcen t ) .  I f  e i t h e r  one of 

t h e s e  two cond i t i ons  were f u l f i l l e d ,  t h e  program would then jump t o  a s t a t e -  

ment t h a t  assigned t o  t h a t  da t a  pofn t  t h e  va lue  6 s i g n i f y i n g  t h a t  i t  belonged 

i n  t h e  p ro t ec t ion  ca tegory ,  If n e i t h e r  of t h e s e  cond i t i ons  were f u l f i l l e d ,  

i t  was then asked i f  t h e  a g r i c u l t u r a l  p roduc t iv i ty  parameter va lue  were equal  

t o  5 so t h a t  i t  could be a sce r t a ined  i f  t h a t  d a t a  p o i n t ,  n o t  being assfgned 

t o  t h e  h ighes t  ranking category,  should be assigned a v a l u e  t h a t  would p l ace  

i t  i n  t h e  next  h ighes t .  I f  so ,  t h e  program would then  jump ou t  t o  a s s i g n  

t h a t  va lue  t o  t h e  d a t a  p o i n t ,  I f  no t ,  t h e  i nqu i ry  was then  made concerning 

f o r e s t r y ,  then urban development, then  mult iple-use wi th  cons t ruc t ion  excluded, 

I f  by t h i s  time t h e  d a t a  poin t  had no t  been ass igned  a va lue  p l ac ing  it i n  

any of t h e  f i r s t  f i v e  u s e  c a t e g o r i e s ,  i t  w a s  then  au tomat ica l ly  assigned t h e  

lowest  va lue ;  i . e . ,  1 which, therefore, placed i t  i n  t h e  gene ra l  mul t ip le -  

use  category. Output from t h i s  program was then run through t h e  Symap program 

t o  produce a f i n a l  land-use compartmentalization map, 





ENVIRONMENTAL INVENTORY OF THE EN0 RIVER BASIN 

A p p l i c a t i o n  of t h e  method of compartmentalization d e s c r i b e d  i n  t h e  prev- 

ious s e c ~ i o n  r e q u i r e s  g a t h e r i n g  a l a r g e  amount of i n f o r m a t i o n  on t h e  environ-  

mental  c h a r a c t e r i s t i c s  of t h e  l a n d  a r e a  i n v o l v e d ,  T h i s  type  of i n f o r m a t i o n  

must come from many d i v e r s e ,  uncoord ina ted ,  and o f t e n  incomple te  s o u r c e s .  

T h i s  s e c t i o n  d e s c r i b e s  t h e  method o f  d a t a  g a t h e r i n g ,  t h e  i n f o m a t i o n  o b t a i n e d ,  

and t h e  L i m i t a t i o n s  of a p p l y i n g  t h i s  method i n  a r e a s  where complete  n a t u r a l  

de te r rnmant  d a t a  a r e  u n a v a i l a b l e ,  

Land Use 

The b e s t  s o u r c e s  of c u r r e n t  Pand u s e  d a t a  a r e  r e c e n t  a e r i a l  pho tographs ,  

The n o s c  r e c e n t  complete  f l i g h t  o f  t h e  Ens River  wa te r shed  was t h e  photography 

taken  f o r  t h e  ASCS i n  3.566, These photographs  were used  t o  make t r a n s p a r e n t  

o v e r l a y s  showing s e v e r a l  c a t e g o r i e s  of l a n d  use .  Orange and Durham c o u n t i e s  

were ref lown i n  l a t e  1972, b u t  t h e  photographs  were n o t  a v a i l a b l e  i n  t i m e  t o  

be used f o r  t h i s  s tudye 

Most of t h e  Piedmont of North C a r o l i n a  was h e a v i l y  f o r e s t e d  a t  t h e  t ime  

of o r i g i n a l  s e t t l e m e n t ,  A g r e a t  d e a l  of t h e s e  n a t i v e  f o r e s t s  were  c l e a r e d  f o r  

a g r i e u l s u r e  d u r i n g  t h e  p a s t  two e e n c u r i e s ,  A s  a g r i c u l t u r e  became l e s s  

a n t e n s e  i n  t h e  Eno R i v e r  a r e a  o v e r  t h e  p a s t  f i f t y  y e a r s ,  many abandoned f i e l d s  

have r e v e r t e d  t o  f o r e s t  cover ,  F i g u r e s  5 and 6  show t h e  1966 e x t e n t  of pre-  

dominant ly  hardwood and p i n e  f o r e s t s ,  r e s p e c t i v e l y ,  It can be s e e n  t h a t  o v e r  

50 p e r c e n r  of t h e  l a n d  En t h e  r i v e r  b a s i n  i s  p r e s e n t l y  f o r e s t e d .  P i n e  f o r e s t s  

u s u a l l y  r e p r e s e n t  l a n d  t h a t  h a s  been abandoned from a g r i c u l t u r a l  u s e s  w i t h i n  

t h e  p a s t  f i f t y  y e a r s ,  w h i l e  t h e  hardwood-dominated f o r e s t s  normal ly  o c c u r  on 

s i t e s  c h a t  have been f o r e s t e d  f o r  a l o n g e r  p e r i o d ,  

Oos t ing  (1942) r e p o r t e d  t h a t  t h e  last remnant of v i r g i n  t i m b e r  i n  t h e  

Eno b a s i n  was c u t  i n  1941, Most o f  t h e  f o r e s t s  o f  t h e  a r e a  have been c u t  

o v e r  r e p e a t e d l y  and haphazard ly  w i t h  no  p r o p e r  f o r e s t  management, Most of 

t h e  hardwood f o r e s t s  p a r t i c u l a r l y  a r e  of low q u a l i t y  and have l i t t l e  immediate 

c o m e r c i a 1  v a l u e ,  There  a r e  some a r e a s  of well-managed f o r e s t ,  however, 

n o t a b l y  t h e  H l f l s b o r s u g h  and Eno d i v i s i o n s  of t h e  Ouke F o r e s t  and a  few o t h e r  

commercial f o r e s t s ,  Two o p e r a t i n g  sawmi l l s  i n  B i l l s b o r o u g h  o b t a i n  most of 

t h e i r  t imber  from t h e  s u r r o u n d i n g  a r e a .  The most v a l u a b l e  commercial s p e c i e s  

a r e  s h o r t l e a f  and PobkoPly p i n e ,  and s e v e r a l  p r o d u c t i v e  and well-managed 



Figure 5. Mixed hardwood and pine-hardwood 
f o r e s t s  i n  t h e  Eno River Basin. 

Figure 6.  Pine-dominated f o r e s t s  i n  t h e  
Eno River Basin. 



s t ands  of t hese  spec i e s  a r e  s c a t t e r e d  through the  En0 Basin. The p o t e n t i a l  

f o r  h ighly  product ive  f o r e s t r y  e x i s t s  on many more s i t e s  a s  shorn i n  

F igure  7 ,  a  Symap pr in t -out  of land wi th  h igh  s i t e  index f o r  l o b l o l l y  p ine .  

i f  t he se  a r eas  were w e l l  managed f o r  p ine ,  f o r e s t  product ion could remain 

a s i g n i f i c a n t  l o c a l  i ndus t ry .  

F igure  7 .  Symap pr in t -out  of land  wit,h 
h igh  f o r e s t  p roduc t iv i ty .  

F igure  8 shows t h e  land i n  t h e  En0 Basin t h a t  w a s  i n  a g r i c u l t u r a l  

product ion i n  1966, The most i n t e n s i v e  a g r i c u l t u r e  occurs  i n  Orange County 

n o r t h  of Hillsborough. The s o i l s  i n  t h a t  a r e a  a r e  w e l l  s u i t e d  f o r  product ion 

of tobacco which i s  the  ch ief  crop. The northern-most p a r t  of t h e  watershed 

is  t h e  only a rea  i n  which a g r i c u l t u r a l  uses  occupy t h e  ma jo r i t y  of t h e  land 



a r e a .  There  i s  much l e s s  a g r i c u l t u r a l  l a n d  i n  t h e  Durham County p o r t i o n  of 

t h e  watershed due t o  i t s  prox imi ty  t o  t h e  Durham urban a r e a .  

F i g u r e  8. Ex ten t  o f  l a n d  i n  a g r i c u l t u r a l  u s e  
i n  t h e  Eno River Basin.  

Most a l l  of  t h e  l a n d  w i t h i n  t h e  r i v e r  b a s i n ,  e x c e p t  f o r  v e r y  s t e e p  

s l o p e s ,  h a s  been used f o r  a g r i c u l t u r e  i n  t h e  p a s t .  A g r i c u l t u r e  h a s  h i s t o r i -  

c a l l y  been t h e  most s i g n i f i c a n t  p r o d u c t i v e  a c t i v i t y  i n  t h e  a r e a .  A l a r g e  num- 

b e r  o f  p r o d u c t i v e  farms remain,  and t h e  b u l k  o f  t h e  p o p u l a t i o n  of n o r t h e r n  

Orange County i s  s t i l l  farm based.  Many abandoned farms,  however, have become 

f o r e s t e d  o r  have been developed i n  some way. Development of former  a g r i c u l -  

t u r a l  a r e a s  i s  o c c u r r i n g  a t  a  r a p i d  r a t e  i n  Durham County. While none of t h e  



s o i l s  i n  t h e  Eno watershed a r e  o f  o u t s t a n d i n g  p r o d u c t i v i t y ,  p r o p e r  s o i l  man- 

agement p r a c t i c e s  a l l o w  them t o  suppor t  many r e a s o n a b l y  p rosperous  farms.  

A g r i c u l t u r e  s t i l l  p l a y s  a major  r o l e  i n  t h e  economy of t h e  a r e a .  It would be  

a  mis take ,  b o t h  socio-economical ly  and e n v i r o n m e n t a l l y ,  t o  a l l o w  l a n d  develop- 

ment t o  e l i m i n a t e  a g r i c u l t u r a l  p r o d u c t i o n .  

F i g u r e  9 shows t h e  most h i g h l y  p r o d u c t i v e  a g r i c u l t u r a l  l a n d  i n  t h e  Durham 

County p o r t i o n  of t h e  wa te r shed  based on t h e  c r i t e r i a  e x p l a i n e d  i n  t h e  preced- 

i n g  s e c t i o n ,  Th is  l a n d  shou ld  b e  p r o t e c t e d  from t h e  encroachment of o t h e r  u s e s  

s o  t h a t  i t  w i l l  remain i n  p r o d u c t i o n .  The p o r t i o n  o f  l a n d  i n  Orange County t h a t  

would be p l a c e d  i n  t h e  a g r i c u l t u r a l  p r o d u c t i o n  compartment would be h i g h e r ,  

s i n c e  most o f  t h a t  a r e a  f a l l s  o u t s i d e  o f  t h e  T r i a s s i c  b a s i n .  I t  i s  n o t  sugges ted  

t h a t  any l a n d  n o t  of t h i s  h i g h  p r o d u c t i v i t y  shou ld  n o t  be used f o r  a g r i c u l t u r e .  

Much of t h e  l a n d  of lower p r o d u c t i v i t y  would f a l l  i n t o  t h e  compromise compart- 

ment and shou ld  remain i n  a g r i c u l t u r e  s o  l o n g  as f a r m e r s  can economica l ly  manage 

t o  c o n t i n u e  t o  farm i t .  

F i g u r e  9. Symap p r i n t - o u t  o f  l a n d  w i t h  h i g h  
a g r i c u l t u r a l  p r o d u c t i v i t y .  



F i g u r e  1 0  shows t h e  e x t e n t  of i n t e n s i v e  r e s i d e n t i a l ,  commercial, and 

i n d u s t r i a l  development w i t h i n  t h e  Eno Basin  i n  1966. The a r e a  o f  development 

h a s  i n c r e a s e d  c o n s i d e r a b l y  s i n c e  t h a t  t i m e .  Development e x i s t s  mos t ly  w i t h i n  

t h e  Durham a r e a ,  Hi l l sborough ,  and a  few o t h e r  small towns. Most r a p i d  cur-  

r e n t  development i s  o c c u r r i n g  i n  Durham County n o r t h  of Durham. 

F i g u r e  10.  Ex ten t  of i n t e n s i v e  development i n  1966. 

Geology 

The Eno R i v e r  p a s s e s  through two d i s t i n c t  g e o l o g i c a l  f o r m a t i o n s  as i t  

f lows  th rough  Orange and Durham Count ies .  F i g u r e  11 is  a g e n e r a l  geology map 

of t h e  wa te r shed .  From i t s  headwaters  t o  s l i g h t l y  west  of Roxboro Road i n  

Durham County t h e  Eno f lows  through t h e  C a r o l i n a  s l a t e  b e l t ,  c o n s i s t i n g  o f  

s l i g h t l y  metamorphosed v o l c a n i c  and sed imenta ry  r o c k s  t h a t  a r e  t i g h t l y  t o  open ly  



Figure 11. Generalized geo log ica l  map of t h e  Eno River 
Basin (Bain, 1966). 

fo lded ,  f a u l t e d ,  and in t ruded  by igneous plutons.  A s  i t  flows through t h i s  

metavolcanic u n i t ,  the r i v e r  v a l l e y  i s  narrow and steep-walled wi th  f requent  

rock outcroppings along the  r i v e r  and rocky r ap ids  i n  t h e  r i v e r  i t s e l f .  A t  

about the  po in t  where Roxboro Road c ros ses  i t  i n  Durham County, t h e  Eno 

e n t e r s  t h e  T r i a s s i c  Basin. The rocks of T r i a s s i c  age c o n s i s t  predominantly 

of sandstones,  sha l e s ,  s i l t s t o n e s ,  and conglomerates (Bain, 1966).  These 

s o f t e r  rocks have allowed t h e  r i v e r  t o  c u t  a  wide, f l a t  v a l l e y .  Near t he  

confluence of t h e  Eno and F l a t  Rivers ,  t h e  Eno encounters  a  d iabase  s i l l  

which r e s u l t s  once aga in  i n  a more rugged topography along t h e  r i v e r .  



Topography 

With t h e  e x c e p t i o n  of t h o s e  areas a l o n g  t h e  r i v e r  where i t  p a s s e s  th rough  

igneous  r o c k s ,  most o f  t h e  Eno Basin  h a s  a g e n t l y  r o l l i n g  topography w i t h  l i t-  

t l e  r e l i e f  and few s t e e p  h i l l s i d e s .  The a r e a  i s  c h a r a c t e r i z e d  by low, rounded 

h i l l s a n d  r e l a t i v e l y  broad g e n t l y  s l o p i n g  v a l l e y s .  The d i f f e r e n c e  i n  a l t i t u d e  

b e w e e n  r i d g e s  and a d j a c e n t  v a l l e y s  i s  u s u a l l y  abou t  100 f e e t .  Tot.al  drop 

th roughout  t h e  l e n g t h  o f  t h e  river i s  about  400 f e e t  (Putnam and Lindskov, 1973) .  

F i g u r e  12 shows t h e  a r e a s  o f  s l o p e s  i n  t h e  b a s i n  t h a t  exceed 20 p e r c e n t  

f o r  most of t h e i r  l e n g t h .  The a r e a  o f  most s t e e p  s l o p e s  and g e n e r a l l y  most 

rugged topography i s  an undeveloped s e c t i o n  immediate ly  e a s t  of Hi l l sborough .  

T h i s  i s  t h e  s o - c a l l e d  "wi lderness  a r e a "  of t h e  r i v e r  b a s i n  and w i l l  be  d i s -  

cussed i n  more d e t a i l  l a t e r .  F i g u r e  1 3  shows t h e  Symap p r i n t - o u t  o f  s l o p e  

c l a s s e s  i n  t h e  Durham County p o r t i o n  of t h e  wa te r shed .  

F i g u r e  12.  Loca t ion  of s l o p e s  i n  e x c e s s  of 20 p e r c e n t .  



Hydrology 

Mean annual p r e c i p i t a t i o n  i n  t h e  Eno River watershed i s  about 45 inches .  

Of t h i s ,  about  30 percent  o r  1 3  inches  pe r  year  becomes runoff  and subse- 

quent ly  streamflow. Maximum runoff occurs  i n  l a t e  w in te r ,  and s t reams i n  t h e  

bas in  a r e  u sua l ly  a t  t h e i r  h ighes t  p o i n t  then.  From e a r l y  Apr i l  t o  mid-October 

v e g e t a t i v e  and evapora t ive  demands exceed t h e  a v a i l a b l e  r a i n f a l l ,  and s t ream 

l e v e l s  show a genera l  dec l ine  (Putnam and Lindskov, 1973). 

In t h e  Eno River a t  Hil lsborough average flow i s  63.0 c f s  and t h e  7-day, 

2-year minimum flow i s  4.55 c i s .  Near Durham t h e  average flow i s  79.5  c i s  

and t h e  7-day, 2-year minimum i s  8.90 c f s .  Va r i a t ion  from t h e  average i s  very 



wide,  however, w i t h  v e r y  h i g h  f lows  f o l l o w i n g  heavy r a i n s  fo l lowed  by r a p i d  

d rop  i n  f l o w  rate. Much a d d i t i o n a l  d a t a  on t h e  hydrology of  t h e  En0 and i t s  

t r i b u t a r i e s  a r e  g iven  by Putnam and Lindskov (1973).  

P r e s e n t l y  t h e  Eno i s  used as a  w a t e r  s o u r c e  by Hi l l sborough  and t h e  Orange- 

Alamance w a t e r  sys tem.  Two major  and one s m a l l  r e s e r v o i r  on t h e  r i v e r  p r o v i d e  

t h i s  wa te r .  A s  shown i n  F i g u r e  14 ,  however, many a d d i t i o n a l  r e s e r v o i r s  have 

been proposed f a r  t h e  Eno and i t s  t r i b u t a r i e s .  With t h e  e x c e p t i o n  o f  t h e  s e d i -  

menta t ion  c o n t r o l  p o o l s  above Lake Orange, most o f  t h e s e  proposed r e s e r v o i r s  

a r e  f o r  wa te r  s u p p l y  purposes .  The c l e a n  w a t e r  and r e l a t i v e l y  c b n s t a n t  f l o w  

of  t h e  Eno and i t s  t r i b u t a r i e s  make them w e l l  s u i t e d  as w a t e r  s o u r c e s ,  and i t  

i s  i n e v i t a b l e  t h a t  t h e y  w i l l  supp ly  most o f  t h e  f u t u r e  w a t e r  needs  o f  c e n t r a l  

Orange County. Durham h a s  p r e s e n t l y  p u t  t h e  En0 a t  t h e  bottom o f  i t s  p r i o r i t y  

F i g u r e  14.  Map showing l o c a t i o n  o f  e x i s t i n g  and a l l  proposed 
o r  sugges ted  r e s e r v o i r s  i n  t h e  Eno Basin .  
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List of water sources ,  so  i t  i s  n o t  l i k e l y  t o  be used f o r  t h a t  purpose i n  

Durham County u n t i l  w e l l  i n t o  t he  next  century i f  a t  a l l ,  I f  many of t h e  

proposed r e s e r v o i r s  i n  Orange County a r e  b u i l t  and drawn from by t h a t  t ime, 

t h e r e  i s  n o t  l i k e l y  t o  be enough remaining a v a i l a b l e  f low t o  provide Durham's 

needs, anyway, 

Although l i m i t e d  i n  some a reas ,  ground water  i s  r e l a t i v e l y  abundant and 

undeveloped a s  a  major water  source i n  most of t h e  Eno watershed,  According 

t o  Putnam and Eindskov (3.9731, about two-f i f ths  of t h e  popula t ion  of t h e  

upper Neuse River Basin, inc luding  t h e  Eno Basin, u se  ground water  w i t h  cur- 

r e n t  eonsumption being about 3 t o  4 m i l l i o n  ga l lons  pe r  day. Nearly a l l  of 

t h e  r u r a l  r e s i d e n t s  of t h e  watershed a r e  dependent upon t h i s  water  source ,  

and demands upon i t  a r e  l i k e l y  t o  i nc rease .  The ground water  resource  of t h e  

Ens Basin i s  v i t a l  t o  i t s  f u t u r e  p r o s p e r i t y  and i s  worthy of a t t e n t i o n  and 

p r o t e c t i o n ,  

Soi  l s  

The s o i l s  of t h e  Eno River  Basin f a l l  i n t o  two gene ra l  c a t e g o r i e s  a s  

determined by the  pa ren t  m a t e r i a l s  from which they were der ived .  S o i l s  cover- 

ing  the  metavoleanic s l a t e  and g r a n i t e  formations of Orange and northwest  

burham Counties a r e  gene ra l ly  we l l  d ra ined  wi th  f i r m  sub-so i l s .  S o i l s  of t h e  

T r i a s s i e  Basin a r e a  more commclnly have p l a s t i c  sub-so i l s  which l i m i t  permea- 

b f l i t y  and r e s u l t  i n  poor drainage.  Only those s o i l  parameters  d i scussed  

under t h e  mechanics of compartmentalization were analyzed i n  d e t a i l .  

Figures  15-17 show Symap pr in t -ou t s  of s e l e c t e d  c h a r a c t e r i s t i c s  of t h e  

s o i l s  i n  t h e  Durham County p a r t  of t h e  Eno Basin. The s i g n i f i c a n c e  of t he  

va r ious  parameters t o  land  use  s u i t a b i l i t y  and t h e  ranges  of each v a r i a b l e  

placed i n  each s u i t a b i l i t y  category a r e  d iscussed  on pages 49-51 and summarized 

i n  t h e  t a b l e  on page 58, Most of t h e  sou theas t e rn  h a l f  of t h i s  a r e a  i s  cov- 

e red  by shal low T r i a s s i c  Basin s o i l s  wi th  l e s s  than  f i v e  f e e t  depth t o  bedrock. 

These shal low s o i l s  have very  low sub-soi l  permeabi l i ty ,  making them highly  

unsu i t ab l e  f o r  s e p t i c  tank  dra inage  f i e l d s .  Nearly t h e  whole s tudy a r e a  i s  

covered by s o i l s  w i th  such a high shrink-swell  p o t e n t i a l  t h a t  t h e  SCS c l a s s i -  

f i e s  them a s  n o t  recommended f o r  bu i ld ing .  



F i g u r e  15 .  Symap p r i n t - o u t  showing c l a s s e s  o f  dep th  t o  bedrock.  
L i g h t  shad ing  i s  5 f e e t  o r  l e s s ,  n o t  recommended f o r  
b u i l d i n g .  Darker  shad ing  i n d i c a t e s  g r e a t e r  t h a n  5  f e e t .  

B i o t i c  Communities 

Vege ta t ion  of t h e  Eno R i v e r  Basin  was examined a t  two s c a l e s  f o r  t h e  pur- 

poses  of t h i s  s t u d y .  The e n t i r e  wa te r shed  was mapped w i t h  t h e  broad c l a s s i -  

f i c a t i o n s  of mixed hardwood, p i n e ,  and a g r i c u l t u r a l  l a n d  a s  shown i n  F i g u r e s  

5 ,  6 ,  and 7 ,  and d i s c u s s e d  p r e v i o u s l y .  I n  a d d i t i o n ,  t h e  p l a n t  communities 

w i t h i n  1000 f e e t  of e i t h e r  s i d e  of t h e  Eno R i v e r  were examined i n  d e t a i l  w i t h  a  

f i e l d  su rvey .  D e t a i l e d  v e g e t a t i o n  maps showing t h e  composi t ion,  d e n s i t y ,  a g e ,  

degree  of human d i s t u r b a n c e ,  and c h a r a c t e r i s t i c s  of t h e  u n d e r s t o r y  were p re -  

pared f o r  a l l  of  t h e  s t a n d s  o c c u r r i n g  w i t h i n  t h i s  1000-foot c o r r i d o r .  Because 

of t h e  e x t e n s i v e n e s s  o f  t h e s e  maps and t h e i r  accompanying l e g e n d s ,  t h e y  a r e  

n o t  i n c l u d e d  i n  t h i s  r e p o r t .  Copies a r e  a v a i l a b l e  upon r e q u e s t  from t h e  Duke 

School of F o r e s t r y .  

Based on t h e  v e g e t a t i o n a l  s t u d y  o f  t h e  Piedmont o f  North  C a r o l i n a  p e r -  

formed by Oos t ing  (1942)  s i x  hardwood f o r e s t  types - - th ree  upland and t h r e e  



F i g u r e  16.  Symap p r i n t - o u t  o f  s u b - s o i l  p e r m e a b i l i t y  c l a s s e s .  
L i g h t  shad ing  i n d i c a t e s  s u b - s o i l  p e r m e a b i l i t y  of 
l e s s  than  0.63 i n c h e s / h o u r ,  n o t  recommended f o r  
b u i l d i n g .  Darker  shad ing  i n d i c a t e s  b u i l d i n g  
a l l o w a b l e .  

lowland--exis t  i n  t h i s  a r e a .  The upland t y p e s  i n c l u d e  (1) w h i t e  oak-black oak- 

r e d  oak,  ( 2 )  p o s t  oak-white oak,  and (3) b l a c k j a c k  oak-post  oak.  The lowland 

t y p e s  i n c l u d e  (4 )  b i rch-sycamore,  (5) sweetgum-poplar-ash-elm-red maple, and 

(6) beech-maple-white oak-red oak. I n  a d d i t i o n ,  l o b l o l l y ,  s h o r t l e a f ,  and 

V i r g i n i a  p i n e s  occur  i n  p u r e  o r  mixed s t a n d s .  A l l  of  t h e s e  f o r e s t  t y p e s  a r e  

found w i t h i n  t h e  Eno Eas in  and a l l  were l o c a t e d  and mapped w i t h i n  t h e  2000- 

f o o t  c o r r i d o r  a l o n g  t h e  r i v e r .  Fol lowing i s  a  d e s c r i p t i o n  of each  t y p e ,  i t s  

p o t e n t i a l  a s  w i l d l i f e  h a b i t a t ,  and i t s  c h a r a c t e r i s t i c s  i n  r e l a t i o n  t o  d i f f e r -  

e n t  p o t e n t i a l  l a n d  u s e s .  

Although t h e  p o s t c l i m a x  Beech-Maple-Oak s t a n d  i s  c o n s i d e r e d  t o  be t h e  suc- 

c e s s i o n a l  dominant f o r  t h e  lowland s i t e ,  v a r i o u s  f a c t o r s  r e s u l t  i n  t h e  growth 

and con t inuous  maintenance of secondary lowland s t a n d s .  These f a c t o r s  a r e  t h e  



F i g u r e  17.  Symap p r i n t - o u t  o f  sh r ink-swel l  p o t e n t i a l  c l a s s e s .  
L i g h t  shad ing  i n d i c a t e s  h i g h  p o t e n t i a l  n o t  recom- 
mended f o r  b u i l d i n g .  Darker  shad ing  i n d i c a t e s  low 
t o  moderate sh r ink-swel l  p o t e n t i a l .  

c o n t i n u a l  f l o o d i n g  a s s o c i a t e d  w i t h  t h e  t y p i c a l  r i p a r i a n  t y p e  ( ~ i r c h - ~ ~ ~ ~ ~ ~ ~ ~ ) ,  

t h e  abandoned lowland f i e l d  s u c c e s s i o n  a s s o c i a t e d  w i t h  t h e  poplar-sweetgum t y p e  

o r  p i n e  t y p e s ,  and p u r e  s t a n d s  o f  t h e  subdominants,  such as walnu t  due t o  

p l a n t i n g  o r  t h e  l o c a l  a d a p t a b i l i t y  of a  s i t e  t o  f a v o r  one s p e c i e s '  growth.  

Pure  s t a n d s  of t u l i p  p o p l a r  were o f t e n  observed.  

The n e x t  s e c t i o n  o f  t h i s  r e p o r t  w i l l  d e a l  s i n g u l a r l y  w i t h  each o f  t h e  

major  o v e r s t o r y  t y p e s  l i s t e d  on t h e  v e g e t a t i o n a l  i n v e n t o r y  forms. 

(1) White Oak-Black Oak-Red Oak 

This  i s  t h e  most widespread f o r e s t  t y p e  i n  t h e  Eno wate r shed ,  u s u a l l y  

be ing  c o n s i d e r e d  t h e  t y p i c a l  upland c l imax ,  However, i n  c o n s i d e r i n g  t h e  a r e a  
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def ined  by a  c o r r i d o r  1000 f e e t  wide on e i t h e r  s i d e  of t h e  r i v e r ,  va r ious  low- 

land,  cove, and s t ream bottom subclimax types a r e  more common. This  type 

occurs  on a  wide range of upland s i t e s ,  except  f o r  ve ry  rocky, d ry  o r  shal low 

s o i l e d  a reas .  Within t h e  p r o t e c t i v e  c o r r i d o r ,  t h e s e  s p e c i e s  u sua l ly  occur 

a long  t h e  top of t h e  v a l l e y  r i d g e ,  u s u a l l y  j u s t  w i th in  t h e  c o r r i d o r  and 

extending we l l  ou t s ide  of i t .  The most common ove r s to ry  s p e c i e s  a r e  whi te  oak 

(Quercus a l b a ) ,  no r the rn  r ed  oak (Q. r u b r a ) ,  southern  red oak (Q. - f a l c a t a ) ,  

and s e v e r a l  hickory spec i e s  (Carya tomentosa and - C.  g l a b r a ) .  Important asso-  

c i a t e d  spec i e s  i n  t h e  ove r s to ry  may be b lack  oak (Q* v e l u t i n a )  and s c a r l e t  

oak (Q, coecinea) .  However, along t h e  Eno River ,  b lack  oak r a r e l y  r eaches  

ove r s to ry  propor t ion .  Common unders tory  spec i e s  i nc lude  sourwood (Oxydendron 

aboreum) , dogwood (Cornus f l o r i d a )  , blackgum (Nyssa s y l v a t i c a )  , red maple 

(Acer - rubrum), and v a r i o u s  Viburnum spec ie s .  

This  type has f a i r l y  h igh  s t a b i l i t y  and r e s i s t a n c e  t o  d i s tu rbance  from 

use (depending t o  some ex ten t  on l o c a l  s o i l  v a r i a t i o n s ) .  Because i t  i s  a 

climax type,  i t  would be expected t o  renew i t s e l f ,  and minor d i s tu rbances  

would l i k e l y  r e s u l t  i n  a  new s tand  of roughly t h e  same composition. Species  

d i v e r s i t y  i s  f a i r l y  high.  General ly  speaking,  however, h a b i t a t  and v i s u a l  

d i v e r s i t y  a r e  low t o  medium, depending on topography. 

Stands of t h i s  type  a r e  gene ra l ly  a e s t h e t i c a l l y  p l eas ing  i f  t h e  t r e e s  a r e  

l a r g e .  Otherwise, they  may be monotonous i f  t h e r e  i s n ' t  s i g n i f i c a n t  topo- 

graphica l  v a r i a t i o n .  The unders tory  of mature s t ands  is  normally a t t r a c t i v e  

being open and f r e e  from honeysuckle, b r i a r s ,  and b l ackbe r r i e s ;  t h e r e f o r e ,  n o t  

present ing  a  b a r r i e r  t o  use .  This  type i s  e s p e c i a l l y  p l eas ing  i n  t h e  spr ing-  

time when the  dogwoods a r e  blooming and during t h e  per iod  of £ A l l  c o l o r a t i o n .  

This  type,  throughout t h e  watershed, i s  of i n t e rmed ia t e  v a l u e  f o r  com- 

merc ia l  f o r e s t r y ,  depending on t h e  s i z e  and q u a l i t y  of t h e  t r e e s .  No wide- 

spread c u t t i n g  should be permit ted w i t h i n  t h e  p r o t e c t i v e  c o r r i d o r .  Large 

oaks have a  h igh  p o t e n t i a l  va lue  but  do no t  occur i n  s u f f i c i e n t  quan t i t y  due 

t o  t he  r e l a t i v e  young age of most s t a n d s  and dep le t ion  of gene pool over t ime. 

Hardwood s i l v i c u l t u r e  i s  not  very  we91 developed i n  t h e  South, bu t  s e l e c t i v e  

c u t t i n g  should be p o s s i b l e  i f  t h i s  i s  t r u l y  a climax type.  Clear  c u t t i n g  is 

gene ra l ly  no t  compatible wi th  o the r  u ses  s i n c e  i t  i s  l i k e l y  t o  r e s u l t  i n  a  

dense, brushy regrowth t h a t  w i l l  r e q u i r e  a long time t o  aga in  approach 

matur i ty .  



In  view of i t s  high s t a b i l i t y ,  r e s i s t a n c e  t o  d i s tu rbance  and use  cha rac t e r -  

i s t i c s ,  t h i s  type  i s  the  most d e s i r a b l e  of any i n  t h e  r eg ion  f o r  most u s e s .  

It can be maintained i n  a  f a i r l y  cons tan t  condi t ion  wi th  a  minimum of 

manipulat ion.  

The g r e a t e s t  s i g n i f i c a n c e  of t h i s  f o r e s t  type i n  r e l a t i o n  t o  w i l d l i f e  i s  

mast product ion.  The importance of mast cannot be overemphasized. Mast i s  a  

primary winter  food of f o r e s t  game i n  t h e  South, inc luding  deer ,  tu rkey ,  

s q u i r r e l ,  bear ,  and c e r t a i n  waterfowl. Mast, p a r t i c u l a r l y  acorns ,  i s  a  r i c h  

source  of energy--the only such source a v a i l a b l e  through win te r  months i n  

many a r e a s .  Mast c rops  are v a r i a b l e  from year  t o  year ,  and animal popula- 

t i o n s ,  p roduc t iv i ty ,  body weights  and genera l  body condi t ion  a r e  o f t e n  di- 

rectly r e l a t e d  t o  t h e  f l u c t u a t i o n  i n  mast s u p p l i e s .  

The white  oak-black oak-red oak f o r e s t  type  i s  u s u a l l y  an  i d e a l  s q u i r r e l  

h a b i t a t  when a  wide v a r i e t y  of heavy and l i g h t  seeded spec i e s  a r e  p re sen t .  

The v a r i e t y  a s s u r e s  a more s t a b l e  food supply and reduces t h e  frequency of 

f l u c t u a t i o n s  i n  popula t ions  t y p i c a l  of Oak-Hickory s i t e s .  The age of t h e  

hardwoods i s  normally d i r e c t l y  p ropor t iona l  t o  t h e  s q u i r r e l  popula t ion .  The 

whi te  oak i t s e l f  i s  sometimes r e f e r r e d  t o  a s  t h e  " idea l"  t r e e  f o r  s q u i r r e l s  

because i t s  acorns  are choice  food and o lde r  stems develop e x c e l l e n t  dens. 

However, pure s t a n d s  a r e  no t  i d e a l  s q u i r r e l  h a b i t a t  due t o  t h e  c y c l i c  n a t u r e  

of mast c rops ,  and because a h igh  propor t ion  of t h e  t r e e s  never  bear  f r u i t .  

This  type  could o f f e r  some p o t e n t i a l  a s  wild turkey  h a b i t a t  depending on 

s i t e  q u a l i t y  and t h e  genera l  n a t u r e  of t h e  s t ands .  Yie lds  of fo rage ,  f r u i t ,  

and i n s e c t s  depend upon open crowns with ample l i g h t  space.  Unless t h i s  over- 

s t o r y  p r e v a i l s ,  t h e  needs of t h e  turkey probably won't be f u l f i l l e d .  In  

add i t i on ,  without some i n t e r s p e r s i o n  of p ines  t h e  need f o r  r o o s t i n g ,  w in te r  

cover ,  and escape cover w i l l  not  be met. On poor s i t e s  where s t a n d s  a r e  spa r se ,  

n e s t i n g  and brooding range a r e  u s u a l l y  ample, bu t  on b e t t e r  s i t e s  wi th  v igor -  

ous,  f u l l y  s tocked  s t ands  these  a r e a s  a r e  non-exis tent  and can be  e s t a b l i s h e d  
- 

only  by c r e a t i n g  permanent openings. 

General ly  speaking, oak-hickory types  a r e  s u i t a b l e  f o r  deer  a l though,  

aga in ,  t h e  capac i ty  v a r i e s  widely wi th  s tand  cond i t i ons .  Mast i s  the  primary 

overwinter ing  food wi th  unders tory  browse, f r u i t ,  and fo rage  s e w i n g  a s  

r e s e r v e s .  I n  t h i s  a r e a ,  browse tends  t o  be seasona l ly  d e f i c i e n t  i n  p r o t e i n  and 

phosphorus and seldom exceeds body maintenance requirements  of dee r .  Thus, 



even where ample amounts of unders tory  browse a r e  a v a i l a b l e ,  deer  may s t i l l  

be poorly nourished.  Various r egene ra t ion  c u t t i n g s  and th inn ings  may be 

h e l p f u l  i n  t h i s  f o r e s t  type i n  improving the  dee r  herd.  

Other spec i e s  such as f o x  s q u i r r e l s ,  q u a i l ,  r a b b i t s ,  doves, and water- 

fowl could be present  i n  s i t u a t i o n s  where t h e  f o r e s t  type  borders  on open 

a r e a s .  Many spec i e s  of songbirds  ( e .g . ,  rufous-sided towhees, warb lers ,  

t i tmice ,  chickadees,  nu tha tches ,  and woodpeckers) a r e  p re sen t  and occupy d i f -  

f e r e n t  s t r a t a  from t h e  canopy t o  t he  ground l a y e r .  Also, s e v e r a l  p reda tory  

animals s u r e l y  e x i s t  such as g r e a t  horned owls, foxes ,  mink, weasels ,  and 

raccoons. Scavengers such a s  opossums and skunks a r e  undoubtedly p re sen t  a s  

we l l  a s  a small  mammal populat ion which would inc lude  s e v e r a l  s p e c i e s  of 

mice, shrews, and moles. 

( 2 )  Post  Oak-White Oak 

Throughout t h e  Piedmont t h i s  type  appears  t o  be a  subclimax of t he  oak- 

hickory f o r e s t .  However, w i th in  t h e  p r o t e c t i v e  c o r r i d o r  of t h e  Eno River ,  

due t o  t h e  topography, s o i l  types,  and proximity t o  t h e  water t a b l e ,  t h i s  

type does n o t  appear f r equen t ly .  

Post  oak (Q. s t e l l a t a )  i s  the  most common ove r s to ry  spec i e s ,  wi th  whi te  

oak and h i c k o r i e s  occurr ing  i n  l e s s e r  numbers. Both t h e  ovexstory and under- 

s t o r y  tend t o  be more open and bushy than i n  t h e  oak-hickory type. Black 

oak, poplar ,  sweetgum, red  oak, and h i c k o r i e s  occur i n  t h e  unders tory .  Due 

t o  t he  g r e a t e r  openness, V i rg in i a  and s h o r t l e a f  p ine  a r e  f a i r l y  common i n  both 

t h e  over  and u n d e r s t o r i e s .  

This  type i s  gene ra l ly  s t a b l e  i n  t h e  absence of d i s turbance .  Due t o  t he  

a l r eady  low s i t e  q u a l i t y ,  i t  i s  probably more s u s c e p t i b l e  t o  s i t e  degrading 

d is turbances  than a r e  t h e  b e t t e r - s i t e  hardwoods. Tree spec i e s  d i v e r s i t y  i s  

low, but  t h e  d i v e r s i t y  of shrubs and v i n e s  i s  normally h igher  than i n  t h e  

o the r  upland types.  Unusual xerophytes such a s  t he  f e r n s  Chei lan thes  

tomentosa and - C .  lanosa occasionally occur .  Habi ta t  and v i s u a l  d i v e r s i t y  a r e  

normally low, bu t  rock outcrops provide except ions.  

Within the  c o r r i d o r ,  pos t  oak-white oak s t a n d s  provide a s t r i k i n g  con- 

t r a s t  wi th  the  denser upland and lowland s t a n d s .  The dark  green, cruciform 

l e a v e s  of pos t  oak he ighten  t h e  v i s u a l  e f f e c t  of t h i s  medium-sized t r e e .  

Shrubs and woody v i n e s  may be dense and d i f f i c u l t  t o  pene t r a t e ;  bu t  gene ra l ly ,  

t h e  unders tory  i s  extremely open. Honeysuckle i s  u s u a l l y  absent  due t o  t h e  



dryness  of t h e  s i t e .  Recrea t iona l  p o t e n t i a l s  f o r  u ses  o the r  than hunt ing  i s  

u s u a l l y  low, al though trails through t h i s  type provide i n t e r e s t i n g  c o n t r a s t .  

Stands of t h i s  type p re sen t  a  very  low p o t e n t i a l  f o r  commercial f o r -  

e s t r y .  Cu t t i ng  of any type i s  l i k e l y  t o  r e s u l t  i n  increased  brushiness  and 

decreased p o t e n t i a l  f o r  o t h e r  u ses ,  Cu t t i ng  i s  gene ra l ly  n o t  recommended. 

Both pos t  oak-white oak and b lackjack  oak-post oak types  w i l l  suppor t  a  

moderate popula t ion  of small game. Mast y i e l d s  tend t o  f l u c t u a t e  g r e a t l y  from 

year t o  year ,  and t h e  o v e r a l l  ca r ry ing  capac i ty  f o r  w i l d l i f e  i s  lower than  

i n  s t ands  on b e t t e r  s o i l s .  Deer popula t ions  would a l s o  be expected t o  be 

lower due t o  t h e  h ighe r  propor t ion  of unprefer red  browse. Many of t h e  same 

small  mammals mentioned above a r e  a l s o  l i k e l y  t o  be p re sen t  i n  t h e s e  types .  

(3 )  Blackjack Oak - Pos t  Oak 

This  i s  an uncommon hardwood type  (appearing only once wi th in  t h e  pro- 

t e c t i v e  c o r r i d o r )  occurr ing  on such s i t e s  a s  dry  south f a c i n g  b l u f f s ,  t h in -  

s o i l e d  a r e a s  around rock  outcrops ,  and on Orange and I r e d e l l  s o i l s  w i th  an 

impervious c l a y  s t r a tum a few inches  below t h e  s u r f a c e  o r  on extremely eroded 

s o i l s  of o t h e r  types.  Pos t  oak and Blackjack oak (Q.  - mari landica)  predominate 

wi th  whi te  oak. Southern r e d  oak and Mockernut hickory a r e  a s s o c i a t e s  i n  t h e  

overs tory .  Red cedar  ( ~ u n i p e r u s  v i r g i n i a n a )  i s  common a s  an  unders tory  o r  

minor ove r s to ry  component. Shor t leaf  p ine  (Pinus ech ina t a )  was found i n  - 
small numbers i n  t h e  overs tory  and unders tory .  Dogwood viburnums and p e r s i -  

mmon (Diospyros v i r g i n i a n a )  a r e  common i n  t h e  unders tory .  Shrubs a r e  

i n f r equen t .  

S i t e  s t a b i l i t y  i s  marg ina l s in  t h e  sense  t h a t  t h e  s i t e  can ha rd ly  be 

degraded any f u r t h e r .  The ch ief  va lue  of t h i s  type  i s  a s  a  cover crop,  

because any d i s tu rbance  may r e s u l t  i n  t h e  formation of a  t o t a l l y  s t e r i l e  s i t e .  

Natura l  change i n  spec i e s  composition i s  l i k e l y  t o  be extremely slow. 

Stands of t h i s  type a r e  ve ry  open and i r r e g u l a r .  The t r e e s  tend t o  be 

gnar led  and shrubby, r a r e l y  exceeding 30 f e e t  i n  he igh t .  The tendency f o r  

b lackjack  oak t o  main ta in  dead branches a l l  t he  way t o  t h e  ground r e s u l t s  i n  

an unpleasant  appearance and d i f f i c u l t y  i n  pene t r a t ing  t h e  s t and .  There i s  no 

va lue  f o r  commercial f o r e s t r y .  Except f o r  v i s u a l  c o n t r a s t ,  some b i o l o g i c a l  

i n t e r e s t ,  and cover,  s t a n d s  of t h i s  type a r e  of l i t t l e  va lue .  



(4)  Birch-Sycamore 

This  i s  a t y p i c a l  e a r l y  succes s iona l  f lood  p l a i n  type  occurr ing  i n  nar-  

row s t r i p s  along the  r i v e r  and i t s  major t r i b u t a r i e s ,  It occas iona l ly  occurs  

i n  l a r g e r  s t ands  i n  exeremely wet lowland a r e a s .  For t h e  purpose of t h i s  

r e p o r t ,  i t  i s  noted t h a t  a r i p a r i a n  s t r i p  extends t h e  l eng th  of t h e  r i v e r .  

Only i n  those a r e a s  where t h i s  type exceeded t h e  boundaries  of t he  r i p a r i a n  

s t r i p  was i t  cha rac t e r i zed  as a  s i n g u l a r  s t and .  

Both of t hese  s p e c i e s  a r e  f a s t  growing and may reach  l a r g e  s i z e  whi le  

s t i l l  r e l a t i v e l y  young. Sycamore i s  one of t he  l a r g e s t  of t h e  e a s t e r n  hard- 

wood t r e e s  and commonly a t t a i n s  a he ight  of over  100 f e e t  and a  diameter of 

3 t o  8 f e e t .  The ove r s to ry  i s  dominated by r i v e r  b i r c h  (Betula  n i g r a )  

and/or sycamore (Platanus o c c i d e n t a l i s ) ,  u sua l ly  of f a i r l y  low dens i ty .  

Hackberry ( C e l t i s  o c c i d e n t a l f s )  may be an a s s o c i a t e  on r i c h  moist  a l l u v i a l  

s o i l s .  The unders tory  i n d i c a t e s  t h e  t r a n s i t o r y  succes s iona l  n a t u r e  of t h i s  

type,  c o n s i s t i n g  of mixed bottomland hardwoods, u s u a l l y  i nc lud ing  r e d  maple, 

sweetgum, green ash,  yel low poplar ,  and elms. Of the  t r u e  unders tory  spec i e s ,  

dogwood, ironwood, and r e d  cedar  a r e  o f t e n  p re sen t .  Shrubs and v i n e s  a r e  

o f t e n  abundant, inc luding  but ton  bush, e lde rbe r ry ,  honeysuckle, s imi lax ,  

poison ivy ,  and trumpet v i n e .  

Because t h i s  type  i s  an e a r l y  success iona l  s t a g e  occupying r i p a r i a n  s i t e s ,  

i t  i s  h ighly  uns t ab le  and s h o r t  l i v e d ,  In  wet s i t e s  no t  f requented by f lood  

waters ,  t h i s  type  se rves  only a s  a s e r a 1  s t a g e ,  The sycamores and b i r ches  

cannot reproduce under t h e i r  own dense shade and o t h e r  more t o l e r a n t  spec i e s  

such a s  sweetgum and poplar  dominate i n  t h e  unders tory  and even tua l ly  r ep l ace  

sycamore and b i r c h  i n  t h e  overs tory .  

Repeated f lood ing  and the  r e s u l t i n g  s o i l  d i s turbance  w i l l  r e s u l t  i n  t he  

perpe tua t ion  of t h e  type.  The overs tory  d i v e r s i t y  i s  q u i t e  low, bu t  t h e r e  may 

be a  f a i r l y  high number of t r e e s ,  shrubs,  and v i n e s  i n  the  unders tory .  While 

l a r g e  o ld  sycamores and b i r ches  may be b e a u t i f u l  from t h e  r i v e r  over  which 

they o f t e n  form an a rch ing  canopy, t h e  i n t e r i o r  of t hese  s t ands  i s  usua l ly  

very  dense and unpleasant .  The g r e a t  abundance of i n t e r t w i n i n g  v ines  such 

a s  honeysuckle, s imi l ax  and poison ivy  o f t e n  make p e n e t r a t i o n  almost impos- 

s i b l e .  Even well-worn t rai ls  a r e  quick ly  overgrown. Thus, t he  s u i t a b i l i t y  

f o r  most r e c r e a t i o n a l  u ses  i s  q u i t e  low. In s p i t e  of  t h i s ,  t h i s  type tends 

t o  be heavi ly  used by fishermen and o t h e r s  seeking acces s  t o  t h e  r i v e r .  



Nei ther  r i v e r  b i r c h  nor  sycamore i s  of g r e a t  commercial s i g n i f i c a n c e ,  

and t h e i r  usua l  occurrence along s tream banks d i c t a t e s  a g a i n s t  c u t t i n g  of 

t h i s  type. The dense undergrowth and mass of shal low r o o t s  i s  of s i g n i f i -  

can t  va lue  i n  s t ream bank s t a b i l i z a t i o n  and f i l t e r i n g  of runof f .  

This  f o r e s t  type  i s  moderately product ive  f o r  w i l d l i f e ,  e s p e c i a l l y  

songbirds .  It s u p p l i e s  unders tory  f r u i t ,  n e s t i n g  s i t e s ,  and escape cover  

f o r  songbirds ,  q u a i l ,  and some waterfowl such a s  wood ducks. A moderate 

populat ion of deer  and r a b b i t s  may be p r e s e n t ,  Some stream-based f u r b e a r e r s  

such a s  raccoon, mink, weasel,  beaver,  and muskrat a r e  l i k e l y  t o  be  found. 

(5) Poplar-Sweetgum-Ash-Elm-Red Maple 

This  bottomland mixed hardwood type  i s  t h e  most common type on f l a t s  

a long t h e  r i v e r  and i t s  ad jo in ing  t r i b u t a r i e s .  It i s  n o t  t h e  climax f o r  

lowland s i t e s  bu t  i s  a v a r i a t i o n  on s i t e s  t h a t  a r e  poorly drafned  b u t  a r e  

without  s tanding  water  t h e  ma jo r i t y  of t h e  t ime,  Birch and sycamore a r e  o f t e n  

p re sen t  as holdovers  from e a r l i e r  sueces s iona l  s t ands .  Sweetgum and yel low 

poplar  tend t o  be t h e  most important spee i e s  i n  the  e a r l y  development of t h i s  

type wi th  the  a d d i t i o n  of ash ,  elm, and r ed  maple coming l a t e r ,  

Pure s t ands  of poplar  and/or  sweetgum may be  found on moist ,  wel l -  

d ra ined ,  loose- tex tured  s o i l s  of moderate depth.  Willow oak (9. g h e l l o s )  

i s  a  component of o l d e r  s t ands ,  On deep, r i c h ,  moist  s o i l s ,  walnut 

(Juglans n i g r a )  becomes an a s s o c i a t e  s p e c i e s ,  Severa l  walnut groves were 

found, apparent ly  being s t a r t e d  by t h e  burying of seeds  by s q u i r r e l s .  

S imi l a r ly ,  hackberry, swamp ches tnu t  oak (9. michauxii)  and shagbark hickory 

(2 ovata)  may be a s s o c i a t e  spec i e s .  Hornbeam (Carginus c a r o l i n i a n a ) ,  

hophornbeam (Ostrya v i r g i n i a n n a ) ,  and r e d  mulberry (Morus rubra)  w i th  an 
PP 

i n t e r s p e r s i o n  of r ed  cedar  and dogwood form t h e  t y p i c a l  unders tory .  The 

most common shrub s p e c i e s  a r e  downy viburnum and e lde rbe r ry  w i t h  deciduous 

h o l l y  and e a s t e r n  wahoo o f t e n  p r e s e n t ,  Woody v i n e s  (trumpet v i n e ,  V i rg in i a  

c r eepe r ,  grape,  honeysuckle, sirnilax, and poison ivy )  a r e  abundant.  

Although t h e  i n d i v i d u a l  s p e c i e s  of t h i s  type  a r e  gene ra l ly  n o t  long 

l i v e d ,  t h e i r  a b i l i t y  t o  sp rou t ,  produce abundant seeds ,  and reproduce i n  

t h e i r  own shade make t h e  type  h ighly  s t a b l e .  Since these  spec i e s  a r e  adapted 

t o  wi ths tand  f r equen t  f looding ,  they a r e  f a i r l y  r e s i s t a n t  t o  d i s tu rbance ,  

The t y p i c a l  mixed n a t u r e  of t h e  s t ands ,  t oge the r  w i th  t h e  high d e n s i t y  of 

shrubs and v i n e s ,  r e s u l t  i n  high spec i e s  diversi ty--perhaps t h e  h i g h e s t  of 



any type i n  t h i s  a r e a .  Since s t ands  u s u a l l y  occur  on f l o o d  p l a i n  f l a t s ,  

v i s u a l  and h a b i t a t  d i v e r s i t y  a r e  normally low. 

The l a r g e  t r e e s  and dense s t ands  of t hese  bottomland mixed hardwoods 

a r e  o f t e n  of high a e s t h e t i c  q u a l i t y ,  a l though young s t ands  may be ve ry  dense 

and impenetrable.  More than any o the r  type,  t hese  bottomland hardwoods 

c r e a t e  an enclosed canopied landscape e f f e c t  t h a t  can p re sen t  a s t r i k i n g  con- 

t r a s t  t o  t h e  openness of t h e  r i v e r .  Dense undergrowth, whi le  i t  adds t o  t h e  

o v e r a l l  jungle- l ike  e f f e c t ,  may a t  t imes o b s t r u c t  v i s i o n  and make pene t r a t ion  

d i f f i c u l t .  I t s  unders tory  tends t o  be l e s s  dense than t h e  unders tory  of t he  

birch-sycamore type. P o t e n t i a l  is f a i r l y  h igh  f o r  such r e c r e a t i o n a l  u ses  

a s  hiking,  r i v e r  acces s ,  and l i m i t e d  development f o r  p i c n i c  and camp s i t e s  

on well-drained s i t e s .  It i s  d i f f i c u l t  t o  keep t h e  undergrowth under c o n t r o l  

without  ex tens ive  and repea ted  c l e a r i n g .  

The l u s h  u n d e r s t o r i e s  t y p i c a l  of t h i s  type f u r n i s h  abundant supplemental 

food a s  we l l  a s  cover and concealment f o r  forag ing  w i l d l i f e  spec i e s ,  a l though 

den t r e e s  a r e  sometimes l i m i t e d ,  Dogwoods and wi ld  grapes a r e  p a r t i c u l a r l y  

important f a l l  and win te r  foods.  Red maple f lowers ,  buds, and seeds a r e  very  

important sp r ing  foods. 

Fox s q u i r r e l s ,  q u a i l ,  and tuxkey a r e  sometimes p re sen t  i n  small  t o  

moderate numbers depending on t h e  s tand  condi t ion .  The a r e a  would possess  a 

good populat ion of songbirds  due t o  t h e  r e l a t i v e l y  dense understory.  Small 

mammals (mice, moles, shrews, chipmunks, e t c . )  would o:cupy t h e  ground and 

herbaceous l a y e r s ,  while  o t h e r  f u r  b e a r e r s  and p reda to r s  a r e  d i s t r i b u t e d  

throughout ' the  f o r e s t .  

(6) Beech-Maple-White Oak-Red Oak 

This type occurs  on s i t e s  of deep, r i c h ,  well-drained s o i l  w i th  minimal 

d is turbance .  S t ab le  t a l u s  s lopes  below b l u f f s  o r  t e r r a c e s  above moist  f lood  

p l a i n s  a r e  t he  most common s i t e s .  Since t h e s e  a r e a s  provide r i c h  s o i l  f o r  

a g r i c u l t u r e ,  many of them have been c l e a r e d  and c u l t i v a t e d .  Few mature 

s t a n d s  of t h i s  type e x i s t  a long t h e  Eno. Beech (Fagus g r a n d i f o l i a )  i s  the  

most c h a r a c t e r i s t i c  spec i e s ,  a l though i t  i s  u s u a l l y  n o t  a s  abundant a s  white  

oak, r e d  oak, sweetgum, and southern sugar  maple (Acer - barbatum). Willow 

oak, yellow poplar ,  and shagbark hickory may a l s o  be p re sen t .  Sugar maple 

u sua l ly  dominates t h e  unders tory  a long  wi th  dogwood, deciduous ho l ly ,  horn- 

beam and hophornbeam. Shrubs a r e  i n f r equen t ,  wi th  viburnum spec ie s  being 

t h e  most common. Woody v i n e s ,  e s p e c i a l l y  grape and poison ivy  a r e  abundant. 



This  type  i s  normally very  s t a b l e  succes s iona l ly .  However, i t  i s  probably 

n o t  a s  r e s i s t a n t  t o  d is turbance  a s  some o t h e r  types ,  because of t h e  sha l low 

roo t ing  systems of some of t h e  s p e c i e s ,  It i s  in te rmedia te  i n  s p e c i e s  d ive r -  

s i t y  and, because of t h e  smal l  s i z e  of t he  s t ands ,  i s  low i n  h a b i t a t  and 

v i s u a l  d i v e r s i t y .  Often mountain l a u r e l  and rhododendron were found on s l o p e s  

ad jacent  t o  t h i s  type.  

The presence of beech and o t h e r  l a r g e  t r e e s  make t h i s  type  perhaps t h e  

most a e s t h e t i c a l l y  p l eas ing  of any of t h e  f o r e s t  types ,  Large t r e e s ,  con- 

t r a s t i n g  back p a t t e r n s ,  and a dense maple canopy c r e a t e  a unique e f f e c t .  I n  

open s t a n d s  t h e  unders tory  may be dense, bu t  a s  t he  canopy c l o s e s  w i t h  age,  t h e  

f o r e s t  f l o o r  becomes very  open. This type  p re sen t s  a  p a r t i c u l a r l y  s t r i k i n g  

c o n t r a s t  t o  t he  t y p i c a l  upland and lowland types  which border  i t .  Because of 

i t s  n a t u r a l  beauty and openness, t h i s  type i s  favored by r e c r e a t i o n a l i s t s  

and would appear  t o  have a  h igh  p o t e n t i a l  f o r  use.  However, t h i s  type i s  

s u f f i c i e n t l y  unusual  and d e l i c a t e  t h a t  e f f o r t s  should be made t o  p r o t e c t  t h e  

few remaining examples w i th in  t h e  c o r r i d o r .  Older s t ands  would make excep t iona l  

camp s i t e s  a s  they o f t e n  extend up t o  t h e  top  of t h e  v a l l e y  r i m  and a r e  

extremely open. One can only hope t h a t  man can  wi ths tand  t h e  tempta t ion  t o  

carve  h i s  accomplishments onto t h e  smooth grey  bark of t h e  beech t r e e .  

This  f o r e s t  type  i s  probably t h e  b e s t  s q u i r r e l  h a b i t a t  i n  t h e  a r e a  due 

t o  t he  wide v a r i e t y  of p re fe r r ed  food spec i e s  i t  conta ins .  S q u i r r e l  popula- 

t i o n s  a r e  l i k e l y  t o  be high and s t a b l e .  Quai l ,  dove, and waterfowl popula t ions  

a r e  a l s o  l i k e l y  t o  be high. The heavy maple unders tory  i s  a  f a v o r i t e  dee r  

browse and could support  a  moderate t o  high populat ion.  The o v e r a l l  wild- 

l i f e  va lue  of t h i s  type,  however, i s  l i m i t e d  due t o  t h e  small  s i z e  and i n f r e -  

quent  occurrence of mature s t ands .  

( 7 )  Loblo l ly  P ine  

Loblo l ly  (Pinus taeda)  i s  a medium t o  la rge-s ized  t r e e ,  90 t o  110 f e e t  i n  -- 
he igh t  and 2 t o  2 l/2 f e e t  i n  diameter  a t  ma tu r i t y .  It grows on a wide 

v a r i e t y  of s i t e s  bu t  reaches  maximum growth on those  s o i l s  wi th  deep t o p s o i l ,  

p l e n t y  of mois ture  and poor drainage.  Within t h e  p r o t e c t i v e  c o r r i d o r  of t h e  

Eno, Loblol ly i s  a r e l a t i v e l y  in f r equen t  spec i e s ,  occur r ing  p r i m a r i l y  i n  

p l a n t a t i o n s  o r  a s  a pioneer  s p e c i e s  i n  o ld  f i e l d s .  It tends t o  form pure 

s t ands  i n  t hese  in s t ances .  Loblo l ly  pine was found a s  a  minor a s s o c i a t e  i n  

s t a n d s  of V i r g i n i a  and s h o r t l e a f  p ine ,  Loblo l ly  was a l s o  found a s  a holdover 

spec i e s  i n  mixtures  w i th  sweetgum, oaks and h i c k o r i e s .  



The understory i n  pure s t ands  i s  open, o f t e n  main ta in ing  t h e  cha rac t e r -  

i s t i c  furrows of t h e  o ld  f i e l d  i t  rep laced .  In  s t a n d s  mixed wi th  hardwoods, 

t h e  understory t akes  on a  sp lo tchy  appearance, becoming l e s s  open. The 

understory spec i e s  a r e  c h a r a c t e r i s t i c  of t h e  ove r s to ry  hardwood type. Honey- 

suckle  may be impenetrable .  

Because l o b l o l l y  p ine  i s  t h e  l ead ing  commercial timber s p e c i e s  i n  t h e  

South, many s t ands  have undergone ex tens ive  c u t t i n g ,  and t h e  ma jo r i t y  of 

t h e  l a r g e  t r e e s  l e f t  a r e  marked f o r  c u t t i n g .  The most d i s tu rbed  a r e a s  i n  

t h e  c o r r i d o r  a r e  those  i n  which t h e  p ine  has  been c u t  o u t  and a  t h i c k e t  of 

honeysuckle and b r i a r s  has  quick ly  overgrown t h e  stumps, roads ,  and r u t s .  

Loblo l ly  i s  commercially important f o r  lumber and pulp. The s t a n d s  a r e  

the  most a e s t h e t i c a l l y  p l eas ing  of t h e  Southern p ines  i n  t h i s  area due t o  t h e  

long, s t r a i g h t  bo le s  of t h e  t r e e s  which te rmina te  i n  t h e  long need le s  of t h e  

crown. 

(8) Shor t leaf  P ine  

Shor t leaf  (Pinus ech ina t a )  i s  a  medium s i zed  t o  l a r g e  t r e e ,  80 t o  100 

f e e t  high. It i s  more adap tab le  t o  d r i e r  and f i n e r  t ex tu red  s o i l s  than lob-  

l o l l y  i s .  Mixtures of l o b l o l l y  and s h o r t l e a f  a r e  f r equen t  w i th in  t h e  

c o r r i d o r .  Pure s t ands  of s h o r t l e a f  occur on dry  upland s o i l s  which a r e  

n e i t h e r  h ighly  a c i d i c  nor  s t r o n g l y  a l k a l i n e .  Shor t leaf  may a l s o  occur i n  

mixture wfth Vi rg in i a  p ine ,  r ed  cedar ,  whi te  oak, r e d  oak, p o s t  oak, ches tnu t  

oak and mockernut hickory.  On s o i l s  conta in ing  more moisture,  poplar  and 

sweetgum may a l s o  be a s s o c i a t e s .  

Due t o  t h e  openness of t h e  canopy, t h e  unders tory  i s  u s u a l l y  medium t o  

dense. Lowland hardwoods a r e  t h e  c h a r a c t e r i s t i c  unders tory ,  coupled wi th  

vary ing  d e n s i t i e s  of honeysuckle, depending on t h e  mois ture  a v a i l a b l e  t o  t h e  

s i t e .  

Shor t leaf  p ine  i s  a l s o  a  pioneer  s p e c i e s  i n  abandoned f i e l d s .  It i s  an 

important  t imber s p e c i e s  i n  t h i s  a r e a  and l i k e  l o b l o l l y  has  been ex tens ive ly  

c u t  w i th in  t h e  c o r r i d o r .  Stands a r e  gene ra l ly  l e s s  a e s t h e t i c a l l y  p l eas ing  

than l o b l o l l y  s t a n d s  due t o  t he  denseness of t h e  unders tory  and t h e  openness 

of t he  crown, 

(9)  V i rg in i a  Pine 

V i r g i n i a  p ine  (Pinus v i r g i n i a n a )  i s  usuaLly a  small t r e e  about 40 f e e t  

high and 1 2  inches  i n  diameter a t  b r e a s t  h e i g h t ,  It i s  found on a  v a r i e t y  of 



s o i l s ,  bu t  i t  seems t o  do b e s t  on c l a y  and sandy banks a long  t h e  upper edge 

of t h e  p r o t e c t i v e  c o r r i d o r .  It o c c u r s i n  pure s t ands  i n  r evege ta t ed  o l d  

f i e l d s  and i s  succes s fu l  a s  a p ioneer  spec i e s  i n  h ighly  d i s tu rbed  s o i l s .  

The s i d e  branches usua l ly  p e r s i s t  f o r  s e v e r a l  yea r s  a f t e r  dea th ,  t hus  g iv ing  

t h e  understory a  very  scrubby and u n a t t r a c t i v e  appearance. 

Throughout t h e  c o r r i d o r ,  V i r g i n i a  p ine  was found i n  mixtures  w i th  sho r t -  

l e a f  and/or  l o b l o l l y  pine.  It i s  l e s s  f r e q u e n t l y  found i n  mixtures  w i th  upland 

and lowland hardwood types .  Within the  c o r r i d o r  along the  e a s t  and west 

f o r k s  of t h e  r i v e r  i n  Orange County, pure s t ands  of V i r g i n i a  p ine  occur on 

dry,  eroded, prev ious ly  farmed s i t e s .  Common unders tory  s p e c i e s  i nc lude  o t h e r  

pioneer  spec i e s  and lowland hardwoods. On extremely dry s i t e s  upland hard- 

woods may be found i n  an open understory.  

V i r g i n i a  p ine  i s  no t  important commercially f o r  timber because t h e  wood 

i s  very  knot ty  due t o  t h e  p e r s i s t e n c e  of t he  s i d e  branches. However, t h e  wood 

i s  durable  i n  c o n t a c t  wi th  the  s o i l  and is ,  t h e r e f o r e ,  u t i l i z e d  f o r  p o s t s  and 

p i l i n g s .  The only  commercial u ses  a r e  a s  pulp and firewood. 

Pure s t ands  a r e  a e s t h e t i c a l l y  unpleasing due t o  t he  scrubby appearance 

of t h e  t r e e  i t s e l f ,  i t s  i n a b i l i t y  t o  prune i t s e l f ,  and t h e  d e n s i t y  of t h e  

understory.  It i s  important because of i t s  r a p i d  growth ( s o i l  cover) over  

abandoned a g r i c u l t u r a l  l and .  

(10) Unusual Vegetat ion 

In  a d d i t i o n  t o  t he  common Piedmont vege ta t ion  types  descr ibed  above, 

s e v e r a l  p l a n t  communities e x i s t  a long t h e  Eno t h a t  a r e  uncommon i n  t h e  Pied- 

mont o r  a r e  more t y p i c a l  of o t h e r  a r e a s  such as t h e  Appalachian Mountains. 

These unusual communities inc lude  those conta in ing  l a r g e  numbers of rhodendron 

and mountain l a u r e l ,  a  few s t ands  dominated by ches tnu t  oak, t h e  r i n g  

phenomenon of beech, and a  community of mountainous spec i e s  found i n  t h e  a r e a  

known a s  t he  Pan the r ' s  Den. 

One a s s o c i a t e s  t he  occurrence of mountain l a u r e l  (Kalmia l a t i f o l i a )  and 

rhododendron (Rhododendron catawbienses) wi th  t h e  moutainous a r e a s  of western 

North Caro l ina .  Some s t r e t c h e s  of t h e  Eno v a l l e y ,  however, have a high 

frequency of l a u r e l  and hododedron. The l eng th  of t h e  r i v e r  between Cole 

M i l l  and Roxboro roads  have a  s t e e p  v a l l e y  w a l l  w i th  f r equen t  rock outcrops  

along the  sou th  s i d e  of t h e  r i v e r  which support  l a r g e  and showy s t a n d s  of 

t hese  p l a n t s .  Another no tab le  occurrence i s  i n  t h e  p a n t h e r ' s  Den a r e a  nea r  

Hil lsborough.  



Chestnut oak (Quercus pr inus)  i s  another  spec i e s  t y p i c a l  of t h e  southern  

Appalachians. It was found i n  an almost pure s t and  on a poor upland s i t e  

immediately e a s t  of Highway 70 e a s t  of Hil lsborough,  This  was t h e  only  

recorded occurrence of ches tnu t  oak wi th in  t h e  mapped c o r r i d o r .  

The occurrence of beech as a p a r t  of t h e  beech-maple-white oak-red oak 

type has  been descr ibed  above, Whenever beech was a major component of such 

s t ands ,  i t  occurred i n  a narrow band s l i g h t l y  above t h e  l e v e l  of t h e  f lood  

p l a i n  and fo l lowing  t h e  contour t o  form a r i n g  along t h e  ad jacent  h i l l s i d e .  

This  phenomenon may be explained by the  s p e c i f i c  s i t e  requirements  of beech 

i n  t h i s  sub-optimum por t ion  of i t s  range. It r e q u i r e s  a wel l-drained,  mois t ,  

humus-rich s o i l  and is ,  thus ,  l i m i t e d  by p e r i o d i c  f l ood ing  on t h e  one s i d e  

and too l i t t l e  s o i l  mois ture  on t h e  o t h e r .  

The pan the r ' s  Den immediately a c r o s s  t h e  r i v e r  from western Hil lsborough 

i s  an a r e a  of s t eep ,  north-facing b l u f f s .  It i s  occupied by a mountainous 

type vegeta t ion  con ta in ing  some of t h e  s p e c i e s  mentioned above a s  w e l l  a s  

s e v e r a l  o t h e r  mountainous s p e c i e s  t h a t  have been found i n  only a few s i t e s  i n  

t he  Piedmont. 





The o b j e c t i v e s  of t h i s  s tudy  were t o  explore  t h e  f e a s i b i l i t y  of land- 

scape compartmentalization and t o  develop techniques f o r  i t s  achievement i n  

the  Eno River Basin. This  s e c t i o n  desc r ibes  t h e  r e s u l t s  of t h e  a p p l i c a t i o n  

of t he  previous ly  descr ibed  methods t o  t h e  Eno Basin i t s e l f .  A s  explained 

above, however, t he  d a t a  on s o i l  c h a r a c t e r i s t i c s  necessary  f o r  complete com- 

pa r tmen ta l i za t ion  were unavai lab le  f o r  Orange County a t  t h e  time of t h i s  

s tudy.  Therefore,  a  complete compartmenta;lization map could be prepared f o r  

on ly  t h e  Durham County po r t ion  of t h e  watershed. The P r o t e c t i v e  Compartment, 

which does not  r e q u i r e  d e t a i l e d  s o i l s  d a t a  f o r  i t s  d e l i n e a t i o n ,  was i d e n t i -  

f i e d  and mapped f o r  t h e  e n t i r e  watershed. 

The fol lowing gu ide l ines  were used a s  o b j e c t i v e s  of t h e  compartmentali- 

z a t i o n  process  i n  the  Eno River  Basin: 

1. accommodate a s  much development a s  economic and popula t ion  

p re s su res  demand so long a s  i t  i s  compatible w i th  t h e  main- 

tenance of environmental q u a l i t y ;  

2 .  guide development i n t o  those  a r e a s  b e s t  s u i t e d  f o r  i t  and 

away from a r e a s  b e t t e r  s u i t e d  f o r  o t h e r  purposes; 

3 .  provide adequate  outdoor r e c r e a t i o n  s i t e s ;  

4 ,  maintain h igh ly  product ive l ands  i n  p roduc t iv i ty ;  

5 ,  maintain t h e  fo l lowing  parameters of environmental q u a l i t y :  

a .  c l ean  water  i n  the  Eno (at  l e a s t  A-11);  

b. an a e s t h e t i c a l l y  p l eas ing  o v e r a l l  landscape;  

c ,  enough n a t u r a l  vege ta t ion  t o  maintain t h e  s e r v i c e s  

t h a t  n a t u r a l  ecosystems provide;  

d .  as l a r g e  and a s  balanced a  w i l d l i f e  popula t ion  a s  

i s  consonant wi th  t h e  degree of development p re sen t ;  

e ,  p r e se rva t ion  of unique, unusual ly b e a u t i f u l ,  and 

s c i e n t i f i c a l l y  important a r e a s ;  and 

f. prese rva t ion  of h i s t o r i c  and o t h e r  c u l t u r a l l y  s i g n i -  

f i c a n t  s i t e s .  

P r o t e c t i v e  Compartment 

As descr ibed  previous ly ,  t he  P r o t e c t i v e  Compartment i nc ludes  those  a r e a s  

t h a t  must be p ro t ec t ed  from any i n t e n s i v e  use  i n  o rde r  t o  main ta in  environmental 



q u a l i t y .  When environmental q u a l i t y  i s  def ined  i n  terms of t h e  f a c t o r s  l i s t e d  

previous ly ,  t h e  land  c h a r a c t e r i s t i c s  p e r t i n e n t  t o  i t s  p re se rva t ion  inc lude :  

2. proximity t o  t he  r i v e r  and i t s  t r i b u t a r i e s ;  

2.  e c o l o g i c a l  s i g n i f i c a n t ;  

3 .  a e s t h e t i c  q u a l i t y ;  

4. h i s t o r i c  and c u l t u r a l  s i g n i f i c a n c e ;  and 

5. r e c r e a t i o n a l  p o t e n t i a l .  

1. A s  expla ined  i n  the  previous s e c t i o n  of t h i s  r e p o r t ,  a  b a s i c  

p r o t e c t i v e  c o r r i d o r  was e s t a b l i s h e d  a long  t h e  Eno and i t s  

t r i b u t a r i e s .  This  c o r r i d o r  extends 300 f e e t  on e i t h e r  s i d e  

of t he  main r i v e r  and a l l  of i t s  pe renn ia l  t r i b u t a r i e s  and 

100 f e e t  on e i t h e r  s i d e  of a l l  i n t e r m i t t e n t  t r i b u t a r i e s .  

This  b a s i c  p r o t e c t i v e  c o r r i d o r  i s  i l l u s t r a t e d  i n  F igure  1 8 ,  

A l l  of t h e  b u f f e r  s t r i p s  comprise about 15  percent  of t he  

t o t a l  l and  a r e a  i n  t he  r i v e r  bas in .  

2. The eco log ica l  s i g n i f i c a n c e  of an a r e a  depends upon i t s  

f l o r a l  and f a u n a l  composition and the  i n t e g r i t y  and opera- 

b i l i t y  of t h e  ecosystems occupying i t .  Areas which con ta in  

unusual p l a n t  spec i e s  o r  w i l d l i f e  which have high spec i e s  

d i v e r s i t y  and/or  high eco log ica l  s t a b i l i t y  which a r e  l a r g e l y  

undisturbed n a t u r a l  f o r e s t  s t ands  o r  which a r e  occupied by 

l a r g e  contiguous t r a c t s  of f o r e s t  a r e  a l l  of high eco log ica l  

s i g n i f i c a n c e  i n  t he  Piedmont a r ea .  A s  p a r t  of t h e  i n i t i a l  

s t a g e s  of t h i s  p r o j e c t ,  a  numerical r a t i n g  system of ecologi-  

c a l  s i g n i f i c a n c e  was developed based upon these  f a c t o r s .  

It was soon r e a l i z e d ,  however, t h a t  a  f i e l d  survey of each 

p l a n t  community was necessary  i n  o rde r  t o  c a l c u l a t e  a mean- 

i n g f u l  numerical  index. Since t h i s  w a s  no t  p r a c t i c a l  f o r  

t h e  e n t i r e  90,000 a c r e s  of t h e  Eno River  watershed, t h e  method 

was n o t  used i n  t h i s  s tudy.  It w i l l ,  however, be r epo r t ed  i n  

a s e p a r a t e  pub l i ca t ion .  A d e t a i l e d  v e g e t a t i v e  survey was 

c a r r i e d  out  on a  s t r i p  of l and  extending approximately 1000 

f e e t  on e i t h e r  s i d e  of t h e  Eno River ,  The d e t a i l s  of t h i s  

survey a r e  b r i e f l y  d iscussed  above and w i l l  b e  f u r t h e r  des- 

c r i b e d  i n  another  s e p a r a t e  pub l i ca t ion .  



F i g u r e  18.  Bas ic  s t r e a m s i d e  p r o t e c t i o n  c o r r i d o r  o f  300 f e e t  
on e i t h e r  s i d e  of a l l  p e r e n n i a l  streams and 100 
f e e t  on e i t h e r  s i d e  of i n t e r m i t t e n t  s t reams .  

A s  a r e s u l t  o f  t h e  d e t a i l e d  r i v e r  c o r r i d o r  su rvey ,  a much 

l e s s  d e t a i l e d  r e c o n n a i s s a n c e  of t h e  e n t i r e  watershed,  exami- 

n a t i o n  o f  a e r i a l  photographs ,  and d i s c u s s i o n s  w i t h  b o t a n i s t s  

f a m i l i a r  w i t h  t h e  a r e a ,  i t  was concluded t h a t  most of t h e  

e c o l o g i c a l l y  s i g n i f i c a n t  a r e a s  were i n c l u d e d  i n  t h e  b a s i c  

p r o t e c t i v e  c o r r i d o r  of F i g u r e  18.  The o n l y  a d d i t i o n a l  a r e a  

t h a t  shou ld  be i n c l u d e d  i n  t h e  p r o t e c t i v e  compartment 

because  of i t s  e c o l o g i c a l  s i g n i f i c a n c e  i s  t h e  v e r y  l a r g e  

undeveloped and e s s e n t i a l l y  unbroken f o r e s t e d  a r e a  e a s t  o f  

Hi l l sborough  p r e v i o u s l y  i d e n t i f i e d  a s  t h e  Eno "wilderness"  



a r e a .  T h i s  a r e a  i s  shown i n  double  c ross -ha tch ing  i n  

F i g u r e  19.  Although t h e  f o r e s t  i n  t h i s  a r e a  h a s  been c u t  

over  i n  t h e  p a s t ,  most of i t  h a s  n o t  been e x t e n s i v e l y  d i s -  

tu rbed  r e c e n t l y .  Upland hardwoods cover  most o f  i t  and 

p r o v i d e  e x c e l l e n t  w i l d l i f e  h a b i t a t  where wide-ranging 

s p e c i e s  such as d e e r  and t u r k e y  can s u r v i v e ,  The a r e a  i s  

broken o n l y  by a power l i n e  right-of-way and a few j e e p  

t r a i l s ,  g i v i n g  it a h igh  p o t e n t i a l  f o r  f u t u r e  r e c r e a t i o n a l  

use .  The Research T r i a n g l e  Regional  P lann ing  Commission 

recommended i n  i t s  Regional  Development Guide (1969) t h a t  

t h i s  a r e a  remain i n  undeveloped open space .  I t  would pro- 

v i d e  an e x c e l l e n t  c e n t r a l  a r e a  f o r  t h e  Eno River  S t a t e  Park.  

F i g u r e  19.  Map showing l o c a t i o n  o f  s i g n i f i c a n t  g e o l o g i c a l ,  
e c o l o g i c a l ,  and s c e n i c  a r e a s  a l o n g  t h e  Eno R i v e r .  



3 .  Aes the t i c  q u a l i t y  i s  a  somewhat s u b j e c t i v e  v a r i a b l e  and i s  

d i f f i c u l t  t o  rank i n  any meaningful way. No a t tempt  was made 

t o  comparatively rank a r e a s  f o r  t h e i r  a e s t h e t i c  appeal ,  bu t  

ou ts tanding  a r e a s  such a s  s c e n i c  overlooks,  s t e e p  b l u f f s ,  dra-  

mat ie  rock outcroppings,  and masses of showy-flowered p l a n t s  

such a s  rhododendrons and l a u r e l s  were loca t ed  t o  t h e  g r e a t e s t  

e x t e n t  p o s s i b l e ,  These a r e  shown i n  F igure  19.  Once aga in ,  

i t  appeared t h a t  most of t h e  a r e a s  of h igh  a e s t h e t i c  q u a l i t y  

would be included i n  t h e  b a s i c  stream-side c o r r i d o r  system 

so t h a t  i t  was no t  necessary  t o  inc lude  any a d d i t i o n a l  a r e a s  

i n  the  p r o t e c t i v e  compartment t o  p r o t e c t  a e s t h e t i c  va lues ,  

4 ,  The Eno River  Val ley was the  s i t e  of most of t h e  e a r l y  s e t t l e -  

ment and development i n  t he  Durham-Hillsborough a rea ;  and 

thus,  i t  con ta ins  many s i t e s  of h i s t o r i c  s i g n i f i c a n c e .  Over 

30 m i l l  s i t e s  have been loca t ed  along t h e  Eno by l o c a l  h i s -  

t o r i a n s ,  Remains of some of them a r e  s t i l l  ev ident .  The 

major m i l l  s i t e s  a r e  shown i n  F igure  20. Other s i g n i f i c a n t  

h i s t o r i c  bu i ld ings  inc lude  many of the  o ld  houses i n  H i l l s -  

borough's h i s t o r i c  d i s t r i c t ,  t h e  Bennet P l ace  on the  o u t s k i r t s  

of Durham, and t h e  Fa i rn tosh  P l a n t a t i o n  n o r t h e a s t  of Durham. 

With t h e  except ion of t hese  l a t t e r  a l r e a d y  p ro t ec t ed  h i s t o r i c  

bu i ld ings ,  most of  t h e  s i g n i f i c a n t  h i s t o r i c  s i t e s  a r e  a l s o  

included i n  t h e  s tream-sf de c o r r i d o r .  

5 .  Hiking, swimming, r a f t i n g  and canoeing, f i s h i n g ,  and hunt ing 

a r e  a l l  common a c t i v i t i e s  a long t h e  Eno River .  Major r i v e r  

access  po in t s  and t r a i l s  a r e  shown i n  F igure  20. While hik- 

i ng  and hunt ing  a r e  c e r t a i n l y  a v a i l a b l e  i n  many a r e a s  i n  t h e  

watershed, t h e  o the r  a c t i v i t i e s  a r e  r e s t r i c t e d  t o  t h e  r i v e r  

i t s e l f .  Thus, p rovis ion  of t h i s  type  of popular outdoor 

r e c r e a t i o n  w i t h i n  t h e  bas in  depends upon p r o t e c t i o n  of t h e  

Eno, i t s  major t r i b u t a r i e s ,  and t h e  woodlands ad jacen t  t o  

them. The 300-foot p r o t e c t i o n  c o r r i d o r  would provide f o r  t h i s  

a c t i v i t y  t o  some ex ten t .  S e l e c t i o n  of t h e  300-foot width of 

t h i s  c o r r i d o r ,  however, was n o t  made wi th  r e c r e a t i o n  a s  a  

major cons ide ra r ion ,  For most types  of r e c r e a t i o n a l  a c t i v i t y  

a wider p ro t ec t ed  c o r r i d o r  would be more d e s i r a b l e .  



F i g u r e  20. Map showing l o c a t i o n  of major h i s t o r i c  and 
r e c r e a t i o n a l  s i t e s  a l o n g  t h e  Eno R i v e r .  

I f  r e c r e a t i o n  i s  t o  be one of t h e  major r e a s o n s  f o r  p t o t e c t -  

i n g  l and  from development w i t h i n  t h e  Eno Basin ,  a  c o r r i d o r  

1000 f e e t  wide on e i t h e r  s i d e  o f  t h e  Eno would be more appro-  

p r i a t e ,  F i g u r e  21  shows t h e  p r o t e c t i v e  c o r r i d o r  sys tem w i t h  

b u f f e r  s t r i p s  of 1000 f e e t  a l o n g  t h e  main r i v e r ,  300 f e e t  

a l o n g  p e r e n n i a l  t r i b u t a r i e s ,  and 100 f e e t  a l o n g  i n t e r m i t t e n t  

t r i b u t a r i e s .  T h i s  a r e a ,  t o g e t h e r  w i t h  t h e  "wi lderness"  a r e a  

shown i n  F i g u r e  1 9  would comprise  t h e  t o t a l  P r o t e c t i v e  Com- 

par tment .  A l l  t o g e t h e r ,  t h i s  c o n s t i t u t e s  abou t  25  p e r c e n t  

of t h e  t o t a l  l a n d  a r e a  i n  t h e  wa te r shed ,  s t i l l  w e l l  below Odum's 

recommendation o f  50 p e r c e n t  f o r  t h e  P r o t e c t i v e  Compartment. 



F i g u r e  21. S t reamside  r e c r e a t i o n a l  c o r r i d o r  o f  1000 f e e t  on 
e i t h e r  s i d e  o f  t h e  Eno and t h e  b a s i c  p r o t e c t i v e  
c o r r i d o r  on o t h e r  p e r e n n i a l  and i n t e r m i t t e n t  
s t r e a m s .  

While i t  i s  c e r t a i n l y  n o t  advocated t h a t  t h i s  should  b e  t h e  o n l y  

f o r e s t e d  a r e a  w i t h i n  t h e  wa te r shed ,  i t  i s  f e l t  t h a t  p r o t e c t i o n  

of t h e s e  a r e a s  would p rov ide  s u b s t a n t i a l  r e c r e a t i o n a l  oppor tun i -  

t i e s  and h e l p  m a i n t a i n  t h o s e  pa ramete rs  of env i ronmenta l  q u a l i t y  

l i s t e d  p r e v i o u s l y .  It would p r o v i d e  an i n t e r c o n n e c t e d  open- 

s p a c e  network t h a t  would be  t o t a l l y  i n t e r s p e r s e d  w i t h  o t h e r  l a n d  

u s e s  and would go f a r  toward keep ing  t h e  Eno R i v e r  Basin  a  p lea -  

s a n t  and s a t i s f y i n g  p l a c e  i n  which t o  l i v e .  



T o t a l  Compartment Map 

Figure 22 shows t h e  t o t a l  compartmental izat ion map p r i n t e d  by t h e  Symap 

program using t h e  procedures descr ibed  i n  t h e  previous s e c t i o n .  The p r i n t -  

ou t  i s  sp lo tchy  and d i f f i c u l t  t o  i n t e r p r e t  due t o  t h e  n a t u r e  of t h e  proximal 

mapping procedure used to  produce t h e  f i n a l  map. This  d i f f i c u l t y  was overcome 

by o u t l i n i n g  by hand a r e a s  composed of mostly the  same land  s u i t a b i l i t y  

c l a s s i f i c a t i o n .  The i n t e r p r e t e d  f i n a l  compartment map i s  shown i n  F igure  22. 

I n  t he  f i n a l  map t h e  P ro t ec t ion  Compartment forms a  b a s i c  framework around 

which o t h e r  land  uses  a r e  l oca t ed .  Because the  p ro t ec t ed  a r e a s  a r e  t h e  l e a s t  

amenable t o  any s o r t  of manipulat ion,  they  should be considered t h e  f i x e d  e l e -  

ments of t h e  land  use pac tern .  In  c o n t r a s t ,  t h e r e  can be a  l i m i t e d  amount of  

t r a d i n g  back and f o r t h  among c e r t a i n  of the  o t h e r  uses  i n  o rde r  t o  e s t a b l i s h  

reasonable pa t  t e r n s .  

F igure  22 .  I n t e r p r e t e d  compartmental izat ion map of t h e  
Durham County po r t ion  of t h e  Eno River  Basin. 



The g r e a t e s t  amount of land wi th in  t h e  compartmentalized po r t ion  of t h e  

watershed f a l l s  w i t h i n  t h e  Mul t ip l e  Use Compartment. This  i s  t o  be expected, 

s i n c e  the  purpose of t h e  method i s  t o  l o c a t e  t hose  a r e a s  t h a t  a r e  i d e a l l y  

s u i t e d  t o  each p a r t i c u l a r  u se ,  It i s  l i k e l y  t h a t  i n  any a r e a  a  l a r g e  propor- 

t i o n  of t h e  land w i l l  have some l i m i t a t i o n s  f o r  most u ses .  Due t o  t h e  d e f i -  

n i t i o n  of t h e  Mul t ip l e  Use Compartment, however, t h i s  land  i s  n o t  e l imina ted  

from a l l  o the r  uses  but  i s  a v a i l a b l e  f o r  n e a r l y  any p rospec t ive  use  s u b j e c t  

t o  i nd iv idua l  s i t e  cond i t i ons  t h a t  can be determined only by more d e t a i l e d  

f i e l d  examination. Thus, i f  land use  demands d i c t a t e  t h e  n e c e s s i t y  of g r e a t e r  

a r e a s  of l and  f o r  some s p e c i f i c  use,  t h e  Mul t ip l e  Use Compartment i s  t h e  

a rea  from which such l and  eould be  drawn. 

The next  l a r g e s t  a r e a  i s  des igna ted  f o r  i n c l u s i o n  i n  t h e  Product ive  

Compartment, wi th  most of t h i s  f a l l i n g  i n t o  t h e  a g r i c u l t u r a l  ca tegory .  

There i s  a  f a i r l y  l a r g e  amount of product ive  a g r i c u l t u r a l  l and  wi th in  t h e  

Eno watershed a s  evidenced by t h e  r o l e  which a g r i c u l t u r e  has h i s t o r i c a l l y  

played i n  t he  economy of t h e  a r e a ,  There is  a much sma l l e r  a r e a  of land 

ind ica t ed  most s u i t a b l e  f o r  f o r e s t  product ion.  While t h i s  a r e a  i s  too smal l  

t o  warrant any i n t e n s i v e  f o r e s t r y  i n  t h e  a r ea ,  i t  i s  c e r t a i n l y  adv i sab le  t o  

r e t a i n  t hese  a r e a s  i n  f o r e s t .  They can be of economic s i g n i f i c a n c e  t o  

i nd iv idua l  owners a s  w e l l  as providing w i l d l i f e  h a b i t a t  and a d d i t i o n a l  open 

space. 

A very small amount nf land i s  designated a s  being b e s t  s u i t e d  f o r  urban 

develoqrnent. This  i s  an apparent  anomaly i n  a n  a r e a  t h a t  i s  a l r eady  being 

developed f a i r l y  r a p i d l y .  Examination of t h e  s e p a r a t e  maps of each parameter 

considered i n d i c a t e s  t h a t  t h e  ch i e f  l i m i t i n g  f a c t o r  t o  urban development i s  

shrink-swell  p o t e n t i a l  of the  s o i l .  Since t h e  method i s  cons t ruc t ed  t o  ind i -  

c a t e  only i d e a l l y  s u i t e d  a r e a s  f o r  a given use,  t h i s  one f a c t o r  was s u f f i c i e n t  

t o  e l imina te  much l and  from t h e  Urban Development Compartment. Much of t h e  

land f a l l i n g  wi th in  t h e  Mul t ip l e  Use Compartment eould be used f o r  urban 

development i f  t h e  shrink-swell  problem i s  recognized and accounted f o r  by 

proper  bui ld ing  p r a c t i c e s .  This  po in t  i l l u s t r a t e s  once aga in  t h e  n e c e s s i t y  

f o r  more d e t a i l e d  examination of i n d i v i d u a l  s i t e s  be fo re  f i n a l  land use  

dec i s ions  a r e  made. 
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Comments and Conclusions 

This  a p p l i c a t i o n  of t h e  landscape compartmental izat ion method t o  a 

s p e c i f i c  l and  a r e a  has demonstrated both i t s  gene ra l  f e a s i b i l i t y  and t h e  prob- 

lems l i k e l y  t o  be encountered i n  i t s  use .  A genera l ized  compartment map was 

produced by combining t h e  s u i t a b i l i t i e s  and l i m i t a t i o n s  provided by s e v e r a l  

environmental parameters  t o  a range of prospec t ive  land uses .  The r e s u l t i n g  

map i s  by no means a l and  use  p lan  but  simply i n d i c a t e s  t h e  " l i m i t s  and 

o p p o r t u n i t i e s  imposed by na tu re . "  Thus, it i s  a s t a r t i n g  po in t  f o r  l a n d  

use  planning which matches human needs and d e s i r e s  wi th  t h e  c h a r a c t e r i s t i c s  

of t h e  land  t h a t  determine i t s  a b i l i t y  t o  meet those  needs and d e s i r e s .  

A g r e a t  d e a l  of d a t a  a r e  requi red  f o r  thorough landscape compartmentali- 

za t ion .  The method i s  a p p l i c a b l e  only i n  those a r e a s  i n  which t h e  necessary  

d a t a  can be reasonably obta ined ,  A s  i nd ica t ed  by the  n e c e s s i t y  of excluding 

t h e  Orange County po r t ion  of t h e  s tudy a r e a  from t h e  f i n a l  compartmentali- 

za t ion ,  d e t a i l e d  s o i l s  da t a  a r e  t he  information most l i k e l y  t o  be l ack ing  i n  

many a r e a s .  Thei r  l a c k  means e i t h e r  t h a t  compartmental izat ion w i l l  b e  ve ry  

sketchy and incomplete o r  t h a t  i t  must be delayed u n t i l  d e t a i l e d  s o i l s  maps 

a r e  a v a i l a b l e .  For tuna te ly ,  t h e  s o i l  mapping program of t h e  S o i l  Conserva- 

t i o n  Serv ice  i s  making such information a v a i l a b l e  f o r  most urbaniz ing  a r e a s .  

The s o i l s  maps f o r  Orange County have been completed wi th in  t h e  p a s t  year .  

It i s  poss ib l e ,  however, t o  d e l i n e a t e  most of t h e  P r o t e c t i v e  Compartment 

without  t h e  u s e  of s o i l s  da t a .  Since t h i s  i s  the  most environmental ly  

s i g n i f i c a n t  compartment and t h e  one from which a l l  o t h e r  u ses  should be 

excluded, it should be i d e n t i f i e d  even i n  a r e a s  where complete compartmentali- 

z a t i o n  i s  imposs ib le ,  

The g r e a t e s t  weakness of t h e  a p p l i c a t i o n  of compartmental izat ion t o  t h e  

Durham County p o r t i o n  of t h e  Eno Basin is  t h a t  much of t he  a r e a  i s  a l r e a d y  

devoted t o  uses  o t h e r  than those f o r  which t h e  map i n d i c a t e s  i t  i s  b e s t  

s u i t e d .  It i s  c e r t a i n l y  no t  r e a l i s t i c  t o  sugges t  t e a r i n g  down r e c e n t l y  con- 

s t r u c t e d  subd iv i s ions  and r e v e r t i n g  t h e  land  t o  a g r i c u l t u r e .  This ,  of course ,  

i s  n o t  t he  i n t e n t  of t h e  s tudy .  The f a c t s  t h a t  land has a l r eady  been used f o r  

environmental ly  unsound uses  and t h a t  environmental degradat ion has  r e s u l t e d  

only  s e r v e  t o  emphasize t h e  need f o r  d e t a i l e d  land  u s e  s u i t a b i l i t y  determina- 

t i o n s  before land  use dec i s ions  a r e  made. Hopefully,  t h e  f i n a l  compartment 

map can be of some u s e  i n  determining f u t u r e  l and  use  wi th in  t h e  a r e a .  



The g r e a t e s t  va lue  of t he  compartmentalization method i s  t h a t  i t  pro- 

v ides  land use planners  wi th  both d e t a i l e d  information about  each r e l e v a n t  

environmental parameter and combines those parameters i n  such a way a s  t o  

i n d i c a t e  o v e r a l l  land use s u i t a b i l i t y ,  Thus, t he  reasons  f o r  a  c e r t a i n  

c l a s s i f i c a t i o n  r e s u l t i n g  f o r  a given a r e a  can b e  determined by examining 

maps of i nd iv idua l  parameters.  But t h e  planner  i s  n o t  l e f t  wi th  only a  l o t  

of un re l a t ed  da t a  t h a t  he must a t tempt  t o  combine i n  an unspec i f ied  way t o  

a r r i v e  a t  a  l and  use  dec i s ion .  The i d e a l  s i t u a t i o n ,  of course ,  would be t o  

combine t h i s  type of environmental a n a l y s i s  wi th  a  s i m i l a r l y  o b j e c t i v e  and 

and sys temat ic  a n a l y s i s  of t h e  economic and s o c i a l  needs of a c o m u n i t y  t o  

a r r i v e  a t  a  t r u l y  h o l i s t i c  and synthes ized  Land u s e  p l a n ,  





NOTE S ON IMPLEMENTATION 

Given t h e  f e a s i b i l i t y  of t he  compartmentalization approach, w i l l  i t  be 

used? And i f  i t  i s  used, w i l l  the  r e s u l t i n g  p l ans  be implemented? These 

ques t ions  a r e  no t  t h e  s u b j e c t  of t h i s  s tudy,  bu t  any method of land  use  

planning i s  incomplete without  cons ider ing  them, The answers t o  both ques t ions ,  

of course,  depend upon many th ings ;  bu t  t h e  u l t i m a t e  outcome depends upon t h e  

dec i s ions  of t h e  e l e c t e d  o f f i c i a l s  who formulate  l o c a l ,  S t a t e ,  and n a t i o n a l  

l and  use  p o l i c i e s  and t h e i r  e s t ima te s  of t h e  f e e l i n g s  of t h e i r  c o n s t i t u e n t s .  

Only when environmental cons ide ra t ions  a r e  t r u l y  considered a t  l e a s t  a s  

important a s  t h e  o the r  p re s su re s  i n f luenc ing  land  use  dec i s ions  w i l l  t h e  

compartmentalization approach be used. I ts implementation, then, depends 

u l t i m a t e l y  upon an evolu t ion  of va lues  concerning t h e  r e l a t i o n s h i p  between 

humans and t h e i r  n a t u r a l  environment. 

Hopefully, t h e  e a r l y  s e c t i o n s  of t h i s  r e p o r t  w i l l  he lp  t o  has ten  t h e  

wide-scale acceptance of app ropr i a t e  environmental va lues ,  bu t  t h i s  i s  n o t  

t he  p l ace  t o  d i scuss  t h a t  ques t ion  f u r t h e r .  It i s  p o s s i b l e  t o  d i scuss  here,  

however, t he  genera l  planning fvamework necessary f o r  u se  of  t he  compartmentali- 

za t ion  approach and t h e  e x i s t i n g  and proposed l e g a l  framework necessary  f o r  

i t s  implementation. 

General Framework 

The f i r s t  necessary  s t e p  i n  t h e  use of any planning method is  the  

es tab l i shment  of a  gene ra l  procedure t h a t  can be app l i ed  anywhere t h e r e  i s  a  

d e s i r e  t o  use  the  method. The fo l lowing  s t e p s  provide such a  b a s i c  framework 

f o r  use  of t he  compartmentalization method. While t hese  s t e p s  have no t  been 

e x p l i c i t l y  s t a t e d  a t  each s t a g e  of t h e  s tudy repor ted  here ,  they have been 

i m p l i c i t  throughout,  and i l l u s t r a t i o n s  of t h e i r  a p p l i c a t i o n  can be seen by 

reviewing the  previous  sec t ions :  

1. S t a t e  a  s e t  of o v e r a l l  goa ls  f o r  t h e  planning reg ion .  This  

s t e p  should obviously be t h e  f i r s t  i n  any planning process .  

No sys temat ic  land use  d e c i s i o n s  can be made without  some 

idea  of what i s  being aimed f o r ,  It i s  amazing, neve r the l e s s ,  

how f r equen t ly  such dec i s ions  a r e  made on a day-to-day b a s i s  

without  r e f e rence  t o  any p a r t i c u l a r  goa l s  o r  d i r e c t i o n .  This  



being t h e  case ,  it i s  n o t  s u r p r i s i n g  t h a t  r ecen t  l and  use  pa t -  

t e r n s ,  no mat te r  how w e l l  "planned" have l e d  t o  environmental 

degrada t ion ,  

2 .  I d e n t i f y  t h e  purposes o r  goa ls  of each compartment, Decis ions  

must be made and e x p l i c i t l y  s t a t e d  as t o  why each compartment 

is  being i d e n t i f i e d .  Dividing t h e  landscape i n t o  f u n c t i o n a l  

compartments has  l i t t l e  u t i l i t y  un le s s  each compartment con- 

t r i b u t e s  something t o  t h e  achievement of t he  o v e r a l l  goa l s  of 

t h e  reg ion .  

3 .  Determine t h e  c h a r a c t e r i s t i c s  of t h e  l and  t h a t  a r e  p e r t i n e n t  t o  

achiev ing  t h e  purposes of each compartment. Given t h e  r o l e  

which each compartment i s  expected t o  p lay ,  c e r t a i n  environ- 

mental  parameters  w i l l  determine t h e  a b i l i t y  of a  given land  

a r e a  t o  perform t h a t  r o l e .  The dec i s ion  a s  t o  which parameters  

t o  use  must be made on t h e  b a s i s  of t h e i r  r e l a t i o n s h i p  t o  each 

d e s i r e d  use  and t h e  a v a i l a b i l i t y  of d a t a  t o  be used i n  evalu3t-  

i ng  them. Some hard thought and probably t h e  c o n s u l t a t i o n  of 

people t r a i n e d  i n  each f i e l d  a r e  necessary  he re  t o  s o r t  t h e  

p e r t i n e n t  c h a r a c t e r i s t i c s  out  from t h e  almost i n f i n i t e  range 

of i r r e l e v a n t  d a t a ,  

4 ,  Analyze t h e  c h a r a c t e r i s t i c s  of t he  l and  i t s e l f  t o  determine i t s  

inc lus ion  i n  t h e  va r ious  compartments, This  is  the  s t a g e  of t he  

mechanics of compartmental izat ion.  Values of the  parameters 

chosen i n  s t e p  ( 3 )  a r e  determined and mapped. Separa te  parameters  

a r e  then  combined t o  produce a  compartmented map. Such a map i s  not  a 

land use plan,  bu t  s e rves  a s  a guide  f o r  t h e  rest of t h e  plan- 

n ing  process  i n  which socio-economic f a c t o r s  a r e  considered.  

5 .  Modify r egu la to ry  procedures  t o  a l low f o r  r e a l i z a t i o n  of t h e  

c l a s s i f i c a t i o n  scheme. Most land u s e  r e g u l a t i o n s  c u r r e n t l y  i n  

e f f e c t  were formulated wi th  no r ecogn i t i on  of t h e  s i g n i f i c a n c e  

of environmental va lues .  They must, then ,  be changed t o  

r e f l e c t  changing a t t i t u d e s  before  t he  compartmentalization 

approach can be implemented. That t h i s  i s  a l r eady  occurr ing  a t  

a r a p i d  r a t e  i s  evidenced by the  fo l lowing  d i scuss ion .  



Legal Framework 

Regardless how good a r e  the  i n t e n t i o n s  of t he  p lanner ,  no ma t t e r  how pre- 

c i s e  i s  t h e  compartmentalization, they  w i l l  have l i t t l e  meaning without  t h e  

l e g a l  means t o  implement them, The h i s t o r y  of a l l  a t t empt s  a t  l and  use plan- 

n ing  and r egu la t ion  w e l l  i l l u s t r a t e  t h i s .  I f  t h i s  method is  t o  be use fu l ,  

t h e  l e g a l  framework must e x i s t  t o  make it so .  Present  and c u r r e n t l y  proposed 

l e g i s l a t i o n  i n  North Caro l ina  may provide most of t h a t  framework. 

Zoning has been t h e  t r a d i t i o n a l  t o o l  of l and  use  r e g u l a t i o n  and i s  s t i l l  

t h e  most widely used means of providing some guidance t o  development. Most 

zoning i n  North Carol ina,  however, has  been l i m i t e d  t o  d i f f e r e n t  types of 

development w i th in  t h e  Urban Compartment. Flood p l a i n  zoning, whi le  u sua l ly  

j u s t i f i e d  on o t h e r  grounds, could be used t o  p r o t e c t  stream-side c o r r i d o r s .  

Most of t he  p r o t e c t i v e  c o r r i d o r  along t h e  lower Eno a f t e r  i t  e n t e r s  t h e  

T r i a s s i c  Basin could be kept  undeveloped by s t r i c t l y  enforced f lood-p la in  

r egu la t ion .  Other s t a t e s  have implemented a d d i t i o n a l  zoning c a t e g o r i e s  and 

app l i ed  them t o  more than j u s t  urban land .  Such c a t e g o r i e s  a s  a g r i c u l t u r a l  

zones, open-space zones, and r e c r e a t i o n a l  zones could be  used t o  put  much of 

a compartmental scheme i n t o  e f f e c t .  I t  i s  doubt fu l ,  however, t h a t  they would 

be succes s fu l  i n  North Caro l ina  without  a d d i t i o n a l  s t a t e  l e g i s l a t i o n  l e g i t i -  

mizing them. The genera l  weakness and temporariness  of zoning a s  i t  i s  cur- 

r e n t l y  used makes i t  l a r g e l y  unsu i t ab l e  t o  do any more than very  l o o s e l y  

guide development. I n  i t s e l f  i t  i s  n o t  s u f f i c i e n t  t o  p r o t e c t  environmental ly  

va luab le  and product ive  l ands  and, thus ,  i s  n o t  very  w e l l  s u i t e d  t o  p u t t i n g  

t h e  compartmental approach i n t o  p r a c t i c e .  

Two o t h e r  s t a t e  laws enacted by t h e  1973 se s s ion  of t h e  North Caro l ina  

General Assembly--the D i f f e r e n t i a l  Taxat ion Act and t h e  Sediment Cont ro l  Act-- 

could be used t o  he lp  implement p a r t s  of t h e  compartmental scheme. The 

D i f f e r e n t i a l  Taxation Act a l lows  land t o  be assessed  a s  i t s  va lue  f o r  i t s  

cu r ren t  use r a t h e r  than i t s  p o t e n t i a l  va lue  i n  some more i n t e n s i v e  use.  A s  

c u r r e n t l y  s t a t e d ,  t h e  law i s  r e s t r i c t e d  t o  a g r i c u l t u r a l  and product ive  f o r e s t  

l ands .  It, thus,  may provide  some i n c e n t i v e  t o  keep land  i n  t h e  Product ive 

Compartment. Although open space l ands  were d e l e t e d  from t h e  b i l l  by t h e  

l e g i s l a t u r e ,  an amendment inc luding  them could a l s o  he lp  i n  r e se rv ing  t h e  

P r o t e c t i v e  Compartment. Experience wi th  d i f f e r e n t i a l  t a x a t i o n  i n  o t h e r  

, s t a t e s ,  however, i n d i c a t e s  t h a t  i t  i s  n o t  a  s t rong  enough i n c e n t i v e  t o  keep 
















