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ABSTRACT 

B i o s p h e r e  r e s e r v e s  are i n t e r n a t i o n a l l y  r e c o g n i z e d  l a n d s c a p e s  t h a t  have 
been set a s i d e  t o  p r o t e c t  v a r i o u s  e c o l o g i c a l  c h a r a c t e r i s t i c s .  The m o n i t o r i n g  
of e c o l o g i c a l  change  w i t h i n  such  r e s e r v e s  i s  a c e n t r a l  component of  b i o s p h e r e  
r e s e r v e  management, and  t r a d i t i o n a l  methods have proven  d i f f i c u l t  and  c o s t l y .  
This  p a p e r  e x p l o r e s  a n  a l t e r n a t i v e  t e c h n i q u e  u s i n g  s o c i a l  i n d i c a t o r s  t o  
moni tor  b i o p h y s i c a l  change. 
warning system" f o r  r e s e r v e  managers.  The p a p e r  r e v i e w s  b i o l o g i c a l  and 
s o c i o l o g i c a l  m o n i t o r i n g  t e c h n i q u e s  and  p r o v i d e s  a t h e o r e t i c a l  framework f o r  
e x p e r i m e n t i n g  w i t h  s o c i a l  i n d i c a t o r s .  S e v e r a l  i n d i c a t o r s  of Olympic N a t i o n a l  
Park Biosphere  Reserve  are developed  t o  i l l u s t r a t e  t h e  p o t e n t i a l  o f  s o c i a l  
i n d i c a t o r s  f o r  m o n i t o r i n g  b i o s p h e r e  r e s e r v e s .  

The t e c h n i q u e  may p r o v i d e  a p r a c t i c a l  " e a r l y  

1. INTRODUCTION 

A c e n t r a l  component of  b i o s p h e r e  r e s e r v e  management is t h e  a b i l i t y  t o  
monitor b i o p h y s i c a l  change  w i t h i n  a r e s e r v e ,  b o t h  as a n  impetus  f o r  management 
a c t i o n s  and  as c r i t i c a l  b a s e l i n e  d a t a  f o r  e c o l o g i c a l  r e s e a r c h  ( F r a n k l i n  1977) .  
Programs t o  m o n i t o r  s p e c i f i c  e c o l o g i c a l  p a r a m e t e r s  have b e e n  e s t a b l i s h e d  o v e r  
the  y e a r s  i n  many n a t i o n a l  p a r k s ,  n a t i o n a l  f o r e s t s ,  and  e x p e r i m e n t a l  r a n g e s ,  
which have s i n c e  b e e n  d e s i g n a t e d  b i o s p h e r e  r e s e r v e s .  

Yet s e v e r a l  d i f f i c u l t i e s  e x i s t .  Even i n  i n s t a n c e s  where t h e r e  i s  
i n t e r e s t  and a d e s i r e  t o  d e v e l o p  long- te rm m o n i t o r i n g  programs, i t  i s  c l e a r l y  
i m p o s s i b l e  t o  measure  o r  m o n i t o r  a l l  b i o l o g i c a l  v a r i a b l e s .  The most a m b i t i o u s  
moni tor ing  program c a n  o n l y  d e a l  w i t h  a f r a c t i o n  of  t h e  i m p o r t a n t  b i o l o g i c a l  
parameters  (Johnson and  B r a t t e n  1 9 7 8 ) .  Because of t h e  b i o l o g i c a l  and  p h y s i c a l  
complexi ty  of  most e c o s y s t e m s ,  most m o n i t o r i n g  t o  d a t e  h a s  been 
disciplinarily-oriented, s i t e - s p e c i f i c ,  and  nar row i n  scope  (Huckabee 1973).  
Likewise,  i t  is o f t e n  d i f f i c u l t  t o  d e c i d e  i n  advance  which b i o l o g i c a l  
parameters  may p r o v e  t o  b e  i m p o r t a n t  y e a r s  i n  t h e  f u t u r e .  The r e s u l t  i s  t h a t ,  
even when m o n i t o r i n g  programs are i n  f o r c e ,  t h e r e  i s  n o  g u a r a n t e e  t h a t  t h e  
proper  p a r a m e t e r s  w i l l  b e  measured o r  t h a t  t h e  i n f o r m a t i o n  w i l l  b e  a v a i l a b l e  
q u i c k l y  enough t o  a ler t  managers t o  a p o t e n t i a l  e n v i r o n m e n t a l  problem. 

T h i s  p a p e r  seeks t o  show how a n  a l t e r n a t i v e  t e c h n i q u e  might b e  deve loped  
t o  i n d i r e c t l y  i n d i c a t e  p o t e n t i a l  e c o l o g i c a l  changes  i n  b i o s p h e r e  r e s e r v e s .  
The approach  i n c o r p o r a t e s  t h e  use of  s o c i a l  i n d i c a t o r s .  We a t t e m p t  t o  show 
how m o n i t o r i n g  changes  i n  c e r t a i n  s o c i a l  i n d i c a t o r s  may a le r t  management t o  
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t h e  p o t e n t i a l  o€ subsequent e c o l o g i c a l  change w i t h i n  a reserve. We do not  
maintain t h a t  t h i s  approach is a s u b s t i t u t e  f o r  s i t e - s p e c i f i c  b i o l o g i c a l  
monitoring, b u t  r a t h e r  i t  i s  an  "ear ly  warning system" which can be used t o  
i d e n t i f y  key problems r e q u i r i n g  more d e t a i l e d  a n a l y s i s .  

F i r s t ,  w e  b r i e f l y  d i s c u s s  t h e  causes  of e c o l o g i c a l  change w i t h i n  
biosphere reserves, and then review c u r r e n t  b iophys ica l  monitor ing e f f o r t s .  
Next, s o c i a l  monitor ing is  reviewed, and t h e  p rocess  of c o n s t r u c t i n g  s o c i a l  
i n d i c a t o r s  descr ibed.  We then provide a t h e o r e t i c a l  framework f o r  
hypothesizing t h a t  s o c i a l  i n d i c a t o r s  may be r e l a t e d  t o  changes i n  b iophys ica l  
parameters w i t h i n  a reserve. F i n a l l y ,  we exp lo re  how t h i s  method might be 
app l i ed ,  using d a t a  from Olympic Nat ional  Park Biosphere Reserve and its 
surrounding region.  

2. CAUSES OF ECOLOGICAL CHANGE WITHIN BIOSPHERE RESERVES 

Ecosystems w i t h i n  biosphere reserves a r e  f a r  more dynamic than  gene ra l ly  
acknowledged (Smith 1966).  This  i s  p a r t i c u l a r l y  t r u e  f o r  r e se rves  designated 
i n  n a t i o n a l  parks ,  and f o r  which management p l a c e s  few r e s t r a i n t s  o n  t h e  
a c t i o n s  of n a t u r a l  processes .  Such environmental  changes o r  f l u c t u a t i o n s ,  
both i n  s t r u c t u r e  and composition, occur  i n  response t o  success ion ,  n a t u r a l  
d i s tu rbances  such a s  f i r e ,  f l ood ,  and e r o s i o n ,  and i n  response t o  va r ious  
animal s p e c i e s .  The importance of n a t u r a l  p rocesses  i n  many ecosystems is  now 
becoming recognized (Godfrey 1978; Bonnicksen and Stone 1982) ,  and i s  being 
incorporated i n t o  resource management planning f o r  parks  and e q u i v a l e n t  
r e se rves  (Westhoff 1971; Dolan C G .  1978).  

The n a t u r a l  ecosystems w i t h i n  biosphere r e s e r v e s  a r e  a l s o  changed o r  
modified by human in f luences .  None of t h e  biosphere r e s e r v e s  i n  t h e  
c o n t i n e n t a l  U.S., even i n  t h e  n a t i o n a l  parks ,  can be considered t o  r e p r e s e n t  
p r i s t i n e  environments.  Seve ra l  have been a l t e r e d  i n  t h e  p a s t  by logging,  
grazing,  mine ra l  e x p l o r a t i o n ,  water d i v e r s i o n  p r o j e c t s ,  homesteading, and 
a g r i c u l t u r a l  use.  However, t h e  r e s i l i e n c y  of t h e  n a t u r a l  environments,  and 
t h e  p r o t e c t i o n  a f fo rded  by p resen t  management p o l i c i e s ,  has  allowed many of 
t h e  r e se rves  t o  recover  from p a s t  abuses  (Gregg and Goigel 1981).  For example, 
o ld  homesteads and a g r i c u l t u r a l  p l o t s  of t h e  Great Smokeys Na t iona l  Park 
Biosphere Reserve have been reclaimed by t h e  r i c h  mesophytic f o r e s t  of t h e  
region i n  a pe r iod  of only 50 yea r s .  
and big-horn sheep populat ions of G lac i e r  Nat ional  Park Biosphere Reserve have 
aga in  become v i a b l e  e n t i t i e s  i n  a s i m i l a r  pe r iod  of time (Keating 1983).  

The once n e a r l y  e x t i r p a t e d  g r i z z l y  bear  

Despi te  t h e s e  apparent  successes ,  t h e  n a t u r a l  systems of biosphere 
r e se rves  are becoming more and more s u s c e p t i b l e  t o  change o r  mod i f i ca t ion  by 
human in f luences .  A 1980 survey of U.S. n a t i o n a l  parks  (NPS 1980) found t h a t  
managers perceived none of t h e  pa rks  a s  immune from t h r e a t s  t h a t  are causing 
i r r e v e r s i b l e  damage; parks  des igna ted  a s  biosphere r e se rves  had a 
s i g n i f i c a n t l y  h ighe r  number of r epor t ed  t h r e a t s .  I n  a d d i t i o n ,  75 pe rcen t  of 
t h e  r epor t ed  t h r e a t s  were inadequately documented. 

The problems th rea t en ing  biosphere r e s e r v e s  a r e ,  however, no t  l i m i t e d  t o  
t h e  U.S. 
areas throughout t h e  world w a s  r e c e n t l y  completed by T i c h n e l l  and Machlis 
(1984). This s tudy sampled 98 s i t e s  i n  50 c o u n t r i e s ,  chosen t o  f a c i l i t a t e  
comparisons of problems among a r e a s  i n  c o u n t r i e s  a t  d i f f e r e n t  s t a g e s  of 
economic tievelopment, l oca t ed  i n  d i f f e r e n t  biomes, and t h a t  w e r e  a f f i l i a t e d  
with d i f f e r e n t  management programs. Thirty-seven biosphere r e se rves  and 
World Heri tage s i t e s  were included i n  t h e  survey; t h e i r  most common t h r e a t s  

A s tudy documenting r e source  management problems f a c i n g  p ro tec t ed  
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were l a c k  o f  p e r s o n n e l ,  i l l e g a l  removal of  a n i m a l  l i f e ,  removal of  v e g e t a t i o n ,  
t r a m p l i n g ,  e r o s i o n  a n d  loss  o f  h a b i t a t .  I n  c o n t r a s t  t o  t h e  U . S .  p a r k s  s t u d y ,  
T i c h n e l l  and M a c h l i s  found no s i g n i f i c a n t  d i f f e r e n c e  between b i o s p h e r e  
r e s e r v e s  and  n a t i o n a l  p a r k s  i n  t h e  number o f  r e p o r t e d  t h r e a t s .  L i k e  t h e  U.S. 
s t u d y ,  l a c k  of  d o c u m e n t a t i o n  w a s  h i g h ;  4 1  p e r c e n t  o f  t h e  r e p o r t e d  t h r e a t s  
were i n a d e q u a t e l y  documented.  

The f i n d i n g s  o f  t h e s e  and  similar s t u d i e s  p o i n t  o u t  t h e  urgency  o f  
d e v e l o p i n g  a p r a c t i c a l  and  r e l i a b l e  means t o  m o n i t o r  and p r e d i c t  t h e  impact  of  
human a c t i v i t i e s  on n a t u r a l  s y s t e m s .  
b i o p h y s i c a l  m o n i t o r i n g .  

To d a t e ,  a l l  e f f o r t s  have  f o c u s e d  on 

3 .  A REVIEW OF BIOLOGICAL M O N I T O R I N G  

There  are two common t y p e s  of  t e c h n i q u e s  f o r  m o n i t o r i n g  b i o p h y s i c a l  
p a r a m e t e r s .  One t y p e  employs d i r e c t  measurement  t h r o u g h  t h e  u s e  o f  e l e c t r o n i c  
i n s t r u m e n t a t i o n  t o  measure  c h e m i c a l  o r  p h y s i c a l  p a r a m e t e r s  p r i m a r i l y  
a s s o c i a t e d  w i t h  a i r  and  water q u a l i t y .  
been i n c r e a s i n g  r a p i d l y ,  p a r t i c u l a r l y  w i t h  a d v a n c e s  i n  m i c r o c i r c u i t r y .  
However, t h e  h i g h  c o s t ,  l a c k  of  t r a i n e d  p e r s o n n e l ,  and  t h e  f r e q u e n t  need t o  
s e r v i c e  equipment  h a s  r e s t r i c t e d  i t s  p lacement  i n  most  remote n a t u r a l  a r e a s  
where power and access i s  l i m i t e d .  The s u b t l e ,  long- te rm e f f e c t s  of  many 
t y p e s  o f  p o l l u t a n t s  and t h e  f a c t  t h a t  t h e y  a r e  o f t e n  t r a n s f e r r e d  t h r o u g h  t h e  
food c h a i n  r a t h e r  t h a n  i n  a n  a i r  or w a t e r  medium, a l s o  c o n t r i b u t e  t o  t h e  
i n e f f e c t i v e n e s s  of  i n s t r u m e n t e d  m o n i t o r i n g .  

The deployment  of  s u c h  equipment  h a s  

The second t e c h n i q u e  employs t h e  u s e  o f  v a r i o u s  l i v i n g  o r g a n i s m s ,  e i t h e r  
p l a n t  o r  a n i m a l ,  a s  i n d i c a t o r  s p e c i e s  t o  i n d i r e c t l y  m o n i t o r  e n v i r o n m e n t a l  
q u a l i t y .  
on t h e  s e n s i t i v i t y  of  t h e  s e l e c t e d  s p e c i e s  f o r  s p e c i f i c  p o l l u t a n t s  (Heck 
1966) .  
l i t t l e .  They must  n o t  b e  a b l e  t o  a v o i d  t h e  p o l l u t a n t  by t h e i r  m o t i l i t y  ( S t e i n  
and Denison 1967) .  P l a n t s  f i t  t h i s  c r i t e r i a  w e l l  and have l o n g  b e e n  used  t o  
p r o v i d e  a n  i n d e x  o f  a i r  q u a l i t y  ( J u h r e n  gt. 1957;  P y a t t  1970;  Treshow 
1968) .  

The u s e f u l n e s s  of  s u c h  o r g a n i s m s  i n  t h i s  c a p a c i t y  is  b a s e d  p r i m a r i l y  

U s e f u l  i n d i c a t o r  o r g a n i s m s  a r e  t h o s e  which are sessile o r  move v e r y  

The u s e  of v e g e t a t i o n ,  however ,  h a s  l i m i t a t i o n s .  To s e p a r a t e  v i s i b l e  
symptoms of a i r  p o l l u t i o n  damage f rom a l l  o t h e r  f a c t o r s  t h a t  c o u l d  produce  
similar t r a i t s  r e q u i r e s  a competent  o b s e r v e r .  The o b s e r v e r  must  a l s o  be i n  
t h e  f i e l d  t o  r e a d  t h e  symptoms a t  t h e  p r o p e r  t i m e ,  and t h e  s e n s i t i v e  
v e g e t a t i o n  must  o c c u r  w i t h  a r e a s o n a b l e  d i s t r i b u t i o n  o v e r  t h e  a r e a  (Brandt  
1973) .  
and t h e  e f f e c t s  of p o l l u t a n t s  may o n l y  be e x p r e s s e d  i n  te rms  of g e n e r a l i z e d  
c h l o r o s i s ,  e a r l y  s e n e s c e n c e ,  o r  p o o r  growth .  These problems are d i f f i c u l t  t o  
i d e n t i f y  i n  t h e  f i e l d  (Brandt  1 9 7 3 ) .  

I n  o t h e r  c a s e s ,  t h e  v e g e t a t i o n  may n o t  be v i s i b l y  i n j u r e d  o r  k i l l e d ,  

The i d e n t i f i c a t i o n  and u s e  o f  s u i t a b l e  a n i m a l  s p e c i e s  t o  s e r v e  a s  
i n d i c a t o r s  of e n v i r o n m e n t a l  q u a l i t y  h a s  b e e n  t h e  s u b j e c t  of  i n c r e a s i n g  
i n t e r e s t  and s t u d y  ( J e n k i n s  1971,  1 9 7 2 ) .  A q u a t i c  o r g a n i s m s ,  p a r t i c u l a r l y  
those  which a r e  f i l t e r  f e e d e r s ,  a p p e a r  t o  be  p a r t i c u l a r l y  s u i t a b l e  as 
s e n t i n e l s  f o r  i n d i c a t i n g  l e v e l s  of  p o l l u t a n t s  i n  t h e  w a t e r  envi ronment  
(Goldberg s &. 1978;  D i s s a l v o  c&. 1975;  Stegeman and T e a l  1 9 7 3 ) .  The 
use of a n i m a l  o r g a n i s m s ,  however ,  s u f f e r s  f rom t h e  same problems a s  p l a n t s ;  
the  a v a i l a b i l i t y  of  o r g a n i s m s ,  t h e  need  f o r  competent  o b s e r v e r s ,  and i n  
a d d i t i o n  t h e  l a b o r a t o r y  f a c i l i t i e s ,  money, and t i m e  needed f o r  e x t e n s i v e  
h i s t o p a t h o l o g i c a l  a n a l y s e s  (Goldberg  s &. 1 9 7 8 ) .  
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The use of biological indicators in monitoring biosphere reserves has 
received attention, but evidence suggests such monitoring is neither 
systematic nor widespread (Gregg and Goigel 1981). Early monitoring programs 
consisted primarily of routine observations of various biological resources. 
These early observations were essential in developing a knowledge of the then 
little understood resources of the protected areas, and were a valuable means 
to document changes in biological systems. These observations often 
represent the only baseline data available to contemporary scientists seeking 
to reconstruct historic landscapes in parks (Bonnicksen 1982; Vankat 1977), 
and they form the basis for on-going monitoring programs in many biosphere 
reserves. 

Unfortunately, the highly descriptive, qualitative, and variable nature 
of the early descriptions, and the lack of proper uniformity among observers, 
diminishes the usefulness of much of the early data. Funding problems, 
personnel turnover, and changes in priorities caused most studies to be 
limited to short-term efforts (Houston 1971). 

Current monitoring efforts are similarly limited. White and Bratten 
(1981) surveyed 33 U.S .  biosphere reserves regarding their overall monitoring 
efforts. Twenty-five had some kind of permanent plot vegetation monitoring, 
and six had population monitoring. Mack st. (1983) conducted an in-depth 
survey of 1 4  U.S. biosphere reserves regarding baseline resource inventories, 
long-term monitoring, and long-term ecological research. They developed an 
index (on a 100 pt. scale) of the comprehensiveness of scientific activities. 
Table 1 shows that the index scores are relatively low, with macro-climate 
monitoring receiving the highest rank and aquatic systems (biological factors) 
the lowest. Finally, data on 27 World Heritage Sites and Biosphere Reserves 
from over 20 countries found that 41 percent of all threats to the natural 
resources reported by managers were suspected but not documented (Tichnell 
and Machlis 1984). 

Table 1. Index of Long-Term Environmental Monitoring, 14 U.S. Biosphere 

Index Index Rating 

Reserves. 

Macroclimate 

Aquatic systems, chemical factors 

38 

31 

Disturbances, anthropogenic (causes) 25 

Disturbances, exotic species (causes) 23 

Disturbances, anthropogenic (vegetation recovery) 22 

Disturbances, natural (causes) 

Aquatic systems, physical factors 

Disturbances, natural (vegetation recovery) 

Disturbances, exotic species (vegetation recovery) 

22 

15 

14 

11 

kuatic systems, biological factors 7 
- adapted from Mark &. (1983) 
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Hence, biological monitoring is a central component of any effort to 
understand change with biosphere reserves. 
difficulties in data collection, lack of trained personnel, the need for 
laboratory research, and sporadic application. Can other approaches be useful? 
We now turn to a brief review of "social" monitoring, or the use of social 
indicators. 

Limitations include high cost, 

4 .  A REVIEW OF SOCIAL MONITORING 

In the social sciences, monitoring of human activity has been primarily 
accomplished with the use of social indicators. A social indicator is a 
social statistic used to indicate a trend in some variable of interest to 
decision makers. Divorce rates, for example, can be used to indicate changes 
in the stability of community social systems. Social indicators share these 
characteristics: 

1) They are components in a theoretical framework or model of 
a social system that helps illuminate important variables 
(Burch 1984) .  

They can be collected at a sequence of points in time and 
accumulated into a time series (Land 1970) .  

2) 

3) They are either directly or indirectly related to policy 
and provide guidance for social intervention (Sheldon and 
Land 1972) .  

The importance of social indicators was recognized as early as 1929, when 
President Hoover set up the President's Research Committee on Social Trends. 
The committee's report attempted to describe life in the United States by 
means of a varied set of social statistics. 
by President Eisenhower's Commission on National Goals (1960) and the National 
Planning Study (Lecht 1966) .  Both studies recommended that a system of social 
accounts be established to supply information about the nation's "social 
health" and its needs, in order to provide a firm basis for policy decisions. 

This was repeated 30 years later 

These major efforts have intermittently continued, with three key U.S. 
Government reports in 1973, 1976 and 1982. The Organization for Economic 
Cooperation and Development (OECD) and the Statistical Office of the United 
Nations have been active in the development of social indicators on an 
international basis. 

Methodological development of social indicators has followed. Several 
studies have focused on the purpose of social indicators (Bauer 1966; Sheldon 
and Moore 1968; Etzioni 1970) ;  others deal with problems of measurement and 
definition (Land 1970; Gastil 1970; Anderson 1973) .  While social indicators 
have often been linked to measuring "quality of life" (Liu 1975) ,  a variety 
of rationales have been developed to support their u s e .  All seem to emerge 
from a common concern for the consequences of public policy decisions (Burch 
_ _  et al. 1984).  

5. CONSTRUCTING SOCIAL INDICATORS 

The construction of social indicators involves several general steps. 
First, a theoretical framework must be developed that provides a rationale for 
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the choice of variables, and the variables must be operationally defined. The 
indicator for each variable must be chosen, and the measurement units selected 
with care; social data is often aggregated by formal administrative units 
(such as counties and states) that may not be meaningful in the context of 
monitoring local or regional trends. It is often necessary to choose from 
among several statistical series; Table 2 suggests several important 
characteristics. 

Table 2 .  Important Characteristics of Social Indicators. 

VaZidity: 
concept it is intended to measure. 

ReliabiZity: 
variance. 

S t a b i l i t y :  
especially responses to extraneous and irrelevant influences. 

ReSp0?28iVe?~SS: 
in related aspects of society. 

Availability o f  Data: 
adaptability of existing vehicles for data collection, or capacity of new 
data collection procedures to measure the needed data. 

fisaggregatability: 
reported separately as a function of other variables (for example, 
characteristics of subpopulations, types of communities, regions of the 
country). 

IntertempomZ Conparability: 
the same interpretation. 

Intergroup Comparability: 
populations can have the same interpretation. 

Timing  Relative to the Occurrence o f  a Problem: 
is coincident with, or lags behind a problem. 

Timeliness: 
obsolescence of these data for their intended use. 

- adapted from Rossi and Gilmartin (1980). 

the extent to which an indicator measures the phenomenon or 

the proportion of an indicator's variance that is not error 

the lack of unwanted variability in an indicator over time, 

the speed and magnitude of an indicator's response changes 

the accessibility of existing data sources, 

the capacity of a social indicator to be assessed and 

the extent to which successive measures can have 

the extent to which measures for different 

whether an indicator leads, 

the availability of indicator data when needed and the lack of 

After social indicator data are collected, it is possible to combine two 
or more indicators into composite indices. For example,to monitor trends in 
crime, indicators of various criminal activity may be aggregated for an 
overall indicator, and hence provide a better measure of the general crime 
variable than individual crime statistics. Rossi and Gilmartin (1980) suggest 
that there are several techniques for combining indicators, including 
correlation analysis, *egression analysis, factor analysis, expert judgement, 
and ad hoc selection. 
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I n  a d d i t i o n ,  t h e  components of a s o c i a l  i n d i c a t o r  i ndex  may need t o  be 
weighted. I n  a g e n e r a l  c r ime index ,  i t  may be u s e f u l  t o  weight  c r imes  by 
t h e i r  " se r iousness" ,  l e v e l  of v i o l e n c e ,  o r  some o t h e r  c h a r a c t e r i s t i c .  These 
inc lude  bo th  s t a t i s t i c a l  and concep tua l  approaches .  The v a l i d a t i o n  of such  
composite i ndexes  i n v o l v e s  t h e  t e s t i n g  f o r  ex t r aneous  v a r i a t i o n  ( such  as 
changes i n  d a t a  c o l l e c t i o n  t echn iques )  and improvement i n  t h e  t h e o r e t i c a l  
framework t h a t  r a t i o n a l i z e d  t h e  cho ice  of v a r i a b l e ,  i n d i c a t o r  and measurement 
u n i t .  S t r u c t u r a l  e q u a t i o n  models, dynamic t i m e  series models, and s p e c i f i c  
t r a n s i t i o n  models ( c a l l e d  demographic accoun t s )  can a i d  i n  t h e  re f inement  of 
moni tor ing  e f f o r t s  (Land and Felson 1976; Land 1978; Pampel &. 1977).  

Th i s  g e n e r a l  p rocess  f o r  c o n s t r u c t i n g  s o c i a l  i n d i c a t o r s  i s  p r i m a r i l y  
designed f o r  u se  i n  mon i to r ing  t r e n d s  d i r e c t l y  r e l a t e d  t o  t h e  chosen i n d i c a t o r ;  
r epor t ed  c r imes  is a c l o s e l y  l i n k e d  i n d i c a t o r  of c r i m i n a l  a c t i v i t y .  The use of 
s o c i a l  i n d i c a t o r s  as p r o x i e s  f o r  b i o p h y s i c a l  i n d i c a t o r s ,  and t h e i r  u t i l i t y  as 
i n d i c a t o r s  of b i o l o g i c a l  change i s  a r e l a t i v e l y  u n t r i e d  approach. The Na t iona l  
W i l d l i f e  F e d e r a t i o n  h a s  c o n s t r u c t e d  "Environmental  Q u a l i t y  Indexes" s i n c e  1969, 
which mix b i o l o g i c a l  and s o c i a l  i n d i c a t o r s .  S i m i l a r  e f f o r t s  have been made by 
Lave and Sesk in  (1970) and Liu  (1975).  B a s k e r v i l l e  (1976) combined soc io-  
economic and envi ronmenta l  i n d i c a t o r s  of f o r e s t  ecosystem change i n  h i s  
a n a l y s i s  of v a r i o u s  sp ruce  budworm management a l t e r n a t i v e s .  Yet t h e s e  e f f o r t s  
do no t  e x p l o r e  t h e  r a t i o n a l e  o r  p o t e n t i a l  of u s i n g  s o c i a l  i n d i c a t o r s  t o  
monitoring e c o l o g i c a l  change. A s  mentioned ear l ier ,  t h e  f i r s t  s t e p  is  t h e  
development of a t h e o r e t i c a l  framework. 

6 .  A RATIONALE FOR USING SOCIAL INDICATORS TO MONITOR ECOLOGICAL CHANGE 

One o f  t h e  major c h a r a c t e r i s t i c s  of Homo s a p i e n s  i s  t h e  species '  a b i l i t y  
t o  a l t e r  i t s  h a b i t a t .  Swidden a g r i c u l t u r e  mod i f i e s  s o i l  f e r t i l i t y ;  l ogg ing  
near streams and r i v e r s  changes water t u r b i d i t y ;  manufac tur ing  consumes c o a l  
and p e t r o l ,  p roduces  a i r  contaminants  and a l t e r s  t h e  a c i d i t y  of r a i n .  The 
documentation of t h e s e  impacts  has  i n c r e a s e d  i n  r e c e n t  y e a r s ;  e m p i r i c a l  case 
s t u d i e s  i n c l u d e  w a r f a r e  i n  Vietnam (Westing &. 1981) ,  f o r e s t r y  and 
a g r i c u l t u r a l  development i n  t h e  upper Amazon (Gentry &. 1981) ,  sewage 
d ischarges  i n  South A f r i c a  (Orren s. 1981) ,  and tou r i sm i n  t h e  Carr ibean  
(Beckhuis 1981) .  

Th i s  c a p a c i t y  f o r  s i g n i f i c a n t l y  a l t e r i n g  ecosystems p r i m a r i l y  occurs  
because of Homo s a p i e n s '  a b i l i t y  t o  c o o r d i n a t e  a c t i v i t i e s ,  t o  o rgan ize  i n t o  
complex u n i t s ;  i t  i s  t h i s  o r g a n i z a t i o n a l  s k i l l  t h a t  a l l o w s  human technology t o  
inc rease  i t s  power (Burch gal. 1984; Mumford 1967) .  That i s ,  ou r  a b i l i t y  t o  
organize i n t o  s o c i e t i e s  p rov ides  t h e  mechanism f o r  lumber m i l l s  t o  produce saw 
l o g s ,  f a c t o r i e s  t o  manufac ture  c a r s ,  farms t o  produce food. These a c t i v i t i e s  
i n  t u r n  produce changes i n  t h e  n a t u r a l  environment.  

Such a l t e r a t i o n s  of n a t u r a l  ecosys tems produce changes i n  many 
environmental  parameters - -a i r  q u a l i t y ,  p l a n t  and an imal  abundance, water 
q u a l i t y  and so on. These parameters  can  be  d i r e c t l y  measured by b i o p h y s i c a l  
i n d i c a t o r s ,  e.g., suspended p a r t i c u l a t e s  p e r  cub ic  meter, number of i n d i v i d u a l s  
per h e c t a r e ,  l e a f  area p e r  meter and s o  f o r t h .  Y e t  t h e  a c t i v i t i e s  of s o c i e t y  
which cause  t h e s e  changes can themselves  measured by s o c i a l  i nd ica to r s - - i . e .  
the number of logg ing  mills, t h e  amount of s a w  l o g s  produced, t h e  acres i n  
food product ion .  

--___ 

Figure  1 i l l u s t r a t e s  t h i s  i d e a .  S o c i a l  i n d i c a t o r s  of human a c t i v i t y  are 
hypothesized t o  be  r e l a t e d  t o  t h e  envi ronmenta l  pa rame te r s  a l t e r e d  by those  
human a c t i v i t i e s .  I f  au tomobi le  g a s o l i n e  consumption causes  a r ise  i n  a i r b o r n e  
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hydrocarbons, then trends in the number of gallons consumed by the 
transportation sector may be an appropriate indicator of air quality changes. 

Fig. 

Biophysical 
Indicators 

fwhtch change 

t Tengages in 

1. A Rationale for Using Social Indicators to Monitor Ecological Change 

Obviously, intervention effects and extraneous variables may make such 
relationships spurious. 
contribution to reduced air quality, and petrol consumption may no longer be 
a useful indicator. 
social indicators could track environmental change within biosphere reserves. 

Careful causal arguments and consistent, 

New anti-pollution devices may reduce the automobile's 

Yet the possibility exists that carefully constructed 

Methodological pitfalls exist. 
strong correlations between the proposed social indicator and biophysical 
indicators are necessary to development of useful measures. 
such an approach may not lie in the methodological requirements. Other than 
the economic values of price, there is a tendency among resource decision 
makers to consider social measurement a "soft" rather than "hard" scientific 
technique. Yet as Burch writes: 

Yet resistance to 

Part of this attitude may be due to the common assumption that 
measuring human behavior is nearly impossible. This is absurd. 
The procedure for inventorying a human habitat, setting, or 
locale is similar to ecological analysis of the environments of 
other large animals. One counts a variety of thingssize and 
structure of population, fecundity, fertility, territory, 
hierarchy, social change, organization of the breeding and 
socializing unit, to mention a few. The real point is that most 
nonhuman ecosystem studies have relatively primitive theoretical 
questions, which only require simple, elementary measures, and 
it is precisely these elementary, simple measures of the human 
community that are most readily available and generally superior 
to accuracy to similar measures made in field studies of other 
animals (1984:7-8). 

Epidemiologists provide an instructive example. As Burch notes, the 
statistical associations they find between disease episodes and alterations in 
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a i r  and water q u a l i t y  are based  upon aggrega ted  d a t a .  
s o c i a l  i n d i c a t o r s  of  h e a l t h  changes and b i o p h y s i c a l  i n d i c a t o r s  o f  env i ronmen ta l  
change t o  p r e d i c t ,  f o r  i n s t a n c e ,  t h a t  t h e  i n s t a l l a t i o n  of  a p a r t i c u l a r  i n d u s t r y  
wi th  a known p r o c e s s  and a known emiss ion  sys tem i s  l i k e l y  t o  produce  a n  
inc rease  of so many grams p e r  s q u a r e  meter of p a r t i c u l a r  p o l l u t a n t s ,  which 
w i l l  r e s u l t  i n  c e r t a i n  changes i n  morb id i ty  and m o r t a l i t y  rates f o r  s p e c i f i c  
segments of p a r t i c u l a r  p o p u l a t i o n s .  

T h e i r  s t u d i e s  use  

Like t h e  p u b l i c  h e a l t h  o f f i c i a l ,  t h e  b iosphe re  r e s e r v e  manager may b e  
ab le  t o  use  s o c i a l  i n d i c a t o r s  t o  p r e d i c t  sho r t - t e rm p e r t u r b a t i o n s  and long- 
term t r e n d s  i n  a r e s e r v e ' s  e c o l o g i c a l  c h a r a c t e r i s t i c s .  I n d i c a t o r s  of t h o s e  
a c t i v i t i e s  most d i r e c t l y  l i n k e d  t o  ecosys tem change ( l o g g i n g ,  g r a z i n g ,  v i s i t o r  
use and s o  f o r t h )  might s e r v e  as a k ind  of  " e a r l y  warn ing  system" f o r  t h e  
b iosphere  r e s e r v e  r e s o u r c e  manager - -s igna l l ing  t h a t  ecosys tem change is l i k e l y  
occur r ing  and s u g g e s t i n g  t h e  d i r e c t i o n  and magnitude of  t h e  change. 
i l l u s t r a t e ,  w e  e x p l o r e  p o t e n t i a l  i n d i c a t o r s  f o r  Olympic Na t iona l  Park  
Biosphere Reserve .  

To 

7.  SOCIAL INDICATORS FOR OLYMPIC NATIONAL PARK BIOSPHERE RESERVE 

7 . 1  D e s c r i p t i o n  of Olympic Biosphere  Reserve  and Surrounding  Area 

Olympic N a t i o n a l  Park  Biosphere  Reserve ,  l o c a t e d  on t h e  Olympic 
Peninsula  i n  no r thwes te rn  Washington S t a t e ,  cove r s  a n  area of  896,597 a c r e s  
(362,848 h e c t a r e s ) .  
nominated as w i l d e r n e s s .  The m a j o r i t y  o f  t h e  park  c o v e r s  a r e g i o n  of  rugged 
f o r e s t e d  and g l a c i a t e d  mountains.  Approximately 3254 acres (1317 h e c t a r e s )  of 
the park  a r e  s t i l l  i n  p r i v a t e  hands ,  a l though  t h e s e  i n h o l d i n g s  are be ing  
purchased a s  funds  become a v a i l a b l e .  

Nine ty-s ix  p e r c e n t  of t h i s  area has  been o f f i c i a l l y  

Olympic N a t i o n a l  Park  l i e s  w i t h i n  t h e  boundar i e s  of f o u r  c o u n t i e s  on t h e  
Olympic Pen insu la ;  t h e  four -county  area is  t r e a t e d  i n  t h i s  a n a l y s i s  a s  t h e  
Olympic " reg ion ."  
the  a r e a ' s  n a t u r a l  r e s o u r c e s .  
no county hav ing  less than  45 p e r c e n t  of  i t s  t o t a l  l a n d  area c l a s s i f i e d  as 
commercial f o r e s t  l and .  C o a s t a l  areas, f o r e s t e d  l a n d s ,  and Olympic Na t iona l  
Park a l l  c o n t r i b u t e  t o  t h e  prominence of  t h e  r e c r e a t i o n  and tou r i sm i n d u s t r y .  
The f i s h e r i e s  s e c t o r  of t h e  economy i s  becoming i n c r e a s i n g l y  impor t an t .  

The economy of  t h e  Olympic r e g i o n  is  h e a v i l y  dependent upon 
The f o r e s t  p roduc t s  i n d u s t r y  is dominant,  w i t h  

7.2 Sample S o c i a l  I n d i c a t o r s  

Three key v a r i a b l e s  were chosen  f o r  t h i s  sample mon i to r ing  e f f o r t - - t h e  
u t i l i z a t i o n  of n a t u r a l  r e s o u r c e s ,  i n d u s t r i a l  development,  and tour i sm.  The 
use of a n a t u r a l  r e s o u r c e  such  as f o r e s t s  can  impact  t h e  su r round ing  n a t u r a l  
ecosystem. Depending on how i t  i s  done, an  i n c r e a s e  i n  logg ing  can  degrade  
the q u a l i t y  of wa te r shed ,  l e a d  t o  e x t e n s i v e  s o i l  e r o s i o n  and e l i m i n a t e  w i l d l i f e  
h a b i t a t  (Mi l l e r  1979) .  I n d u s t r i a l  development i s  a s s o c i a t e d  w i t h  h i g h e r  energy  
consumption (Bennet t  1976) ,  g r e a t e r  p roduc t ion  of  wastes (Garvey 1972) .  and 
more i n t e n s i v e  use  of  n a t u r a l  r e s o u r c e s  (Simmons 1974) .  I n  t h e  1980 S t a t e  o f  
the Parks Study, 26 p e r c e n t  of a l l  r e p o r t e d  t h r e a t s  w e r e  r e l a t e d  t o  i n d u s t r i a l  
development ( N P S  1980).  F i n a l l y ,  a v a r i e t y  of  s t u d i e s  sugges t  t h a t  t ou r i sm 
has an impact on t h e  environment (Machlis 1979) .  T o u r i s t  developments 
ad jacent  t o  a b i o s p h e r e  r e s e r v e  may i n c r e a s e  p o l l u t i o n  (USDC 1976) ;  t r ampl ing ,  
e ros ion ,  w i l d l i f e  ha r ra s smen t  and i n c r e a s e d  occur rence  of man-caused w i l d f i r e s  
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can a l s o  be consequences of heightened l e v e l s  of t o u r i s t  a c t i v i t y  i n s i d e  a 
biosphere reserve.' 

Figures  2 through 4 i l l u s t r a t e  34Lyear t r ends  i n  s e v e r a l  key i n d i c a t o r s .  
Figure 2 shows t h a t  t h e  Olympic r eg ion  t imber ha rves t  climbed r a p i d l y  i n  the  
m i d - s i t t i e s ,  y e t  h a s  r e c e n t l y  dropped t o  l e v e l s  similar t o  t h e  1950s. F igu re  3 
shows t h a t  from 1948 t o  1970, t h e  number of manufacturing and c o n s t r u c t i o n  
employer u n i t s  ( t h e  number of employers ope ra t ing  i n  t h e  i n d u s t r y  f o r  a given 
yea r )  remained s teady.  Manufacturing and c o n s t r u c t i o n  employers r o s e  r a p i d l y  
i n  t h e  19709, and has  r e c e n t l y  decl ined.  Figure 4 shows an  e r r a t i c  bu t  
continuous rise i n  t h e  number of v i s i t o r s  t o  t h e  biosphere r e s e r v e ,  w i th  a 
l e v e l i n g  o f f  i n  t h e  last decade. 

I f  t h e  percentage change of each i n d i c a t o r  is added t o  form a n  unweighted 
index of human a c t i v i t y  i n  t h e  region,.a d e c l i n e  i n  t h e  rate of change is 
ev iden t ,  beginning i n  t h e  middle of t h e  1960s. F igu re  5 i l l u s t r a t e s  t h i s  
"rate of change" index,  u s ing  four-year averages.  The d a t a  suggest  t h a t  from 
approximately 1965 t o  1977 the  Olympic r eg ion  experienced a s i g n i f i c a n t  
i nc rease  i n  r e source  u t i l i z a t i o n ,  i n d u s t r i a l i z a t i o n  and tourism,  and t h a t  
s i n c e  1977 socio-economic a c t i v i t y  i n  t h e  r eg ion  has  s t a b i l i z e d .  

I :  I I I . I . 
1950 1955 1960 1965 1470 1975 1980 

Fig.  2 .  Olympic Region Timber Harvest  by MBF 1948-1982. 
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Fig. 3. Annual Average Number of Employer Units in the Olympic Region 

in Manufacturing and Construction, 1948-1982. 
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Fig. 4. Park Visitation, Olympic National Park, 1948-1982. 
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Fig. 5. Percent Rate of Change in Combined Indicators, 1948-1982. 
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To test the  c o r r e l a t i o n  of t hese  s o c i a l  i n d i c a t o r s  and b iophys ica l  
changes wi th in  the  r e se rve ,  time-series d a t a  on a i r  q u a l i t y ,  water q u a l i t y ,  
w i l d l i f e  populat ions,  and so f o r t h  are needed. I r o n i c a l l y  (and t r u e  t o  
Burch's earlier s t a t emen t ) ,  no such d e t a i l e d  and continuous d a t a  se t  i s  
a v a i l a b l e  f o r  b iophys ica l  v a r i a b l e s .  S t a t i s t i c a l  tests of c o r r e l a t i o n ,  
including lagged time-series a n a l y s i s ,  i s  the next  s t e p  i n  t h e  development of 
t hese  and s i m i l a r  s o c i a l  i n d i c a t o r s .  

8. CONCLUSION 

There are a v a r i e t y  of ways t h a t  s o c i a l  i n d i c a t o r s  such as those j u s t  
descr ibed could be used i n  biosphere r e se rve  management. 
an inexpensive set of b a s e l i n e  da t a .  
reasonably cu r ren t ,  and long-term t r ends  could be assessed.  Tourism 
i n d i c a t o r s  could se rve  a s  benchmarks f o r  a s s e s s i n g  f u t u r e  v i s i t a t i o n  wi th in  
r e se rves ;  t he  r a t e  of change index could i n d i c a t e  r eg iona l  socio-economic 
development. 

Second, t he  i n d i c a t o r s  may provide an "ear ly  warning" of impacts upon the  

F i r s t ,  they se rve  a s  
Pe r iod ic  updating should keep them 

biosphere reserve.  A sudden inc rease  i n  cons t ruc t ion  employer u n i t s  could 
s i g n a l  a s p u r t  i n  i n d u s t r i a l  development and a decrease i n  a i r  q u a l i t y  as 
manufacturing f a c i l i t i e s  a r e  completed. Once a l e r t e d ,  park resource 
s p e c i a l i s t s  and s c i e n t i s t s  could i n t e n s i f y  t h e i r  b iophys ica l  monitoring 
e f f o r t s  t o  ga the r  more accu ra t e  da t a .  Hence, t h e  s o c i a l  i n d i c a t o r s  could 
suggest  s i t e - s p e c i f i c  b iophys ica l  monitoring. 

Third,  s o c i a l  i n d i c a t o r s  could be used t o  compare s e v e r a l  r e se rves .  For 
example, d a t a  on t imber ha rves t  ad jacen t  t o  Olympic Nat ional  Park and Great 
Smokeys Biosphere Reserves could be compared over 40 yea r s ,  and t h e  r e l a t i v e  
p o t e n t i a l  f o r  impacts could be assessed.  

C lea r ly ,  t h i s  i s  a very modest beginning. The l i n k  between s o c i a l  
i n d i c a t o r s  and environmental  change needs t o  be r igo rous ly  examined, and the  
p r a c t i c a l  u t i l i t y  of such i n d i c a t o r s  must be borne o u t  by t h e i r  u s e f u l  
a p p l i c a t i o n  t o  biosphere r e se rve  management. Y e t  we  t h ink  t h i s  paper r a i s e s  
the p o s s i b i l i t y  t h a t  s o c i a l  i n d i c a t o r s  may prove u s e f u l  i n  monitoring 
biosphere reserves .  W e  hope o t h e r s  are i n t r i g u e d  o r  i r r i t a t e d  enough t o  
explore  these  ideas  and h e l p  r e f i n e  them f u r t h e r .  

REFERENCES 

Anderson, J . G .  1973. Causal models and s o c i a l  i n d i c a t o r s  - toward development 
of s o c i a l  systems models. hehican S o b L o g i c d  RewiW 38(3):285-301. 

Baskervi l le ,  G.L.,  ed. 1976. Report of t he  task-force for eva lua t ion  of bud- 
worm c o n t r o l  a l t e r n a t i v e s .  New Brunswick, Canada: Dept. of Natural  Resources, 
Fredericton.  

Bauer, R . ,  ed .  1966. S o d  . & d k d o h s .  Cambridge: MIT Press .  

Beckhuis, J . V .  1981. Tourism i n  t h e  Caribbean: Impacts on the  economic, 
s o c i a l  and n a t u r a l  environments. Ambio 10(6):325-331. 

Bennett ,  J . W .  1976. The e c o e o g i d  . O u u u a o n :  CuRtwrae anthnopoLogy and 
human a d a p U o n .  New York: Pergamon Press .  



61 

Bonnicksen, T. 1982. R e c o n s t r u c t i o n  of  a p r e s e t t l e m e n t  g r a n t  sequoia-mixed 
c o n i f e r  f o r e s t  community u s i n g  t h e  a g g r e g a t i o n  approach. Ecology 63:1134-1148. 

Bonnicksen, T.; and  Stone ,  E. 1982. Managing v e g e t a t i o n  i n  t h e  U . S .  Nat iona l  
Parks:  A p o l i c y  a n a l y s i s .  Enwihonmentae Managemat 6:109-122. 

Brandt, C.S. 1973. P l a n t s  as i n d i c a t o r s  of a i r  q u a l i t y .  Pp. 101-107 3 
Thomas, N.A., ed . ,  & h b g i d  indicatohtl 06 e n w h n m e d  qud%y.  Ann 
Arbor: Ann Arbor Sc ience .  

Burch, W.R., Jr . ;  and DeLuca, D . R . ,  eds .  1984. MeabwLing t h e  b o d  ,bn~myxzOt 0 6  
n a h h d  4 U O U 4 C t  pofici@5.  Albuquerque: U n i v e r s i t y  of  New Mexico P r e s s .  

Dissa lvo ,  L . ;  Guard, H . ;  and Hunt, L .  1975. T i s s u e  hydrocarbon burden of 
mussel a s  a p o t e n t i a l  moni tor  of env i ronmen ta l  i n s u l t .  
Technoeogy 9:247-251. 

Enwhonmentae Science 

Dolan, R . ;  Hayden, B . ;  and Sous ie ,  G. 1978. Envi ronmenta l  dynamics and 
r e source  management i n  t h e  U.S. N a t i o n a l ' P a r k s .  EnwLtownW Management 
2: 249-258. 

E tz ion i ,  A. 1970. I n d i c a t o r s  of  t h e  c a p a c i t i e s  f o r  s o c i e t a l  gu idance .  The 
A n d  06  t h e  Amehican Academy 0 6  PoLiaLcal and So& Science 388:25-34. 

Frankl in ,  J . F .  1977. The b i o s p h e r e  r e s e r v e  program i n  t h e  Uni ted  S t a t e s .  
Sc,LenCe 195~262-267 .  

Garvey, G .  1972. Enengy, ecology, economy. New York: Norton. 

G a s t i l ,  R.D.  1975. c m  4qgiOM 06 t h e  u d e d  s&L&5. S e a t t l e :  
Un ive r s i ty  of Washington P r e s s .  

Gentry, A.H. ;  and Pa rod i ,  J . L .  1980. D e f o r e s t a t i o n  and i n c r e a s e d  f l o o d i n g  of  
the  upper Amazon. Science 210(4476):1354-1356. 

Godfrey, P. 1978. Management g u i d e l i n e s  f o r  pa rks  on b a r r i e r  beaches .  
PU'L~,~ 2 (4 )  : 5-10. 

Goldberg, E. 1978. The musse l  watch. Envitonmentae C o u e h v d o n  
5:lOl-125. 

Gregg, W . ;  and Goige l ,  M. 1981. The Biosphere  Reserve P r o j e c t :  The United 
S t a t e s  Exper ience .  Paper  p re sen ted  t o  t h e  I n t e h n d k ~ d  Condmence 06 
~ o h p h u e  Ro,,etrveh, P a r i s ,  S e p t .  22-29, 1981. 

Heck, W .  1966. The use  of p l a n t s  as i n d i c a t o r s  of a i r  p o l l u t i o n .  
Intennational Joulrnal 0 6  A h ,  W a t e h  PotXeeLLtion 10:99 .  

Houston, D. 1971. Ecosystems of n a t i o n a l  pa rks .  ScitnCe 172:648-651. 

Huckabee, J .  1973. Mosses: S e n s i t i v e  i n d i c a t o r s  of  a i r b o r n e  mercury 
p o l l u t i o n .  Atmobphehe Envkonment 7:749-754. 

Jenkins,  D .  1971. Global  b i o l o g i c a l  mon i to r ing .  Pp. 351-361 2 Matthews, H.;  
Smith, F. ; and Goldberg,  E . ,  eds . ,  Man'o htp.ct On t e t l n e ~ 5 ~ i . d  and oceab& 
ecooy.4fenM. Cambridge: MIT P r e s s .  



62 

Jenkins, D. 1972. lkv&pment 06 a continuing p h o g m  to p h o v d e  indicatOhb 
and &dices 06 wLfiit26e and f i e  natwLae e n v h n m e n t .  
Council on Environmental Quality. Ecology Program, Smithsonian Institution, 
Washington, D.C. 

Final Report to the 

Johnson, W.; and Bratten, S. 1978. Biological monitoring in UNESCO biosphere 
reserves with special reference to the Great Smokey Mountains National Park. 
mbgkd ConhavaZLon 13:105-115. 

Juhren, M.; Noble, W.; and Went, F. 1957. The standardization of poa annua as 
an indicator of smog concentration: I. Effects of temperature, photo period 
and light intensity during growth of the test plants. P&z& P h q b h b g q  
32:576-586. 

Keating, K. 1983. History of grizzly studies at Glacier National Park. 
Unpublished report. Montana: Glacier National Park, West Glacier. 

Land, K.C. 1970. Social indicators. & Smith, R.B., ed., So& buknce 
m e t h o & .  New York: The Free Press. 

Land, K.C. 1978. ModeLLLng macho h 0 C i . d  change. Urbana: Dept. of Sociology 
and Social Science Quantitative Laboratory, University of Illinois at 
Urbana-Champaign. 

Land, K.C.; and Felson, M.E. 1977. A dynamic macro social indicator model of 
changes in marriage, family, and population in the United States: 1947-1974. 
SOCiae S c i ~ e  RUervlrh 6(4):328-362. 

Lave, L.B.; and Seskin, E.P. 1970. Air pollution and human health. Scb?nce 
139 (3947) : 723-733. 

Lecht, L. 1966. Goals, priorities, and dollars. Report by the National 
Planning Association. 

Liu, B.C. 1975. Quality of life indicators in U.S. metropolitan areas, 1970: 
A comprehensive assessment. 
Center, U.S. Environmental Protection Agency, Washington, D.C. 

Prepared for Washington Environmental Research 

Machlis, G.E. 1979. International Tourism and the National Parks: A Guide to 
Sociological Research. Cooperative Park Studies Unit Report. Seattle: 
University of Washington. 

Mack, A.; Gregg, W.P., Jr.; Bratton, S.P.; and White, P.S. 1983. A survey of 
ecological inventory, monitoring, and research in U.S. National Park Service 
Biosphere Reserves. : U b g k d  Conhavat ion 26:33-45. 

Miller, G.T., Jr. 1979. k v h g  &I f i t h e  envhnment .  Belmont, CA: Wadsworth 

Mumford, L. 1966. Technics and human development: The myth 06 f i e  m k i n e ,  

Publishing. 

vat .  1 .  New York: Harcourt Brace Jovanovich, Inc. 

National Park Serviced 1980. %Uk 06 f i t h e  pcMk6 1980:  A hepOht COnghC.66. 
Washington, D.C.. : U.S. National Park Service. 

Orren, M.J.; Eagle, G.A; Friche, A.H.; Greenwood, P.J.; Henry, 0.; and 
Bartlett, P.D. 1981. Preliminary surveys around the southwestern cape coast, 
part 4. Salt River Mouth Bay. South A&&wI JoWrnae 06 S c i ~ e  77(4):183-188. 



63 

Pampel, F.C.; Land, K.C.; and Felson, M.E. 1977. A social indicator model of 
changes in the occupational structure of the United States: 1947-74. 
Am&can S o c i o l o y i c d  Revieid 42(6):951-964. 

Pyatt, F. 1970. Lichens as indicators of air pollution in a steel-producing 
town in South Wales. Envhonmentae P o U h o n  1:45-56. 

Sheldon, E.B.; and Land, K.C. 1972. Social reporting for the 1970s: A review 
and pragmatic statement. Poficy Sdcnceh 3:137-151. 

Sheldon, E.B.; and Moore, W.E., eds. 1968. 1ndicatoL5 06 4 o k d  change. 
New York: Russell Sage Foundation. 

Simmons, I . G .  1974. The ecoLogy 0 6  MatuAd J~pnowLceh. New York: Harper & Row. 

Smith, R.L. 1966. Ecology and I;iQRd biology. New York: Harper & Row. 

Stegeman, J. ; and Teal, J. 
petroleum hydrocarbons by 
B i o l o g y  22~37-44. 

Stein, J.; and Denison, J. 
- In Olson, T.; and Burgess 
Interscience Publishers. 

1973. Accumulation, release and retention of 
the oyster, Crassostrea virginica. Mahine 

1967. Limitations on indicator organisms. P. 523 
F., eds., P o U h o n  and mahint ecoBogy. New York: 

Tichnell, D.L.; and Machlis, G.E. 1984. Threats to national parks: An 
international survey. Cooperative Park Studies Unit Report CPSU/IJI S84-1. 
Moscow: University of Idaho. 

Treshow, M. 1968. The impact of air pollutants on plant populations. 
V M  PcLthoLogy 58:1108-1113. 

U.S. Department of Commerce. 1976. So& 7ndiccLtoU. Washington, D.C.: 
U.S. Government Printing Office. 

Vankat, J. 1977. Fire and man in Sequoia National Park. Anna.& 0 6  t h e  
Ah4oc,i~u%an 0 6  h e h i c a n  Geoghaphm 67:17-27. 

Westhoff, B. 1971. The dynamic structure of plant communities in relation to 
the objectives of conservation. Pp. 3-14 Duffy, E., ed., Science and 
management 06 a W  and p h n t  comrnu&eh doh conhehvativn. Oxford, 
England: Blackwell Science Publishers. 

Westing, A.H.; and Carol, E. 1981. Endangered species of Vietnam. 
Enwhonmentfd C o n h a w d o n  8(1):59-62. 

White, P.S.; and Bratton, S.P. 1980. After preservation: Philosophical and 
practical problems of change. 8,ioLagicd Conhavation 18:241-255. 




