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A Review of Criteria for Evaluating Natural Areas
PAUL G. R. SMITH 
JOHN B. THEBERGE
Faculty of Environmental Studies
University of Waterloo
Waterloo, Ontario N2L3G1, Canada

ABSTRACT / Methods for evaluating natural areas have 
evolved in the last couple of decades to assess the Impor­
tance of natural areas for the purposes of land-use planning, 
environmental Impact assessment, and planning protected 
areas. Criteria used for evaluation vary and generally fall into

T h e  idea o f  evaluating  the significance o f  na tu ra l 
areas fo r conservation o r  o th e r  purposes has recently 
evolved an d  has fo u n d  wide application (M argules an d  
U sher 1981, G oldsm ith 1983). T h e  term s ecological an d  
conservation evaluation have been  used to describe the 
process (Ploeg an d  Vlijm 1978, R oom e 1984). Such 
evaluations are used fo r  environm ental im pact assess­
m ent, land-use p lann ing , p lann ing  systems o f  p ro ­
tected areas, and  m an ag em en t p lann ing  o f  individual 
p ro tec ted  areas.

M argules and  U sh er (1981) review ed the criteria 
used in  the evaluation o f  na tu ra l areas. T h e  studies 
they review ed w ere prim arily  on a local o r regional 
scale in hu m an -d o m in ated  landscapes. In  this article 
we analyze criteria u sed  on local, regional, national, 
an d  in ternational scales, and  in bo th  highly developed 
an d  w iderness areas. In te rn a tio n a l as well as C anadian  
an d  A m erican  experience is d raw n  on, an d  we include 
studies evaluating w etland, freshw ater, an d  m arine  
n a tu ra l areas. O u r p u rp o se  in  do ing  this is to p ro m o te  
g rea te r clarity in theoretical defin ition  o f  criteria, e m ­
phasize the  rationale fo r  using particu lar criteria, an d  
advocate b e tte r use o f  ecological theory a n d  inventory  
data  in  criteria assessm ent.

T h e  review p resen ted  h ere  was conducted  as a 
background  fo r develop ing  analytical tools to aid com ­
prehensive p lann ing  o f  environm entally  significant 
areas in the N orthw est T errito ries  o f  C anada (Nelson 
an d  o thers  1985, S m ith  an d  o thers 1986). T h e  re ­
search is also p a rt o f  ongo ing  research  on  en v iro n ­
m ental m anagem en t in  n o r th e rn  C an ad a  (T heberge 
an d  o thers 1980, F enge 1982, Bastedo an d  o th e rs  
1984, N elson and  Je ssen  1984).

KEY WORDS: Evaluation; Conservation; Criteria; Protected areas;
Planning

three categories: ecological, or abiotic and biotic; cultural; 
and planning and management. Abiotic and biotic criteria are 
reviewed here In terms of three questions for each criterion: 
What is it— what are the definitions used in the ecological 
and environmental management literature? Why use it— what 
are the reasons behind its use? How has it been used— what 
is the state-of-the-art in assessing the criterion? Cultural cri­
teria are discussed more generally in terms of the commonly 
used frameworks and the concept of significance. Planning 
and management criteria are generally related to either the 
need for management action or feasibility of effective man­
agement.

The Development of Evaluation of Natural Areas
Ploeg a n d  Vlijm  (1978) d iscern ed  two types o f  eco­

logical evaluation : “ev a lu a tio n  as an  assessm ent o f  eco­
system  qualities per se . . . reg ard less  o f  th e ir  social in­
terests” a n d  “as a soc io-econom ic p ro ce d u re  to esti­
m ate  the  fu n c tio n  o f  th e  n a tu ra l en v iro n m en t fo r 
h u m a n  society.” T h e  d iffe ren ce s  betw een these two 
types o f eva lua tions also re p re se n t a fu n d am en ta l di­
chotom y in th e  ra tionale  fo r  conservation . O n  one 
h a n d  “th e re  a re  iden tifiab le  o r  po tentially  identifiable 
benefits to  be d erived  th ro u g h  conservation  . . . ” an d  
on  the  o th e r  h a n d  “o rgan ism s have a rig h t to  exist” 
a n d  “th e re  is a n  u n d e f in a b le  th o u g h  recognizable b e n ­
efit to be d e riv e d  f ro m  th e ir  m e re  existence" (M ar­
gules an d  U sh e r  1981). L iv ingston  (1981) exam ined  
these two types o f  ra tio n a le  fo r conservation  an d  p ro ­
vocatively asserted  th a t  “th e re  is no  ra tional a rg u m e n t 
fo r  w ildlife p re se rv a tio n .” S im ilarly, E h ren fie ld  (1976) 
iden tified  a w eakness in  a tte m p tin g  to  assign resource 
value to “ 'useless’ species o r  en v iro n m en ts .”

I t is c lea r fro m  th e  above th a t value ju d g m e n ts  u n ­
derlie  b o th  defin itions o f  conservation  an d  ecological 
evaluation  a n d  th a t th e  tw o defin itions a re  n o t m u tu ­
ally exclusive. H ow ever, th e re  a re  obvious d ifferences 
betw een  th e  eva lua tion  system s to  be review ed h e re  
a n d  systems w hich a t te m p t to estim ate the value o f  
n a tu ra l areas in  m o n e ta ry  te rm s o r  o th e r  m easures o f  
social utility (Helliw ell 1969, L an g fo rd  an d  C ocheba 
1978, S in d en  a n d  W in d so r 1981, S org  a n d  Loom is 
1985).

M ost system s fo r  ev a lu a tin g  n a tu ra l areas use a 
series o f  c rite ria  a n d , e i th e r  quantitatively  o r  qualita­
tively, eva lua te  each  a re a ’s value w ith respect to each  
criterion . In  a n o th e r  artic le  we will discuss issues o f  
m e asu rin g  crite ria  a n d  co m b in in g  o r  o therw ise using  
several c rite ria  fo r  ind ices o f  overall value. H ere  we
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Table 1. Criteria used in 22 selected evaluation systems.3

Criterion

Num ber  
o f  studies 

in which used Type o f  criterion

Rarity, un iqueness 20 Biotic, abiotic
Diversity 20 Biotic, abiotic
Size 11 Biotic, abiotic, 

planning and m anagem ent
Naturalness 10 Biotic, abiotic
Productivity 3 Biotic-
Fragility 7 Biotic, abiotic
Representativeness, typicalness 8 Biotic, abiotic
Im portance to w ildlife, abundance 6 Biotic
Threat 6 Planning and m anagem ent
Educational value 6 Cultural
Recorded history/research investm ent 6 Cultural
Scientific value 5 Cultural
Recreational value 5 Cultural
Level o f  significance 4 Planning and m anagem ent
Consideration o f  buffers and boundaries 4 Planning and m anagem ent
Ecological/geographical location 2 Planning and m anagem ent
Accessibility 2 Planning and m anagem ent
Conservation effectiveness 2 Planning and m anagem ent
Cultural resources 2 Cultural
Shape 2 Planning and managem ent, 

biotic

“ Modified from  Table 2 o f  M argóles and  U sher (1981 ) with 13 added studies (Nicholson 1908, Man and Biosphere Program 1974 and 197(5, 
Ray 1975, Rabe an d  Savage 1979, Ragles 1980, Fuller 1980, T heberge and others 1980, Klopatek and others 1981, McCormick and others 1984, 
Canadian D epartm ent o f  Fisheries and  Oceans 1982, R adforth and others 1981, McKinnon 1982, Parks Canada 1982). Only criteria used in 
more than one study are  included in Lite table.

exam ine the types o f  c rite ria  u sed  in d iffe ren t evalua­
tion systems.

The Criteria

A m u ltitu d e  o f  c r ite r ia  have b een  used  to  identify  
and  evaluate th e  sign ificance o f  na tu ra l areas ( Fable
1). N am es u sed  fo r sim ilar c rite ria  vary from  system to 
system. T h ese  c r ite r ia  have been  classified in to  generic 
classes o f  crite ria  a d a p te d  fro m  M argules an d  U sher
(1981). T h e  c rite ria  u sed  in 22 evaluation  systems are 
sum m arized  in  T a b le  1. N ine o f  these systems w ere 
trea ted  in M argu les an d  U sh e r’s (1981) review. T h e  
precise te rm ino logy  u se d  by each  o f  the 22 systems is 
given in  Sm ith (1984).

T h e  classes o f  c rite ria  listed in T ab le  1 have been 
subdivided f u r th e r  acco rd ing  to the ir rela tion  to 
abiotic, biotic, cu ltu ra l, o r  p la n n in g  an d  m an ag em en t 
considerations. A biotic a n d  biotic criteria rela te  to 
abiotic an d  biotic fea tu re s  a n d  th e ir  characteristics p e r  
se an d  n o t to th e ir  p o ten tia l fo r use  by hum ans. H ow ­
ever, as n o te d  ea rlie r , even these criteria involve 
hu m an  value ju d g m e n ts . C u ltu ra l criteria rela te  to  cul­
tu ra l resources, p a rticu la rly  h istorical an d  arch ae­
ological sites, an d  to  h u m a n  uses o f  the landscape.

P lanning and  m an ag em en t criteria relate to issues 
of im portance from  a p lann ing  and m anagem ent 
perspective.

W e will em phasize abiotic and  biotic criteria h e re  
and discuss the o th e rs  only in general term s. Each 
abiotic and biotic criterion  is reviewed in term s o f  
th ree questions: W hat is it— w hat is its m eaning  as 
p resen ted  in the ecological an d  conservation litera­
ture? W hy use it— w hat is the rationale for its use in 
evaluation and  its relation to o ther criteria? How has it 
been u sed — w hat is th e  m ethod  o f  assessment in var­
ious evaluation systems?

T h e  o rd e r  o f  discussion o f  abiotic and biotic criteria 
is based partly on  T ab le  1 and  partly on  the use o f  
ideas which relate to m ore than  one criterion. A gen ­
era] discussion o f  cu ltu ral an d  p lanning  and m anage­
m ent criteria com pletes the analysis.

Abiotic and Biotic Criteria

Rarity
What is rarity? “Rarity . . .  is based on geographic 

(restricted area) an d  d em ograph ic  (low num bers) cri­
teria. . . (Argus an d  W hite 1982). Preston (1948 and  
1962) exam ined d em ograph ic  rarity in quantitative
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Figure 1. An exam ple o f  the lognorm al distribution showing  
the relative position o f different categories o f  rarity. Based on  
Figure A from Eagles and M cCauley (1982).
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Figure 2. Range sizes o f  Central and North American 
m am m al species. Endem ic species stand on the left of the mean 
(x) and the pandem ic on the right. Redrawn from Rapoport 
(1982).

term s and  no ted  that in  sam ples o f  la rge  n u m b ers  o f  
individual organism s taken fro m  biological com m uni­
ties the distribution o f  these ind iv iduals in the  various 
species tend  to form  the characteristic  m athem atical 
d istribution  called the lognormal (F igure 1). In  the log­
norm al distribution only a sm all n u m b e r  o f  species a re  
very ab u n d an t while m ost o th e r  species a re  co m p ara ­
tively less abundan t. T h u s  rarity , d e fin ed  in term s o f  
the lognorm al d istribution, is the relative position o f  a 
species on  this curve (F igure 1, Eagles an d  M cCauley
1982).

T h e  concept o f  rarity  also involves th e  spatial d istri­
bu tion  o f  species abundance , w hich includes th e  size o f  
species’ geographical ra n g e  as well as th e  patchiness in  
their distribution and  a b u n d a n ce  (D rury  1974 an d  
1980, Stebbins 1980, H a rp e r  1981, Rabinow itz 1981). 
G eographic d istribution can  be d o cu m en ted  m ore 
easily than  abundance th ro u g h  atlasing  projects an d  
can provide a quantitative basis fo r defin in g  ra re  
species (Perring  and  Farell 1977). In  m any taxonom ic 
groups the local abundance o f  species is positively co r­
related with the ex ten t o f  th e  species’ ran g e  (B row n 
1984).

W e discern five d iffe ren t types o f  rarity  in the liter­
ature: w idespread rare  species “th a t occur over a w ide 
geographical area  bu t a re  scarce w herever they d o  
occur” (A rgus 1977) an d  m ay have a patchy  o r  con tin ­
uous distribution; endem ic species w ith restric ted  geo­
graphical ranges; d isjunct p o p u la tio n s th a t a re  geo­
graphically separated  fro m  the  m ain  ra n g e  o f  the  
species; periphera l popu la tions th a t a re  a t the  edge o f  
the ir species’ geographical ran g e ; declin ing  species 
that were once m ore a b u n d a n t a n d /o r  w idespread  b u t 
a re now depleted . T h e  te rm s endangered an d  threatened 
rep resen t extrem e cases o f  any  o f  the  types o f  rarity  
noted. As well, most e n d a n g e re d  o r  th re a te n e d  species 
a re declining o r have declined.

Species with restricted ran g es a re  described  as e n ­

dem ic, b u t endemic is a relative term . A n endem ic 
species “only inhabits on e  p lace” an d  it “does not 
m a tte r how big o r  sm all the  place is” (R apoport 
1982:13). F igu re  2 illustrates this point. Species to the 
ex trem e  left o f  th e  d iag ram  are  ex trem ely  endem ic 
an d  those  to th e  fa r  r ig h t a re  ex trem ely  pandem ic (“in ­
habits all places”).

Sm all popu la tions o f  w idesp read  species m ay be 
d isjunct o r  isolated from  th e  m ain  d istribu tion  and 
th u s have restric ted  range . T h e se  d isjunct populations 
m ay d iffe r genetically fro m  th e  m ain  populations o f  
th e  species (A rgus 1977). A dditionally , they m ay often 
exhib it large flu c tu a tio n s in  n u m b e rs  an d  have a high 
probability  o f  local extinction  (Soule 1973, Kilpatrick 
1981). D isjunction is th o u g h t by m any to be one im­
p o r ta n t m echanism  fo r genetic  d iffe ren tia tion  in the 
process o f  evolu tion  (E n d le r 1977:6). “T h e  prim ary 
effect o f  isolation (on th e  popu la tion ) is a reduction  in 
genetic d iversity .” T h e  processes o f  population  ge­
netics w hich cause this red u c tio n  in genetic diversity 
( fo u n d e r  effect, genetic d rift, bottlenecking), also 
cause the “occu rrence o f  u n iq u e  alleles an d  the in­
creased  frequencies o f  m in o r alleles” (K ilpatrick 1981).

P opu lations o f  species a t th e  p e rip h e ry  o f  the ir 
ran g e  m ay have a lim ited d istribu tion  within a geo­
g rap h ic  reg ion  o r  political u n it a n d  thus be considered 
ra re  w ith in  th a t un it. F o r exam ple , Didelphis marsupialis 
is w idespread  in  the USA, b u t has an  extrem ely  re ­
stric ted  ra n g e  w ithin C anada . S uch p erip h e ra l popula­
tions a re  also valued  because they m ay possess unique 
genetic  m aterial. T h e  sam e processes o f  population  
genetics th a t affect in su lar an d  disjunct populations 
occu r in p e rip h e ra l o r  m arg ina l populations. In ­
creased  in b reed in g , low er g en e  flow , genetic drift, 
n a rro w e r niches, an d  d irec tiona l selection all in fluence 
m arg inal popu la tions (Soule 1973, M cC lenaghan and  
G aines 1981, B ru ssa rd  1984). All these processes lead 
to d ecreased  genetic  diversity , particu larly  inversion
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heterozygosity , w ith in  the  p o p u la tio n  an d  g re a te r  ge­
n e tic  d if fe re n c e s  f ro m  cen tra l p o p u la tio n s o f  the 
species (Soule 1973, M cC lenaghan  a n d  G aines 1981, 
B ru ssa rd  1984). O n e  ex am p le  is th e  occu rrence o f  
“ th e  m o st f ro s t-h a rd y  p o p u la tio n  o f  D ouglas Fir, Pseu­
dotsuga menziesii, know n  in  C a n a d a ” at the  n o r th e rn  
e d g e  o f  its r a n g e  in  B ritish  C o lum bia (A rgus 1977).

Why use rarity? T h e  ra tio n a le  fo r  th e  conservation  
o l all c a te g o rie s  o f ra re  species is the p rese rva tion  
o f g en e tic  d ive rsity . T h e  ra tio n a le  is com plex an d  
h as  b e e n  s ta ted  in  th e  W o rld  C onservation  S trategy 
(IU C N  1980):
T h e  preservation  o f  genetic diversity is both a m atter o f  insurance 
an d  investm ent . . . an d  a m atter o f  m oral principle. T h e  issue of 
m oral principle re la ies particularly  to species extinction. . ..  W e are 
m orally obliged — to  o u r  descendan ts and  to o ther creatures— to act 
pi udem ly. Since o u r  capacity to a lter the  course o í evolution does not 
m ake us any less subject to it, wisdom also dictates that we be p ru ­
d e n t. W e cannot p red ic t what species may become useful to us. For 
reasons o í ethics a n d  sclt-iiuerest, the re fo re , we should no t knowingly 
cause the  extinction o f  a species.

How has mrily hem used? D iffe rin g  fo rm u lations o f  
th e  n o tio n  of ra rh y  w ere  used  in  the evaluation  
system s rev iew ed . T h e  variety  resu lted  fro m  consid­
e r in g  d if fe re n t types o f  fea tu re s  a n d  the d iffe ren t 
fo rm s of ra rity  o u tlin e d  above. T a b le  2 indicates the 
n u m b e r  ol tim es  th e  various types o f  rarity  an d  d if­
fe re n t types of fe a tu re s  h av e  b ee n  explicitly used in  
th e  system s rev iew ed .

T h e  m e th o d  o f  assessing an  a re a ’s significance with 
respect to  ra r ity  varies. S om e system s assign a subjec­
tive sco re  to e a c h  a re a  based  on  the  rarity  o f  its biota 
a n d  m ite r  fe a tu re s . O n e  o f  these  systems (G ehlbach 
1975) a r r a n g e d  th e  d if fe re n t types o f  rarity  in  h ie ra r ­
chical o r d e r  a n d  assigned  an  a rb itra ry  score to each: 
p e r ip h e ra l  species, sco re  =  1; ra re , disjunct, a n d  e n ­
dem ic species, sc o re  =  2; an d  e n d a n g e re d  species, 
sco re  =  3.

A ssessm ents o f  ra rity  a re  o ften  expressed  as the  
n u m b e r  o f  r a r e  species o r  fea tu re s  in  an area. T h is  
necessita tes th e  u se  o f  lists o f  species an d  fea tu re s  co n ­
s id e re d  ra re  a t  o n e  o r  a series o f  geo g rap h ic  scales, fo r  
e x a m p le  local, reg io n a l, a n d  national scales (Ploeg an d  
Vlijm  1978, K lo p a tek  a n d  o th e rs  1981, D ony an d  
D e n h o lm  1985). T h e  n u m b e r  o f  ra re  species is som e­
tim es c o rre la te d  w ith  the  size o f  a rea , lead ing  som e to 
co rrec t th e  ra r ity  assessm en t fo r  the  effect o f  a rea  
(D ony a n d  D e n h o lm  1985, M iller a n d  W hite 1986, b u t 
see  Lahti an d  R a n ta  1985).

In  su m m a ry , ra r ity  is a relative te rm  and  has m any 
fo rm s a n d  co n seq u e n tly  has b een  used  in a variety o f  
ways in ev a lu a tio n  system s. Its evaluation  is p a rticu ­
larly  d e p e n d e n t on  th e  ex istence o f  reg ional level in ­
fo rm a tio n  a n d  sy n th eses  o f  in fo rm atio n .

Table 2. The number of times different types of rarity 
and different types of features were used in 11 
evaluation systems.

Type o f  feature 
and type o f  rarity

Num ber o f  
times used

Biotic— species
Endangered or threatened 6
Rare 10
Endemic 3
Peripheral 2
Disjunct 4
Declining 1

Biotic— communities and habitats
Rare 6
Declining 1
Rare in reserve system 2

Abiotic— Geomorphology
Rare 4

Abiotic— aquatic features
Rare 2

Diversity

What is diversity? A ccording to Solom on (1979), 
“now here in the biological literature has a fu n d a ­
m ental definition o f  diversity been given. . .  .” N ever­
theless, a generally accepted de facto definition has 
em erged: “the diversity o f  a com m unity is . . . the 
nu m b er o f  its species (the com m unity’s species rich ­
ness) and  their relative abundance (called variously 
evenness, equitability o r  dom inance). . . . T h e  te rm  
species is to be in te rp re ted  broadly, including the 
usual taxonom ic defin ition  but also classifications 
based on  o ther criteria . . .” (Solomon 1979). T h u s , 
while the concept o f  diversity is m ost often  applied  to 
assemblages of species, the diversity o f vegetation com ­
m unities o r  geological features can be m easured if a 
classification o f the features exists so the d iffe ren t 
types can be counted  (Pielou 1977, Rom m e and  
K night 1982, Poleg an d  Vlijm 1978). Such classifica­
tions g ro u p  all vegetation types, land form s, o r o th e r 
features which occur in a particu lar region into a series 
of categories that may o r  m ay not be organized h ie ra r­
chically. T h e  m easurem ent o f  diversity has also been 
applied  to d iffe ren t levels o f  taxonom ic organization 
such as genera and  families (Kaesler and  o thers 1978, 
Salm 1984).

T h e  m ost com m only used indices o f  diversity are  
the S hannon  index, the Brillouin index, the Sim pson 
index, an d  species richness (see Pielou 1977). B oth Hill 
(1973) an d  Patil an d  Taillie (1979) show that these and  
o th e r  indices are rela ted  an d  can be specified by a 
single equation. By varying one param ete r in the 
equation  th e  d iffe ren t indices are obtained. T h e  dif-
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Figure 3. Diagrammatic representation o f  alpha, beta, and 
gam m a diversity. T he circles A , B, and C represent the alpha 
diversities o f  three areas; the cross-hatched areas represent the 
beta diversity o f  the three areas; and the square D  represents 
the gam m a diversity o f  the region which contains the three 
areas.

fe ren t indices vary p rim arily  in how m uch w eight is 
given to com m on and  ra re  species (Hill 1973).

T h e  n u m b e r o f  species fo u n d  in an assem blage 
varies with sam ple size, w h e th e r the sam ple is a collec­
tion o f  individual o rganism s o r  is a geographic area 
(Preston 1962, S im berloff 1978). T o  m ake valid com ­
parisons betw een the diversity o f  d iffe ren t assem­
blages o f  species, the bias d u e  to these two factors m ust 
be elim inated. Several techniques have been developed 
to co rrec t fo r  the n u m b e r o f  individuals in the sample, 
w ith the  rarefaction  m e th o d  being  widely used  (Sim­
berlo ff  1978). T h e  effect o f  area  can be factored  ou t 
using regression techniques (C onnor an d  McCoy 
1979, D ony an d  D enho lm  1985). Ploeg an d  Vlijm 
(1978) stress th a t unless the  effect o f  area  on diversity 
is rem oved , the “criterion  is com pletely unreliable fo r 
an  objective com parison betw een  areas.”

W hittaker (1972) re la ted  the notion o f  diversity to 
geographic scale and  spatial con tex t by in troduc ing  
the ideas o f  alpha, beta, an d  gam m a diversity, which 
have gained  wide usage in  ecology. T hese  a re  defined  
as follows: a lpha diversity is the n u m b e r o f  species in a 
particu la r site o r  area; beta  diversity is the  d ifference 
in species com position betw een  d iffe ren t sites o r  areas; 
gam m a diversity is the n u m b e r  o f  species w hich occur 
in any area  o r site w ithin a particu la r region o r  land ­
scape. F igure 3 graphically illustrates these th ree  con­
cepts. T h e  geographical a re a  to which gam m a diver­
sity is a ttrib u ted  is som ew hat arbitrary . F or exam ple, 
the list o f  b irds occurring  in  a region can be consid­
e red  the reg io n ’s gam m a b ird  diversity. A lpha diver­
sity has been  em phasized in  the evaluation o f  n a tu ra l 
areas (Sam son an d  K n o p f 1982, Noss 1983). H ow ever, 
the idea o f  represen tativeness, particularly  the “inclu­
sive” defin ition , is re la ted  to  gam m a diversity. Classifi­
cations o f  natu ra l diversity tha t a re  used in  assessing 
representativeness, such as th a t o f R adford  an d  o thers
(1981), a re  attem pts to prov ide a fram ew ork  for con­
serving a reg io n ’s gam m a diversity.

T h e  no tion  o f  diversity can be applied to a variety

o f  ecological fea tu re s , a l th o u g h  research  has focused 
o n  species diversity. T h e  m e a su re m e n t o f  diversity is 
well developed  w ith  a n u m b e r  o f  available m ethods 
w hich a re  a p p ro p r ia te  fo r  d if fe re n t purposes.

Why use diversity ? T h e  ra tio n a le  fo r  u sing  diversity 
as a criterion  is se ldom  s ta ted  explicitly in  the conser­
vation lite ra tu re . H ow ever, several rationales exist, the 
m ost com m on  b e in g  w hat m ig h t be called “m ore  for 
you r m oney .” T h is  ra tio n a le  is sta ted  h e re  in  relation 
to b iosphere  reserves: “I t  is desirab le  tha t a rep resen ­
tative b io sp h e re  reserve sh o u ld  con ta in  the  m axim um  
rep rese n ta tio n  o f  ecosystem s, com m unities an d  o r­
ganism s characteristic o f  th e  b io m e” (M an an d  Bio­
sp h e re  P ro g ram  1974).

T h e  p re su m e d  connection  be tw een  diversity and  
stability is an  o f te n  cited reaso n  fo r  u sing  diversity as a 
criterion  (see, fo r  exam ple , Eagles 1980). M argules 
an d  U sh er (1981) con tested  this ra tionale , reasoning 
th a t stable ecosystem s m ay in  fact b e  less resilien t and 
thus m o re  a t risk. Even m o re  fundam en tally , m any 
ecologists c o n ten d  th a t th e  long -held  “no tion  that 
g rea te r  species d iversity  m eans g re a te r  functional 
com plexity, in  tu rn  p ro d u c in g  g re a te r  stability, ap ­
pears to be n o  lo n g e r tenab le , a t least in  any sim ple 
in te rp re ta tio n ” (Colwell 1979; also see May 1973, 
G oodm an  1975, P im m  1984). C onversely, som e recent 
stud ies (for exam ple , A rm s tro n g  1982) affirm  M acAr- 
th u r ’s (1955) co n jec tu re  th a t  com plexity  m ay be posi­
tively re la ted  to som e aspects o f  com m unity  stability. 
M uch o f  this con troversy  is d u e  to  d iffe r in g  definitions 
o f  bo th  com plexity  a n d  stability as well as em phasis on 
d if fe re n t ecological variables (C onnell an d  Sousa 1983, 
P im m  1984; also see the  section  on  Fragility, below).

D iversity o ften  is linked  to  genetic  variability (Mc­
K innon  1982). T h a t  is, a la rg e  n u m b e r  o f  species in  
genera l possess a g re a te r  a m o u n t o f  genetic variation 
than  a small n u m b e r  o f  species. A reas o f  h igh  vegeta­
tion diversity  in  g en e ra l p ro v id e  the  in te rspersion  o f 
habitats necessary fo r  m o re  life cycle com ponen ts o f  
m ore  species th a n  areas o f  m o re  u n ifo rm  vegetation 
(E nv ironm en t C a n ad a  a n d  O n ta r io  M inistry o f  N at­
u ral R esources 1984).

How has diversity been used? “Species diversity fo r bi­
ological conservation  is m ost conven ien tly  assessed by 
m easu ring  species richness. T h e re  seem s little p o in t in 
using  indices w hich in c o rp o ra te  p ro p o rtio n a l abun ­
d an c e” (M argules an d  U sh e r  1981). T h e  use o f  ra r­
efaction (Sim berloff 1978) o r  o th e r  com plex techniques 
is n o t practical fo r  ecological evaluation  because the 
necessary d a ta  on  a b u n d a n c e  a re  o ften  lacking. In  the 
system s review ed, diversity  was o ften  m easu red  by o r­
d inal ra n k in g  o f  sites a n d  assign ing  subjective scores to 
the  d if fe re n t levels. In  all o th e r  cases richness was the
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Table 3. The different types of diversity used In 11
evaluation systems.

T ype o f  diversity
N um ber o f  
times used

Biotic
Vegetation com m unities 8
Habitats 3
Plant species 5
Anim al species

Birds 6
Mammals 5
Reptiles and am phibians 3
Fish 1
Invertebrates 2

Abiotic
G eom orphology 3
Physiography 1
General 2

Aquatic ecosystems 1
All features 1

m easu re  of d iversity  used . T h e  diversity o f  d iffe ren t 
types o f  fea tu res was assessed— fo r exam ple, biotic 
com m unities, species, abiotic fea tu res, a n d  others. 
T ab le  3 lists th e  types o f  fea tu re s  considered in 11 
stud ies and gives th e  n u m b e r  o f  tim es each was used 
in  the  evaluation system s.

V egetation co m m u n ities  w ere m ost com m only used 
fo r  assessing d iversity . P robably  this is because the ir 
inventory  req u ires  th e  least field  work, an d  o th e r  
fo rm s o f diversity a re  c o rre la te d  w ith com m unity  d i­
versity. To assess co m m u n ity  d iversity  o r diversity o f  
abiotic features o r  aqua tic  ecosystem s, a regional level 
classification is necessary  un less subjective ju d g m e n t is 
used. Plant, m am m al, a n d  b ird  species diversity w ere 
also com m only u se d  w here  su ffic ien t in fo rm ation  ex ­
isted. W hen go o d  d a ta  fo r  all species w ere no t avail­
able, certain w ell-docum en ted  g ro u p s  o f  species w ere 
selected as “in d ic a to rs” fo r  th e  assessm ent o f  biotic d i­
versity (Ploeg an d  V lijm  1978).

M any uses o f  th e  te rm  diversity in  evaluation fail to 
con fo rm  to any  scientific d efin tio n  o f  the te rm . F or 
exam ple , S argen t a n d  B ran d e  (1976) define diversity 
in  this way: “A n a tu ra l a re a  with a scenic view, such as 
a  m oun tain top , a n d  w ith ra re  p lan ts  is ra ted  h ig h e r 
th a n  a n  identical a re a  w ith no  ra re  plants.” Similarly, 
b o th , Gehlbach (1975) a n d  W rig h t (1977) com bined  
aspects of rarity  a n d  diversity  in  th e ir  indices o f  d ive r­
sity. W right (1977) d e f in e d  his h ighest diversity cate­
gory (score =  3) as: “L ocalized o r  relict com m unity  
p re se n t o r very g o o d  ra n g e  o f  com m unities p resen t.”

T h e  need to  assess d iversity  relative to each area 's 
size was m en tioned  ea rlie r , an d  this has been  consid­
e re d  in  several eva lua tion  system s (Ratcliffe 1977,

Ploeg an d  Vlijm 1978, M cKinnon 1982, D ony and  
D enholm  1985). M ethods used in the N etherlands 
com pare the diversity o f  a  particu lar area  to th a t ex­
pected fo r an average area  o f  the same size using  a 
standard  species (diversity)—area curve (Ploeg an d  
Vlijm 1978). Similarly, deviations from  a d iv e rs ity - 
area regression are  som etim es used to assess relative 
diversity (U sher 1980, D ony and  D enholm  1985). 
M cKinnon (1982) u sed  the m ean num ber o f  tree  
species/0.5 h a  as an  index  o f  an  area’s diversity. Rat- 
cliffe (1977) took into acocunt the d iffe ring  potentials 
am ong habitats fo r  species diversity w hen m aking  
com parisons am ong  areas. “M any m ore species o f  b ird  
are likely to occur w ithin a square kilom etre o f  w ood­
land than  within a com parab le  area o f  u p lan d ” (Rat­
cliff e 1977).

Rudis an d  Ek (1981) incorporate  the ideas o f  beta 
and  gam m a diversity into the ir m athem atical p ro ­
gram m ing  m odel fo r selecting natu ra l areas. T h e ir  
m odel maximizes the gam m a diversity o r the total 
num ber o f  species con tained  in the system o f  areas se­
lected. This is one o f  th e  few applications o f  beta and  
gam m a diversity in evaluation  o f  natu ra l areas.

Size

Why use size? All rationales fo r valuing natu ra l areas 
o f  large size m ake refe ren ce  to the need to obtain 
large enough  areas to cap tu re  and  m aintain the d iver­
sity o f  features, species, an d  genes in the regions 
w here the areas exist a n d  within individual areas. T h e  
application o f  the  theo ry  o f  equilibrium  island bio­
geography (M acA rthu r and  Wilson 1967) to the selec­
tion and  design o f  n a tu re  reserves seeks to m inim ize 
the extinction o f  species in  rem n a n t patches o f  habitat 
in otherw ise hum an -d o m in ated  landscapes. M acA r­
th u r  and  W ilson (1967) suggested the island analogy 
for continuous n a tu ra l hab itat that has been frag ­
m ented  in to  habitat “islands.” D iam ond (1975) ex­
tended  the analogy to suggest that the theory o f  island 
biogeography m ight be useful in designing systems o f  
p rotected  habitat islands. T h e  equilibrium  theory  o f  is­
land biogeography a ttem p ts to explain why islands 
often  have fewer species th an  areas o f  equivalent size 
in continental areas (M acA rthur and  Wilson 1967). 
For islands, im m igration  rates may increase an d  ex­
tinction ra te  decrease with increasing size an d  d e­
creasing degree o f  isolation, resulting  in d iffering  
num bers o f  species at equilibrium  dep en d in g  on size 
and isolation (see F igu re  4).

I f  we assum e th a t (a) the theory is valid and  (b) the 
analogy o f  n a tu re  reserves as islands holds because the 
land betw een reserves is so altered  as to be a “sea” o f  
inhospitable habitat, th e n  a low er equilibrium  n u m b e r
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Figure 4. Extinction and colonization rates as a function o f  
island size and isolation. R SF shows the extinction and immi­
gration rates for a small far island, and SSF indicates the re­
sultant equilibrium num ber o f  species.

o f species w ould be expected  fo r a  small, isolated re ­
serve th an  fo r a larger, less isolated one. D iam ond 
(1975) transla ted  these ideas into sim ple guidelines fo r 
n a tu re  reserve design.

D iam ond’s (1975) ideas have gained wide an d  often  
uncritical acceptance an d  use in the conservation liter­
a tu re  (G oeden 1979, M iller and  H arris 1977, Picton
1979, IU C N  1980.) H ow ever, the theory an d  em pir­
ical basis o f  D iam ond’s ideas have been hotly contested 
(C onnor an d  McCoy 1979, H iggs 1981, M argules an d  
o thers 1982, S im berloff a n d  Abele 1982, Ja n ze n  1983, 
Blouin and  C onnor 1985). Even the basis o f the  Mac- 
A rthur-W ilson  m odel o f  equilibrium  biogeography is 
in question  (Gilbert 1980, Sieb 1980, Busack an d  
H edges 1984).

A  second rationale fo r  large or m inim um -sized 
areas arises from  the fact th a t d iffe ren t species have 
d iffe ring  ran g e  requ irem en ts an d  m in im um  viable 
popu la tion  sizes (Soule 1980, Franklin  1980, S haffer
1980, Schonew ald-Cox an d  o thers 1983, L ehm kuhl 
1984). “Ideally, reserves shou ld  contain populations o f  
plants an d  anim als which a re  bo th  large an d  diverse 
en o u g h  to rep resen t the genetic variability o f  those 
populations an d  to persist indefinitely” (M argules an d  
U sher 1981). S haffer (1980) advocates a focus on  
species a t the top  o f  th e  food  web, reasoning  tha t “if  
we are  successful in p rov id ing  sufficient room  fo r  the ir 
survival, th en  o ther, less space-dem anding  m em bers o f  
the ir com m unties should  also survive.” A n exam ple o f  
this is attem pts to calculate m inim um  size fo r a viable 
wolf popu la tion  (T heberge 1983, Shields 1983).

M inim um  viable popu la tion  estim ates focus on the 
“effective” population  size, which may be considerably 
sm aller th an  the  censused population  size, d ep en d in g  
on  sex ratio, population  fluctuations, an d  variation in  
progeny num ber. T o  prevent loss of heterozygosity in 
small populations, som e recom m end  th a t levels o f  in- 
b reed in g  be kep t below 1%. T o  m eet this goal it is 
th o u g h t th a t effective population  size should  be a t

least 50 in th e  sh o rt te rm  a n d  500 in th e  long  term  
(F ranklin  1980, F rankei a n d  S oule 1981, L ehm kuhl 
1984).

Lastly, it is generally  co n s id ered  desirable th a t re­
serves com prise un its  w hich a re  relatively in d e p en d e n t 
o f  h u m a n  activities ou ts ide  th e ir  b o u n d arie s  an d  asso­
ciated im pacts (M an a n d  B io sp h ere  P ro g ram  1974, 
Parks C an ad a  1982). “T h e  ideal a re a  is on e  w hich is 
sufficiently la rg e  to be se lf-regu la ting , th ro u g h  th e  in­
clusion o f  all th e  in te rac tin g  co m p o n en ts  . .  .” (M an 
an d  B iosphere  P ro g ram  1974).

How has size been used? Size has b een  assessed in a 
variety o f  ways. S om e system s consider th e  size o f  a 
p o ten tia l reserve relative to  a  “m in im u m  acceptable 
size” varying acco rd ing  to co m m u n ity  type (Ratcliffe 
1977, T ans 1974, Lovejoy a n d  O re n  1981). F or ex­
am ple, R anney a n d  o th e rs  (1981) suggest th a t habitat 
islands o f  m esic fo rest less th a n  4 —5 ha in  size are  al­
m ost en tirely  “e d g e ” a n d  th u s n o t su ited  to 'conserve 
forest in te rio r species. Size is o ften  considered  with 
o th e r  factors such as shape, location , an d  b u ffe r  zones 
to  evaluate w h e th e r  an  a re a  is an  “effective conserva­
tion u n it” (M an a n d  B io sp h ere  P ro g ram  1974, Tans 
1974, Parks C a n ad a  1982). In  this case subjective 
scores a re  som etim es assigned  (T ans 1974). M cK innon
(1982) scored “m a n a g e m e n t feasibility” based o n  size, 
shape, ecological in teg rity , b o u n d a ry  p ressures, and 
existence o f  b u ffe rs . In  som e cases la rge areas are 
sim ply valued m o re  h ighly  th a n  sm all ones: “the larger 
the  a re a  the m o re  im p o r ta n t it is fo r  p reserva tion  in 
the  public in te rest, o th e r  th ings being  equal” (Sargent 
an d  B randes 1978). In  re la tin g  reserve size to its ge­
netic resources, M cK innon  (1982) scores a rea  with a 
m e th o d  w hich essentially converts a re a  to  n u m b e r o f  
species, using  th e  slope o f  th e  species—are a  cu rve for 
Ind o n esian  islands.

Naturalness

Whal is naturalness? “T h e  te rm  natu ra lness implies 
the  recogn ition  o f  som e n a tu ra l cond ition  which may 
be d ifficult to d e te rm in e . It is o f ten  used  in a sense 
th a t im plies f re e d o m  fro m  h u m a n  in flu en ce  . . . ” 
(M argules a n d  U sh e r 1981). S uch  defin itions o f  natu ­
ralness stress the  absence o f  large-scale h u m a n  m odifi­
cation. M any stud ies sta te  th a t h u m a n  uses shou ld  not 
b e  excluded  if  they  a re  tra d itio n a l an d  in  harm ony  
with th e  rest o f  th e  ecosystem  (Ray 1975, T h eb e rg e  
an d  o thers 1980, P arks C a n a d a  1982). N aturalness 
also im plies th e  p resen ce  o f  n a tu ra l reg im es o f  d is tu r­
bance such as w in d th ro w , fire , a n d  f lo o d in g  (Pickett 
an d  T h o m p so n  1978, M ooney  an d  G o d ro n  1983, 
B onn icksen  a n d  S tone 1985).

T h e  p reva lence o f  th e  u se  o f  n a tu ra ln ess  as a crite-
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rion  is linked to  its u se  in  h u m a n -d o m in a te d  la n d ­
scapes such as B rita in  (T u b b s a n d  Blackwood 1971, 
Ratcliffe 1977) a n d  d ev e lo p e d  areas o f  the USA (Wis­
consin— T ans 1974, T e x a s — G ehlbach  1975). T h e  use 
o f  natu ralness in  th e se  co n tex ts  has m ean t it is o ften  
negatively co rre la te d  w ith  th e  o ccu rren ce  o f  “a lien” o r  
in tro d u ced  species (R atcliffe 1977:7, M argules and  
U sh er 1981). T h u s ,  th e  “p red o m in an ce  o f  species 
widely accepted  as n a tiv e” a p p e a rs  to  be a  useful m ea­
su re  o f  natu ra lness in  h u m a n -d o m in a te d  landscapes 
(M argules an d  U sh e r  1981). B onnicksen  an d  S tone 
(1985) argue th a t n a tu ra ln ess  o f  p resen t vegetation 
shou ld  be estab lished  by co m p ariso n  with quantita tive 
descriptions o f  p re se ttle m e n t vegetation . T h is  w ould 
involve com parison  o f  th e  p ercen tag es o f  a re a  covered 
by d iffe ren t v eg e ta tio n  types d e fin e d  bo th  by species 
com position a n d  s tru c tu re .

Why use naturalness? By fa r  th e  m ost com m on ra tio ­
nale  fo r the u se  o f  n a tu ra ln ess  as a criterion is that 
und istu rbed , n a tu ra l  a reas  p ro v id e  the  best source o f  
baseline in fo rm atio n  to  co m p are  w ith o ther, consider­
ably m odified areas. J e n k in s  an d  B ed fo rd  (1973) sum ­
m arized  this id e a  well: “W e have becom e u n co m fo rt­
ably aw are th a t we d o  n o t even  know  how u n d is tu rb ed  
ecosystems fu n ctio n , an d  th a t in sigh t m ust be gained  
in  this area b e fo re  we can ap p re c ia te  the tru e  effects o f  
ecosystem m odification . . . .  T h e  m ore  na tu ra l and  
p ro tec ted  . . .  an  a re a  is, th e  b e tte r  will it be su ited  for 
supply ing  baseline d a ta .”

Baseline areas m u s t be b o th  rep resen ta tive  an d  n a t­
u ral, indicating  a re la tio n sh ip  betw een  the two criteria  
in  term s of h u m a n  values. F u rth e rm o re , in  hum an- 
dom ina ted  landscapes tru ly  n a tu ra l areas a re  exceed­
ingly ra re  a n d  a re  valued  fo r  th is reason  (Ratcliffe 
1977:8, A dam s an d  Rose 1978). Similarly, natu ra lness 
is also related  to  fragility  in th a t th e  conservation  o f  
m any fragile ecosystem s a n d  disturbance-sensitive 
species requires a g re a t d e g re e  o f  natu ra lness o r  
freed o m  from  h u m a n  d is tu rb an ce .

A dditional reaso n s fo r  u sing  natu ra lness as a crite­
r io n  are tied to th e  m a n y  sp iritua l, philosophical, em o­
tional, an d  rec rea tio n a l benefits  o f ten  cited in su p p o rt 
o f  th e  p reserva tion  o f 'w ild e rn ess  (T h o re au  1854, Leo­
pold  1953, L iv ingston  1981).

How has naturalness been used? T h e  m ethods used  to 
evaluate natu ra lness vary, re f le c tin g  the scale at w hich 
th e  systems a re  u sed , the  com plex ity  o f  in fo rm ation , 
a n d  the level o f  h u m a n  d is tu rb a n ce  w ithin the reg ion  
w here  the system  is ap p lied . S om e m ethodologies used 
to  evaluate sm all a reas  (T an s 1974, G ehlbach 1975, 
W righ t 1977) sim ply  classify areas in to  a few categories 
o f  naturalness a n d  assign scores to these categories. 
F o r exam ple, W rig h t (1977) uses the  following ca tego­

ries and scores: “ag ricu ltu ral o r artificial landscapes,” 
score = 1; “sem inatural landscape w ith native f lo ra  
an d  fauna  p resen t,” score =  2; and  “n ea r-n a tu ra l 
landscape,” score =  3.

T h e  characteristics which indicate an  area’s n a tu ra l­
ness vary from  ecosystem  to ecosystem, and thus th e  
m ethod o f  assessm ent m ust vary accordingly (T ans 
1974, Ratcliffe 1977). F or exam ple, Ratcliffe (1977) 
evaluated natu ralness o f calcareous grasslands as: “lack 
of in te rfe rence  with physical structu re  (as by lim estone 
m ining an d  quarry ing), an d  for relative freedom  fro m  
sheep-grazing.” F or peatlands, how ever, naturalness 
was evaluated by assessing the  degree o f  intactness o f  
the m ire structu re , hydro logy , a n d  vegetation.

Studies by Parks C an ad a  exam ine large areas com ­
posed o f m any ecosystems an d  m ust trea t natu ralness 
in a  general way. F o r exam ple, in  one study, “twelve 
activities th a t m ight affect th e  ‘natu ralness’ o f  an area  
were identified. T h e  degree  o f  im pact was ra ted  as 
none (2 points), ligh t (1 point) o r heavy (’A point). T h e  
points each area received w ere totaled and expressed  
as a percentage o f  24  (no im pacts at all)” (In ter-d isci­
plinary Systems 1980). In  genera l the naturalness c ri­
terion is trea ted  as a  constra in t in selecting potential 
national parks. T h a t  is, som e areas a re  screened o u t 
early in th e  selection process if they are  “u n n a tu ra l” 
(Inter-disciplinary Systems 1980).

Productivity
What is productivity? “Productivity is a m easure o f 

the rate a t which com m unities o f  plants and anim als 
b ind  energy  in to  various kinds o f organic m ateria l” 
(Peterson 1976). P roductivity  m ay re fe r  to prim ary , 
secondary, o r te rtia ry  p roduction , and it may m easure 
gross or n e t values. T h e  concep t has been used with 
less confusion than  o th e r  criteria for evaluating n a t­
ural areas.

Why use productivity? T h e  prim ary rationale for u s ­
ing productivity as a criterion  is tha t areas o f high p r o ­
ductivity a re  unu su a l and  often  provide the energetic  
basis for p roduction  over a la rg e r area. Larson (1982) 
explained that the m ost valuable wetlands along the 
Atlantic coast p ro d u ce  organic m atter to  fuel biological 
processes in ad jacen t waters. Peterson (1976) ex ­
pressed a sim ilar id ea  concern ing  areas o f  above- 
average productiv ity  in  the high arctic: “M eadow areas 
o f relatively high productiv ity  cover less than two p e r ­
cent o f th e  Q ueen  E lizabeth Islands b u t these habitats 
are o f  m uch  m ore im portance than their total a rea  
would indicate because they provide m uch o f  the p r i­
m ary productivity  fo r  the food web on  the lan d .”

Productivity is re la ted  to o th e r criteria discussed 
here. T h e  im portance  o f  an  area  to a species (to be
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discussed) is o ften  re la ted  to the degree  to which the 
area  contribu tes to the species grow th an d  re p ro d u c ­
tion. I t has been  claim ed alternately  that productivity  
is positively an d  negatively correla ted  with diversity 
(Connell an d  O rias 1974, H u sto n  1979).

How has productivity been used? Despite th e  fu n d a ­
m ental im portance o f  productivity, p roblem s in  its 
m easu rem en t an d  its correla tion  with o th e r  criteria 
have lim ited its use (T able 1). C arbon  dioxide con­
sum ption , sequential harvest, as well as climatic an d  
o th e r  environm ental m odels a re  som e m ethods used 
to estim ate productiv ity  in scientific studies (B unt 
1975, H aii an d  Moll 1975, W hittaker an d  M arks 
1975). Rem otely sensed data  also show prom ise in esti­
m ating  p rim ary  productivity  (Botkin an d  o thers 1984), 
All such m ethods are tim e-consum ing an d  expensive 
an d  thus a re  seldom  used  to evaluate na tu ra l areas.

T h e  C anadian  D ep artm en t o f  Fisheries an d  Oceans
(1982) used productivity  as a criterion  in developing a 
classification o f  aquatic habitats in n o r th e rn  C anada 
fo r p lann ing  hyd rocarbon  exploration . O ceanographic 
p h en o m en a  o ften  associated with elevated levels o f  
productiv ity  w ere identified . T h ese  p henom ena in ­
cluded  polynias, ice edges, sho re  leads, and  areas o f  
upw elling, an d  w ere used  in a qualitative way to place 
areas into fo u r categories. A n O ntario  w etland evalua­
tion m odel scores w etlands fo r productivity  on  the 
basis o f  grow ing degree-days, soil characteristics, w et­
land  category, site location, an d  n u tr ie n t status (Envi­
ro n m en t C anada and  O n ta rio  M inistry o f  N atu ra l R e­
sources 1984). Similarly, Rabe (1984) used a sum  o f  
subjective scores fo r exposure , elevation, alkalinity, 
shallowness, bottom  com position, an d  shoreline leng th  
to ra te  the  productivity  o f  alp ine lakes. In  tha t study 
the m ost an d  least p roductive  lakes w ere considered  
m ost significant.

O viatt and  o thers (1977) show ed th a t field m ea­
su rem ents o f  productivity  and  o th e r  param eters can 
vary as m uch  w ithin o n e  w etland as am ong d iffe ren t 
w etlands. T h is casts d o u b t on  the usefulness o f  m ea­
su rem ents o f  productivity  an d  o th e r criteria fo r com ­
parative evaluation.

Fragility

What is fragility? T h e  use o f  fragility an d  rela ted  
term s such as stability has created  sem antic problem s. 
Fragility an d  stability, w hichever m eanings a re  app lied  
to them , a re  m ost o ften  seen as opposite ends o f  a 
spectrum  o r g rad ien t. D iffe ren t populations, com m u­
nities, ecosystems, an d  landscapes are positioned along  
this g radient.

Stability an d  fragility a re  com plex concepts. In d eed ,

an  ecosystem  m ay be frag ile  acco rd ing  to  one defin i­
tion a n d  stable acco rd in g  to  a n o th e r  (Pim m  1984). For 
exam ple , p o p u la tio n s in  a  trop ical fo rest m ay have low 
variability in  n u m b e rs  w h en  d is tu rb an ce  is m inim al 
b u t exh ib it d rastic  declines o r  increases in  the face o f  
g re a te r  d istu rbance . In  fact, th e  reaso n  fo r  the  prolif­
e ra tio n  o f  te rm s an d  defin itio n s has b een  to reduce 
this confusion  by iden tify in g  d if fe re n t types o f  stability 
o f  in te res t (P la rrison  1979, S u th e r la n d  1981, Connell 
and  Sousa 1983, G igon 1983). M uch o f  w hat has been 
w ritten  co n cern in g  stability is p red ica ted  on  the  exis­
tence o f  a n  equ ilib rium  o r  series o f  equilibrium s, 
w hich is in  itse lf  a con troversia l issue (Lew ontin 1969, 
W estm an 1978, C onnell a n d  S ousa 1983, P im m  1984, 
C hesson a n d  Case 1986).

N e ig h b o rh o o d , local o r  “L y ap u n o v ” stability is most 
easily d e fin ed  because a m ath em atica l descrip tion  o f  
the p h e n o m e n o n  can be d e riv ed . T h is  can  be visual­
ized as a m arb le  in  a bowl. A t equ ilib rium , the m arble 
is at the  bo ttom  o f  the  bow l, a n d  if  the  m arb le is dis­
p laced it will r e tu rn  to the  equ ilib rium  position. T h e  
ra te  a t which th e  m arb le  re tu rn s  to  the  rest position at 
the bo ttom  o f  th e  bowl is a fu n c tio n  o f  how  fa r it. was 
d isplaced a n d  th e  sh a p e  o f  th e  bowl. O u tside  the bowl, 
how ever, th e  m arb le  will b eh av e  qu ite  d iffe ren tly  and 
th e re  may be several locally stable po in ts  (Lewontin 
1969, May 1973, H o lling  1973). Specification o f  the 
global stability o f  ecological system s is fa r less tractable. 
In d eed , som e w ould  q u es tio n  the  existence o f  global 
stability in any  ecological system  (S u th e rlan d  1981).

In  the  rec en t lite ra tu re  th e re  is a g row ing  consensus 
on defin itions o f  d if fe re n t aspects o f  stability. A t the 
sam e tim e, little co n v e rg en ce  exists in  the  term s used. 
T h e  te rm  resistance has b e e n  u sed  to describe “the 
ability o f  a system  to avoid d is p la c e m e n t. . . d u rin g  the 
stress p e r io d ” (H a rriso n  1979, P im m  1984), also called 
inertia (O rians 1974, W estm an  1978). P im m  (1984) de­
fined  resistance m o re  precisely  as “th e  deg ree  to which 
a variable is ch anged , fo llow ing  a p e rtu rb a tio n .” A re ­
lated  concep t is th a t o f  persis tence , the tim e a system 
rem ains u n c h a n g e d  d u r in g  a p e r tu rb a tio n  (Connell 
and  Sousa 1983, P im m  1984). T h e  sp eed  w ith which a 
system  re tu rn s  to  eq u ilib riu m  has b een  called resilience 
(H arrison  1979, P im m  1984), stability (H olling  1973), 
an d  elasticity (O rians 1974). T h e  variability o r  con­
stancy in the  values ta k en  by ecological variables 
th ro u g h  tim e is a n o th e r  stability co n cep t (O rians 1974, 
H arriso n  1979, P im m  1984). A  re la ted  no tion  is ampli­
tude (W estm an 1978) o r  th e  th resh o ld s  beyond which 
the values o f  variables will b e  p e rm a n en tly  altered . A t­
tem p ts have also b een  m a d e  to  d iffe ren tia te  fragility 
du e  to  n a tu ra l a n d  h u m a n -in d u c e d  stresses an d  to fu r­
th e r  divide n a tu ra l frag ility  in to  th a t d u e  to ex ternal
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disturbances an d  fragility  in h e re n t in  ecosystem s tru c ­
tu re  (Gigon 1983).

All o f  the  above ideas ad d ress  som e aspect o f  how 
ecologists perceive frag ility  a n d  stability. In  general, 
the use o f  th e  te rm  fragility in  evaluation  o f  n a tu ra l 
areas has re fe rre d  to  fragility  susceptible to p e r tu rb a ­
tion, m ost o ften  h u m a n -in d u c e d .

Why use fragility ? H ig h  fragility  im plies a h igh p ro b ­
ability o f  “ex tinction” o r  “d am a g e ” o f  a species, fea­
tu re , o r  system. T h u s , th e  conservation  o f  frag ile  eco­
logical com ponen ts  req u ire s  p ro tec tion  fro m  events, 
particularly  h u m a n  activities, w hich m ight cause “ex­
tinction” o r  “d am ag e” (R atcliffe 1977). Fragility is then  
o ften  co rre la ted  w ith  ra rity , as ra re  items a re  th o u g h t 
to have h ig h e r  probabilities o f  extinction o r  dam age. 
Im portance  to w ildlife also im plies fragility. T h e  m ore 
im p o rtan t on e  site is to  a species th e  h ig h e r the p ro b a ­
bility th a t a ca tastroph ic  ev e n t could  dep le te  the  p o p u ­
lation o r  cause local extinction .

How has fragility been used? U sh e r (1980) sta ted  tha t 
“the s tudy  o f  m odel p o p u la tio n s has not yet advanced 
to a stage o f  being  particu la rly  u sefu l in field assess­
m ents . . . [and] it is likely to  be a long while befo re  
fragility can be assessed quan tita tive ly .” H ow ever, the 
conceptual a n d  m ethodo log ical basis now exists fo r  
m easuring  d if fe re n t aspects o f  fragility/stability. T o  
date, little o f  this has  fo u n d  its way into conservation 
evaluation.

W righ t (1977) ra n k e d  “sensitivity to d is tu rbance” 
based o n  b u ffe r  a rea , size, a n d  deg ree  o f  th rea t. S ar­
gen t a n d  B randes (1978) ra n k e d  areas in  V erm on t 
based p rim arily  o n  elevation , because areas at h ig h e r  
elevation are  co n sid ered  m o re  fragile. C airns an d  
Dickson (1980) d ev e lo p ed  a m e th o d  o f  estim ating  
“ecosystem vulnerab ility” by  d raw in g  on  several n o ­
tions o f  fragility m e n tio n e d  above and scoring each 
subjectively. F our c o m p o n en ts  o f  vulnerability a re  d e ­
fined:

1) V ulnerability  to irreversib le  change
2) D egree o f  elasticity o r  ability to recover from  

dam age
3) In e rtia  o r  ability to  resist d isp lacem ent o f  s truc tu ra l 

an d  functional characteristics (tha t is, the ability to  
resist being  p laced  in d isequ ilib rium

4) Resiliency or th e  n u m b e r  o f  tim es a system  can 
snap  back a f te r  d isp lacem ent.

By fa r  the m ost p rev a len t m eans of assessing f ra ­
gility is in  rela tion  to  a  p a rticu la r  type o f  d istu rbance 
and the  fea tu res th o u g h t to  be m ost affected . A ny 
analysis o f  such specific fragility  is essentially risk esti­
m ation an d  is the rea lm  o f  env ironm en ta l im pact as­
sessm ent. A w ealth o f  in fo rm atio n  can be used to as­

sess such risks qualitatively. F or exam ple, th e re  are 
m ethods to assess th e  “sensitivity” o f  te rrain  to vehic­
u la r traffic (B arnett an d  o thers 1977, B row n an d  
Grave 1979), a m eth o d  to  evaluate th e  hum an , biolog­
ical, and  geological “sensitivities” o f  areas in the B eau­
fo rt Sea region o f  C anada to oil spills (W orbets 1979), 
and an  “oil vulnerability index  fo r m arine o rien ted  
b irds” (King and S anger 1979).

Representativeness

What is representativeness? T h e  rep resen ta tion  in 
protected  areas o f  the range o f  ecological variation is 
now a prim ary  goal o f  conservation (see, for exam ple, 
M cNeeley an d  M iller 1984). T h e  idea o f  rep resen ta­
tion is better th o u g h t o f  as an  approach  to conserva­
tion ra th e r  than  sim ply a criterion.

T h e re  are two d iffe ring  definitions o f  rep resen ta ­
tiveness, which we will call inclusive and  typicalness. T h e  
definition of' M argules an d  U sher (1981) is inclusive: 
“A reas selected to  be represen tative would necessarily 
include typical o r  com m on species bu t they could also 
include ra re  species since the ir objective is to rep resen t 
the range o f  biota.” T h is  approach  views the selection 
o f  reserves as a m eans to rep resen t the full range  o f  
natu ra l features in a system o f reserves. A d iffe ren t 
view equates representativeness with typicalness: “R ep­
resentativeness an d  uniqueness can be the extrem es o f  
a spectrum . A ‘u n iq u e ’ area is one tha t is rare, w hereas 
areas which are represen tative . .  . are  typical o f  a 
biom e o r  habitat types. . . . ” (Ray 1975). U sher (1980) 
g rapp led  with a defin ition  o f  typical: “By its definition 
a typical com m unity  . .  . will contain all (or most) o f  the 
com m oner and m o re  w idespread species. . . . ” Typical 
areas m ight also be defined  as having average values 
o f  diversity, productivity, and  o th e r attributes (U sher 
1985, Rabe 1984).

T h e  inclusive a n d  typicalness concepts o f rep rese n ­
tativeness a re  not necessarily m utually exclusive, and  
can in fact be com plem entary . For exam ple, the 
m ethods o f  the N atu re  Conservancy Council (Ratcliffe 
1977) sough t to rep resen t the “range o f ecological 
variation” in a series o f  “key sites” b u t also used “typi­
calness” as a criterion  fo r  the selection o f  these sites. 
Similarly, the ap p ro ach  to representativeness taken by 
Parks C anada, detailed  later, is in term ediate  between 
the two definitions. H ow ever, som e have arg u ed  that 
areas with concentrations o f  “represen tative” natu ra l 
features a re  atypical (Foresta 1985).

Why use representativeness? T h e  rationale fo r using 
representativeness as an evaluation criterion d ep en d s 
to som e ex ten t on  w hether the typicalness o r the inclu­
sive defin ition  is used. I f  the la tter definition is used 
the rationales are  sim ilar to those given for conserva-
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Table 4. Approaches taken to the selection of representative areas.

Location, 
scales, and 
reference

Classification used, 
m eans o f  

assessm ent

Regionalization  
used and its 

basis

Great Britain
105 k m 2 (Ratcliffe 1977)

Vegetation classification, 
professional jud gm en t

N o n e

North Carolina
IO5 km2 (Radford and 
others 1981)

Classification o f  abiotic 
and biotic features, 
scoring system

N o n e

Yukon
10s km2 (Theberge and 
others 1980)

Professional j udgment: Ecoregions basis: biotic 
(vegetation), climatic

Ontario
IO6 km2 (Ontario 1978)

Classification o f  vegetation  
and abiotic features, 
professional jud gm en t

Site regions, site districts basis: 
biotic (vegetation), climatic

United States 
10’ km2 (US Park 
Service 1972)

Classification o f  biotic and  
abiotic features, scoring 
system

Physiography

Canada
IO7 km2 (Parks Canada 
1982)

Classification o f  biotic and  
abiotic features, scoring 
system

Terrestrial and m arine natural 
regions basis: physiography  
and vegetation

World
IO9 km2 (Man and 
Biosphere Program  
1974)

Professional judgm ent B iom es basis: biotic

W orld’s oceans
IO10 km2 (Ray 1975)

N one M arine biotic provinces basis: 
biotic

tion in general. For exam ple, "W ho knows which com ­
po n en t o f  o u r  habitat is m ore  significant than  a n ­
o ther. . .  ? W ho knows w hich elem ents o f  the  biotic o r  
abiotic habitat will be o f  g rea t n a tu ra l resource value to  
m an? T h ese  fundam en tal questions can be answ ered  
only if we preserve total species/habitats diversity in  
carefully selected natu ra l a reas” (R adford  an d  o thers 
1981). Som e rationales apply  to bo th  definitions: “the  
m ain tenance o f  large, h eterogeneous gene pools; th e  
p erp e tu a tio n  o f  sam ples o f  the  full diversity o f  the  
w orld’s p lan t and  anim al com m unities in  ou td o o r labo­
ratories fo r a wide variety o f  research ; the pro tection  
in particu lar o f  sam ples o f  na tu ra l an d  sem i-natural 
ecosystems fo r  com parison w ith m anaged, utilized, 
an d  artificial ecosystems” (Nicholson 1968:15—16).

How has representativeness been used? Regardless o f  
w hether the inclusive o r  th e  typicalness defin ition  o f  
representativeness is used, two basic approaches to 
evaluating representativeness exist: a classification o r  
listing o f  all natu ra l fea tu res possible over a b road  g eo ­
graphic region for com parison  with those in cand ida te 
p ro tec ted  areas, o r a regionalization o r  subdivision o f  a 
b ro ad  geographical reg ion  on  the basis o f  biotic an d /o r

abiotic fea tu re s  a n d  su b se q u en t selection o f  p ro tec ted  
areas w ithin each  division. A p a rticu la r  evaluation 
system  m ay in c o rp o ra te  b o th  app roaches . T ab le  4 
shows how  so m e system s w hich  use rep resen tativeness 
use reg ionalizations a n d /o r  classifications o f  na tu ra l 
fea tu res. S election  o f  rep rese n ta tiv e  areas based on 
bo th  reg ionalizations a n d  classifications o f  na tu ra l d i­
versity is c o m m o n  fo r  n a tio n a l a n d  provincial parks 
system s in C a n a d a  (Parks C a n ad a  1972, O n tario  1978, 
N ova Scotia 1979, Q u eb ec  1984), A m erican  federal 
p ro tec ted  areas  p ro g ra m s (US N ational Parks Service 
1972, M acF arland  a n d  W einste in  1979, N ational O ce­
anic an d  A tm o sp h e ric  A d m in is tra tio n  1982), an d  the 
US N ational W ilderness P reserva tion  System (Davis 
1984). T h e  varie ty  o f  possible reg ionalizations and 
classifications o f  n a tu ra l fea tu re s  is considerab le even 
fo r a single g eo g ra p h ic  reg io n  (Bailey 1983, Iffrig  and 
Bowles 1983, C larke a n d  Bell 1986). T w o  exam ples o f  
how  such classifications a re  u sed  to  assess rep resen ta ­
tiveness will illu stra te  th e  process.

B o th  P arks C a n ad a  a n d  the A m erican  National 
Parks Service use a reg ionalization  o f  te rrestria l areas 
based on  p h y sio g rap h y  a n d  fo re st types, an d  fo r  each
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Table 5. A weighting system for assessing representativeness.

R egional significance 
o f  natural feature Value Extent Value

Representativeness
value

Prime significance 2 Com m on 3 6
Prim e significance 2 U ncom m on 2 4
Som e significance 1 C om m on 3 3
Som e significance 1 U ncom m on 2 2
Prim e significance 2 Rare 1 2
Som e significance 1 Rare 1 1

reg io n  develop a classification o f  “n a tu ra l them es” o r  
fea tu re s  which a re  rep re se n ta tiv e  o f  th a t reg ion . Fea­
tu res  in  their classifications a re  sco red  in  two ways: 
w h e th e r  they a re  co m m o n , unco m m o n , o r  ra re  in  
each  “natu ra l re g io n ” ; a n d  w h e th e r  they are  o f  p rim e, 
som e, little, o r  n o  sign ificance o r  exceptional to a  n a t­
u ra l region (US N atio n al P arks Service 1972, Car- 
ru th e rs  1981). T h e s e  scores a re  com bined  to give a 
value fo r the fe a tu re s  in  th e  n a tu ra l reg ion , as illus­
tra te d  in T able 5. All th e  re g io n ’s feature-values are 
su m m ed , and  this su m  is u se d  fo r  com parison  with 
sum s obtained in  exactly  th e  sam e way fo r cand ida te  
p ro tec ted  areas in  th e  reg ion .

N o te  that th e  P ark s C a n ad a  ap p ro ach  to the con­
cep t o f  rep resen ta tiveness is in te rm ed ia te  betw een the 
typicalness an d  inclusive concepts. T h e  w eights in 
T ab le  5 indicate th a t the  com m on  o r  typical fea tu res 
are  em phasized b u t ra re  fea tu re s  a re  included  with 
less weight.

T h e  cooperative p ro jec t o f  th e  N ord ic countries, 
en titled  “R epresen ta tive  types o f  n a tu re  in th e  N ord ic 
coun tries,” involves a particu la rly  detailed an d  sophis­
ticated  app roach  to  rep rese n ta tiv en e ss  (N ordic C o u n ­
cil o f  M inisters 1983). T h e  N o rd ic  countries w ere d i­
v ided into 76 “physical—geo g rap h ica l reg ions” based 
on bo th  abiotic a n d  biotic a ttribu tes . A h ierarch ical 
classification o f  vege ta tion  was developed  p ro p o sin g  
600 types. A sim ilar b u t less de ta iled  app roach  was 
taken  to landform s. A  series o f  alm ost 400 “rep rese n ­
tative areas o f  n a tu re ” w ere  se lected  by local env iron ­
m en ta l m anagers a n d  in v en to ried , a n d  the data  w ere 
e n te red  into a c o m p u te riz ed  elata bank. T h ese  data  
p rov ide  a strong  basis fo r  assessing which vegetation 
an d  landfo rm  types a re  typical o r  ra re  as well as evalu­
a tin g  which sites a re  p articu la rly  rep resen ta tive .

Importance for Wildlife
What is importance fo r  wildlife? O n e  aspect o f  w ildlife 

m anagem en t is th e  id en tif ica tio n  o f  im p o rta n t habitat. 
M any adjectives h av e  b ee n  ap p lied  to such habitat: 
sensitive, significant, critical, a n d  un ique  a re  a few. 
T h e  in ten t, how ever, is to  id en tify  areas th a t p rov ide

habitat fo r a certain, o ften  large p ropo rtion  o f a wild­
life population. A tten tion  has focused on th ree com ­
ponents o f  the no tion  o f  im portance: the relative im ­
portance o f  d iffe ren t species, fo r instance, from  m ost 
en d an g ered  to m ost ab u n d a n t an d  w idespread; the 
relative im portance o f  d iffe ren t com ponents o f  the  life 
cycle (breeding, m igration , an d  so on) and  the asso­
ciated habitats; an d  the relative im portance o f  the  site 
populations, that is, the  percen tage o f  the total po p u la­
tion considered im p o rta n t o r critical. D epend ing  on 
the definitions o f  these aspects o f  im portance, the 
areas identified may be quite d ifferen t.

T h e  US Fish an d  W ildlife Service and  N ational M a­
rine  Fisheries Service have associated the term  critical 
habitat with en d a n g e red  an d  th rea ten ed  species: 
“ ‘Critical hab itat’ fo r any en d an g ered  o r th rea ten ed  
species could be the en tire  habitat o r any po rtion  
thereof, if, and only if, any constituent elem ent is nec­
essary to the norm al needs o r survival o f  that species” 
(Baysinger 1980). D onihee an d  G ray (1982) state tha t 
in the N orthw est T e rr ito rie s  o f  C anada “m anagem ent 
o f critical habitats is necessary fo r habitats in sh o rt 
supply, o r anim al species in sh o rt supply, o r habitats 
w here anim als are vu lnerable to d istu rbance.”

Why use importance to wildlife? T h e re  are m any a r ­
gum ents fo r the conservation  ol' areas im portan t to 
wildlife. Som e rela te  to the desire to prevent the ex ­
tinction o f  species an d  the loss o f  genetic variability 
within species. T h ese  rationales have been discussed 
above in  section Why use rarity? A no ther rationale is 
the m anagem ent o f  wildlife populations for sustain­
able yield, which rela tes to the th ird  basic goal o f  the 
W orld C onservation Strategy, the "sustainable utiliza­
tion o f  species an d  ecosystem s” (IU C N  1980). I t is ra ­
tionalized tha t the p ro tec tion  o f  “critical” areas will 
m aintain “healthy” an d  dynam ic populations.

How has importance fo r  wildlife been used? A g rea t 
m any species occur w ith in  any geographic or political 
unit. N ot all species a re  equally well suited to o r  well 
conserved by the p ro tec tion  o f  key areas. A variety o f  
m eans have been u sed  to de term ine  the species o f  
m ost concern.
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O ften  no  explicit m e th o d  is used  in selecting species 
o f  concern . W ildlife m an ag em en t has focused p ri­
m arily on  gam e species a n d  o thers iden tified  in  legisla­
tion, such as m igratory  b ird s an d  rare , th rea ten ed , and  
en d a n g e red  species. T h is  focus has resu lted  in a 
species-oriented app roach  in which the identification 
o f  im p o rta n t o r  critical hab ita t is only p a r t o f  a  species 
m anagem en t strategy. N evertheless, the criteria fo r se­
lecting species are som etim es explicitly stated: “T h e  
em phasis has been  u p o n  species tha t are, ra re , th rea t­
ened  o r  en d an g ered , an d  u p o n  those tha t b reed  a t 
trad itional locations, in la rge  concentrations, and  in  
scarce habitat, o r  are particu larly  susceptible to d is tu r­
bance” (Ealey 1981:36).

A dam us an d  C lough (1978) have iden tified  those 
characteristics o f  species w hich m ake them  m ore o r  
less suitable an d  desirable fo r conservation in p ro ­
tected  areas. Suitability criteria  a re  site tenacity, sea­
sonal mobility, a rea  size needs, and  spatial d istribution. 
C riteria o f  desirability a re  relative scarcity, status 
changes, endem icity, periphera lity , hab itat specializa­
tion, hab itat scarcity, susceptibility to d isturbance, 
un ique  scientific values, a n d  aesthetic am enities an d  
use. T h o m p so n  (1978) developed  a m ethod  using sim ­
ilar explicit criteria an d  subjective scores to assess w hat 
species a re  o f  m ost concern . H e reasoned  th a t “not all 
species a re  o f  equal concern ; som e have a relatively 
g rea t im portance o r  a h ig h  vulnerability” an d  it is nec­
essary to d eterm ine “on  a relative basis, w hich o f  the  
m ultitude o f  species fo u n d  in  an  area  are o f  g reatest 
concern  with respect to a p articu la r land use decision.” 
Scores assessed subjectively w ere assigned to each 
species fo r each criterion  an d  sum m ed, and  this sum  
was used as a relative im portance  rating.

T h e re  have been few attem p ts to define  general 
criteria to assess the relative im portance o f  habitat 
u sed  fo r d iffe ren t po rtions o f  the life cycle. Fuller 
(1980) ind icated  d iffe ren t abundance levels fo r  
b reed ing , w intering, an d  m ig ra ting  populations which 
he considered  significant a t in ternational, national, re ­
gional, county, an d  local levels. M cCorm ick a n d  o thers 
(1984) placed em phasis on  sites w ith “populations 
which are concentra ted , fo r  any p a r t o f  the year. . . . 
Such habitat sites include staging areas, m ou lting  
areas, nesting  colonies, a n d  the  forag ing  areas o f som e 
species.”

T h e  variety o f  m eans u sed  to assess the relative im ­
portance o f  site populations is, fo r the m ost part, a 
function  o f  the  quality o f  estim ates o f  site abundance  
an d  w hether o r  n o t accurate figures fo r th e  whole 
popu la tion  exist. S m art (1976) recom m ended  tha t a 
site su p p o rtin g  1% o r m ore  o f  a populations o f  a wa- 
te rb ird  population  should  be considered in te rn a tio n ­

ally significant. G ood  p o p u la tio n  a n d  site abundance 
estim ates a re  available fo r  th e  U n ited  K ingdom  and 
E ire, an d  th u s  F u lle r (1980) a n d  Lloyd (1984) were 
able to  apply  th e  1% crite rio n . F u ller also app lied  the 
1% c rite rio n  a t o th e r  scales, n a tio n a l an d  regional, 
w here  d a ta  w ere  available. F u lle r  also established n u ­
m erical criteria  fo r  those  species lacking total popu la­
tion estim ates.

A  series o f  techn iques have recen tly  been developed 
p rim arily  in  th e  U SA  to assess the  im p o rtan ce  o f  areas 
to wildlife species w hen  site-specific ab u n d an ce  data 
a re lacking a n d  o ften  n o t practically  obtainable (see 
S parrow e a n d  S p arro w e 1978, Ellis an d  o thers  1979, 
W helan  an d  o th e rs  1979, a n d  Seitz an d  o thers 1982 
fo r reviews). T h e se  m e th o d s a t te m p t to prov ide “p ro ­
fessionally acceptable a n d  reasonab ly  u n ifo rm  m eth ­
ods o f  ju d g in g  th e  value o f  w ildlife hab itats” (Spar­
row e an d  S p arro w e 1978). T h e se  m ethods are aim ed 
a t p ro v id in g  a tool fo r  en v iro n m en ta l im pact assess­
m en t as they p red ic t th e  lo n g e r  te rm  effects on  hab­
itat. A dditionally , they fu rn ish  a m eans o f  analyzing 
tradeo ffs o f  o n e  trac t fo r  an o th e r . T h e  m odels used 
are necessarily com plex, a n d  th e re fo re  we ou tline the 
conceptual basis o f  only  o n e , th e  H ab ita t Evaluation 
P rocedu res (US Fish a n d  W ildlife Service 1980).

Initially a n  a re a  is d e lin ea te d  in to  cover types 
th ro u g h  a irp h o to  in te rp re ta tio n . T a rg e t  species are 
selected, a n d  o n  the  basis o f  ex isting  litera tu re , habitat 
variables m ost im p o r ta n t fo r  each  species a re  chosen. 
T h e  op tim al value o f  these  variables is assessed, an d  a 
fu n ctio n  re la tin g  th e  h a b ita t variab le to  “hab ita t value” 
is derived . F ig u re  5 p o rtra y s  how  average tree  d iam ­
ete r o f  a cover type is co n v e rted  to  a hab ita t value 
index  fo r w hite-tailed  d ee r . F o r exam ple , a forest 
s tand  with trees w ith an  av e rag e  d ia m e te r  (DBH ) o f  10 
cm is co n v erted  to  an  in d e x  o f  value to  w hite-tailed 
d ee r o f  0.2. F ield  sam p lin g  o f  th e  e x ta n t cover types is 
done, an d  th e  h ab ita t variab les id en tif ied  above are 
m easu red . A  “h ab ita t suitability  in d e x ” is th en  devel­
oped  fo r  each cover type, based  on  its level o f  achieve­
m en t o f  o p tim al “h ab ita t values.” T h e n  fo r  each 
species, “h ab ita t u n its” a re  ca lcu la ted  by m ultiplying 
the hab ita t suitability  in d e x  fo r  a  cover type by th e  area 
occupied  by th a t cover type. A  h ab ita t suitability index, 
ideally, is positively linearly  re la ted  to  th e  actual car­
ry ing  capacity o f  th e  cover type.

Few tests o f  th is  ideal re la tio n  have been  conducted , 
b u t one , by B inns (1978), fo u n d  a very h igh  correla­
tion (r =  .98) betw een  a “h ab ita t quality  in d e x ” fo r 
tro u t an d  ac tua l tro u t  p ro d u c tio n . Such tests o f 
“w h e th e r a m o d e l accurate ly  p red ic ts  h ab ita t quality” 
rem a in  ra re  (Lancia a n d  o th e rs  1982). P rogress is 
being  m ade  in  th e  use o f  satellite im agery  in  habitat
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Figure 5. Illustration o f  a habitat suitability index. T he  hab­
itat variable tree d iam eter at breast height is converted to hab­
itai value. Data from  T h o m p so n  (1978),

assessm ent m odels fo r  som e species (for exam ple, 
Saxon 1983).

Cultural Criteria

Archaeological and Historical Features
C o n cu rren t w ith d ev e lo p m e n t o f  evaluation fo r n a­

tu re  conservation  th e re  has heen a grow ing need  fo r 
evaluation o f  h isto rical a n d  archaeological sites fo r  cul­
tural resou rce  m a n a g e m e n t (Schiller an d  G um - 
nierm an  1977, S h a rro c k  a n d  G rayson 1979, 'F a in te r 
and Lucas 1983). Few  o f  th e  evaluation  systems listed 
in T able 1 assessed th e  relative significance o f  archaeo ­
logical an d  h isto rical resou rces (h e rea fte r re fe rre d  to 
as cultural resources). T h e  p u rp o ses o f  those systems 
were prim arily  to iden tify  an d  evaluate areas o f  bio­
physical significance.

An exam ple  o f  th e  types o f  significance often  as­
sessed fo r cu ltu ra l reso u rces a re  those o f  Schiffer an d  
G um m erm an  (1977) a n d  S ch iffer an d  H ouse (1977):

Scientific sign ificance—-w h e th e r  a site’s “fu r th e r  study 
m ay be expected  to help  a n ­
sw er c u rre n t research  ques­
tio n ”

Historical sign ificance— w h e th e r  a site possesses good 
exam ples o f  resources ch a r­
acteristic o f  a particu lar “p re ­
h istoric cu ltu re, historic tribe, 
p e rio d  o f  time, o r category o f  
h u m a n  activity” an d  generally  
involves a cu ltu ral resource 
classification

Ethnic sign ificance— “religious, m ythological, social, o r  
o th e r  special im portance fo r  a 
d iscre te  p o p u la tio n ”

Public significance— value fo r public education  an d  
tourism

Legal significance— fu lfillm en t o f  criteria defined  by 
legislation.

O ther evaluations have focused  on th e  m onetary  value 
of artifacts, un iq u en ess  concepts such as “earliest”

or “biggest,” and  th e  conservation o f  represen tative 
sam ples o f  the m ain  varieties o f  sites (Rabb an d  
K linger 1977, Glassow 1977).

All these fram ew orks have been criticized because 
assessm ent “is subject to  variation betw een individuals, 
and  to change th ro u g h  tim e” (T a in te r and  Lucas
1983). T a in te r an d  Lucas conclude that “significance 
. . .  is a quality th a t we assign to a cultural resource 
based on  the theoretical fram ew ork within which we 
h ap p e n  to be th ink ing” and  as a resu lt “objective sig­
nificance evaluation is a  m yth .”

Human Use

T h e  evaluation o f  th e  significance o f  areas fo r d if­
feren t types o f h u m a n  use is a very broad  field an d  
relates to a large p a r t o f  the land-use p lanning  litera­
tu re  (for exam ple, see S teiner 1983). Such evaluations 
include not only capabilities fo r d iffe ren t uses b u t past, 
p resent, an d  pro jected  land uses an d  the com patibility 
o f these uses and capabilities.

A large percen tage o f  th e  evaluation systems re ­
viewed use scientific, educational, an d  recreational use 
o r potential as a criterion  (Table 1). Some assign sub­
jective scores (T ans 1974, G ehlbach 1975, W right 
1977, M cKinnon 1982), as we have seen for o th e r  cri­
teria. A n exam ple o f  this is W right’s (1977) scoring o f  
potential educational use: "very lim ited school use o r 
, . . suitable fo r ind iv idual o r small g ro u p  w ork,” score 
=  1; “good use a t m ost levels," score =  2; an d  “o u t­
standing  use at all levels o f  education ,” score =  3.

Several types o f  scientific significance have been 
used. Research po ten tia l is one type and  is the sam e as 
that no ted  above in reference to cultural resources. A 
site is significant if  its use may be expected  to answ er 
cu rren t research questions. In  general, scientific signif­
icance is related to  the  identified need  to have re p re ­
sentative natural areas to provide baseline data  for 
m onitoring  the effects o f  hum an  activities. Conversely, 
som e In ternational Biological P rogram  sites w ere se­
lected as having “scientific in terest because o f  the 
hum an  m anagem en t (alteration) to which they have 
been subjected” (Nicholson 1968). A second type o f  
value is tha t o f  past scientific research o r the "research  
investm ent” in a particu la r site (M cKinnon 1982, N i­
cholson 1968, Ray 1975, Ratcliffe 1977). Lastly, m any 
contend that m ost aspects o f  potential value fo r re ­
search are assessed by the ecological criteria (Booth 
and  S inker 1979, M oore 1982).

Planning and Management Criteria

O nce the significance o f an area  has been estab­
lished by ecological an d  cultural criteria, its im p o r­
tance m ust be assessed from  a p lanning  and m anage-
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m e n t standpoint.. C riteria fo r the latter assessm ent in 
general can be divided into two classes: need an d  feasi­
bility. T h ese  considerations are often  in teg rated  into 
the  decision-m aking process in  an inform al way bu t 
w ere som etim es explicitly trea ted  in the evaluation 
systems reviewed.

A  g rea t m any systems use need or th rea t as a crite­
rion , som e linking it to ecological fragility (Ray 1975, 
M cK innon 1982), o thers considering only the potential 
developm ent o r  land-use and  m anagem ent response 
(Tans 1974, G ehlbach 1975, IU C N  1984). N eed con­
sists o f  a n u m b e r o f  com ponents. T h re a t o f  u n d es ir­
able change is often  used to set short-term  priorities. 
Severity an d  im m inence o f  th rea t are the aspects m ost 
o ften  considered  (for exam ple, see T ans 1974, IU C N
1984). Replaceability o r  the  availability o f  sim ilar a lte r­
native sites is som etim es assessed (Quebec 1984). 
L ong-term  needs and priorities are m ore often  estab­
lished by rela ting  m anagem ent goals to the available 
ecological resources (O ntario  1981). For exam ple, the 
m anagem en t goal o f one pro tected  area in each bio­
geographic region can be used to set long-term  p rio r­
ities fo r site designation.

Feasibility criteria are used to assess the practicality 
o f designating  and  m anag ing  an area. C onsideration  
o f  feasibility is linked to the  agencies conducting  the 
evaluation an d  the ir m andates and  power. Assessm ent 
done  by an  agency with a m andate  for com prehensive 
environm ental m anagem ent will differ considerably 
from  assessm ent by an agency with a m ore lim ited 
m andate . N evertheless, th e re  are m any com m on con­
cerns. Ecological, econom ic, social, and political factors 
a re  all im portan t. Ecological integrity is often consid­
e red  im p o rtan t for p ro tected  areas. T hey  shou ld  be 
“ecological units whose long-term  protection is fea­
sible” (Parks C anada 1982), should be practical in 
size and  shape, and should  have “buffer potential o r 
natu ra l b u ffe r” (M cKinnon 1982). Social an d  politi­
cal concerns necessitate “low land use conflict” 
(M cK innon 1982) and  “m inim um  long term  d isru p ­
tion o f  the social and econom ic life in the su rro u n d in g  
reg ion” (Parks C anada 1982). Ease o f designation and  
m anagem en t includes factors such as local su p p o rt 
an d  w hether the site is on  public land (Quebec 1980).

Concluding Remarks

Evaluation o f  natural areas involves both subjective 
an d  objective factors which are not easily separa ted  
(Room e 1984). C onservation is based on values and  
prem ises which are often  inheren t in the evaluation 
process (see Ploeg an d  Vlijm 1978, E hrenfield  1976, 
Livingston 1981). For these reasons, we believe it im ­
perative tha t criteria used be precisely defined, the

reasons fo r their use  stated  explicitly, and the assum p­
tions o f  any m ethod  o f assessm ent b e  stated, F u rthe r­
m ore, each criterion  should  be re la ted  as m uch  as pos­
sible to bo th  the theory and  em piricism  o f  ecology.

A pplication o f  ecological p rincip les to  the  evalua­
tion  o f  natu ra l a reas is a grow ing, dynam ic, and  con­
troversial field necessitating th a t evaluation m ethods 
keep pace to en su re  that decisions a re  based on sound 
principles.
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