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The relationship between non-volant mammalian species richness and area in 24 western North 
American national parks is examined. The exponential and the power function models are 
concluded to be the ‘best’ models and account for nearly an identical proportion of the total 
variance ( g 69‘!/”). Two principal hypotheses, the area per se and the habitat diversity hypotheses, 
have been proposed to explain the species-area relationship. Support exists for both hypotheses 
based upon partial correlation analysis of non-volant mammalian species richness with area, 
elevational range, latitude, number of vegetative cover types and index of vegetative cover 
divrrsity. I conclude that area per se and habitat diversity defined as environmental heterogeneity 
are the best predictors of non-volant mammalian species richness in western North American national 
parks. I also conclude that vegetative cover diversity is a poor predictor of mammalian species 
richness in western North American national parks. Several problems with assessing the area per se 
and habitat diversity hypotheses are noted. These are: ( 1 )  the definition of the term ‘habitat’; (2) 
the predictions of these two hypotheses may not be mutually exclusive; and (3) area and habitat 
diversity tend to be intercorrelated. The slope (2 )  of the power function is equal to 0.12. The 
hypothesis that variation in the slope of the power function for nature reserves worldwide is a result 
of the comparativr sizes of the nature reserves cannot be excluded. There has been considerable 
discussion in recent years about the conservation implications of the species-area relationship. 
Much of this discussion has been concerned with whether a single large reserve contains more 
species than scveral small reserves (SLOSS). l h e  answer to SLOSS is heavily dependent upon the 
objectives of a reserve, the autecology of the species, and the ecological independence of the 
reserves. I t  is suggested that particular attention be given to area and elevation when designing 
naturc reserves. 
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INTRODUCTION 

It has been recognized for more than a century that the number of species 
increases as area increases (De Candolle, 1855; Arrhenius, 192 1, 1923; Gleason, 
1922, 1925). However, considerable debate still surrounds the biological basis 
for the species-area relationship (Simberloff, 1978; Connor & McCoy, 1979; 
McGuiness, 1984), the interpretation of the slope of the power function (Connor 
& McCoy, 1979; Sugihara, 1981), as well as the conservation implications of the 
species-area relationship (Diamond, 1975; Gilbert, 1980; Simberloff & Abele, 
1976, 1982). 

Two principal hypotheses have been proposed to explain the species-area 
relationship: the habitat diversity hypothesis and the area per se hypothesis 
(Connor & McCoy, 1979). Williams (1943) was the first to propose the habitat 
diversity hypothesis. He suggested that as larger areas are sampled, an 
increasing number of habitats will be encountered; thus larger areas contain 
more species because they contain greater habitat diversity. The area per se 
hypothesis was developed by Preston (1960, 1962) and MacArthur & Wilson 
(1963, 1967), who suggested that the number of species on an island represents 
an equilibrium between the rates of extinction and colonization. They assumed 
that the rate of colonization is dependent upon the distance of an island from a 
source pool and that the rate of extinction is inversely proportional to 
population size which in turn depends upon the island area. 

In order to corroborate the habitat diversity hypothesis, it must be shown 
that for islands of equal area, a positive relationship exists between habitat 
diversity and number of species. Conversely, in order to demonstrate the area 
per se hypothesis, it must be shown that in a homogeneous habitat a positive 
relationship exists between area and species number (Simberloff, 1978; Connor 
& McCoy, 1979). Unfortunately, variation in the size and habitat diversity of 
western North American national parks does not permit a natural experiment, I 
will therefore use correlation analysis to identifiy the best predictors of 
mammalian species richness. 

In  this paper, I examine the relationship between non-volant mammalian 
species richness in 24 western North American national parks and area, 
elevational range, latitude, number of vegetative cover types and index of 
vegetative cover diversity. I discuss the problems of assessing the area per se and 
habitat diversity hypotheses. In addition, I examine the relationship between 
number of non-volant mammals and area within western North American 
national parks and park assemblages and compare it to species-area 
relationships in Western Australian, and East African reserves. Finally I discuss 
the conservation implications of the species-area relationship as they apply to 
the design of nature reserves for mammals. 

METHODS 

Twenty-nine national parks and park assemblages in the western U.S. and 
Canada were included in this study. For purpose of analysis, parks that were 
contiguous with another park were considered to be a single park assemblage 
(Bekele, 1980), because of the freedom of movement for the park fauna between 
the contiguous parks. Thus a total of 24 national parks and park assemblages 
was included in the analysis (Table 1 ) .  All parks are located in the Rocky 
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Table 1. Untransformed data used in analysis 
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- .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I  
12 
13 
14 
15 
16 
17  
18 
19 
20 
21 
22 
23 
24 

Number of 
Mammalian Elevational vegetative 

Park-- species Area Latitude range cover 
park assemblage richness (krn*) ( O N )  (m) types 

Wind Caves 
Grand Teton-Yellowstone 
Glacier- Waterton Lakes 
Kootenay-Banff-Jasper-Yoho 
Glacier (Canada) 
Mount Revelstoke 
Manning Provincial 
Olympic 
Mount Rainier 
Crater Lake 
Lava Beds 
Lassen Volcanic 
Yosemite 
Sequoia-Kings Canyon 
Wupatki 
Grand Canyon 
Zion 
Bryce Canyon 
Capitol Reef 
Arches 
Dinosaur 
Colorado 
Mesa Verde 
Rocky Mountain 

33 
55 
56 
55 
39 
36 
48 
46 
40 
43 
33 
42 
57 
59 
30 
57 
49 
33 
32 
33 
42 
30 
44 
44 

I 1 2  
10328 
4627 

20736 
1349 
262 
712 

3628 
976 
64 I 
185 
426 

2083 
3389 

143 
493 1 
588 
144 
979 
293 
827 
83 

208 
1049 

43.58 
44.28 
48.71 
52.27 
51.27 
51.09 
49.11 
47.83 
46.86 
42.77 
41.77 
40.50 
37.83 
36.77 
35.56 
36.23 
37.32 
37.51 
38.08 
38.73 
40.44 
39.06 
37.25 
40.35 

365 
2347 
2213 
2887 
2535 
2150 
1509 
2428 
3897 
1501 
45 7 

1439 
3293 
399 I 
335 

2275 
I463 
762 
320 
488 

1262 
670 
713 

1809 

4 
9 
9 

10 
8 
7 
6 
8 
8 
6 
5 
7 

10 
9 
3 
6 
5 
5 
4 
4 
7 
4 
3 
8 

Index of 
vegetative 

cover 
diversity 

0.31 
0.60 
0.79 
0.83 
0.77 
0.72 
0.54 
0.64 
0.38 
0.67 
0.39 
0.68 
0.80 
0.73 
0.40 
0.52 
0.68 
0.56 
0.46 
0.50 
0.32 
0.49 
0.43 
0.75 

Mountains, Sierra-Cascades or Colorado Plateau (Fig 1) .  The legal size or area 
( A )  of the western North American national parks and park assemblages was 
taken from IUCN (1980). 

Non-volant mammalian species richness (S) was determined by reviewing the 
literature and the park sighting records (Newmark, 1986). Species which have 
been sighted fewer than three times since park establishment were excluded 
from the analysis, because these species were considered to be transients. All 
non-volant mammalian exotics were included in the analysis because of their 
non-transient nature; i.e. in all cases they are species which have established 
breeding populations within a park. 

Elevational range (E) has been widely recognized as an indirect indicator of 
environmental diversity (Hamilton & Armstrong, 1965; Johnson & Raven, 
1973; Power, 1976; Patterson, 1980). Most western North American national 
parks and park assemblages display a large elevational range. Elevational range 
for each park was taken from U.S. Geological Survey and Canadian Army 
Survey and Canadian Department of Energy, Mines, and Resources 
topographical maps. 

The inverse relationship between latitude ( L )  and number of species has long 
been recognized (Wallace, 1878; Fischer, 1960; Simpson, 1964). The latitude of 
the centre of each reserve was taken from the U.S. and Canadian topographical 
maps. 

The number of vegetative cover types (NV) within each park was calculated. 
Twenty-five vegetative cover types were identified in the 24 parks and park 
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Figure I .  Map of western North American showing location or 24 national parks and park 
assemblages listed in Table 1. 

assemblages from existing National Park Service and Parks Canada vegetative 
cover type maps (Table 2) .  The cover types listed in Table 2 are based 
principally upon the dominant upper story vegetation. The criterion for 
inclusion was that a given vegetative cover type within a park must cover at least 
1% of the park. 

An index of vegetative cover diversity ( VcD) was developed based upon the 
Shannon-Wiener diversity index. The index of vegetative cover diversity may 
be described as: 

where pi is the relative frequency of the ith vegetative cover type listed in 
Table 2. 
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‘Table 2. Vegetative cover types in 24 western North American national parks 
and park assemblages used in analysis. Vegetative cover types were identified 

from National Park Service and Parks Canada vegetative cover type maps 

1 Alpine 10 

3 Whitrbark pine 12 
2 E:ngrlmann spruce/subalpine fir I I 

4 Lodgepole pine 13 
5 Xlountain hcmlock 14 
6 Red fir/white fir 15 
7 Silver fir 16 
8 \.Vestern hcmlock 17 
9 Sitka sprucr 18 

Douglas fir 19 Sagebrush 
Rrdwood 20 Cr~oso~ebritsh/saltbrush 
Larch 21 Blarkbrush 
Pondrrosa pinr/JeKerey pine 22 Scrub 
Oak woodland 23 Grassland/meadow 
Aspen 24 Riparian 
Pinyon pineijunipcr 25 Barrcn 
Chaparral 
Stirub/brush 

Statistical calculations were conducted using the Michigan Interactive Data 
Analysis System. The least-squares method was used for all regression analyses. 
Species-area regressions were calculated using the linear (specieslarea) , 
exponential (species/log area), and power function (log species/log area) models 
(Connor & McCoy, 1979). The power function model is: 

S = CA’, 

where S is number of species, A is area and C and 2 are constants. The power 
function is approximated by the double log transformation: 

logs = logC+ ZlOgA. 

The exponential model is: 

s = logC+ rlogA. 

‘fhe linear model is: 

S = C + z A .  

Determination of the ‘best fit’ was identified by examining alternative models 
for lack of systematic error (Sugihara, 1981). Specifically, I plotted the residuals 
against the independent terms and examined them for non-linearity and non- 
constancy of error variance (Neter & Wasserman, 1974). The Lilliefors test 
(Conover, 197 1 ) was used to test for normality of error terms. 

Partial correlation analysis was conducted between non-volant mammalian 
species richness and area, elevational range, latitude, number of vegetative 
cover types and index of vegetative cover diversity to identify the ‘isolated 
effects’ of each of these variables (Morrison, 1967). Partial correlation analysis 
was used instead of stepwise multiple regression analysis because of the problems 
associated with the order in which the independent variables enter the stepwise 
regression analysis. That is, for variables that are highly correlated, such as area 
and indices of habitat diversity, the variable that enters the regression equation 
first will always explain a larger proportion of the total variation of the 
dependent variable and thus may give a distorted image as to the relative 
‘importance’ of an independent variable. All variables were log, transformed 
to normalize their distributions. 
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Figure 2. The relationship between log,, number ofspecies of non-volant mammals and log,, area 
of 24 western North American national parks and park assemblages. Log S = 1.26+0.12 (log A ) ,  
r2 = 0.68, P < 0.001, W = 24. 

RESULTS 

Species-area relationships 

The exponential and the power function models were considered to be the 
'best' models because they did not violate the assumptions of linearity, 
constancy, or normality of error terms. Species richness was significantly 
correlated (P < 0.001) with area of the western North American national parks 
and park assemblages for both the exponential and power function models 
(Fig. 2). These two models accounted for a nearly identical proportion 
( Z  69%) of the total variance (Table 3). 

Correlation among variables 

Mammalian species richness was positively correlated with area, elevational 
range, number of vegetative cover types and index of vegetative cover diversity 
for log,, transformed data (Table 4). This indicates that large parks with a 
greater elevational range, higher vegetative cover diversity and a large number 
of vegetative cover types support a greater number of species. Latitude was the 
only variable not significantly correlated with species richness. 

Area was significantly correlated with number of vegetative cover types, 
elevational range and the index of vegetative cover diversity. This indicates that 
area and possible indicators of habitat diversity are intercorrelated. 

Table 3. Results of species-area regression analysis for 24 western North 
American national parks and park assemblages 

Regression model 
F test, 

r2 P W 
~~ 

Exponential, S = 7.26+ 12.32 (IogA) 0.69 <0.001 24 
Power function, logs = 1.26f0.12 (IogA) 0.68 < 0.001 24 
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Table 4. Correlation matrix of log,, transformed data for 24 western North 
American national parks and park assemblages 

S A E vco J% L 

(S) Mammalian species richness ~ 

( A )  Area 0.83 - 

( E )  Elevational range 0.79 0.72 - 

( FCD) Index of vegetative cover diversity 0.57 0.54 0.65 - 

( L )  Latitude 0.15 0.35 0.43 0.30 0.52 - 

(A'") Number of vegetative rover types 0.71 0.77 0.89 0.64 ~ 

P < 0.05, r = 0.40; P < 0.01, r = 0.52; P < 0.001, r = 0.63; df  = 22. 

Partial correlation analysis 
Partial correlation analysis showed that area was significantly correlated with 

mammalian species richness after holding elevational range, latitude, number of 
vegetative cover types and the vegetative cover diversity index constant 
(Table 5). Elevational range was also significantly correlated with species 
richness after holding area, latitude, number of vegetative cover types and index 
of vegetative cover diversity constant. Neither latitude, the number of vegetative 
cover types, nor the index of vegetative cover diversity index were significantly 
correlated with species richness when the other variables were held constant. 
These results indicate that both area per se and elevational range are 
significantly correlated with mammalian species richness in western North 
American national parks when the effects of latitude, vegetative cover and 
vegetative cover diversity are partialled out, but that latitude, vegetative cover 
and vegetative cover diversity are not significantly correlated with species 
richness when the effects of area and elevation are partialled out. 

DISCUSSION 

Area per se and habitat diversity hypotheses 

Partial correlation analysis indicates that area per se is an important predictor 
of mammalian species richness in western North American national parks. This 
is consistent with the hypothesis that larger areas normally contain larger 
populations which in turn have lower probabilities of extinction (MacArthur & 

Table 5. Partial correlations between non-volant mammalian species richness 
and area, elevational range, latitude, index of vegetative cover type diversity 
and number of vegetative cover types. The partial correlation of each variable 

with species richness was calculated by holding all other variables constant 

Variable t test, P 

Area 0.67 < 0.01 
Elevational range 0.54 < 0.025 
Latitude -0.40 n.s. 
Number of vegetative rover types -0.20 n.s. 
Index of Vegetative cover diversity 0.10 n.s. 



90 W. D. NEWMARK 

Wilson, 1967; Diamond, 1984a). Additional support for this hypothesis within 
western North American national parks is twofold. 

First, within 14 of the 24 western North American national parks and park 
assemblages included in this study, a significant inverse relationship exists 
between number of natural post-establishment extinctions of lagomorphs, 
carnivores and artiodactyls and park area ( r  = 0.72; P < 0.01). Analysis was 
limited to 14 parks and the orders Lagomorpha, Carnivora and Artiodactyla, 
because these parks and orders had the most complete historical and current 
species sighting records. The regression equation describing this relationship is 
y = 11.82 -2.68 log area (Newmark, 1986). Results will be reported more fully 
in the future. 

Second, for populations of lagomorphs, carnivores and artiodactyls that have 
gone extinct since park establishment in western North American national parks 
and park assemblages, estimated initial population size is the most consistent 
predictor of the log of the ratio of the odds of persistence/extinction. This 
result is based upon regressing persistencelextinction of populations of 
lagomorphs, carnivores and artiodactyls on park age, initial population size, 
body weight, index of ecological specialization, age of maturity and successional 
stage affinity using multiple logistic regression analysis (Newmark, 1986). These 
results also will be reported more fully in the future. 

Partial correlation annysis also indicates that elevational range is an 
important predictor of mammalian richness in western North American 
national parks. This result is consistent with findings by Patterson (1984) who 
reported a significant relationship between number of montane mammals and 
elevation in the southern Rocky Mountains. 

I t  has been recognized since before the turn of the century that many 
mammals in western North America are distributed along elevational gradients 
(Merriam, 1890; Grinnell & Storer, 1924; Hall, 1946). In  addition, Simpson 
(1964) has shown that for North America, the mountainous regions are the 
centres of highest mammalian species diversity. 

Elevational range is an important predictor of mammalian species richness in 
western North American national parks, because an increase in elevational 
range is most likely associated with an increase in environmental heterogeneity. 
It is well known that elevation is correlated with temperature, precipitation, 
humidity, wind speed, evaporation and insolation in western North America 
(Whittaker, 1960; Marr, 1967). Thus greater elevational range should reflect 
greater climatic and substrate diversity. I t  is most likely that this increase in 
climatic and substrate diversity is responsible for the observed increase in 
mammalian species richness. An increase in climatic and substrate diversity 
should increase the opportunity for the ecological segregation of species as a 
result of behavioural and physiological differences between species (Terborgh, 
1971; Brown, 1971; Heller & Gates, 1971; Diamond, 1973). Heller (1971) and 
Heller & Gates (1971) have demonstrated for four species of chipmunks 
(Eulamias spp.) in the Sierra Nevadas in California, that individual physiological 
tolerances of the species as well as their relative competitive abilities are 
important determinants affecting their elevational distribution. These results are 
further supported by Brown (1971) who has shown that two species of 
chipmunks (Eulamias umbrinus and E. dorsalis) in the Great Basin are segregated 
along elevational gradients as a result of interspecific competition. 
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Partial correlation analysis indicates that habitat diversity, defined as either 
the number of vegetative cover types or as an index of vegetative cover diversity, 
is a poor predictor of mammalian species richness in western North American 
national parks. I propose several explanations for the insignificant correlations 
between mammalian species richness and vegetative cover diversity in western 
North American national parks. 

First, i t  is possible that the dominant upper-story vegetation, upon which the 
two vegetative cover diversity indices are based, is less important in defining the 
habitat requirements for mammals than the middle and ground-level 
vegetation. However, many of the vegetative cover types that were used in the 
analysis are single strata. While little work has been conducted on the 
importance of vegetative strata on mammalian richness, there has been 
considerable work done on the importance of vertical height diversity on avian 
richness (e.g. MacArthur & MacArthur, 1961; Karr, 1968; Rotenberry & 
Wiens, 1980). Lynch & Whigham (1984) have shown that individual bird 
species in the eastern deciduous forests of the U.S. respond differentially to 
specific structural and floristic characteristics of the forest. I t  is possible that 
mammals respond similarly. 

A second possible explanation for the insignificant correlation between 
number of mammalian species and vegetative cover diversity is that vegetative 
cover diversity may not be important in defining habitat diversity with regard 
to mammalian richness. While this explanation runs counter to the widely 
accepted definition of habitat as being the vegetative cover of an environment 
(Ricklefs, 1979; Karr, 1980), i t  is consistent with the findings of several other 
workers (Brown, 1978; Lawlor, 1983). Brown (1978) reported an insignificant 
correlation between number of montane mammals on mountaintops in the 
Great Basin and an index of habitat diversity, developed by Johnson (1975), 
based upon the number of coniferous tree species and three mesic vegetative 
cover types. Additionally, Lawlor ( 1983) reported an insignificant correlation 
between number of mammals and number of plant species on landbridge islands 
in the Sea of Cortkz off Mexico. 

To my knowledge, only two studies have concluded that habitat diversity, as 
estimated by vegetative cover diversity, is the principal predictor of 
mammalian richness in western North America when both area and habitat 
diversity area included in the analysis; however, both of these studies are 
inconclusive. Lawlor ( 1983) reported that distance to the mainland and number 
of plant species were the best predictors of number of mammals on oceanic 
islands in the Sea of Cortkz and concluded that isolation and environmental 
complexity as estimated by number of plant species are the principal 
determinants of mammalian richness on these islands. However, it is possible 
that the number of plant species is intercorrelated with some third variable, such 
as annual precipitation, which is affecting both numbers of species of mammals 
and plants either directly or indirectly. Abramsky & Rosenzweig (1984) have 
shown that annual precipitation, which they suggest reflects productivity, is a 
good predictor of number of rodent species in rocky and sandy habitats in Israel 
and in sandy habitats in the deserts of southwestern U.S. Secondly, Bekele 
(1980) reported the number of potential natural vegetation types (Kiichler, 
1966) to be the best predictor of number of large mammals in 14 western 
U.S. national parks. 
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The obvious contradiction between results presented here and those of Bekele 
(1980) deserves further comment. First, it is questionable whether the number of 
potential natural vegetation types (Kuchler, 1966) should reflect ‘more truly’ 
habitat diversity than an index based upon existing vegetative cover types. 
Secondly, using a more recent edition of the vegetation map (Kuchler, 1975), I 
calculated a different number of potential natural vegetation types for  many of 
the same 14 western U.S. national parks that Bekele (1980) included in his 
analysis. Using these more recent data, I found an insignificant partial 
correlation (P > 0.1) between number of species of mammals and number of 
potential natural vegetation types in 20 western U.S. national parks when area, 
elevational range and latitude were held constant (20 instead of 24 western 
North American parks and park assemblages were included in the analysis 
because Kuchler’s potential natural vegetation classification system is limited to 
the contiguous U.S.), Further detailed studies of the relationship between 
vegetative diversity and mammalian richness are needed. 

A third possible explanation for the insignificant correlation between species 
richness and vegetative cover diversity is that vegetative cover diversity may be 
more important for local or alpha diversity than for regional or beta diversity 
(MacArthur, 1965; Ricklefs, 1979). Given the large geographic expanse of the 
24 national parks and park assemblages included in this study, it is quite 
possible that vegetative cover diversity is not reflective of regional or beta 
diversity. Elevational range is possibly a better measurement of regional or beta 
diversity. 

I t  is apparent that several factors complicate the assessment of the relative 
importance of area per se and habitat diversity in explaining species-area 
relationships in western North American national parks. First is the inadequacy 
of existing definitions of the term ‘habitat’ to explain mammalian species 
richness in western North American national parks. The definition of the term 
‘habitat’ as the vegetative cover of an environment (Ricklefs, 1979; Karr, 1980) 
is unsatisfactory because of the poor correlation of numbers of non-volant 
mammals with vegetative cover diversity in western North American national 
parks. In addition, the definition of habitat as a rn-dimensional space in which a 
species exists (Whittaker, Levin & Root, 1973) is unsatisfactory because it  is too 
broad to be of any predictive value. 

A second factor which makes it difficult to assess the relative importance of 
area per se and habitat diversity in western North American national parks is 
that the predictions of the area per se and habitat diversity hypotheses may not 
be mutually exclusive (Simberloff, 1978; Connor & McCoy, 1979; Gilbert, 
1980). Support for both hypotheses exists. Simberloff (1976) and Rey (1984) 
have confirmed experimentally the importance of area per se as a predictor of 
number of arboreal arthropods on small mangrove and Spurtinu islands off the 
coast of Florida. Harman (1972) and Abele (1974) have provided support for 
the importance of habitat diversity in predicting number of species of aquatic 
invertebrates in marine and fresh water environments, and MacArthur & 
MacArthur (1961) have demonstrated the importance of habitat diversity in 
predicting avian species richness in eastern North America. It is quite possible 
that in one region or for one taxon, area may be an important predictor of 
number of species while in another region or for another taxon, habitat diversity 
may be an important predictor. Finally, it is possible that both area per se and 
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habitat diversity may be important predictors in the same region or for the same 
taxon as i t  appears to be with non-volant mammals in western North American 
national parks. 

A third factor which complicates the assessment of the relative importance of 
area per se and habitat diversity is that area and indices of habitat diversity tend 
t o  be intercorrelated (e.g. Power, 1972, 1976; Brown, 1978; Kitchener et a l . ,  
1980; Reed, 1983; Lynch & Whigham, 1984). An examination of the correlation 
matrix (Table 4) indicates that within western North American national parks, 
area and possible indicators of habitat diversity (elevational range, number of 
vegetative cover types, and index of vegetative cover diversity) are positively 
correlated. 

Partial correlation analysis shows that both area per se and elevational range 
are important predictors of mammalian species richness in western North 
American national parks. Area per se is probably important because larger areas 
contain larger populations which in turn have a higher probability of 
persistence. Elevational range is important because an increase in elevational 
range is most likely associated with an increase in environmental heterogeneity 
which in turn allows for greater ecological segregation of species. Finally, 
Vegetative cover diversity is a poor predictor of mammalian richness in western 
North American national parks. 

Interpretation of the species-area slope (z) 

Although western North American national parks are becoming increasingly 
isolated as a result of disturbance on lands adjacent to the parks, they are not 
yet true habitat islands. The slope of the power function for the species-area 
relationship ( z  = 0.12) indicates that western North American national parks 
and park assemblages are more similar to non-isolated continental samples than 
to true isolates. MacArthur & Wilson (1967) and Lawlor (1986) report that the 
slope for most non-isolated continental samples is between 0.12 and 0.17 and the 
slope for true isolates is between 0.20 and 0.35. 

The slope of the power function for the species-area relationship for western 
North American national parks differs from the reported slopes for other groups 
of nature reserves worldwide. Kitchener et a l .  (1980) report a slope of 0.39 for 
non-volant mammals in nature reserves in Western Australia. Miller & Harris 
(1977) did not find a significant species-area relationship for large mammals in 
East African national parks. However, Western & Ssemakula (1 98 1 ), when 
comparing East African parks by habitat type, found a significant species-area 
relationship with a slope ( z )  of 0.04-0.08. The variation in the slope of the 
species-area regression of nature reserves worldwide may be related to the 
relative isolation of the parks, the relative transience of the species or the 
comparative sizes of the reserves. Unfortunately, quantitative data are 
unavailable to examine the first two hypotheses; however, from general 
qualitative descriptions in the literature of Western Australian and East African 
reserves, it appears that Western Australian reserves are much more isolated 
than either western North American or East African reserves. 

Martin (1981) has shown that the slope of the power function will vary 
according to the size of the islands forming an archipelago. Archipelagos with 
small islands tend to have steeper slopes than archipelagos with large islands. 
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Martin (1981) suggested that this empirical relationship is a result of the 
asymptotic nature of the species-area relationship. This hypotheses cannot be 
rejected based upon the comparative slopes and sizes of the Western Australian, 
western North American and East African parks. Western Australian parks are 
the smallest group of parks(% = 10 km2) and have the steepest slope ( z  = 0.39), 
followed by western North American parks which are intermediate in size 
(% = 2446 km2) and slope ( z  = 0.12), followed by the East African parks which 
are the largest parks (2 = 5643 km2) and have the shallowest slope 
(L = 0.04-0.08). 

Implications of the species-area relationship f o r  conservation of mammals 
There has been considerable discussion in recent years as to the conservation 

implications of the species-area relationship. Much of this discussion has been 
concerned with the utility of the species-area relationship in developing guide- 
lines for reserve design (Diamond, 1972, 1975; Simberloff & Abele, 1976, 1982; 
Gilbert, 1980; Reed, 1983). A general consensus now exists that a single large 
reserve will contain initially more species and lose fewer species over time than a 
single small reserve. This relationship holds as long as the species-area curve 
does not flatten out. The positive relationship between non-volant mammalian 
species richness and area for western North American national parks as well as 
the inverse relationship between number of post-establishment extinctions of 
lagomorphs, carnivores and artiodactyls and park area provides further support 
for this relationship (Newmark, 1986). 

A more contentious question has been whether a single large reserve will 
contain more species than several small reserves of equivalent size, referred to by 
the acronym SLOSS (e.g Simberloff & Abele, 1976, 1982; Wilcox & Murphy, 
1985). In large part the answer to SLOSS depends upon the reserve ob.jectives, 
the ecological independence of the reserves (Shaffer & Samson, 1985), as well as 
the autecology of the species being protected. 

If the primary objective of a nature reserve is to maximize species richness, 
then the answer to SLOSS is largely contingent upon the slope of the regression 
curve and the similarity of species composition between reserves (Simberloff & 
Abele, 1976). It is now generally agreed that two small reserves in different 
habitats will normally contain more total species than a single large reserve 
(Higgs & Usher, 1980; Gilpin & Diamond, 1980; Simberloff & Abele, 1982; 
Soult & Simberloff, 1986). 

If on the other hand the primary objective of a nature reserve is to minimize 
species extinctions, then the answer to SLOSS is strongly dependent upon the 
autecology of the species being protected as well as the ecological independence 
of the reserves to stochastic extinction events (Shaffer & Samson, 1985). As has 
been frequently stated, species are not equal (e.g. Diamond, 1976). Humphrey 
& Kitchener (1982) have shown that in Western Australian nature reserves, a 
single reserve contains more vertebrate species that cannot use habitat adjacent 
to the reserve than two small reserves of equivalent size, while two small reserves 
contain more total vertebrate species that can use habitat adjacent to the 
reserves than a single large reserve. These results are similar to those of Blake & 
Karr (1984) who have reported that a single large forest in Illinois contains 
more long-distance avian migrants than two small forests of equivalent size, but 
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that two small forests contain more short-distance avian migrants, residents and 
total species than a single large reserve. 

The importance of recognizing the autecology of the species being protected 
when designing nature reserves is further dramatized by the results of Patterson 
& Atmar (1986) who have shown that the loss of species of montane mammals 
in the southern Rocky Mountains follows a nested subset pattern. They explain 
this phenomena as a result of smaller areas containing smaller populations 
which have higher probabilities of extinction. Support for this hypothesis is 
provided by the significant inverse relationship between the log of the ratio of 
the odds of persistence/extinction and estimated initial population size of 
lagomorphs and carnivores in western North American national parks 
(Newmark, 1986). This implies that there is a critical area requirement for most 
montane mammals in western North America. Nature reserves can be expected 
in the long run to support only those species that have an area requirement 
smaller than the reserve. 

The issue of minimum critical size for nature reserves is particularly 
important for mammals because as a group, mammals are comparatively poor 
colonizers (Newmark, 1986; Lawlor, 1983, 1986; Heaney, 1986; Morgan & 
Woods, 1986). Heaney (1986) estimates that the rate of colonization for 
mammals in the Philippines across saltwater barriers less than 15 km is 
approximately one successful colonization per 250 000-500 000 years. Morgan & 
Woods (1986) estimate the rate of colonization for non-volant mammals into the 
West Indies across saltwater barriers as one colonization for every 1.5-3.1 
million years. The poor colonizing ability of mammals is further reflected in the 
low relative turnover of mammals (Crowell, 1986) in comparison with other 
invertebrate and vertebrate taxa (Schoener, 1983) on oceanic islands. 

While most nature reserves are not surrounded on all sides by saltwater 
barriers, i t  is quite likely in the future that the habitat adjacent to most nature 
reserves will become increasingly inhospitable to mammalian dispersal. 
Approximately 85% of the lands adjoining the western North American 
national parks are public lands (Newmark, 1986). Yet within 14 of the 24 
western North American national parks included in this study with the best 
historical current species sighting records (park age, 2 = 75.1 years), there have 
been only three post-establishment natural colonizations by species of 
lagomorphs, carnivores and artiodactyls not previously found within the parks 
(Newmark, 1986). This is equivalent to a rate of one colonization per 350 years. 

Corridors between nature reserves should enhance the potential for 
colonization by non-volant mammals (Diamond, 1975; Harris, 1984). Yet the 
benefits of promoting colonization must be weighed against the risks of 
introducing disease and exotic species. The impacts of disease and introduced 
species upon isolated populations can be severe and have been identified as two 
of the most important factors responsible for the historical extinction of most 
isolated vertebrate species (Diamond, 1984b; Frankel & Soul&, 1981). Thus, 
given the poor colonizing ability of most mammals and the problems associated 
with corridors, i t  is critical that particular emphasis be placed upon maximizing 
reserve area when designing nature reserves for mammals. 

It is widely recognized that reserve area and elevation are normally only two 
of several criteria that are considered when designing a reserve. Issues such as 
acquisition and maintenance costs, introduction of exotic species, poaching and 
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promotion of rural development are also frequently of equal concern when 
planning nature reserves (McNeeley & Miller, 1984). Nonetheless, there are 
several additional practical reasons why special attention should be given to 
variables such as reserve area and elevation. First, area and elevation are 
relatively easy to measure in comparison to habitat diversity and can be taken 
readily from topographic maps. Secondly, area and to a lesser degree elevation 
have been shown to be consistently correlated with species richness for a wide 
variety of taxa. In contrast, most indices of habitat diversity tend to be taxon- 
specific. That is, most indices of habitat diversity which have proven to be 
successful in predicting species richness for one taxon are generally poor in 
predicting species richness for another taxon (e.g. Brown, 1978). Thus, given the 
limited resources facing most conservation organizations, it would be prudent if 
particular attention be given to such easily measured variables as area and 
elevation in the selection and design of nature reserves. 
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