
GRADIENTS OF SPECIES DENSITY AND TURNOVER IN 

MARSUPIALS: A HEMISPHERIC PERSPECTIVE 


Ecology Program, Department of Biological Sciences and the Museum, 

Texas Tech University, Lubbock, TX 79409-3131 (MRW) 


Department of Biology, The Pennsylvania State University, 

3000 Zvyside Park, Altoona, PA 16601-3760 (MRG) 


Although marsupials represent a taxonomically and ecologically diverse group of mammals 
(Infraclass Metatheria), little is known concerning their large-scale areographic patterns. 
Distributional data for North and South America were analyzed by statistical techniques to 
ascertain the degree to which latitude, biome richness, and area account for patterns of 
species density. In general, mid-latitude accounted for more variation among bands than 
did other descriptors, but the form of the relation between species density and latitude 
differed between North and South America. Marsupials in North America exhibited more 
simple relations (quadratic) between species density and latitude than did their South Amer- 
ican counterparts (cubic). Nonetheless, both models are consistent with a subtropical max- 
imum. Turnover of species between quadrats within a band did not contribute to latitudinal 
gradients in species density in a significant fashion in either continent. Such complex results 
may reflect the dynamic interaction of contemporary ecological forces (habitat selection, 
competition, physiological constraints) superimposed on a pervasive historical legacy (i.e., 
extensive radiation in South America, subsequent reduction in diversity after placental 
invasion during the late Pliocene, re-invasion of Central America from the south). 

Key words: marsupials, species richness, beta diversity, New World, areography, ma- 
croecology 

Systematists, biogeographers, and ecolo- detected marked differences between volant 
gists long have been intrigued by distribu- and non-volant mammals in the form of the 
tional patterns of species (Brown and Gib- latitudinal gradient based on band analyses. 
son, 1983; Brown and Maurer, 1989; Mac- These results should be interpreted with 
Arthur, 1972; Rapoport, 1983; Rhode, caution because latitudinal trends in North 
1992; Stevens, 1989) because they reveal America could be affected strongly by the 
important attributes of evolutionary pro- shape of the continent or by other unique 
cesses (Brown, 1995; Rosenzweig, 1995). aspects of geography or evolutionary his- 
Mammals, like other taxa (Cook, 1969; tory, rather than by latitude per se (Willig 
Kiester, 197 1 ; Rabinovich and Rapoport, and Sandlin, 1991; Willig and Selcer, 
1975; Schall and Pianka, 1978), show in- 1989). Moreover, most previous analyses, 
creasing species density (number of species with the exception of Ruggiero (1994), 
per sampling unit) as one proceeds from have failed to include the equator and much 
high to low latitudes in North America of tropical America, although the impetus 
(Simpson, 1964), yet this pattern may pri- for investigating trends in mammalian spe- 
marily be attributable to the Chiroptera cies density stems, at least in part, from a 
rather than to quadrupedal terrestrial mam- fascination with the high diversity support- 
mals (Wilson, 1974). McCoy and Connor ed in tropical areas. 
(1980) also evaluated patterns of marnma- More recently, Willig and Selcer (1989) 
lian species density in North America; they and Willig and Sandlin (1991) demonstrat- 
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ed the utility of methodological approaches 
based on quadrats and bands, quantified the 
strong relation between species density of 
bats and latitude in both North and South 
America, and concluded that longitude, 
area, and biome richness account for little 
of the variation in species density among 
sampling units. In addition, they found that 
different taxa of bats respond to latitude in 
different ways, and that the increase in spe- 
cies density of bats in tropical areas occurs 
despite increased faunal turnover between 
quadrats in more temperate regions. Com- 
parable studies of latitudinal trends in other 
speciose mammalian taxa are lacking; how- 
ever, Mares and Ojeda (1982) did evaluate 
patterns of species density of hystricognath 
rodents in South America, and found lati- 
tude and longitude to have less predictive 
power than area. Following the general ap- 
proach of those who came before her, Kauf- 
man (1995) documented that both bats and 
non-volant mammals contributed in a sig- 
nificant fashion to the mammalian diversity 
gradient in the New World. More specifi- 
cally, she showed that gradients of species 
richness are linear and indistinguishable in 
North and South America after the effects 
of area are removed via covariance analy- 
ses. Nonetheless, non-volant mammals rep- 
resent a diverse and taxonomically hetero- 
geneous group. It is unclear if the general- 
ities for the group apply to constituent taxa 
(e.g., marsupials, rodents, carnivores) in a 
consistent or comparable fashion. Indeed, 
Ruggiero (1994) clearly has documented 
that peaks in species density in South 
America differ for subsets of the marnrna- 
lian fauna (i.e., bats, marsupials, carnivores, 
edentates, artiodactyls, primates, and hys- 
tricognath rodents). 

The New World marsupials compose an 
old lineage (Infraclass Metatheria) that cur- 
rently exhibits moderate diversity, nonethe- 
less its areographic patterns remain quanti- 
fied poorly at present. The oldest records of 
New World marsupials (Kokopellia juddi) 
occur in the late early Cretaceous of North 
America (Cifelli, 1993a, 1993b). Their 

original diversification there approximately 
corresponds to the Albian (Woodburne and 
Case, 1996), and is consistent with their ab- 
sence from the Campanian and Hauterivian 
deposits from the southern cone of South 
America (Bonaparte, 1990). Nonetheless, 
marsupials were already diverse in their 
earliest records (Tiupampa Fauna) from 
early Paleocene deposits of South America, 
including representatives of all three co-
horts of Metatheria (Alphadelphia, Ameri- 
delphia, and Australidelphia, sensu Mar-
shall et al., 1990). Subsequent expansion 
into Australia was achieved via an Antarctic 
route (Woodburne and Case, 1996; Wood- 
burne and Zinrneister, 1982). South Amer- 
ican marsupials successfully radiated into 
insectivore, frugivore, granivore, omnivore, 
and carnivore adaptive zones during the 
Tertiary (Marshall, 1982; Patterson and 
Pascual, 1972). Reduction in marsupial di- 
versity in the New World appears to have 
been affected, at least in part, by invasion 
of North American placentals into South 
America via the Pleistocene land bridge. Of 
the extant families of marsupials, only three 
(Didelphidae, Caenolestidae, and Micro-
biotheriidae) occur in the New World; most 
species are didelphids. Herein, we describe 
large-scale patterns of species density of 
marsupials in the continental New World, 
including North, Central, and South Amer- 
ica. 

MATERIALSAND METHODS 

Because of the biogeographic history and ge- 
ography of the New World, as well as the radi- 
ation of marsupials on southern continents, we 
analyzed data separately for North and South 
America before examining general patterns in 
the New World. Quantitative methods follow 
those of Willig and Selcer (1989) and Willig and 
Sandlin (1991). 

An equal-area projection map of North and 
South America was superimposed with a grid 
system, defined by the intersection of 5" lines of 
longitude and latitude (Fig. 1). The resultant 28 
latitudinal divisions defined 27 bands that each 
span 5" of latitude. Two bands (7.S0N and 
12S0N) include portions of both North and 
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FIG.1.-Maps of North and South America showing location and size of quadrats and bands that 
were used in analyses of species density of marsupials. 

South America, complicating a straightforward 
delineation of North and South American bands. 
We somewhat arbitrarily considered bands south 
of 10"N latitude to be in South America. As a 
consequence, most of Panama and a small por- 
tion of Costa Rica were included in a South 
American band, similarly small portions of 
coastal areas in the Caribbean north of 10°N lat- 
itude in Venezuela and Colombia were consid- 
ered to be a part of a North American band. 

Three independent descriptors (land area, 
mid-latitude, and biome number) characterized 
each band. The area of the continental land mass 
within each band was estimated using a com- 
pensating polar planimeter. Equal-area projec- 
tion maps directly provide mid-latitude. The 
number of biomes within bands was obtained 
with reference to the world vegetation map in 
Times Atlas of the World (1983). The number 
of marsupial species per band (marsupial species 
density) was obtained by referencing species 
distribution maps in Hall (1981) for North and 
Central America and Streilein (1982) for South 
America. Known collection localities for mar- 
supials reported by Eisenberg (1989) were used 
to extend distributions of species in northern 
South America. Although Wilson and Reeder 

(1993) contains a list of mammal species of the 
world, it does not provide a rationale for the 
inclusion or exclusion of taxa compared to those 
in Hall (1981) or Streilein (1982). Distributional 
uncertainty (e.g., two species recognized by Wil- 
son and Reeder, 1993, are known only from their 
type locality) or systematic problems (e.g., 14 
species recognized by Hall, 1981, or Streilein, 
1982, were not referenced, even as junior syn- 
onyms, by Wilson and Reeder, 1993) argue 
against reliance on the list of marsupial species 
in Wilson and Reeder (1993). The recent com- 
mentary by Ojeda and Monjeau (1995) high- 
lights a number of problems and presents addi- 
tional critiques concerning the marsupial section 
in Wilson and Reeder (1993). Even if the listing 
in Wilson and Reeder (1993) withstands the test 
of time, areographic biases that could result 
from reliance on Hall (1981) or Streilein (1982) 
are not apparent. 

Step-wise multiple regression analyses were 
performed using SPSS-X program REGRES- 
SION (SPSS, Inc., 1988) to evaluate the contri- 
bution of independent descriptors to variation in 
marsupial species density. First (XI), second 
(X2), and third (X3) powers of the value of each 
independent descriptor resulted in each band be- 
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ing described by nine variables. The importance 
of a descriptor, Xi (e.g., mid-latitude, area, or 
biome richness), was assessed as the sum of the 
AR2 for each of the three powers of the descrip- 
tor (i.e., Xi1, X,2, Xi3) that were incorporated into 
the multiple regression equation. In this fashion, 
descriptors associated with species density in a 
non-linear way could be detected by our analy- 
ses. 

Because latitude and area of bands are cor- 
related with each other, as well as with species 
density, it is impossible to distinguish between 
pure areal effects and pure latitudinal effects. To 
assess latitudinal effects after removing the ef- 
fect of area, a two-step multiple regression was 
performed in which all linear, quadratic, and cu- 
bic functions of area were forced into a multiple 
regression equation; all three powers of each of 
the other independent descriptors, as well as 
those related to area, subsequently were subject 
to addition or removal via step-wise algorithms 
(SPSS-X Program REGRESSION; SPSS, Inc., 
1988). 

Polynomial regression analysis was per-
formed to identify the best relation (up to a quar- 
tic equation) between marsupial species density 
and latitude using BMDP program P5R (Dixon 
and Brown, 1979). Tko a priori criteria were 
used to identify the polynomial of choice (Willig 
and Selcer, 1989); the chosen polynomial must 
be a statistical improvement over lower poly- 
nomials, and the next higher-order equation, 
even if significant, may not increase R2 by 
20.05. In this fashion, we identify the most sim- 
ple and significant relation between species den- 
sity and latitude. 

The extent of species replacement between 
quadrats along a gradient within a band, or beta 
diversity (Whittaker, 1972), was estimated by 
the turnover index (B,) of Wilson and Shmida 
(1984). Cody (1975) and Routledge (1977) have 
shown this measure to be superior to other in- 
dices. It is additive, as well as independent of 
sample size and alpha diversity; it thereby can 
be used to compare species-rich and depauperate 
systems. The calculation of B, is given by 

where G(H) represents the cumulative gain in 
species along the band, L(H) is the cumulative 
loss of species along the band, and A is the av- 
erage species density of quadrats within the 
band. Both G(H) and L(H) are based on com- 
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TABLE1.-A correlation matrix for indepen- 
dent descriptors as well as for species densities 
in North America (upper right triangle, n = 8) 
and South America (lower left triangle, n = 12) 
based upon band methods. For each cell in the 
matrix, the correlation coeficient (r, above) and 
signijicance level (P, below) are given. 

Biome Marsupial 
Attribute Latitude Area number richness 

Latitude 0.941 
<0.001 

Area -0.852 
<0.001 

Biome -0.023 0.178 
number 0.943 0.581 

Marsupial -0.827 0.853 
richness 0.001 <0.001 

parison of all n-1 pairs of adjacent quadrats (de- 
fined by the intersection of 5" meridia) within a 
band containing n quadrats. If B, is independent 
of latitude, the regression between B, and mid- 
latitude should be nonsignificant. Conversely, a 
significant regression with a negative slope in- 
dicates that increased diversity in tropical areas 
(if detected by band methods) is, at least in part, 
a product of greater species turnover between 
quadrats in tropical bands. 

General areographic patterns.-The de-
scriptors used to characterize bands were 
correlated, but the associations depended 
upon continent (Table 1). Although, the 
correlation between area and latitude was 
highly significant (P < 0.001) regardless of 
continent, the association was positive in 
North America and negative in South 
America. The association between biome 
number and latitude was positive in North 
America and nonsignificant in South Arner- 
ica. 

The highest species density of marsupials 
occurred at subtropical latitudes of South 
America, with latitudes in North America 
harboring few species (Fig. 2). Nonetheless, 
continent-specific differences characterized 
the relationships between species density 
and the various descriptors (latitude, area, 
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FIG.2.-Patterns of change in area, number of biomes, and species density with mid-latitude 
throughout the New World for bands spanning 5" of latitude (see Fig. 1). 

and biome number). The species density of latitude, but positively correlated with area 
North American marsupials was negatively and biome number (Table 1). 
correlated with all three descriptors, where- Multiple regression analyses.-Mid-lati- 
as the species density of South American tude accounted for much of the variation in 
marsupials was negatively correlated with species density of marsupials in both North 
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TABLE2.-Results of multiple-regression 
analyses of species density of marsupials as a 
function of latitude, area, and biome richness. 
Separate analyses were conducted for North and 
South America. Cumulative contributions of 
each descriptor to R2, based on linear, quadrat- 
ic, and cubic relations, indicate the importance 
of a variable in accounting for variation in rich- 
ness of marsupial species; ns indicates that none 
of the three powers of a descriptor accounted 
for a statistically significant increase in R2. 

Cumulative AR2 
of descriptor 

Continent Latitude Area Biome 

North America 0.99 1 ns ns 
South America 0.804 ns ns 

America and South America (Table I), and 
was the only descriptor to be selected in 
multiple regression analyses for the conti- 
nents separately (Table 2). The two-step 
multiple regression for the New World ac- 
counted for 19% of the variation in species 
density of marsupials after forced entry of 
linear, quadratic, and cubic powers of area; 
however, the model was not significant (F 
= 1.258; d.f: = 3, 16; P = 0.322). Subse- 
quent step-wise adjustments removed cubic 
and quadratic powers of area before includ- 
ing the linear power of mid-latitude. Once 
mid-latitude was entered in the equation, 
the linear power of area was removed, and 
the final regression equation significantly 
accounted for 60% of variation in species 
density based on latitude alone (F = 
27.534; d.$ = 1,18; P <0.001). 

Polynomial regression analyses.-Be- 

cause latitude historically is considered to 
be an important factor affecting species 
densities from the perspective of geograph- 
ical ecology (Stevens, 1989), we chose to 
evaluate the form of the relation (Table 3). 
In general, the gradient (Fig. 3a) in North 
America (quadratic) was both qualitatively 
and quantitatively different from that in 
South America (cubic). Species density in 
South America consistently was greatest at 
subtropical latitudes, whereas the gradient 
in North America was consistently one in 
which richness decreases with increasing 
latitude. 

Within-latitude diversity trends.-Turn- 
over of species between quadrats within lat- 
itudinal bands was independent of latitude 
(Fig. 3b) for both North America (regres- 
sion analysis: F = 0.83; R2 = 0.12; d$ = 
1,6; P = 0.398) and South America (re- 
gression analysis: F = 2.82; R2 = 0.22; d$ 
= 1,lO; P = 0.124). As a consequence, any 
latitudinal patterns in species density based 
upon analyses of bands was not affected by 
gradients in beta diversity. 

Unlike most hemispheric patterns of spe- 
cies density, that of marsupials contains a 
distinctly non-tropical maximum. The Mo- 
lossidae is the only other broad-ranging 
mammalian taxon in the New World to ex- 
hibit a subtropical maximum based on 
equivalent types of analyses (Willig and 
Selcer, 1989). Nonetheless, areographic pat- 
terns of species density for marsupials are 
similar to those obtained for bats in a num- 
ber of ways. Species density of bats in the 

TABLE3.-Results of polynomial regression analyses of species densities of marsupials as a func- 
tion of mid-latitude using band methods. Separate analyses were conducted for North and South 
America. An asterisk (*) indicates the polynomial degree that satisfies a priori acceptance criteria. 

Polynomial degree 

1 2 3 4 

Continent R2 AR2 R2 AR2 R2 AR2 R2 AR2 

North America 0.643 0.643 0.832* 0.189 0.898 0.066 0.921 0.023 
South America 0.684 0.684 0.832 0.148 0.898* 0.066 0.921 0.023 
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5 0 icant role of area is a consequence of op-
posite trends in North and South America;

4 0 
species density increases with area in Southz# 30 
America, but decreases with area in North 

n America (Table I), and even this is likely a 

2 o consequence of confounding interactions 
[11
P with latitude. The lack of replication for 

{ l o  
bands at particular latitudes prevents the de-
marcation of unique effects that can be at-

o tributed to latitude or area in a fashion that 
0 10  2 0 3 0 4 0 5 0 

LATITUDE 
is not confounded by continental shape. A 
quadrat approach that decouples latitude 

NORTH AMEMCA 

5 0 SOUTH AMERCA 

0 ,  . 1 . , . 1 ' .  I . 0 0 

0 10 2 0 3 0 4 0 5 0 
LATITUDE 

FIG.3.-Relationship between: a, species den-
sity of marsupials and latitude for North and 
South America (North America, Y = 37.037 -
1.886X + 0.024X2,R2 = 0.957; South America, 
Y = 24.484 + 2.987X - 0.158X2 + 0.002X3, 
R2 = 0.937) based on band analyses and b, turn-
over of marsupial species (B,) and latitude for 
North and South America (a significant associ-
ation between turnover and latitude was not de-
tected for either continent). 

New World primarily is related to latitude 
for all bats, as well as for each of the chi-
ropteran families or subfamilies (Willig and 
Sandlin, 1991; Willig and Selcer, 1989). 
Our results for marsupials (Fig. 3) indicate 
an important role for latitude-related factors 
in affecting species density by accounting 
for 95.7 and 93.7% of the variation among 
bands in North America and South Ameri-
ca, respectively. Even in the hybrid multiple 
regression for the New World, latitude ac-
counted for 60.4% of the variation in spe-
cies richness of marsupials. The non-signif-

and area, while simultaneously assessing 
their unique effects, offers much promise in 
future areographic studies (Lyons, 1995; S. 
K. Lyons and M. R. Willig, in litt.). 

Northern versus southern gradients.-
The different gradients of species density in 
North and South America (Table 3 and Fig. 
3) are likely a consequence of their differ-
ent latitudinal extents (e.g., North America 
does not have an extensive tropical com-
ponent) as well as a result of interacting 
historical and geographic factors. In South 
America, increasing area toward the tropics 
magnifies the negative gradient in species 
density, whereas in North America, de-
creasing land area toward the tropics could 
diminish such a gradient (Fig. 2). Nonethe-
less, both northern and southern patterns are 
consistent with a New World gradient that 
attains a maximum in subtropical South 
America (Figs. 2 and 3a). The less complex 
relations in North America compared to 
South America (quadratic versus cubic re-
lation) reflect processes in the northern por-
tion of the hemisphere, likely related to 
physiological stress on particular species, a 
relatively recent invasion into North Amer-
ica during the Great American Interchange 
across the Pleistocene land-bridge in Cen-
tral America, and competitive disadvantag-
es with resident eutherian species. In con-
trast, the subtropical maximum of marsu-
pials in general, may reflect the adaptive ra-
diation of the group in South America, 
before northern and southern continents 
were connected. In addition, subtropical lat-
itudes in South America experience higher 
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richness of biomes than do their tropical 
counterparts (Fig. 2). This, along with the 
low mobility of marsupials, may have re- 
sulted during evolutionary time, in the pro- 
duction of a number of endemic or quasi- 
endemic forms that have distributions cor- 
responding to particular subsets of biomes 
(e.g., all three extant species of caenolestids 
in the Andes Mountains). 

Implications for conservation of biodi-
versity.-Recent commentaries have ques- 
tioned the dogma that the tropics contribute 
most to New World biodiversity and have 
criticized the almost exclusive focus of in- 
ternational conservation efforts in tropical 
regions (Mares, 1992; Redford et al., 1990). 
Our results for marsupials strengthen the 
contention that global efforts to maximize 
biodiversity must consider taxonomic hier- 
archy. Clearly, for marsupials, subtropical 
latitudes, as well as latitudes at the interface 
between subtropical and temperate regions, 
harbor the highest species richness of mar- 
supials in the New World. Ruggiero's 
(1994) analysis of latitudinal gradients of 
species richness in South America lends 
further support to the contention that the 
subtropics harbors a fauna of special con- 
cern for conservation. She has documented 
that in addition to marsupials, edentates, 
carnivores, artiodactyls, and hystricognath 
rodents attain highest richness at subtropi- 
cal latitudes. In fact, after adjusting for the 
width of 2" latitudinal bands, species den- 
sity of bats, marsupials, carnivores, eden- 
tates, artiodactyls, and hystricognath ro-
dents decrease from 10" N to ca. 10" S lat- 
itude. 

If conservation efforts are to preserve 
subtropical diversity, additional investiga- 
tion of marsupial richness at the level of 
local communities should focus on areas 
between 5 and 25" S latitude. Indeed, rela- 
tively little work has been conducted on any 
aspect of mammalian biology in vast 
regions of the pantanal of Brazil, Bolivia, 
and Paraguay, or in the wet and dry chaco 
of Paraguay and Argentina (Redford and 
Eisenberg, 1992; Redford et al., 1990). The 

IN MARSUPIAL SPECIES DENSITY 

general correspondence of subtropical max- 
ima for many mammalian taxa in South 
America demands re-evaluation of hemi- 
spheric conservation strategies. Indeed, 
evaluation of the second derivative for the 
nonlinear model in South America (Fig. 3) 
suggests that the most rapid increase in 
marsupial species density occurs in the sub- 
tropics, in the vicinity of 26" S latitude. 
This subtropical area comprises a nexus of 
phytogeographic regions, including wet 
chaco, dry chaco, pantanal, cerrado, and in- 
terior Atlantic rainforest, and may represent 
the southernmost extension of tropical in- 
fluence in South America. 

Scale.-Spatial scale is an important 
consideration in comparisons of the re-
sponse of different mammalian taxa to en- 
vironmental gradients. Although heuristi-
cally pleasing to assume that regional ef- 
fects are a consequence of local interac- 
tions, broad-scale approaches such as those 
presented here may not reflect processes 
that occur at the level of populations or 
communities. In fact, Wiens (1984) con- 
tended that results based upon regional-
scale approaches may be mathematical ar- 
tifacts rather than reflections of local pro- 
cesses. In contrast, Allen and Starr (1982) 
purported that no single metric or scale has 
hegemony over another in the detection of 
biologically meaningful structure. Although 
resolution of this controversy is beyond the 
scope of our data, it is important to keep 
these considerations in mind when inter- 
preting the patterns detected at the scale of 
our analyses. In fact, our analyses and those 
of most other evaluations of species density 
cannot resolve which combination of the 10 
classical (Pianka, 1983) and 4 recently pro- 
posed (Huston, 1979; Rhode, 1992; Ste- 
vens, 1989; Terborgh, 1985) mechanisms 
accounts for increases in species richness 
with decreasing latitude in particular. Thus, 
our selection of band width may bias sub- 
sequent analyses in a particular scale-de- 
pendent fashion. However, we have restrict- 
ed our taxonomic comparisons to marsupi- 
als and bats in situations in which bands 
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were of the same size. Also, size of home 
ranges of either bats or marsupials is so 
much smaller than the size of our sampling 
units that we consider any biases to be con- 
sistent for the mammalian taxa we compare. 
Moreover, analyses at a smaller scale (2"), 
although restricted to South America, re-
sulted in the same general conclusions as 
those we present concerning latitudinal gra- 
dients of species density for bats and mar- 
supials (Ruggiero, 1994). 

The areographic effect of current habitat 
selection and dispersal barriers upon pres- 
ent distributional limits of marsupials are 
difficult to separate from the consequences 
of early marsupial radiation and subsequent 
interaction with eutherians after establish- 
ment of the Panama land bridge. The me- 
lange of factors that impinge on current and 
past distributions of marsupials clearly di- 
minish the preeminence of any single factor 
(e.g., productivity, heterogeneity) in ac-
counting for present areographic patterns. 
Nonetheless, our results reflect strong his- 
torical factors that result in marsupials ex- 
hibiting non-tropical maxima. 

Many contributed to the intellectual and ana- 
lytical development of this work. Foremost, we 
thank E. A. Sandlin for helpful comments and 
critiques of earlier versions of the manuscript. 
We are grateful to S. K. Lyons, J. H. Brown, B. 
D. Patterson, and D. M. Kaufman for their crit- 
ical reviews of the manuscript as well. L. Baker 
aided in preparation of the manuscript and com- 
pilation of data. Computer time was generously 
provided by the Department of Biological Sci- 
ences, Texas Tech University, through the aegis 
of J. M. Burns. 

ALLEN,T. E H., AND T B. STARR. 1982. Hierarchy: 
perspectives for ecological complexity. The Univer- 
sity of Chicago Press, Chicago, 310 pp. 

BONAPARTE,J. F. 1990. New late Cretaceous mam-
mals from the Los Alamitos Formation, northern Pa- 
tagonia. National Geographic Research, 6:63-93. 

BROWN,J. H. 1995. Macroecology. The University of 
Chicago Press, Chicago, 269 pp. 

BROWN,J. H., AND A. C. GIBSON. 1983. Biogeography. 

The C. V. Mosby Company, St. Louis, Missouri, 643 
PP. 

BROWN,J. H., AND B. A. MAURER. 1989. Macroecol- 
ogy: the division of food and space among species 
on continents. Science, 243:1145-1150. 

CIFELLI, R. L. 1993a. Theria of metatherian-eutherian 
grade and the origin of marsupials. 4.205-215, in 
Mammal phylogeny: Mesozoic differentiation, mul- 
tituberculates, monotremes, early therians, and mar- 
supials (E S .  Szalay, M. J. Novacek, and M. C. Mc- 
Kenna, eds.). Springer-Verlag, New York, 249 pp. 

. 1993b. Early Cretaceous mammals from 
North America and the evolution of marsupial dental 
characters. Proceedings of the National Academy of 
Sciences, 90:9413-9416. 

CODY, M. L. 1975. Towards a theory of continental 
species diversities: bird distributions over Mediter- 
ranean habitat gradients. Pp. 214-257, in Ecology 
and evolution of communities (M. L. Cody and J. 
M. Diamond, eds.). The Belknap Press of Harvard 
University Press, Cambridge, Massachusetts, 545 
PP. 

COOK, R. E. 	 1969. Variation in species density of 
North American birds. Systematic Zoology, 18:63- 
84. 

DIXON, W. J., AND M. B. BROWN. 1979. BMDP-79: 
biomedical computer programs P-series. University 
of California Press, Berkeley, 880 pp. 

EISENBERG, 1989. Mammals of the Neotropics. J. F. 
The northern Neotropics: Panama, Colombia, Ven- 
ezuela, Guyana, Suriname, French Guiana. The Uni- 
versity of Chicago Press, Chicago, 1: 1-449. 

HALL, E. R. 	 1981. The mammals of North America. 
Second ed. John Wiley & Sons, New York, 1:l-600 
+ 90. 

HUSTON,M. 1979. A general hypothesis of species 
diversity. The American Naturalist, 113:81-101. 

KAUFMAN,D. M. 1995. Diversity of New World mam- 
mals: universality of the latitudinal gradients of spe- 
cies and bauplans. Journal of Mammalogy, 76:322- 
334. 

KIESTER,A. R. 1971. Species density of North Amer- 
ican amphibians and reptiles. Systematic Zoology, 
20:127-137. 

LYONS,S .  K. 1995. Areography of New World bats 
and marsupials. Mastozoologia Neotropical, 2:229- 
231. 

MACARTHUR,R. H. 1972. Geographical ecology: pat- 
terns in the distribution of species. Harper & Row, 
Publishers, New York, 269 pp. 

MARES, M. 	A. 1992. Neotropical mammals and the 
myth of Amazonian biodiversity. Science, 255:97& 
979. 

MARES, M. A,, AND R. A. OJEDA. 1982. Patterns of 
diversity and adaptation in South American hystri- 
cognath rodents. Pp. 393-432, in Mammalian biol- 
ogy in South America (M. A. Mares and H. H. Gen- 
oways, eds.). Special Publications Series, Pymatun- 
ing Laboratory of Ecology, University of Pittsburgh, 
6:l-539. 

MARSHALL,L. 1982. Evolution of South American 
Marsupialia. Pp. 25 1-27 1, in Mammalian biology in 
South America (M. A. Mares and H. H. Genoways, 
eds.). Special Publications Series, Pymatuning Lab- 



765 August 1997 WILLIG AND GANNON-GRADIENTS 

oratory of Ecology, University of Pittsburgh, 6: 1- 
539. 

MARSHALL,L. G., J. A. CASE, AND M. 0.WOODBURNE. 
1990. Phylogenetic relationships of the families of 
marsupials. Current Mammalogy, 2:433-506. 

McCoy, E. D., AND E. E CONNOR.1980. Latitudinal 
gradients in the species diversity of North American 
mammals. Evolution, 34: 193-203. 

OJEDA,R. A,, AND J. A. MONJEAU. 1995. Los marsu- 
piales de la Argentina: comentarios sobre las revi- 
siones de Alfred Gardner en Mammal Species of the 
World (Wilson y Reeder, 1993). Mastozoologia Neo- 
tropical, 2:53-54. 

PATTERSON, B., AND R. PASCUAL. 1972. The fossil 
mammal fauna of South America. Pp. 247-310, in 
Evolution, mammals, and southern continents (A. 
Keast, E C. Erk, and B. Glass, eds.). State University 
of New York Press, Albany, 543 pp. 

PIANKA,E. R. 1983. Evolutionary ecology. Third ed. 
Harper & Row, Publishers, New York, 416 pp. 

RAswov~c~,  1975. Geo- J. E., AND E. H. RAPOPORT. 
graphical variation in Argentine passerine birds. 
Journal of Biogeography, 2: 141-157. 

RAPOPORT,E. H. 1983. Areography: geographical 
strategies of species. Fundacion Bariloche, Perga- 
mon Press, Oxford, United Kingdom, 416 pp. 

REDFORD, 1992. Mammals K. H., AND J. E EISENBERG. 
of the Neotropics. The southern cone: Chile, Argen- 
tina, Uruguay, Paraguay. The University of Chicago 
Press, Chicago, 2: 1-430. 

REDFORD,K. H., A. TABER, AND J. A. SIMONETTI. 1990. 
There is more to biodiversity than the tropical rain- 
forests. Conservation Biology, 4:328-330. 

RHODE,K. 1992. Latitudinal gradients in species di- 
versity: the search for the primary cause. Oikos, 65: 
514-527. 

ROSENZWEIG, 1995. Species diversity in space M. L. 
and time. Cambridge University Press, Cambridge, 
United Kingdom, 436 pp. 

ROUTLEDGE, 1977. On Whittaker's components R. D. 
of diversity. Ecology, 58: 1120-1 127. 

RUGGIERO, 1994. Latitudinal correlates of the sizes A. 
of mammalian geographical ranges in South Amer- 
ica. Journal of Biogeography, 21:545-559. 

SCHALL,J. J., AND E. R. PIANKA. 1978. Geographical 
trends in numbers of species. Science, 201:679-686. 

SIMPSON,G. G. 1964. Species density of North Amer- 
ican Recent mammals. Systematic Zoology, 13:57- 
73. 

SPSS, h c .  1988. SPSS-X user's guide. Third ed. 
SPSS, Inc., Chicago, 1072 pp. 

STEVENS,G. C. 1989. The latitudinal gradient in geo- 

IN MARSUPIAL SPECIES DENSITY 

graphical range: how so many species coexist in the 
tropics. The American Naturalist, 133:240-256. 

STREILEIN,K. E. 1982. Behavior, ecology, and distri- 
bution of South American marsupials. Pp. 231-250, 
in Mammalian biology in South America (M. A. 
Mares and H. H. Genoways, eds.). Special Publica- 
tions Series, Pymatuning Laboratory of Ecology, 
University of Pittsburgh, 6: 1-539. 

TERBORGH, 1985. The vertical component of plant J. 
species diversity in temperate and tropical forests. 
The American Naturalist, 126:760-776. 

TIMES ATLAS OF THE WORLD. 1983. Times Books, 
New York, 227 pp. 

WEWS, J. A. 1984. On understanding a non-equilib- 
rium world: myth and reality in community patterns 
and processes. Pp. 439-457, in Ecological commu- 
nities: conceptual issues and the evidence (D. I? 
Strong, Jr., D. Simberloff, L. G. Abele, and A. B. 
Thistle, eds.). Princeton University Press, Princeton, 
New Jersey, 613 pp. 

WHITTAKER,R. H. 1972. Evolution and measurement 
of species diversity. Taxon, 2 1:213-25 1. 

WILLIG, M. R., AND E. A. SANDLIN. 1991. Gradients 
of species diversity and turnover in New World bats: 
a comparison of quadrat and band methodologies. 
4.81-96, in Latin American mammalogy: history, 
biodiversity, and conservation (M. A. Mares and D. 
J. Schmidly, eds.). University of Oklahoma Press, 
Norman, 468 pp. 

WILLIG,M. R., AND K. W. SELCER. 1989. Bat species 
density gradients in the New World: a statistical as- 
sessment. Journal of Biogeography, 16: 189-195. 

WILSON, D. E., AND D. M. REEDER. 1993. Mammal 
species of the world: a taxonomic and geographic 
reference. Second ed. Smithsonian Institution Press, 
Washington, D.C., 1206 pp. 

WILSON,J. W., 111. 1974. Analytical zoogeography of 
North American mammals. Evolution, 28:124-140. 

WILSON,N. V., AND A. S H I L I ~ A .  1984. Measuring beta 
diversity with presence-absence data. The Journal of 
Ecology, 72: 1055-1064. 

WOODBURNE,M. O., AND J. A. CASE. 1996. Dispersal, 
vicariance, and the late Cretaceous to early Tertiary 
land mammal biogeography from South America to 
Australia. Journal of Mammalian Evolution, 3:121- 
161. 

WOODBWRNE, 1982. Fos- M. O., AND W. J. ZWMEISTER. 
sil land mammals from Antarctica. Science, 218: 
284-286. 

Submitted 16 November 1995. Accepted 11 November 
1996. 

Associate Editor was Janet K. Braun. 




