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We analyzed the relative importance of 12 extrinsic factors potentially influencing the
number of federally listed and proposed mammalian taxa in individual states of the United
States. We applied multiple regression analysis to four data sets: numbers of federally listed
(threatened and endangered) mammals, federal candidate mammals, a combination of both
lists, and for comparison, all federally threatened and endangered plants and animals in
each state. Amount of area in state parks and percentage of forest cover were the only
significant variables in regression models for all four data sets. Number of mammal species,
latitude of state capital, and total human population were significant variables in three of
the models. Three variables (percentage of original wetlands lost, human population density,
and percentage of state in federal land) were not significant in any model. For federally
listed mammals, four variables (landscape habitat diversity, loss of wetlands, area of state
parks, and percent forest cover) were significant (R? = 57.5%). Seven variables (number
of mammal species, total human population, latitude, topography, area of state parks, and
percentage forest cover lost prior to 1908, and percent forest cover) were significant in the
model for federal candidate taxa (R? = 80.7%). For combined listed and candidate mam-
mals, the same seven variables were significant (R? = 79.6%). For the overall list of fed-
erally threatened-endangered plants and animals, five variables (latitude, area of state parks,
number of mammal species, percent forest cover, and total human population) were sig-
nificant (R> = 63.9%). Based on a positive relationship between the number of listed-
proposed taxa and total human population, and negative relationship between number of
listed-proposed taxa and latitude, we predict that substantial problems in conservation bi-
ology for mammals will be encountered in the southern United States, which are experi-
encing dramatic increases in human population.

Key words: threatened, endangered, candidate taxa, mammals, predictive models, con-
servation, geographic analysis

It has long been recognized that certain
characteristics appear to predispose species
or subspecies to threatened or endangered
status (Ceballos and Brown, 1995; Colin-
vaux, 1978; Rabinowitz et al., 1986; Ter-
borgh, 1974; Terborgh and Winter, 1980).
These attributes can be thought of as intrin-
sic properties of individual species and can
be used to predict which species or types
of species are more likely to become im-
periled. Among mammals, characteristics of
threatened or endangered species typically
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include large body size, position high in
food chains (e.g., second-order consumer),
commercial value (either as products or
threats to domesticated species), limited
geographic range, initial rarity, loss of hab-
itat, and trophic specialization. As a con-
sequence, lists of threatened and endan-
gered mammals do not represent random
subsets of the faunas from which they are
drawn.

In addition to such intrinsic features, we
hypothesized that extrinsic factors also
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should influence the conservation status of
individual mammalian species and the num-
ber of special-concern mammalian taxa
within delimited areas such as individual
states. Considerable variation exists among
states in the number of federally listed taxa
of plants and animals (United States Fish
and Wildlife Service, 1993). Although
states are political, rather than biological,
entities, they vary in several features that
we expected might influence numbers of
federally listed mammals. For instance,
states vary in size, latitude, size of the hu-
man population, and extent to which natural
habitats have been altered or destroyed. To
understand large-scale geographic patterns
in the conservation status of mammals in
the United States, we analyzed a set of ex-
trinsic factors that potentially might con-
tribute to the observed variation among
states in numbers of taxa listed.

We initially sought to analyze state-by-
state patterns using lists of special-concern
mammalian taxa prepared by state wildlife
or conservation agencies and Natural Her-
itage programs in individual states. How-
ever, we encountered considerable difficulty
working with this database because of ap-
parent variation among states in their ap-
proaches to listing taxa (e.g., some states
were seemingly very conservative, and oth-
ers appeared to be quite liberal in listing
species). A further difficulty was the fact
that state lists often were dominated by spe-
cies whose distributions barely extended
into a state, and thus those species appar-
ently were listed on the basis of peripheral
rarity rather than global rarity (Hayes,
1991).

To overcome this state-by-state inconsis-
tency in the data set, we decided to use the
list of mammalian taxa recognized as
threatened or endangered by the United
States Fish and Wildlife Service (1992) and
mammalian taxa proposed for listing under
the Endangered Species Act (United States
Fish and Wildlife Service, 1991). Our ob-
Jjective was to improve our understanding
of extrinsic factors that influence the con-
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servation status of species. We believe that
such an understanding will assist resource
managers in preventing further declines to-
ward extinction.

MATERIALS AND METHODS

Our general approach was to use step-wise
multiple regression analysis (SPSS, Inc., 1996)
to determine which independent variables ex-
plained significant parts of the among-state vari-
ation in the numbers of federally listed or pro-
posed mammalian taxa. Our principal challenge
was to select an appropriate set of independent
variables from a large number of potentially sig-
nificant factors. We began with a set of four gen-
eral independent variables that appeared to be
important in influencing variation among states
in the total number of federally listed plants and
animals (United States Fish and Wildlife Ser-
vice, 1989). These four variables were: latitude
of state capital (Espenshade and Morrison,
1978), area of state, total human population, and
human population density (Hoffman et al.,
1989). In this and other analyses, we eliminated
Hawaii due to its unique, disjunct, insular mam-
malian fauna and its near absence of native land
mammals.

To increase the amount of variation explained
by our models, we examined 10 additional in-
dependent variables that we suspected influ-
enced the conservation status of mammalian
species or subspecies. We included total number
of mammal species per state to test if the number
of listed mammals simply reflected the size of
the total species pool for each state. The number
of mammal species per state was based on our
examination of distribution maps in Hall (1981).
We used area protected in state parks (United
States Department of Commerce, 1994) to test
the hypothesis that the number of listed taxa
should decrease with increasing area of state-
protected land. The same rationale was used for
including percentage of federal land in states
(United States Department of Commerce, 1994).
Although it was possible to create a variable that
combined state and federal land set aside as pro-
tected areas (e.g., state and national parks; na-
tional wildife refuges), we chose not to do that
because we wanted to assess the impact of state
and federal protected land separately and be-
cause of the relative difficulty in summarizing
those data compared with using two separate
variables for state parks and total federal lands.
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We included loss of wetlands, percentage of
original wetlands lost by mid-1980s (Mitsch and
Gosselink, 1993), and forested area lost between
1600 and 1908 (Kellogg, 1909) under the ex-
pectation that habitat loss would cause an in-
crease in the numbers of listed taxa. We also
included current percent forest cover (Darnay,
1992) to examine the role of a dominant North
American habitat type. Those variables repre-
sented habitats naturally occurring in all states.
We did not include habitats that were not rep-
resented universally among states (e.g., deserts,
grasslands).

Because the extent of landscape heterogeneity
may have influenced the probability of extinc-
tion in smaller habitat patches, we used the num-
ber of major Kuchler vegetation types (Espen-
shade, 1970) per state as a measure of a state’s
landscape heterogeneity. Although there were
highly significant correlations between each de-
pendent variable and both numbers of total and
major Kuchler vegetation types, we used major
Kuchler vegetation types because their correla-
tion coefficients were consistently high (Table
D).

Initially, we considered areas of the state and
topography (difference between lowest and
highest elevations in each state) as potential in-
dependent variables. We subsequently decided
to use only topography in our analyses. That
eliminated the high autocorrelation between
those two variables and the exceptionally high
correlation between area of state and area set
aside as state parks (Table 1).

We performed our analyses separately for fed-
eral threatened or endangered mammals (United
States Fish and Wildlife Service, 1992); federal
candidate mammals (United States Fish and
Wildlife Service, 1991); combined threatened,
endangered, and candidate mammals; and for
comparison, total federal threatened or endan-
gered plants and amimals (United States Fish and
Wildlife Service, 1993). For federally listed and
proposed mammals, we included both species
and subspecies.

Statistical analyses were performed using the
SPSS statistical package (SPSS, Inc., 1996). In
our step-wise regression analysis, we used ad-
justed R? values that more closely approximated
the goodness-of-fit model and provided a more
conservative estimate of R’. The minimum cri-
terion for entry of variables into regression
equations was P = 0.05; the probability for re-
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moval of a variable was 0.10. Those probability
levels represented default values for the step-
wise regression analysis (SPSS, Inc., 1996).

RESULTS

Our analyses revealed differences in the
number and identity of significant indepen-
dent variables, and in the percentage of ex-
plained variation among the three models
for mammals: federally threatened-endan-
gered taxa, federal candidate taxa, and com-
bined federal threatened-endangered and
candidate taxa (Table 2). The three models
for mammalian taxa differed to varying de-
grees from that for all federally threatened-
endangered taxa of plants and animals (Ta-
ble 2). The number of significant variables
ranged from four to six, and the amount of
variation in the dependent variable ex-
plained by the models ranged from 57.5—
80.7% (Table 2).

Two independent variables were signifi-
cant in all four models. Area of state parks,
which surprisingly was correlated positive-
ly in all cases, explained from 3.6 to 5.9%
of the variation in the dependent variable in
the three models for mammals but 18% of
the variation in the model for all federally
listed plants and animals (Table 2). Percent
forest cover in a state explained from 2.7 to
4.8% of the variation in the dependent vari-
able in the four models (Table 2).

Three other variables were significant in
three of the four models: number of mam-
malian species, latitude of state capital, and
total human population (Table 2). Number
of mammalian species was the most impor-
tant independent variable in models for fed-
eral candidate mammals and combined
threatened-endangered and candidate taxa,
but it was only the third most important
variable in the model for all federally listed
plants and animals (Table 2). Number of
mammalian species was not included in the
model for federally threatened-endangered
mammals.

Latitude of state capital was a significant
predictor variable in three of the models. It
was relatively unimportant in models for
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TABLE 2.—Adjusted multiple R? values (expressed as percentage of explained variation) for mul-
tiple regression analyses of variation in number of federally threatened and endangered, federal
candidate, combined federal threatened and endangered plus candidate mammal taxa, and federally
listed plants and animals per state for the 48 conterminous United States plus Alaska. Negative signs
denote variables for which the multiple correlation coefficient (R) was negative.

Dependent variables

Mammals Plants and animals
Federal combined
Federal threatened-
threatened- Federal endangered and  Federal threatened-

Independent variables endangered taxa

candidate taxa

candidate taxa endangered taxa

Number of mammal species ns
Loss of wetlands 6.2
% original wetlands lost ns
Area of state parks 5.9
Latitude (of state capital) ns
% _forest cover 4.7
Total human population ns
Human population density ns
Forest area lost by 1908 ns
Topography ns
Habitat diversity?® 40.7
% federal land ns
Total explained 57.5

51.4 47.1 6.8
ns ns ns
ns ns ns
3.6 3.6 18.0

~1.5 -52 -30.9
2.7 3.5 4.8

16.0 16.3 34
ns ns ns

-2.5 —-23 ns

-3.0 —-1.6 ns
ns ns ns
ns ns ns

80.7 79.6 63.9

2 Major Kuchler community types (Espenshade. 1970) in state.

candidate and combined candidate and
threatened-endangered mammals but ac-
counted for nearly one-half of the explained
variation in the model for all federally listed
plants and animals (Table 2). In all cases,
the relationship was negative, with lower
latitude states having a greater number of
listed taxa.

Total human population explained ca.
16% of the total variation in models for
candidate mammals and combined threat-
ened-endangered and candidate mammals,
but it was the least important variable in the
model for all federally listed plants and an-
imals. The relationship was positive in all
three models (Table 2).

Topography of state and forest area lost
prior to 1908 were significant variables in
two models. Both were associated negative-
ly with number of candidate and combined
candidate and threatened-endangered mam-
mals, and they contributed relatively little
(1.6-3.0%) to total variation explained in
the two models.

Loss of wetlands and habitat diversity
were included in only one model for fed-
erally threatened-endangered mammalian
taxa. They were the two most important
variables in that model, accounting for
46.9% of the variation explained (Table 2).

Three variables were not included in any
models. They were percentage of original
wetlands lost, human population density,
and percentage of a state composed of fed-
eral land.

DiscussioN

The number, identity, and importance of
independent variables differed somewhat
among models. This suggests that although
the four lists of species on which the mod-
els were based shared certain taxa of special
concern, the extrinsic factors impacting
these different species groups varied. Nev-
ertheless, the models tended to share inde-
pendent variables. One variable (area of
state parks) was included in all models.
Three variables (number of mammal spe-
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cies, latitude, and and total human popula-
tion) were included in three models. Two
variables (topography and forest area lost
prior to 1908) were significant in two mod-
els. Two variables (landscape diversity and
loss of wetlands) were unique to a single
model; however, those were the two most
important variables in the model for feder-
ally listed mammals (Table 2).

Inclusion of area of state parks as a sig-
nificant variable in all four models is enig-
matic, especially in view of the positive re-
lationship between area of state parks and
numbers of listed and/or proposed taxa. We
expected that if this variable was signifi-
cant, the relationship would have been neg-
ative (i.e., fewer listed-proposed taxa with
increasing area set aside as state parks). The
reasons for this seemingly anomalous rela-
tionship are not evident and warrant further
investigation. Two possibilities are that the
level of protection in state parks is low and
ineffectual for mammalian populations and
the area of state parks constitutes an insig-
nificant part of the total protected land in
each state. Results of correlation analysis
provided no insights, despite the fact that
area of state parks was correlated positively
with latitude, percentage of federal land,
and topography (Table 1). Furthermore,
even though area of state parks was includ-
ed as an independent variable in all four
models, it was correlated with only two of
the dependent variables (federally listed
mammals and combined proposed and list-
ed mammals) in bivariate correlation anal-
yses (Table 1).

Latitude of the state was related nega-
tively to the number of proposed mamma-
lian taxa and the combined list of proposed
and federally listed mammalian taxa. Lati-
tude was the most important explanatory
variable for total numbers of plants and an-
imals listed; however, it was never more
than the third most important variable in
two models for mammalian taxa (Table 2).
This difference may reflect the substantial
percentage of plants, reptiles, and amphib-
ians compared with mammals listed in

Vol. 80, No. 3

southern states (United States Fish and
Wildlife Service, 1992). The observed neg-
ative correlation between latitude and num-
ber of listed plants and animals (r =
—0.568, P < 0.001) would be expected if
species at lower latitudes tend to have
smaller geographic ranges (Rapoport’s
Rule—Stevens, 1989) and therefore should
be more vulnerable to habitat loss. That pat-
tern was evident also among mammals. Of
22 federally listed species or subspecies of
mammals that are endemic to a single state,
none has a range that extends north of 40°
latitude (Hall, 1981; United States Fish and
Wildlife Service, 1992).

Latitude also has special significance
when viewed in the context of projections
for growth of the human population in
“Sunbelt” States from Florida to Califor-
nia. This assessment is consistent with the
results of a recent fine-grained analyses of
threatened-endangered species, which high-
lighted large numbers of federally listed
taxa in counties in Sunbelt States (Dobson
et al.,, 1997; Flather et al., 1994). Flather et
al. (1994) predict continued increases in
numbers of federally listed species in south-
ern states.

We were somewhat disappointed in our
ability to predict a priori which variables
might significantly influence among-state
variation in the number of federally listed
or proposed taxa. Three of the 12 variables
that we suspected might or should prove
significant were not included in any model:
percentage of original wetlands lost, human
population density, and percentage of fed-
eral land. Despite our expectations, vari-
ables measuring loss of wetlands did not
play a substantial role in determining the
number of proposed or listed species. Loss
of wetlands was included in only one model
for federally listed mammals (Table 2).

It is perhaps not surprising that loss of
wetlands was a significant variable for the
threatened-endangered list, given the fact
that this list historically has been sensitive
to wetland species, e.g., the saltmarsh har-
vest mouse (Reithrodontomys raviventris),
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gray bat (Myotis grisescens), Indiana bat -

(M. sodalis), and silver rice rat (Oryzomys
argentatus). Flather et al. (1994) docu-
mented that 23 of 68 federally listed mam-
mals (34%) were associated with wetland
habitats. The contribution of loss of wet-
lands appears to be due largely to Florida,
which has numerous species and subspecies
of rats and mice that inhabit fragmented and
degraded wetlands (e.g., several subpecies
of Peromyscus polionotus and P. gossypi-
nus, Microtus pennsylvanicus dukecamp-
belli, Oryzomys palustris natator = O. ar-
gentatus, Neotoma floridana smalli— Unit-
ed States Fish and Wildlife Service, 1992).
Although total size of the human population
was a significant variable in three models,
and was the second most important variable
in the models for candidate mammals and
combined federally listed and candidate
taxa (Table 1), human population density
was not included in any model. The exclu-
sion of this variable from the models may
reflect the fact that the highest human pop-
ulation densities are in smaller states, which
have relatively few total mammalian spe-
cies and therefore few listed taxa. Human
population density was correlated negative-
ly with number of mammalian species, with
area of state, and with topography but was
not correlated with total human population
(Table 1).

Models for federally listed and candidate
mammalian taxa differed substantially in
terms of number and relative importance of
independent variables (Table 2). Those
models had only two independent variables
in common (area of state parks and percent
forest cover). Two additional variables in
the model for federally listed mammals
(landscape diversity and loss of wetlands)
were not included in any other model.
Those four variables yielded a model for
federally listed mammals that explained
only ca. 70% of the variation explained by
the model for candidate mammals, which
had seven significant variables (Table 2).

The model for candidate taxa included
five variables that were not included in the
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model for threatened-endangered species:
numbers of mammal species, latitude, total
human population, forest area lost prior to
1908, and topography (Table 2). These all
were included in the model for combined
Iisted and proposed mammals. Overall, this
suggests that the greater number of candi-
date taxa per state (X = 9.0) and variability
among states (CV 127.1%) were more im-
portant than the number and variability of
listed taxa (X = 2.3; CV = 103.5%) in de-
termining the model for combined listed
and candidate taxa.

Regarding the differences between these
two models, we see two possible explana-
tions, which we cannot yet resolve. First,
perhaps the threatened-endangered list rep-
resents a more accurate estimation of the
true number of imperiled taxa because it is
compiled after thorough evaluation, where-
as the candidate list may be more politically
motivated and therefore less accurate. In
contrast, the threatened-endangered list pos-
sibly reflects somewhat out-of-date infor-
mation, or a bias toward large conspicuous
species, and hence does not reflect more
current human effects, whereas the candi-
date list is more reflective of true current
trends in species status. Assessing these
contrasting possibilities represents an im-
portant direction for future research.

In an analysis of species-endangerment
patterns in the United States, Flather et al.
(1994) focused on variables that directly
contributed to the listing of individual spe-
cies. In this regard, they adopted a narrower
perspective than ours. They noted that the
listing of 95% of 667 species of plants and
animals was related at least in part to hab-
itat loss or alteration. Thus, in their analy-
sis, variables related to loss and alteration
of habitat were important to the listing of
mammals. These results stand in contrast to
ours in which variables related to habitat
loss were not associated strongly with listed
taxa, either mammals or all species (Table
2). A reason for this difference may be the
different scales of analysis employed in the
two studies. Flather et al. (1994) employed
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a fine-grained approach emphasizing spe-
cific factors contributing to the listing of in-
dividual taxa, extending down to the county
level, whereas our more coarse-grained ap-
proach examined factors at the level of the
state. Thus, the lower limit of our analysis
of habitat was at the biome level, whereas
Flather et al. (1994) focused on subdivi-
sions of biomes (e.g., deciduous, evergreen,
and mixed forests). In addition, we ana-
lyzed only habitat variables common to the
49 continental United States, in contrast to
Flather et al. (1994) who included all hab-
itats that were associated with the listing of
threatened-endangered taxa, regardless of
how widespread they were within and
among states.

Of the nine extrinsic factors determined
to be significant predictors in at least one
model in this study, six (number of mam-
mal species, loss of wetlands, area of state
parks, percent forest cover, forest area lost
by 1908, and human population) were sim-
ilar to extrinsic factors employed in an anal-
ysis of anthropogenic threats to biodiversity
using the Global Conservation Analysis
Package (Sisk et al., 1994). In their analy-
sis, Sisk et al. (1994) included variables
measuring numbers of species and endem-
ics for mammals and butterflies, rankings of
species richness and endemism, growth and
density of the human population, and loss
of forest cover to identify countries where
there are critical threats to biodiversity from
anthropogenic factors. Although the objec-
tives and methods of analysis differed be-
tween our study and that of Sisk et al.
(1994), we believe the similarity of the
variables used in the two studies provides
a critical independent test of our method of
determining significant extrinsic factors that
influence variation among states in the
number of taxa of federally listed or can-
didate mamimals.

Ceballos and Brown (1995) note that cur-
rent global patterns of endangerment of
mamimals are difficult to interpret. We be-
lieve results of our analyses provide some
insight into which extrinsic factors influ-
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ence the number of threatened-endangered
mammalian taxa. Significant factors in our
analysis among states (e.g., total human
population, topography, and latitude) also
may be significant among countries.

It is obvious that numbers of imperiled
mammalian species are affected by both in-
trinsic and extrinsic factors. OQur approach
contributes to the understanding of large-
scale effects on conservation status by seek-
ing broad patterns in a variety of taxa. The
next step is to extend our analysis to other
taxonomic groups and biogeographic
regions. However, we caution that biologi-
cal interpretation of data sets such as ours
must account for the influence of political
forces (e.g., changing criteria for listing—
Ceballos and Brown, 1995), and the nature
of political entities such as states, prov-
inces, or countries.
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