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Abstract

Geographical distribution data tor endangered species in the United States were used
to locate “hot-spots” of threatened biodiversity and to determine if correlations occur
between the geographic distributions of different taxa. In general, the hot spots for
different groups do not overlap, except in four regions ot the country: the Hawaiian
islands, Florida, southem Appalachia and southemn Califomia. A more detailed
analysis that considers the taxonomic uniqueness of each region reveals that hotspots
of vertebrate diversity do not generally correspond to hotspots of botanical or
invertebrate diversity. The analysis also suggests that efforts that focus on conserving
endangered plant species will maximize the incidentat protection of all other species
groups. However, this is partly an artifact of the fact that endangered plants are widely
distributed across the nation. in contrast, within any region, the presence of
endangered arthropods and birds provides the best indication of overail endangered
biodiversity. The total area of land that needs to be managed to protect currently
endangered and threatened species in the United States is a relatively small proportion
of the land mass.



Introduction

Previous studies have shown that on a continental scale the distribution of well-studied
taxa can act as surrogates or indicators for the distribution of poorty studied taxa (1-4).
In contrast, studies of the distribution of *hot spots’ of diversity for various taxa within
the British Isles suggest there is very little correlation between the distributions of
different taxonomic groups (5,6). To date, however, no such analysis has been done
on a continental or national scale for those species most likely to vanish in the
foreseeable future (i.e., endangered species). If significant correlations occur in the
geographic distributions of endangered species for different groups, it may be possible
to use a few well-studied groups as surrogates or ‘umbrella species’ for the purposes
of delineating protected areas for other poorly known taxa. The extent to which
endangered species are concentrated into ‘hot spots’ of potential extinctions and the
éxtent to which hot spots for different groups overlap, will also influence the strategies
we adopt to avert species extinctions, as welt as the impact of those strategies on other
human activities (7). If endangered species are highly concentrated, then fewer areas
are likely to experience confiicts between species protection and other activities.

in this study we have used a data-base for threatened and endangered species in the
United States to examine pattems in the geographic distributions of imperiled
species(8). The data-base lists the counties of occurrence of all plants and animals
protected under the federal Endangered Species Act in the 50 states, plus all species,
subspecies and populations proposed for protection under that statute as of August
1995 (a total of 933 species in 3139 counties). We grouped the species by state,
county, and species group (amphibians, arachnids, birds, clams, crustacea, fish,
insects, mammals, piants, reptiles, and snails), and then generated distribution maps
using a GIS system (9). These maps were designed to identify areas with unusually
high numbers of endangered species in each group.

A sorting algorith based on the principle of complementary subsets was used to
evaluate the extent to which endangered species are clustered into hotspots (10,11).
The algerithm selected first the county with the greatest number of listed species; all
species found in that county were then excluded from further consideration while the
algorithm searched for the county with the greatest number of species that were not
represented in counties aiready selected. Ties for number of species were broken by
assigning top rank to the county with the smallest area (or secondarily, the county with



the smailest human population). This process was continued iteratively untit all listed
species were inciuded. The aigorithm maximizes the number of species sampled while
minimizing the area required to do so. It is clearly erroneous to assume that because
a particular species occurs in a county, a viable population can be maintained in that
county. In this respect our analysis underestimates the amount of land necessary to
preserva species with large area requirements (e.g. grizzly bears, Ursus arctos
horribilis). On the other hand, it is equalily inaccurate to assume that the entire land
area of a county is occupied by its endangered species. Thus our analysis should not
be taken as a measurement of how much land must be protected to conserve
endangered spacies, but rather as an approximate indication of the extent to which
endangered species are concentrated geographically. We then subdivided the data
and repeated the analysis for each species group to determine whether any particlular
group could be used as an overali indicator for others.

We also examined the associations between the density of endangered species in
each state and the intensity of human economic and agricultural activities and the
climate, topology and vegetative cover of the state. Wa collated data on a variety of
economic and topographic indicators using the annual statistical survey of the United
States (12). Stepwise multiple-linear regression was used to determine which variabies
were the best predictors of the density of endangered species.

Observed geographical patterns

The highest numbers of endangered species occur in Hawaii, southem Califomia, the
south eastermn coastal states and southern Appatachia (Figure 1). When counties are
selected on the basis of complementarity, the algorithm first selects counties in these
regions (Figure 2). The complementary ordering of counties generates accumulation
curves that can be used to examine the extent to which endangered species are
clustered into hotspots. The accumulation curves represent the total area required to
sample ail the endangered species in each taxonomic group when the counties are
ranked from those with the most endangered species to those with the least (Figure 3).
For each group, greater than 50% of endangered species are represented within 0.81
to 3.33% of the land area (13). For endangsred bird, reptile and mammal species, the
sequential selection of counties on the basis of the unique species they contain leads
to a steady increase in the number of popuiations of each endangered species already
included in the counties sampled (Figure 3). The number of populations of most



endangered ptant and invertebrate species does not increass, because many
endangered plant and invertebrate species are restricted to a singte county. The data
show that 48% of plants and 47% of arthropods are restricted to single counties. The
average number of counties in which a listed plant or arthropod species is found is 3.4
and 3.9 counties, respectively. In contrast, only 36% of listed bird species are confined
to single counties, while the average number of counties in which a listed bird is found
is 62.3. Comparable figures on the percentage of singte-county species within other
groups and the average number of counties in which a listed species is found are as
follows: mammals 26%, 32.6 counties/species; fish 32%; 7.7 counties/species; herptiles
14%, 18.7 counties/species; snails 57%, 1.5 counties/species; clams 3%, 12.1
counties/species.

The utility of using any one group of species as an indicator for other groups of
endangered species can be quantified by caiculating the proportion of each other
group that occurs in the subsets of counties that contain ali the species in any
individual group (Table 1). An initial examination of this table suggests that the
counties that contain a compiete set of endangered plant species will contain the
highest numbers of other endangered species. However, more counties are required to
adequately sample endangered plants than for any other taxa, so we would expact this
larger area to contain more species from other taxa. An area (and sampling effort)
independent index of predictive power may be obtained by comparing the number of
species contained in the complementary counties for each group with the number of
species that would occur it a similar number of counties of approximately the same total
area were selected at random. Thae ratio of these two values provides an indication of
how accurately the presence of endangered species in one group indicates the
presence of endangered species in other groups. This index suggests that arthropods
and then birds, provide the best indicators for any particular area. In contrast, the
presence of endangered plant species provides only a weak indication that other
endangered species are present in a given county.

Underlying factors predicting distribution of endangered species?

The stepwise multiple-linear regression analysis reveals that the overall density of
endangered species is strongly correlated with two anthropogenic variables (Table 2):
the value of agricultural output and the year in which the state was incorporated (a
rough index of the length of time for which each state has been undergeing industrial



and agricultural development). When the analysis was repeated for each major
taxonomic group, slightly different resuits were obtained. In particular, time since
statehood dominates the analysis for endangered plants; agricultural activity is the key
variable for mammals, birds and reptiles, but is less significant for fish and clams.
Manutacturing activity seems to have had a significant impact on fish. In contrast to
previous studies of patterns of overali species richness (14-16), in this analysis of
endangered species geographical variables significantly influence the distribution of
only a few taxa (for example, birds and herptiles correlate negatively with the maximum
altitude of the state). Climatic variables, such as mean temperature and rainfall, are
successful predictors of the numbers of endangered birds, fish, and clams.

Discussion

Virtuaily ail species groups have hot-spots with large numbers of endangered species.
They are probably the product of two interacting factors: centers of endemism (e.g.
clams in southwest Appalachia, plants in Florida) and anthropogenic activities (e.g.
urbanization, agricultural development). In a small number of areas of the United
States, the centers of endangered richness for different groups overlap. Two counties
are hot spots for three groups: San Diego, CA (fish, mammals and plants) and Santa
Cruz, CA (arthropods, herptiles and plants). Eight counties are hot spots for two
groups: Hawaii, Honolulu, Kauai and Maui, HI (all birds and plants); Los Angeles, CA
(arthropods and birds); San Francisco, CA (arthropods and plants); Bay, FL (herptiles
and plants); Monroe, FL (birds and mammails); and Whitfield, GA (fish and molluscs).
Aside from these locations, the key areas for most groups overlap only weakly,
suggesting that the endangered species ‘hot spots’ for one group do not necessarily
correspond with those for other groups. Nevertheless the analysis confirms previous
studies that suggest that arthropods (1) and birds (2) act as important indicators for the
presence of other endangered species. Unfortunately, the data available for
endangered plants and arthropods are considerably less complete than those for other
taxa (17,18). Increasing efforts to obtain information on these taxa is crucial in
determining a more complete picture of the geographic distribution of endangered
species in the United States.

Although there are no consistent correiations in the distributions of endangered species
from different taxa, the existence of hot spots for most groups indicates that a large
proportion of endangered species can be protected on a smail proportion of land. If



conservation efforts and funds can be focused in a few key areas it should be possible
to conserve endangered species with great efficency.
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Table 2 (please see legend below)

ALL Plants Mammal | Birds Reptiles | Fish Mo::usc
e 736 737 712 705 544 503 211
F 2717 | 17.48 39.67 38.5 12.22 10.53 7.294

(42,5) (39.,8) (44,3) (44,3) (42,5) (42,5) (45,2)

Fam$ 0.803 0.702 0.744 0.803 0.380
Yearinc | -0.303 -0.314

Def$ -0.452 |-0.618 -0.657

Ho0 0.394 | 0.193 1.464

Temp 0.130 -0.195 0.691

MaxAit 0.217 -0.153 -0.235 -0.331 -0.287

Export$ {-0.099 |-0.104 0.447

Forest% 0.108

Urban% 0.426 -0.815

Rainfall -1.018 0.454
Elev ' 0.335

Woetld% -0.409

Table 2. Resuits of forward stepwise muitiple regression to examine relationship between the
density of endangered species and other environmental and anthropogenic variables. The
analysis was performed on the entire data-set and then upon each major taxonomic division.,
The analysis was performed at the state fevel with density of endangered species expressed
as total number of endangered species recorded in the state, divided by total area of the state
for all terrestrial species. In the case of predominantly aquatic species (fish and clams), only
the area of each state classified as water or wetland was used to caiculate density. The
geographical, demographic and economic data were taken from the 111th Edition of the
Statistical Abstract of the United States. In each case we have quoted the muitipie r2 and the
F-statistic for the finat regression. The table gives significant values of (boid if significant at
p<0.01, nomal type if p<0.05). The variables included in the analysis are: Farm$ - the annual
value of famrm products produced in the state ($/km2): Yearinc - the year in which the State was
incorporated into the Union of the United States; Ho0 - water use in the state
(gallons/km2fyear): DEFS - defense spending ($fkm2/yr); Exp$ - manufacturing exports




($/km2/yr); Forest% - percent of the net state area that is forested; Urban% - percent of the
state that is urban; Federal% - percent of the state under federal management; Wetlands -
percent of the state classified as wetlands; Crop% - percent of the state classifled as wetlands;
HUMPOP - human population density in the state (#km2); METRO% - percent of the human
population fiving in urban areas; ELEV - mean elevation in the state; MAXALT - highest point in
the state; TEMP - average annual temperature In the state; RAIN - average annual rainfall in
the state.



FIGURE LEGENDS

Figure 1. The geographical distribution of four groups of endangered species in the
United States: (A) plants, (B) birds, ( C) fish, (D) molluscs. The maps illustrate the
number of listed species in each county. Alaska and Hawaii are shown {not in scale) in
the bottom left-hand comer of the maps.

{We can aiso supply maps for each of the other groups, if publication space permits
this]

Figure 2. Compiementary sets of counties that contain 50% of the endangered species
for each taxonomic group. The analysis identified 2 counties wnat contain high numbers
of endangered species from 3 groups and 9 counties that contain high numbers of
species from 2 groups. Hawaii is shown {not in scale) in the box in the lower left-hand
comer,

Figure 3. (A) The relationship between the cumulative area of land sampled and the
cumuiative number of endangered species that are included. The sudden increases in
the slope of the curves occur when the algorithm switches to adding the next lowest
integer number of species to the pool of endangered species sampled - counties are
added by picking the smallest counties that add this number of new species to the pool.
(B) The average number of populations of each species in the sequentially selected
counties.
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