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Abstract

Confirmations of cougar (Puma concolor) presence in Midwestern
North American have increased considerably during the last decade.
Although increasing cougar presence in the region may be indicative
of potential eastward expansion of current cougar range via dispersal,
no research has been conducted on cougar potential in the Midwest.
Herein, we describe our approach to modeling potential cougar habi-
tat and dispersal corridors in the Midwest (i.e., nine states and two
provinces) using expert-opinion surveys, geospatial data, and a geo-
graphic information system (GIS). We intend to identify the distribu-
tion of potentially suitable habitat in this region where empirical data
regarding cougar habitat use is not available. We will also use the map
of potential habitat suitability, expert knowledge, and a GIS to evalu-
ate potential dispersal corridors for cougars. Our results will provide
information to wildlife biologists for management support, protection,
and public education regarding cougar presence in the Midwest.

About the Authors

Michelle A. LaRue is a graduate research assistant at the Cooperative
Wildlife Research Laboratory at Southern Illinois University, Carbon-
dale. She is interested in conservation biology, particularly in using
modeling techniques to better understand habitat suitability and ef-
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Research Laboratory at Southern Illinois University, Carbondale. He is
a Certified Wildlife Biologist, President of the Illinois State Chapter of
The Wildlife Society, and Director of Scientific Research for the Cougar
Network. Clay and his graduate students study mammalian ecology
and management in a variety of landscapes

Endangered Species UPDATE 55



56

Abstract

Confirmations of cougar (Puma con-
color) presence in Midwestern North
American have increased consid-
erably during the last decade. Al-
though increasing cougar presence
in the region may be indicative of
potential eastward expansion of cur-
rent cougar range via dispersal, no
research has been conducted on cou-
gar potential in the Midwest. Herein,
we describe our approach to model-
ing potential cougar habitat and dis-
persal corridors in the Midwest (i.e.,
nine states and two provinces) using
expert-opinion surveys, geospatial
data, and a geographic information
system (GIS). We intend to identify
the distribution of potentially suit-
able habitat in this region where
empirical data regarding cougar
habitat use is not available. We will
also use the map of potential habitat
suitability, expert knowledge, and a
GIS to evaluate potential dispersal
corridors for cougars. Our results
will provide information to wildlife
biologists to support management,
protection, and public education re-
garding cougar presence in the Mid-
west.

Increasing Cougar Presence in Mid-
western North America

Historically, cougars (Puma concolor)
occupied most of the western hemi-
sphere, ranging from the Atlantic to
Pacific oceans and from northern Brit-
ish Colombia to southern Chile (Sun-
quist and Sunquist 2002). However, by
the late 1890s these top predators were
extirpated from eastern North America
because of habitat loss and intentional
killing due to concerns about human
safety, game populations, and livestock
depredation (Sunquist and Sunquist
2002). Populations of cougars within
North America have since been restrict-
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ed to the West, with the exception of the
small Florida panther (P. c. coryi) popu-
lation in southern Florida. Currently,
cougars are found in only one-third of
their historical range in North America
(Pierce and Bleich 2003), although cou-
gar distribution throughout the West-
ern Hemisphere is still the largest of
any terrestrial mammal (Sunquist and
Sunquist 2002).

Recently cougars have surfaced as
a topic of discussion among wildlife bi-
ologists and the general public due to
the possibility of dispersal and natural
re-colonization east of their current geo-
graphic range. Although sightings of
cougars may be unreliable, confirmed
cougar carcasses, scat, and tracks (i.e.,
cougar “confirmations”; Figure 1) in
Midwestern North America (hereafter
the Midwest) have increased dramati-
cally during the past 15 years suggest-
ing eastward movement of cougars
(Nielsen et al. 2006). For example, the
Cougar Network reports >120 cougar
confirmations since 1990; in Nebraska
alone there have been 24 cougar con-
firmations during this period (Cougar
Network 2006). Furthermore, lowa and
Missouri combined report 15 cougar
confirmations since 1990 (Cougar Net-
work 2006).

Many cougar confirmations exist as
carcasses of young males, which are the
primary dispersers in cougar popula-
tions (Sweanor et al. 2000, Logan and
Sweanor 2001). Recent research has
found that cougars can disperse con-
siderable distances, as evidenced by
a juvenile male dispersing 1,067 km
into Oklahoma from the Black Hills
(Thompson and Jenks 2005) and a juve-
nile female dispersing 1,336 km within
western cougar range (Cougar Network
2006). Given the increasing number of
cougar confirmations and their long-
distance dispersal capability (Sweanor
et al. 2000), it is widely believed that
cougars are attempting to re-colonize
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the Midwest via juvenile dispersal
(Nielsen et al. 2006).

Although wildlife biologists re-
quire information to support manage-
ment, protection, and public educa-
tion regarding cougar presence in the
Midwest, no information is available to
assist such efforts. Herein, we describe
our approach to provide the first infor-
mation regarding cougar potential in
the Midwest. Specifically, we are cur-
rently undertaking an effort to use ex-
pert surveys, geospatial data, and a GIS
to model potential habitat and disper-
sal corridors for cougars in this region
of profound human presence and land-
scape manipulation.

Approach to Modeling Potential
Habitat and Corridors

Habitat models have been created for
many carnivore species using animal lo-
cation data, remotely-sensed land cover
data, and multivariate statistics within a
GIS (Clark et al. 1993, Carroll et al. 1999,
Mace et al. 1999, Nielsen and Woolf
2002, Treves et al. 2004). Such analyses
typically rely upon empirical data re-
garding species occurrence or habitat.
However, these data are not available
for cougar populations in the Midwest
as they have been extirpated from the
region for about 100 years (Sunquist
and Sunquist 2002). To overcome this
problem, we are using expert-opinion
surveys (Store and Kangas 2001, Clev-
enger et al. 2002) in lieu of empirical
data to provide information regarding
potential cougar habitat requirements
in the Midwest.

Our technique follows that of Store
and Kangas (2001), where GIS, spatial
analysis, and decision analysis tech-
niques are used to develop large-scale
habitat models. Our research is com-
prised of 2 primary objectives, to (1) de-
velop a model of potential habitat, and
(2) predict potential dispersal corridors.
We will use expert opinion and multi-
criteria evaluation, specifically the ana-
lytical hierarchy process (Saaty 1980), to
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transform expert knowledge regarding
wildlife habitat needs into numerical
form (Store and Kangas 2001). GIS ap-
plications will then be used to produce
cartographic maps of cougar habitat by
combining the expert-assisted data and
spatial analysis of existing landscape

Figure 1. Example cou-
gar confirmations as ver-
ified by the Cougar Net-
work (2006). A: cougar
involved in cougar-vehi-
cle accident in Missouri,
October 2002. B: cougar
pictured by remote cam-
era in Arkansas, August
2003. C: cougar shot by
landowner in Manitoba,
November 2004.
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information. These techniques have
a history of use during the previous 5
years and are especially applicable in
re-colonization analysis or reserve plan-
ning for rare species, such as Midwest-
ern cougars. For example, Clevenger et
al. (2002) combined and compared em-
pirical data with literature and expert-
assistance in the assessment of habitat
linkages for grizzly bears (Ursus arc-
tos), and reported that expert opinion
closely reflected data gathered by ra-
diotelemetry. Furthermore, Thatcher et
al. (2006) used these methods to model
potential reintroduction sites for Flori-
da panthers.

We are modeling potential cougar
habitat and dispersal corridors over a
large portion of the Midwest, includ-
ing the states of North Dakota, South
Dakota, Nebraska, Kansas, Oklahoma,
Arkansas, Missouri, Jowa, Minnesota,
and the provinces of Saskatchewan and
Manitoba (Figure 2). These states and
provinces were selected because of the
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number of cougar confirmations in the
region, proximity to existing western
cougar populations, and probability of
suitable dispersal corridors, such as riv-
ers (Nielsen et al. 2006).

Expert-Opinion Survey

In this modeling process, the first step
in assessing potential habitat is to de-
termine factors from existing studies
and expert knowledge (Store and Kan-
gas 2001). To obtain expert knowledge,
we have used literature and expert as-
sistance to develop a survey regard-
ing potential habitat requirements of
cougars in the Midwest. The survey
consists of several questions regarding
pair-wise comparisons of the following
habitat factors: human density, distance
to water, distance to roads, slope, and
cover type. Prey (e.g., white-tailed deer,
Odocoileus virginianus) densities will
be assumed to be correlated with land
cover because datasets are not available
throughout the Midwest. Survey par-
ticipants will be asked to score habitat
variables in order of potential impor-
tance to Midwestern cougars, based
upon personal experience and expert
knowledge of cougar ecology. The sur-
vey will be sent to 25 western cougar
biologists and furbearer biologists with
knowledge of Midwestern landscapes.

Multi-Criteria Evaluation

The next step in the modeling process
will be to produce map layers by trans-
forming raw data into GIS layers (Store
and Kangas 2001). This is carried out
using a multi-criteria evaluation pro-
gram outside of GIS (Store and Kangas
2001). Upon receipt of the completed
surveys, we will evaluate the responses,
which are contained in ranking matrices
(Figure 3). We will begin evaluation by
determining the relative importance of
each habitat factor based on an optimi-
zation method where the importance of
habitat factors is evaluated by pair-wise
comparisons as applied in the analyti-
cal hierarchy process (Saaty 1980). Once
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each habitat factor has been assigned
a relative priority, the modeling pro-
cedure will begin. This will consist of
making the raw scores commensurable,
weighting the standardized score maps,
and then combining them into the mod-
el (Store and Kangas 2001).

Habitat Modeling

Cartographic modeling in ArcGIS 9
(ESRI 2004) will be performed to iden-
tify habitat potentially suitable for cou-
gars in the region. Areas of suitable
habitat will be identified by reclassify-
ing and weighting each variable and
subsequently mapping these variables
and their associated weights by overlay
analysis (Ormsby et al. 2004). This map
will be produced using scores calcu-
lated and averaged in the multi-criteria
evaluation, and will clearly classify ar-
eas of good versus poor potential habi-
tat along a gradient of values.

Corridor Modeling

We will also conduct a GIS weighted-
distance analysis and least-cost corridor
analysis (Singleton et al. 2002) to map
the effects of landscape barriers for cou-
gars dispersing into the Midwest. We
will map the linkages between habitat
patches with fewest landscape barriers
(Schippers et al. 1996). These analyses
are complementary and are based upon
the idea that movement can be mapped
by assigning each cell within a map a
relative “cost” of moving across the cell
(Schippers et al. 1996, Singleton et al.
2002). This “cost” is calculated as the

cell size times a weighting factor based
on the habitat characteristics of the cell
(Singleton et al. 2002).

The map of potential habitat will be
the basis for the corridor model. A fol-
low-up survey will be sent to the same
wildlife biologists asking their expert
opinion on corridor size and permeabil-
ity of the landscape for cougars. A simi-
lar matrix will be created asking experts
to rank the quality of habitat in regards
to corridor movements, as well as iden-
tifying maximum distances cougars
would likely travel within corridors.

Dispersal potential will be evaluat-
ed across the region based on road den-
sity, land cover, and distance to edge.
The classes for each landscape variable
will be given a value based on our ex-
perts’ estimated resistance to movement
(Singleton et al. 2002). Dispersal habitat
suitability will then be calculated by
multiplying each landscape character-
istic value (Singleton 2002). This will
result in an index of landscape perme-
ability for cougars in the region.

A least-cost corridor analysis will
then be conducted throughout the
study region to identify the most per-
meable portions of the landscape for
potential cougar dispersal. The same
cost-weighting factors for the weight-
ed-distance analysis will be used for
least-cost corridor analysis, which will
provide an index of overall difficulty of
moving through an area (Schippers et al
1996, Wikramanayake et al. 2004). This
will result in a map of likely pathways

Figure 3. Example of a rank-
ing matrix from our expert
survey used to develop
models of potential habi-
tat and dispersal corridors
for cougars in Midwestern
North America
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that cougars could utilize for dispersal
into the Midwest.

Importance of this Research
Although a few researchers have dis-
cussed the recent confirmations of cou-
gars east of their range (Tischendorf
2003, Nielsen 2006, Nielsen et al. 2006),
no studies have been conducted regard-
ing cougar potential in the Midwest.
The models and maps we produce will
be important for several reasons. First,
because of their role as a top preda-
tor, cougars will likely compete with
other predators [e.g., grey wolves (Ca-
nis lupus), coyotes (Canis latrans), and
bobcats (Lynx rufus)] in the Midwest
(Pierce and Bleich 2003). This competi-
tion could result in character displace-
ment or possible extirpation of other
predator species. Cougar conflicts with
wolves, for instance, may alter popula-
tion characteristics, behaviors, and dis-
tribution of prey (Murphy et al. 1999).
However, niche partitioning may also
occur and allow for coexistence of cou-
gars and other carnivores (Pierce and
Bleich 2003). Regardless, our analyses
will provide an important assessment
of potential cougar distribution and
where significant overlap with sympat-
ric carnivores may occur.

Second, because white-tailed deer
would be the primary prey species for
cougars in the Midwest (Sunquist and
Sunquist 2002), sports enthusiasts and
wildlife conservation agencies are con-
cerned about potential impacts of cou-
gars on deer populations. White-tailed
deer are the most important big game
species in North America and their
management injects millions of dollars
into state wildlife conservation agencies
and local economies (Miller et al. 2003).
Given that competition with humans
for game species (and concerns about
cougar attacks on humans and livestock
depredation, see below) was one of the
primary reasons for cougar extirpation
in the eastern portion of their range
(Sunquist and Sunquist 2002), knowl-
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edge of potential distribution of cou-
gars relative to white-tailed deer distri-
bution is essential.

Third, concerns about potential
cougar depredation of livestock (Torres
et al. 1996) would need to be addressed
through public education campaigns.
The Midwest is an area of considerable
cattle, swine, sheep, and horse produc-
tion, and agriculturalists in the region
are already worried about cougar dep-
redation of livestock (C. Nielsen, per-
sonal communication). Finally, a seri-
ous implication of potential cougar
re-colonization is the fear of cougar at-
tacks on humans (Beier 1991, Kadesky
et al. 1998, McKee 2003). An analysis of
habitat potential could indicate where
cougars may become established near
centers of human populations or areas
of livestock operations and prove an
important educational and planning
tool to address human-cougar conflicts.
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Recovery Progress

Abstract

The Endangered Species Act (ESA) faces continual criticism for hav-
ing failed to achieve the recovery of more endangered and threatened
species even though recovery is expected to be a long process for most
species. However, little quantitative information is available to give
a more nuanced picture of whether the ESA is succeeding in moving
species toward recovery. In this article, we propose three methods of
creating a ‘Recovery Index’ that uses annual population estimates for
a subset of species to create an easily understandable index of how en-
dangered species are doing from year to year. A Recovery Index based
on annual population growth rates for 30 well-funded species showed
a 320 percent increase in value over the period from 1985-2005. We
believe that a Recovery Index like this, modified to include a more rep-
resentative set of species, would be a useful new metric with which to
track the success or failure of the Endangered Species Act.
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Introduction

In authorizing the Endangered Species
Act of 1973 (ESA), Congress set forth
the goal of protecting biodiversity by
preventing species extinctions and pro-
moting species recovery. However, the
law continues be the subject of intense
political debate in part because there
are relatively few metrics by which to
determine the law’s success or failure in
achieving this goal (USGAO 2006).

Required by the Government Per-
formance Results Act of 1993 to quan-
tify its performance, the U.S. Fish and
Wildlife Service has set performance
goals based on the number of species
reported to be “improving” or “stable”
in its own biennial reports to Congress
(Male and Bean 2005). However, these
categories are imprecise and often sub-
jective. Moreover, inasmuch as the Fish
and Wildlife Service makes these judg-
ments, it is in effect grading its own per-
formance. Performance measures that
were more quantifiable and less prone
to subjective judgment should provide
a better measure of how much or how
little progress is being made under the
ESA.

Short of outright recovery and re-
moval of species from the endangered
species list, there are three overlapping
criteria that are a component of most
species recovery plans and by which
recovery progress could be judged.
These are: number of individual pres-
ent in the wild, number of viable wild
populations, and progress in removing
or controlling the threats that endanger
the species. What sort of metrics could
be developed to track progress under
any of these criteria?

The Dow Jones Industrial Average
tracks the performance in stock price
of 30 large U.S. companies that are
meant to be representative of the U.S.
market. The individual companies that
comprise the Dow have multi-billion
dollar revenues and collectively repre-
sent about one quarter of the value of
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the U.S. stock market. As an index, it is
not the value of the Dow itself but the
relative change in value over time that
is useful in measuring ‘blue chip” stock
performance and as an indicator of the
health of the U.S. economy. For exam-
ple, from December 1973 when the ESA
was signed into law until April 2006,
the Dow grew by an annual compound
growth rate of 8.3 percent.

We propose that a new index, a
Recovery Index, be developed to track
changes in the abundance of a subset
of endangered species. Such an index
would provide a useful indicator of the
health of U.S. endangered species and
give insights into some of the results
of conservation efforts taken under the
Endangered Species Act.

Methods

Just as a few dozen ‘blue chip’ compa-
nies represent a large share of the value
of the U.S. stock market, there are a few
dozen endangered species that receive
the majority of the resources available
for management, mitigation, and land
acquisition. Approximately 85 percent
of all federal and state expenditures
on endangered species reported by the
U.S. Fish and Wildlife Service in annual
reports to Congress are spent on just 75
species.

Using U.S. Fish and Wildlife Service
annual reports to Congress that docu-
ment federal and state spending on each
listed species, we ranked the 75 species
that received the greatest total recov-
ery and land acquisition funding by all
agencies between 1989 and 2004, the pe-
riod over which reports were available.

For these species, we searched the
Internet for technical reports by federal
or state agencies or peer-reviewed pub-
lications that reported on the total num-
ber of individuals of each species in
any given year. We only included wild
individuals in totals and most counts
include only adults or breeding adults.
We were able to find multiple years
of range-wide census data from 1985
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Table 1. Endangered and
threatened species used to
calculate Recovery Indices,
including the estimated
compound annual growth
rate of wild populations of
each species between 1985
and 2005.

Compound

Common Name Scientific Name Annual

Growth Rate
California condor Gymnogyps californianus 0.1653
Least Bell’s vireo Vireo bellii pusillus 0.1650
Red wolf Canis rufus 0.1601
Aleutian Canada goose Branta canadensis leucopareia 0.1457
San Clemente loggerhead shrike Lanius ludovicianus mearnsi 0.1249
Kemp’s ridley sea turtle Lepidochelys kempii 0.1154
California least tern Sterna antillarum browni 0.0941
Southwestern willow flycatcher Empidonax traillii extimus 0.0909
Bald eagle Haliaeetus leucocephalus 0.0811
Interior least tern Sterna antillarum 0.0804
Eastern brown pelican Pelecanus occidentalis 0.0583
Florida panther Puma concolor coryi 0.0582
West Indian manatee Trichechus manatus 0.0557
Whooping crane Grus americana 0.0539
American peregrine falcon Falco peregrinus anatum 0.0539
Gray wolf Canis lupus 0.0468
Key deer Odocoileus virginianus clavium 0.0437
Coastal California gnatcatcher Polioptila californica californica 0.0404
Atlantic right whale Balaena glacialis 0.0343
Southern sea otter Enhydra lutris nereis 0.0333
Red-cockaded woodpecker Picoides borealis 0.0237
Piping plover Charadrius melodus 0.0230
Hawaiian monk seal Monachus schauinslandi 0.0224
Indiana bat Myotis sodalis -0.0107
Puerto Rican parrot Amazona vittata -0.0116
Wood stork Mycteria americana -0.0329
Cape Sable seaside sparrow Ammodramus maritimus mirabilis -0.0372
Steller sea-lion Eumetopias jubatus -0.0407
Atlantic salmon Salmo salar -0.1090
Razorback sucker Xyrauchen texanus -0.2511

to 2005 for 30 species. We chose these
species because they are ones on which
data were available to illustrate the way
that such a Recovery Index could be de-
veloped, not because these are the ideal
species upon which to base an index.
Data on funding and population esti-
mates, including the published sources
for those estimates, is available from the
first author on request.

In order to calculate an annual Re-
covery Index value we needed data
from each species every year, but most
species lacked such annual data. There-
fore, we used the equation for com-
pound annual growth rate to estimate
population size in years with missing
data. For species lacking population
estimates from the last two years of the
sampling period, we used growth rate
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to project population size based on pre-
vious years’ data.

We used three methods to calculate
Recovery Indices for these species. The
Dow is calculated by summing the raw
stock price (adjusted for dividend dis-
tributions) of all 30 component stocks
and thus is weighted so that higher-
priced stocks and those with greater
variance over time have a greater influ-
ence on the index. Similarly, we calcu-
lated an abundance-weighted Recovery
Index by simply summing up the total
number of individuals for all species
each year. For example, 1,409 Hawai-
ian monk seals (Monachus schauinslandi)
would be added to the 19,142 wood
storks (Mycteria americana) estimated to
exist in 2001 and so on for the remain-
ing 28 species.

Second, we calculated a standard-
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ized Recovery Index that gave each spe-
cies a similar influence on the value of
the Index. We standardized each year
of each species’ population estimates by
subtracting the mean population esti-
mate for each species for all years and
dividing by the standard deviation. For
example, standardization changed the
range of Indiana bat (Myotis sodalist)
population sizes from 381,156 to 566,940
individuals to -1.25 to 2.19, while the
Key deer population (Odocoileus vir-
ginianus clavium) went from 275 to 647
individuals to -1.17 to 1.13. Negative
values represent population estimates
less than the mean. The Recovery Index
values were calculated by summing the
standardized data for each species.
Finally, an increase in population
size rather than absolute population
size per se may be a better indicator of
progress toward recovery, so we cal-
culated a growth-weighted Recovery
Index. This Index used the estimated
percent change in species population
sizes between one year and the next
to calculate a mean growth rate across
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all species. For example, in 1990, the
growth rate ranged from -46 percent
for the Puerto Rican parrot (Amazona
vittata) to +38 percent for the California
least tern (Sterna antillarum browni) and
a mean growth rate across all species of
3.1 percent. Negative values represent
declines in estimated population size
from one year to the next.

Results

Table 1 shows the species used to calcu-
late indices and their estimated growth
rate between 1985 and 2005. These 30
species represent less than one percent
of listed species, but are the species on
which Congress, the U.S. Fish and Wild-
life Service, and other agencies have
chosen to spend 25 percent of reported
funding from 1989 to 2004. Across this
time period, cumulative annual growth
rate varied from -25.1 percent for the
estimated wild adult population of ra-
zorback sucker (Xyrauchen texanus), an
endangered Colorado River basin fish,
to +16.5 percent for wild California
condors (Gymnogyps californianus). The
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Figurel. Abundance-weighted
Recovery Index for 30 endan-
gered species from 1985-2005,
showing the overwhelming in-
fluence of the most numerous
species on the overall value of
the index.
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Figure 2. Standardized
Recovery Index values
from 1985-2005 showing
the cumulative change
in a hypothetical 10,000
individuals of the index
‘species.” (Species popu-
lation data was first stan-
dardized by subtracting
the mean population size
and dividing by the stan-
dard deviation within
each species.)
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average growth rate across all species
and years was +4.26 percent/year; seven
species declined across the 20-year pe-
riod from 1985 to 2005.

Abundance-weighted Recovery Index
The Recovery Index summing the total
number of individuals of each species
per year showed a -0.44 percent/year
growth rate. Between 1985 and 2001, to-
tal abundance of these species declined
by 1.71 percent/year, and thereafter the
Recovery Index increased at an annual
rate of 4.77 percent. This initial decline
is driven by the influence of the large
population size and 2.7 percent rate of
decrease in the estimated Indiana bat
population through 2001, a 5.1 percent
annual decrease of surveyed Steller sea
lions (Eumetopias jubatus) through 1994,
and the decline of the razorback sucker,
which continued throughout the period
(Figure 1). Increasing populations of
Aleutian Canada goose (Branta canaden-
sis leucopareia) and eastern brown peli-
can (Pelecanus occidentalis) had a large
influence over the Recovery Index after
1994. These two species were declared
recovered and removed from the en-
dangered species list during this time
period.

Standardized Recovery Index
By first controlling for absolute abun-
dance and variation in year-to-year

abundance we produced a Recovery
Index that gave each species similar
influence over the rate of return on the
Recovery Index, with no species influ-
encing more than 4.1 percent of the vari-
ation in Index values. The compound
annual growth rate for this index from
1985 to 2005 was 22.2 percent. The In-
dex increased in every year during the
sampling period except for a 56 percent
decrease from 1989 to 1990 and a 4.1
percent decrease from 2001 to 2002. For
stocks and mutual funds, analyses use
hypothetical investments of $10,000 to
allow comparison among investments.
Similarly, after setting the Recovery In-
dex at 10,000 in 1985, it had grown by
more than 5,500 percent by 2005 (Figure
2).

Growth-weighted Recovery Index

Weighting the Recovery Index by
growth rate produced an average an-
nual growth rate across all years of 6.0
percent (figure 3). Growth rate for all
species was negative only for 2001-2002.
We calculated that if there were 10,000
hypothetical Recovery Index ‘animals’
in 1985, the population of those animals
would have grown by almost 320 per-
cent to 31,897 by 2005 (Figure 3).

Conclusion
The Recovery Indices modeled above
provide new insights into progress in
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recovering species. Two of the three
methods we used to calculate index
values showed that numbers of these
well-funded species have generally
been increasing over a 20-year period.
The third method showed increases
since 2001. These indices are simple to
calculate and are comprehensible by
nonscientists in the same way that ups
and downs of the Dow Jones Index or
NASDAQ Composite are understood
by millions of Americans.

The growth-weighted Recovery In-
dex is likely to be the most useful met-
ric to measure recovery progress for
endangered species populations. The
abundance-weighted Recovery Index is
less robust because species varied dra-
matically in absolute population size
and in variation among years, giving a
handful of species a disproportionate
influence on the index. For example, the
120,000 Steller sea lions estimated to ex-
ist in 1985 have a much more significant
influence on a nonstandardized index
than the 39 Puerto Rican parrots present
in 1994. Overall, five species accounted
for 78 percent of the variation in this in-
dex whereas no one species influenced
more than 4.1 percent of variation in the
standardized Recovery Index. Howev-
er, the standardized Recovery Index is
less useful because the mean and stan-
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dard deviation for each species change
with each new year of data, thus requir-
ing the index to be recalculated for all
years, every year.

We believe that it is reasonable to fo-
cus a Recovery Index on the best-fund-
ed species because these are the species
upon which the government has cho-
sen to focus the regulatory and incen-
tive-based tools of the ESA. However,
we make no claim that these 30 species
are the appropriate species to include
in any new Recovery Index. For ex-
ample, birds, mammals, and fishes are
disproportionately represented among
the best-funded species and include a
lower percentage of declining species
than other taxonomic groupings (Male
& Bean 2005). Before any further use of
such an index, it would make sense to
select a more taxonomically balanced
group of well-funded species for which
agencies have and will continue to con-
duct frequent range-wide population
surveys. Species should also represent
a diversity of life history traits (marine,
aquatic, terrestrial, etc.) and regions of
the country. It may also be inappropri-
ate to use individual numbers for some
species, such as annual plants that ex-
perience dramatic fluctuations in num-
bers between years. For such species,
number of populations or element oc-

Endangered Species UPDATE

Figure 3. Growth-weighted
Recovery Index from 1985 —
2005. Average annual growth
rates for all species (bars; left
y axis) and cumulative change
in a hypothetical 10,000 indi-
viduals of the index ‘species’
based on these average an-
nual growth rates (line; right
y axis).
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currences may provide a more robust
dataset upon which to base any index
(Wilcove et al. 2006).

A Recovery Index is only as good
as the data upon which it is based and
we have no doubt that changes in the
methodology used to calculate popula-
tion size, discovery of new populations,
and chance variation in the percent of
individuals censused all affected these
indices by contributing to variation in
estimated population size within spe-
cies among years. Nevertheless, we feel
that the changes in these indices reflect
real change in the number of wild in-
dividuals of these species known to ex-
ist. Further, were agencies to decide to
adopt such an index, doing so would
create a strong incentive for them to col-
lect increasingly accurate data in future
years.
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Black Rhinoceros Conservation and
Trophy Hunting in Southern Africa:
Implications of Recent Policy Changes

Fred Nelson Abstract
The black rhinoceros, Diceros bicornis, is one of the most endangered species of

School of Natural Resources terrestrial mammals in the world, with an estimated 3,600 animals remaining

and Environment across a range that once covered most of sub-Saharan Africa. The principle

University of Michigan . . .

Ann Arbor cause of black rhino endangerment and decline during the past 30 years has
been trade in rhino horn in the Far East and Arabian Peninsula. As a result of
the threats posed from this trade, black rhinos have been listed on Appendix 1

fnelson@umich.edu of the Convention on International Trade in Endangered Species (CITES) since
1977, making all trade in rhino horn illegal. This trade ban has had limited im-
pact in achieving its objectives of reducing the trade in rhino horn and protect-
ing and recovering black rhino populations in Africa. Black rhino populations
continued to decline in the late 1970’s and 1980’s, driven by the lucrative black
market trade in horn and ineffective range state law enforcement practices.
Several countries in southern Africa, principally South Africa, Namibia, and
Zimbabwe, possess the most successful record of rhino conservation in sub-
Saharan Africa; in South Africa and Namibia, black rhino populations have
more than doubled since 1970. Rhino management in these countries has em-
phasized strong law enforcement and intensive monitoring in state protected
areas, coupled with policies that enable private landholders and rural com-
munities to capture economic benefits from rhinos. As a result of black rhino
population recoveries in South Africa and Namibia, as well as the success of
their market-based management strategies and desire to further expand black
rhino ranges on private lands, those two countries submitted a proposal at
the thirteenth CITES Conference of Parties (CoP) in October 2004, to initiate
limited trophy hunting of black rhinos. Despite significant international resis-
tance to rhino hunting among some conservation groups and animal welfare
advocacy organizations, the proposal to hunt black rhinos in South Africa and
Namibia was approved and quotas of five black rhinos per year for each of the
two countries. This decision represents a watershed change in international
approaches to black rhino conservation, with potentially important implica-
tions for the management and recovery of this critically endangered species.
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An Overview of African Rhinocer-
os Conservation: Regulations and
Incentives

The black rhinoceros, Diceros bicornis,
historically ranged across much of sub-
Saharan Africa, particularly the savan-
nahs and woodlands of the Sahel and
east and southern Africa. The species
was relatively common and widespread
until the second half of the twentieth
century, when hunting of black rhinos
for their horn,(used in the Far East as
a traditional medicine and to make or-
namental dagger handles in Arabia)
brought about rapid large scale reduc-
tions in range and numbers (Western
1987; Milliken et al. 1993; Emslie and
Brooks 1999). The wild population
of black rhinos declined from about
65,000 in 1970, to under 15,000 in 1980,
and finally to a low of about 2,400 by
the early 1990’s (Figure 1) (Emslie and
Brooks 1999). In Tanzania, for example,
a population of almost 3,800 rhinos in
1980 was reduced to only 127 by 1992 as
a result of rampant poaching (Figure 2)
(Emslie and Brooks 1999).

With international trade in rhino
horn driving these declines, the black
rhino was transferred from Appendix I
to Appendix I of CITES in 1977, mak-
ing all trade in the species’” horn and
other products illegal. This strict trade
ban did not, however, improve the spe-
cies’ conservation status. Rhino horn
prices rose after the 1977 Appendix I
listing, as traders stockpiled horn in re-
sponse to the ban, and the continental
black rhino population continued to
plummet (t'Sas-Rolfe 2000). In general,
CITES trade prohibitions have not been
successful in reducing the demand for
rhino horn and abetting the recovery
of the species (Emslie and Brooks 1999;
t'Sas-Rolfe 2000).

While the trade ban on rhino horn
has been an ineffective basis for revers-
ing the species’ decline, several black
rhino range states in southern Africa
have recorded notable success in the
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face of widespread conservation failure.
By the early 1990’s, the few black rhinos
that survived across the species’ range
resided primarily in heavily guarded
and fenced government protected ar-
eas and private reserves. With the cost
of protecting rhinos from poachers esti-
mated at over $200 per km?2/year (Lead-
er-Williams 1990), these relatively small
and fortified reserves were the only ar-
eas where rhinos could be effectively
maintained. At the time, the majority
of the remaining animals were in South
Africa, Zimbabwe, and Namibia, with
these three countries containing 77% of
the continental population in 1990, an
increase of 16% from the previous de-
cade (Emslie and Brooks 1999). While
the rest of Africa has lost nearly all of
its black rhinos, populations in South
Africa and Namibia increased between
1980 and 1997 from 630 to 1043, and 300
to 707, respectively (Figure 3) (Emslie
and Brooks 1999). These two countries’
black rhino populations have continued
to increase during the past decade, to
1,286 in South Africa and 1,134 in Na-
mibia at the time of the CITES confer-
ence in 2004 (CITES (nd)b; CITES (nd)c).
South Africa and Namibia now contain
about 70% of the estimated 3,600 black
rhinos existing in Africa, making them
the critical national actors in overall re-
covery efforts.

The success of these southern Afri-
can nations in managing black rhinos
has been a result of strong protected
areamanagement agencies, law enforce-
ment, monitoring, and to a lesser degree
the involvement of private landhold-
ers and rural communities. An impor-
tant component of the overall wildlife
management policies of Namibia and
South Africa has been promoting local-
ly managed commercial use of wildlife,
and thereby encouraging the adoption
of wildlife a form of private land use.
Since the late 1960’s, southern African
countries have emphasized sustainable
wildlife utilization, including commer-
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cial trade, as a conservation strategy
(Child 2004). Namibia granted private
landholders the right to manage and
utilize the wildlife on their land, subject
to certain regulatory restrictions, in 1967
(Jones 2001). By devolving responsibili-
ty and authority for wildlife in this way,
government policies enabled landhold-
ers to capitalize on wildlife’s competi-
tive economic advantage over alterna-
tive agricultural land uses in semi-arid
areas. The result was a broad expansion
of wildlife populations; game numbers
increased by an estimated 80% on pri-
vate lands in Namibia from 1972 to 1992
(Barnes and de Jagr 1996). South Africa
also developed a policy of private own-
ership of wildlife, and has witnessed a
similar expansion of the land devoted
to game species during the past thirty
years. While these policy changes ap-
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plied only to freehold lands, which
were held primarily by white minority
landowners, Namibia and Zimbabwe
later spread the approach to their com-
munal land areas as well. Namibia’s
community conservancies, whereby ru-
ral communities are granted the right to
manage and capture the benefits from
wildlife on communal lands after they
have formed registered conservancies,
have been particularly successful in
generating local revenues and leading
to wildlife population recoveries since
1998 (Jones 2001; NACSO 2004). Among,
other successes, the Kunene Region of
northwest Namibia, where many of the
community conservancies are located,
is now home to the largest free-ranging
black rhino population in Africa, with
about 140 animals ranging across the
semi-desert environment of this area’s

Figure 1. Black rhino
population decline in
sub-Saharan Africa,
1970-1991. Source
Emslie and Brooks,
1999.

Figure 2. Black rhino
population decline in

Tanzania,
Source: Emslie
Brooks, 1999.
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1980-1992.
and
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Figure 3. Black rhino pop-
ulation trends in Namibia
an dSouth Africa from
1980-2004. Source: Emslie
and Brooks 1999, CITES
(nd)b., CITES (nd)c.
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communal lands (Barnard 1998; Child
2005; CITES (nd)c).

The effectiveness of these privately
oriented, market-based conservation
policies in southern Africa have also
been demonstrated through the re-
gion’s experience with the other species
of African rhino, the white rhinoceros
(Ceratotherium simum). This species
was nearly extinct as a result of exces-
sive sport hunting and displacement
by the late nineteenth century, when
the few remaining animals survived
on what is now Hluhluwe-Umfulozi
Game Reserve, in eastern South Africa.
From that low point, white rhino num-
bers began a steady recovery through
vigilant protection in a few reserves
(Figure 4). By the late 1980’s, with the
population continuing to grow and the
need to expand the land area available
to white rhinos, government authorities
began selling white rhinos to private
landowners. The price of white rhinos
grew steadily under this system, driv-
en by a market for ecotourism, hunt-
ing, and additional live sales of surplus
animals, and totaled $1.57 million in
South Africa’s KwaZulu-Natal Province
in 1998 (Emslie and Brooks 1999). As
white rhino numbers recovered, South
Africa also reintroduced trophy hunt-
ing of the species beginning in 1968 as
one economic use of the animals. From
1968 to 1996, white rhino hunts in South
Africa generated a total of $24 million.
In 1994, South Africa’s white rhino pop-
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ulation was transferred to Appendix II
of CITES for purposes of live animal
sales and trophy hunting only. Follow-
ing the development of these utilization
options and incentives for white rhinos
on private lands, the number of rhinos
held privately grew rapidly, making up
20% of South Africa’s total white rhino
population by 1997 (Emslie and Brooks
1999). This mixture of public steward-
ship and private incentives has been
the key to the species’ recovery to over
11,000 animals at present, nearly all of
which reside in South Africa. The re-
sult of the white rhino’s recovery is that
this species is now the only one of the
world’s five rhinos that is no longer crit-
ically endangered. The key issue in the
continuing recovery of the white rhino
in southern Africa is the demand for
rhinos by private landowners, so that
the land area available to the species
may continue to grow.

Black Rhino Management and
CITES

By the early 1990’s, as the black rhino
population hit its all-time low and the
species disappeared from most of its
former range, conservationists and
policy-makers began to reappraise their
approach to international rhino trade
regulation. The ninth CoP to CITES,
held in 1994 in Fort Lauderdale, Flori-
da, passed a broad resolution on rhino
conservation which recognized that the
trade ban was insufficient to protect
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and recover rhino populations (Emslie
and Brooks 1999; CITES (nd)a). This
resolution called for rhino range states
to develop their own locally appropri-
ate management plans for self-sufficient
rhino conservation and recovery.

South Africa and Namibia had al-
ready adopted a management plan in
1989 and developed a rhino manage-
ment group that worked to standardize
reporting and coordinate managers.!
Namibia later developed its own man-
agement plan for black rhinos which
aims to maintain a long term viable
population of 2000 animals and to im-
plement a sustainable use scheme for
generating benefits in order to support
and justify the conservation of the spe-
cies (Barnard 1998; Emslie and Brooks
1999).

In line with their management ob-
jectives and the continuing growth of
their black rhino populations, South Af-
rica and Namibia introduced a request
to the thirteenth CITES CoP , held in
October 2004 in Bangkok, Thailand, to
grant them a limited number of export
permits for black rhino hunting tro-
phies. This represented the first propos-
al for trade in black rhinos since the Ap-
pendix I listing in 1977, and while there
is an established system within CITES
for granting hunting trophy export per-

mits for other Appendix I species such
as leopard, there had been no legal tro-
phy hunting of black rhinos in Africa
for decades. This made the proposal
a controversial and precedent-setting
one, and it faced opposition from ani-
mal welfare groups opposed to hunting
on ideological grounds, as well as rhino
range states such as Kenya and India
which oppose legal trade in products
from wildlife such as elephants and rhi-
nos because they argue it will encour-
age poaching. The proposal was origi-
nally for ten export permits for trophy
hunted rhinos in South Africa and five

in Namibia. Prior to the conference,
South Africa reduced its request from
ten to five based on concerns expressed
about its proposal by scientific advisory
groups and conservation organizations.
The conference approved the proposal,
and in its resolution on the matter cited
the prior COP-9 resolution instructing
rhino range states to develop manage-
ment plans, highlighting the potential
value of sustainably managed hunting
to species conservation and recovery
(CITES (nd)d). In this respect, an impor-
tant factor in this decision was probably
the success that South Africa had dem-
onstrated in using limited trophy hunt-
ing to help support the recovery of its
white rhino population. Namibia’s par-
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! Namibia was a part of South Africa until 1990,
when it gained political independence.
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Figure 4. Southern white
rhino population recovery
since the late nineteenth
century. Source: Emslie
and Brooks 1999.
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ticularly strong record in establishing
wildlife management practices benefit-
ing local communities through its com-
munity conservancies was probably
also valuable in generating support for
the rhino hunting proposal. Important
elements in the proposal’s success were
its provisions for all hunting to be of
‘surplus” non-reproductive male black
rhinos, and for the money generated by
these hunts to be reinvested in conser-
vation and recovery of the species.

The Namibian and South African
proposals succeeded because of those
countries’ impressive established track
record in black rhino conservation and
the fact that they collectively hold the
vast majority of the species’ continental
population. The two countries have es-
tablished clear management plans for
rhinos as called for by the ninth CITES
CoP in 1994, and possess increasing
rhino populations subject to little illegal
use. Despite continued public resistance
to trophy hunting as a management tool
for endangered species, particularly in
North America and Europe, South Afri-
ca and Namibia were able to overcome
this sentiment through their successful
track record and a sense among the con-
servation community that this success
should be rewarded (Leader-Williams
et al. 2005).

Trophy Hunting and Black Rhinoc-
eros Recovery: Current Trends and
Issues

The decision to allow for a limited
trophy harvest of black rhinos under
CITES represents a watershed in efforts
to conserve and recover this critically
endangered species. The move result-
ed from the empirically demonstrable
management successes in wildlife, and
specifically rhino, management on the
part of Namibia and South Africa, as
well as recognition of the broad failure
of blanket trade prohibitions to recover
black rhino populations in Africa dur-
ing the past thirty years. The hope of re-
gional conservationists and managers is
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that by departing from this framework
of strict trade prohibition in favor of
limited sustainable utilization, greater
economic incentives will bolster black
rhino recovery on private, communal,
and state lands.

The success of the South African
and Namibian proposals resulted from
not only the empirical strength of their
management practices, but is linked to
a broader perceptible shift in interna-
tional attitudes towards utilization and
trade as conservation tools. During the
same CITES CoP in Bangkok, a separate
resolution was passed which adopted
the Addis Ababa Principles and Guide-
lines for the Sustainable Use of Biodi-
versity, which were developed under
the Convention on Biological Diversity.
These guidelines stress the importance
of sustainable use for the conservation
of biological resources and call for inter-
national agreements to promote market
forces and incentives which value wild
species (CITES (nd)e). The adoption of
these guidelines reflects the recent evo-
lution of CITES from its more prohibi-
tive traditions towards greater support
for trade and utilization as parties look
for creative and practical species recov-
ery strategies. CoP-13 reflected this pro-
use shift in some of its other key deci-
sions, including the downgrading of
Swaziland’s white rhinos to Appendix
II for purpose of live animal sales and
the failure of Kenya’s proposal to trans-
fer Africa’s lions to Appendix I.

There are several basic challenges
facing the important experiment in
black rhino utilization that will follow
the CITES decision. While there is no
question that South African and Namib-
ian hunting outfitters will be able to sell
their limited black rhino trophy hunts at
relatively lucrative rates (up to $200,000
per animal has been suggested), a key
for continued black rhino hunting will
be demonstrating that the resultant rev-
enues are reinvested in conservation.
South Africa and Namibia will need
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to build on their established record of
transparent and thorough monitoring
and reporting in order to build support
for their utilization practices in future
CITES debates on rhino management.
Ensuring that some of the hunting rev-
enues directly benefits poor rural com-
munities should be a priority.

But the foremost challenge facing
this approach to rhino conservation is
likely to come through future and exist-
ing impediments to legalized trade. The
South African and Namibian proposal
at COP-13 succeeded despite significant
opposition from some conservation lob-
bies and animal welfare groups (e.g.
Anon. 2004b). Although widely sup-
ported by conservationists in the south-
ern African region, the CITES decision
was often portrayed in western media
reports as a negative one for black rhino
conservation (e.g. Anon. 2004a). Utiliza-
tion-based approaches to wildlife con-
servation still have not garnered main-
stream acceptance internationally, as
this negative coverage demonstrates.

A more direct obstacle for South Af-
rica and Namibia’s utilization policies is
that irrespective of CITES rulings, coun-
tries may restrict or prohibit the impor-
tation of rhino trophies unilaterally. The
United States has black rhinos listed on
its Endangered Species Act (ESA) as
‘endangered’, and species of this status
are normally not allowed to be import-
ed. Namibia experienced frustration six
years ago when the U.S. Fish and Wild-
life Service ruled against changing the
cheetah’s status to allow trophy imports
from Namibia into the U.S. Namibia is
home to Africa’s largest cheetah popu-
lation and allows a limited number of
them to be hunted on private lands in
order to promote landholder incentive
for conservation of the species (Leader-
Williams and Hutton 2005). Currently
black rhino trophies are not allowed
into the U.S., which is the largest mar-
ket of wealthy safari hunters in the
world, and consequently it is possible
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that this will depress the returns that
South Africa and Namibia can gener-
ate from their quota. It should be noted,
however, that the listing of a species as
endangered under the ESA, or its place-
ment on Appendix I of CITES, does not
necessarily prohibit importation of tro-
phies of the species; both leopard and
elephant trophies are regularly import-
ed into the U.S. although permitting
and importation procedures are quite
extensive and contingent on approval
of specific import applications.? There
is considerable administrative latitude
for allowing rhino trophy imports into
the U.S. in the future without altering
its ESA listed status, but there are also
significant barriers to importing rhino
trophies from Namibia and South Af-
rica into the U.S. regardless of the ef-
fectiveness of rhino conservation pro-
grams in those countries Whether rhino
trophy hunting programs receive this
type of support, will largely be a matter
of political negotiation between those
in favor of sustainable management
of wildlife and rhino recovery, and the
influential animal welfare lobby which
comprises the main opposition to tro-
phy hunting.

Conclusion

There are several important practical
implications of the CITES decision to
allow black rhino trophy hunting. This
decision represents the first departure
from the strict prohibition on all forms
of black rhino trade since the species
was placed on Appendix I nearly thir-
ty years ago. This makes the move an
important experiment in rhino con-
servation policy, with the aim being
to begin laying the basis for a market-
based model for black rhino population
growth and range expansion in Namib-
ia_and South Africa, as has long been

2 For example, Jackson (2006) gives the recent case
of USFWS refusal to grant approval for import of
elephant trophies from Mozambique, despite the fact
that elephant trophies are regularly imported from
southern Africa and the species is considered to be
increasing in Mozambique.
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established for white rhinos in South
Africa. If this experiment is successful,
it will lead to further growth in regional
black rhino numbers, greater benefits
to landholders and state management
agencies from rhino management, and
thus greater investment in rhino con-
servation and recovery. Given the poor
record of success of blanket trade prohi-
bition as a conservation strategy during
the past three decades, there is a strong
imperative for such utilization-based
experiments.

The decision to resume hunting of
black rhinos was a highly controversial
one, although primarily for ideological
grounds relating to the legitimacy of
hunting itself, rather than to the man-
agement or demographics of black rhi-
nos per se. The resumption of hunting
this species may reflect a growing senti-
ment among international conservation
actors that pragmatic sustainable use,
particularly in developing countries,
needs to be given precedence over west-
ern ideologies. The international com-
munity, as well as influential nations
such as the United States, should con-
tinue to support experimental efforts to
develop market-based mechanisms for
expanding black rhino populations and
ranges in future policy debates and de-
cisions.
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The world’s oceans cover about 70% of
the planet’s surface, approach depths
of seven miles, and are home to sev-
eral hundred thousand species ranging
from microscopic proportions to over 40
tons. Protecting this extraordinary sys-
tem involves multiple strategies. One
management tool that has been gain-
ing interest worldwide is the concept of
“marine reserves” which are “no take”
areas that prohibit most extractive ac-
tivities including fishing. Given its strict
nature, the concept may seem quite dif-
ficult to implement, but Jack Sobel and
Craig Dahlgren in Marine Reserves: A
Guide to Science, Design and Use (2004,
Island Press) elucidate successful ex-
amples of marine reserves around the
world as well as the factors that enabled
objectives to be achieved. They offer a
wealth of studies with strong scientific
findings on the benefits of reserves, but
also stress that these reserves are not
the sole answer to resolving resource is-
sues. Appropriate design, implementa-
tion, enforcement, and the combination
of the reserve concept with other man-
agement tools will help mitigate harm
done to marine environments especially
due to anthropogenic stresses.

While this book is written for a
broad audience, it would most benefit
protected marine area managers, sci-
entific researchers, policy makers, and
coastal communities interested in po-
tentially establishing marine reserves.
The goals of this book include how
marine reserves can be beneficial to
both the species that inhabit them and
the human communities surrounding
them. Other themes address an ecosys-
tem-based approach, and the notion
that marine reserves (small, large, or
network-designed) will yield observ-
able positive results.

Marine protected areas (MPAs) ex-
ist throughout the world in order to
conserve natural biological and cultural
resources. According to the World Con-
servation Union, a MPA is “reserved by
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law or other effective means to protect
part or the entire enclosed environ-
ment.” This broad definition denotes
that an MPA may be multiple-use ori-
ented and thus allow certain types of
fishing or recreational activity though
perhaps not others such as oil drilling
or dredging. Since this term is used in
different ways to define various restric-
tions, it is distinguished by the authors
from a “marine reserve” which is an
area that can potentially exist within a
MPA but is wholly restrictive in that it
does not allow any resource extraction
including fishing. Four main benefit
themes emerge in this book. These in-
clude: protecting ecosystem structure;
function and integrity; improving fish-
eries; expanding knowledge and under-
standing of marine systems to enhance
non-consumptive opportunities such as
public awareness and education. Ad-
ditional key benefits include enhancing
the proportion of large-size individual
species and reproductive potential. Evi-
dence shows that the Bahamian Nas-
sau grouper is 75% to 100% more dense
in population in the Exumas Reserve
relative to surrounding non-protected
areas. When an area is established as a
reserve, species can recover their popu-
lations with a turnaround time range
of 2 to 30 years. The establishment of
marine reserves also allows significant
scientific research to take place because
of the controlled nature of the environ-
ment, and it’s protection from multiple
use activities that may complicate caus-
al explanations to events and processes.
Based on scientific estimates, the estab-
lishment of marine reserves can enable
an increase in biomass of at least 20%
relative to unprotected areas. To this
effect, the authors cite a 2002 study by
Halpern and Warner in particular that
reviewed 89 published studies of ma-
rine reserves that were strictly “no take”
and that involved data assessment be-
fore and after reserve designation.
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Chapters 1 through 3 address why
enhanced protection of certain ocean ar-
eas is warranted and reviews dominant
issues that have proven most harmful
to marine habitats and species. Conse-
quently, the authors identified fishing
as the single most harmful activity on
the ocean. The problem isn’t so much in
fishing itself but in over-fishing which
refers to “fishing at a level that is un-
sustainable, causes harm or results in
irreversible change.” There are several
subcategories of over-fishing such as
“growth” or “serial”, referring to in-
dividual fish that cannot grow to their
maximum potential. Non-target species
are also affected by fishing as they can
be caught in gear as “by-catch.” Trawl-
ing practices destroy the habitat that
fish rely on for survival. Reef systems
in particular remain highly vulnerable
to destruction from over-fishing, pol-
lution, bleaching and global climate
change. Scientific studies indicate that
close to two thirds of the world’s reefs
have been destroyed by human activi-
ties. Because reefs are home to thou-
sands of species, their destruction has
detrimental effects on other organisms.
Fishing practices of all kinds and intents
are addressed in this book, including
commercial and recreational.

The authors note that there is an ur-
gent need for more data assessment in
various areas. The lack of information
is severe enough that confidence is low
about the actual conditions and degree
of problems, particularly for three quar-
ters of the fish populations in the U.S.
In light of observable events like reef
declines and sea urchin decimations as
well as fishery collapses, a precaution-
ary approach is advised and marine
reserves should be considered in this
fashion.

Chapters 5 through 7 address re-
serve design and research priorities.
An underlying component in success-
ful reserve design is that objectives are
clear and agreed upon by all stakehold-
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ers. Ecological considerations should
specifically factor in vulnerable spawn-
ing sites, larval dispersal, and general
movement into and out of an area par-
ticularly by highly mobile species. In
addition to ecological considerations
such as habitat and species vulnerabil-
ity, policy makers should include the
public, especially anglers whose sup-
port and knowledge from qualitative
observations are invaluable to data as-
sessments. Monitoring is of utmost im-
portance and should not focus solely on
ecological aspects but should also as-
sess human perceptions and values as
well. Human considerations in reserve
implementation should include eco-
nomic effects of displaced fishers due
to area closures. Opportunities should
be sought to cover inevitable losses in-
curred.

In Part II, chapters 8 through 10 re-
view the success and challenges of ma-
rine reserves in the United States, Baha-
mas, and Belize. These stories illustrate
the fact that different governance re-
gimes, cultural attitudes, and the in-
volvement of various types of organi-
zations all affect the design and success
of reserves. What is a common theme is
the importance of involving the public
in reserve decisions. In the Bahamas,
the Exumas Cays Land and Sea Park,
one of the biggest “no take” areas in the
world was established first as an MPA
and then as a reserve and is managed
by an non-governmental organization.
Local residents were not involved in the
MPA establishment resulting in a higher
occurrence of poaching among the local
population. Belize offers an interesting
example in how diverse multiple orga-
nizations can be involved in the fund-
ing and support of reserves such as the
Nature Conservancy, United Nations,
and World Bank.

A concluding global review notes
that reserves actually account for less
than 1% of the world’s oceans. Despite
this, scientific evidence shows that they
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can be highly beneficial. The impor-
tance of having broad public participa-
tion in the process in addition to politi-
cal is crucial for successful designation,
management, and compliance. Strong
research in combination with top-down
and bottom-up policy models will en-
able for successful management of ma-
rine areas of concern.

This book serves as a guide for ma-
rine reserve establishment and thus
does not generally focus on regulation
as relates to the cyclical momentum of
legislative debate nationally and inter-
nationally in establishing standards and
international cooperation. Attempts in
the last several years in the U.S. Con-
gress to pass a national ocean policy
encompass several resource issues in-
cluding debris, pollution, overfishing
and coastal development. Further dis-
cussion on the role marine reserves in
national policy agendas may help to
shed light on other intractable barriers
to reserve establishment.

Overall, this book is very informa-
tive and enlightening and the discus-
sion and analysis on marine reserves
adds much value to the ongoing dia-
logue about how to most effectively
protect our marine habitats and wildlife
presently and in the future.
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Focus ON NATURE ®

Just above sea level in this mesic (moderately moist) forest a
small thicket of MA’O HAU HELE, or NATIVE YELLOW
HIBISCUS, (Hibiscus brackenridgei) sways gently in the
warm, Hawaiian breeze. Attracted to its large, brilliant yellow
flowers, beneficial native bees help pollinate this perennial
(active throughout the year) shrub. Growing up to 10 feet tall it
usually blooms twice each year. Off in the distance the sound of
munching herbivores can be heard. They, too, are attracted to
this hardy hibiscus, especially when the surrounding forest
starts becoming dry. Conservationists in Hawaii have helped
this “official state flower” survive by building exclosures to
keep out both animals and introduced plant species. However, a
bramble of blackberry persists on encroaching to compete with
this particular ma’o hau hele thicket. Without more
intervention, we know who the winner will be. Artwork and
text by Rochelle  Mason © 2003-2006
www.Rmasonfinearts.com
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Call for Submissions

Our Mission Statement

With increased pressures on our world’s plant and animal life, the success of endangered
species recovery programs is more important than ever. The major downfalls faced by pro-
fessionals involved in these programs, however, are based in miscommunication—scientists
do not talk to policy makers and policy makers do not consult scientists. The Endangered
Species UPDATE, an independently funded quarterly journal published by the University of
Michigan’s School of Natural Resources and Environment, recognizes the paralyzing power
of poor communication. Now entering its 23rd year, the UPDATE’s primary goal is to bridge
the chasm between policy and science.

Call for Articles
The UPDATE is seeking articles ranging from feature articles to opinion articles to reports
from the field regarding endangered species recovery and policy issues. We are currently ac-
cepting submissions for our October-December 2006 and January-March 2007 issues.

Interested authors may e-mail esupdate@umich.edu. Please see the instructions to authors or
visit our website at www.umich.edu/~esupdate for more information.
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Instructions to Authors

The Endangered Species UPDATE is committed to advancing science, policy, and interdisciplin-
ary issues related to species conservation, with an emphasis on rare and declining species. The
UPDATE is a forum for information exchange on species conservation, and includes a reprint of
the U.S. Fish and Wildlife Service’s Endangered Species Technical Bulletin, along with comple-
mentary articles relaying conservation efforts from outside the federal program.

The UPDATE welcomes articles related to species protection in a wide range of areas includ-
ing, but not limited to:

-Research and management of rare and declining species;

-Theoretical approaches;

-Strategies for habitat protection and reserve design;

-Policy analyses and approaches to species conservation;

-Interdisciplinary issues;

-Emerging issues (e.g., wildlife disease ecology).

In addition, book reviews, editorial comments, and announcements of current events and
publications are welcome.

Subscribers to the UPDATE span a wide range of professionals in both scientific and policy
fields including corporations, zoos, and botanical gardens, university and private researchers.
Articles should be written in a style that is readily understood but geared to a knowledgeable
audience.

Acceptable Manuscripts

The Endangered Species UPDATE accepts several kinds of manuscripts:

1. Feature Article — on research, management activities and policy analyses for endangered
species, theoretical approaches to species conservation, habitat protection, and interdisciplinary
and emerging issues. Manuscripts should be approximately 3000 words (8 to 10 double spaced
typed pages).

2. Opinion Article — concise and focused argument on a specific conservation issue; may be
more speculative and less documented than a feature article. These are approximately 450-500
words (About 2 double spaced typed pages).

3. Technical Notes/Reports from the Field — ongoing research, application of conservation
biology techniques, species conservation projects, etc., at the local, state, or national level. These
are approximately 750 words (3 double spaced typed pages).

4. Species at Risk — profiles of rare and declining species, including the following infor-
mation: taxonomy, distribution, physical characteristics, natural/life history, conservation sta-
tus, and economic importance. These profiles are approximately 750-1500 words (3 to 6 double
spaced typed pages).

5. Book Reviews — reviews should include such information as relevant context and audi-
ence, and analysis of content. Reviews are approximately 750-1250 words (3 to 5 double spaced
typed pages). Please contact the editor before writing a book review.

6. Bulletin Board — submissions of news items that can be placed on the back page. These
items can include meeting notices, book announcements, or legislative news, for example.
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Instructions to Authors

Manuscript Submissions and Specifications
Submit the manuscript to:
Editor, Endangered Species UPDATE
School of Natural Resources and Environment
University of Michigan
440 Church Street
Ann Arbor, MI 48109-1041

To submit your manuscript electronically, e-mail the manuscript as a Word file or rich text
format (.rtf) attachment to esupdate@umich.edu.

Manuscripts should be typed, double-spaced, with ragged right margins to reduce the num-
ber of end of line hyphens. Print must be in upper- and lower-case letters and of typewriter
quality. Metric measurements must be given unless English measurements are more appropri-
ate, in which case metric equivalents must be given in parentheses. Statistical terms and other
measures should conform to the Council of Biology Editors Style Manual. All pages should be
numbered. Manuscripts must be in English.

Initial acceptance of a proposal or manuscript does not guarantee publication. After initial ac-
ceptance, authors and editors work closely on all revisions before a final proof is agreed upon.

Citations, Tables, Illustrations, and Photographs

Literature citations in the text should be as follows: (Buckley and Buckley 1980b; Pacey 1983).
For abbreviations and details consult the Editor and recent issues of the Endangered Species
UPDATE.

[lustrations and photographs may be submitted as electronic documents or as hard copies.
If hard copies are submitted, the author’s name and the figure number should be penciled on
the back of every figure. Lettering should be uniform among figures. All illustrations and pho-
tos should be clear enough to be reduced 50 percent. Please note that the minimum acceptable
resolution for all digital images is 300dpi.

Author credit instructions for each author of the article should accompany the manuscript.

Policy on Reviewing Proofs
Authors are asked to do the final copy editing of their articles. It is in the authors’ power to
save themselves and the journal the embarrassment of having to explain mistakes that could
have been avoided.
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Subscribe to the UPDATE today!

In its 21 years of publication, the Endangered Species UPDATE, published by the School of Natural Resources and Envi-
ronment at the University of Michigan, has established itself as the primary forum for government agencies, conservation
organizations, private consulting and law firms, zoos, museums, educational institutions, and others to exchange ideas and
information on species conservation issues.

To subscribe, make check payable to the University of

Subscription rates are: Michigan and mail to:
institutions $78 Endangered Species UPDATE
individual subscriptions ~ $33 School of Natural Resources and Environment
student/senior (65+) $25 The University of Michigan
address outside the US ~ add $5 440 Church Street
electronic subscription $20 Ann Arbor, MI 48109-1041

Visit our website: http://www.umich.edu/~esupdate !
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