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ABSTRACT 
The xeric upland habitats of Florida’s Lake Wales Ridge harbor many rare and endemic species. 
Roughly 85% of Lake Wales Ridge scrub and sandhill habitats have been lost to development and 
agriculture. The ecosystem now harbors one of the highest concentrations of imperiled species in the 
United States, including 29 species classified as Endangered or Threatened by the U.S. Fish and Wildlife 
Service. Public and private institutions have invested substantial money and expertise over the past two 
decades to protect the remaining undeveloped areas on the Lake Wales Ridge, resulting in the 
acquisition of over 87 km2 of scrub and sandhill habitat.  These protected fragments are surrounded by 
residential neighborhoods, citrus groves, and other anthropogenic habitats, and they are managed by a 
variety of state and federal agencies and private organizations.  
 
In this report we collate and synthesize existing data on 36 of the ecosystem’s rare and endemic species. 
We evaluate the success of land acquisition efforts in reducing threats to imperiled species using a new, 
quantitative approach, and we estimate the effectiveness of the reserve network that is likely to result 
from planned future acquisitions. We also identify several species on the Lake Wales Ridge that merit 
special attention from land managers, and we quantify the importance of each site to each of the rare 
species, thereby highlighting those sites that are key to the survival of particular species. Finally, we use 
reserve-design algorithms to determine which sites should be high priorities for future acquisition based 
on their biological value and cost-effectiveness.  
 
Our analyses indicate that conservation efforts to date have contributed greatly to protecting imperiled 
species on the Lake Wales Ridge. However, many species are likely to remain at great risk of extinction 
despite ongoing conservation efforts, primarily because even the most optimistic acquisition scenarios 
will protect little more than 7% of the original Lake Wales Ridge habitats (most having already been 
destroyed). The most pressing need, therefore, is to continue acquiring unprotected scrub and sandhill 
habitats, beginning with the top-ranked sites identified in our analyses.  
 
Virtually all of the species we investigated will depend upon some form of active management (most 
often prescribed fire) for their long-term persistence. Most species will also require more intensive 
monitoring and research, along with coordinated planning for conservation on public and private lands.  
For at least eight species, translocation and/or captive propagation may be necessary to ensure their 
survival.  These species include short-leaved rosemary (Conradina brevifolia), Avon Park rabbit-bells 
(Crotalaria avonensis), Garrett’s scrub balm (Dicerandra christmanii), scrub mint (Dicerandra 
frutescens), wedge-leaved button-snakeroot (Eryngium cuneifolium), Highlands scrub hypericum 
(Hypericum cumulicola), clasping warea (Warea amplexifolia), and scrub ziziphus (Ziziphus celata).  To 
date conservation actions beyond habitat management are underway only for Ziziphus celata and Warea 
amplexifolia.  
 
We present the results of our analyses in tables and figures, and conclude with a list of management 
recommendations. Three appendices provide summary information on sites and species. For each 
species, Appendix 1 shows maps of total and protected distributions, status information, and key sites. 
Appendices 2 and 3 include maps and aerial photography of the more than 70 actual or potential 
managed areas we investigated. They also provide lists of the focal species present at each site, as well 
as information on the importance of each site to each species. 
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INTRODUCTION 

The Florida scrub has been described as a world of “dry sand flats full of scruffy, 
stunted plants, straggly trees, bothersome insects, and assorted reptiles” (Leary 1991). 
That description, while superficially accurate, does not do justice to one of North 
America’s oldest and most interesting ecosystems. Portions of the Florida scrub were 
formed over a million years ago, when a receding ocean deposited enormous sand dunes 
in a series of parallel ridges down the center of the nascent peninsula. One of the largest 
and oldest of the scrub ecosystems is the Lake Wales Ridge (LWR), which occupies an 
area of approximately 160 kilometers north-south by 16 kilometers east-west. In this 
harsh environment, characterized by hot weather, nutrient-poor sandy soils, and frequent 
wildfires, a unique collection of plants and animals evolved. 
 

Too dry for most crops and too poor for cattle ranching, the scrub remained more 
or less intact until the middle of the 20th century, when Florida’s rapidly growing human 
population and expanding citrus industry began to make inroads. Today, roughly 85% of 
the LWR’s xeric upland habitats (scrub and sandhill) have been lost to development and 
agriculture, and as a consequence, this ecosystem now harbors one of the highest 
concentrations of imperiled species in the United States (Dobson et al. 1997, Chaplin et 
al. 2000). Fortunately, a number of public and private institutions have invested a great 
deal of money and expertise over the past two decades to protect the remaining 
undeveloped areas on the LWR. The result is an emerging reserve network that consists 
of scrub fragments of different sizes surrounded by residential neighborhoods, citrus 
groves, shopping malls, and other anthropogenic habitats, and managed by a variety of 
state and federal agencies and private organizations. 

 
Given the degree of endangerment of the LWR ecosystem, and the enormous 

effort that has gone into protecting it to date, it is now necessary to determine to what 
extent the conservation goals of those involved in this effort have been met. In this report, 
we collate the existing data on the LWR’s rare and endemic species, determine how well 
land acquisition efforts have benefited them, identify species in need of additional 
conservation measures, and identify key sites for acquisition. To do so, we have 
developed a new approach for quantifying the effectiveness of land conservation efforts 
in protecting imperiled species, which we apply to the LWR. We evaluate the success of 
land acquisition efforts to date, and we estimate the effectiveness of the reserve network 
that is likely to result from planned future acquisitions. We also identify several species 
on the LWR that merit special attention from land managers, and we quantify the 
importance of each site to each of the rare species, thereby highlighting those sites that 
are key to the survival of particular species. Finally, we use reserve-design algorithms to 
determine which sites should be high priorities for future acquisitions according to their 
biological value and cost-effectiveness. We believe our analysis can be used by 
conservation practitioners to maximize the effectiveness and efficiency of conservation 
efforts in this globally important ecosystem. 
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Imperiled Species on the Lake Wales Ridge 

The LWR is a discrete, fire-adapted scrub and sandhill ecosystem covering 
approximately 2,400 km2 (White 1970)(Figure 1). By virtue of its age and isolation, it 
harbors a large number of endemic species and subspecies (Muller et al. 1988). (We 
hereafter use the term “species” to include both species and subspecies, except where the 
distinction is relevant). For example, the LWR contains more than 80% of the global 
occurrence records of 25 species tracked by the Florida Natural Areas Inventory (FNAI). 
The LWR also supports numerous other endemic species that are poorly known and 
therefore not tracked by conservation or scientific organizations (Deyrup and Eisner 
1993). 

 
The endemic and near-endemic species of the LWR show varying degrees of 

habitat specificity. Some (e.g. Florida bonamia, Bonamia grandifloria) occur in both 
scrub and sandhill plant communities; others occur only in one of these communities (e.g. 
Florida scrub-jay, Aphelocoma coerulescens, requires scrub), and still others are 
restricted to particular communities on particular soil types (e.g. Garrett’s scrub balm, 
Dicerandra christmanii, is restricted to yellow-sand scrub). Moreover, scrub and sandhill 
species also differ with respect to the successional stage (post-fire) at which they are most 
common. For example, scrub mint (Dicerandra frutescens) favors frequent burn intervals 
(Menges et al. in review), while Highlands scrub hypericum (Hypericum cumulicola) 
seemingly does well in sites that have not burned for several years (Quintana-Ascencio et 

 
Figure 1: Location of the Lake Wales Ridge in central Florida, 
USA. Florida map (lower left) shows urban areas (gray) and 
major urban centers (population > 1 million, black dots). 
Zoomed Lake Wales Ridge map (right) shows roads (gray 
lines). 
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al. 2003). Thus, a challenge in conserving 
these species lies in preserving the right mix 
of habitats, both with respect to plant 
community and soil type and with respect to 
successional stage. 
  

Urbanization and the conversion of 
natural habitats to citrus groves have resulted 
in the destruction of >85% of the LWR's 
native vegetation (Friedman et al. 
1993)(Figure 2). This loss of habitat has also 
resulted in a concomitant reduction in the 
frequency and extent of wildfires. As a result 
of intrinsic rarity, habitat loss and 
degradation, the LWR now harbors 29 
species classified by the U.S. Fish and 
Wildlife Service (US FWS) as either 
endangered or threatened (U.S. Fish and 
Wildlife Service 1999). The Florida Natural 
Areas Inventory (FNAI), which assigns 
conservation ranks to Florida plants and 
animals under the NatureServe/Heritage 
system (see Master et al. 2000), classifies 44 
LWR species and 9 subspecies as G1 
(critically imperiled worldwide), G2 
(imperiled worldwide), or G3 (vulnerable 
worldwide). (An additional 3 species are 
classified by the US FWS as Threatened or 
Endangered, but they are not considered 
imperiled under the NatureServe ranking 
system).1 Curiously, the IUCN Red List of 
imperiled species includes just 8 species from 
the LWR (IUCN 2004). However, most of 
the LWR’s endemic taxa have not been 
evaluated for the Red List. 
 

Other threats typically associated with 
species endangerment, such as pollution, 
disease, and the spread of invasive, non-
native species (Wilcove et al. 1998), appear 
not to be major problems at this time for 
species on the LWR. Whether they will become serious problems in the years ahead is an 
open question. 

                                                 
1 These 3 species are the crested caracara (Caracara cheriway), bald eagle (Haliaeetus leucocephalus), and 
American alligator (Alligator mississippiensis). 

 
Figure 2: Habitat loss on the Lake Wales 
Ridge. In green are the estimated distribution of 
xeric upland habitats pre-settlement (at left, 
Friedman et al. 1993) and in 2003 (based on 
Florida Fish & Wildlife Conservation 
Commission 2004). 
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The Emerging LWR Reserve Network 

There was early recognition among biologists that the LWR was of key 
conservation concern. Writings in the first half of the twentieth century by the botanist 
John Kunkel Small, herpetologist Archie Carr, entomologist Theodore Hubell, and fire 
ecologist Albert Laessle all argued for the importance of this area. The fortuitous 
establishment of Archbold Biological Station in 1941, at the south end of the LWR, 
enabled biologists to marshal data in support of conservation of the region. Beginning in 
the mid-1980s, the federal government listed many LWR plants and animals as 
Threatened or Endangered under the Endangered Species Act, although this did not stop 
the ongoing loss of habitat. The destruction of habitat and the resulting endangerment of 
numerous LWR species required a vigorous land-acquisition effort, but in the mid 1980s 
the prognosis for LWR conservation was depressing; there were still only four large sites 
protected—Archbold Biological Station, Highlands Hammock State Park, Tiger Creek 
Preserve, and the LWR State Forest (at that time called Arbuckle State Forest)—in 
addition to a few other protected areas encompassing small patches of scrub. Land 
acquisition for conservation became a higher priority politically in Florida in the late 
1980s, and in 1991 the state launched a $3 billion land acquisition program, Preservation 
2000. Its successor, Florida Forever, was launched ten years later. The timing was right 
for LWR public land acquisition.  

 
At a critical meeting in 1988 held at Archbold Biological Station, a group of 

regional experts, building on Steve Christman’s then-recent data and maps (Christman 
1988), assembled an ambitious proposal to ensure the persistence of LWR species and 
preservation of their original geographic extent (Anon. 1989). This proposal was adopted 
enthusiastically by the state—always ranking high on priority lists for acquisition—and 
has since been the basis for an constantly evolving land protection program at the local, 
state, federal and non-profit level. 

 
Since 1992 the State of Florida has spent over $68 million to acquire nearly 

10,000 ha of land on the LWR, with plans to acquire an additional 10,000 ha (Florida 
Dept. Environmental Protection 2005). The federal government complemented these state 
efforts by creating the first national wildlife refuge in the country designated primarily 
for plants, the Lake Wales Ridge National Wildlife Refuge (U.S. Fish and Wildlife 
Service 1993). Non-profit purchases also protected significant amounts of scrub and 
sandhill habitats on the LWR. To date, a total of 282 km2 (28,200 ha) of land on the 
LWR has been protected in parks, refuges, state forests, wildlife and environmental areas, 
and on private lands. Some of these acquisitions have been single ownerships, or few 
owners (such as Lake June in Winter State Park and the Lake Placid Scrub Wildlife and 
Environmental Area), others have been added to incrementally over the years, such as 
Lake Wales Ridge State Forest. Particularly problematic and challenging have been the 
acquisition projects known as megaparcel sites, which include extensive areas of scrub 
habitat that were previously subdivided and sold to numerous lot owners. To date over 
14,000 such lots have been purchased for conservation within the megaparcel sites, in a 
checkerboard manner, but nearly as many lots remain to be bought. 
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METHODS 

Database 

Species Considered.—We assembled a database of global occurrence records of 
imperiled species on the LWR. We initially included the 56 species found on the LWR 
that either have NatureServe ranks of G3 (globally vulnerable) or higher or are listed by 
the US FWS as Threatened or Endangered. We could not use the IUCN Red List to 
identify focal species because, as noted previously, few LWR species have undergone 
evaluation for the Red List. (However, the Red List would likely produce a broadly 
concordant set of species for our analysis. For example, O’Grady et al. (2004) found that 
93% of the species they ranked as G3 or higher under the NatureServe system were 
ranked as Vulnerable or higher when Red List criteria were used.) 
 

For our analyses, we focused on species that rely most on the LWR and 
associated scrub/sandhill habitats for their long-term viability. We thus narrowed this 
suite of 56 species to those that are endemic or near-endemic to the LWR (i.e. ≥80% of 
all known occurrences are on LWR) or are restricted to scrub or sandhill habitats in 
Florida. A total of 36 plants and animals met these criteria, including 33 species and 3 
subspecies (Table 1). Our criteria excluded a few officially endangered species that either 
were not restricted to scrub/sandhill habitats (e.g., Florida panther, Felis concolor coryi) 
or occurred over large portions of the United States and Canada (e.g., bald eagle, 
Haliaeetus leucocephalus). Although the LWR undoubtedly harbors other species (e.g., 
invertebrates) that meet our criteria of rarity and endemism, their distribution and/or 
taxonomy are too poorly known at the present time for inclusion in our study (Deyrup 
and Eisner 1993). All 36 focal species are endemic to Florida. 
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Table 1: Names, habitat requirements, endemism levels, and conservation status ranks of the 36 Lake Wales Ridge 
(LWR) focal species. 

Heritage Federal
Common Name Communitiesa Soilsb % LWRc Rankd Statuse

Cladonia perforata perforate reindeer lichen sc w 50.0 G1 E

Bonamia grandiflora Florida bonamia sc,sa wy 64.9 G3 T
Calamintha ashei Ashe's savory sc wy 100.0 G3 MC
Centrosema arenicola sand butterfly pea sc,sa wyg 100.0 G2Q MC
Chionanthus pygmaeus pygmy fringe tree sc,sa wyg 95.5 G3 E
Clitoria fragrans scrub pigeon-wing sc,sa wy 85.7 G3 T
Conradina brevifolia short-leaved rosemary sc wyg 96.3 G2Q E
Crotalaria avonensis Avon Park rabbit-bells sc wg 100.0 G1 E
Dicerandra christmanii Garrett's scrub balm sc y 100.0 G1 E
Dicerandra frutescens scrub mint sc y 100.0 G1 E
Eriogonum longifolium var. 
gnaphalifolium scrub buckwheat sc,sa y 58.8 G4T3 T

Eryngium cuneifolium wedge-leaved button-snakeroot sc w 100.0 G1 E

Hypericum cumulicola Highlands scrub hypericum sc w 98.3 G2 E
Hypericum edisonianum Edison's ascyrum sc,sa,o wyo 93.8 G2 MC
Lechea cernua nodding pinweed sc wg 40.9 G3 -
Lechea divaricata pine pinweed sc wyg 50.0 G2 -
Liatris ohlingerae Florida blazing star sc wg 97.4 G3 E
Nolina brittoniana Britton's beargrass sc,sa wyg 88.2 G3 E
Panicum abscissum cutthroat grass sc,sa,o wyo 62.1 G3 MC
Paronychia chartacea ssp. 
chartacea paper-like nailwort sc wyg 83.3 G3T3 T

Polygala lewtonii Lewton's polygala sc,sa y 93.8 G3 E
Polygonella basiramia hairy jointweed sc wg 80.3 G3 E
Polygonella myriophylla Small's jointweed sc wyg 92.3 G3 E
Prunus geniculata scrub plum sc,sa wyg 93.8 G3 E
Schizachyrium niveum scrub bluestem sc w 87.8 G1 MC
Stylisma abdita scrub stylisma sc,sa wy 51.6 G3 -
Warea amplexifolia clasping warea sc,sa y 89.5 G1 E
Warea carteri Carter's warea sc,sa wyg 94.6 G3 E
Ziziphus celata scrub ziziphus sa y 100.0 G1 E

Cicindela highlandensis Highlands tiger beetle sc wygo 100.0 G1G2 C
Cicindela scabrosa scrub tiger beetle sc,sa wygo 60.0 G3 -

Eumeces egregius lividus blue-tailed mole skink sc,sa wygo 94.1 G4T2 T
Neoseps reynoldsi sand skink sc,sa wygo 95.1 G2 T
Sceloporus woodi Florida scrub lizard sc,sa wygo 66.0 G3 -

Aphelocoma coerulescens Florida scrub-jay sc wygo 39.1 G2 T

Podomys floridanus Florida mouse sc,sa wygo 16.7 G3 -

Habitat

Lichens

Plants

Insects

Reptiles

Birds

Mammals

Taxon/Scientific Name

 
a Habitats/plant communities in which species is found: sc=scrub; sa=sandhill; o=other. 
b Soil types on which species occurs: w=white sands; y=yellow sands; g=grey sands; o=other. 
c %LWR measures the percentage of all global occurrence records that are on the LWR (100%=complete endemic).  
d Heritage Rank indicates global status rank under the Heritage system, where Tx indicates the rank x is assigned at the subspecies level; Q 
indicates uncertain taxonomy; and GxGy indicates a range of possible ranks due to uncertainty in data. 
e Federal Status indicates the status assigned by the US Fish & Wildlife Service under the Endangered Species Act: E=Endangered; 
T=Threatened; MC=Management Concern; C=Candidate 
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We defined species as occurring on the LWR by using a boundary coverage based 
on soil type and elevation and supplied by Archbold Biological Station. We note that the 
“edge of the Ridge” has been hard to define in some locations, especially on the western 
side, and is open to interpretation. Archbold Biological Station is currently revising the 
LWR boundary coverage, but this fine-tuned product was not available for our present 
analysis. 

 
Species Distribution Data.—This project required comprehensive, up-to-date 

data on the distribution of species. Although many potential data sources had records for 
LWR species, these records had not been collated. For this project, we worked with 
FNAI and Archbold Biological Station staff to combine the most comprehensive and up-
to-date data available from many sources into a single database. The resulting database 
includes two types of data: spatial records, which include detailed information on the 
location and date of observation of populations, and presence/absence records, which 
have less spatial detail but are nonetheless useful when spatial records are unavailable. 
 

The vast majority of records used (N=1,717 records; 93.9%) were spatial records, 
which contained detailed information on the locations of populations, habitat 
descriptions, observer information, and other data. To generate the most comprehensive 
set of spatial records possible for LWR species, we collaborated with FNAI, which 
maintains a statewide Geographic Information System (GIS) that maps occurrences of 
rare or imperiled plants and animals using NatureServe’s Element Occurrence (EO) data 
standard (NatureServe 2002). The existing FNAI database included records from several 
major LWR survey efforts. For this report, we worked with FNAI to add or update 
approximately 500 spatial records to their database, based on other recent LWR surveys 
(e.g., Christman 1988, Mushinsky and McCoy 1991, Weekley et al. 2001; K. DeLaney 
unpublished data).  

 
After all new spatial records were added, FNAI prepared a GIS shapefile extract 

from their EO database that contained just records for our 56 initial species of interest 
(N=7,889 records). From this shapefile we extracted records for our final set of 36 focal 
species (N=3,007). Although the FNAI database spans many decades, we chose to use 
only the records from 1985 or later (N=2,252) in order to minimize inclusion of recently 
extirpated populations in our analysis. Most records in the EO database include 
information on spatial accuracy; we removed 10 records having insufficient spatial 
accuracy for any useful analysis (“REP_ACC” field was “Low”). Using the NatureServe 
Element Occurrence standard (NatureServe 2002), staff at FNAI process most spatial 
records as they enter the database, aggregating multiple records of a given species into a 
single record (EO) if the records were separated by less than a species-specific minimum 
separation distance. FNAI’s separation distances were 1 km or less for all of our focal 
species except the Florida scrub-jay, which had a separation distance of 3.5 km. 
However, not all records had undergone such processing at FNAI. We manually 
inspected all retained EOs in ArcGIS (including information on location, shape, accuracy, 
data source, and text description, where available). In so doing, we removed some 
records which were redundant (i.e. EOs corresponded to the same record: same species, 
same observer, and same time), and many records which fell too close to nearby EOs of 
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the same species to be considered separate occurrences (i.e. EOs fell well within the 
minimum separation distance of nearby EOs). This resulted in removal of 525 
superfluous EOs, leaving a total of 1,717 recent, valid records for our analysis. 
 

We supplemented these detailed spatial records, as necessary, with 
presence/absence records, which simply record whether or not a given species has been 
reported for a particular managed area or other bounded land unit (N=111 occurrences 
from presence/absence records; 6.1% of all records used). Presence/absence records lack 
the precise locality information of spatial records, and are less likely to be well-verified, 
and therefore do not allow the identification of multiple distinct populations per protected 
area. But they are nevertheless valuable in cases where more detailed spatial records do 
not exist. We compiled presence/absence records for individual sites (actual or potential 
protected areas) using published and unpublished survey lists and site management plans. 
We also consulted over 30 biologists and land managers knowledgeable about particular 
LWR sites and species. After compiling spatial and presence/absence data, we created 
updated, full species lists for each site and circulated them to the appropriate managers 
and biologists for error-checking. This process was repeated until all contributors for a 
site agreed on the site's species list. With presence/absence data, we used only records 
from 1995 or later.  

 
Site Data.—In addition to the species database, we constructed a sites database 

that contained the boundaries and ownership status of all protected parcels of scrub and 
sandhill habitat in the entire state of Florida (based on FNAI's Managed Areas data, 
Florida Natural Areas Inventory 2004). We also included unprotected parcels either on or 
adjacent to the LWR that have been targeted for acquisition by conservationists (based on 
FNAI's Florida Forever / Board of Trustees Environmental Land Acquisition Projects 
data, Florida Natural Areas Inventory 2003). The sites database included 50 currently 
protected (or partially protected) areas (Table 2; 282 km2 total protected) under the 
management of 11 different organizations (1 federal, 3 state, 5 local, 2 nonprofit, each 
managing between 1 and 17 sites). For the 5 sites which were protected prior to 1988, we 
included a second set of boundaries representing the sites as they existed at that time. The 
database included an additional 27 areas (Table 3; 129.9 km2 total) that are currently 
unprotected but targeted for acquisition. A small number of additional sites are known to 
have xeric upland habitats but are not available for a willing seller program at this date; 
results for these sites are not presented here. Figure 3 shows locations and boundaries of 
the 77 current and targeted protected areas used for this study. 

We generally tried to have sites reflect areas that are (or will be) managed by 
single managing agencies as single units. However, several practical limitations led to 
exceptions. For example, existing sites had to be considered separately from adjacent 
sites which had not yet been acquired (e.g., LWRLkWalkInTheWater_add is distinct 
from LWRSFWlkInTheWtr); sites for which species records are not maintained 
separately had to be combined (e.g., LWRWEARoyceClmntsApthrp is a single “site” 
even though it comprises several distinct tracts of land); and sites with different 
acquisition patterns had to be considered separately (e.g., the mostly acquired 
LWRWEASilverLkN and the megaparcel site LWRWEASilverLkS_bnd).  
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Some of our forward-looking analyses required information on the expected 
acquisition costs of sites not yet acquired. Other studies (published in the reserve-
selection literature) have assumed that all sites have equal cost (i.e. a cost of “1”), but this 
assumption is clearly inadequate under most conditions. On the other hand, due to rapidly 
changing land values in central Florida—prices were rising at 6% per month in mid-
2005—per-area cost values were impossible to obtain for all sites. We thus used site area, 
in km2, as a surrogate for cost. Five very large (19–1,045 km2) unacquired sites included 
some of our focal species, yet had most of their area off the Lake Wales Ridge proper. 
They are FisheatingCkWMA, LkHatchineha_add, OldTownCkWatershed_add, 
CatfishCkPrSP_add, FisheatingCk_add, and GreenSwamp_add. We assigned these sites 
costs of 15 km2 to more closely reflect the portions of these sites relevant to our focal 
species. 
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Table 2: Names, abbreviations, managing agencies, and acquisition information on the 50 protected areas on or 
adjoining the Lake Wales Ridge. 

Sitea Abbreviationb Managerc Area (km2)d % Acq.e

Archbold Biological Station ArchboldBS Archbold 35.77 100
Bok Tower Gardens BokTowerGrdns Bok 0.23 100
A. D. Broussard Catfish Creek Preserve State Park CatfishCkPrSP DEP 33.37 100
Crooked Lake Prairie CrookedLkPrairie Polk Co. 2.12 100
Crooked Lake Sandhill CrookedLkSandhill Polk Co. 0.10 100
Crooked River Preserve CrookedRPrsrv Lake Co. 0.25 100
Fisheating Creek Wildlife Management Area FisheatingCkWMA FWC 241.26 100
Fisheating Creek/Smoak Groves Conservation FisheatingCkSmoakGrovesCE DEP 33.91 100
Hickory Lake Scrub County Park HickoryLkScrubCoPk Polk Co. 0.22 100
Highlands Hammock State Park HighlandsHmckSP DEP 37.57 100
Hilochee Wildlife Management Area - North HilocheeWMA_N FWC 33.21 100
Hilochee Wildlife Management Area - Osprey Unit HilocheeWMAOsprey FWC 24.68 100
Hilochee Wildlife Management Area - South HilocheeWMA_S FWC 3.17 100
Jack Creek JackCk SWFWM 5.18 100
Jahna Industries Conservation Easement JahnaIndustriesCE DEP 46.58 100
Lake Apopka Restoration Area LkApopkaRestA SJRWMD 81.24 100
Lake Bonnet Marsh LkBonnetMarsh Polk Co. 0.68 100
Lake Florence LkFlorence Lake Co. 0.04 100
Lake June-in-Winter Scrub State Park LkJuneInWinterScrubSP DEP 3.50 100
Lake Louisa State Park LkLouisaSP DEP 17.83 100
LWR National Wildlife Refuge - Carter Creek LWRNWRCarterCk_bnd USFWS 2.59 100
LWR National Wildlife Refuge - Flamingo Villas LWRNWRFlmngoVillasE_bnd USFWS 1.68 64
LWR National Wildlife Refuge - Flamingo Villas LWRNWRFlmngoVillasW USFWS 3.83 82
LWR National Wildlife Refuge - Snell Creek LWRNWRSnellCk USFWS 0.58 100
LWR State Forest - Arbuckle LWRSFArbuckle DOF 55.57 100
LWR State Forest - Hesperides N LWRSFHesperidesN DOF 1.43 100
LWR State Forest - Hesperides S LWRSFHesperidesS DOF 3.69 100
LWR State Forest - Walk-in-the-Water LWRSFWlkInTheWtr DOF 27.47 100
LWR Wildlife & Env. Area - Carter Creek LWRWEACarterCk_bnd FWC 11.49 79
LWR Wildlife & Env. Area - Gould Rd. LWRWEAGouldRd FWC 0.86 100
LWR Wildlife & Env. Area - Henscratch27 LWRWEAHenscratch27 FWC 0.75 100
LWR Wildlife & Env. Area - Highland Pk. Est. LWRWEAHighlandPkEst_bnd FWC 9.14 65
LWR Wildlife & Env. Area - Highlands Ridge LWRWEAHighlandsRdg_bnd FWC 19.25 59
LWR Wildlife & Env. Area - Holmes Ave. LWRWEAHolmesAve_bnd FWC 4.52 51
LWR Wildlife & Env. Area - Lake Placid Scrub LWRWEALkPlacidScrub FWC 12.63 100
LWR Wildlife & Env. Area - McJunkin LWRWEAMcJunkin FWC 3.16 100
LWR Wildlife & Env. Area - Royce-Clements- LWRWEARoyceClmntsApthrp FWC 13.48 100
LWR Wildlife & Env. Area - Silver Lake North LWRWEASilverLkN FWC 1.80 100
LWR Wildlife & Env. Area - Silver Lake South LWRWEASilverLkS_bnd FWC 1.69 74
LWR Wildlife & Env. Area - Sunray Hickory Lake LWRWEASunrayHickoryLk FWC 1.73 100
Platt Branch Mitigation Park Wildlife and Env. PlattBranchWEA FWC 8.04 100
Saddle Blanket Lakes Preserve SaddleBlnktLksPr TNC 3.02 100
Scrub Lake Preserve ScrubLkPr Lake Co. 0.41 100
Sherwood L. Stokes Preserve/Lake Marion SLStokesPrLkMarion Polk Co. 0.89 100
Sun Ray Scrub SunRayScrub TNC 0.05 100
Tiger Creek Preserve TigerCkPr TNC 19.25 100
Upper Lake Marion Creek Watershed UpperLkMarionCkWtrshd SWFWM 1.17 100
Upper Lakes Basin Watershed UpperLksBasinWtrshd SFWMD 42.74 100
Venus Flatwoods Preserve VenusFlatwoodsPr TNC 0.33 100
Warea Archipelago - Flat Lake LWRWareaFlatLake DOF 0.45 100  
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a Site name. Bold type indicates sites which existed prior to 1988. 
b Site name abbreviations used in this report. The ‘bnd’ suffix indicates outer boundaries of incompletely acquired “megaparcel” sites; ‘fin’ 
(not in this table but used elsewhere) indicates only the unacquired portion of megaparcel sites; ‘add’ indicates a targeted acquisition that is 
not yet acquired at all (not in this table but used elsewhere). 
c Managing agency. Acronyms/abbreviations for managers are as follows: Archbold Biological Station (Archbold), Bok Tower Gardens 
(Bok), Florida Department of Environmental Protection (DEP), Florida Division of Forestry (DOF), Florida Fish and Wildlife Conservation 
Commission (FWC), Lake County Water (Lake Co.), Polk County Environmental Services Division (Polk Co.), St. Johns River Water 
Management District (SJRWMD), South Florida Water Management District (SFWMD), Southwest Florida Water Management District 
(SWFWMD), The Nature Conservancy (TNC), United States Fish and Wildlife Service (USFWS). 
d Area of site. For incompletely acquired megaparcel sites, this number includes both acquired and unacquired portions. 
e Percentage of this site’s area that has been acquired as of this writing. 
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Table 3: Names, abbreviations, and areas of the 27 areas on or adjoining the Lake Wales Ridge that are targeted for 
protection under the Florida Forever program. 

Site Abbreviationa Area (km2)
Avon Park Lakes Addition LWRAvonPkLks_add 0.94
Carter Creek Additions LWRCarterCk_add 7.76
Catfish Creek Preserve State Park Addition CatfishCkPrSP_add 45.58
Fisheating Creek Additions FisheatingCk_add 441.37
Flamingo Villas Additions LWRFlamingoVillas_add 0.52
Gould Road Addition LWRGouldRd_add 0.22
Green Swamp Addition GreenSwamp_add 1044.20
Henscratch Ranch Addition LWRHenscratchRanch_add 9.27
Henscratch Rd./Jack Ck. Additions LWRHenscratchRdJackCk_add 1.88
Hesperides Additions LWRHesperides_add 10.86
Highlands Ridge Additions LWRHighlandsRidge_add 12.21
Horse Ck. Additions LWRHorseCk_add 2.79
Lake Apthorpe Additions LWRLkApthorpe_add 1.31
Lake Hatchineha Additions LkHatchineha_add 18.88
Lake Walk-in-the-Water Additions LWRLkWalkInTheWater_add 13.40
Mountain Lake Cutoff Addition LWRMtLkCutoff_add 0.84
Old Town Creek Watershed Addition OldTownCkWatershed_add 29.46
Ridge Scrub Addition LWRRidgeScrub_add 0.33
Royce Ranch Addition LWRRoyceRanch_add 0.82
Silver Lake Additions LWRSilverLk_add 5.23
Sun N Lakes (South) Addition LWRSunNLksS_add 2.01
Sunray/Hickory Lake Additions LWRSunrayHickoryLkS_add 1.85
Trout Lake Addition LWRTroutLk_add 0.25
Warea Archipelago - Castle Hill Addition LWRWareaCastleHill_add 0.36
Warea Archipelago - Lake Davenport Addition LWRWareaLkDavenport_add 1.96
Warea Archipelago - Schofield Sandhill Addition LWRWareaSchofieldSandhill_add 0.47
Warea Archipelago - Sugarloaf Addition LWRWareaSugarloaf_add 0.17  

a Site name abbreviations used in this report. The ‘add’ suffix indicates a targeted acquisition that is not yet acquired at all, ‘bnd’ (not in this 
table but used elsewhere) indicates outer boundaries of incompletely acquired “megaparcel” sites; ‘fin’ (not in this table but used elsewhere) 
indicates only the unacquired portion of megaparcel sites. 
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Figure 3: Current protected areas (N=50, including 5 pre-1988) and Targeted protected areas (N=27) on the Lake 
Wales Ridge, Florida. (Southern end of LWR shown on following page.) 
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Figure 3, continued. (Northern end of LWR shown on preceding page).  
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Habitat Data.—We also computed areas of various habitats present on each site. 
We began by defining habitats for each species according to their known occurrence in 
the plant communities (scrub, sandhill, and other) and soils (white, yellow, and grey 
sands`; other soils`; see Menges et al. In prep) most relevant to our focal species (Table 
1). We obtained habitat data from a habitat and land cover map (Florida Fish & Wildlife 
Conservation Commission 2004) derived from 2003 Landsat Enhanced Thematic Mapper 
(ETM) satellite imagery. This statewide raster map identifies 43 classes of vegetation and 
land cover at a spatial resolution of 30 m/pixel. From the original 2003 FWC map, we 
extracted maps of the three xeric upland vegetation types, which are the habitats most 
relevant to LWR species: Xeric Oak Scrub, Sand Pine Scrub, and Sandhill. We combined 
the resulting habitat maps with soils maps to compute the area of each relevant 
community/soil combination on each site in our database. 

Protection Index 

As noted earlier, conservation goals for the LWR system include the long-term 
persistence of species and the preservation of their original geographic extent (Anon. 
1989). Thus, one challenge in assessing conservation progress on the LWR was to 
develop a set of metrics linking land acquisition with progress toward achieving these 
goals. Although Population Viability Analysis (PVA) is the preferred method for 
estimating species persistence (Brook et al. 2000), the data necessary to construct robust 
PVAs were available for only 6 of our 36 focal species. Instead, we developed a set of 
Protection Indices (hereafter “PIs”). Although less precise than a PVA, the PIs rely on 
data that are readily obtainable; therefore, they can be used in cases such as this where 
PVAs are not possible. 
 

We linked PIs to criteria that the World Conservation Union (IUCN) uses to 
categorize species for its Red List (IUCN 2001). Although our approach can be applied to 
other species-ranking schemes, the Red List system is useful for three reasons. First, the 
Red List criteria relate readily obtainable data to an assessment of the relative risk of 
global extinction for each species, regardless of taxon. IUCN rankings have been found 
to be well-correlated with other ranking systems and with extinction risk predicted by 
more detailed Population Viability Analyses (O'Grady et al. 2004). The IUCN system 
also successfully predicts actual extinction risk (Keith et al. 2004). By basing PIs on Red 
List criteria, we obtain a rough measure of the degree to which acquisition of protected 
areas has reduced extinction risks for species. Second, the Red List is widely used by 
conservation agencies around the world to assess species status and to establish priorities 
for action. The Red List uses precise thresholds to ensure repeatability over time, 
consistency across users, and applicability to different geographic regions (Eken et al. 
2004). Third, building on an established assessment tool spares us from having to 
reinvent one from scratch. Stem et al. (2005) identified such reinvention as a major 
impediment to successful monitoring and evaluation in conservation. 
 

In constructing the PIs, we focused on three distributional factors associated with 
extinction risk (IUCN 2001): number of locations, extent of occurrence, and area of 
occupancy.  
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Number of locations (LOCS) is the number of geographically or ecologically distinct 
areas in which a species occurs within a given set of protected sites (a Conservation 
Scenario, described below). The Red List criteria define a location as the area over which 
the most likely threatening event can affect all individuals of the taxon present (IUCN 
2001). The greatest threat to LWR species is development; although they vary in size, 
most development projects within the LWR are in the range of 0.5–5 km2. FNAI 
identifies “element occurrences” (the unit by which it tracks imperiled species in Florida, 
see NatureServe 2002) as populations separated by 0.5-3.5 km, depending on the species. 
Because FNAI’s element occurrences are defined at roughly the same spatial scale as the 
Red List’s locations, we were able to define locations in a manner consistent with both 
data standards. We processed all spatial data in conjunction with FNAI, aggregating 
multiple records of a given species into single locations if the records were separated by 
less than the minimum separation distance for that species. Thus, a given species could 
occur at multiple locations within a single large protected area if the spatial records 
exceeded the minimum separation distance (i.e. provided only one of the locations could 
be impacted by a typical threatening event). 
 
Extent of occurrence (EXT) is the total geographic area of a species' range (Gaston 1991, 
IUCN 2001). We computed extent as the area of the minimum convex polygon (MCP) 
encompassing all locations at which a species is protected in a given Conservation 
Scenario. Turner et al (in press) explored a recently developed alternative measure of 
extent of occurrence based on alpha-hulls (Burgman and Fox 2003). For this report we 
chose to use minimum convex polygons for two reasons. First, MCPs, not alpha-hulls 
were used for the initial development of quantitative thresholds for the Red List (IUCN 
2001, Table 4). Second, MCPs more accurately capture the conservation value 
represented by the extent of a species range, in particular the ability of a larger range to 
spread risk to a species over greater space.  
 
Area of occupancy (AO) is the area within a species' extent of occurrence occupied by 
that species (that is, excluding unsuitable and unoccupied habitats). We computed AO as 
the total area of habitats used by a species, summed across all sites at which the species is 
protected in a given Conservation Scenario.  
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Table 4: Derivation of quantitative Protection Index (PI) values from discrete cutoffs 
between Red List categories. A separate PI is derived for each criterion by assigning 
integer PIs to the specified cutoffs and interpolating linearly between cutoffs. 

  Criterion   
 

Protection 
Index 

Number of 
Locations 

Extent of  
Occurrence (km2) 

Area of  
Occupancy 

(km2) 
Equivalent Red List 

Category 
0 0 0 0 Extinct in the Wild 

0 < PI ≤1 ≤1 ≤100 ≤10 Critically Endangered 
1 < PI ≤2 ≤5 ≤5000 ≤500 Endangered 
2 < PI ≤3 ≤10 ≤20000 ≤2000 Vulnerable 
3 < PI ≤4 ≤50a ≤100000a ≤10000a Near Threatened 

aBecause the Red List does not specify cutoffs for Near Threatened, we set these cutoffs at five times those 
for Vulnerable. 
 

These three properties—LOCS, EXT, and AO—are among those important in 
assigning conservation status categories to species using the IUCN Red List criteria 
(IUCN 2001). In order of decreasing endangerment, the Red List categories are Extinct in 
the Wild, Critically Endangered, Endangered, Vulnerable, Near-Threatened, and Least 
Concern. Each category (except Near-Threatened and Least Concern) is defined in part 
by specific values for the distributional criteria (IUCN 2001, Table 4). These discrete 
categories thus constitute an abstraction from continuous, underlying criteria such as 
number of populations or area of occupancy. While this abstraction is useful in some 
contexts, it also results in a loss of quantitative information, thereby making it difficult to 
assess smaller incremental improvements in status. We thus derived a quantitative 
Protection Index for each of the three distributional criteria (PILOCS, PIAO, and PIEXT for 
LOCS, AO, and EXT, respectively). To do so, we assigned integer values to the cutoffs 
between categories (Table 4), and then interpolated linearly to compute intermediate 
values. For example, a hypothetical species at 8 locations falls within the LOCS range for 
Vulnerable (5<LOCS≤10), which has a corresponding Protection Index range of 
2.0<PILOCS≤3.0 (Table 4). We compute the final value by interpolating linearly within 
this range: PILOCS = 2.0 + (8–5)/(10–5) = 2.6. Figure 4 uses maps to demonstrate the 
calculation of PI values in this example. Because the Red List does not specify 
quantitative cutoffs between Near Threatened and Least Concern, we set these cutoffs at 
five times the values of cutoffs between Vulnerable and Near Threatened (Table 4). 
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Figure 4: Example of calculation of Protection Index (PI) values for a hypothetical species 
under the Targeted Scenario. All maps have the same scale and orientation, and show the four 
protected areas (thick black lines) that contain the species. Dotted lines show approximate 
LWR boundary. (a) Number of locations (LOCS). Numeric labels denote the number of 
ecologically distinct locations with the species in each protected area. Shading indicates all 
land protected under the Targeted Scenario. (b) Area of occupancy (AO). Shading indicates 
all habitat suitable for the species (scrub on white or grey sands). Labels indicate the area (in 
km2) of these habitats available at each of the 4 protected areas where the species occurs. (c) 
Extent of occurrence (EXT). Shading indicates EXT for this species under the Targeted 
Scenario. 
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We also wanted to construct an overall PI that reflects the protection status of a 

species when all 3 criteria are considered together. In doing so, we could either (a) 
choose the worst PI among the 3 criteria (this is the quantitative analog of the Red List 
approach, in which, in most cases, a species receives the highest category for which it 
fulfills any of the criteria), or (b) average across all three criteria (allowing each criterion 
to influence overall status). Turner et al (in press) presented the average (option b) for 
descriptive purposes pending further development of an overall PI. For this report, we 
chose to use a more precautionary approach that combined the best of both methods. We 
constructed an average overall index (PITOT) that weighs the value of the worst category 
(PIw) twice: 
 
 PITOT = (PIw + PILOCS + PIAO + PIEXT)/4. 
 

In all of our analyses, we counted only those species occurrences that fell within 
the boundaries of actual or potential protected areas. Thus, we computed extent of 
occurrence as the area of the minimum convex polygon enclosing all protected 
occurrences of a given species. Similarly, we measured area of occupancy for a given 
species as the amount of that species' habitat that is present on protected areas where the 
species occurs. We restricted our focus to protected populations because our goal was to 
measure the effect of land acquisition on the welfare of imperiled species. Moreover, 
LWR scrub and sandhill, the habitats that harbor most of our focal species, are currently 
subject to high development pressure. In addition, these habitats are regenerated by 
periodic fire, which, given the extent of residential and agricultural development on the 
LWR, has all but disappeared from the region as a widespread, natural phenomenon. 
Managers now apply prescribed fire and mechanical treatment to maintain habitat 
suitability in protected areas. Because there is little chance of such measures taking place 
to maintain habitat suitability in unprotected fragments, imperiled species on unprotected 
sites will almost certainly disappear over time. 

Conservation Scenarios 

To evaluate conservation progress on the LWR, we considered three Conservation 
Scenarios. Each assumes a static picture of conservation efforts off the LWR. That is, we 
take all protected populations away from the LWR into account in our analyses, but we 
do not assume any additional sites away from the LWR will be protected beyond those 
protected as of 2003. Thus, the PI measures the contribution of land-protection efforts on 
just the LWR to changes in the overall status of the focal species. The three scenarios are 
as follows (mapped in Figure 3): 

 
Past Scenario.—Significant efforts to acquire and protect important habitats on 

the LWR did not begin until the late 1980s. In this scenario, we assumed that this push to 
conserve land did not happen, that the only protected areas created on the LWR were 
those created prior to 1988, and that all unprotected parcels on the LWR were either 
developed or allowed to degrade, resulting in a total loss of the species within them. (This 
is not an unrealistic assumption for the reasons outlined earlier.) 
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Current Scenario.—We assumed that all currently protected (as of December 
2004) scrub and sandhill fragments on and off the LWR persist, but that all unprotected 
fragments either degrade or disappear, resulting in a total loss of the species within them.  
 

Targeted Scenario.—We assumed that all currently protected fragments on and 
off the LWR persist, and that conservationists succeeded in protecting all of the 
unprotected fragments on the LWR that are targeted for acquisition under current 
conservation initiatives. We did not assume that any currently unprotected scrub and 
sandhill fragments off the LWR persist.  

In all 3 scenarios, we considered all sites intersecting the LWR boundary to be on 
the LWR, even if parts of the sites extended beyond the boundary. We did not split 
individual sites that spanned the LWR boundary, and within these sites we did not 
consider off-LWR habitat or species locations any differently than we did those within 
the LWR boundary. 

 
By comparing PIs under these three scenarios, we addressed the following 

questions:  
(1). What would the protection status of these species be had conservation efforts 

on the LWR ended two decades ago?  
(2). What if these efforts stopped now, leaving only the currently protected areas 

for posterity? 
(3). What if conservationists are successful in acquiring all of the LWR sites that 

are currently targeted for acquisition (i.e., sites included in the Florida Forever Board of 
Trustees Environmental Lands Acquisitions Projects list, Florida Natural Areas Inventory 
2003)? 
 

A special case arose with respect to several sites that are at present partially 
acquired. These "megaparcel sites" total approximately 5,400 ha and consist of largely 
undeveloped scrub and sandhill. In previous decades they were finely subdivided (into 
mostly quarter-acre to one-acre [0.1 to 0.4 ha] lots) and sold to thousands of investors, 
many in different states or countries. The State of Florida, The Nature Conservancy, and 
the USFWS have been contacting the owners and acquiring these sites, but the process 
has proved difficult and slow, and they have only been able to acquire about 14,500 of 
23,600 lots to date—roughly 69% of the land area. These megaparcel sites currently 
exhibit a checkerboard ownership pattern, with conservation entities owning just over 
half of the plots and numerous private landowners owning the rest. In the Targeted 
Scenario, megaparcel sites each appear as a single large area targeted for acquisition. At 
present, however, each megaparcel site is a scattered and discontinuous collection of 
acquired parcels amongst parcels yet to be acquired (Figure 5). We included megaparcel 
sites in the Current Scenario. However, because of the limitations fragmentation places 
both on biological processes and essential management activities (e.g., prescribed fire), 
we penalized each megaparcel site according to the percentage of area within it that 
remains to be acquired. Specifically, in computing the number of locations at which a 
given species occurs (for PILOCS) in the Current Scenario, we scored each location within 
the megaparcel sites as 0.25 locations if the megaparcel site was > 50% acquired, 0.5 
locations if the megaparcel site was > 75% acquired, 1.0 locations if the megaparcel site 
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was > 90% acquired, or 0 locations otherwise. In computing area of occupancy (for 
PIAO), habitat area acquired as of the Current Scenario was estimated as the total amount 
of habitat present at a megaparcel site multiplied by the percentage of that site which has 
been acquired. Computation of extent of occurrence (for PIEXT) was not changed for 
megaparcel sites. In the Targeted Scenario, all megaparcel sites were assumed completely 
acquired, and thus incurred no penalty.  
 

 
 

Figure 5: One example of incomplete and patchy acquisition at a “megaparcel” site, 
Highlands Ridge. At left, Highlands Ridge megaparcel site boundary and 1999 aerial 
photo. At right, Highlands Ridge megaparcel site boundary showing boundaries of 
individual constituent parcels, both acquired (N=6,161) and unacquired (N=4,621), as of 
spring 2004. Acquired parcels and associated rights-of-way comprised roughly 63% of the 
19.3 km2 land area within the megaparcel site boundary. 
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Habitat Loss and Protection 

Previous work (Friedman et al. 1993)(see also Figure 2) demonstrated the 
substantial loss of xeric uplands habitats that has occurred on the Lake Wales Ridge. We 
conducted an initial habitat analysis to determine the area of remaining scrub and sandhill 
habitat on the Lake Wales Ridge protected under each of the conservation scenarios. To 
put these areas in context, we compared them to the total area of scrub/sandhill habitat 
extant on the LWR and to the estimated presettlement area of these habitats. 

Site Evaluation: Key Sites for Individual Species 

The push to create a viable network of reserves for the LWR is well underway, 
with many sites already protected. Yet with these advances in acquisition come new 
challenges for management. Land managers need the necessary data and analytical 
framework to place the particular species and sites they manage in a broader regional/ 
global context. To measure the contribution of each protected area to the conservation of 
each species, we calculated PILOCS, PIAO, PIEXT and PITOT under the Current Scenario 
with and without each site. For a given site, the difference, or ∆PI, between PI values for 
the network with the site and without the site indicates the contribution of that site to the 
overall protection of species. For existing (Current) sites, ∆PI values thus represent the 
overall decrease in PI that would result if that site ceased to be protected or lost species 
due to a lack of adequate management.  
 

Site Evaluation: Priority Sites for Acquisition 

If funds are limited and conservationists must choose which of several worthy 
sites should be protected in a given year, is there a way to determine the priority of sites 
for acquisition? We used the PI in two ways to address this question. 
 

Summation Method.—By summing the ∆PI values over all species within a site, 
we obtained a numerical value that reflects the overall importance of that site for the 
conservation of LWR imperiled species. Among the set of targeted but unprotected sites, 
higher sums correspond to higher-priority sites. Other, perhaps simpler, methods exist, 
such as valuing a site based on the number of species or occurrences it contains. 
However, such approaches are insufficient, with the “Summation method” improving 
upon them by (1) giving appropriate weight to rarer species; (2) evaluating sites based on 
multiple criteria relevant to species persistence (number of locations, area of 
occupancy/habitat, extent of occurrence); and (3) assessing targeted sites’ values by 
taking into account how well species are protected by existing protected sites. The 
Summation method is limited, however, in that it does not incorporate information on the 
relative cost of sites. In addition, the Summation method only evaluates sites in the 
context of the network at a single point in time (i.e. the Current Scenario) rather than 
alternative configurations that might exist in the future. 
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Irreplaceability Method.—We also developed a reserve-selection algorithm to 
determine the set of unprotected but targeted sites that should be acquired so as to 
produce the highest mean PI value across all species at any given point in time. Properly 
used, this kind of systematic conservation planning produces reserve designs that are 
more efficient, resulting in greater protection of biodiversity given scarce dollars. The 
challenge lies in developing reserve-design products that are efficient, yet are not so 
complex that they are difficult to implement in practice. In light of this, we focused on 
three considerations. First, several factors preclude use of off-the-shelf reserve selection 
tools (e.g. SITES/MARXAN, Ball and Possingham 2000) for this problem. For example, 
the cutoffs used to calculate PI values (Table 4), the use of multiple criteria, and the 
computation of geographic extent are not possible with existing tools. We thus designed 
our own algorithms to produce optimal or near-optimal reserve networks. These 
algorithms are based on those in common use in reserve design, but are adapted to 
maximize their usefulness for the LWR ecosystem and the data sets we have. 

A second consideration was that the computation of geographic extent precludes 
use of deterministic optimization methods (i.e. mathematical programming) for reserve 
design. Instead, we developed methods based on two stochastic optimization methods, 
simulated annealing and genetic algorithms. Although they do not produce solutions 
which can be proven optimal in every case, these methods are known to generate optimal 
or near-optimal solutions. The methods enjoy wide use for optimization problems in a 
broad range of disciplines, including conservation planning (for example, MARXAN 
uses simulated annealing, Ball and Possingham 2000). The two methods performed 
similarly; we here present results based on simulated annealing.  

Finally, while systematic reserve-design algorithms can always select a reserve 
network that is at least as efficient as, and typically more efficient than, those created by 
ad-hoc procedures, a simple listing of sites in some maximally efficient or “minimum 
set” reserve network is of limited practical use given the myriad additional factors which 
planners and acquisition personnel must take into account. Indeed, the minimum set 
approach is known to perform poorly when not all sites are guaranteed to be available for 
acquisition (Meir et al. 2004, Turner and Wilcove 2006). We thus report results in terms 
of irreplaceability of sites (sensu Pressey et al. 1994, Pressey 1999). For a given site, 
irreplaceability represents the probability that that site will be required in the most 
efficient reserve networks. We computed irreplaceability by first creating 1,000 different 
near-optimal networks of Targeted sites to add to the Current scenario (that is, 1,000 
networks which produce the highest average PITOT across species for a given total cost). 
Cost of each site was assigned using areas as described earlier (see Site Data in the 
Methods section), with 5 very large sites having costs reduced to 15 km2 to more closely 
reflect the portions of these sites relevant to our focal species. To cover a range of 
possible budget and site availability conditions, we constrained each network to a 
maximum total cost, selected at random between 0.2 km2 (near the least expensive site) 
and 170 km2 (just over the sum of all new Targeted sites combined). To ensure that the 
1,000 networks were indeed unique, we prevented the algorithm from considering any 
network which had been found previously. A site’s irreplaceability is the fraction of the 
1,000 networks in which that site occurs, ranging from 0 (site is not needed for any 
efficient network) to 1 (site is required for every efficient network).  
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Because inexpensive sites, by virtue of their low cost, are inherently more likely 
to be selected than expensive ones, and all sites are increasingly likely to be selected as 
total budget increases, we also constructed 1,000 random networks against which to 
evaluate the significance of irreplaceability scores. To generate random networks, we 
used the same maximum total costs as above, but added sites randomly (i.e. without 
taking biological value into account) until no additional site could be added without 
exceeding the maximum total cost. We used a Chi-square goodness-of-fit test to compare 
the results of the near-optimal networks to those of the random networks. 

Disposition of Data 

All data used in this analysis will be archived at both the Florida Natural Areas 
Inventory and the Archbold Biological Station. Results that are not sensitive in nature 
(e.g., those that do not reveal the precise locations of rare species) will be posted on the 
Archbold web site (www.archbold-station.org). Copies of this report will be available for 
download. All members of the LWR Ecosystem Working Group will receive a copy of 
this report to encourage integration and collaboration for planning and management. All 
land managers and managing agencies for LWR sites will also receive a copy of this 
report to assist with site analysis and planning. Further peer reviewed publications are 
anticipated from this analysis and synthesis. Programming code for the Protection Index 
and associated applications is available from the senior author. 
  

RESULTS 

Habitat Loss and Protection 

Land acquisition to date has placed nearly half (87.4 km2, or 48.9%) of the 
remaining 178.7 km2 of scrub and sandhill habitat on the LWR within protected areas 
(Table 5). Successful acquisition of all Targeted sites will place an additional 16.4 km2 
within protected areas, bringing the proportion of extant (as of 2003) habitat that is 
protected to 58.1%. This would represent 7.5% of the xeric upland habitats which existed 
on the LWR prior to widespread human settlement. 

Table 5: Amount and protection of xeric upland habitats on the Lake Wales Ridge over 
time. Approxmately 1,380 km2 of xeric upland habitats existed on the Lake Wales Ridge 
prior to settlement (based on Friedman et al. 1993). 

 

% of
Scrub/Sandhill % of 2003 Presettlement

Scenario Area (km2) Total Total
Protected Sites Only

Past Scenario 28.0 15.6 2.0
Current Scenario 87.4 48.9 6.3
Targeted Scenario 103.8 58.1 7.5

Protected & Unprotected Sites
2003 Total 178.7 100.0 12.9  
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Evaluating Conservation Progress 

Land acquisition since 1988 has dramatically altered the distribution of PIs for 
imperiled LWR species (Figure 6). Looking first at PITOT (Figure 6d), the median value 
increased from 1.42 in the Past Scenario to 1.83 today (Current Scenario). Median PITOT 
will climb to a projected value of 1.91 if all currently targeted but unprotected sites are 
acquired (Targeted Scenario). Not surprisingly, given the nonlinear nature of the cutoffs 
between Red List categories (Table 4), larger absolute gains in PIs are associated with 
early land acquisition efforts, while expected gains if all targeted areas are acquired are 
smaller in absolute terms. Nonetheless, our analysis clearly shows that land acquisition 
over the past two decades has improved substantially the survival prospects of virtually 
all of the focal species and that completion of the reserve network (Targeted Scenario) 
will result in further benefits to most focal species. Appendix 1 also shows PI results for 
individual species.
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Figure 6: Change in Protection Indices (PIs) between Past, Current, and Targeted Scenarios for the Lake Wales 
Ridge reserve network. Each histogram shows the number of species in various PI intervals, with black vertical 
lines showing median values across all 36 species. (a) PI based on number of locations (PILOC). (b) PI based on 
area of occupancy (PIAO). (c) PI based on extent of occurrence (PIEXT). (d) Overall PI (PITOT). 
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When PIs for the three criteria are considered separately (Figure 6a, PILOCS; Figure 
6b, PIAO; Figure 6c, PIEXT), a more nuanced picture of conservation efforts emerges. PILOCS 
jumps substantially from the pre-1988 situation (Past Scenario, median PILOCS = 2.60) to 
the present (Current Scenario, median PILOCS = 3.37). It increases again from the Current 
Scenario to the Targeted Scenario (median PILOCS = 3.49), reflecting the significant gains 
that could be achieved by acquiring the still-unprotected sites (Figure 6). In contrast, 
median values for PIAO and PIEXT show little change from the Current Scenario to the 
Targeted Scenario (Figure 6), largely because the LWR is a relatively small ecosystem 
that has already lost much of its natural habitat.  

 
Some species have made substantial gains in PILOCS from Past to Current 

Scenarios (Figure 7), including the Avon Park rabbit-bells (Crotalaria avonensis), whose 
PILOCS went from 0 to 1.38, and Highlands scrub hypericum (Hypericum cumulicola; 
1.75 to 3.31). Only five species have Current PILOCS <2.0, and only three will remain 
below 2.0 if all Targeted sites are acquired. However, two species that were widely 
assumed to be well represented in the reserve network—sand butterfly pea (Centrosema 
arenicola) and blue-tailed mole skink (Eumeces egregius lividus)—appear to be poorly 
represented (current PILOCS = 2.0 for C. arenicola and 3.06 for E. e. lividus; Figure 7). We 
do not know whether their absence reflects actual exclusion from the reserve network or 
simply a lack of surveys for them within currently protected areas. 
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Figure 7: Changes in Protection Index (PI) values across all three Conservation Scenarios (Past, circles; Current, 
squares; Targeted, diamonds) for 36 focal species on the Lake Wales Ridge. Open shapes show species-specific 
values; closed shapes show median values across all species. (a) PI based on number of locations (PILOC). (b) PI 
based on area of occupancy (PIAO). (c) PI based on extent of occurrence (PIEXT). (d) Overall PI (PITOT). See 
Appendix 1 for more detailed results for the 36 focal species. 
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In terms of area of occupancy and geographic extent, eight plant species exhibit 
one or more PIs < 1.0 even under the (optimistic) Targeted Scenario due to some 
combination of small area of occupancy or limited geographical extent (Figure 7). They 
include short-leaved rosemary (Conradina brevifolia), Avon Park rabbit-bells (Crotalaria 
avonensis), Garrett’s scrub balm (Dicerandra christmanii), scrub mint (Dicerandra 
frutescens), wedge-leaved button-snakeroot (Eryngium cuneifolium), Highlands scrub 
hypericum (Hypericum cumulicola), clasping warea (Warea amplexifolia), and scrub 
ziziphus (Ziziphus celata). Even under the Targeted Scenario, which is premised on 
acquisition of all of the remaining, unprotected priority sites, 26 of 36 species will have 
PIAO below 2.0, and 25 will have PIEXT below 2.0. 

Appendix 1 provides species summaries for each of the 36 focal species, 
including more detailed distributional information, maps, and lists of protected areas that 
harbor each species.  

Site Evaluation: Key Sites for Individual Species 

As noted earlier, our methodology enables us to measure the role a given site 
plays in the global conservation effort for each imperiled species. To illustrate this point, 
consider two LWR protected areas, the Archbold Biological Station (an independent, 
non-profit research institution) and Flat Lake (owned by the State of Florida). Table 6 
presents the change in the PIs (∆PI) for imperiled species (30 in all) that can be attributed 
to the protection of these two reserves. If we assume that values ≥ 0.05 for PITOT, PIAO, 
PIEXT, or PILOCS identify sites of particular importance to a given species, then Archbold 
Biological Station stands out as being vital to the conservation of 16 imperiled LWR 
species. This is not surprising—the Archbold Biological Station is one of the largest and 
best-managed patches of scrub left—but by quantifying the ways in which the site 
contributes to the conservation of particular species, we obtain a richer, more detailed 
understanding of its importance that can aid in determining priorities for management at 
the site. Flat Lake is not nearly as well known as Archbold, yet our analysis reveals it to 
be important to the conservation of two species (Warea amplexifolia [∆PILOCS, ∆PITOT], 
Clitoria fragrans [∆PIEXT]). 

To aid acquisition and management personnel on the LWR, we conducted similar 
analyses for all sites, thereby generating a list of species for which each site is important. 
We report these results in Appendix 2 (Current sites) and Appendix 3 (Targeted sites). 
Each page of these appendices provides detailed information on a particular site, 
including aerial photos, maps, list of species present, and the site’s contribution (∆PI 
values) to the protection of each species. Additionally, in Appendix 1 we list the most 
important sites for each species according to each criterion, and the 5 most important 
sites overall for each species.  

The information in Appendices 2 and 3 can be used in several contexts. Land 
managers, for example, might use it to decide what type of prescribed-burn program to 
implement in a particular reserve, given that different species do best under different fire 
regimes. Or, given limited funds for monitoring, they can now direct their attention to the 
highest priority species on each reserve. Similarly, the information in Appendix 3 could 
be useful in determining priorities for land acquisition (see below). 
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Table 6: Use of Protection Index (PI) values to measure the importance of each reserve 
(here, Archbold Biological Station, Flat Lake) to overall protection of individual 
imperiled species. ∆PIx is the decrease in PI using criterion x that would occur if a 
particular protected area were lost from the Current Scenario. Criteria include number of 
locations (LOCS), area of occupancy (AO), extent of occurrence (EXT), and total (TOT). 
All focal species at each protected area shown, sorted in order of descending ∆PITOT. See 
Table 1 for species names. 

Site Species LOCS ∆PILOCS
a ∆PIAO

a ∆PIEXT
a ∆PITOT

a 
ArchboldBS           
  All Species (26) 55 3.42 0.50 2.08 1.69 
  D. frutescens 4 0.96 0.23 1.04 0.62 
  C. perforata 3 0.60 0+ 0.43 0.26 
  E. cuneifolium 2 0.40 0.01 0.08 0.13 
  C. arenicola 1 0.25 0.01 0.25 0.13 
  C. scabrosa 1 0.25 0+ 0.14 0.16 
  W. carteri 5 0.13 0.01 0.01 0.04 
  H. cumulicola 4 0.10 0.01 0+ 0.03 
  P. chartacea 4 0.10 0.01 0+ 0.03 
  E. longifolium 4 0.10 0+ 0.03 0.04 
  N. brittoniana 3 0.08 0+ 0+ 0.02 
  L. ohlingerae 3 0.08 0+ – 0.02 
  S. niveum 2 0.05 0+ 0+ 0.01 
  P. geniculata 2 0.05 0.01 0+ 0.02 
  P. basiramia 2 0.05 0+ – 0.02 
  H. edisonianum 2 0.05 0.02 – 0.02 
  C. fragrans 2 0.05 0+ 0+ 0.02 
  E. egregius 1 0.03 0.03 0.04 0.03 
  L. divaricata 1 0.03 0.01 0.03 0.02 
  P. floridanus 1 – 0.03 – 0.01 
  N. reynoldsi 1 0.03 0.03 – 0.02 
  P. myriophylla 1 0.03 0.01 0+ 0.01 
  C. ashei 1 0.03 0+ 0+ 0+ 
  P. abscissum 1 0+ 0.02 – 0+ 
  A. coerulescens 1 – 0+ – 0+ 
  S. woodi 1 – 0+ – 0+ 
  L. cernua 2 – 0+ – 0+ 
LWRWareaFlatLake           
  All Species (9) 9 0.43 0+ 0.17 0.15 
  W. amplexifolia 1 0.25 0+ – 0.06 
  C. fragrans 1 0.03 0+ 0.14 0.04 
  P. lewtonii 1 0.03 0+ 0+ 0+ 
  N. reynoldsi 1 0.03 0+ – 0+ 
  S. abdita 1 0.03 0+ – 0+ 
  P. geniculata 1 0.03 0+ 0+ 0+ 
  E. longifolium 1 0.03 0+ 0.01 0.01 
  B. grandiflora 1 0.03 0+ – 0+ 
  P. floridanus 1 – 0+ – 0+ 

a∆PI values of 0+ indicate 0 < ∆PI <0.01, while a dash indicates PIx = 0. 
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Site Evaluation: Priority Sites for Acquisition 

Table 7 gives the relative ranking of unprotected sites as determined by both the 
Summation method and the Irreplaceability method. Some sites, such as the Sugarloaf 
Warea site (LWRWareaSugarloaf_add) and the Avon Park Lakes addition 
(LWRAvonPkLks_add) earn high ranks under both methods. Other sites show large 
changes in rank. For example, Gould Road (LWRGouldRd_add) ranks much higher 
under Irreplaceability than it does when the Summation method is used, whereas the 
unacquired portions of the Highlands Ridge megaparcel site 
(LWRWEAHighlandsRdg_fin) show the opposite pattern. 

The discrepancies in the rankings of Table 7 arise from two differences between 
the Summation and Irreplaceability methods. First, the Summation method considers how 
well a site fits in with (complements) only a single snapshot of the reserve network (the 
Current scenario). In contrast, Irreplaceability considers how well a site complements a 
wide variety of alternative future reserve networks, giving a better indication of the 
importance of a particular site if additional sites are to be acquired. 

A second factor causing differences in results between the two methods is that the 
Summation method does not take site cost into account. The expected increases in PI 
reported by the Summation method simply reflect the biological value of alternative sites 
without regard to cost. Irreplaceability, in contrast, explicitly uses both biological value 
and cost information, identifying sites most crucial for creating reserve networks that 
maximize biological value for a given cost. As a result, those sites which are ranked 
highly when cost is not a factor, yet have much lower rankings under the Irreplaceability 
method, tend to be expensive sites (e.g., LWRWEAHighlandsRdg_fin) which are 
difficult to fit into efficient reserve networks with limited acquisition budgets. For the 
same reason, those sites that have relatively moderate biological value as indicated by the 
Summation method (e.g., LWRGouldRd_add), yet have higher Irreplaceability rankings, 
tend to be relatively inexpensive sites, which can be essential parts of efficient networks 
due to their low cost. 
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Table 7: Relative priority ranking of unprotected, Targeted sites differs between two 
methods. At left, the Summation method, in which conservation value of a site is 
measured by the combined improvement in Protection Index across all 36 species that 
would result were the site added to the Current reserve network. At right, the 
Irreplaceability method, in which sites are ranked according to the probability that they 
will be required for a reserve network which maximizes mean Protection Index (PITOT) 
across species given a constraint on total cost. Irreplaceability scores shown are for total 
network cost of 20–40 km2. Asterisks indicate irreplaceability scores significantly greater 
than that expected at random for a site of similar cost (comparison to 1,000 random 
reserve networks; Chi-square, P<0.05). See Table 2 and Table 3 for full site names. 

Site Abbreviation Sum of ∆PITOT Site Abbreviation Irreplaceability
LWRWareaSugarloaf_add 0.38 LWRAvonPkLks_add 1.00*
LWRWareaLkDavenport_add 0.37 LWRWareaSugarloaf_add 1.00*
LWRAvonPkLks_add 0.34 LWRWEACarterCk_fin 1.00*
GreenSwamp_add 0.33 LWRWareaCastleHill_add 0.99*
LWRWareaSchofieldSandhill_add 0.27 LWRWareaSchofieldSandhill_add 0.99*
LWRHesperides_add 0.24 LWRTroutLk_add 0.97*
LWRWEACarterCk_fin 0.23 LWRSunNLksS_add 0.96*
LWRWareaCastleHill_add 0.17 LWRNWRFlmngoVillasE_fin 0.93*
LWRCarterCk_add 0.16 LWRWEASilverLkS_fin 0.92*
LWRSilverLk_add 0.14 LWRSunrayHickoryLkS_add 0.91*
LWRSunNLksS_add 0.12 LWRNWRFlmngoVillasW_fin 0.91*
LWRWEAHighlandsRdg_fin 0.12 LWRWEAHolmesAve_fin 0.91*
LWRWEAHolmesAve_fin 0.10 LWRMtLkCutoff_add 0.91*
LWRSunrayHickoryLkS_add 0.10 LWRGouldRd_add 0.89*
LWRLkWalkInTheWater_add 0.07 LWRWareaLkDavenport_add 0.89*
LWRHenscratchRdJackCk_add 0.07 LWRHenscratchRdJackCk_add 0.81*
LWRTroutLk_add 0.07 LWRWEAHighlandPkEst_fin 0.80*
LWRWEAHighlandPkEst_fin 0.07 LWRHorseCk_add 0.75*
LWRMtLkCutoff_add 0.06 LWRSilverLk_add 0.65*
LWRNWRFlmngoVillasE_fin 0.05 LWRCarterCk_add 0.31
LWRHorseCk_add 0.04 LWRWEAHighlandsRdg_fin 0.17
LWRNWRFlmngoVillasW_fin 0.04 LWRHesperides_add 0.10
LWRWEASilverLkS_fin 0.02 CatfishCkPrSP_add 0
CatfishCkPrSP_add 0.02 FisheatingCk_add 0
FisheatingCk_add 0.01 GreenSwamp_add 0
LWRGouldRd_add 0.01 LWRLkWalkInTheWater_add 0
LkHatchineha_add 0 LkHatchineha_add 0
LWRFlamingoVillas_add 0 LWRFlamingoVillas_add 0
LWRHenscratchRanch_add 0 LWRHenscratchRanch_add 0
LWRHighlandsRidge_add 0 LWRHighlandsRidge_add 0
LWRLkApthorpe_add 0 LWRLkApthorpe_add 0
LWRRidgeScrub_add 0 LWRRidgeScrub_add 0
LWRRoyceRanch_add 0 LWRRoyceRanch_add 0
OldTownCkWatershed_add 0 OldTownCkWatershed_add 0  
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Whether or not a site will be critical for a successful reserve network depends on 

what the total cost of all added sites will be. For example, an expensive site—even one of 
outstanding biological value—may be impossible to obtain if the acquisition budget is 
very small, yet the same site may become an essential part of many or all possible 
effective networks as the total budget increases. Because of this, one should value sites 
according to their irreplaceability in reserve networks having a total cost similar to the 
acquisition budget that is actually available. We thus report irreplaceability values for all 
sites over a range of possible total acquisition budgets (Table 8).  

For a given acquisition budget, sites with irreplaceability values near 1 are 
essentially impossible to replace: no combination of new sites within the budget can have 
a biological value as high without including those sites. In other words, failure to include 
any such site will necessarily result in lower overall protection of species, higher total 
cost, or both. Given the importance of these irreplaceable sites, Table 8 suggests lists of 
sites that are critical to reserve networks of various total cost. For example, for a total 
cost of 10–20 km2, 6 sites have irreplaceability ≥0.95. 
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Table 8: Irreplaceability scores for new sites in the Targeted scenario (N=34) for different values of total reserve 
network cost. Irreplaceability scores represent the probability that a given site will be required for a reserve network 
which maximizes mean Protection Index (PITOT) across species given a constraint on total cost. Asterisks indicate 
irreplaceability scores significantly greater than that expected at random for a site of similar cost (comparison to 1,000 
random reserve networks; Chi-square, P<0.05). For a given total cost (i.e., total acquisition budget), sites with 
irreplaceabilities near 1 (e.g., ≥ 0.95, enclosed by dashed line) are essentially impossible to replace: no combination of 
new sites within the budget can have biological value as high without including these sites. See Table 2 and Table 3 
for full site names. 

Site Costa
0–10 10–20 20–40 40–65 65–115 0–115

LWRAvonPkLks_add 0.94 0.82* 1.00* 1.00* 1.00* 1.00* 0.98*
LWRWareaSugarloaf_add 0.17 1.00* 1.00* 1.00* 0.99* 1.00 1.00*
LWRWEACarterCk_fin 2.41 0.18 0.86* 1.00* 1.00* 1.00* 0.90*
LWRWareaCastleHill_add 0.36 0.88* 0.99* 0.99* 0.99* 1.00* 0.98*
LWRWareaSchofieldSandhill_add 0.47 0.84* 0.99* 0.99* 0.97* 0.97 0.97*
LWRTroutLk_add 0.25 0.96* 0.98* 0.97* 0.98* 0.99 0.98*
LWRSunNLksS_add 2.01 0.27 0.77* 0.96* 0.98* 0.98* 0.87*
LWRNWRFlmngoVillasE_fin 0.60 0.69* 0.96* 0.93* 0.96* 0.96 0.93*
LWRWEASilverLkS_fin 0.45 0.84* 0.94* 0.92* 0.93* 0.93 0.92*
LWRSunrayHickoryLkS_add 1.85 0.20 0.77* 0.91* 0.94* 1.00* 0.84*
LWRNWRFlmngoVillasW_fin 0.70 0.59* 0.88* 0.91* 0.95* 0.93 0.89*
LWRWEAHolmesAve_fin 2.22 0.04 0.60* 0.91* 0.92* 1.00* 0.78*
LWRMtLkCutoff_add 0.84 0.57* 0.87* 0.91* 0.95* 0.93 0.88*
LWRGouldRd_add 0.22 0.92* 0.96* 0.89* 0.91* 0.93 0.92*
LWRWareaLkDavenport_add 1.96 0.10 0.62* 0.89* 0.94* 0.97* 0.79*
LWRHenscratchRdJackCk_add 1.88 0.10 0.65* 0.81* 0.90* 0.96* 0.76*
LWRWEAHighlandPkEst_fin 3.17 0 0.22 0.80* 0.90* 0.93 0.64*
LWRHorseCk_add 2.79 0 0.32 0.75* 0.89* 0.90 0.64*
LWRSilverLk_add 5.23 0 0 0.65* 0.87* 0.93* 0.54*
LWRCarterCk_add 7.76 0 0 0.31 0.84* 0.93* 0.43
LWRWEAHighlandsRdg_fin 7.96 0 0 0.17 0.69* 0.86 0.35
LWRHesperides_add 10.86 0 0 0.10 0.57* 0.90* 0.31
CatfishCkPrSP_add 15.00 0 0 0 0 0.46 0.09
FisheatingCk_add 15.00 0 0 0 0 0.44 0.08
GreenSwamp_add 15.00 0 0 0 0.32 0.95* 0.24
LWRLkWalkInTheWater_add 13.40 0 0 0 0.07 0.60 0.13
LkHatchineha_add 15.00 0 0 0 0 0 0
LWRFlamingoVillas_add 0.52 0 0 0 0 0 0
LWRHenscratchRanch_add 9.27 0 0 0 0 0 0
LWRHighlandsRidge_add 12.21 0 0 0 0 0 0
LWRLkApthorpe_add 1.31 0 0 0 0 0 0
LWRRidgeScrub_add 0.33 0 0 0 0 0 0
LWRRoyceRanch_add 0.82 0 0 0 0 0 0
OldTownCkWatershed_add 15.00 0 0 0 0 0 0

Irreplaceability of site if total cost of all added sites is…

 
a Due to rapidly changing land values in central Florida—prices were rising at 6% per month in mid-2005—per-area cost values were 
impossible to obtain for all sites. Instead, cost is defined here as site area, in km2. Areas of 5 very large (19 km2 < area < 1045 km2) sites 
having most of their area off the Lake Wales Ridge were assigned costs of 15. 
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DISCUSSION 
Our analysis shows that land acquisition programs to date have resulted in 

substantial improvements in the protection status of many plants and animals on the Lake 
Wales Ridge. However, the small extent of the LWR ecosystem combined with the 
limited amount of remaining habitat will continue to pose a threat to the survival of LWR 
species. Because of this, virtually all of the scrub and sandhill species we investigated 
will depend upon some form of active management (most often prescribed fire), in 
addition to the acquisition of protected areas, for their long-term persistence.  

 
Our analyses identified species of particularly high conservation concern. Those 

species with the lowest PIs under Current and Targeted scenarios will likely require even 
more intensive management, perhaps including propagation, translocation, and 
reintroduction to potentially suitable habitat, to survive. These species include short-
leaved rosemary (Conradina brevifolia), Avon Park rabbit-bells (Crotalaria avonensis), 
Garrett’s scrub balm (Dicerandra christmanii), scrub mint (Dicerandra frutescens), 
wedge-leaved button-snakeroot (Eryngium cuneifolium), Highlands scrub hypericum 
(Hypericum cumulicola), clasping warea (Warea amplexifolia), and scrub ziziphus 
(Ziziphus celata). Our analyses were not specifically intended to evaluate species’ Red 
List status. However, if habitats outside of Targeted protected areas are lost, each of these 
eight species would have values of PIAO, PIEXT, or both below 1.0, and could thus be 
classified as Critically Endangered under Red List criteria (IUCN 2001). To date 
conservation actions beyond habitat management are underway only for Ziziphus celata 
and Warea amplexifolia (U.S. Fish and Wildlife Service 1999).  

 
By systematically gathering and tabulating the data on which species occur within 

which protected areas, we uncovered two species (sand butterfly pea [Centrosema 
arenicola] and blue-tailed mole skink [Eumeces egregius lividus]) whose lack of 
inclusion in the current reserve network seems to have been overlooked. More intensive 
surveys for them should be conducted within existing reserves, and if they indeed prove 
to be underrepresented, measures taken to increase their representation in the network. 

 
The PI approach enabled us to quantify the contribution of each protected area (or 

potential protected area) to regional or global efforts to conserve particular species 
(Appendices 2 and 3). With this information, conservationists can coordinate national or 
global status assessments, species recovery plans, and other large-scale plans with site-
specific management activities. In some cases, of course, the importance of a particular 
site for a particular species is so obvious that no analysis is necessary. Scrub ziziphus 
(Ziziphus celata), for example, is known from only a handful of locations worldwide, all 
of which are located on the LWR. Any site containing this species is clearly important to 
the plant’s survival. In other cases, however, the relative significance of a particular site 
to a particular species may not be so obvious without the benefit of a metric like the PI, 
which takes both site properties and the species’ global status into account. Thus, 
Appendices 2 and 3 should provide useful guidance to land managers who have limited 
funds for research and monitoring. 
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Finally, the PI enabled us to make systematic recommendations regarding future 
land acquisitions. As our analysis makes clear, protection of all of the unprotected sites 
on the Florida Forever Board of Trustees Environmental Lands Acquisition Projects list 
will benefit many of the LWR’s imperiled species. However, given that it is uncertain 
when or even if all of these sites can be acquired, there is considerable benefit to thinking 
strategically about which sites should be acquired as soon as possible to maximize the 
survival of the LWR’s imperiled species. We have presented two different ways in which 
PI values can be used to determine the relative importance or rank of the unprotected 
parcels of scrub and sandhill to protecting imperiled LWR species (see Table 7). The 
Summation method can be used as an indication of the biological value a site would 
contribute if added to the Current scenario, with no consideration of cost. Irreplaceability 
scores, on the other hand, more accurately represent the potential future contribution of 
new sites for acquisition, because they consider many alternative future reserve networks 
and because they incorporate cost information. For acquisition planning, sites with 
irreplaceability scores near 1 represent critical components of efficient networks for a 
given total cost, and should receive highest acquisition priority. These critical sites 
represent a starting point, and do not by themselves provide a complete solution. Thus 
additional sites should also be acquired, with irreplaceability scores providing an 
indication of relative priority.  

 
We caution that any site ranking scheme requires updating and revision to remain 

useful. The Summation method results may be useful to conservation practitioners in the 
near-term but must be recalculated after more than a few sites have either been acquired 
or destroyed. The Irreplaceability method, because it considers many alternative future 
network configurations, alleviates much of the need for updating after acquisitions are 
made. However, irreplaceability scores are based on the particular set of sites which are 
available (here, the new sites in the Targeted scenario). We went to great lengths to 
include all available data on these sites. But certain changes can make even 
irreplaceability scores misleading over time, including the loss of Targeted sites (or their 
rare species) prior to acquisition, the future availability of sites that were not considered 
in our analysis, or substantial changes in species occurrences on protected sites (either 
losses or new discoveries). 

 
Any metric of biodiversity has both strengths and weaknesses, and the Protection 

Index is no exception. One weakness of our approach is that it does not explicitly account 
for the viability of individual populations or the dynamics of interacting populations. By 
failing to do so, the various PIs paint an incomplete picture of the status of certain 
species. For example, PIs for all criteria for the Florida scrub-jay are higher than 
comparable values for most other LWR species, suggesting that this species is more 
secure than the others (though it should be noted that best-case PI values for even the jay 
were below 3.0, indicating that the species remains in need of conservation attention). 
The comparatively high values for the jay stem from the fact that there are numerous 
small populations of jays on and off the LWR. PILOCS considers only the number of 
locations (i.e. populations), not their relative size, viability, or proximity to other 
populations. Yet censuses and population viability analyses indicate that numbers of 
Florida scrub-jays within these populations have been declining for many years (U.S. 
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Fish and Wildlife Service 2003, R. Bowman pers. comm.). Whenever more detailed data 
and analyses are available, they should be considered in addition to indices like the PI. 
Unfortunately, detailed demographic data and population viability analyses are rarely 
available for most species. Even on the well-studied LWR, the jay is one of only a few 
species for which we have abundance and population trend data available. Given this 
fundamental data constraint, a particularly useful line of future work would be to address 
the accuracy with which distributional criteria can estimate real-world persistence. 

 

MANAGEMENT RECOMMENDATIONS 
Based on our research, we offer the following recommendations: 

Acquisition and Mitigation 

• The most pressing need with respect to LWR conservation is to continue acquiring 
unprotected scrub and sandhill habitats. Further expansion of the reserve network 
will increase the protection of many LWR species.  In particular, acquisition of the 
top-ranked sites in Table 8 should be a starting point for expanding the current 
LWR reserve network. Our analysis reveals that under most acquisition scenarios, 
the top 7 sites in Table 8 are essential to the reserve network. Note that included 
among these sites are several so-called “megaparcels.” Although we appreciate the 
immense difficulties associated with acquiring these sites, their long-term protection 
is important to many species. 

• If blue-tailed mole skink (Eumeces egregius lividus) and sand butterfly pea 
(Centrosema arenicola) prove to be genuinely underrepresented in the reserve 
network (see text for details), measures should be taken to increase their 
representation in the network. 

• As soon as it is apparent that a scrub site will be lost (e.g., developed without 
habitat protection), the data in this report (e.g., ∆PI values) can be used to help 
guide mitigation priorities and to identify especially rare species that might need to 
be “rescued” via translocation or propagation prior before the habitat is destroyed. 
This is relevant for federal permitting agencies such as US FWS, especially when 
considering sites with species that do not receive any enforcement under the 
Endangered Species Act, such as plants. This may also involve interaction with 
local/county governments that should be initiated by the LWREWG. 

• Some large scrub sites are not on state or federally acquisition lists because of 
unwilling sellers (public acquisitions are willing seller programs). Such sites were 
not analyzed in this report.  However, given that less than 60% of extant scrub and 
sandhill habitat on the LWR is likely to be protected under even the most optimistic 
scenario (Targeted Scenario), and given the precarious status of numerous LWR 
species, conservation practitioners should keep in touch with landowners who are 
currently unwilling to sell their property in case any of them change their minds.    
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Planning and Further Collaboration 

• We recommend that the LWREWG develop a plan to periodically update this report 
in response to changes in the status of species or habitats and seek collaborators, 
funding and support accordingly. 

• We encourage the US FWS to revisit its Multi Species Recovery Plan (U.S. Fish 
and Wildlife Service 1999) in order to 

• assess funding levels and priorities for monitoring, inventory, active 
management, acquisition, and integration among agencies in light of our 
analysis; 

• compare the conservation progress documented in this report with the 
species-specific goals in the Multi Species Recovery Plan; 

• develop task forces, or new formal or informal recovery teams, for 
individual species in dire conservation need; and 

• consider to what extent PI values can or should act as surrogates in the 
absence of PVAs and other analyses for the purposes of conservation 
planning. 

• The US FWS should review the federal status (i.e., Endangered, Threatened, or 
unlisted under the Endangered Species Act) of our 36 target species to consider 
whether any currently listed species should be upgraded from Threatened to 
Endangered or whether any unlisted species should be considered for Threatened or 
Endangered.  

Research 

• Even if all targeted areas are acquired, many species will still be left with very little 
habitat, both in absolute terms (Figure 6b) and relative to what was formerly present 
on the LWR (Table 5). It would be prudent to develop, test, and refine methods for 
restoring scrub and sandhill habitats to places where they have been degraded or 
destroyed. Such studies should investigate methods for restoration of large swaths 
of habitat. In addition, given the amount and patchiness of development in the 
region, studies should explore methods for sustaining populations of imperiled 
species in smaller patches of habitat within and around human development (e.g., 
neighborhoods, rights-of-way). Many such methods will require long-term efforts in 
both research and implementation. Nevertheless, they must begin now, as creating 
more habitat is critical to ensuring the long-term survival of these species. 

Management Protocols 

• Ensure that integrated management planning and adequate management protocols 
are in place soon for short-leaved rosemary (Conradina brevifolia), Avon Park 
rabbit-bells (Crotalaria avonensis), Garrett’s scrub balm (Dicerandra christmanii), 
scrub mint (Dicerandra frutescens), wedge-leaved button-snakeroot (Eryngium 
cuneifolium), Highlands scrub hypericum (Hypericum cumulicola), clasping warea 
(Warea amplexifolia), and scrub ziziphus (Ziziphus celata). Our analysis indicates 
that even if all of the unprotected areas targeted for protection are secured, these 
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species will remain at great risk of extinction. Translocation and/or captive 
propagation may be necessary to ensure their long-term survival, and it seems 
prudent to develop the necessary tools and techniques prior to any emergency. The 
planning for Ziziphus celata across multiple sites, involving private and public 
lands, captive propagation, and translocation, is a good starting point for other 
species (see, e.g., Weekley and Menges 2004). Although these eight species should 
be given high priority, they do not represent an exhaustive list. An additional 20 
species have at least one PI value between 1.0 and 1.5, suggesting great 
vulnerability to extinction. 

• Revise state (Division of Forestry, Department of Environmental Protection, FWC) 
and federal (US FWS) site management plans to ensure that management actions 
are compatible with the species for which each site is most important. 

Inventory 

• FNAI clearly needs greater financial support in order to maintain its EO database. 
We cannot overemphasize the importance of this database to the long-term success 
of conservation efforts on the LWR and throughout Florida. 

• Develop a systematic approach by which land managers and biologists throughout 
the LWR can submit new location records to FNAI for review and inclusion as 
Element Occurrences in FNAI’s databases. The LWR Ecosystem Working Group 
(LWREWG) listed species committee could take the lead on this initiative. As we 
discovered, many important records of rare species have not found their way into 
the FNAI database, potentially hampering conservation efforts. All those who are in 
a position to acquire new species occurrence data should be encouraged to share 
their data with FNAI. The initial emphasis should be on species records for which 
we currently have only presence/absence data (such records are flagged as such in 
Appendices 2 and 3). It may be helpful to invite FNAI staff to future meeting of the 
LWREWG to provide a training session on how to submit data for inclusion in 
FNAI’s database and discuss ways to streamline the process for all involved. 

• Based on our analysis of the extensive database synthesized for this project, two 
species (blue-tailed mole skink [Eumeces egregius lividus] and sand butterfly pea 
[Centrosema arenicola]) appear to be less secure than was previously thought. 
However, they are among the least conspicuous of the 36 focal species in our study, 
and we cannot rule out the possibility that these two species are under-surveyed. 
Additional surveys for these species should be conducted within existing reserves.  

• Conduct more intensive inventories of potentially under-surveyed sites. Managers 
and biologists can use the site-by-site species lists in Appendices 2 and 3 as a 
starting point to guide inventory work.  

• Funding agencies (e.g. US FWS, FWC) should use this report to help guide the need 
for new inventory projects for LWR species. 

Monitoring 

• Even if conservation practitioners are maximally successful in acquiring targeted 
sites, many LWR species will remain poorly protected. This unfortunate situation 
points to the need for effective monitoring programs for all of the 36 focal species.  
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Such programs should be capable of detecting both chronic and acute population 
declines, and they should ensure a prompt response from the relevant land 
managers.  Developing an effective monitoring program is both a scientific and 
financial challenge and will require the active involvement of a wide range of 
conservation practitioners, agencies, and scientists. 

• Given limited resources for monitoring, priority at the regional level should be 
given to the least-protected species (see Figure 7 and Appendix 1). Develop an 
integrated, regional monitoring plan designed to allocate monitoring efforts among 
sites. Managing agencies should consider creating species-specific task forces for 
the purposes of monitoring listed species and developing management plans for 
them. Moreover, monitoring needs within individual sites should be directed toward 
those species for which a given site is most important (∆PI results in Appendices 2 
& 3). 

• As part of monitoring programs develop an approach to update location records 
(new records, extant, and apparently extirpated) to FNAI for review as inclusion in 
FNAI databases. Site managers and biologists should systematically update the 
LWR EO database with spatially explicit records as species are found at new 
locations, or as new populations are created through management.  

• Pursue the idea of one or a series of LWR bioblitzes. The most efficient means to 
assess changes over time for LWR species may be a “bioblitz”—a systematic, 
focused survey of all LWR habitats by experts and trained volunteers over a 
relatively narrow period of time (e.g. 1 year). Such a survey would allow 
comparison of species distributions at the survey time to their distributions in the 
recent past (the data gathered for this report). If organized efficiently, such surveys 
could be repeated over longer intervals (e.g., every 5–10 years), allowing more 
accurate estimation of changes in species’ status over time. 

 
We emphasize that these recommendations are by no means exhaustive. They 

reflect the findings of our analysis. The LWR is not only a hotspot of endangered species; 
it is also a hotspot of scientific research. We know that the researchers who are working 
there will have additional recommendations to ensure the long-term survival of its 
imperiled species. 
  

CONCLUSIONS 
Florida outshines virtually all other states in the scope of its land conservation 

efforts. But it is also a place where a growing human population and an expanding 
economy are resulting in the loss of large amounts of undeveloped land. This is certainly 
the case with respect to the LWR, with the additional concern that it represents an 
ecosystem of international significance. Our analysis indicates that conservation 
practitioners have indeed made substantial progress in protecting the imperiled species 
associated with the LWR’s scrub and sandhill ecosystems. But the battle to conserve 
these species for the long term is far from over. A combination of careful monitoring and 
management of rare species, plus the acquisition of many of the remaining scrub and 
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sandhill fragments, will be necessary to safeguard the remarkable and irreplaceable flora 
and fauna of the Lake Wales Ridge. 
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