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Florida ziziphus is a clonal shrub narrowly endemic to the Lake Wales Ridge in 

southern Polk and northern Highlands Counties. At the time of its description in 1984 

(from a 36-year old herbarium specimen), Florida ziziphus was believed to be extinct. 

However, nine remnant populations were discovered between 1987 and 2002. All 

populations occupy yellow sand sites that historically supported sandhill or oak-hickory 

scrub, but most have been converted to pastures or other uses. Most populations comprise 

a single genotype and all but one are self-sterile. Only one population is publicly 

protected, although a second population is slated for eventual state ownership. Recovery 

of Florida ziziphus necessitates the creation of sexually viable and genetically diverse 

populations on protected sites.  

 

This account represents a revision of the 1999 US Fish and Wildlife Service 

recovery plan. In preparing the current plan, we generally followed the outline of the 

1999 plan. However, in the intervening period many of the tasks identified by the 1999 

plan have been accomplished. Thus, in the Species-level and Habitat-level Recovery 

Actions detailed below, we have eliminated subsections that are no longer relevant and 

added new subsections to define recovery actions of current relevance. 

 

Description 

Florida ziziphus is a single- to multi-stemmed shrub to 2 m in height, with spiny 

geniculate branches. The oblong-elliptic to obovate leaves are alternate, with rounded 

tips, cuneate bases and entire margins. They vary in length from 4.5-21 mm in length and 

from 3-13 mm in width. The upper leaf surface is glossy dark green, the lower surface 

dull light green. Flowers are axillary and solitary, occurring in tight bundles (fascicles) on 
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spine-tipped short shoots. Fragrant flowers, measuring ~5 mm in diameter, are perfect 

(bisexual) and 5-merous with conspicuous yellow-green sepals. Diaphanous clasping 

white petals enclose the anthers prior to anthesis, but recurve to permit pollen 

presentation. The gynoecium comprises a bi-lobed stigma, a distinct style, and a superior 

ovary surrounded by a nectar disk, an arrangement typical of the Rhamnaceae. The ovary 

contains two ovules, but usually only a single embryo develops. The fruit is an ovoid 

drupe ranging from 10-20 mm long and from 3-10 mm wide, the size apparently 

depending on maternal genotype. Fragrant, mucilaginous pulp surrounds a stony 

endocarp--the pyrene, pit or stone. Florida ziziphus has an investing seed morphology 

characterized by an erect embryo with thick cotyledons overlapping and encasing the 

main axis (Martin 1946). Seedlings have large, thick, strap-like cotyledons that persist for 

several weeks following germination. 

 

The growth habitat of plants in the in situ populations generally reflects their 

microhabitat conditions and management histories. Most populations occupy open sites 

with a sparse canopy or none at all. In the one in situ site where plants were found under 

a dense canopy, they had etiolated stems and branches and sparse foliage with large thin 

leaves. Plants in pasture sites that have been subjected to frequent mowing form dense 

multi-stemmed clumps, while those in unmown sites are more often single- to few-

stemmed arborescent individuals. In either case, a clone may spread over several hundred 

square meters, appearing as few to many disparate eco-physiologically independent 

individuals. Observations over the last decade indicate that clonal dispersion across a site 

is the result of repeated episodes of dieback and resprouting, with new root shoots often 

appearing a meter or more from the plant that gave rise to it.  

 

Taxonomy 

Florida ziziphus, Ziziphus celata, was named and described in 1984 by Judd and 

Hall (1984) on the basis of a specimen at the Florida Museum of Natural History that had 

languished in an herbarium drawer for 36 years. The type specimen was collected by 

amateur botanist Ray Garrett from a site “near Sebring” in 1948 (Judd and Hall 1984). A 
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second specimen, subsequently found in the Archbold Biological Station herbarium, was 

collected by Archbold botanist Leonard Brass in 1955, perhaps from the same site. Judd 

and Hall (1984) placed Z. celata within the Condaliopsis group (Johnston 1963) of the 

genus Ziziphus and identified Z. parryi, endemic to Baja California (Mexico) and 

southern California as its sister taxon. The seven other members of the Condaliopsis 

group range from the Chihuahuan Desert in Texas through the southwestern US and into 

Mexico. However, recent genetics research on the phylogeny of the genus (Islam and 

Simmons 2006) has thrown into question the validity of the Condaliopsis group and 

thereby of the placement of Florida ziziphus within it. 

 

Distribution 

Known populations of Florida ziziphus range along an axis running from near 

Lake Wales in Polk County to near Avon Park in Highlands County, a distance of ~43 

km (Figure 1). All populations occur on the Lake Wales Ridge. An introduced population 

near Sebring extends the current range by ~9 km and approximates its historic range.   

 

Habitat 

All known populations of Florida ziziphus occur on excessively well-drained 

nutrient-poor yellow sands classified as Astatula, Candler sand or Tavares fine sand (Soil 

Conservation Service 1989, 1990). Historically these soil types supported longleaf pine 

(Pinus palustris)/wiregrass (Aristida stricta var. beyrichiana) sandhills or oak (Quercus 

myrtifolia)/hickory (Carya floridana) scrub (Menges 1999; southern Ridge sandhill--

hickory phase of Abrahamson et al. 1984). Yellow sands were favored by citrus growers 

and many sites potentially hosting Florida ziziphus populations were converted to citrus 

production in the early decades of the 20th century. 

 

At the time of their discovery, six of the nine populations of Florida ziziphus 

occupied improved pastures denuded of most native vegetation. One site occurred on the 

lower slopes of a fire-suppressed sandhill (DeLaney et al 1989). The only other “natural” 

population occurs in a remnant patch of sandhill surrounded by cherry laurel (Prunus 
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caroliniana) and exotic camphor (Cinnamomum camphora) trees. The most recently 

discovered population occupies a narrow gravel-covered ridge adjacent to a clay pit 

excavated in the 1930s for road building. 

 

The soil types occupied by Florida ziziphus may support oak-hickory scrub 

(Menges 1999) as well as sandhill. The two habitats differ in community structure, 

species composition and natural fire return interval. Oak-hickory scrub is a shrubland 

system typically dominated by sclerophyllous oaks, while sandhill is a savanna-like 

system with an open canopy, relatively few shrubs and an extensive ground cover of 

graminoids and herbs. The natural fire return interval in oak-hickory scrub is on the order 

of 6-12 years (Menges et al. 2006), while in sandhill more frequent fire (2-8 years) is 

favored by the graminoid ground cover.  

 

Several lines of evidence suggest that sandhill was the historically preferred 

habitat of Florida ziziphus. Both of the natural populations occur on sites with typical 

sandhill species (e.g., longleaf pines, wiregrass). Florida ziziphus populations occurring 

in full sun in the six in situ pasture populations and the ex situ population at Historic Bok 

Sanctuary are robust and dynamic, whereas the single known population occurring 

beneath a closed canopy appears sickly and moribund. The episodic dieback-and-

resprouting that is characteristic of Florida ziziphus also suggests a species adapted to 

more open sites. Although Florida ziziphus is a postfire resprouter, it is not yet known 

how long it takes resprouting plants to resume flowering.  

 

Table 1 summarizes available information on the site characteristics and burn 

histories of the nine known in situ populations. 

 

Genetics  

Florida ziziphus is a genetically depauperate species with in situ populations 

comprising only a dozen genotypes. Genetic analysis using allozymes (Godt et al 1997), 

RAPDs (Weekley et al. 2002), and AFLPs (Gitzendanner et al. unpubl. data) converged 
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on the identification of eight core genotypes, with each population representing a single 

genotype. Ongoing research using microsatellites indicates that the recently discovered 

ninth population also comprises a single genotype. However, microsatellites have also 

found that one of the in situ pasture populations (Avon Pines Pasture-4) may include as 

many as four separate genotypes; the presence of genetic variation within this population 

is consistent with its occasional production of viable fruits. Thus, based on present 

evidence, eight in situ populations are uniclonal and one encompasses four genotypes. 

 

Reproduction 

Florida ziziphus has a gametophytic self-incompatibility system (GSI; Weekley 

and Race 2001, Weekley et al. 2002) whereby plants sharing the same self-

incompatibility (S-) alleles are unable to produce viable seeds. Since eight of the nine 

populations consist of single genetic individuals, these populations are self-sterile. The 

production of viable fruits in the Avon Pines Pasture-4 population was puzzling until 

microsatellites revealed that the population includes more than one genotype. 

 

On existing evidence (Weekley et al. 2002), the in situ populations of Florida 

ziziphus may comprise only two S-locus mating types. Genotypes 1, 2, 3, 9, 10 and 11 

(representing Avon Pines-1, -2 and -3, Mitigation Site, Mt. Lake Sandhill and Lake 

Wales Pasture) are assigned to mating type I. Genotype 8 and at least one of the four 

Avon Pines-4 genotypes belong to mating type II. Mt. Lake Disturbed has not been 

assigned a mating type because it has never produced enough flowers to permit 

experimental hand-pollinations. One or more of the newly identified Avon Pines-4 

genotypes may also belong to mating type I or may constitute one or more new mating 

types.  

 

Hypothetically, half of the progeny of the two known mating types constitute a 

third mating type which will be capable of back-crossing with both parental mating types. 

Current assignment of S-locus mating types is based on results from thousands of hand-

pollinations involving specific crosses between different individual maternal and paternal 
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plants (Weekley and Race 2001, Weekley et al. 2002). Because failure of a given cross to 

produce viable fruits may be due to factors other than genetic incompatibility, additional 

S-locus mating types may exist.  

 

In recent years, molecular methods to directly assess the number of S-locus alleles 

within a population have been developed (Stone and Goring 2001). S-locus genotyping 

involves cutting-edge methodologies that have been used on only a handful of the species 

known to have gametophytic self-incompatibility systems (Newbigin et al 1993, Wheeler 

et al 2001). Conservation geneticists at the Florida Museum of Natural History 

Laboratory of Molecular Systematics and Evolutionary Genetics are currently attempting 

to apply these methods to Florida ziziphus. This research has significant practical 

consequences because additional variability at the S-locus translates into additional cross-

compatible mating types and greatly enhances efforts to create sexually viable 

populations of Florida ziziphus.  

 

As a clonal species, Florida ziziphus also reproduces by vegetative growth. Plants 

often produce root shoots at distances greater than one meter from the nearest 

aboveground stem. In addition, populations undergo recurrent episodes of dieback of 

flowering adults and their replacement by new plants (resprouts or root shoots). This 

cyclic dieback-and-resprouting accounts for the distribution of isolated plants or groups 

of plants, all sharing the same genotype, across areas comprising hundreds of square 

meters. 

  

Relationship to Other Species  

At the two “natural” sites containing Florida ziziphus (State Forest and Mt. Lake 

Sandhill), it co-occurs with other plants typical of Lake Wales Ridge sandhill including 

longleaf pine (Pinus palustris) and wiregrass (Aristida stricta var. beyrichiana). 

Prescribed fire at the Mt. Lake Sandhill increased the abundance of wiregrass and other 

sandhill herbs.  In pasture populations, Florida ziziphus co-occurs with several species of 

exotic forage grasses (e.g., Paspalum notatum), as well as a number of native (e.g., 
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Smilax auriculata) and exotic (e.g. Momordica charantia) weeds. The presence of 

postfire resprouters such as Sideroxylon tenax, Diospyros virginiana and Asimina 

obovata supports the hypothesis that these sites were once occupied by sandhill 

vegetation.  

 

The fragrant nectariferous flowers of Florida ziziphus attract insect visitors of at 

least three orders (Diptera, Hymenoptera, Lepidoptera). Potential pollinators include 

flower flies (Serphidae), honey bees (Apis mellifera) and butterflies. Insect herbivory on 

the leaves, flowers and fruits is negligible. 

 

The tangled thorny branches of large Florida ziziphus plants provide secure nest 

sites for mockingbirds (Mimus polyglottos). Other vertebrates that take advantage of 

protection offered by Florida ziziphus include Southern black racers (Coluber constrictus 

priapus), gopher tortoises (Gopherus polyphemus) and rabbits (Sylvilagus floridanus 

floridanus). However, tortoise burrows beneath dense clumps of Florida ziziphus may 

result in injury to plant roots. Several plants with fresh burrows beneath them have 

subsequently died, but this may have been due to normal dieback rather than to damage 

by the gopher tortoise. 

 

Status and Trends 

It is impossible now to definitively ascertain the historic range or former 

abundance of Florida ziziphus. Apparently appropriate habitat on the Lake Wales Ridge 

extends from the northern tip of the Ridge in Lake County to near Venus in Highlands 

County, a much larger range than that inferred from known collections (Garrett in 1947, 

Brass in 1955) and current occurrences. Such assiduous botanical explorers as J.K. Small 

(1869-1938) and R.M Harper (1878-1943), discoverers of numerous Lake Wales Ridge 

species, apparently did not encounter Florida ziziphus. Thus, Florida ziziphus may have 

always been narrowly endemic to the southern half of the Lake Wales Ridge and patchily 

distributed within its range. 
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On the other hand, the preferred habitat of Florida ziziphus was significantly more 

extensive, especially on the northern part of the Lake Wales Ridge in Lake and northern 

Polk Counties, prior to encroachment by the citrus industry beginning in the early years 

of the 20th century (Weekley et al. in prep.). Well-drained yellow sands were the 

preferred habitat of citrus growers and large areas of sandhill were converted to citrus 

production by the 1920s. 

 

Whatever the status of Florida ziziphus in the early years of the 20th century, 

anthropogenic alteration of the landscape--habitat conversion and fragmentation, fire 

suppression--can hardly have benefited it. It is likely that populations and genetic 

diversity have been lost, even within the last fifty or sixty years. For example, the “near 

Sebring” source of the specimens collected by Garrett and Brass have not been re-

discovered and no in situ population is known from south of Avon Park.  

 

All known and accessible Florida ziziphus populations have been monitored by 

conducting full demographic censuses at least annually since 1996. Researchers from 

Archbold Biological Station have had primary responsibility for monitoring. A plant is 

defined as a group of stems within 25 cm of one another. New plants (i.e., root shoots) 

are tagged as they appear and data are collected on survival, height, maximum crown 

diameter, number of stems, and number of flowers in log10 categories (i.e., 1-9, 10-99, 

etc).  Based on size and flowering status, plants are assigned to one of four stage classes: 

recruit (root shoot or resprout), small vegetative, large vegetative, or reproductive. 

 

Overall, most in situ populations appear to be stable in size (Figure 2), despite 

periodic episodes of dieback: declines in one year are generally offset by increases in 

subsequent years. In modeling the ramet dynamics of Florida ziziphus, population 

stability was high due to high survival of established plants (Ellis et al. in revision), but 

ramet recruitment rates were important to population growth.   
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In addition to the in situ populations, there is an ex situ population in the Center 

for Plant Conservation’s National Collection at Historic Bok Sanctuary in Lake Wales. 

The ex situ population was established in 1988-89 shortly after the re-discovery of 

Florida ziziphus. It now includes clones representing all twelve in situ genotypes and is 

an irreplaceable resource for the recovery program. It provided researchers with their 

only access to the Avon Pines Pasture genotypes throughout the ten year period that 

access to the four in situ populations was denied by the former landowners. Crosses 

between compatible genotypes within the ex situ population have yielded tens of 

thousands of fruits over the past 12 years. The ex situ population has provided both 

clones of the in situ genotypes and seedlings derived from them for all six of the 

translocation projects conducted since 1998.  

 

The ex situ population does not currently include F1 progeny of the clones derived 

from the in situ populations because of spatial limitations within the planting beds. 

Relocation of the ex situ population to a more natural site at Bok would accommodate its 

expansion to include an F1 component. Such an expansion would focus on the inclusion 

of F1 genotypes representing new mating types resulting from crosses within the current 

ex situ population. 

 

Translocations of Florida ziziphus represent the most important improvement in 

its status since its re-discovery. Since 1998, six translocation projects involving Florida 

ziziphus have been carried out. Translocations can include the re-introduction of a 

species to a site where it formerly occurred, its introduction to a new site, or the 

augmentation of an existing population by the introduction of propagules (potted plants 

and/or seeds) representing either the same genotype (ramet augmentation) or novel 

genotypes (genetic augmentation). In the past eight years, one ramet augmentation (State 

Forest in 1998), three genetic augmentations (Mitigation Site in 2003 and 2006, State 

Forest in 2006), and two introductions (Lake Wales Ridge National Wildlife 

Refuge/Carter Creek in 2002 and Tiger Creek Preserve in 2005) have been completed. As 

a result of these translocations, two formerly uniclonal populations have been converted 
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to multi-genotype populations and two new multi-genotype populations have been 

established (Table 1).  

 

A key criterion for measuring the success of these translocations is the 

development of self-sustaining (i.e., sexually viable and genetically diverse) populations. 

To date, no translocated population has flowered, owing in part to the small size of the 

introduced plants. It will take at least a decade to make meaningful assessments of 

demographic trends within these translocated populations. The first sign of a successful 

translocation will be the recruitment of new genetic individuals from seeds produced by 

plants within the population. 

 

Management  

Management of Florida ziziphus involves four major components: (1) site 

maintenance in the in situ and translocated populations; (2) maintenance of the planting 

beds in the Center for Plant Conservation’s National Collection at Historic Bok 

Sanctuary; (3) the harvesting and storage of seeds; and (4) and the propagation of clones 

and seedlings for translocation projects. Several agencies and organizations are involved 

in these tasks.  

 

Prescribed fire is the key tool for maintenance of the in situ populations 

occupying natural sites and of translocated populations. Since 1996 prescribed fire has 

been applied three times at the State Forest and the Mt.Lake Sandhill sites (Table 1). Fire 

was also used to prepare sites at Carter Creek and at Tiger Creek Preserve prior to the 

introductions at those sites, and a second prescribed fire is planned at Carter Creek for 

spring 2007. Fire has also been used in the pasture populations as part of the effort to 

control ruderals and to regenerate patches of stems undergoing diebacks.  

 

More intensive management is also critical at most sites. For example, the pasture 

sites require hand-pulling of weeds and additional measures to control ruderals, vines and 

encroaching shrubs. In addition, four of the six pasture populations have been enclosed 
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by barbed wire fences to prevent damage by cattle. Responsibility for maintenance of all 

in situ and translocated populations is shared by Historic Bok Sanctuary and Archbold 

Biological Station, with assistance on prescribed burns from The Nature Conservancy, 

Florida Division of Forestry, and the US Fish and Wildlife Service. Management of these 

populations would not be possible without the co-operation of private landowners. 

 

Maintenance of the five planting beds at Historic Bok Sanctuary containing the 

Center for Plant Conservation’s National Collection of Florida ziziphus also requires 

frequent hand-pulling of weeds. This work is carried out by Bok staff and by volunteers.  

 

Fruits produced by the ex situ population have been harvested annually since 

1994. Over the years, various techniques have been employed to remove the 

mucilaginous pulp and to dry the seeds for storage. Seeds are sorted by year and by 

maternal plant (or by planting bed if maternal plant is unknown) and stored at ambient 

temperature. Germination experiments using stored seeds suggest that viability declines 

after three years (Weekley 2003, Weekley and Menges 2004). Currently there are over 

11,000 seeds in short-term storage, more than half of which were collected prior to 2000.  

Thus there is a need for intermediate and long-term storage methods to prolong the life of 

these seeds until they are required for translocation projects. To provide for intermediate 

storage, Bok conservation horticulturalists are beginning to store seeds in a refrigerator at 

~7o C. This method should result in seed longevity of up to 15 years (Walters 2006). A 

seed viability testing schedule will be put into place to ensure that the system is 

successful in extending the life of stored seeds. Bok is also planning to acquire a freezer 

for long-term storage at -20 o C; this method should result in the maintenance of viability 

for up to 200 years (Walters 2006).  

 

 Seedlings for translocation projects are propagated by placing seeds in starter 

trays containing equal amounts of a professional growing mix, perlite and yellow sand, in 

most cases using sand collected from the site where the translocation will take place.  As 

seedlings emerge they are stepped up through one quart and one gallon pots and assigned 
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a plant identification number. Bok conservation horticulturalists maintain a database 

containing information on the maternal genotype of each seedling, the year the seed was 

harvested, and germination date. 

 

 The original 1988-89 accession was based on clones propagated from root 

cuttings taken from the six in situ populations known at the time (State Forest, Mitigation 

Site and four Avon Pines Pasture populations). Recently root cuttings were successful in 

producing clones of the three populations discovered since 1989 (Mt. Lake Sandhill, 

Lake Wales Pasture and Mt. Lake Disturbed). Vegetative propagation is necessary to 

ensure that all known wild genotypes are protected; this is particularly important given 

the limited genetic variation in Florida ziziphus. However, the root-cutting method of 

vegetative propagation is slow, labor-intensive and often unsuccessful. Therefore, other 

methods of vegetative propagation are being explored, including air layering. In an 

attempt to improve the success rate of propagation through root cutting, Bok has initiated 

an in situ experiment using plant growth hormones to encourage the development of root 

shoots in the field that can then be harvested for the ex situ collection. 

 

 Management of in situ, ex situ and translocated populations and the identification 

of research priorities and recovery goals have been guided since 1997 by the Florida 

Ziziphus Ad Hoc Recovery Team. The team consists of researchers, conservationists and 

land managers involved in the recovery program. The most recent meeting was held at 

Archbold Biological Station in January 2006 and was attended by 21 individuals 

representing ten organizations and agencies. Reports on each meeting are posted on the 

Archbold website (www.archbold-station.org). 
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Table 1. Database summary for nine in situ and two introduced populations of Florida 

ziziphus. Introduced or augmented populations are indicated by an asterisk; the only 

other multi-genotype population is Avon Pines Pasture-4. Columns show the year of 

discovery for each population or the year of establishment for the introduced Carter 

Creek and Tiger Creek populations; the number of records in the Archbold Biological 

Station database; the number of live plants as of the most recent census; and the number 

of prescribed burns conducted at each site since its discovery or establishment. Unless 

otherwise noted, demographic monitoring began in 1996, or year of discovery or 

establishment, whichever comes later. Unless otherwise noted, number of live plants is 

based on January 2006 census. 

 
 

 

Population Yr discovered 
or established # records # live plants # burns 

State Forest Sandhill* 1987 912 402 3 
Mitigation Site* 1988 1143 493 1 
Avon Pines Pasture-1 19891 290 32 1 
Avon Pines Pasture-2 19891 126 30 1 
Avon Pines Pasture-3 19891 200 69 1 
Avon Pines Pasture-4 19891 58 23 1 
Mt. Lake Sandhill 1995 63 20 3 
Lake Wales Pasture 1995 263 151 3 
Mt. Lake Disturbed 2002 22 10 0 
Carter Creek* 2002 169 119 0 
Tiger Creek* 2005 432 2904 0 

TOTAL  1828 833 14 

1  Due to denial of access by former landowners, monitoring began in 2000 at APP-1 
through APP-3 and in 2001 at APP-4. 
 
2  Includes 30 transplants introduced in June 2006 augmentation. 
 
3  Includes 30 transplants introduced in July 2006 augmentation. 
 
4  Based on July 2006 census of 286 transplants and October 2006 census of 145 on site 
germinants. 
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Figure 1. Rangewide distribution of Florida ziziphus. 
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Figure 2. Changes in population size of nine in situ populations of Florida ziziphus. 
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RECOVERY PLAN 
 

Recovery Objective: Establishment of viable populations on protected 

sites. 

 

Recovery Criteria 

Florida ziziphus is one of the rarest and most imperiled plants on the Lake Wales Ridge. 

It is a genetically depauperate species comprising only a handful of genotypes on a few 

sites that only survive through the goodwill and co-operation of private landowners. The 

central objective of this recovery plan is the establishment of viable populations in 

appropriate habitat on publicly protected sites. As a means to that end, it is necessary to 

protect all known genetic variation within the species. This involves maintenance of the 

in situ populations and the careful nurturing of a comprehensive ex situ population that 

contains clones of the core genotypes. Establishment of several genetically diverse and 

self-sustaining populations across the known range of the species is a critical to its 

recovery.  
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Species-level Recovery Actions 
 

S1. Continue searches for new populations. While most areas of appropriate 

Florida ziziphus habitat in Polk and Highlands Counties have been searched, there 

are a number of privately owned sites that have remained inaccessible. Ideally 

searches will be conducted during the January-February flowering season.  

S1.1. Maintain GIS database to track searches in remaining areas of 

appropriate habitat.  The Florida ziziphus GIS database maintained at Archbold 

Biological Station is updated annually. In contains an inventory of sites 

containing appropriate habitat and a record of sites that have been searched. 

S1.2. Conduct additional searches as areas with appropriate habitat 

become accessible. Changes in property ownership, management, or land use 

may provide opportunities to search privately owned sites that are currently 

inaccessible. 

 

S2.  Protect and enhance existing populations. Only one of the nine in situ Florida 

ziziphus populations is publicly protected. However, one former pasture 

population is currently undergoing restoration and is slated for transfer to state 

ownership within the next decade. The seven remaining populations are on sites 

where informal agreements with private landowners afford them a degree of 

protection.  

S2.1. Continue to work with private landowners to protect in situ 

populations. More formal agreements with current landowners are unlikely in the 

near future and most in situ populations will remain vulnerable. However, it 

seems likely that these populations will continue to be accessible for monitoring 

and maintenance over the next several years. 

S2.2.  Continue protection of publicly-protected populations.  The Florida 

Division of Forestry maintains the only publicly protected population. DOF 

biologists collaborate with plant ecologists from Archbold Biological Station in 
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the management and monitoring of the State Forest population. The Lake Wales 

Forest Mitigation Site is also afforded a measure of protection, although it is not 

yet in public ownership. To manage and monitor the Mitigation Site population, 

Archbold is collaborating with Kevin Erwin of KLECE, Inc., and Nancy Bissett 

of The Natives, Inc., the two companies involved in the restoration of the site. 

S2.3. Continue ex situ conservation. As an affiliate of the Center for Plant 

Conservation, the Endangered Plant Program at Historic Bok Sanctuary maintains 

an ex situ population comprising all in situ genotypes as well as short-term and 

intermediate seed storage. 

S2.3.1.  Maintain ex situ population in CPC National Collection. The 

ex situ population currently occupies planting beds that require frequent 

maintenance to prevent their being overgrown by weeds. While relocation 

of the ex situ population to a more suitable environment is a recognized 

necessity, the transfer will take several years. In the interim, Bok will 

continue to maintain the current planting beds.  

S2.3.2.  Develop an alternative location for the ex situ population. The 

Florida Ziziphus Ad Hoc Recovery Team has endorsed the transfer of the 

ex situ population to a more natural setting. Historic Bok Sanctuary is in 

the first stage of a project to restore a 17 acre parcel of sandhill. The final 

stage of this multi-year project will be the introduction of Florida ziziphus 

and additional rare sandhill plant species onto the site.  This parcel will be 

the new location for National Collection ex situ population. 

S2.3.3. Maintain short-term and intermediate seed storage capability. 

Bok has developed a protocol for short-term (1-5 years) seed storage. 

Seeds harvested annually from the ex situ population are stored in plastic 

labeled containers at ambient temperature. An intermediate (5-15 years) 

storage protocol is now being implemented. Storing seeds at ~7o C in a 

refrigerator should increase seed longevity to about 15 years. 

S2.3.4. Develop a long-term seed storage capability. Bok has developed 

a strategy for long-term (15-200+ years) seed storage. This will require 

 21



Weekley and Menges  November 2006 
Florida Ziziphus Strategic Plan 

acquisition of a conventional food storage freezer and its placement in an 

appropriate and secure location. 

 

S2.4 Establish genetically diverse populations through augmentations and 

introductions. The central task of the Florida ziziphus recovery program is the 

establishment of genetically diverse and sexually viable populations. 

Establishment of viable populations requires the genetic augmentation of 

uniclonal populations, the augmentation of populations lacking the full range of 

known genotypes, and the creation of new populations containing multiple cross-

compatible genotypes. Augmentation of extant and translocated populations will 

also minimize the chances of the original in situ genotypes going extinct. 

 S2.4.1. Conduct genetic augmentation of protected in situ populations. 

Genetic augmentations were carried out at the Mitigation Site in 2003 and 

2006 and at the State Forest in 2006. Additional augmentations will be 

conducted at other sites brought under public protection and at 

introduction sites. 

 S2.4.2.  Create new populations on protected sites.  Experimental 

introductions were carried out at the Lake Wales Ridge National Wildlife 

Refuge/Carter Creek in 2002 and at The Nature Conservancy’s Tiger 

Creek Preserve in 2005. Additional introductions will be carried out over 

the next few years in consultation with the Ad Hoc Recovery Team. 

 

S3.  Continue research on the biology, genetics and ecology. Although many 

questions concerning the biology, genetics and ecology of Florida ziziphus have 

been answered, many others remain. Therefore research should continue in 

several areas. 

S3.1. Continue research on the reproductive biology. Breeding system 

experiments and genetic research has determined that Florida ziziphus has a 

gametophytic self-incompatibility system and has assigned most in situ genotypes 

to an S-locus mating type. However, the mating types of new genotypes and of F1 
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plants have not yet been determined. While sexual reproductive failure in Florida 

ziziphus is primarily due to the lack of genetic variation and the small number of 

cross-compatible mating types, other factors (e.g., inbreeding depression, 

outbreeding depression) may also play a role. 

S3.1.1. Assign genotypes to appropriate S-locus mating type.  

Additional work is needed to assign each genotype to the appropriate S-

locus mating type. Knowledge of the mating type of propagules will aid in 

ensuring the establishment of sexually viable populations. Mating type 

assignments require experimental hand-pollinations to determine the 

cross-compatibility of genotypes. The development of a molecular 

protocol for the direct assessment of the S-locus would greatly reduce the 

time and effort required to assign genotypes to the appropriate mating 

type. 

S3.1.2. Explore other sources of reproductive failure.  More work is 

needed to explore other potential sources of sexual reproductive failure 

and to account for the low observed levels of fruit set and of seed 

germination. For example, ongoing research suggests that low pollen 

viability may contribute to reproductive failure in crosses involving some 

cross-compatible genotypes. Inbreeding and outbreeding depression may 

also reduce fruit set, germination rates or seedling survival rates. 

 

S3.2. Continue genetic research. Although the genotypes of the in situ 

populations have been determined, ongoing research is needed to genotype 

seedlings propagated for translocation projects, seedlings recruiting from 

introduced seeds, and new root shoots in the multi-genotype ex situ population. 

Genetic approaches may also aid in assigning S-locus mating types to sexually 

mature individuals. 

S3.2.1. Genotype seedlings resulting from ex situ propagation. 

Generally the maternal genotypes of seedlings grown for use in 

translocation projects are known because fruits are harvested by hand. 
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Given the small pool of potential sires, paternity can also be assigned to 

seedlings. Knowledge of the parentage of seedlings will indicate which 

genotypes are most productive and most promising for use in 

translocations. 

S3.2.2. Genotype seedlings resulting from augmentations and 

introductions.  Seedlings resulting from seeds introduced in translocation 

projects should be genotyped and assigned to the appropriate S-locus 

mating type.  

S3.2.3. Genotype root shoots in the ex situ population. New root shoots 

in the multi-genotype planting beds at Bok must also be genotyped as they 

reach sexual maturity so that the maternal genotype of fruits can be 

recorded in each annual harvest. 

S3.2.4. Continue to explore the use of molecular methods for 

establishing S-locus mating types.  S-locus genotyping to determine the 

mating types of Florida ziziphus genets has no short-term guarantee of 

success. However, if researchers can develop an efficient process to screen 

for S-locus mating types, it will save hundreds of hours of experimental 

hand-pollinations, while providing more definitive mating-type 

assignments. Thus, the effort to develop an S-locus screening protocol for 

Florida ziziphus should continue. 

 

S3.3. Continue research on seed germination requirements. Recent work by 

Bok conservation horticulturalists has resulted in greater success in germinating 

Florida ziziphus seeds in the greenhouse. However, field germination in the 

Carter Creek and Tiger Creek experimental introductions was less than 5%. 

Understanding the in situ germination requirements would facilitate the 

establishment of new populations because sowing seeds is easier and cheaper than 

transplanting potted plants. Additional field experiments are needed to determine 

the germination requirements of Florida ziziphus in the wild. 
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S3.4. Continue research of seedling ecology.  Given the absence until recently 

of in situ seedlings, there has been no opportunity to study the seedling ecology of 

Florida ziziphus. Seedlings germinating from sown seeds in the Tiger Creek 

introduction will be closely monitored to determine growth rates under different 

microhabitat conditions and age at flowering. 

 

S4. Monitoring existing populations. Since 1996, all known populations have been 

monitored using complete annual demographic censuses, mainly by researchers at 

Archbold Biological Station. Monitoring should continue in all in situ, ex situ and 

translocated populations. One goal of monitoring is to track changes in population size 

resulting from different management practices. 

S4.1. Continue to work with private landowners. Since seven of the nine in situ 

populations occur on private lands, it is important to maintain a good working 

relationship with private landowners.  

S4.2. Monitor all in situ, ex situ and translocated populations at least 

annually. Demographic monitoring, the collection of data on survival, growth, 

fecundity and recruitment, is critical for an understanding of population trends 

and threats to the persistence of populations. Analyses using these data can help 

project likely population trajectories and identify critical points in the life cycle 

where appropriate management may be beneficial. 

S4.3. Collect additional data as needed. Particularly for newly introduced 

populations, it may be necessary to collect demographic data at more frequent 

intervals than annually. It may also be necessary to collect additional data on 

microhabitat characteristics, germination rates of introduced seeds, seedling 

survival rates, or results of various management practices. 

 

S5. Provide public information about Florida ziziphus. Numerous avenues are 

available for the dissemination of information about Florida ziziphus, including peer-

reviewed scientific journals and presentations at scientific meetings, publications in 
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popular magazines, and talks at conservation and native plant organizations. Attractive 

and user-friendly websites are another means of reaching a broad audience. 

S5.1. Continue to disseminate results of research via scientific venues.  

Publication of papers in peer-reviewed journals and presentations at scientific 

meetings are the best ways to make information available to the scientific 

community. Since 1996 there have been three scientific publications on the 

genetics and breeding system of Florida ziziphus, a fourth publication, on the 

demographic performance of two in situ populations, is in review. There have also 

been oral or poster presentations at annual meetings of the Plant Biologists of 

South Florida, the Botanical Society of America, the Natural Areas Association, 

the Society for Conservation Biology, and the Society for the Study of Evolution. 

S5.2. Continue to disseminate information via popular venues. Talks to native 

plant groups (e.g., Florida Native Plant Society, including the annual statewide 

conference and local chapter meetings) and conservation organizations (e.g., 

Florida Audubon Society chapter meetings) are an effective way to make 

information available to a broader public audience. 

S5.3. Maintain up-to-date webpages on Florida ziziphus. Up-to-date 

information on Florida ziziphus is available on the Archbold Biological Station 

(www.archbold-station.org) and Historic Bok Sanctuary (www.boksanctuary.org) 

websites. 
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Habitat-level Recovery Actions 
 

H1. Prevent degradation of existing habitat. Much of the remaining potential habitat 

for Florida ziziphus has been acquired by federal, state and private agencies. Preventing 

degradation of this habitat is largely a question of applying prescribed fire on a frequent 

(2-8 years) basis. Pasture sites occupied by Florida ziziphus may also require frequent 

fire to promote regeneration of senescent individuals. Populations occurring in pastures 

or other disturbed sites may require additional management activities, including control 

of cattle and eradication or control of weedy species.  

H1.1. Manage and enhance existing habitat through co-operation with 

landowners. In co-operation with the landowners, Archbold Biological Station 

and Historic Bok Sanctuary together maintain all extant in situ populations. With 

the assistance of the Florida Division of Forestry and The Nature Conservancy, 

prescribed burns have been conducted in all but one of the nine populations; most 

sites have been burned two or more times. 

H1.1.1. Conduct prescribed burns. To avoid burning an entire in situ 

clone at the same time and to provide for populations with plants at 

different life history stages (resprouts, juveniles, flowering adults), it is 

generally necessary to burn part of a site one year and other parts in 

subsequent years. This policy of staggered burns should be continued and 

adjusted as necessary to maintain populations with at least a few flowering 

individuals in any one year. 

H1.1.2. Control exotic and invasive species. Most pasture populations 

have been fenced to prevent damage by cattle. Weed control requires 

recurrent sessions of hand-pulling and clipping.  

  

H2. Restore areas to suitable habitat. Restoration of protected sites to suitable habitat 

generally means burning sandhills degraded by decades of fire suppression. Within the 

known range of Florida ziziphus, suitable habitat is being restored at The Nature 
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Conservancy’s Tiger Creek Preserve, the Lake Wales Ridge National Wildlife Refuge/ 

Carter Creek, Lake Wales Ridge State Forest and Historic Bok Sanctuary. However, 

there are thousands of hectares of degraded sandhills that require aggressive intervention 

by land managers. In most case, restoring sandhill will require the repeated use of 

prescribed fire, perhaps augmented by chainsaw removal of the hardwood subcanopy. 

Restoration of pasture sites acquired by conservation organizations will necessitate 

removal of exotic forage grasses, transplanting key sandhill species and seed sowing to 

re-establish the native ground cover. 

H2.1. Restore the natural fire regime. Restoration of degraded sandhills will 

initially require more frequent burning than the natural fire return interval. 

Minimally, agencies with degraded sandhill should begin burning them on a 2-5 

year rotation. To ensure that restoration is being successful, clear objectives 

should be formulated preburn and postburn monitoring should evaluate the degree 

to which objectives are being met. 

H2.2. Explore the use of chainsaw felling of the subcanopy to enhance 

effectiveness of prescribed fire. The Nature Conservancy and Archbold 

Biological Station report some success in felling the oak/hickory subcanopy prior 

to applying prescribed fire. This approach should be tried by other agencies, with 

results carefully monitored and documented. Other forms of mechanical treatment 

(e.g., mowing, roller-chopping, etc) are contra-indicated for Florida sandhill and 

should not be utilized.  

H2.3. Restore acquired pasture sites to sandhill. The Lake Wales Forest 

Mitigation Site is a former pasture currently undergoing restoration. Sandhill 

restoration on the uplands portions of the site has involved the removal of 

bahiagrass (Paspalum notatum), the planting of longleaf pines (Pinus palustris), 

oaks (Quercus spp.) and palmettos (Serenoa repens and Sabal etonia) and 

broadcast sowing of native graminoids (e.g., Aristida stricta var. beyrichiana, 

Andropogon floridanus) and herbs (e.g., Tephrosia chrysophyllum, Balduina 

angustifolia). 
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H3. Conduct habitat-level research projects. The experimental introduction of Florida 

ziziphus at the Lake Wales Ridge National Wildlife Refuge /Carter Creek was embedded 

in a larger project investigating the restoration dynamics of a long-unburned sandhill. 

Researchers from Archbold Biological Station, in collaboration with The Nature 

Conservancy and the US Fish and Wildlife Service, investigated the benefits of chainsaw 

felling of the hardwood subcanopy as a pre-treatment to burning. Archbold is conducting 

research projects at Carter Creek and at Tiger Creek Preserve to determine the effects of 

habitat, microhabitat and burn history on the demography of Florida ziziphus transplants, 

on germination rates of introduced seeds, and on seedling survival and growth. Several 

Lake Wales Ridge land managers, including the Florida Division of Forestry, TNC, 

Historic Bok Sanctuary and Archbold, are also carrying out multi-year research projects 

centered on restoration of sandhill on their respective properties. 

H3.1. Continue long-term research on sandhill restoration. Most Lake Wales 

Ridge sandhill has been converted to citrus, cattle production or other uses. 

Remaining tracts on protected sites are generally in need of the re-introduction of 

fire. However, there is relatively little data on the fire responses of Lake Wales 

Ridge sandhill endemics and postfire community dynamics. Therefore, it is 

important that land managers seeking to restore sandhills collaborate with 

conservation biologists to study the effects of the re-introduction of fire and the 

use of such methods as chainsaw felling of the subcanopy. 

 

H4. Monitor habitat/ecological processes. 

Fire is the primary ecological process in the Lake Wales Ridge sandhill ecosystem 

apparently favored by Florida ziziphus. It is well known that frequent fire (2-8 years) was 

the historic disturbance regime in sandhills. However, restoration of sandhills degraded 

by decades of fire suppression may require a more frequent application of prescribed fire 

(e.g., 2-5 years) to curtail invasion by sand pines (Pinus clausa) and to reduce the 

oak/hickory (Quercus spp./Carya floridana) subcanopy. While herbaceous species such 

as wiregrass (Aristida stricta var. beyrichiana) may tolerate or even benefit from short-
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interval fires, other species (e.g., Florida ziziphus) may not. Therefore, monitoring the 

effects of fire on a broad spectrum of species, including Florida ziziphus, is critical.  

 

H5. Provide public information about Florida’s unique scrub and sandhill habitats.   

Most participants in the Florida ziziphus recovery effort have outreach programs 

designed to educate the public about the uniqueness and value of Florida’s scrub and 

sandhill habitats. Archbold Biological Station, Historic Bok Sanctuary, The Nature 

Conservancy, the Florida Division of Forestry, and the US Fish and Wildlife Service 

maintain informative websites. Bok’s Endangered Plant Garden is an educational display 

of rare Florida native plants, the majority of which are endemic to scrub and sandhill 

habitats. Archbold, Bok, DOF and TNC maintain nature trails, often with interpretive 

signage. The Lake Wales Ridge Ecosystem Working Group, a consortium of Ridge land 

managers, researchers and conservationists, has distributed tens of thousands of 

brochures on the Lake Wales Ridge. Numerous other programs sponsored by these and 

other organizations are designed to educate the broadest possible audience on the unique 

and irreplaceable xeric upland ecosystems of central Florida. 
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