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COVER PHOTOS 

(From top to bottom of page) 

 

 

Florida ziziphus seeds being dried down in preparation for germination trials. We 

run germination trials annually, using seeds from the most recent harvest and seeds stored 

under a range of storage regimes at Bok Tower Gardens. 

 

High school research assistant Whitney Hummel planting Florida ziziphus seeds 

in the 2009 augmentation at the Lake Wales Ridge National Wildlife Refuge/Carter 

Creek South. Whitney was one of two high school RAs funded by a supplement to a 

National Science Foundation Long-term Research in Environmental Biology (LTREB)  

grant (DEB0812717) in summer 2009. Whitney is now a student at South Florida 

Community College. 

 

High school research assistant Olivia Bullock planting Florida ziziphus seeds in 

the 2009 augmentation at the Lake Wales Ridge National Wildlife Refuge/Carter Creek 

South. Olivia was one of two high school RAs funded by a supplement to a National 

Science Foundation Long-term Research in Environmental Biology (LTREB)  grant 

(DEB0812717) in summer 2009. Olivia is now a student at the University of Central 

Florida. 

 

Dr. Amy Faivre of Cedar Crest College conducting research on pollen viability of 

Florida ziziphus plants representing the range of wild genotypes. 

 

Florida ziziphus seedling grown from seeds harvested from the small new 

population (P01-2) at Lake Wales Ridge State Forest. This is the third in situ population 

from which we have obtained seedlings. 
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This report is dedicated to the memory of Anne Malatesta, 

longtime friend of Archbold Biological Station  

and of Florida ziziphus. 
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Executive Summary 

 

This report presents the results of work performed under FDACS Contract 

#014578 (4 December 2008-30 November 2009) which provides for “Continuation of 

Research on the Federally-Listed Lake Wales Ridge Endemic Florida Ziziphus (Ziziphus 

celata)”.  The seven objectives of this year’s work were to:  

 

1. continue annual demographic monitoring of all in situ, ex situ and introduced 

populations of Florida ziziphus; 

2. summarize and analyze demographic data and extend demographic models to 

incorporate additional data;  

3. continue adaptive management of in situ populations, including prescribed burns 

as needed; 

4. continue research on post-pollination flower and fruit development; 

5. continue ongoing collaboration with the Florida Museum of Natural History 

Laboratory of Molecular Systematics and Evolutionary Genetics to provide 

microsatellite and S-locus genotypes for all new genets;  

6. design and implement at least one large-scale introduction at an appropriate 

publicly protected site between 2007 and 2009; and, 

7. prepare twice-annual reports. 

 

The report is organized into seven chapters. Chapters 1-6 summarize our 

accomplishments under the first six tasks enumerated above. For the sake of 

completeness, we include a seventh chapter on important (but unfunded) 

accomplishments in the Florida ziziphus recovery program. Our interim report (Weekley 

and Menges 2009) and this report accomplish Objective 7 above. 

 

 Chapter 1 summarizes results from the 2009 annual census of all in situ, ex situ 

and translocated populations. This year we collected demographic data on 1808 live 

plants. The 14 in situ populations and the Bok Tower Gardens ex situ population remain 
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stable, with diebacks counterbalanced by resprouting or clonal recruitment. Cumulative 

transplant survival rates in the three experimental introductions range from 66.1% in the 

2005 Tiger Creek Preserve introduction, to 70.8% in the 2002 Carter Creek South 

introduction, to 94.6% in the 2007 Tiger Creek introduction. As a result of early 

flowering, fecundity estimates are incomplete for the in situ uniclonal populations. Multi-

clonal in situ populations and the Bok ex situ population flowered heavily, with some 

plants produced an unusual second flowering flush. We obtained 706 fruits from the large 

Masterpiece South population (P06) and 1292 from the Bok Tower Gardens ex situ 

population.  

 

 In Chapter 2 we present preliminary steps in an expansion of the Ellis et al. 

(2007) demographic model, which was based on two in situ populations and a simplified 

life history cycle with three stages (clonal recruit, new vegetative plant, reproductive 

plant). Using a larger dataset that includes the five new in situ populations as well as the 

three introduced populations, we develop a more realistic and complex life history model 

by dividing vegetative plants into small and large vegetatives and by adding a new stage 

to track resprouts as well as clonal recruits (see Chapter 7.1 and Appendix I for additional 

details on life history stages). Seedlings are not yet included in the model because we 

have never found a wild seedling. At a later time, we will incorporate transplants and 

seedlings from introduced seeds so that we can include translocated populations in future 

modeling.  Examination of transition matrices for some years, based on our expanded 

data set,  confirms the finding of Ellis et al. (2007) that stasis is common for most life 

history stages in most populations (i.e., populations tend to be dominated by plants 

occupying the same stage as they did in the previous year).  

 

Chapter 3 summarizes adaptive management activities for in situ and 

translocated populations of Florida ziziphus, including weeding, exotics removal, control 

of competing vegetation, and prescribed burning. A central finding of Ellis et al. (2007) 

was that clonal recruitment is key to population growth and stability. Thus, site 

maintenance activities aim to promote the survival of new root shoots and to provide 

open sand microsites in the vicinity of established plants for new clonal recruitment. This 
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year we were involved with prescribed burns in seven populations: four Avon Pines 

pasture populations, two 2005 introduction sites at Tiger Creek Preserve, and at  Carter 

Creek South. At Avon Pines and the Lake Wales Forest Mitigation Site, we hand-pulled 

grasses and ruderals and clipped encroaching vegetation. At Tiger Creek, we also clipped 

clonal oaks and palmettos that were encroaching on Florida ziziphus transplants and 

replaced or repaired cages protecting small plants from vertebrate herbivores. 

 

 In Chapter 4, Dr. Amy Faivre presents the results of her two-year study of the 

variation in pollen viability among and within wild genotypes of Florida ziziphus. Amy 

examined pollen, using two different methods, from 54 plants representing at least 29 

genotypes. She found low variability in pollen viability among flowers from the same 

plant, but high variability among plants and genotypes. Pollen viability among plants 

ranged from a 16.4% to 97.6%, with some genotypes having consistently low viability. 

This result is consistent with previous observations (e.g., Weekley 2003) and with 

observations from experimental hand pollinations. In the five new multi-genotype in situ 

populations median percent viability was 86.2%, while at H01-4 it was only 41.9%. 

These results represent a single year, and pollen viability within genotypes or plants may 

also vary from year to year. This year’s work complements Amy’s earlier research 

(Faivre 2007) showing that lack of pollen retention, pollen sterility, fungal infestation, 

and ineffective pollen tube growth inhibit sexual reproduction in Florida ziziphus.  

 

 We present genotyping results incorporating four new microsatellite loci in 

Chapter 5. Dr. Matt Gitzendanner and his colleagues at the Florida Museum of Natural 

History Laboratory of Molecular Systematics and Evolutionary Genetics provided 8-loci 

multi-locus genotypes (msat-8 mlgs) for 596 plants in 15 in situ populations. Msat-8 

genotyping confirms previously established mlgs in most populations, but revises and 

expands our knowledge of genetic diversity in the two large Masterpiece pasture 

populations.  This year’s genetic research brings to 39 the number of genotypes known 

from the wild, with at least half of the genetic diversity concentrated in the Masterpiece 

populations. 
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 In Chapter 6, we present initial results from the 2009 Florida ziziphus 

augmentation at Carter Creek South. To replace transplants lost from the 2002 

introduction and to take advantage of a recent burn, on 9 July we translocated 33 potted 

plants and sowed 480 seeds into unburned and burned sites. Propagules represented at 

least six maternal genotypes and at least two of the three known mating types. At 18 

weeks post-introduction, at least 75.8% of transplants were still alive. Transplant 

“mortality”, based on the absence of leaves, was higher in the burned than in the 

unburned site, perhaps due to lack of shade. To date, two introduced seeds have 

germinated, but we expect additional germination in the coming weeks. An experimental 

introduction at the Lake Wales Ridge State Forest, proposed by the 2008 Ad Hoc 

Recovery Team, has been put on hold, pending approval of the Division of Forestry. 

 

 Chapter 7 provides updates from several other projects relevant to the Florida 

ziziphus recovery program, but not funded by the current Plant Conservation Program 

grant. Projects include updating the SPSS demography database by incorporating 

translocated populations; updating the ArcGIS database that tracks searches for new 

populations; vegetative propagation of wild genotypes using root cuttings and tissue 

culture; and ongoing seed germination trials.  

 

 Table and figures for the seven chapters are included at the end of each chapter; a 

comprehensive bibliography of literature cited is provided at the end of the report. 

 

We also include five appendices: 

 

Appendix I—metadata documentation on the SPSS demographic monitoring database. 

 

Appendix II—metadata documentation on the ArcGIS database on searches for new 

Florida ziziphus populations. 
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Appendix III—a report by Dr. Valerie Pence on tissue culture propagation of wild Florida 

ziziphus genotypes. 

 

Appendix IV—a poster entitled “Demographic and genetic evaluation of initial 

translocation success in Ziziphus celata, a narrowly endemic Florida shrub” presented at 

2009 Ecological Society of America meeting; the same poster with a slightly different 

title was presented at the 2009 Center for Plant Conservation symposium “Evaluating 

Reintroductions as a Plant Conservation Strategy: Two Decades of Evidence”. 

 

Appendix V—an article entitled “Recent developments boost recovery prospects for 

Florida ziziphus” from the Winter 2009 edition of The Palmetto, the quarterly magazine 

of the Florida Native Plant Society. 
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Chapter 1.  2009 Demographic Monitoring 

 

In January 2009, we conducted the 14th annual demographic census of Florida 

ziziphus. Annual censuses are usually scheduled to coincide with flowering, which 

typically peaks in mid January. This year, however, flowering began about a week before 

Christmas, the earliest flowering we have ever recorded. Because peak flowering in most 

populations occurred during the Christmas holidays, when crews were not available for 

full-scale monitoring, we were not able to record complete flowering data at most sites. 

For populations with a history of fruit production (e.g., the ex situ population at Bok 

Tower Gardens, the Avon Pines Pasture-4 population), we conducted flowering surveys 

during the holidays so that we would be able to assess fruit production later in the season. 

There was a second flowering flush in February, from which we collected additional data. 

Second flushes are unusual, but not unprecedented. 

 

Our database now includes 3342 records with 1808 live plants (Table 1.1). We 

collected demographic data from 14 in situ populations (including augmented 

populations), the ex situ population at Bok, and the Carter Creek South and Tiger Creek 

Preserve introduced populations.  

 

Pre-2007 in situ populations 

There was little change in the number of live individuals at most of the pre-2007 

in situ populations between the 2008 and 2009 censuses (Figure 1.1). Because of early 

flowering, we are not able to assign reliable life history stages to most plants in most 

populations or to quantify flower production. Most populations were dominated by plants 

> 50 cm in height, the minimal size at which plants usually begin to flower (Table 1.2); 

some plants > 50 cm in height may have flowered prior to this year’s census. Five of the 

nine populations had either resprouts of old plants that had died back or new root shoots 

(Table 1.2). We provide here additional details on the status of these nine populations. 

 

P01-1 (LAKE WALES RIDGE STATE FOREST-1). Six of the 36 live plants at this site 

represent the remnant in situ population. They have a total of 37 stems (mean ± std: 6.17 
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± 3.8 stems). In 1988, the population comprised 121 stems (DeLaney, pers. comm.). Thus 

in the last two decades, 69% of the original (i.e., 1988) population died out despite 

aggressive management of the site (including three prescribed burns since 1995). Only 

one of these six plants appears healthy and it is the only one to have produced a few 

flowers since 1995. 

 

Two plants are survivors of the 1998 ramet augmentation which translocated 12 

potted plants from the Bok nursery. The transplants were propagated from root cuttings 

collected from the site in 1988-89 from the single original genotype. Both survivors have 

a history of dying back and resprouting and neither has ever grown taller than 40 cm. (In 

contrast, two plants from the same cohort planted in the ex situ Bok Beds population 

grew rapidly and over the last several years have produced thousands of fruits and dozens 

of seedlings.) 

 

The remaining 28 plants are survivors of the 2006 genetic augmentation which 

transplanted 30 potted plants representing at least four maternal genotypes, including the 

original in situ genotype. The augmentation was designed to include plants representing 

at least two of the three confirmed S-locus mating types. The 28 plants are all single 

stemmed and most are under 30 cm in height.  

 

P02 (LAKE WALES FOREST MITIGATION SITE). The single original plant on this 

site died back in 2000 and resprouted as five distinct clumps, only one of which has 

survived; it is now 80 cm tall but has not yet flowered. The other 36 live plants on site are 

survivors from the 2003 and 2006 genetic augmentations. Transplants used in the 2003 

augmentation were mostly clones of other in situ genotypes known at the time (based on 

AFLP genotyping). The 2006 augmentation was based primarily on seedlings 

representing two maternal genotypes and both wild mating types confirmed to date. 

 

In the 2009 census, cumulative survival was 31.1% and 36.7%, respectively, for 

the 2003 and 2006 augmentations. We attribute the relatively high mortality in these 

augmentations to the harsh conditions on the site and the lack of supplemental irrigation 
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during periods of drought. Nine of the 25 survivors from the 2003 augmentation were > 

50 cm in height and a few may have flowered prior to the 2009 census. The 11 

transplants from the 2006 augmentation were all < 50 cm in height. Most plants from 

both augmentations appeared robust in the 2009 census. 

 

 P03 (MOUNTAIN LAKE SANDHILL). This uniclonal population has held steady in 

size over the 14 years that we have been monitoring it (Figure 1.1), with losses balanced 

by recruitment of new root shoots. In 2009, plants ranged in height from 3 – 170 cm and 

most were single-stemmed. We recorded no flowering plants, perhaps because plants 

flowered prior to the census. However, none of the nine plants > 50 cm in height 

flowered in 2008. 

 

 P04 (FRIEDLANDER PASTURE). This uniclonal population has been one of the most 

dynamic populations, with a large increase in size in 1999 after it was fenced to protect it 

from cattle (Figure 1.1). In 2009, plants > 50 cm in height comprised 69.4% of the 

population (Table 1.2). No plants were flowering during the 2009 census, but many may 

have done so before or after it. About a third of these plants flowered in 2008. This 

population is now so dense that it is difficult to measure individual plants. 

 

 P05 (MOUNTAIN LAKE DISTURBED SITE).  This site has been in decline since its 

discovery in 2002, when it included 11 plants, all belonging to the same genotype. 

Damage to the site by ATVs resulted in a loss of some plants, but there has also been 

some recruitment of new root shoots. In 2009 the population included seven live plants, 

all but one > 50 cm in height. Flowering in this population has always been sparse, 

although it increased slightly following removal of exotic trees that overshadowed most 

of the population. We recorded no flowering during the 2009 census. 

 

 H01-1 THROUGH -4 (AVON PINES PASTURE). This population comprises four 

subpopulations, three of which are uniclonal. The three uniclonal subpopulations were all 

fenced to prevent damage from cattle. The largest uniclonal subpopulation, H01-1, 

declined dramatically post-fencing, but the other two subpopulations have been relatively 
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stable in size (Figure 1.1). The percentage of plants > 50 cm in height ranges from 34.4% 

at H01-3 to 52.6% at H01-2 to 61.4% at H01-1 (Table 1.2). We recorded a handful of 

flowering plants in these three subpopulations prior to the 2009 census, but suspect that 

most flowering was over by late December 2008 when we conducted the survey. We 

recorded no flowering during the census in mid January 2009. We did not resurvey these 

three subpopulations for a second round of flowering in February. 

 

 The fourth Avon Pines subpopulation, H01-4, comprises at least four closely 

related genotypes (based on 4-locus microsatellite genotyping). Prior to the 2009 census 

we recorded seven flowering plants (on 30 December 2008), but it appeared that many 

plants had already completed their flowering.  In the January 2009 census, we recorded 

22 live plants, about 75% of which were > 50 cm in height. On 23 February, during the 

second flowering flush, we recorded 11 flowering plants, six of which had more than 

10,000 flowers. On 7 May we conducted a fruit survey, but found only a handful of 

unripe fruits on one individual. Low fruit set may be due to the prolonged drought. 

 

Post-2007 in situ populations 

 The five post-2007 in situ populations also showed little change in size between 

2008 and 2009. P01-2 (LWR State Forest-2), the smallest population, lost one of the five 

plants present on the site at the time of its discovery in 2007; at least two of the four 

surviving plants flowered this year and one plant set ~40 fruits. With the permission of 

the Division of Forestry and a permit from the Division of Plant Industry, we harvested 

most of these fruits for germination trials in the Plant Lab greenhouse. To date, a single 

seed has germinated (see cover photo). 

 

The two new populations at Carter Creek North (H02-1 and -2) had no mortality 

and no recruitment, but plants in both subpopulations are embedded in a dense matrix of 

oaks and are showing signs of senescence (e.g., colonization by epiphytes). All but one of 

these thirty plants was > 50 cm in height in 2009, and several flowered, but the census 

took place too late to quantify flowering.  
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 Annual survival in the two large Masterpiece pasture populations was 99.5% 

(P06) and 97.0% (P07). In these two populations, we marked an additional 51 plants in 

the 2009 census; these new plants represent both root shoots that recruited after the 2008 

census and plants that were previously overlooked. Together the two Masterpiece 

populations now comprise 638 live plants and constitute 58.5% of all wild Florida 

ziziphus plants (Table 1.1). At P06, 77.6% of the plants were > 50 cm in height (Table 

1.2). The corresponding percentage at P07 was 61.6%, reflecting resprouting by several 

dozen plants that were mowed by persons unknown, as well as root shoots in newly 

disturbed areas adjacent to the major concentration of plants. 

 

Because we prioritized these two multi-genotype populations for holiday censuses 

(particularly P06 where we obtained ~2800 fruits last year), we were able to quantify 

flowering for ~42% of the plants. In P06/Group 1 (Figure 1.2), which comprises ~70% of 

the P06 population and which produced almost all the fruits harvested last year, we found 

that at least 70% of the plants flowered and that over half of the flowering plants 

produced at least a few hundred flowers (Figure 1.3). Flowering in the smaller P06 

groups and at P07 was finished by late December, precluding reliable estimates of 

fecundity. However, in 2008 most plants > 50 cm in height at these sites flowered. 

 

In mid-May, we harvested 706 fruits from or around ~25 Florida ziziphus plants, 

all within P06 Group 1 (Figure 1.2). These seeds were included in this year’s germination 

trials in the Plant Lab greenhouse. To date, three seedlings have emerged (see Chapter 

7.4) 

 

Ex situ populations 

 The ex situ population includes the Center for Plant Conservation National 

Collection planting beds at Bok Tower Gardens and small outplantings in the Endangered 

Plant Garden and in Pine Ridge Preserve. The Bok Beds population continues to increase 

in size, despite the high plant density within the beds, due to recruitment of root shoots 

(Figure 1.4). Plant density in two of the four beds holding the original accession is now 

approximately four times greater than it was in 1989, with one bed holding over 100 
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plants (Table 1.3). Overall, 63.7% of plants in the 2009 census were < 50 cm in height 

(mean ± std: 46.4 ± 33.8 cm). Two plants from the original accession are still alive and 

flowering heavily; these plants are now 20 years old and are the plants (sensu Ellis et al. 

2007) of the greatest known age in our dataset. 

 

In 2009, 24.4% (67/275) of live plants in the Bok Beds flowered, down slightly 

from 26.4% in 2008. However, this estimate of the number of flowering plants is based 

on pre- and post-census surveys conducted in late December 2008 (first flowering flush) 

and late February 2009 (second flowering flush). Unlike the census, the surveys did not 

attempt to locate every plant; thus, some small flowering plants or flowering plants with 

intermingled branches may have been overlooked. This year 1292 fruits were harvested 

from the Bok Beds. Three hundred seeds were transferred to the Plant Lab for use in 

germination trials or in the Carter Creek South augmentation. 

 

In addition to the Beds, there are two outplantings of Florida ziziphus at Bok. 

Seven plants residing in the Endangered Plant Garden (EPG) were alive in 2009. Three of 

the seven produced more than 100 flowers each and a total of three fruits were harvested. 

In January 2009, the newly established outplanting in the Pine Ridge Preserve (Weekley 

and Menges 2008) comprised six Florida ziziphus plants representing four wild 

genotypes. All plants were small vegetative individuals. One goal of the outplanting is to 

eventually transfer the ex situ population from the planting beds into a site undergoing 

restoration to sandhill.  

 

Introduced populations 

Since 2002, we have designed and carried out three experimental introductions of 

Florida ziziphus to appropriate protected sites on the Lake Wales Ridge: the Lake Wales 

Ridge National Wildlife Refuge/Carter Creek South (2002) and The Nature 

Conservancy’s Tiger Creek Preserve (2005, 2007).   

 

CARTER CREEK SOUTH (2002 INTRODUCTION). In the 2008 census, conducted a 

few weeks following the December 2007 experimental burn, none of the 16 top-killed 
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plants in the burn area had resprouted and only one of the 15 scorched plants had green 

leaves. These plants were provisionally recorded as dead. In the January 2009 census, 

100% of scorched plants and 93.8% of top-killed plants had refoliated or resprouted; for 

plants in the control blocks and unburned plants in the burn blocks, percent annual 

survival was 90.7% and 95.8%, respectively. Thus, both scorched and top-killed plants 

have survival rates equal to or greater than unburned plants. Cumulative transplant 

survival after six years stands at 70.8%. 

 

Unburned plants in the control blocks were significantly taller than burned plants 

that had refoliated or resprouted (F = 7.987, df = 3, p < 0.001; Figure 1.5). Thirteen 

months postburn, almost all burned plants were much shorter than they had been pre-

burn, suggesting slow recovery rates compared to other scrub and sandhill shrubs. For 

example, scrub plum plants (Prunus geniculata) often regain two-thirds of their preburn 

height within a year of burning (Menges et al. 2008) We have also seen more robust 

regrowth in Florida ziziphus in other burns or following mowing. Sluggish regrowth at 

Carter Creek is consistent with the slow overall growth of transplants at this site. Six and 

a half years post-introduction, only one of 102 surviving transplants is > 50 cm in height 

and no plants have flowered. 

 

In September 2009, we carried out an augmentation at Carter Creek South to 

replace transplants from the 2002 introduction that had died over the last few years. We 

introduced 33 potted transplants and 480 seeds. Additional details on the augmentation 

are provided in Chapter 6. These plants will be incorporated into the annual monitoring 

regime beginning with the January 2010 census. 

 

TIGER CREEK PRESERVE (2005 INTRODUCTION).  The 2005 Tiger Creek 

introduction included 286 transplants and 3000 seeds. In the 2009 census, we recorded 

189 live transplants in the five introduction sites, which ranged from high to low quality 

sandhill (TNC rankings). Overall cumulative survival was 66.1%, but it differed 

significantly among sites (χ
2
 = 12.898, df = 4, p = 0.012), being higher in poor quality 

sites than in good or intermediate quality sites (Figure 1.6a). Differences in annual 
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survival (2008-09) among sites paralleled differences in cumulative survival, but 

statistical analysis of the differences was precluded by low mortality rates at all sites 

(Figure 1.6b). Surviving transplants differed significantly in height (F = 6.659, df = 4, p < 

0.001; Figure 1.7), with plants at one of the poor sites taller than plants at the other four 

sites. However, all sites were dominated by plants < 50 cm in height, only two plants 

were > 50 cm in height, and no plants flowered at any site. 

 

Germination rates of seeds introduced in 2005 differed among sites; it was lowest 

at the good quality site and highest at one of the poor quality sites. This difference has 

been consistently paralleled in seedling survival rates at the five sites. Although in the 

2009 census, chi-square analysis detected no significant difference in seedling survival 

among sites (χ
2
 = 4.601, df = 4, p = 0.331), survival was twice as high in the poor sites as 

in the good and intermediate sites (Figure 1.8). Although there were no significant 

differences in seedling height among sites (F = 2.241, df = 4, p = 0.084), five seedlings at 

the three poor quality sites were > 15 cm in height and one seedling was > 30 cm in 

height. These plants represent that largest seedlings we have seen in any introduction to 

date. For some seedlings, we have also documented robust regrowth following vertebrate 

herbivory.  

  

TIGER CREEK PRESERVE (2007 INTRODUCTION). The October 2007 introduction 

included 110 transplants and 1200 seeds, with half of each propagule type planted in 

adjacent sites differing only in recent fire history. Unit Pf4A was prescribe-burned on 9 

July 2007, while unit Pf6A had been last burned on 6 February 2004 (i.e., over 3.5 years 

prior to the introduction). One goal of the introduction was to compare the performance 

of transplants and seeds in sites with contrasting recent fire histories. However, on 31 

March 2008, the introduced population in unit Pf6A was partially burned by an escaped 

fire from a prescribed burn in a contiguous unit. About 40 of the 55 transplants were 

either burned or scorched, and fire got close enough to some seed array cages to melt the 

plastic toothpicks marking planted seeds. In a 23 May 2008 survey, all unburned plants in 

unit Pf6A were still alive, but 23 of 40 scorched or top-killed plants (57.5%) had no green 

leaves.  
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In the January 2009 census, cumulative survival rates in the two introduction sites 

were exactly equal (94.6% or 52 of 55 transplants), with most burned plants in unit Pf6A 

having resprouted. Plants in the two units did not differ in height (t = 0.073, df = 102, p = 

0.942). No plant in either unit was > 50 cm in height and no plant flowered. 

 

Seedling emergence rates were almost identical in the two sites (~1.3%), with no 

new seedlings recorded since May 2008 (seven months after sowing). Although seedling 

survival was higher in the accidentally burned Pf6A than in Pf4A (70.6% vs. 50.0%), the 

difference was not significant (χ
2
 = 1.463, df = 2, p = 0.226). There was no significant 

difference in seedling size between the two sites (t = 0.399, df = 18, p = 0.695), and most 

seedlings were < 10 cm in height. 

 



 18

Table 1.1. Summary of Florida ziziphus demography database for in situ, ex situ and 

translocated populations. Masterpiece Pastures populations reported separately to 

highlight their importance. 

 

 

Population 
# database 

records 

# live plants 

(2009) 

% of all live plants 

(2009) 

In situ (excluding Masterpiece)* 1387 452 24.99% 

In situ (Masterpiece No. and So.) 658 638 35.21% 

Ex situ  585 282 15.59% 

Carter Creek South 172 104 5.75% 

Tiger Creek Preserve 2005 Intro 431 230 12.71% 

Tiger Creek Preserve 2007 Intro 110 104 5.75% 

TOTAL 3342 1808 100.00% 

 

* includes 2006 augmentations at Lake Wales Ridge State Forest and Lake Wales Forest 

Mitigation sites. 

 

 

 

Table 1.2. Summary of stage and size class data for Florida ziziphus plants in nine pre-

2007 in situ populations. The “plants <50 cm in height” class generally corresponds to 

small vegetative individuals since plants under 50 cm rarely flower. The “plants >50 cm 

in height” includes both large vegetative individuals and plants that may have flowered 

prior to this year’s demographic census. Root shoots and resprouts are also <50 cm in 

height, but are recognized a separate stage classes. “Total # live plants” is the sum of the 

other four columns.  

 

population 
total # live 

plants 

# root 

shoots 

# 

resprouts 

# plants <50 

cm in height 

# plants >50 cm 

in height 

P01-1 36 0 0 33 3 

P02 37 0 0 27 10 

P03 22 5 1 7 9 

P04 170 13 1 38 118 

P05 7 0 0 1 6 

H01-1 44 3 3 11 27 

H01-2 19 0 1 8 10 

H01-3 62
a 

8 1 31 21 

H01-4 22
b 

0 0 5 15 

TOTAL  419 29 7 161 219 

 
a
 height data missing for one plant; 

b
 height data missing for two plants. 
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Table 1.3. Descriptive summary for Florida ziziphus plants in National Collection 

planting beds at Bok Tower Gardens. The table shows the number of plants in each bed, 

and the minimum, maximum and mean height (± standard deviation) of the plants. 

 

 

 

 

 

 

 

 

 

 

 

Bed # of plants minimum height maximum height mean height (cm) ± stdev  

I-5 43 2 161 53.5 ± 35.8 

II-2 6 29 107 70.3 ± 31.2 

II-5 91 2 133 47.5 ± 31.7 

II-20 103 4 82 33.1 ± 20.2 

III-14 12 13 182 86.3 ± 61.2 

II-19 5 13 71 37.8 ± 22.8 

II-15 1 46 46 46.0  

II-4 1 137 137 137.0 

III-13 2 52 112 82.0 ± 42.4 
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Figure 1.1. Changes in population size for nine pre-2007 in situ Florida ziziphus 

populations or subpopulations (1996-2009). P01 = LWR State Forest (including 2006 

augmentation); P02 = LW Forest Mitigation Site (including 2003 and 2006 

augmentations); P03 = Mountain Lake Sandhill; P04 = LW Pasture Site; P05 = Mountain 

Lake Disturbed Site; H01 = Avon Pines Pasture Site (four subpopulations). 
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Group 

Group 

Group 

Group 

Group 
Group 

 

Figure 1.2. Distribution of six groups of Florida ziziphus plants at the Masterpiece South 

pasture site (P06). Numbers in yellow refer to microsatellite genotypes of plants within 

each group. However, new multi-locus genotype assignments based on 8-loci 

microsatellites have not yet been incorporated into the map. Group 1 is the largest group, 

comprising ~70% of the plants on this site.  
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Figure 1.3. Percent Florida ziziphus flowering plants in each of six log10 categories for 

Masterpiece Pasture South (P06) population/Group 1 in January 2009. 
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Figure 1.4. Changes in population size, new plant recruitment, and percentage of 

reproductive adults for the ex situ Florida ziziphus population in the planting beds at Bok 

Tower Gardens (1999-2009). Flowering estimate for 2009 is based on pre-and post-

census surveys of the first (late December 2008) and second (late February) flowering 

flushes and may underestimate the total number of flowering plants. 
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Figure 1.5. Mean height ± 95% CI (in cm) for Florida ziziphus plants at Carter Creek 

South in four postburn categories from the January 2009 census (13 months postburn). 

Control (unburned) plants were in treatment blocks outside the designated burn area, 

while unburned plants were within the burn area, but did not burn. Bars sharing a letter 

above the upper bar do not differ significantly, based on post hoc tests using Tukey’s 

HSD. 
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Figure 1.6. (A) Cumulative (2005-2009) and (B) annual (2008-09) survival of Florida 

ziziphus transplants in five 2005 introduction sites at Tiger Creek Preserve.  
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Figure 1.7. Mean height ± 95% CI (in cm) in January 2009 of Florida ziziphus transplants 

from the 2005 introduction in five sites at Tiger Creek Preserve differing in habitat 

quality. Bars sharing a letter above the upper bar do not differ significantly, based on post 

hoc tests using Tukey’s HSD. 
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Figure 1.8. Cumulative percent survival in January 2009 of Florida ziziphus seedlings 

from the 2005 introduction in five sites at Tiger Creek Preserve. 
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Chapter 2. Analysis of Demographic Trends and Demographic Modeling 

 

Previous modeling of the demography of Florida ziziphus by Ellis et al. (2007) 

relied on a simplified life cycle with only three life history stages: new clonal recruits, 

vegetative plants, and reproductive plants. In this report, we begin the process of 

analyzing a more realistic life cycle. First, we divide the vegetative stage into small 

vegetative plants (≤ 50 cm in height, the typical cutoff for flowering) and large vegetative 

plants (> 50 cm in height). We also propose to add stages related to the dieback and 

resprouting cycle of this species. We distinguish two stages for plants that appear dead 

during an annual census (in January) but later reappear. Plants may be top-killed by fire 

(or other disturbances) and later recover, or they may simply die back and then recover. 

We define a third stage (“resprout”) for the plant during the year that it recovers. At this 

point, we will postpone dealing explicitly with seedlings and transplants, but that will be 

added in the near future. The updated life cycle graph is shown in Figure 2.1. 

 

 The Ellis et al. (2007) approach led to consideration of seven matrix elements (see 

Table 3 in that paper). Our more realistic, but complex life cycle leads to additional 

transitions. These transitions are shown in Table 2.1. Transitions include cases of growth 

to a higher stage, regression to a lesser stage, stasis (remaining in the same stage), 

transitions that are part of a cycle of top-kill/dieback and resprouting, and new clonal 

reproduction. 

 

 Certain transitions are (in general) far more common than others. Death is usually 

uncommon but varies among years and stages. For example, in the three pairs of years 

presented in this report (Tables 2.2, 2.3, 2.4), annual mortality of new root shoots varied 

widely (2.2-22.2%) as did mortality of reproductive plants (0-19.5%). Mortality of large 

vegetative plants varied widely among these three years (2.2-26.5%), but small vegetative 

plants always had < 12% mortality (Tables 2.2, 2.3, 2.4). 

 

 Stasis was the most common fate of most plans. Over three-quarters of small 

vegetative plants remained small, and over two-thirds of reproductive plants remained 
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reproductive in the years examined. On the other hand, large vegetative plants either 

tended to remain in this stage (e.g. 49.4% in 2003-04; Table 2.4) or tended to advance to 

reproductive status (e.g. 70.2% in 2007-08; Table 2.2), depending on the year. Jumps 

between stages were uncommon, i.e. few new root shoots or small vegetative plants 

skipped the large vegetative stage and jumped to reproductive and few reproductive 

plants regressed to small vegetative plants in one year, skipping the large reproductive 

stage. This basic conservatism reflects the woody life form and modest growth rates of 

Florida ziziphus. 

 

 Nonetheless, some plants go through cycles of dieback and regrowth, often in 

response to specific disturbances. Established plants sometimes are classed as resprouts 

in the following year; this occurred in 2005-06 (Table 2.3), but not in the other two years 

reported here (Tables 2.2, 2.4). Alternatively, plants may be absent in one year but found 

in a subsequent year; they are termed to have either died back or, if burned, been top-

killed in the intervening year. In our example years reported here, a few plants tended to 

die back in each of the three years reported. In other years not reported here, plants were 

top-killed. All died back or top-killed plants, by definition, transition to resprouts the 

following year. Further analyses will be necessary to assess whether we have sufficient 

data to include the dieback/top-kill/resprout cycle as separate stages in modeling the 

dynamics of Florida ziziphus populations. 

 

 These transitions vary by year and population and constitute a rich dataset for 

future modeling efforts. For example, consider the fate of small vegetative plants between 

2007-08. These small plants can die, remain small, grow to larger plants, resprout, 

dieback, or be top-killed (Table 2.5). No 2007 small vegetative plants grew to become 

reproductive in 2008. Populations also varied in the fate of small vegetative plants during 

this annual transition. Among populations with more than seven small vegetative plants, 

mortality was relatively high for the two Tiger Creek introductions (9%) and H01-3 (8%), 

but no mortality occurred for several other populations. In most populations, more than 

70% of small vegetative plants remained in that category (i.e., exhibited stasis); an 

exception was P04, where many plants grew to become large vegetative plants, and H01-
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3, where substantial numbers of plants either became large vegetatives or resprouted. The 

large number of small vegetative plants at Carter Creek South that were top-killed 

reflected the 2006 prescribed fire that took place at the site of the 2002 introduction (see 

Chapter 1 for additional details on Carter Creek South 2006 prescribed burn). 

 

 Similar tables can be constructed for each pair of years in the dataset, and also for 

the other transitions shown in Table 2.1. In some cases, sample size limitations will have 

to be dealt with. As an example, data on reproductive plants are not available for most 

populations from 2007-08 (Table 2.6). When sample sizes for a transition were < 6, Ellis 

et al. (2007) pooled data (from other years) to parameterize models. The larger dataset 

now being prepared may allow us to avoid such pooling in the future. 
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Table 2.1. Transitions for which we have data on Florida ziziphus. Other transitions are 

possible but are unlikely and not shown. We also do not show (yet) transitions involving 

seedlings or transplants. See Figure 2.1 for a diagram that includes these transitions. 

 

 

From Stage To Stage Interpretation Calculation 

New Clonal Ramet Small Vegetative Growth Direct 

Small Vegetative Small Vegetative Stasis Direct 

Small Vegetative Large Vegetative Growth Direct 

Large Vegetative Small Vegetative Regression Direct 

Large Vegetative Large Vegetative Stasis Direct 

Large Vegetative Reproductive Growth Direct 

Reproductive Large Vegetative Regression Direct 

Reproductive Reproductive Stasis Direct 

New Clonal Ramet Top-Killed Cycle Direct (fire) 

Small Vegetative Top-Killed Cycle Direct (fire) 

Large Vegetative Top-Killed Cycle Direct (fire) 

Reproductive Top-Killed Cycle Direct (fire) 

New Clonal Ramet Died Back Cycle Direct (no fire) 

Small Vegetative Died Back Cycle Direct (no fire) 

Large Vegetative Died Back Cycle Direct (no fire) 

Reproductive Died Back Cycle Direct (no fire) 

Top-Killed Resprout Cycle Direct 

Died Back Resprout Cycle Direct 

Resprout Small Vegetative Cycle Direct 

Resprout Large Vegetative Cycle Direct 

Resprout Reproductive Cycle Direct 

All Plants New Clonal Ramets Clonal reproduction Indirect from ratio 
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Table 2.2. Fates of plants of various stages, 2007-08, across all populations. 

 

 

Initial Stage N* 

Percent that become… 

Dead 

Small 

Veget

. 

Large 

Veget

. 

Repro-

ductive 
Resprout 

Died 

back 

Top-

killed 

New Root 

Shoot 

55 2.2 77.8 17.8 0 0 2.2 0 

Small 

Vegetative 

517 6.2 78.5 5.4 0 0 3.1 5.0 

Large 

Vegetative 

131 2.2 2.2 13.7 70.2 0 0 0 

Reproductive 67 0 3.0 26.9 70.1 0 0 0 

Resprout 25 24.0 76.0 0 0 0 0 0 

Died back 1 0 0 0 0 100.0 0 0 

Top-killed 0        

  

* Not including “tag-not-found”. 

 

 

 

 

 

 

Table 2.3. Fates of plants of various stages, 2005-06, across all populations. 

 

 

Initial Stage N* 

Percent that become… 

Dead 
Small 

Veget. 

Large 

Veget. 

Repro-

ductive 
Resprout 

Died 

back 

Top-

killed 

New Root 

Shoot 

27 22.2 40.7 29.6 7.4 0 0 0 

Small 

Vegetative 

224 9.8 76.8 7.1 0 4.9 0 0 

Large 

Vegetative 

113 26.5 12.4 39.8 19.5 1.8 0 0 

Reproductive 79 15.2 1.3 13.9 64.6 3.8 1.3 0 

Resprout 20 15.0 65.0 10.0 10.0 0 0 0 

Died back 5 0 0 0 0 100.0 0 0 

Top-killed 0        

  

* Not including “tag-not-found”. 
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Table 2.4. Fates of plants of various stages, 2003-04, across all populations. 

 

Initial Stage N* 

Percent that become… 

Dead 

Small 

Veget

. 

Large 

Veget

. 

Repro-

ductive 
Resprout 

Died 

back 

Top-

killed 

New Root 

Shoot 

18 16.7 50.0 33.3 0 0 0 0 

Small 

Vegetative 

223 11.2 83.0 4.9 0.9 0 0 0 

Large 

Vegetative 

79 24.1 6.3 49.4 20.3 0 0 0 

Reproductive 195 19.5 0.5 12.8 67.2 0 0 0 

Resprout 2 0 50.0 0 0 0 50.0 0 

Died back 0        

Top-killed 0        

  

* Not including “tag-not-found”. 

 

 

 

Table 2.5. Fates of small vegetative plants, 2007-08, by population. Percentages based on 

samples sizes less than 6 are shown in italics. 

 

Pop N* 

Percent that become… 

Dead 
Small 

Veget. 

Large 

Veget. 

Repro-

ductive 
Resprout 

Died 

back 

Top-

killed 

P01-1 37 2.7 94.6 2.7 0 0 0 0 

P02 7 14.3 85.7 0 0 0 0 0 

P03 5 0 80.0 20.0 0 0 0 0 

P04 20 0 40.0 60.0 0 0 0 0 

H01-1 8 0 87.5 0 0 0 12.5 0 

H01-2 7 0 71.4 28.6 0 0 00 0 

H01-3 26 7.7 53.8 23.1 0 11.5 3.8 0 

H01-4 3 33.3 66.7 0 0 0 0 0 

P05 0 - - - 0 - 0 0 

CCS 109 1.8 72.5 0 0 0.9 0.9 23.9 

TCP 271 9.2 83.4 0.7 0 1.8 4.8 0 

 

* Not including “tag not found” plants.  
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Table 2.6. Fates of reproductive plants, 2007-08, by population. Percentages based on 

samples sizes less than 6 are shown in italics. 

 

Pop N* 

Percent that become… 

Dead Small 

Veget. 

Large 

Veget. 

Repro-

ductive 

Resprout Died 

back 

Top-

killed 

P01-1 0        

P02 0        

P03 5 0 0 0 100.0 0 0 0 

P04 53 0 3.8 22.6 73.6 0 0 0 

H01-1 0        

H01-2 1 0 0 100.0 0 0 0 0 

H01-3 0        

H01-4 8 0 0 0 100.0 0 0 0 

P05 0        

CCS 0        

TCP 0        

 

* Not including “tag not found” plants.  
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Figure 2.1. Life cycle of Florida ziziphus including cycles of top-killing/dieback and 

resprouting. Not included are seedling recruitment (unknown from the wild) and 

introduction of seeds and plants in translocations. Each arrow represents a transition for 

which we have direct data. The rate of new clonal ramet production is estimated from the 

ratio of new clonal ramets to the total of older plants in the prior year. Some rare 

transitions are not shown (see Tables 2.2-2.4). 

 

 

New Clonal 

Ramet 

(New Plant) 

Small 

Vegetative 

Large 

Vegetative 

Repro-

ductive 

Top-killed 

(e.g. fire) 

Died back 

(no fire) 

Resprout 
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Chapter 3. Adaptive Management 

 

 To mitigate the threat of long-term decline, Ellis et al. (2007) recommended 

promoting the survival of in situ clonal recruits and resprouts. This finding underscores 

the need for aggressive management of in situ populations, including weed control in 

pasture sites and the use of prescribed fire. In the period covered by this report, we 

continued to use prescribed fire in the management of Florida ziziphus populations both 

experimentally and for site maintenance. We also hand-pulled pasture grasses and other 

ruderals and pruned encroaching shrubs from around Florida ziziphus plants. In this 

chapter, we summarize site maintenance activities at four sites (Table 3.1). We also 

report on plans by the Florida Fish and Wildlife Conservation Committee (FWC) to 

initiate a sandhill restoration project on the Lake Wales Ridge Wildlife and 

Environmental Area/Carter Creek North, the site where two of the newly discovered 

(spring 2007) Florida ziziphus populations occur (Weekley and Menges 2007). 

 

Prescribed burns at Avon Pines, Tiger Creek Preserve, and Carter Creek South 

 In 2009, we were involved with three experimental burns and four site 

maintenance burns. In site maintenance burns, our goal is to control pasture grasses and 

other competing vegetation and we generally avoid burning Florida ziziphus plants unless 

they are dead or senescent. In experimental burns, we usually burn selected Florida 

ziziphus plants and we often deploy Hobo digital dataloggers with type-K thermocouples 

to record fire intensity data. We do not burn all plants at any site or in any single burn. 

 

AVON PINES PASTURE POPULATIONS  

On 22 January 2009, we conducted site maintenance burns in the four 

subpopulations at the Avon Pines pasture site. Three of the four sites are dominated by 

exotic pasture grasses and weedy vines are a recurrent problem at the fourth site. By 

keeping areas adjacent to existing plants relatively free of competing vegetation, we hope 

to encourage the production of new root shoots and to prevent root shoot mortality. The 

burns were carried out by personnel from Archbold Biological Station (ABS) and The 

Nature Conservancy (TNC) (Figure 3.1). We used large pieces of wet cardboard and 
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aluminum flashing to keep fire away from Florida ziziphus plants (Figure 3.2). In 

combination with twice-annual weeding under and around plants, fire is proving an 

effective method to control grasses and weeds (Figure 3.3). We also burned dead plants 

(Figure 3.4) to open the area beneath them for colonization by root shoots.  

 

TIGER CREEK PRESERVE 

On 18 April 2009, TNC land managers prescribe-burned unit Cehi 18, a “good 

quality” sandhill site with 29 live plants as of the January census. Despite its high quality, 

this site has had the poorest transplant survival (50.0%) of any of the five 2005 

introduction sites. It is also the only one of the five 2005 introduction sites where the 

average plant was shorter in 2009 than it was when it was transplanted. (In contrast, at 

two of the other four introduction sites plants are now significantly taller than when they 

were transplanted.) One goal of the prescribed burn was to determine if fire would 

promote growth and result in more robust individuals.  In burning the site, TNC made no 

effort to either include or exclude any plants. Eleven of the 29 live plants on the site were 

unburned, seven were lightly scorched, and 11 were consumed (all or most leaves burned 

off). In the 1-month postburn survey, no burned plants had resprouted. However, it often 

takes several weeks for burned plants to refoliate or resprout. Transplants that have been 

burned at TCP and at CCS have had high rates of resprouting and survival in the past. We 

anticipate that most 2009 burned plants will have recovered by the January 2010 census. 

 

On 10 September 2009, in collaboration with TNC, we carried out a small 

experimental burn in Burn Unit Pf3. The burn was designed to provide for a comparison 

of plant survival and growth rates between Florida ziziphus populations in similar habitat 

on either side of a firelane (Pf6 not burned, Pf 3 burned). Prior to the burn we deployed 

Hobo dataloggers to record fire temperatures at the base of the 38 plants targeted for 

burning. The burn was patchy, but 33 of the targeted plants were scorched or consumed 

(Figure 3.5). In the 1-month postburn survey, only one of the 33 burned plants had 

resprouted. However, we anticipate that most will resprout or refoliate between now and 

the January 2010 census. In future analyses we will compare growth rates of Pf3 

resprouts to unburned plants in Pf6 to see if burning promotes more rapid growth rates. 
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CARTER CREEK SOUTH 

 Land managers from the US Fish and Wildlife Service conducted a helicopter 

burn covering the entire 628 ac Lake Wales Ridge National Wildlife Refuge/Carter Creek 

South site on 10 June 2009. However, the burn was patchy and large areas of the sandhill, 

some of which had been burned in the December 2007 helicopter burn, remained 

unburned (Figure 3.6). Of 104 live plants (including 102 transplants and two in situ 

seedlings), 55 (52.8%) were either scorched or consumed. Postburn survival of these 

plants will be assessed in the January 2010 census. 

 

Fifty-four Florida ziziphus plants occurred in areas included in both the December 

2007 and the June 2009 helicopter burns. Of these, 15 plants were not burned in either 

burn, 21 were burned in one of the other, and 18 were burned in both (Table 3.2). It will 

be interesting to document the responses of the 18 twice-burned plants in the 2010 census 

as this will give us insight into the tolerance of Florida ziziphus to the fire frequencies 

believed to be historically characteristic of Lake Wales Ridge sandhills. 

  

Hand-weeding at the Lake Wales Forest Mitigation Site and Avon Pines 

 Controlling exotic grasses and other weeds impacting Florida ziziphus 

populations in pasture sites is a recurrent challenge. At the Avon Pines pasture site, we 

fenced three of the four subpopulations to prevent damage to plants by cattle. In the 

absence of cattle, exotic grasses and other weeds have run rampant. While we can use fire 

to control pasture grasses elsewhere on a site, in the immediate vicinity of Florida 

ziziphus plants we have relied on weeding by hand. Fire is also ineffective in controlling 

native (e.g., Clematis spp.) and exotic (e.g., Momordica charantia) vines that can blanket 

plants in the absence of hand-pulling. At the Lake Wales Forest Mitigation Site, where a 

former bahia grass pasture is being restored to sandhill, invasive exotics (e.g.,  Richardia 

basiliensis and Chenopodium ambrosioides) pose a threat to the establishment of small 

Florida ziziphus transplants introduced in 2003 and 2006 and may have played a role in 

the relatively low transplant survival rates on this site.  
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LAKE WALES FOREST MITIGATION SITE 

 In January 2009, during annual demographic monitoring of the augmented Lake 

Wales Forest Florida ziziphus population, we used hand rakes to clear graminoids and 

exotic herbs encroaching on small transplants or transplant resprouts. Fortunately, many 

transplants are now close to a meter in height and seem to be developing herb-free zones 

beneath their small canopies. However, smaller transplants still require removal of 

encroaching ruderals to ensure their survival and reduce competition for water and scare 

soil nutrients. 

 

AVON PINES PASTURE POPULATIONS 

Given the challenge of combating pasture grasses and exotic vines in the four 

Avon Pines pasture populations, we mobilized a large crew on 30 October 2009 (Figure 

3.7-3.9). As in previous years, we cleared pasture grasses from around the bases of 

Florida ziziphus plants in the three fenced populations (Figure 3.10). In the unfenced 

Avon Pines-4 population, encroaching pasture grasses are less of a problem than balsam 

apple (Momordica charantia), an exotic vine capable of covering other vegetation within 

a few weeks. Several Florida ziziphus plants were completely covered by balsam apple 

(Figure 3.11 and 3.12), and at least one plant may have been killed by it. We had 

previously removed balsam apple from this population in spring 2009 during a visit to 

monitor fruit production. It appears that this section of the pasture is not currently being 

maintained by the landowner and that it is no longer being used for graze cattle. The 

absence of cattle from this site may have contributed to the rapid spread of balsam apple 

between May and October. We are exploring the potential use of herbicides in 

combination with more frequent hand-pulling to bring this noxious vine under control. 

 

Site maintenance in introduced populations 

Introducing Florida ziziphus to recently burned scrubby sandhill sites undergoing 

restoration poses special challenges because fire promotes the spread of clonal oaks and 

native vines (e.g. Smilax and Galactia). At Tiger Creek Preserve, for example, rapid 

postburn regrowth of oaks and palmettos has resulted in encroachment of these shrubs on 

Florida ziziphus transplants.  In February 2009, we carried out maintenance activities in 
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the five sites at Tiger Creek where the 2005 introduction was installed. At four of the five 

sites, we clipped encroaching vegetation (mainly clonal oaks, palmettos and Smilax 

vines) from Florida ziziphus plants and from the cages enclosing them. We also repaired 

or replaced damaged cages. 

 

Proposed sandhill restoration at Carter Creek North 

 Plans by an outside contractor working for the Florida Fish and Wildlife 

Conservation Commission (FWC) to burn the Carter Creek North sandhill, which 

contains two small disjunct populations of Florida ziziphus (Weekley and Menges 2007), 

have been repeatedly postponed. The FWC is currently planning to initiate a sandhill 

restoration project on the site that will utilize mechanical and chemical means to 

accelerate reduction of the hardwood subcanopy (J. Morse, FWC, pers. comm.). We are 

co-operating with the FWC to ensure that the “hack-and-squirt” approach does not 

jeopardize Florida ziziphus plants or other federally listed species on the site. For 

example, hardwoods within a 15.2-m (50”) radius of all known Florida ziziphus shrubs 

will be removed by hand under the direct supervision of ABS or FWC personnel. 

Following the “hack-and-squirt” treatment, the entire site will be burned with the 

participation of our lab. As is our usual practice in such burns, we will place Hobo 

dataloggers beneath each Florida ziziphus shrub to record fire intensity data and we will 

closely monitor postburn recovery. 
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Table 3.1. Summary of site management activities at four Florida ziziphus sites. 

 

 

 

 

Table 3.2. Summary of burn history of 54 Florida ziziphus plants included in both the 

December 2007 and the June 2009 prescribed fire helicopter burns at Carter Creek South. 

 

 Rx burn 03 December 2007 
TOTAL 

Unburned  Scorched Consumed 

Rx burn  

10 June 2009 

Unburned  
15 8 5 28 

Scorched 
5 4 4 13 

Consumed 
3 3 7 13 

TOTAL 
23 15 16 54 

 

 

 

 

 

 

 

Date Site Activity 

16 January 2009 LW Forest Mitigation Site Hand pulling weeds 

22 January 2009 Avon Pines 1-4 Site maintenance burn 

18 February 2009 Tiger Creek Preserve 
Removal of encroaching vegetation; 

repair & replace cages 

18 April 2009 Tiger Creek Preserve Experimental burn in Cehi 18 

10 June 2009 Carter Creek South Experimental burn  

10 September 2009 Tiger Creek Preserve Experimental burn in Pf3 

30 October 2009 Avon Pines 1-4 
Hand pulling weeds and exotic 

pasture grasses, clipping vines 
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Figure 3.1. Florida ziziphus fire crew for January 2009 site maintenance burn at Avon 

Pines pasture populations. Left to right: Kevin Main (ABS Land Manager), Sarah Haller 

(in front; ABS Plant Ecology Lab research assistant), Owen Ratliff (behind Sarah; ABS 

Land Manager intern); Thomas Crate (TNC), Brian Pitts (TNC), Adam Peterson (TNC 

Fire Boss), Byron Kelly (TNC), Kelly Greg (TNC) and Mark Frickel (TNC). 
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Figure 3.2. Micro-managing site maintenance burn. Fire crew uses aluminum flashing to 

protect Florida ziziphus plants while burning off exotic pasture grasses. 
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Figure 3.3. Hand-weeding around Florida ziziphus plants, in combination with burning, is 

providing adequate control of encroaching vegetation and aggressive exotic pasture 

grasses. 
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Figure 3.4. Burning dead or senescent Florida ziziphus plants provides favorable 

microsites for recruitment of clonal root shoots. 
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Figure 3.5. Florida ziziphus transplant # 361 from 2005 introduction burned in September 

2009 prescribed fire at Tiger Creek Preserve. 
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Figure 3.6. Aerial photograph of a portion of Carter Creek South sandhill helicopter-

burned on 10 June 2009. The sand road, known as Central Highway, runs south from the 

bottom of the image. Note that the area east of Central Highway has more complete fire 

coverage than the area to the west, which had been previously burned in December 2007. 

An ABS Plant Lab crew was installing the irrigation system for the July Florida ziziphus 

augmentation on the day of the fly-over (9 July 2009). 
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Figure 3.7. Florida ziziphus weeding crew from Archbold Biological Station, at Avon 

Pines pasture site on 30 October 2009. Top row, left to right:  Stacy Smith, Megan 

Larson and Jesse Wheeler. Bottom row, left to right: Brent Bachelder (volunteer), Sarah 

Fraser, Sarah-Jo Haller, Mat Levine, and Aaron David. 
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Figure 3.8. ABS 

Plant Lab interns 

Megan Larson (in 

front) and Aaron 

David (in back) 

remove balsam 

apple vine from 

Florida ziziphus 

plant # 718 in 

Avon Pines-4 sub-

population. Note 

layers of dead vine 

beneath upper 

layer of live vine. 

Despite heavy 

infestation, this 

plant survived. 

 

 

 

 

 

 

 

 

Figure 3.9. ABS Plant Lab interns Jesse Wheeler (in 

front) and Aaron David (in back) use rakes and hoes 

to remove bahia grass from around base of large 

Florida ziziphus plant. Dense bahia grass around base 

of plants makes it difficult to access plants for 

monitoring and may co-opt areas where root shoots 

can emerge. 
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Figure 3.10. Small clump of Florida ziziphus plants in Avon Pines-1 pasture site 

following hand-pulling of bahia grass, bermuda grass, and other aggressive exotic pasture 

grasses. Maintaining grass-free zones around plants is designed to encourage emergence 

of root shoots and to facilitate annual site maintenance burns (see Figures 3.2 and 3.3 

above). 
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Figure 3.11. Balsam 

apple completely 

covers group of large 

Florida ziziphus 

plants in Avon Pines-

4 sub-population on 

30 October 2009. 

These plants had last 

been cleared of 

balsam apple in 

April/May 2009.  

 

 

 

 

 

 

 

Figure 3.12. The same group 

of large Florida ziziphus 

plants as in Figure 3.11 after 

hand-removal of balsam 

apple. It took a crew of seven 

almost an hour to completely 

clear away the vine and 

exotic grasses growing 

beneath these plants. 
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Chapter 4.   Pollen Viability Compared Among Individuals, Genotypes, and 

Populations of Florida Ziziphus (Ziziphus celata) - 2009  

 

Amy E. Faivre 

 

Introduction 

 Florida’s scrub and sandhill habitats contain approximately 40 endemic species 

(Christman and Judd 1990), including the federally endangered clonal shrub Florida 

ziziphus (Ziziphus celata).  Ziziphus celata was thought to have been extirpated, but was 

rediscovered 20 years ago (DeLaney et al. 1989).  Prior to 2007, nine naturally occurring 

populations had been found along central Florida’s Lake Wales Ridge.  Since then, five 

additional populations have been found (Weekley and Menges 2007).  Other populations 

of Florida ziziphus include an ex situ population established at the Center for Plant 

Conservation National Collection at Bok Tower Gardens in Lake Wales, FL and three 

additional populations introduced to the  protected areas of the Lake Wales Ridge 

National Wildlife Refuge/Carter Creek South and to the Nature Conservancy’s Tiger 

Creek Preserve (Weekley and Menges 2008).  However, as agriculture and residential 

development have continued to expand in this area of central Florida, loss of habitat and 

isolation of small populations are the greatest threat to the survival of Florida ziziphus 

and a number of other Lake Wales Ridge endemics.  In part because of habitat 

destruction and small population size, Florida ziziphus appears to have a variety of 

reasons for low sexual reproduction that push it further towards extinction (Weekley and 

Race 2001; Weekley et al. 2002; Weekley 2003; Weekley and Menges 2004, 2005). 

 

 Previous research (Weekley and Race 2001) indicates that Florida ziziphus has a 

gametophytic self-incompatibility (GSI) system and that many of the naturally occurring 

populations have extremely low genetic variability (Godt et al. 1997; Weekley et al. 

2002; Weekley et al. 2007; Gitzendanner et al. unpubl. data).  The GSI system not only 

inhibits a plant from accepting its own pollen, it also prevents it from accepting half of 

the pollen from another plant that shares one of its S-alleles (Nettancourt 1977; Heslop-

Harrison 1983; Gibbs 1986).  Thus, for endangered species with small population sizes, 

certain breeding systems and self-incompatibility systems severely limit the potential 
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number and availability of mates (Owen et al. 1993; Negron-Ortiz 1998; Simmonds 

2002).   Previous genetic and pollination studies (Godt et al. 1997; Weekley and Race 

2001; Weekley et al. 2002) have identified two cross-compatible genotypes among wild 

Florida ziziphus populations.  However, even after plants belonging to cross-compatible 

mating types have been carefully hand pollinated, fruit set is extremely low and seeds 

have often been aborted or are inviable (Weekley et al. 2002; Weekley 2003; Weekley 

and Menges 2004). 

 

 The results of previous research on other potential sources of sexual reproductive 

failure (Faivre 2007) indicate that low pollen retention, pollen sterility, fungal infestation, 

and ineffective pollen tube growth all inhibit sexual reproduction in Florida ziziphus.   

Though many aborted fruits contain hollow seeds, surprisingly, a few aborted fruits 

contained well-formed embryos within their seeds (Faivre 2007).  Seed germination for 

this species is quite low and fruit abortion quite high.  There may be variation in the 

quality of pollen from different pollen donors.  Evidence includes low retention of pollen 

grains on the stigma surface following a number of hand pollinations, differences in 

retention among the types of crosses (with self crosses having significantly higher pollen 

retention), variation in pollen tube germination, and differences pollen tube growth into 

the style between crosses done with cross-incompatible and compatible genotypes (Faivre 

2007).  However, compatible crosses have significantly greater pollen tube growth into 

the ovules than self- or cross-incompatible crosses (Faivre 2007). 

 

 To determine if there is variability in pollen viability produced by Florida 

ziziphus, two protocols were developed.  The first protocol was tried in 2008 and was too 

time-consuming to process many samples. Thus, a second protocol was developed just 

prior to the 2008 report; both are described below and in Faivre (2008).  I first compare 

results for genotypes analyzed using both protocols.  Secondly, I report percentages of 

pollen viability (calculated on a per plant basis) for all plants analyzed using the second 

protocol (53 of the 64 plants from which data were collected), among 26 genotypes, and 

among eleven populations/sub-populations (including Bok Tower Gardens as a single 

population).   
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Methods 

Flower Collections of Florida Ziziphus and Staining  

Researchers at Archbold Biological Station collected 10 flowers per plant from 64 

plants in January and February 2008.  Five flowers from each plant were placed in 

microcentrifuge tubes containing 1 ml. of lactophenol-aniline blue stain (Maneval 1936).  

Thus, there were two samples or two vials representing each plant.  These samples 

represent 26 genotypes of Florida ziziphus and were collected from ten wild populations 

as well as the ex situ population Bok Tower Gardens. Flowers were sent to Cedar Crest 

College in Allentown, PA to be observed using bright field microscopy. 

 

Microscopy  

As described in Faivre (2008), several protocols for mounting and observing 

stained pollen grains were tried.  Initially pollen viability analyses were done on a semi-

per flower basis.  One of the five flowers was removed from the vial filled with stain, the 

five anthers were mounted on a slide, and the remaining pollen grains adhering to that 

flower were dabbed onto the slide.  The pollen grains within the anthers (Figure 4.1) and 

the pollen grains out of the anthers but distributed under the coverslip were counted and 

scored.  To help keep track of the pollen grains not in the anthers, another coverslip on 

which a 1mm X 1mm grid of 132 squares was overlaid on the coverslip (Figure 4.2).  

Only pollen grains within each 1mm X 1mm square were included; pollen grains that lay 

under the lines of the grid were not included, as they were difficult to distinguish and 

score.  Thirteen plants (39 flowers) and seven genotypes were assessed using this 

protocol.   

 

The protocol described above and in Faivre (2008) turned out to be a fairly time-

consuming process.  Thus, the majority of the samples were analyzed using the protocol 

also described in Faivre (2008) and below. The second method relies on a 

hemocytometer, a gridded microscope slide used for counting microscopic particles. For 

each microcentrifuge tube of 5 flowers, the contents were vortexed using a Vortex-2 

Genie (VWR Scientific).  Using a 1ml. pipette, a small amount of free-floating pollen and 
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stain solution was drawn out of the microcentrifuge tube and used to charge both sides of 

a hemocytometer.  Using the grid lines on the hemocytometer, all pollen grains within 

and on the grid lines of both chambers of the hemocytometer were counted and scored.  

This procedure was repeated for each microcentrifuge tube, so for most samples there 

were four counts per tube (i.e., the hemocytometer was loaded twice and both chambers 

of the hemocytometer were counted after each loading).  For a few samples in this report 

there were as many as six or eight counts per tube, and for a few samples there were only 

two counts per tube.  Data were gathered for 53 plants and 26 genotypes using this 

protocol. However, for some plants, data were collected from only one of the two 

microcentrifuge tubes.  

 

Using the first protocol described above, pollen viability was estimated from 

scoring 500 – 2000+ pollen grains. Using the second protocol (with the hemocytometer) 

pollen viability was estimated from scoring 100-2000+ pollen grains, though most 

estimates involved about 350-550 grains.  The data using the first protocol were 

estimated on a per flower basis, with the understanding that the free-floating pollen grains 

came from all five flowers within the same vial.  The data for the second protocol were 

estimated purely on a per plant basis, with the free-floating pollen grains coming from all 

flowers in the microcentrifuge tube.  Pollen grains were scored as having been viable if 

they were dark blue (Figure 4.3).  Pollen grains were scored as having been inviable 

(Figure 4.3) if they were light blue or clear (as suggested by Mayer 1991).  Yellow pollen 

grains were only found within anthers when using the first protocol and were much 

smaller than other pollen grains. They were recorded but not included within the data 

analyses, as they appeared to be immature pollen grains in which viability could not be 

determined.   

 

Images of pollen grains for Figures 4.1-4.3 were recorded using a Nikon 

DXM1200 camera mounted on a BX60 Olympus microscope.  Figures 4.4-4.6 were 

recorded using a Nikon Coolpix 995 camera mounted on a Leitz Dialux 20 microscope.  

All data collected and images recorded at 40x and 100x, with an occasional need to view 

the pollen grains at 400x to clarify scoring as clear, light blue or dark blue. 
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Results 

Observations of Stained Pollen   

 Both within the anthers themselves and in the free-floating pollen there were 

observable differences among stained pollen grains. Dark blue pollen grains were scored 

as viable and both light blue and clear pollen grains were scored as inviable using 

guidelines in Mayer (1991).  Because yellow pollen grains were smaller than any of the 

other pollen grains observed and were only found in anthers, it was assumed that they 

were immature pollen grains.  They were counted but left out of all analyses.  After 

working with a number of samples, it was observed that some plants obviously had a 

much higher or much lower number of viable pollen grains, even before the sample had 

been fully counted and scored.  The sample shown in Figure 4.4 had an observably large 

number of viable pollen grains.  The sample shown in Figure 4.5 had an observably 

larger number of inviable, especially clear pollen grains.  A sample with fairly equal 

numbers of viable and inviable grains is shown in Figure 4.6. 

 

Comparison of Protocols within Genotype  

 Comparison of results from using the first protocol (Figure 4.7) and second 

protocol (Figure 4.8) show some similarity in the results of the mean percentage of viable 

pollen grains among genotypes.  Genotypes 2 and 3 showed low percentages of viable 

pollen using both protocols and genotypes 24 and 25 had high percentages of viable 

pollen using both protocols.  Genotype 1 had quite variable results when scored using the 

first protocol, and when using the second protocol had a much higher mean percentage of 

viable pollen grains.  Genotype 44 also appeared to have a higher percentage of viable 

pollen grains when scored using the second protocol, though it also showed a fair amount 

of variability.  Genotype 4a, alternatively, seemed to have a lower percentage of viable 

pollen when scored with the second protocol, though also quite variable. 

 

Pollen Viability within Individual Plants  

  Pollen viability varied little within individual plants (i.e. when the percentage of 

viable pollen grains had been recorded for both microcentrifuge tubes) (Table 4.1).  
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However, there were a few individual plants that showed a high level of variation 

between the percent viable pollen determined between the two samples, as seen for plants 

151 from H01-2, 116, 153, and 507 (Table 4.1).  

 

Pollen Viability Compared among Genotypes 

Pollen viability at the level of genotype ranged from a low mean of almost 20% 

viable pollen (genotype 10) to a high mean of almost 97% viable pollen (genotype 25) 

(Figure 4.8).  More than half of the genotypes had fairly high percentages of > 80% 

viable pollen grains.  Genotypes with low percentages of viable pollen tended to be quite 

variable in their percentages of viable pollen (Figure 4.8) when compared to variation 

within genotypes (Table 4.1).  For genotype 8 (Table 4.1), two of the plants have percent 

pollen viabilities in the mid to high 60s and two of the plants have percent pollen 

viabilities of 94%.  For genotype 11, plant 89 has an extremely low percentage of viable 

pollen (18.5%), but plants 226 and 97 have much higher percentages of viable pollen 

(75.7% and 89%, respectively).  Thus, although plants may share the same genotype, they 

do not always produce similar amounts of viable pollen. 

 

Pollen Viability at the Population Level 

 Looking at population locations and percentages of viable pollen in the plants that 

occur there, there are often interesting trends (Table 4.1).  Overall, the population at 

Mountain Lake Sandhill (P03) and Avon Pines Pasture sub-populations H01-4 and H01-2 

had plants with the lowest percentages of viable pollen. However, there was only a single 

plant represented from H01-2.  Plant 703 from sub-population H01-4 had about 77% 

viable pollen, but all other plants from H01-4 ranged from about 22% - 61% viable 

pollen. From the population at Friedlander Pasture (P04) there was one plant each with 

low, medium, and high percentages of viable pollen.  Plants from the Lake Wales Ridge 

Wildlife and Environmental Area/Carter Creek North western sub-population H02-1 had 

low to medium percentages of viable pollen. Plants from sub-populations H01-1 at Avon 

Pines Pasture and H02-2 (one plant) at Lake Wales Ridge Wildlife and Environmental 

Area/Carter Creek North (eastern sub-population) had fairly high percentages of viable 

pollen, as did plants from Masterpiece populations P06 and the one plant from P07.  
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Pollen collected from the ex situ population at Bok Tower Gardens generally had medium 

to high percentages of viable pollen.  

 

Discussion 

 Because previous studies (Faivre 2007) have shown that a number of hand 

pollinated flowers of Florida ziziphus did not retain pollen grains following pollination 

and that differences in the initial success of pollination often favored self-crosses over 

out-crossed flowers, variation among plants in their quality as pollen donors was 

expected.  This study represents an analysis to determine if pollen viability varied among 

individual plants, and if that variation followed patterns consistent with a plant’s 

genotype or population.   

 

There are numerous ways to assess pollen viability (as reviewed in Kearns and 

Inouye 1993).  Because pollen could not be tested directly from field collections, the 

lactophenol-aniline blue staining technique (Maneval 1936) was chosen.  Pollen viability 

results using this staining procedure in comparison to a vital staining procedure with 

malate dehydrogenase found no significant difference (Mayer 1991).   

 

The first method chosen was an attempt to estimate pollen viability on a per 

flower basis.  The positive aspect of this approach was that pollen scored from the five 

anthers of an individual flower gave an estimate of variability among flowers of the same 

plant.  However, included on each slide were free-floating pollen grains that had been in 

the microcentrifuge tube.  Although we attributed these grains to the individual flower 

being examined these grains actually represented pollen released from all five flowers 

contained within the microcentrifuge tube (all of which came from the same individual 

plant).  Thus, those counts were not truly representative of individual flowers, but were 

representative of individual plants.  The most negative aspect of this first protocol was 

that scoring free-floating pollen grains, which were often in excess of 2000 grains per 

slide, was quite time-consuming.  Because so many of the pollen grains in the counts 

were from the free-floating solution rather than the anthers, undoubtedly the percentage 
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of viable pollen calculated was more representative of the plant, and not of the individual 

flower. 

 

In attempts to estimate pollen viability in a more efficient manner, a second 

protocol was designed.  Previous studies (cited in Kearns and Inouye 1993) used a 

hemocytometer to score and count stained pollen grains.  This method was an 

improvement in terms of time to do the counts, and the data in this study were generally 

consistent when all four counts representing the same microcentrifuge tube were 

compared. The disadvantage of this procedure was that slightly fewer pollen grains were 

scored.   

 

Comparison of Protocols within Genotype 

Results from the first and second protocol were compared among genotypes 

(Figures 4.7, 4.8). In general, genotypes that had low percentages of viable pollen or 

genotypes with high percentages of viable pollen were scored similarly when comparing 

the results of the first and second protocols. Genotypes not at the extremes of having low 

or high amounts of viable pollen such as genotypes 44 and 1 tended to give somewhat 

different results when comparing the first and second protocols (Figures 4.7, 4.8).  Some 

of this could have been predicted with the level of variability often observed between 

individual plants that have the same genotype (Table 4.1).  The second protocol would 

have included additional samples per plant and often additional plants in the estimation of 

percent viable pollen when compared to the first protocol.  These differences most likely 

led to some of the changes in scores for the mean percentage of viable pollen per 

genotype when comparing results from the first and second protocols. 

 

Pollen Viability within Individual Plant  

 Within individual plants, variability was expected to be low when comparing data 

collected for both samples (both microcentrifuge tubes).  For most plants where both 

samples were processed (Table 4.1), results were consistent between samples.  However,   

few plants had high variability between samples. This may have been a sampling error: 

perhaps one sample was vortexed for a longer period of time, with differences in the 
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amount of viable and inviable pollen in the suspension, though attempts were made to 

vortex each sample for 30 seconds. Kearns and Inouye (1993) noted that some pollination 

biologists have found variability in pollen viability among flowers on the same plant. 

Thus, some of the variation seen between the two samples from the same plant may have 

represented differences in the individual flowers collected within each sample. 

 

Pollen Viability Compared among Genotypes 

Plants with certain genotypes like genotypes 2 and 10 all appeared to have 

consistently low numbers of viable pollen (Table 4.1).  For other genotypes, such as 

genotype 11, results from one plant indicated low pollen viability, but two other plants 

with the same genotype had medium to fairly high pollen viability (Table 4.1). Plants 

with genotypes 25 and 29 were fairly consistent in having high levels of pollen viability.  

The level of variability among the genotypes with lower percentages of viable pollen was 

higher than the genotypes with higher percentages of viable pollen. However, this may 

simply be related to the number of individual plants that have been sampled for particular 

genotypes. Many of the genotypes with low to mid-level percentages of pollen viability 

are represented by results from three or four individual plants.   Most genotypes with high 

percentages of viable pollen, if represented by more than one individual plant in the 

analysis, have only two plants with that genotype. 

 

Pollen Viability at the Population Level 

 When pollen viability results are compared from lowest to highest among 

individual plants (Table 4.1), it is interesting to note their population of origin. Using the 

population descriptions in Weekley and Menges (2008), some of the smaller and 

uniclonal populations have lower percentages of viable pollen (i.e., Mountain Lake 

Sandhill P03 and Avon Pines Pasture H01-2). Weekley and Race (2001) hypothesized 

that poor pollen viability might have contributed to the failure of hand-pollinations 

involving the P03 population. The largest populations with multiple genotypes and 

multiple individuals also tend to have plants with the highest percentages of viable pollen 

(i.e., the Masterpiece populations P06 and P07). Interestingly, plants in the Bok Tower 
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planting beds generally have mid- to high percentages of viable pollen grains, and there is 

a fair amount of fruit set among these plants.  

 

Conclusions 

Ultimately the goal of this project is to identify “good” and “poor” pollen donors 

among individual plants and genotypes. However, data collected for this study represents 

a single season.  Pollen viability has been shown to vary with changes in temperature and 

humidity (Burke et al. 2007; van der Walt and Littlejohn 1996). It is possible that some of 

the “good” donors of this season may not perform as well in a season with different 

weather conditions. As mentioned above, variability for pollen viability has been 

recorded to occur within individual plants as well (Kearns and Inouye 1993). Before 

making a final decision on which plants to use as pollen donors, it may be useful to 

double check their pollen viability in a particular season to ensure that they are 

consistently performing well in that season. 
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 Table 4.1. Using the second protocol, calculated on a per plant basis was % viable 

pollen (mean ± standard deviation for plants with more than 1 sample); for plants with a 

single sample the % given is not a mean, just a single estimate.  Plants are grouped by 

genotype; the three plants with unknown genotypes appear at the end of the table. The 

source or population where the plant occurs is also included in the table.  

 

 

Genotype Population
a
 Plant  id# # samples 

% pollen 

viability
b 

± standard 

deviation 

1 H01-1 391 1 89.9  

1 H01-1 701 1 91.5  

1 BOK II-5 103 2 74.8  ± 3.68 

2 H01-2 151 2 22.5  ±13.44 

2 BOK II-5 121 2 57.75  ± 5.59 

3 BOK II-20 237 2 62.75  ± 6.15 

8 BOK I-5 454 2 65.9 ± 2.62 

8 BOK I-5 391 2 67.3  ± 3.39 

8 BOK I-5 542 2 94.0  ± 2.55 

8 BOK III-14 185 2 94.65  ± 0.64 

9 BOK II-2  183 1 95.9  

10 P03 506 2 16.4  ± 4.74 

10 P03 117 2 18.0 ± 8.56 

10 P03 538 1 30.3  

11 P04 89 1 18.5  

11 P04 226 1 75.7  

11 P04 97 1 89.0  

17 H02-1 116 2 65.4 ±13.93 

17 H02-1 117 1 70.6  

17 H02-1 113 1 73.6  

19 P06 168 1 81.5  

19 P06 169 2 82.7  ± 3.11 

19 P06 167 2 84.5  ± 6.58 

21 P07 211 1 86.2  

23 P06 144 2 73.6  ± 8.13 

23 P06 140 1 89.4  

24 P06 103 1 83.6  

25 P06 127 2 96.3  ± 1.84 

25 P06 120 2 97.6  ± 0.28 

26 P06 128 1 95.8  

27 P06 132 1 94.9  

28 P06 145 2 94.3  ± 1.13 
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Genotype Population
a
 Plant  id# # samples 

% pollen 

viability
b 

± standard 

deviation 

29 P06 153 2 83.7  ± 14.21 

29 P06 150 1 86.1  

29 P06 151 2 90.3  ± 1.48 

30 P06 134 1 93.3  

32 P06 199 1 84.2  

34 P01-2 1 1 91.8  

35 H02-2 208 1 96.4  

44 P06 182 1 72.2  

44 P06 189 2 94.3  ± 2.12 

4a H01-4 721 1 52.1  

4a H01-4 703 1 77.4  

4b H01-4 741 1 32.7  

4b H01-4 747 1 37.7  

4b H01-4 742 1 39.7  

4b H01-4 727 1 61.9  

4c H01-4 718 1 22.5  

4c H01-4 738 1 44.1  

unknown BOK II-20 507 2 73.2  ± 19.87 

unknown H01-4 708 1 29.2  

unknown H02-2 202 1 89.3  

unknown BOK II-5 317 1 90.6  

 
a
 Population Symbols represent: H01-1 through H01-4 = Avon Pines Pasture, H02-1 = 

Lake Wales Ridge Wildlife and Environmental Area/Carter Creek North (western 

population), H02-2 = Lake Wales Ridge Wildlife and Environmental Area/Carter Creek 

North (eastern population), P03 = Mountain Lake Sandhill, P04= Friedlander Pasture, 

P06 and P07 = Masterpiece, BOK = Bok Tower planting beds (I-5, II-5, II-2, II-20, III-

14) . 

 
b
 Values are means when sample size is >1. 
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Figure 4.1. One of five anthers removed from microcentrifuge tube and mounted 

on microscope slide.  Anther viewed at 40x and 100x to score viable vs. inviable 

pollen grains.  Most pollen grains in this anther from plant 113 and genotype 17 

stained dark blue indicating viability.  This was one step within the first protocol. 

Photographed at 40x. 
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Figure 4.2. Use of overlaid grid with 132 squares each 1mm X 1mm in which 

pollen grains falling within the grid lines (but not under the grid lines) were 

scored, following the scoring of the five anthers.  This image is of pollen from a 

flower of plant 113 and genotype 17.  This was one step within the first protocol. 

Photographed at 40x. 
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Figure 4.3. Variation found in stained pollen grains from plant 506 and genotype 

10. Arrow 1 points to a dark blue pollen grain that would have been scored as 

having been viable. Arrow 2 points to a light blue pollen grain and arrow 3 points 

to a clear pollen grain; both were scored as inviable. Photographed at 100x. 
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Figure 4.4.  A sample analyzed using the second protocol, hemocytometer method 

which has a majority of viable pollen grains.  The only two inviable pollen grains 

in the photo are indicated by the arrows.  Sample was collected from plant 153 

with genotype 29 in population P06. It had 93.7% viable pollen. Photographed at 

40x. 
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Figure 4.5. A sample analyzed using the second protocol, hemocytometer method 

which has a majority of inviable or clear pollen grains. Sample was collected from 

plant 538 with genotype 10 in population P03.  It had 30.3% viable pollen. 

Photographed at 40x. 
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Figure 4.6. A sample analyzed using the second protocol, hemocytometer method, which 

has a fairly equal amount of viable and inviable pollen grains. Sample was collected from 

plant 121 with genotype 2 in population Bok II-5.  It had a mean of 57.75% viable pollen. 

Photographed at 40x. 
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Figure 4.7. Percent pollen viability at the level of genotype as determined using the first 

protocol.  The mean % pollen viability and standard deviation are graphed for all 

genotypes having at least two flowers analyzed.  For genotypes with only a single flower, 

no error bars appear (genotypes 2 and 25).  The genotypes are ordered from those with 

the smallest percentage to the largest percentage of viable pollen.   
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Figure 4.8. Percent pollen viability at the level of genotype as determined using the 

second protocol.  The mean % pollen viability and standard deviation are graphed for all 

genotypes having counts from at least two microcentrifuge tubes (which may represent 

two different plants or the same individual plant). The genotypes are ordered from those 

with the smallest percentage to the largest percentage of viable pollen.  
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Chapter 5.   Genetics Research 

 

 In previous genotyping of in situ and ex situ Florida ziziphus populations, plant 

geneticists at the Florida Museum of Natural History Laboratory of Molecular 

Systematics and Evolutionary Genetics (GenLab) relied on four microsatellite loci to 

identify genotypes for Florida ziziphus plants and to provide parentage analysis of 

seedlings obtained from germination trials. However, with the tripling of the number of 

wild genotypes, four microsatellite loci proved inadequate in distinguishing among 

closely related genotypes. In addition, four loci are unable to provide reliable parentage 

analysis, particularly with a much larger pool of potential parents. Therefore, the GenLab 

developed four additional loci. Here we report results of 8-loci microsatellite (Table 5.1) 

genotyping based on a large sample of the 14 in situ populations now included in our 

demography database. The GenLab also ran samples from a small site probably doomed 

to extirpation (the AC Site, see below), as well as from the ex situ Bok Beds population. 

 

 The primary objective of this year’s work was to confirm the multi-locus 

genotype (mlg) assignments in the nine pre-2007 populations and to more firmly 

establish and extend microsatellite genotyping in the five post-2007 populations. 

Previous genetics research using several approaches indicated that eight of the nine pre-

2007 populations are uniclonal (Godt et al. 1997, Weekley et al. 2002, Weekley et al. 

2007, Gitzendanner et al. unpubl. data). Based on 4-loci microsatellite genotyping, the 

ninth population, Avon Pines-4 (H01-4), appeared to comprise four closely related mlgs 

(Weekley et al. 2007). Four-loci microsatellite genotyping also indicated that four of the 

five post-2007 populations comprised at least two mlgs, and that Masterpiece South, the 

largest of the new populations, might comprise as many as18 mlgs (Weekley and Menges 

2008). 

 

 The GenLab assigned 596 plants in the 15 wild populations (i.e., including the AC 

Site) to 8-locus microsatellite (msat-8) mlgs (Table 5.2). For all uniclonal populations 

and the multi-genotype Avon Pines-4 subpopulation (Table 5.3), msat-8 mlgs mapped 

onto mlgs previously assigned by other methods. However, in the Masterpiece pasture 



 73

populations (P06 and P07) and the contiguous AC Site, msat-8 genotyping resulted in 

considerable revision of the mlgs assigned by msat-4 genotyping (see Weekley and 

Menges 2008 for msat-4 mlgs). In addition, the GenLab provided msat-8 mlgs for 15 

plants in the Bok Beds and one from the augmented P02 population, and paternity 

assignments for seven plants.  

 

Avon Pines-4 Pasture population (H01-4) 

 The Avon Pines-4 population has been something of a mystery since we regained 

access to it in 2001. It is the only pre-2007 in situ population that produces viable fruits. 

However, we have been unable to identify the pollen donor(s) for the fruits obtained, 

even with experimental hand pollinations (Weekley and Menges 2008). The recognition 

by msat-4 genotyping of additional genetic variation on this site (Weekley et al. 2007) 

raised the possibility that the new mlgs might constitute one or more new S-locus mating 

types. All four mlgs, designated 4a-4d, also occur in the Bok Beds population and have 

been implicated as potential sires of seedlings from mlgs 1, 2 and 3 (which all belong to 

S-locus mating type I). However, in many cases msat-4 genotyping could not determine 

which of the four mlg subtypes was the pollen donor for seedlings of known maternity. 

 

Based on msat-4 genotyping, the four new mlgs were closely related, differing 

from one another by alleles at two loci. At locus MS003, 4a and b have the genotype 

267/275, while 4c has 271/275 and 4d has 269/275; at locus MS004, 4a,c and d have 

257/261, while 4b has 257/26. All four mlg 4 subtypes share the 275 allele at MS003, so 

that if it is the paternal allele, as will happen 50% of the time, it will not be possible to 

distinguish among the subtypes in assigning paternity. Similarly, only 4b differs at 

MS004 and only by one allele. Conversely, the 275 allele at MS003 is known from the 

four mlg 4 subtypes, mlg 10 (mating type I, not in the Bok Beds) and 49 (mating type 

unknown, not in the Bok Beds). Thus, while many seedlings cannot be narrowed down to 

mlg 4 subtypes, when the 275 allele is found in a seedling from a Bok Beds maternal 

plant, it is clear that one of the mlg 4 subtypes was involved in the cross.  Unfortunately, 

the four new microsatellite markers do not provide additional data for distinguishing the 

mlg 4 subtypes (Table 5.3) from one another. It is possible that the minimal variation 
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detected to date is a result of somatic mutations in physiologically independent (clonal) 

plants (all differences in alleles are one or two insertion/deletion steps from each other), 

and that the four subtypes all belong to the same S-locus mating type (mating type II). 

Resolution of the status of this population will require further genetic research, perhaps 

using additional microsatellite markers. 

 

Masterpiece Pasture populations (P06 and P07) and the AC Site 

 To date, msat-8 genotyping has assigned mlgs to 69.7% of the Masterpiece South 

(P06) population, 51.2% of the Masterpiece North (P07) population, and 33.3% of the 

AC Site population (Table 5.2). (The AC population is located within 1 or 2 meters of the 

fenceline separating Masterpiece North from a site that was being prepared for 

development in 2007. We did not include the AC population in our demographic 

monitoring because access to the site was uncertain and its loss appeared imminent. 

However, we collected leaves for genetic analysis and root cuttings for clonal 

propagation at Bok.) 

 

 Overall, msat-8 genotyping upheld 12 of the 22 mlgs defined by msat-4 

genotyping, dropped nine, and added six new mlgs, resulting in a total of 19 msat-8 mlgs 

at the three sites. The biggest change was the elimination of mlg 21 at Masterpiece North 

and the AC Site, with most plants re-assigned to the new mlg 45; there were also 

numerous re-assignments among mlgs at Masterpiece South. In most cases, re-

assignments were due to better resolution with the addition of the four new loci. 

 

 With 15 msat-8 mlgs, Masterpiece South (Table 5.4; Figure 5.1)  harbors three 

times the genetic diversity of Masterpiece North (Table 5.5; Figure 5.2), which has five 

msat-8 mlgs.  However, at both sites a single mlg is dominant. At Masterpiece South, 

64.3% of msat-8 genotypes, and at least 44.8% of all plants on site, belong to mlg 44. At 

Masterpiece North, 74.1% of msat-8 mlgs, and at least 37.9% of all plants on site, belong 

to mlg 45. At each site, most plants belonging to each of these mlgs comprise large but 

distinct clusters designated Group 1 (Figures 5.1 and 5.2). Within each Group 1, 

however, there are one or more plants assigned to another mlg, indicating that neither 
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group is totally clonal. However, the minority mlgs in both cases may be closely related 

to the dominant mlg and may have arisen through somatic mutations. 

 

 At both Masterpiece sites, smaller groups may also comprise more than one msat-

8 mlg (Table 5.3 and 5.4). The most extreme example is Group 3 at Masterpiece South. 

With 67 plants (82.1% genotyped to date), it has at least 10 mlgs, seven of which are 

represented by five of fewer plants (Table 5.4). Other groups at both sites often have 

what appear to be rare or unique mlgs nestled among plants represented a more dominant 

mlg (Table 5.4 and 5.5). Again, it is possible that the small genetic difference detected by 

msat-8 mlgs among some of these plants is due to somatic mutations. It is also possible 

for closely related genotypes to belong to different S-locus mating types. 

 

 Although msat-8 genotypes map convincingly onto previously established 

genotypes in most Florida ziziphus populations, this has not been the case in the large and 

critically important Masterpiece populations. Because msat-8 genotyping has resulted in 

many re-assignments and because clusters of plants often include rare or unique mlgs, 

identifying additional genetic variation (and clarifying remaining ambiguities) at the 

Masterpiece sites remains a priority for the recovery program. Altogether, 62.5% of the 

plants on these two sites have now been genotyped with 8-loci microsatellites, leaving 

247 un-genotyped. Any new mlgs identified will be targeted for ex situ vegetative 

propagation via root cuttings or tissue culture (see Chapter 7.3). 

 

Other msat-8 genotyping 

 Although we focused this year on acquiring 8-locus genotypes for the in situ 

populations, we also included a few important plants from the Bok Beds ex situ 

population. Our goal was to have available msat-8 genotypes for flowering plants that 

have been significant contributors to fruit production in recent years. The GenLab 

provided msat-8 mlgs for 15 plants representing mlgs 2, 3, 4a, 8, and 9. Msat-8 mlgs 

mapped onto the mlgs assigned by previous genotyping using other methods. 
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Search for the S-locus in Florida ziziphus 

 Efforts to isolate the S-locus in Florida ziziphus have so far been unsuccessful. 

Knowing the mating types of the genotypes present in extant  populations, seedlings 

obtained from these populations, and  the Bok ex situ population will greatly advance our 

understanding of the reproductive biology of Florida ziziphus. This will also enhance our 

ability to design translocation projects that maximize the likelihood of sexual 

reproductive success. We remain committed to this goal and are currently exploring a 

new approach to this critical task. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 77

Table 5.1.  Primer sequence information, repeat motif, and number of alleles found in 

Florida ziziphus samples for the 8 loci microsatellite used in this study. The M13 tailing 

sequence (CACGACGTTGTAAAACGAC) was added to the 5’ end of all forward 

primers. 

 

* 
MS005 has a null allele (does not amplify) in many genotypes. 

 

 

 

 

 

 

 

 

 

 

 

Primer 

name 

Repeat 

Motif 

Primer sequence (5’-3’) # of alleles 

MS003_F 
GA 

CAGATGAAGAAACATCAACTGAAA 
18 

MS003_R CCATGTTAACCACCGTTCCT 

MS004_F 
GA 

CAGCACGAATGCCATTTTAG 
8 

MS004_R TCGGTGAAGACACACTCAGC 

MS005_F 
GA 

TGACGTTATAAGAATAGCGAGTCA 
6* 

MS005_R AGCCGGGAAGGCTTATTTT 

MS013_F 
GA 

GCTGCCTGTTTGTGAATGAG 
5 

MS013_R TTTGCAGGTCATGCTGAGAC 

MS121_F 
AAG 

GCTGTCAACATTCATCCTAGT 
4 

MS121_R TCTTATTAAGGCAGTCCAGAA 

MS125_F 
AAG 

ATCGTTTCTGTCTGTATGGTG 
7 

MS125_R TTCCACAACAAGTTGAAGAGT 

MS130_F 
AAG 

AAGGTTGGCTTTGTTCTTC 
1 

MS130_R CAGTGAATCCACTAGCATTTT 

MS139_F 
CA 

CCCACTTATCTAATGCAACAC 
9 

MS139_R CCCTTCTTTTGGAAATTTAAC 
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Table 5.2. Summary of 8-loci microsatellite genotyping for 15 in situ Florida ziziphus 

populations. Shown for each population are the number of cases in the SPSS demography 

database, the number and percentage of plants genotyped with eight loci, the number of 

multi-locus genotypes (mlgs) established by 8-loci microsatellites (msat-8), and the 

number assigned to each msat-8 mlg. The AC Site is slated for development and is not 

included in the SPSS database. For populations with more than two msat-8 mlgs, see 

Tables 5.3-5-5. 

 

Population # cases #/% genotyped # msat-8 mlgs msat-8 mlg 

AC Site 30 10 (33.3%) 2 45, 52 

Avon Pines-1 309 43 (13.9%) 1 1 

Avon Pines-2 135 9 (6.7%) 1 2 

Avon Pines-3 239 13 (5.4%) 1 3 

Avon Pines-4 74 30 (40.5%) 4 See Table 5.3 

CCN-West 23 21 (91.3%) 2 16, 17 

CCN-East 7 7 (100%) 2 33, 35 

LWRSF-1 21 5 (23.8%) 1 8 

LWRSF-2 5 5 (100%) 1 34 

LW Forest Mitigat Site 6 1 (16.7%) 1 9 

Mt. Lake Sandhill  70 8 (11.8%) 1 10 

Friedlanders 336 28 (8.3%) 1 11 

Mt. Lake Disturbed 25 5 (20.0%) 1 15 

Masterpiece- South 402 280 (69.7%) 15 See Table 5.4 

Masterpiece- North 256 131 (51.2%) 5 See Table 5.5 

TOTALS 1938 596 (30.8%) 39 NA 
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Table 5.3. Summary of 8-locus microsatellite multi-locus genotypes (msat-8 mlgs) 

present in Avon Pines-4 Pasture population (H01-4). Shown are the number of cases in 

the SPSS demography database, the number and percentage of plants genotyped, the 

msat-8 mlg designation, and the number and percentage of plants within each group that 

are clones of each msat-8 mlg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# cases #/% genotyped msat-8 mlg # plants w/ mlg 

74 27 (36.5%) 

4a 2 (2.7%) 

4b 8 (10.8%) 

4c 10 (13.5%) 

4d 7 (9.5%) 
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Table 5.4. Summary of 8-locus microsatellite multi-locus genotypes (msat-8 mlgs) 

present in Masterpiece South Pasture population (P06) by group (Figure 6.1). Shown for 

each group are the group number, the number of cases in the SPSS demography database, 

the number and percentage of plants genotyped, the msat-8 mlg designation, and the 

number and percentage of plants within each group that are clones of each msat-8 mlg. 

 

 

 

Group # cases #/% genotyped msat-8 mlg #/% plants w mlg 

1 282 185 (64.5%) 
44 180 (63.8%) 

46 5 (1.8%) 

2 10 6 (60.0%) 
24 4 (40.0%) 

44 2 (20.0%) 

3 67 55 (82.1%) 

25 12 (17.9%) 

26 9 (13.4%) 

27 3 (4.5%) 

30 2 (3.0%) 

36 5 (7.5%) 

38 19 (28.4%) 

47 1 (1.5%) 

49 1 (1.5%) 

50 2 (3.0%) 

51 1 (1.5%) 

4 11 5 (45.5%) 
29 4 (36.4%) 

45 1 (9.1%) 

5 28 22 (78.6%) 
23 21 (75.0%) 

29 1 (3.6%) 

solitary 4 2 (50.0%) 
32 1 (25.0%) 

44 1 (25.0%) 
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Table 5.5. Summary of 8-locus microsatellite multi-locus genotypes (msat-8 mlgs) 

present in Masterpiece North Pasture population (P07) by group (Figure 6.1). Shown for 

each group are the group number, the number of cases in the SPSS demography database, 

the number and percentage of plants genotyped, the msat-8 mlg designation, and the 

number and percentage of plants within each group that are clones of each msat-8 mlg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group # cases #/% genotyped msat-8 mlg #/% plants w mlg 

1 212 98 (46.2%) 
43 1 (0.5%) 

45 97 (45.8%) 

2 25 18 (72.0%) 

42 1 (4.0%) 

45 16 (64.0%) 

48 1 (4.0%) 

3 18 14 (77.8%) 37 14 (77.8%) 

solitary 1 1 (100%) 37 1 (100%) 
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Figure 5.1. Masterpiece Pasture South (P06) population of Florida ziziphus, showing the 

five major groups of plants (Group 6 is a single individual). Numbers in yellow refer to 

microsatellite genotypes of plants within each group. However, new multi-locus genotype 

assignments based on 8-loci microsatellites have not yet been incorporated into the map. 

Group 1 

Group 6 

Group 5 

Group 4 

Group 3 
Group 2 
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Figure 5.2. Masterpiece Pasture North (P07) population of Florida ziziphus, showing the 

three major groups of plants. Numbers in yellow refer to microsatellite genotypes of 

plants within each group. However, new multi-locus genotype assignments based on 8-

loci microsatellites have not yet been incorporated into the map. 
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Chapter 6.  Experimental Translocations 

 

 Most Florida ziziphus populations (9 of 14; 62.3%), wild genotypes (31 of 39; 

79.5%), and live plants (984 of 1091; 91.2%) occur on sites that are not publicly 

protected and are vulnerable to extirpation at the whim of their owners. The necessity of 

translocating propagules to protected sites is recognized by the US Fish and Wildlife 

Service’s Recovery Program (USFWS 1999) and by the Florida Ziziphus Strategic Plan 

(Weekley and Menges 2006). To date, we have carried out three experimental 

introductions and four small-scale augmentations of existing protected populations.  At 

its January 2008 meeting, the Florida Ziziphus Ad Hoc Recovery Team endorsed a 

proposal to carry out two additional translocation projects: an augmentation of the 2002 

Carter Creek South introduction and a large-scale experimental introduction at the Lake 

Wales Ridge State Forest.  

 

Carter Creek South Augmentation 

 Although cumulative survival of Florida ziziphus transplants at Carter Creek 

South has been high (70.8% after seven years), plant growth has been negligible and 

flowering non-existent (see Chapter 1). The proposed augmentation was designed in part 

to bolster the number of live plants by replacing dead plants. Fortuitously, the 10 June 

2009 USFWS helicopter burn resulted in burned and unburned sites on either side of the 

Central Highway (CH) firelane (see Figure 3.6 above), thereby providing an opportunity 

to further investigate the performance of propagules introduced into burned and unburned 

sites. The CH-east site was heavily burned while the CH-west site was almost entirely 

unburned. As a result, CH-west retained a canopy of oaks which was largely eliminated 

in CH-east.  

 

 On 9 July 2009, we introduced 16 potted Florida ziziphus plants to CH-east (the 

burned site) and 17 to CH-west (the unburned site). We also sowed 240 seeds into 10 

seed arrays on each site (N = 480), with each array containing 24 seeds. All propagules 

came from the multi-genotype ex situ population at Bok Tower Gardens. Both transplants 

and seed arrays were caged to prevent vertebrate herbivory or disturbance. Prior to the 
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augmentation, we installed an irrigation system to provide supplemental watering as 

needed. We monitored rainfall at 3-10 day intervals for several weeks following the 

translocation. Because rainfall seemed adequate from July through September, we did not 

begin to provide supplemental irrigation until early October. Since then we have been 

watering introduced propagules about once a week. 

 

Transplants introduced into the two sites did not differ statistically in height (t = 

0.458, df = 31, p = 0.650; mean ± stdev: 28.1 ± 9.7 cm on unburned site vs. 29.8 ± 11.9 

cm on burned site;) or maximum crown diameter (t = 1.405, df = 31, p = 0.170; mean ± 

stdev: 28.0 ± 12.0 cm on unburned site vs. 23.1 ± 7.5 cm on burned site) (Figure 6.1). 

With one exception, all transplants had a single stem. 

 

On both sites, most transplants were seedlings from maternal genotype 8, 

representing the original Lake Wales Ridge State Forest population (P01-1), and 4x (x = 

one of four closely related genotypes designated 4a-4d; see also Chapter 5), representing 

the multi-genotype Avon Pines-4 population. About 40% of introduced seeds also 

represented maternal genotypes 8 and 4x. Although these maternal genotypes may both 

belong to S-locus mating type II, all transplants and seeds were likely sired by mating 

type I genotypes. If so, about half of these offspring constitute a third mating type 

capable of backcrossing with both parental mating types. Thus, many introduced 

propagules may be siblings or half siblings, but at least some should be cross-compatible 

with one another. Moreover, most should also be cross-compatible with survivors from 

the 2002 introduction. 

 

The 480 introduced seeds represented at least six maternal genotypes and two of 

the three confirmed mating types. Most seeds (280/480 or 58.3%) were from the 2009 

harvest, but the 2006 and 2008 harvests were also represented. Seed arrays were 

configured to contain a mix of seeds from different maternal genotypes and harvest years. 

Each seed was marked with a color-and-suit coded plastic party pic. 
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POST-AUGMENTATION  MONITORING 

 Following the 9 July 2009 augmentation, we monitored transplants and seed 

arrays at two week intervals for six weeks and at monthly intervals thereafter. In each 

survey, we recorded the status of transplants as defined by the presence or absence of 

leaves; leafless plants were scored as “dead”, those with leaves as “alive”. However, we 

recognized that leafless plants were not necessarily dead as some retained green stems.  

 

There was an immediate and conspicuous difference in the “survival” of 

transplants in the two translocation sites, as defined by the presence or absence of leaves 

(Figure 6.2). Cumulative transplant survival on the burned CH-east site (Figure 6.3a) 

declined steadily for the first six weeks post-augmentation, reaching a low of 43.7% 

before bouncing back to 75.0% survival in week 10; survival dipped to 56.2% in week 

14, but bounced back to 75.0% in week 18. In contrast, transplant survival in the 

unburned CH-west site (Figure 6.3b) held steady at 94.1% for six week before declining 

to 70.6% in week 10; by week 18, however, percent survival was back up to 76.5%. 

“Survival” dynamics were characterized by plants that dropped their leaves, refoliated, 

and then dropped their leaves again. This pattern was more pronounced on the burned 

than on the unburned site. Thus on the burned site seven of 12 plants recorded as alive in 

the most recent survey were recorded as dead at least once before in a previous survey, 

while only four of 13 plants displayed a similar dynamic on the unburned site. At both 

sites, the smallest transplant was recorded as dead in the first survey and never recovered.  

 

To explore factors potentially affecting the differential “survival” of transplants in 

unburned and burned sites, we used a spherical densiometer to measure percent canopy 

cover around each transplant on 5 November 2009. We took readings at the height of the 

cage enclosing the transplant because we wanted to account for shading by nearby shrubs 

as well as the overhead tree canopy. We found that percent canopy cover on the unburned 

site (mean ± std: 68.9 ± 8.6) was higher than on the burned site (38.5 ± 11.3), and the 

difference was statistically significant (Figure 6.4; t = 8.679, df = 31, p < 0.001).  Thus 

the higher rates of defoliation among transplants on the burned site may be due to lack of 

shade. These plants may have required supplemental irrigation even though rainfall 
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seemed adequate through the late summer months. In future translocations into burned 

and unburned sites, we intend to monitor ambient temperatures and soil moisture, as well 

as recording data on canopy cover. 

 

 We have recorded only two germinated seedlings in the 18 weeks since the 

augmentation was carried out. In week 4, one seedling germinated on the unburned site 

from a maternal genotype 8 seed harvested in 2006 from Bok Beds plant #185; it died 

within two weeks. In week 17, a second seedling germinated on the unburned site from a 

maternal genotype 1 seed harvested in 2006 from Bok Beds plant #12; it was still alive 

during the November survey.  In past introductions, we have recorded new germinants 

through at least 30 weeks post-sowing, so it is possible that additional seedlings will 

emerge during the next few weeks. 

 

Lake Wales Ridge State Forest Experimental Introduction 

 The second translocation agreed upon at the 2008 Recovery Team meeting called 

for an experimental introduction at two adjacent sandhill sites at Lake Wales Ridge State 

Forest. One unit (GF14) has been burned several times since state acquisition of the site 

in the late 1980s, while the other site (across Schoolbus Road) has not been burned in 

decades. The proposed introduction would thus provide for the generation of additional 

data on the habitat/microhabitat requirements of Florida ziziphus. The proposed sites are 

part of the same complex of yellow sand ridges that support the two known populations 

of Florida ziziphus at the State Forest (P01-1 and P01-2) and sits about midway between 

them. These sites are also near the middle of the known distribution of Florida ziziphus 

and would constitute an important introduction to a large protected area. However, 

implementation of the proposed introduction is currently on hold, pending approval by 

the Division of Forestry. 
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Figure 6.1. Mean height and maximum crown diameter (with 95% confidence intervals) 

for Florida ziziphus transplants, recorded a few days prior to their outplanting on 9 July 

2009 into unburned and recently burned sites at Carter Creek South. 
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Figure 6.2. Number of “live” transplants (left y-axis) and percent transplant “survival” 

(right y-axis) of Florida ziziphus in burned and unburned sites at Carter Creek South over 

a 18-week period following the 9 July 2009 augmentation. Bars indicate number of “live” 

transplants; lines and circles indicate percent “survival”. Quotation marks indicate that 

“live” and “survival” are guestimates of plant status based on presence or absence of 

leaves. 
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Figure 6.3a. Florida ziziphus augmentation site on burned (east) side of Central Highway 

at the Lake Wales Ridge National Wildlife Refuge/Carter Creek South. Note irrigation 

tubing, seed array (with pink flag) and caged transplant in foreground. Light levels were 

significantly higher at this site than on the unburned west side, as estimated using a 

spherical densiometer (see text above and Figure 6.4 below). 
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Figure 6.3b. Florida ziziphus augmentation site on unburned (west) side of Central 

Highway at the Lake Wales Ridge National Wildlife Refuge/Carter Creek South. Orange 

flags mark locations for installation transplants and seed arrays. Light levels were 

significantly lower at this site than on the burned east side, as estimated using a spherical 

densiometer (see text above and Figure 6.4 below). 
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Figure 6.4. Mean percent canopy cover (with 95% confidence intervals) in unburned and 

burned Florida ziziphus transplant microsites at Carter Creek South following the 9 July 

2009 augmentation. Canopy readings were taken with spherical densiometer on 5 

November 2009. 
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Chapter 7. Other Noteworthy Recovery Activities 

 

In this chapter, we summarize recent activities not specifically covered under the 

current contract, but of importance to the Florida ziziphus recovery program. Relevant 

activities include: 

 1. upgrading SPSS demographic monitoring database; 

2. updating ArcGIS database tracking history of annual searches for new 

populations;  

3. clonal propagation of wild genotypes; and 

4. annual germination trials. 

 

1. Upgrading Florida ziziphus demography database 

 We have re-organized and upgraded our SPSS demographic monitoring database 

to address three persistent problems. First, Florida ziziphus’ clonality and its dieback-

and-resprout strategy pose challenges in defining and tracking “plants” (i.e., eco-

physiologically independent individuals comprising one or more ramets but separated 

from other such “plants” belonging to the same genotype). In 2006, we re-organized our 

in situ demography database so that a plant that died back and then resprouted within 25 

cm of the dead stem was recognized as a new “plant” and became a new case within the 

database. Thus, plants with a history of dying/resprouting were represented by two or 

more cases. This system became increasingly onerous to maintain, so we have adopted a 

new system in which resprouts are tracked using a combination of survival and stage 

codes within the same case, or the same plant.  

 

 Second, there is the problem of lost tags (and/or plants) and the accompanying 

problem of “retags”. The problem was most acute in pasture sites when populations were 

mowed (as recently happened at one of the Masterpiece pasture sites) or damaged by 

cattle, but it also occurs when small plants die and their tags are lost or when flags and 

tags are disturbed by animals. The lost tag problem results in discontinuities in the data so 

that the origins and/or fates (e.g., longevity, flowering) of plants cannot be determined. 

We are currently working through datasheets from previous years to match up “tag not 
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found” and “retagged” plants. This will provide continuous data from root shoot to plant 

death for a larger number of plants. 

 

 Third, introduced and augmented populations often start out on a different 

monitoring schedule than the in situ populations, and they are monitored more frequently 

for the first one or two years. For example, we monitored the 2002 Carter Creek South 

introduction almost monthly for the first year, and it was not until 2005 that it was on the 

same annual schedule as the in situ populations. Including these extra monitoring 

sessions in the in situ database would result in a huge number of empty cells. However, 

once a translocated population is on the annual cycle, attaching it to the in situ database 

means that all demography data (with the exception of the ex situ population at Bok, see 

below) are in the same database, thereby expediting analysis and reporting. We have now 

incorporated the three introduced Florida ziziphus populations into the database.  

 

 In addition to annual demographic data on all in situ and translocated populations 

of Florida ziziphus (going back to 1995), the database also includes data on the genotype 

and management history of each individual plant for which these data are available. We 

provide detailed metadata on the upgraded SPSS demographic monitoring database in 

Appendix 1. 

 

 Unfortunately, the demography database for Bok must remain separate because 

we use different survival and stage codes at Bok than for the in situ and translocated 

populations. This is necessary because the high density of plants in the multi-genotype 

beds means that we cannot assume that a new shoot next to a dead stem is a resprout of 

the dead plant. Thus there is no “resprout” stage at Bok and all new root shoots are 

considered new plants. (This is also the reason that all root shoots at Bok that survive to 

flowering size must be genotyped.) 
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2. Upgrading ArcGIS Florida ziziphus database 

We have been mapping Florida ziziphus populations with a sub-meter accuracy 

GPS and incorporating the data into a state-of-the-art GIS database since ca. 1996 

(ArcView originally, ArcGIS now). We have also been conducting searches for new 

populations of Florida ziziphus more or less annually since 1996 and have encouraged 

our colleagues and collaborators with access to sites containing appropriate habitat to do 

so as well. In biennial Ad Hoc Recovery Team meetings, organizing searches has become 

a routine agenda item. Most searches have been documented, but not always digitally. 

For several years we have maintained an ArcGIS database (dubbed ZcSearch) based on 

searches for which we have digital data. However, the database was not comprehensive 

because it did not include tracts of suitable habitat on managed areas that are well-known 

to local ecologists and land managers but have never been specifically searched for 

Florida ziziphus, and it did not include searches for which digital were unavailable. Using 

data from a variety of sources including shapefiles, paper maps, routine monitoring 

activities, and personal anecdotes, we are currently expanding the ZcSearch ArcGIS 

database to more adequately document past searches and to identify areas for future 

searches. Appendix II provides a list of the variables and values included in the expanded 

database. 

 

3. Clonal propagation of wild genotypes using root cuttings and tissue culture  

 To capture wild Florida ziziphus genotypes in in situ populations, especially those 

on privately owned sites vulnerable to development, we have relied on vegetative 

propagation from root cuttings since 1988. This work is led by conservation 

horticulturalists at Bok Tower Gardens, and the ex situ population in the Bok Beds was 

established by this method. However, the root cutting method is laborious, time-

consuming, and often unsuccessful. Bok has collected from most of the known genotypes 

at the large Masterpiece populations. To date 8 of 21 genotypes (38.1%; Table 7.1) are 

represented by live roots, root shoots, potted plants, or outplants (n = 1) in the Pine Ridge 

Preserve.  
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Micropropagation using tissue culture provides an additional method for cloning 

Florida ziziphus genotypes. Previous efforts to propagate Florida ziziphus by culturing 

meristematic tissue from new growth have been successful in producing plantlets 

growing on sterile media in test tubes (Figure 7.1; Wiese and Kane 2007, Valerie Pence 

pers. comm.). We are now collaborating with Dr. Valerie Pence of the Cincinnati Zoo 

and Botanic Garden to propagate Florida ziziphus using tissue culture. In early 2009, we 

collected ~55 cuttings representing 20 of the 21 4-locus microsatellite genotypes 

identified at that time in the two large Masterpiece pasture populations. Valerie reports 

that her lab has been successful in micropropagating tissue culture material for 18 of the 

plants sent to her (Appendix II). These “lines” include 47.6% of the known Masterpiece 

genotypes (Table 7.1). Tissue-cultured clones from the Masterpiece populations are so far 

represented by shoots, callus or buds of various sizes, rather than plantlets. 

 

 Although we are encouraged by Valerie’s results, transferring plantlets from 

sterile test tubes to potted soil is a major hurdle in tissue culture propagation, including in 

Florida scrub and sandhill endemics (Kent et al. 2001, Wiese and Kane 2007). In the next 

round of funding by the Plant Conservation Program, we will be subcontracting with 

Valerie to continue micropropagation of Florida ziziphus and we will be working with 

her and with our colleagues at Bok to develop appropriate acclimatization methods. After 

years of unsuccessful attempts, we recently made a significant breakthrough in 

acclimatizing and outplanting the federally endangered Crotalaria avonensis (Menges et 

al. 2009). We will apply the lessons from that experience to developing a similar protocol 

for Florida ziziphus. 

 

4. 2009 germination trials 

 Each year, using seeds from the most recent harvest as well as stored seeds, we 

and our collaborators at Bok conduct seed germination trials and/or experiments. In 2009, 

Bok set out 220 seeds from the 2009 Bok Beds harvest, 150 stored seeds from the 2008 

Masterpiece South harvest, 171 from the 2006 Bok Beds harvest, and 35 from the 2008  

Bok Beds harvest. At ABS, we set out 706 seeds from the 2009 Masterpiece South 

harvest and 30+ from the 2009 LWRSF-2 harvest. To date, we have obtained fewer than 
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25 seedlings from the ~ 1200 seeds set out at Bok and ABS. However, we expect 

additional germination over the coming period. 
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Table 7.1. Summary by population and genotype of cloning results for Florida ziziphus 

wild genotypes at the large but vulnerable Masterpiece pasture site. “1” indicates survival 

of clones propagated by tissue culture or root cuttings.  

 

 

Population Genotype Tissue culture Root cutting 

P06 19 1  

P06 20   

P06 23 1 1 

P06 24 1 1 

P06 25   

P06 26 1 1 

P06 27 1  

P06 28   

P06 29 1  

P06 30   

P06 32   

P06 36   

P06 38 1 1 

P06 39   

P06 40   

P06 41   

P06 44 1 1 

P06 46 1  

P07 21  1 

P07 22  1 

P07 37 1 1 

TOTAL 21 10 (47.6%) 8 (38.1%) 
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APPENDICES 

 

Appendix I. Metadata documentation on the SPSS demographic monitoring database; 

 

Appendix II. Metadata documentation on the ArcGIS database on searches for new 

Florida ziziphus populations; 

 

Appendix III. Report by Dr. Valerie Pence on tissue culture propagation of wild Florida 

ziziphus genotypes at Cincinnati Zoo and Botanical Garden; 

 

Appendix IV. Jpeg image of a poster entitled “Demographic and genetic evaluation of 

initial translocation success in Ziziphus celata, a narrowly endemic Florida shrub” 

presented at 2009 Ecological Society of America meeting. The same poster, with a 

slightly different title, was presented at the 2009 Center for Plant Conservation 

symposium “Evaluating Reintroductions as a Plant Conservation Strategy: Two Decades 

of Evidence”. 

 

Appendix V. An article entitled “Recent developments boost recovery prospects for 

Florida ziziphus” from the Winter 2009 edition of The Palmetto, the quarterly magazine 

of the Florida Native Plant Society. 
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APPENDIX I 
 

 

Florida Ziziphus Demography 

Data Documentation 

 

Carl Weekley 

Updated: 15 November 2009 

 

 All in situ, augmented and introduced populations are now included in a single 

SPSS file entitled ZcDemAll[date]. The file has been reorganized so that there is now one 

case per tagged plant, with die-back and resprouting data provided in the survival and 

stage codes which have also been revamped. The file contains identifier, demographic, 

genetic, and burn history variables. Variables are described below along with information 

on range of values available for each variable. 

 

Identifier (or locator) variables 

 The two key variables are Site/population (Table 1) and plant ID#.  Site is a code 

name that corresponds to the site where the population is located; Table 1 provides the 

formal name for each population. Two other locator variables are used: Location is used 

when a population is subdivided and is mainly used as an aid to locating plants in the 

field; Nearest Neighbor is also used to help locate plants in the field. ID#s are unique 

within populations except at Avon Pines where they are unique with each of the four 

subpopulations. GPS coordinate data (in UTM NAD83 CONUS) are also provided for 

some populations. 

 

Demographic variables 

 We collect data on seven demographic parameters (Table 2). Most demographic 

variables are straightforward, but the Survival and Stage variables require additional 

explanation. Most but not all Survival codes are the same as for other species (atypical 

codes are shown in bold below); this is not the case with Stage codes. Below I describe 

several common scenarios and how to apply the appropriate Survival and Stage codes. 
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 1. A root shoot that appears within 25 cm of an existing plant is counted as a new 

stem for the plant that it is next to and there is no special Survival or Stage code for this 

situation.  

 2. A root shoot that appears > 25 cm from an existing plant is recorded as a new 

clonal plant (Survival = 3, Stage = 1) irrespective of its size (most root shoots will be < 

20 cm unless they were overlooked in previous censuses).  

 

 3. If a root shoot appears within 25 cm of a plant that was previously recorded as 

dead, it is considered a resprout (Survival = 1, Stage = 2). The previous year’s survival 

for that plant (that was recorded as dead) is then re-coded as “died back” (Survival = 81) 

since only the aboveground part was truly dead. Similarly, a plant that is scorched or 

consumed by fire and appear to be dead in the postburn survey should have its previous 

year’s survival re-coded as “top-killed” (Survival = 82). One slight complication here 

occurs when a plant dies back between censuses. This situation is obvious when the plant 

is much smaller than it was the previous year or is comprised entirely of new stems. This 

scenario also arises when a plant is top-killed by fire between censuses and then 

resprouts. In this case the Burn variable will provide the burn status of the plant (see 

below). Some lightly scorched plants may lose their leaves and then re-leaf; these plants 

are not considered resprouts and identifying them in the field should be easy due to their 

height and stem age and girth. 

 

 4. If a plant that is too big or too conspicuous to have been overlooked in previous 

censuses is found without a tag, it is recorded as “retagged” (Survival = 7) and given the 

Stage code appropriate to its size/stage. This situation arises in when plants have lost 

their tags due to cows or wildlife damage or mowing. 

 

 5. For plants with survival codes for died, previously dead, died back, top-killed, 

or xplant died, the stage code is the same as the survival code. 

 

Genetics variables 

 The following variables record genotype or parentage data. 
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ALLOZYME: multi-locus genotype (mlg) assigned by Godt et al (1997). 

RAPDS02: mlg assignments based on 2002 RAPDS genotyping (Weekley et al 2002) 

AFLP05: mlgs based on AFLPs (Gitzendanner unpubl data) 

MSAT_4: mlgs based on 4 microsatellite loci (Weekley et al 2007; Gitzendanner unpubl 

data) 

MSAT_8: mlgs based on 8 microsatellite loci (Weekley and Menges 2009) 

MOM: maternal plant of introduced transplant or seedling from introduced seed 

MATGEN: maternal genotype of introduced transplant or seedling (based on msat-8 mlg 

where available) 

PATGEN:  paternal genotype of introduced transplant or seedling (based on msat-8 

where available) 

INFPAR: inferred parentage of introduced transplant or seedling or in situ seedling 

(based on msat-8 where available) 

 

Parentage genotypes (MOM, MATGEN, PATGEN, and INFPAR) are only relevant at 

this point for translocated populations since we have never found a seedling in the wild. 

 

[NOTE: As of November 2009, parentage assignments are based on earlier genotype 

assignments. For most plants we expect that msat-8 mlgs will map onto the previously 

assigned mlg.] 

 

Other variables 

Origin: This variable is used to identify plants that enter that dataset as augmented or 

introduced transplants or seeds as opposed to wild plants. There are separate values for 

all the various translocation projects. Table 3 summarizes these codes. 

 

Origin2: A simplification of the Origin variable. This variable has only 2 values: wild or 

translocated (xloc). 
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First Year: Indicates the year the plant entered the dataset. For in situ populations this is 

the year the population was first censused. For augmented or introduced populations, it is 

the year the plant was first included in the annual January census since translocated 

populations are generally monitored as often as once a month for the first few months 

post-translocation. Data files for post-translocation monitoring are kept in the appropriate 

subfolder for each translocation. 

 

Burn: For each year in which we used prescribed fire to manage a population, there is a 

variable called Burn[date].  Generally for site-maintenance burns we only noted whether 

the plant burned or not (0 = no; 1 = yes). For experimental burns we generally recorded 

postburn status as 0 = unburned; 1 = scorched; 2 = consumed (all leaves burned off, 

maybe some consumption of stem). 

 

Other Management: this variable is used to track other management activities (e.g., 

some pasture populations have been mowed). 

 

Additional variables are generated as needed for analyses. Typically these include 

variables for calculating annual survival (e.g., s06_07), or relative growth rates (e.g., 

rgr_ht).  

 

INCORPORATION OF TRANSLOCATED POPULATIONS 

Incorporating augmented or introduced populations into the demography database 

required the sacrifice of some data available in the original data files on each 

translocation project; this was particularly true for data on seedlings resulting from 

introduced seeds.  

 

We generally monitored transplants monthly for three or more months and 

quarterly for a year or more, depending on circumstances; introduced seeds may have 

been monitored as frequently as once a week for several months. On the other hand, we 

do not collect the full range of demographic data in these more frequent surveys. For 

example, for seedlings we usually only record height from week to week, presumably the 
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best measure of growth for the first few months of a seedling’s life. Thus, to track the 

early development of introduced plants and seedlings, it is necessary to go back to the 

most recent version of the SPSS files for each translocation project. This will also be the 

case for future translocation projects. 

 

 Baseline morphometric data are available in the SPSS demography database for 

all transplants and seedlings from introduced seeds (base_ht, etc). These variables 

provide data on the size of transplants at the time of their introduction. The variable 

xloc_dat indicates the date of each translocation project. Proptype indicates whether the 

translocated plant was a transplant (1), a seedling (germinant) from an introduced seed 

(2), or a seed that germination post-incorporation (3). (3) is rare unless the translocated 

population is incorporated within six months of so, as happened with TCP07. 

 

NOTES ON INTRODUCED POPULAITONS 

 Here I provide some specifics for the three major introductions conducted to date. 

This information is summarized in Table 4. 

  

2002 Carter Creek South introduction (CCS02): 144 transplants and 1728 

seeds were introduced on 24 June 2002. Sixteen transplants lost to transplant shock or 

armadillo damage were replaced within a few weeks and are not included in the dataset; 

six seedlings that survived from germination to Jan03 are included (56 germinants that 

did not survive are not included). Baseline morphometric data (height and mcd) were 

collected in December 2002, six months after the introduction. Data collected on survival 

and status at frequent intervals from June 2002 to Oct 2004 are not included here. 

However, I include survival and stage data for Jan 2003 and Jan 2004 (based on data 

collected the previous December); thereafter demographic data were collected annually in 

January. The maternal plant (MOM) of transplants and germinants is given when known; 

genetic data for this population is based largely on AFLPs or earlier genotyping rather 

than on microsatellites. Additional data are available in CCS02 subfolder. 
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2005 Tiger Creek Preserve introduction (TCP05):  286 transplants and 3000 

seeds were introduced on 21 June 2005. We collected baseline data on 28 June 2005. We 

collected status (dead or alive) and/or other data at least twice a year through 2007. We 

recorded 145 germinants from introduced seeds, of which 72 entered the database alive in 

2006. Additional data are available in TCP05 subfolder. 

 

2007 Tiger Creek Preserve introduction (TCP07):  110 transplants and 1200 

seeds were introduced on 17 October 2007. We collected baseline data on 23 October 

2007. We recorded 33 germinants from introduced seeds, 28 of which entered the 

database alive in 2008. One introduced seed germinated after Jan 2008. Additional data 

are available in TCP05 subfolder. 

 

A  SPECIAL CASE 

P02 (LW Forest Mitigation Site): a single large (20’ x 6’) multi-stemmed clump was 

burned in Nov 2000 as it was senescing. It was replaced by five multi-stemmed clumps. 

Because the clumps were more that 25 cm apart, each was tagged as a separate plant. One 

plant (#802) was considered a survivor/resprout of the original plant and the other four 

plants (2-5) were coded as new clonal plants/root shoots. All four died within a year or 

two, as did a sixth plant that recruited around 2003. So the original P02 genotype is now 

represented by a single plant (#802); all other plants in the Sullivan subpopulation are 

transplants from the 2003 augmentation 

 

[FOR CITATIONS, SEE LITERATURE CITED SECTION OF THE REPORT.]
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Table 1. Population codes for 14 wild (aka in situ), augmented, and introduced 

populations of Florida ziziphus. 

 

Variable value Value label Site name 

1 P01-1 Burn Unit RC 11 at LWR State Forest (Arbuckle Tract) 

2 P02 LW Forest Mitigation Site 

3 P03 Mountain Lake Sandhill (aka Dump Site) 

4 P04 Friedlander Pasture 

5 H01-1 Avon Pines Pasture-1 

6 H01-2 Avon Pines Pasture-2 

7 H01-3 Avon Pines Pasture-3 

8 H01-4 Avon Pines Pasture-4 

9 P05 Mountain Lake Disturbed (aka Railbed Site) 

10 P01-2 LWR State Forest-2 

11 H02-1 LWRWEA/Carter Creek North 

12 H02-2 LWRWEA/Carter Creek North 

13 P06 Masterpiece Pasture South 

14 P07 Masterpiece Pasture North 

15 CCS LWRNWR/Carter Creek South (2002 introduced pop) 

16 TCP Tiger Creek Preserve (2005 & ’07 introduced pops) 
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Table 2. Seven Florida ziziphus demographic variables with value codes and their 

descriptions.  

Variable Value codes Description 

Survival 

0 = died Plants died without resprouting 

1 = survived  Plant survived 

2 = TNF  Tag not found (i.e., plant also not found) 

3 = new plant Root shoot more than 25 cm from another plant 

5 = seedling New seedling (note presence of cotyledons) 

7 = retag  Plant found without a tag, but too 

big/conspicuous to be new 

9 = prev dead Previously dead 

10 = transplant 

survived 

Used to account for xplants that survived from 

date of xlocation to first annual census 

11 = transplant died Used to account for xplants that died between 

date of xlocation and first annual census 

12 = xloc germ surv Germinant from an introduced seed that survives 

to first annual census 

81 = died back  Used retroactively for a plant that was recorded 

as dead in one census, but reappears in a later 

census 

82 = top-killed Used for plant top-killed by fire  

Height To nearest cm Standing height of tallest stem 

Max crown 

diameter 

To nearest cm Measured across longest horizontal axis of area 

occupied by plant canopy 

# stems Stem counts Estimated for plants with >10 stems (77 = > 10) 

# flowers Log10 categories Range:1 (= 1-9 flowers) to 5 (≥ 10k) 

# fruits Log10 categories Range:1 (= 1-9 fruits) to 5 (≥ 10k) 

Stage 

0 = died Stage code matches survival code for a dead plant 

1 = root shoot Root shoot > 25 cm from nearest plant (Survival 

= 3) 

2 = resprout Root shoot ≤ 25 cm from plant previously 

recorded as dead (Survival = 1) 

3 = small vegetative Non flowering plant ≤ 50 cm in height 

4 = large vegetative Non flowering plant > 50 cm in height 

5 = reproductive Flowering plant 

6 = seedling Seedling (note presence of cotyledons) 

9 = previously dead Stage code matches survival code for a dead plant 

11 = xlocated died Stage code matches survival code for a dead plant 

81 = died back Stage code matches survival code for plant that 

appears dead 

82 = top-killed Stage code matches survival code for plant that 

appears dead 
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Table 3. Codes indicating origins of Florida ziziphus populations. 

 

Code Origin 

1 In situ population 

2 1998 augmentation at LWRSF, pop P01-1 

3 2002 introduction at LWRNWR /Carter Creek South (CCS) 

4 2003 augmentation at LW Forest Mitigation Site (P02) 

5 2005 introduction at Tiger Creek Preserve 

6 2006 augmentations at P01-1 and P02 

7 2007 introduction at Tiger Creek Preserve 

 

 

Table 4. Summary of key features for three experimental introductions. First year refers 

to the year the translocated population was incorporated into the ZcDem All database. 

 

Introduction Date # xplants # seeds #/% germinants First year 

CCS02 24 June 2002 144 1728 62 (3.6%) 2003 

TCP05 21 June 2005 286 3000 145 (4.8%) 2006 

TCP07 17 Oct 2007 110 1200 34 (2.8%)
1
 2008 

TOTALS 540 5928 241 (4.1%) ------ 

 

1
 includes one post-incorporation germinant 
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APPENDIX II 

 

ArcGIS Florida Ziziphus Search Database (ZcSearch) 

Data Documentation 

 

Sarah J. Haller 

Carl W. Weekley 

 

Updated 17 November 2009 

 

 

 The goal of this project is to document all sites on the Lake Wales Ridge in Polk 

and Highlands Counties that have been searched for the presence of Florida ziziphus and 

to identify sites containing appropriate habitat that can be targeted for future searches.  

Since all known populations occur on yellow sands (Astatula, Candler, or Tavares soils), 

we created digital coverages based on those soil types and then excluded areas that had 

been developed or converted to citrus. Since several extant Florida ziziphus populations 

occur in pastures, we did not exclude pastures or other similarly semi-natural sites. 

 

 The database includes sites with known populations (in situ, ex situ, or 

translocated), sites so well-known to local ecologists and land managers that they are 

unlikely to harbor Florida ziziphus (e.g., sites monitored for other species on tracts 

managed by various agencies), sites that have been searched with no Florida ziziphus 

found, and sites that have not yet been searched. Unsearched sites are prioritized for 

future searches based on their location and accessibility and on anecdotal information 

about site history. 

 

 The database incorporates digital data (GPS data converted to shapefiles), 

information transferred from paper maps, and information garnered from the field 

observations of experienced field biologists.   

 

 Table 1 displays the variables and values used in the database. 
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Table 1. Florida ziziphus ArcGIS database (ZcSearch) variables with value codes and 

their descriptions. Additional metadata documentation is incorporated into the ArcGIS 

project file on the ABS network drive. 

 

Variable Value 

codes 

Description 

Site Name --- Management area name or name of private landowner 

Owner 

Bok Bok Tower and Gardens 

DOF Florida Division of Forestry 

FWC Florida Fish and Wildlife Conservation Commission 

Polk Polk County 

PRV Private property 

TNC The Nature Conservancy 

Soil --- Dominant soil type (e.g., Astatula, Tavares, etc.) 

Vegetation --- 
Vegetation description of the dominant habitat type (e.g., 

pasture, sandhill, etc.) 

Zc Status 

wild Natural population 

none No Zc found 

unknown Site unsearched; Zc status unknown 

outplanting Ex situ population at Bok Tower Gardens  

xloc 
Translocated population (introductions and 

augmentations) 

Search Status 

yes Area thoroughly searched 

no Area not currently searched 

unknown Unknown if area searched 

partial Area only partially searched 

site known Site well known to local ecologists and land mangagers 

Searchers --- 
Name of organization or individuals who conducted the 

search 

Date --- Date of the search 

Priority 

na Not applicable (i.e., site already searched) 

low Low priority for future Zc searches 

mod Moderate priority for future Zc searches 

high High priority for future Zc searches 

Comments --- 
Notes about the property or searches; includes notes 

regarding potential for translocated population 
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Fig.2 

Fig.1 

APPENDIX III 

 
Progress Report on the Tissue Culture Propagation of Ziziphus celata 

at the Cincinnati Zoo & Botanical Garden, CREW. 

 

Valerie Pence 

 

 

2009 Collection. 

 

Methods 

On 4/14/09, 55 lines of Ziziphus celata were received at CREW from Carl Weekley at 

Archbold Biological Station.  Tissues were surface sterilized for culture using the 

following procedure. 

 

New, green, softer growth was used, when available.  Thorns were cut off, if needed.  

Each line was surface sterilized separately in a 1:10 dilution of bleach with .05% Tween 

20 added.  Tissues were exposed to the sterilant 

for 5 min, with occasional stirring using a vortex 

mixer.  After this, the tissues were collected on a 

filter and rinsed with sterile water. 

 

The sterilized tissues were placed onto a medium 

consisting of Murashige and Skoog salts and 

minimal organics with 3% sucrose, 0.22% gelrite, 

0.2 mg/L benzylaminopurine (BAP), 200 mg/L 

glutamine, and 100 mg/L benlate (fungicide), in 60 

x 15 mm petri plates, 15 ml medium/plate.  One 

drop (approximately 0.05 ml) of a solution of 

antibiotics (5 mg/ml cefotaxime and 0.25 mg/ml vancomycin) was added to each plate.  

Cultures were incubated at 26
o
C, under approximately 20 µmol/m

2
/s photosynthetically 

active radiation (PAR), 16:8 hr light:dark cycle.  This medium was chosen because it was 

the one that gave successful initiation of cultures in 2006, after several years of 

unsuccessful attempts to initiate cultures. 

 

Cultures were subcultured after 2.5 weeks, then 

every 4-6 weeks after that time. 

 

Results 

Of the 55 lines collected, the following lines are 

currently in culture in the following states.   

 

Good shoot growth:  143. (Figure 1) 

 

Good callus growth with potential buds:  422, 425, 

426  (Figure 2) 
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Fig.3 

Fig.4 

 

Buds:  803, 822 

 

Small buds:  102, 103, 124, 130, 131, 132, 140, 166 

 

Possibly bud growth:  189, 196, 309, 319. 

 

It thus appears that 18 (33%) of the original 55 lines are still alive in 

culture.  However, outgrowth of shoots has been very limited and slow.  

Additionally, we have 6 lines (75%) in culture from the 8 lines acquired 

in the 2006 collection which are established propagating shoot cultures 

(Figure 3).  These are:  123, 203, 226, 275, 445, 523.  Tissues acquired 

in the interim period have not survived.   

 

In an attempt to improve growth, we have tested medium with no 

glutamine and with a higher level of BAP.  This appears to be no better 

than the "standard" medium for the established cultures and may have 

been less effective than the standard medium for the new culture lines.  We have also 

tested the addition of the antioxidant, reduced glutathione.  This appears to stimulate the 

growth of the green nodular callus that is produced by this species, but has not stimulated 

the growth of shoots.   

 

Rooting has been seen in one shoot from the earlier established cultures.  In 2008, roots 

were initiated after a one week pulse on Woody Plant Medium (WPM) with 50 mg/L 

indolebutyric acid (IBA) followed by culture on WPM with no hormones, but with 1% 

charcoal and 100 µM  silver thiosulphate (STS) (an ethylene inhibitor).   Only 1 of 20 

shoots  rooted.  This plant was acclimatized to soil and after several months in the 

greenhouse was sent to Cheryl Peterson at Bok 

Tower Gardens early in 2009 (Figure 4, plant at 

BTG). 

 

Discussion 

The reason for the difficulties in establishing the new 

lines, compared with the lines in 2006 are not 

entirely clear.  The time of year for the 2006 

collections was only slightly earlier than that for the 

2009 (3/23/06 compared with 4/14/09) and the 

medium was the same.   

 

It is interesting that lines 422, 425, and 426 all 

responded similarly in culture, producing a green 

nodular callus.  This has been seen in some other 

lines, but was much more robust in these lines.  It 

would be interesting to know if these lines are 

closely related and, thus, if the response seen in culture has a genetic basis. 
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Even the established lines do not grow as robustly as we would like, and we are currently 

investigating some variations on the medium to determine if we can improve the growth 

of both the established lines and the new lines.   

 

We will continue to work to improve the growth of the established cultures and to 

stimulate the establishment of propagating cultures from the 2009 lines by altering media.  

We are now testing medium lacking iodine and will look at ethylene inhibitors in the near 

future. 
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APPENDIX IV 
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 The discovery in 2007 of five new populations of Florida ziziphus is the 
most important development for the recovery of this critically endangered 
Lake Wales Ridge endemic since its initial rediscovery more than 20 years 
ago. New populations and experimental introductions have boosted the 
recovery prospects of this state- and federally listed shrub. To appreciate 
the significance of these recent developments, it helps to know something 
about the unusual history and biology of Florida ziziphus.

Recent Developments  
Boost Recovery Prospects  
of Florida Ziziphus

Carl W. Weekley
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The rediscovery of a long-lost plant  
and Pleistocene refugee   

  When a 37-year old specimen of a 
thorny plant with little yellow-green flowers 
demurely occupying an herbarium drawer 
at the University of Florida was given the 
scientific moniker Ziziphus celata by Walter 
Judd and David Hall in 1984, they had every reason to believe 
that the specimen represented a plant long-ago extinct (Judd and 
Hall 1984). The specimen had been collected by amateur botanist 
Ray Garrett in 1948, but apparently no one had seen the species 
since. In 1987, however, Kris Delaney, a self-described “botanical 
explorer”, rediscovered Florida ziziphus a few inches outside  
a newly-acquired state property (Delaney and Wunderlin 1989).  
By 2001, eight other small populations had been found, all  
along a 40-mile stretch of central Florida’s Lake Wales Ridge.
  A fascinating footnote to the scientific naming of Florida 
ziziphus is that its closest living relative appears to be Z. parryi, 
endemic to Baja California (Mexico) and southern California.  
Like the Florida scrub-jay, several reptiles, and some other plants,  
the ancestor of Florida ziziphus seems to have arrived in Florida 
a few million years ago when arid habitats stretched eastward 
across the Gulf states from the Sonoran Desert. Subsequent  
climate changes stranded these species on the xeric uplands  
of Florida’s central ridges, which remained high and dry during  
Pleistocene sea level rises.
  Although the rediscovery of Florida ziziphus was good news,  
its prospects for survival seemed bleak. The one population  
on a publicly protected site was in catastrophic decline. Most 
populations occupied privately owned pastures, where they  
could be wiped out by landowners subject to none of the rules 
that safeguard federally listed animals. Even robust populations 
produced no fruits, suggesting that plants were reproductively 
impaired, genetically depauperate, or both. The question seemed 
inescapable: had Florida ziziphus been named for science only 
as the prelude to its extinction?

A species teetering  
on the brink of extinction 

  Florida ziziphus, a thorny, multi-stemmed clonal shrub  
to 6 feet in height, is narrowly endemic to yellow sand xeric  
uplands on the Lake Wales Ridge. The pasture sites occupied  
by most populations once supported endemic-rich longleaf pine-
wiregrass sandhills. Early on, genetic research showed that remnant 
populations of Florida ziziphus generally comprise single genetic 
individuals (Godt et al. 1997, Weekley et al. 2002), although 
each clone may be represented by dozens of separate plants. 
  Mature plants flower profusely. The tiny flowers – four would  
fit neatly on the face of a nickel – are bisexual, with both male  
and female reproductive structures. On a bright January morning – 
the height of flowering season – you can smell the flowers  
from several feet away and plants hum with visiting insects.  
To no purpose, however, since hundreds of experimental  
hand-pollinations have demonstrated that Florida ziziphus  
is self-incompatible (Weekley and Race 2001). Because most 
populations comprise a single genetic individual, they are  
incapable of producing viable seeds.
  In addition, research has shown that many genotypes are also 
cross-incompatible because they belong to the same mating type 
(Weekley et al. 2002). The number of mating types is genetically 
determined by the number of self-incompatibility (S-) alleles.  
To date, only three S-alleles have been confirmed for Florida  
ziziphus, the minimum number a species can have and still  
be capable of sexual reproduction. The isolation of remnant 

 
Far left: Florida ziziphus fruits on a plant in 
Bok Tower Gardens planting bed; fruit being 
processed for germination trials.  
Photos by C. Weekley.

Left: Newly opened Florida ziziphus flowers 
with anthers enclosed in clasping white petals 
which will reflex within 1 to 2 hours. Photo by 
Archbold Biological Station Plant Ecology Lab.

Once thought to be extinct and later seemingly destined 
for extinction, is there new hope for one of Florida’s  

rarest and most imperiled plants?

Continued on next page
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populations and their lack of genetic diversity are major obstacles  
to the recovery of Florida ziziphus.
  A key attribute of Florida ziziphus’ mating system is that for each 
new S-allele the number of mating types increases dramatically.  
For example, if the number of S-alleles doubles from the currently 
known three alleles to six, the number of mating types will quintuple 
from three to 15, thereby increasing the genetic variability of 
resulting offspring. Increased genetic variability provides a signifi-
cant hedge against extinction and allows populations to adapt to 
changing environmental conditions. The discovery of populations 
representing novel genotypes and mating types is thus critical to  
the recovery of Florida ziziphus.
  Prior to 2007, only a dozen genotypes and two S-locus mating 
types had been identified in the nine known wild populations of 
Florida ziziphus. Fortunately, by the mid-1990s, a captive population 
at Bok Tower Gardens, which includes most of the wild genotypes, 
began producing a large fruit crop annually. This meant that the  
species retained the capacity for sexual reproduction. It also meant 
that viable populations could be created by planting compatible 
genotypes in close enough proximity to permit outcrossing.

Genetic advances 

  Dr. Matt Gitzendanner and his colleagues at the Florida Museum  
of Natural History’s Laboratory of Molecular Systematics and  
Evolutionary Genetics have recently identified additional genetic 
variation within some of the pre-2007 populations and confirmed 
the existence of the third S-locus mating type, long hypothesized  
on theoretical grounds. The Genetics Lab has now shown that the 
only pre-2007 wild population that produces viable fruit contains  
at least four distinct genotypes. Earlier evidence suggesting that  
this population comprised a single genetic individual did not  
square with Florida’s ziziphus’ self-incompatible mating system.
  Recent genetic results also show that some of the plants in the 
captive population in the Bok planting beds are seedlings rather 
than clonal root shoots of nearby plants, as previously thought. 
High stem density within the Bok beds makes it difficult to collect 
fruits and to ascertain the origin of new recruits. The appearance 
of seedlings in the Bok planting beds is welcome news because 
seedlings increase the genetic diversity of the captive population 
and provide an opportunity for investigating backcrosses between 
offspring and their parental plants. 
  In addition, Matt and his co-workers have now confirmed that 
some of the flowering plants in the captive population constitute a 
third S-locus mating type. This finding was not surprising since half 
of the offspring from crosses between the two known wild mating 
types should result in genotypes representing a third mating type. 
The third mating type has not been found in the wild, but it is a 
satisfaction to get its existence confirmed. Mating type III plants 
should be able to backcross with both parental mating types and 
will play an important role in the recovery of Florida ziziphus.

Creating new populations 

  The establishment of genetically diverse and sexually reproductive  
populations on appropriate conservation lands is the central goal 
of the Florida ziziphus recovery plan (USFWS 1999). Since 2002, 
plant conservationists from several agencies and institutions  
(including Archbold Biological Station, Bok Tower Gardens, the 
Florida Division of Forestry, and The Nature Conservancy) have  
collaborated on six translocation projects. Three projects were  
genetic augmentations involving the addition of new genotypes  

The discovery of five new populations of Florida ziziphus  
in 2007 radically transformed its recovery prospects  

by tripling the number of wild genotypes.

Above: Large Florida ziziphus plant in planting bed at Bok Tower Gardens. 
Photo by C. Weekley. 
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to sites occupied by a uniclonal population. The goal of these  
augmentations is to provide enough genetic variation that the  
population becomes capable of sexual reproduction. Three  
other projects were introductions, the translocation of plants  
representing multiple genotypes to sites not previously containing  
a Florida ziziphus population. Altogether, these projects included 
over 600 potted plants and almost 6000 seeds. 
  The first hurdle in the translocation of species is transplant  
survival. Florida ziziphus transplants have handily met the  
challenge. In most of the six projects, cumulative transplant  
survival is greater than 70% after several years, and introduced  
populations are persisting in the face of the usual vagaries of 
Florida’s climate, including the severe droughts of the last two  
years (winter-spring droughts of 2007 and 2008). The ultimate 
measure of the success of these translocations is the production  
by introduced plants of viable offspring.
 
New discoveries brighten future for Florida ziziphus 

  The discovery of five new populations of Florida ziziphus  
in 2007 radically transformed its recovery prospects by tripling  
the number of wild genotypes from 12 to 38. The two largest  
populations, comprising over 600 plants and at least 21 new  
genotypes, were discovered in pasture sites near Lake Wales by 
Cindy Campbell, Curator of Endangered Plants at Bok Tower  
Gardens. Together, these two populations, which are separated by 
only a few hundred yards, more than double the number of plants – 
and, more importantly, the number of genotypes – known from  
the wild. A few weeks later, three other new populations were  
discovered. Plant conservationists Roy Stewart and Brett Miley  
independently found two new populations on state lands and  
researchers from Archbold Biological Station found a third.  
Although these three populations encompass fewer than 40  
plants, they represent at least four additional genotypes.
  Plants in all five of the new populations flowered heavily in  
2008, but only one produced a significant fruit crop. Over a  

third of the plants in the Lake Wales South Pasture site flowered,  
yielding a combined crop of over 1800 fruits, thereby indicating 
that the site contains at least two cross-compatible mating types. 
The relationship of these mating types to the three previously 
confirmed mating types has not yet been determined. It is likely, 
however, that at least some of the new genotypes also represent 
novel mating types.
  Conservation of the 21 new genotypes encompassed by the 
two large Lake Wales Ridge pasture populations is critical to the 
recovery of Florida ziziphus. This goal can be accomplished either 
by public acquisition of the sites or by clonal propagation of the 
genotypes for inclusion in captive population at Bok. Both routes 
are currently being pursued.
  Although it is too soon to fully assess the impact of these recent  
discoveries on the recovery of Florida ziziphus, they inspire  
a renewed confidence that this ancient shrub will have a future  
as fascinating as its past.
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Above left: (pictured left to right) Katrina Holten and Regan Rich of Bok Tower Gardens and Eric Menges of Archbold Biological Station harvest Florida ziziphus  
fruits from a newly discovered Lake Wales pasture population. Above right: (pictured left to right) Gretel Clarke (in background), Lauren Sullivan and Stacy Smith  
of Archbold Biological Station planting Florida ziziphus seeds in 2007 introduction at Tiger Creek Preserve. Photos by C. Weekley. 
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