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Summary of 2012 Florida Ziziphus Ad Hoc Recovery Team Meeting 

Compiled by Sarah Haller 

January 2012 

 

 This was the sixth meeting of the Florida Ziziphus Ad Hoc Recovery Team since its 

establishment in 1997. The meeting was attended by 16 people representing nine organizations 

(Table 1). In this report we summarize highlights from the presentations, focusing on recent 

developments and future objectives within these eight major topics: 

 

1. updating the 2006 Strategic Plan 

2. seed germination and storage 

3. vegetative propagation 

4. ex situ populations (maintenance and relocation options) 

5. demographic monitoring and analysis 

6. translocations (updates and future projects) 

7. conservation genetics research  

8. managing wild populations 

 

1. Updating the 2006 strategic plan 

   

Carl Weekley (Archbold Biological Station) summarized the status and goals for the 

Strategic Plan for Ziziphus celata. Meant to supplement the Recovery Plan (last revised in 1999), 

the goal for the strategic plan is to be a “living” document, relevant to the latest research while 

providing clear objectives for Z. celata conservation. The 2006 Strategic Plan is outdated, 

particularly with the discovery of five new populations in 2007, execution of five translocations 

between 2006 and 2010, and recent advances in genetics research. The 2009 Status Review for Z. 

celata provides an updated, comprehensive summary of developments relevant to its recovery 

program through mid-2009. As a result, the 2012 Strategic Plan will focus on key research and 

conservation objectives for the next 2-3 years.  

 

a. taxonomy 

b. demography and updated status of populations 

c. genetics research 

d. reproductive ecology 

e. ex situ conservation (seed storage, veg propagation, captive pops) 

 

ABS will compile the Strategic Plan, but will rely on contributors to author sections on 

their areas of expertise. April is the goal for the first draft. 

 

Carl also provided an overview on the current status of Z. celata populations, assessing 

the progress toward the recovery goal of genetically diverse, demographically viable, and 

sexually reproductive populations on protected lands. Though no known populations meet all 

these criteria (Table 2), Carl highlighted three protected properties that produce fruit: Ridge State 

Forest 2, Carter Creek North 1 (west), and Mitigation Site. The first two sites (RSF-2 and CCN 

1(west)) are small wild populations (< 25 plants) with very few fruits, little genetic diversity, and 

no documented seedling recruitment. The Mitigation Site was originally a small, uniclonal wild 
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population that received two augmentations, one in 2003 and one in 2006. Now it has relatively 

high genetic diversity with seven wild genotypes (including the original genotype) and 

approximately ten F1 and F2 seedlings (all transplants). This is the first translocation with 

successful flowering and fruiting though no seedling recruitment has occurred to date. The 

factors leading to the success of this translocation were discussed by Recovery Team members. 

The age of the transplants before outplanting was unknown but they are believed to be older than 

most materials used in other transplants.  Also Jennifer Navarra (Florida Forestry Service) 

suggested the success might be nutrient related since the site is a pasture undergoing restoration. 

Nancy Bissett (The Natives) suggested openness (lack of competition) is the key factor. 

 

2. Seed germination and seed storage 

 

Cindy Campbell (Bok Tower Gardens) provided an update on fruit production in the Bok 

ex situ population. Harvests in 2010 and 2011 were higher compared to 2009, but still less than 

previous peak years (Table 3). A portion of each harvest is used in annual germination trials and 

the rest of the harvested seeds is stored in ambient, refrigerator (7°C), freezer (-20°C), or 

cryogenic storage (-150°C at Fort Collins). Cindy reported that old seeds (stored in ambient 

conditions) have low germination rates (~1%) and Bok continues to focus on germinating out 

this large seed reserve; they have decreased the old seed reserves by ~50% since 2010. To date 

the oldest seed to germinate was six years old. ABS also conducts annual germination trials, 

although we have not been as successful as Bok in getting high germination rates. 

 

Cindy also stressed the importance of viability trials for the harvested seed, both before 

and after storage. Since germination rates are variable across years, annual viability trials provide 

baseline data for comparisons among storage conditions and help determine seed longevity.  

Germination data for fresh seeds are presented in Table 3 of this summary. For stored seed, 

Cindy recommends interval viability testing of every 5 years for cryogenic storage and every 2 

years for the other storage conditions. Complications impeding yearly viability testing include 

insufficient seeds available for a particular year or storage type, lack of space to conduct trials 

and/or care for subsequent seedlings, and finding appropriate homes for germinated material 

(designing and executing translocations). 

 

Based on Cindy’s presentation, several analyses were requested for the 2012 Strategic 

Plan. Carl suggested breaking down germination data by maternal genotype. Eric Menges 

(Archbold Biological Station) requested the ex-situ and in-situ germination data be incorporated 

for additional analyses, especially to compare translocation materials (seeds vs. transplants) from 

greenhouse to field. Specifically, Eric is interested in the percentage of surviving translocated 

individuals from seeds sown in the field versus seeds sown in the greenhouse. Cindy estimated 

seedling survival in the greenhouse was 80% in 2006. Seedling death is typically attributed to 

loss of cotyledons because they are trapped in seed.  

 

 

3. Vegetative propagation 
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Efforts to expand the representation of wild genotypes in the Bok Tower Gardens captive 

population rely on vegetative propagation of Ziziphus celata using two distinct approaches: 

propagation from root shoots and tissue culture micropropagation.  

 

Juliet Rynear (Bok Tower Gardens) reported on progress in propagating wild genotypes 

via root cuttings. Since the last recovery team meeting, Juliet and her co-workers tested several 

new techniques. They tried transplanting roots directly into National Collection beds (instead of 

the standard greenhouse method using trays filled with soil mix), but this was unsuccessful. Tests 

using root hormone & Diehard Starter Mix had no effect on rooting for Z. celata root cuttings.  

 

The most promising method utilized an aeroponic propagation system developed by Nick 

Baker, the Bok Director of Horticulture. This method uses water vapor as the growing medium 

with cuttings suspended in plastic mesh pots. Juliet tried this with both stem cuttings and root 

cuttings. The stem cuttings developed roots but then rotted. Juliet is still hopeful and will try the 

stem cuttings again but with rooting hormone.  One root cutting, however, had exciting results 

with rooting at 3 months, compared to 6 months for the standard soil mix approach. This cutting 

also had substantially more fine roots. Though it died after repotting, Juliet believes it was due to 

the potting mix. She plans on testing this technique with additional root cuttings. 

 

Cheryl Peterson (Bok Tower Gardens) summarized the work of two collaborators 

working on tissue culture propagation. Once established, these cultures can be maintained 

indefinitely. Pilar Maul from St. Thomas University will try creating tissue cultures using sterile 

seedlings and will begin her work in 2012. Valerie Pence of Cincinnati Zoo and Botanic Garden 

has successfully established Z. celata cultures from stem cuttings of multiple genotypes. Valerie 

continues to investigate the effectiveness of different protocols, including experiments evaluating 

the effect of different media types on culture initiation, growth, and rooting. In addition to 

exploring different lab techniques, Valerie hopes to try dormant twigs to force leaf expansion 

from buds in culture. 

 

Acclimatization of Z. celata cultures, however, has been difficult. Cheryl has received 

three plants from Valerie and two of these died in less than one month. The sole survivor showed 

very little growth aboveground (few leaves and no change in height) for three years. In June 

2011, Cheryl dug it up and discovered it had a decent root system.  She immediately repotted it 

and now the plant looks very healthy with many green leaves. 

 

4. Ex situ population (maintenance and relocation options)  
 

The National Collection Beds at Bok Tower Garden currently house the captive 

population of Ziziphus celata. For years now, these beds have been difficult to maintain as 

multiple genotypes reside in a single bed, new clonal recruits have moved within and outside of 

the beds, large plants are blocking pathways in the garden, and there is little room to expand the 

current collection. Cindy Campbell presented a proposed maintenance strategy for the beds. 

Large, troublesome plants will be pruned and sprawling plants will be trellised. No new plants 

will be added to the beds and any new shoots (<12”) in adjacent beds (i.e. escapes) will be 

removed, repotted, and genotyped. Since seedlings have been documented in the beds, Cindy 

emphasized the need to save any recruits.  



4 

 

 

Efforts to relocate the captive population have been ongoing. Katrina Noland (Bok Tower 

Gardens) provided a summary of the issues surrounding this relocation. As discussed at previous 

Recovery Team meetings, the Pine Ridge Preserve (a recently burned remnant sandhill) was 

originally targeted as the new site for the captive population. The plan was to establish planting 

foci, 10m radius circles assigned to plants from a single wild genotype. Twenty Z. celata clones 

were outplanted, representing 6 genotypes; five of these genotypes are from Masterpiece and not 

represented in the National Collection beds. Though 18 plants survived outplanting, no 

additional plants can be outplanted at Pine Ridge Preserve due to a conflict with plans for future 

use for this area. 

 

Katrina presented the Knoll as an alternative location at Bok. This site is a sandhill 

restoration project. It was originally purchased in 1992 and longleaf pines were planted. Recent 

restoration efforts include plantings, seeding, and herbiciding (natalgrass). A trail was also 

installed through the unit. Future management of the site includes spot herbiciding (at least until 

2016) and prescribed fire (2-5 fire return interval). Katrina emphasized the need for extensive 

planning if the Knoll is agreed upon for the captive population relocation. In addition to a formal 

agreement between Bok Tower Gardens and other interested parties, a system must be in place 

for providing irrigation. There are existing water lines, but there is currently no access to a well.  

Katrina also voiced concerns regarding the close proximity of orange groves (surrounding all 

sides of the parcel) and potential drift from pesticide spraying. Katrina highlighted two other 

sites as prospective locations for the captive population, but neither the Sink Hole parcel nor the 

fallow grove parcel would be ready until after 2015. 

 

5. Demographic analysis of wild and translocated populations 

 

Eric Menges (Archbold Biological Station) reported on the most recent data from Plant 

Ecology Program’s Florida ziziphus demography project. Among the 14 wild populations, 13 are 

stable or declining (Figure 1). The only population increasing is Friedlander’s pasture. 

Additional demography results are reported in the Plant Lab’s annual report to Florida Forestry 

Service (Weekley and Menges 2011). 

 

In collaboration with Martha Ellis (University of Montana), a new population dynamics 

model for Ziziphus celata is currently underway. Previous modeling (Ellis et al. 2007) included 

only two populations and was based on a simplified life cycle comprising only three stages. This 

new model will incorporate more years of data as well as more populations. It also uses a 

different approach, integral project models, which allow for a fine-grain approach to size effects 

on demography. It will incorporate additional spatial parameters and cycles of dieback and 

resprouting not previously included. 

 

6. Translocations (updates and future plans)  

 

Updates.— Stacy Smith (Archbold Biological Station) and Jennifer Navarra (Florida 

Forestry Service) provided status updates on the five experimental introductions of Ziziphus 

celata. Clear patterns have emerged from these translocations. Generally, transplants have 

relatively high annual survival but show little growth. Seeds have low germination and survival 
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rates, though this varies by maternal genotype, year, and site. Frequent monitoring also shows a 

pattern of defoliation and releafing for both seedlings and transplants. Overall, transplants 

outperform seeds as introduction material, but the year and microsite conditions are important 

factors in successful establishment.  

Across multiple introductions at multiple sites, transplants and seeds generally did better 

with shading relative to open microsites (for both survival and germination, but not growth). 

These results are based on initial microhabitat and it is uncertain how translocated materials 

perform in different microhabitats overtime. At the Mitigation Site augmentations, for example, 

all transplants were planted in open areas and initial survival was very low. After five or more 

years, however, surviving plants have the greatest growth and produce fruits. Table 4 provides 

summary information on each introduction as well as each augmentation to wild populations. 

During several discussions throughout the meeting, it was suggested that transplants may 

be allocating resources belowground, explaining the lack of aboveground growth and clonal 

recruitment in translocations. Cheryl Peterson saw this with her single tissue culture plant; it 

appeared to perform poorly aboveground but had a substantial root system. Juliet Rynear 

suggested excavating a transplant to investigate this possibility in translocations, particularly at a 

site with poor survival. Additional comments regarding translocations included the question of 

whether we are selecting for shade tolerance with transplants grown in the shadehouse. Everyone 

agreed it was a possibility, but also noted there are many examples of large, shaded plants in 

wild populations. Jennifer Navarra also commented that germination in the 2010 GF-14 

introduction was consistently observed after rainfall events, not after watering. Despite 

substantial irrigation for these plants, Jennifer thinks the irrigation assisted with survival but not 

germination in seeds. 

  

Future translocations.—Carl Weekley (Archbold Biological Station) presented on a 

proposed introduction at FWC’s Lake Wales Ridge Wildlife Environmental Area, Silver Lake 

tract. The translocation materials (transplants and/or seeds) are available and the ABS Plant 

Ecology Program is currently working on an experimental design. The biggest challenge is 

providing irrigation to the plants/seeds. Carl discussed several options including a citrus type 

poly-tubing system. The challenge with this is providing the water source. Installing a well is 

unlikely but currently being pursued with FWC. Hauling water to the site is another option. For 

previous projects, ABS has used a fire truck outfitted with a 500 gallon tank, but this has proved 

difficult to coordinate and execute. Recovery Team members suggested using a standard truck 

with a poly tank in the back, making travel easier. Other options suggested by Carl and Recovery 

Team members include the Water Boxx system, polymer/water binding additives to decrease 

frequency of watering, and water bags (Cindy thinks young ziziphus thorns are unlikely to 

puncture the bags). 

 

Carl also addressed the long term strategy for additional translocations. He recommended 

a shift in priorities toward augmentations for both wild and introduced populations. The main 

goal of these augmentations would be to supplement existing genotypes. He suggested one 

additional Z. celata introduction at the northern end of its range; no protected in-situ populations 

occur in this area. The Lake Wales Ridge State Forest may have appropriate sites (Flaming 

Arrow or Hesperides tracks). Future translocations may only use transplants due to the success of 

plants compared to seeds. Also translocations could shift towards smaller scale outplantings to 

make things more manageable. 
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7. Summary of conservation genetics research 
 

Sarah Haller (Archbold Biological Station) presented on the latest developments by our 

collaborators, Matt Gitzendanner (University of Florida) and Christy Edwards (U.S. Army Corps 

of Engineers, Engineer Research and Development Center), both who were unable to attend the 

Recovery Team meeting.   

 

Matt and his collaborators recently published a paper on the genetic diversity of the 14 

wild Ziziphus celata populations (Gitzendanner, et al. 2011); some of this information was 

presented at the 2010 Recovery Team meeting. Matt conducted microsatellite genotyping using 

eight microsatellite loci (six of which were used for analysis). Previous genetic research used 

isozymes, RAPDs, AFLPS, and fewer microsatellites. Matt’s work recognized 41 genotypes in 

the 14 populations. The majority of populations are uniclonal (nine of the 14), with the most 

genotypes occurring in the recently discovered Masterpiece populations. Some Masterpiece 

genotypes are closely related and differences among them may be due to somatic mutations or 

genotyping errors. As a result, Matt has grouped the genotypes into distinct clonal lineages or 

multi-locus lineages (MLLs) using statistical analysis. Matt recognized 30 clonal lineages in his 

2011 paper. 

 

Christy Edwards also recently published a paper with her collaborators (Edwards et al. 

2011) on her work with the Z. celata cDNA library. The cDNA library includes only those genes 

that are “turned on” at a given time. In our case, the cDNA library is based on flowers as the 

major objective was to identify the S-locus (the proposed mechanism responsible for 

reproductive self-incompatibility). Christy scanned the floral transcriptome for gene sequences 

homologous with known S-RNase sequences, the gene responsible for self-incompatibility in 

other plant families. She identified six sequences that belong to the appropriate family of genes, 

but these were NOT homologous to the S-RNase gene responsible for the “pistil part” (i.e. 

female) component of the gametophytic self-incompatibility reaction. 

 

The other major development from Christy’s work is the creation of a new microsatellite 

sequences. Due to the large scale sequencing of the cDNA library, Christy was able to quickly 

identify a multitude of candidates. She has developed and successfully tested 19 microsatellites. 

Combined with Matt’s work, there are now 25 microsatellites available for future genotyping and 

parentage analysis. Initially Christy will focus on determining the parentage for the planting 

material slated for the upcoming introduction and for the material used in the most recent 

introduction at Ridge State Forest GF-14. 

 

8. Management of populations 

 

 Steven McAllister (Archbold Biological Station) led a discussion on future 

management/maintenance of wild and introduced Ziziphus celata populations, outlined below: 

 

a. Lake Wales Ridge State Forest—Jennifer Navarra (FFS) is going to explore the 

possibility of burning LWRSF-2. Nothing is planned for the other sites. 
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b. Tiger Creek Preserve—B Pace-Aldana (TNC) had no knowledge of upcoming burns 

affecting ziziphus here but the staff at Tiger Creek is always willing to work with any 

special needs. 

c. Carter Creek North—Nicole Ranalli (FWC) said both populations were burned in 

2010 so nothing new is planned. 

d. Friedlander’s—Cheryl Peterson (Bok) subcontracts the maintenance here; in 2010 

and 2011, approximately 70 hours were spent each year weeding around the plants. 

e. Mountain Lake sites— Cheryl Peterson (Bok) also subcontracts the maintenance 

here.  

f. Pine Ridge Preserve—Katrina Noland (Bok) is planning to burn this site in 2012. 

g. Avon Pines—Steven discussed the current maintenance work done here by Archbold. 

Previously most plants were fenced in to protect demography tags from curious cattle 

and protect plants from destructive ranching activities. As a result, they have 

employed a combination of regular prescribed fires and hand weeding to combat 

encroaching pasture grasses. This is has been extremely time consuming and 

somewhat ineffective due to lack of availability of lab personnel. Steven proposed 

changing the current approach by unfencing some or all populations but leaving fence 

posts to provide visibility of the areas to the ranchers. Exposure to cattle may control 

weeds and provide better opportunities for clonal recruitment, although cattle may 

also damage some existing plants. Recovery team members agreed allowing cattle 

access to ziziphus may be a good idea, and Cindy suggested controlled access (allow 

cattle access to the area for short time periods at appropriate intervals).  

 

Other highlights 

 

A brief discussion at the Recovery Team meeting focused on the acquisition potential of 

privately owned populations. Masterpiece is still the highest priority for protection. Nancy 

Bissett (The Natives) remains on the board for Green Horizon Land Trust and may assist in 

facilitating additional discussions with the organization.  

  

Sarah Haller (Archbold Biological Station) reviewed the ArcGIS ZcSearch database, first 

introduced at the 2010 Recovery Team meeting. The database, which includes 60+ records based 

on soil type, habitat, and land-use history, provides a record of past searches for Florida ziziphus 

and is a tool for identifying additional areas that still need to be searched. The database also 

includes all known populations of Florida ziziphus. Following Sarah’s presentation, participants 

discussed various target areas for searches, supplying additional information, and sometimes 

volunteering to organize new searches. 

 

 Additional details on most of the topics covered above are available in our annual report 

to the Florida Forest Service and other documents available on the ABS website: 

http://www.archbold-station.org/station/html/research/plant/flziz.html. 

 

http://www.archbold-station.org/station/html/research/plant/flziz.html
http://www.archbold-station.org/station/html/research/plant/flziz.html
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Table 1. List of 16 participants in the 2012 Florida Ziziphus Ad Hoc Recovery Team and their 

affiliations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participant Affiliation 

Dave Bender US Fish and Wildlife Service 

Nancy Bissett The Native, Inc. 

Cindy Campbell Bok Tower Gardens 

Christine Edwards 

(via phone) 

U.S. Army Corps of Engineers, Engineer Research and 

Development Center 

Martha Ellis University of Montana 

Sarah Haller Archbold Biological Station 

Eric Menges Archbold Biological Station 

Steven McAllister Archbold Biological Station 

Jennifer Navarra Florida Forest Service 

Katrina Noland Bok Tower Gardens 

Beatriz Pace-Aldana The Nature Conservancy 

Cheryl Peterson Bok Tower Gardens 

Juliet Rynear Bok Tower Gardens 

Nicole Ranalli Florida Fish and Wildlife Conservation Commission 

Stacy Smith Archbold Biological Station 

Carl Weekley Archbold Biological Station 
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Table 2: Summary status of all Ziziphus celata populations as of 2011. Recovery goals for the 

species include protected, demographically viable, and genetically diverse populations that are 

reproductive. None of the known populations meets all of these standards. *There are four 

closely related genotype variants at this population. **This site is slated for public ownership in 

the next few years. ***low germination; no survivors. 

 

Population Protected? Status # Plants  Multi genotypes? Fruiting? 

Masterpiece South  no wild 414 yes yes  

Masterpiece North no wild 243 yes no  

Friedlanders Pasture no wild ~170  no no  

Mountain Lake Sandhill  no wild 20 no no  

Mountain Lake Disturbed no wild 8 no no  

Avon Pines Pasture-1  no wild 44 no no  

Avon Pines Pasture-2 no wild 15 no no  

Avon Pines Pasture-3 no wild 43 no no  

Avon Pines Pasture-4 no wild 19 no* yes  

Ridge State Forest-1  yes wild (augm) 31 yes (augm)  no  

Ridge State Forest-2 yes wild 4 no  yes*** 

Mitigation Site  yes** wild (augm) 31 yes (augm)  yes*** 

Carter Creek North-1 (west) yes wild 22 yes yes*** 

Carter Creek North-2 (east) yes wild 7 yes no  

Carter Creek South yes xloc 121 yes no  

Tiger Creek Preserve yes xloc 273 yes no  

Ridge State Forest GF-14 yes xloc 162 yes no  
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Table 3: Summary of harvested Ziziphus celata fruit, including storage information and 

germination rates from viability trials by Bok Tower Gardens from 1994-2011. 

Year 
total # 

collected 
ambient 7°C 

neg 

20°C 

neg 

150°C 

total # 

stored 

germ 

(fresh 

seed) 

1994 921 276 0 0 0 276   

1995 315 335 0 0 0 335   

1996 555 0 0 0 0 0   

1997 2,600 0 0 0 0 0   

1998 2,500 0 0 0 0 0   

1999 7,956 1,667 0 0 0 1,667   

2000 4,486 0 0 0 0 0   

2001 2,609 0 0 0 0 0   

2002 7,227 0 0 0 0 0   

2003 877 0 0 0 0 0   

2004 3,194 0 0 0 0 0 12% 

2005 747 0 0 0 0 0   

2006 2,044 0 871 0 0 871 38% 

2007 5 0 0 0 0 0   

2008 2,116 0 0 342 

1,500 

(500=PO6) 1,842 14% 

2009 1,295 0 351 410 0 761 8% 

2010 2,415 0 905 1,442 204 2,551 27% 

2011 3,853 543 0 1,753 0 2,296 16% 

Total   2,821 2,127 3,947 1,704 10,599   

 

 

Table 4: 2011 summary status of Ziziphus celata translocations. These include both 

introductions and augmentations (*augmentation of wild population).   

 

Population  Date  # 

transplants  

# 

seeds  

% transplant 

survival  

# live 

seedlings  

Carter Creek  South  2002 144 1728 59.00% 2 

LWF Mitigation Site*  2003 64 0 34.40% NA  

Tiger Creek Preserve  2005 286 3000 49.00% 23 

LWR State Forest 1*  2006 30 0 76.70% NA  

LWF Mitigation Site* 2006 30 0 26.70% NA  

Tiger Creek Preserve  2007 110 1200 87.30% 15 

Carter Creek South   2009 33 480 81.80% 7 

LWR State Forest GF-14 2010 141 720 99.30% 22 
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Figure 1. Change in population size for the 14 Ziziphus celata populations (1996-2011). P01-1 = 

LWR State Forest-1 (including 2006 augmentation); P01-2 = LWR State Forest-2; P02 = LW 

Forest Mitigation Site (including 2003 and 2006 augmentations); P03 = Mountain Lake Sandhill; 

P04 = Friedlander Pasture Site; P05 = Mountain Lake Disturbed Site; P06 = Masterpiece North; 

P07 = Masterpiece South; H01 = Avon Pines Pasture Site (four subpopulations); H02-1 = Carter 

Creek North-1 (west); and H02-2 = Carter Creek North-2 (east). Because of the incomplete 

census at the Friedlander Pasture site (P04), the population contains more live plants than shown 

on the graph. 

 

 

 

 

 


