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Polygala smallii


Species Name:  Polygala smallii Smith & Ward
Common Name(s): Tiny polygala, Drumheads, Small’s Milkwort, Tiny Milkwort
Synonym(s):  Polygala arenicola Small, Pilostaxis arenicola Small. Occasionally treated as conspecific with Polygala nana (Long & Lakela 1971). 

Family:  Polygalaceae

Species/taxon description: Annual or biennial, erect 2.0-7.5 cm (0.8-3.0 in) tall, with 1-4 or more short unbranched or branched stems from well-developed tap root. Basal leaves are 1-4.2 cm (0.4-1.7 in) long, 0.2-1.4 cm (0.1-5.5 in) broad, oblanceolate to linear-oblanceolate, rarely near-spatulate, often absent, or in irregular, crowded rosette; cauline leaves similar. Inflorescence a head-like, cylindrical raceme, 0.4-3 cm (0.2-1.2 in) long, 0.5-1.8 cm (0.2-0.7 in) thick, usually surpassed by the basal leaves. Bracts to 3.5 mm (0.1 in) long, deciduous. Pedicels <1 mm (<0.1 in) long. Flowers green or greenish-yellow, drying to the same color. Sepaloid sepals 0.5 mm (<0.1 in) long, the upper lanceolate or lanceovate, the lower linear-lanceolate; wings 5-8 mm (0.2-0.3 in) long, 2-3 mm (0.1 in) broad, oblong-lanceolate, 3-5-nerved, long-acuminate, remotely ciliolate. Upper petals 4-4.5 mm (0.2 in) long; keel 4 mm (0.2 in) long; crest with bifurcating lobes to 3 mm (0.1 in) long. Seed 1.9-2.3 mm (0.07-0.09 in) long, pilose; rostrum large, rounded, 0.6-0.7 mm (0.02-0.03 in) long; aril ½ to almost length of seed (Smith & Ward 1976).


Without close examination, P. smallii is virtually indistinguishable from P. nana (Michx.) DC. Populations are separated by 51 km (32 mi). P. smallii may have evolved from an isolated population of P. nana (Ward 1979). The distinguishing trait between the two is seed size. P. nana seeds are smaller at 0.6–0.8 mm (0.02-0.03 in) not including the rostrum vs. 1.2–1.4 mm (0.05-0.06 in), not including the rostrum for P. smallii (Bradley & Gann 1995).

Legal Status:  Federally endangered (1985). Florida endangered.

Conservation status:  Endemic to southeast Florida

Prepared by:  Conservation of South Florida Endangered and Threatened Flora (ETFLORA) Project, Research Department, Fairchild Tropical Garden

Last Updated:  November 2002

Background and Current Status

Range-wide distribution – past and present

(Confidential)

Population and reproductive biology/life history

Annual/Perennial:  Annual or Biennial

Habit:  Herb

Short/Long-Lived:  Short-- in one study, the mean life span was 180 days, and only 9% of in situ plants lived beyond one year (Koptur et al. 1998). No temporal mortality patterns; plants live about 18 months (USFWS no date).
Pollinators:  Unknown, but may be ants (DERM 1993, ETFLORA observ.)

Flowering Period:  Flowering begins in May, continuing year-round (USFWS no date). Plants flowered May 92 through June 93 to some degree, mean duration of flowering is 4 months (range 0-12) per plant (DERM 1993). Flowers and fruits April-November (Austin 1997).  Late summer, then again in the spring, with peak flowering in May-June with 1-2 inflorescences per plant. Flowering lasts 3.4-4 months, and begins 6 months (but may be as little as 2) following germination (DERM 1993). Adult plants flower up to at least the month before they die (DERM 1994). Flowering begins in May, continuing year-round (USFWS no date). Anthesis occurs March-May (Smith & Ward 1976). At one site, plants surviving through June/July produced more flowers than those dying prior to June/July (DERM 1993).

Fruiting: April-November (Austin 1997)
Annual variability in Flowering: Varies by site.  For some sites, peak flowering is as early as May; others, not until August (DERM 1993) or October (ETFLORA).

Growth Period:  Plant size and growth rate varied by site.  The growing season appears to coincide with the rainy season.  Peak growth occurring between May and the following Feb/March (Koptur et al. 1998). 
Dispersal:  May disperse short distances by water (Lockhart, pers. observ.). Air sacs and hairs on the seed coat enable them to float for hours (S. Kennedy, pers. observ.), and seedlings are usually found at the edges of low, open sand pockets, suggesting that they may have settled at the edges of rain water puddles (ETFLORA observ.). Ants may disperse the seeds (DERM 1996), though the air sacs have been found to contain no reward (S. Kennedy, pers. comm.). Air sacs are referred to, apparently erroneously, as elaiosomes (oil-bearing structures) by some authors (e.g. DERM 1996). No long-distance dispersal mechanism is known. 

Seed Maturation Period: unknown
Seed Production: Produces seeds throughout the year (Koptur et al. 1998). A seed bank persists for at least 2 years (Koptur et al. 1998). Seeds ripen non-synchronally on a single inflorescence.
Seed Viability: Fresh seeds did not germinate, but 80-100% of older, buried seeds germinated without regard to seasonal photoperiod (Koptur et al. 1998). Seeds collected in September 2002 began to germinate within 5 days after being plated on wet filter paper in a petri dish (seeds had been stored at room temperature for 2 weeks) (Fellows, unpubl. data). 
Regularity of Establishment:  Peak seedling emergence is September-November; a few seedlings emerge May-June (Koptur et al. 1998). Seedlings present October-June (USFWS undated, DERM 1994). Newly maturing seedlings dominate the previous year’s adults by June (DERM 1994). Seedling first emerged in December, were present through winter (March/April), and mortality peaked in June (late dry season).  Timing of peak germination varied by site.  Seedlings at two sites were followed for one year, and 56% died before reaching maturity (DERM 1993).

Germination Requirements:  Germination begins in December (DERM 1993). Plants have been observed germinating a few months after wildfires on several occasions (USFWS no date). Seeds are difficult to germinate in situ under standard horticultural conditions (ample soil moisture and aeration is crucial, mold was problematic, and fungicide killed plants (Koptur et al. 1998)). Koptur et al (1998) found that fresh, wild collected seeds showed 50% greater germination following soaking in a smoke extract. Some questions with the experimental design suggested the need to repeat this experiment. In October 2002, the experiment was repeated with 5 replicates (of 25 seeds) soaking in smoke extract (24 hours) and 5 replicates soaking in nanopure water (24 hours). Initial germination rates were higher in smoke extract treated seeds; total germination (at 30 days) in each treatment varied by 20% (Fellows, unpubl. data). Koptur et al. (1998) produced seedlings by sowing seeds on a thin layer of silica sand (to avoid mold problems) under summer light and temperature conditions, then transplanted seedlings to Metromix growth medium after 2 weeks. Plants sown on Metromix were more robust, but died 1-2 months sooner than plants in sterilized native soil (Koptur et al. 1998). Transplanted seedlings did not survive longer than 3 weeks, despite being watered (Koptur et al. 1998). Seeds germinated best on moist silica under indirect sunlight & ambient photoperiod (Koptur et al. 1998). On petri dish/filter paper, mold was a problem, though 50-72% of seeds germinated (Koptur et al. 1998).  Seeds buried > 2cm will develop dormancy (Kernan et al. 1999). Can also germinate seeds up to 2 years old (Koptur et al. 1998).

Establishment Requirements:  Metromix 300 (a fine textured, moisture retaining and sterile seedling growth medium) supported better growth but a shorter life span than native sterile soil, under 50% shade (Koptur et al. 1998). 
Population Size: (Confidential)
Annual Variation:  Population size may vary by several hundred percent between years (Bradley & Gann 1995, DERM 1994).
Number and Distribution of Populations:  (Confidential)

Habitat description and ecology

Type:
PINE ROCKLAND, SCRUB, SANDHILL.  Sandy or calcareous rocky areas of the open grassy pinelands; open areas devoid of other vegetation (Smith & Ward 1976). Sand deposits in Dade County’s pine rocklands (DERM 1993). Grows only in sand pockets in pinelands (Austin 1997). Sandy pockets in pine rocklands, Ceratiola scrub, sandhills (Coile 2000). Less duff, deeper soils, elevational limits (Koptur et al. 1998). There tend to be some trends: no pine cover relation, not on bare rock, medium saw palmetto canopy, low oak canopy, medium duff, and deep soil (Koptur et al. 1998). Habitats which are all well drained, high-light environments: pine rockland, scrub, sandhill, and open coastal spoil (Bradley & Gann 1995). Sandy, slightly acidic soils (Austin et al. 1980, Kennedy 1998). Sandy or calcareous rocky areas of open grassy pineland, found in small sandy openings in the dense ground cover (Ward 1979). Pinelands, sandy, calcareous rocky areas (Avery & Loope 1990). Litter depth less than 2.5 cm, significantly shallower than random sites (DERM 1996). Open habitats, well-drained, within 6 miles of the coast in sand hill/pinescrub or similar habitats (USFWS no date).

Physical Features:


Soil:  Fine, white, “powdered-sugar” sand; soil depth greater than 2.0 cm deep 

(hypothesis: deeper soil holds more water which allows plants to survive seasonal 

drought) (DERM 1996).


Elevation: 10-15 feet above MSL (DERM 1993)

Aspect: unknown

Slope: unknown
Moisture: Plant distribution could be the result of a seasonal, local moisture 

gradient.

Light: Prefers open shrub canopy, but can tolerate a range (DERM 1996). “Over 

time, P. smallii plants gradually disappear from areas where pine saplings become 

increasingly dense, shade deepens and pine needle litter increases. We suggest 

that aboveground P. smallii populations need disturbance created openings in the 

pine canopy to establish.” (Kernan et al. 1999)

Biotic Features:


Community:  Associated plants are typical of northern scrub community: 

Bulbostylis ciliatifolia, Scleria ciliata, Selaginella arenicola, Dichanthelium sp.,

Vaccinium myrsinites, Lyonia ferruginea, Palafoxia integrifolia, Chamaesyce 

deltoidea ssp. deltoidea, Cyperus filiculmis, Rhynochospora globularis, Aristida 

purpurescens, Euphorbia polyphylla (DERM 1993). 

Interactions:



Competition:  unknown


Mutualism:  unknown


Parasitism:  n/a



Host:  n/a


Other: unknown

Animal use:  unknown

Natural Disturbance:

Fire:  The general consensus among the literature is that adult plants are killed by fire, however, the population as a whole needs fire to sustain itself.


Hurricane:  Two of the largest populations were found by DERM shortly after 

Hurricane Andrew (1992), but the mechanism for the increase is unknown. “Over time, P. smallii plants gradually disappear from areas where pine saplings become 

increasingly dense, shade deepens and pine needle litter increases. We suggest 

that aboveground P. smallii populations need disturbance created openings in the 

pine canopy to establish.” (Kernan et al. 1999)


Slope Movement: unknown

Small Scale (i.e. Animal Digging):  Disturbance experiments did not have any 

seedlings emerge (nor did planted controls) (Koptur et al. 1998)

Temperature: unknown
Protection and management

Summary:

Availability of source for outplanting:  Fairchild Tropical Garden does not maintain an ex situ collection of this species. Past research has proven cultivation and transplanting to be difficult. In September 02, seeds were collected and germinated for the purpose of growing more seeds to augment a natural population (ETFLORA). Germination on moist filter paper was 60-80% after 1 month with no significant mold problems (Fellows, unpubl. data). These seedlings may be available for outplanting or for seed production if they establish and fruit (Fellows, unpubl. data).

Availability of habitat for outplanting: (Confidential)

Threats/limiting factors

Natural:


Herbivory: ETFLORA has observed mild herbivory of leaves from an unknown 

source.


Disease: unknown

Predators: unknown

Succession: Succession is a threat; removal of climax community species, i.e. 

hardwoods, is recommended (USFWS 1999)

Weed invasion: Schinus terebinthifolius and Neyraudia reynaudiana are 

problems at many of the sites where P. smallii occurs, restricting available 

habitat. removal of exotics (USFWS 1999).

Fire:  P. smallii has not been seen at the Deering Estate since it was burned in 

1988 (DERM 1993). Fire appears to kill the plants, although it may not kill buried 

seeds. Adult plants cannot regenerate after fire; the population can only come back from seed.  Lack of fire is also a significan threat, as it increases the thickness of the duff layer and abundnace of exotic plant pests (Bradley 

& Gann 1995, Kernan, Kennedy 1998, Snyder et al. 1990, Ward 1979).  

Genetic: unknown

Anthropogenic

On site:  Urbanization and development of the extremely rare pine rockland 

habitat that this species requires is the worst threat (USFWS 1999). Fire s
suppression reduces the amount of available suitable habitat. Trash dumping is 

also a problem. Foot and bicycle traffic/erosion at public access parks (Bradley & 

Gann 1995, Kennedy 1998)



Off site: unknown
Collaborators

US Coast Guard

Natural Areas Management

Conservation Measures and Actions Required

Research history: 
Miami-Dade County conducted surveys in the early 1990s that included  ecological data. In 1991, environmental consultant Mark McMahon was hired by the Parks and Rec. Dept. (Natural Areas Management) to study the phenology and size classes of P. smallii in one county park. In 1994, Joe Maguire (DERM) completed ’92-’94 surveys of two sites, in which phenology, demography, and seedling recruitment were studied. 

In 1995, Keith Bradley and George Gann completed an extensive survey for P. smallii in south Florida. Their survey included collection of data on the associated species and microhabitat of P. smallii.
Christopher Kernan and Suzanne Kennedy conducted germination research in 1995, and Kennedy later went on to complete her master’s thesis in 1998 on “The seed bank and seedling dynamics of Polygala smallii.” Also in 1998, Suzanne Koptur of Florida International University and C. Kernan published their final report for the project, “Feasibility of Relocating Tiny Polygala.” Their study included a review of previous work, development of propagation techniques, and research into P. smallii’s distribution over microhabitat gradients, seed bank, size classes, demography. Their study also included an (unsuccessful) experimental reintroduction of seeds and seedlings.

Currently, the ETFLORA program is conducting research into habitat management for P. smallii. Several questions regarding how to best manage a pine rockland for P. smallii have been asked but have failed to have been answered over the years. This ongoing study examines the effects of mechanical removal of vegetation from a long-unburned population and areas near the population to examine potential dispersal, survival and sustainability of the population.

Significance/Potential for anthropogenic use: unknown; The members of the Milkwort family were thought to aid in a mother’s milk production (Austin 2001).
Recovery objectives and criteria (when available):

Population size goal: unknown
Population stability goal: unknown
Percent Flowering goal: unknown
Number of populations target: Provide sufficient habitat, declassify if 10 viable populations, delist if 20 viable populations (USFWS 1988).
Protection of populations: Protect all remaining habitat (approximately 2% of original habitat), conduct reintroductions and/or cultivation, prescribe burns at 3-7 year intervals, eliminate exotic plants (USFWS 1988). Retain natural habitat in good state, including burning to create openings in the ground cover (Ward 1979)

Management options:

Add disturbance.

Fire, hurricane and even small scale soil disturbances (“New aboveground populations should be created by turning over soil at former aboveground P. smallii sites to uncover buried seeds.” (Kernan et al. 1999)) are thought to increase aboveground population size. Hurricanes can’t be simulated by land managers. Small scale disturbances can be, but aren’t proven to be effective. In south Florida, fire is the dominant and preferred mechanism for increasing habitat health. Land managers know that a fire interval of 5-7 years is needed to manage a pine rockland system. However, in urban preserves, fire is almost never used because of the costs to the public (air quality, interference with roads and traffic, and in some cases a health hazard). Because of this, many pine rocklands have litter accumulation levels that could create unsafe and unhealthy burn conditions, i.e. extreme temperature, canopy fire and lack of control. Fire (without adequate site preparation) may be more hazardous than helpful and may lead to the premature death of a Polygala smallii population.

Alternate disturbance.

ETFLORA, in collaboration with Miami-Dade Natural Areas Management, is in the process of experimentally testing an alternate management technique (this plan is outlined in the Habitat Restoration of Polygala smallii chapter of ETFLORA’s 2001-2002 Annual Report). This technique has several advantages over fire: (1) no prescription and/or fire permit is necessary, (2) there is no risk to adult P. smallii plants, and (3) work crews can perform the work at any time, without regard to weather conditions or traffic patterns. The drawbacks are: (1) this is costly in time and money, (2) it generates a lot of waste, (3) the long-term consequences to the ecosystem are unknown. We are currently monitoring this experiment to determine long-term benefits and costs to the ecosystem and the species for this alternate method.

Do nothing.

The hypothesis that P. smallii is extant in the seed bank at greater numbers than is visible has been tested to a small degree (2 year old seeds were found to be viable and buried seeds seem to enter a state of dormancy (Koptur et al. 1998)). Past populations have been shown to recover following unforeseen ‘natural’ events, as in the recovery following Hurricane Andrew. This method is the least expensive but does not account for acknowledged costs of letting a preserved area become overgrown with non-native species.

Buy land.

Some parcels of historic pine rockland are still held as private property. Many of these parcels are already under a conservation easement of some sort, but a few are slated for development. The USFWS recommendations for this species include the protection of all remaining pine rockland habitat. To do this, this land must be purchased and managed by a governmental agency or placed under conservation easement.

Next Steps:

Continue to monitor the Habitat Restoration of Polygala smallii experiment.

Cultivate P. smallii in the ex situ collection for outplanting purposes.

Monitor all populations.
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