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ABSTRACT Seed source, absence of favorable microhabitat conditions, and presence of
competitors, predators or allelochemicals are among the many factors that may limit the
germination of viable seeds. We conducted six field, growth chamber, and veranda
experiments to investigate the effects of seed source, physical or chemical presence of co-
occurring species, and litter presence on germination percentages of the Florida scrub endemic
Liatris ohlingerae. This perennial herb produces many seeds but recruits few seedlings.
Germination percentages were similar when seeds from scrub and roadside habitats were
sown into their own and the contrasting habitat. We found no evidence of chemical inhibition
from a co-occurring terrestrial lichen or from the allelopathic Florida rosemary (Ceratiola
ericoides), the dominant shrub in the habitat preferred by L. ohlingerae. However, germination
was higher in shallow than in deep litter, and was suppressed by litter from oaks and pines
compared to litter from Florida rosemary. In one experiment, higher levels of post-sowing seed
predation closer to Florida rosemary shrubs limited germination. Germination of intact L.
ohlingerae seeds generally exceeded 60% under a range of field and lab conditions. High field
germination percentages within a few weeks of sowing suggest that L. ohlingerae does not
maintain a sizeable persistent seed bank. Low seedling recruitment in this endangered plant is
not likely caused by poor seed germination.

INTRODUCTION The maintenance of vi-
able plant populations requires the produc-
tion of germinable seeds and their dispersal to
favorable microsites (Harper 1977, cf. ‘‘regen-
eration niche’’ of Grubb 1977). Many factors
contribute to making a site safe for seed
germination, including the presence of light
(Pons 2000), water (Bradford 1995, Bewley
1997, Walck et al. 1997) and nutrients (Roem
et al. 2002), and the absence of competitors
(Louda et al. 1990, Hyatt and Evans 1998,
Turnbull et al. 1999), predators (Janzen 1971,
Crawley 2000), pathogens (Myster 1997,
Blaney and Kotanen 2001, Clark and Wilson
2003) and deleterious soil chemistry (Hillhorst
and Karrsen 2000, Downs and Cavers 2002).
Litter may be either beneficial (Enright and
Lamont 1989, Facelli and Ladd 1996, Cintra
1997, Walck et al. 1999, Hölzel 2005, Kostel-

Hughes et al. 2005) or detrimental (Rice 1974,
Hunter and Menges 2002, Hölzel 2005, Kostel-
Hughes et al. 2005) to germination, depend-
ing on a variety of circumstances (Facelli and
Picket 1991, Peterson and Facelli 1992). In
addition, seed source may be an important
determinant of germination success (Dono-
hue et al. 2005, Mandák et al. 2006) because
seeds produced in one habitat may be poorly
adapted for germination in another habitat
even when that habitat is occupied by
conspecifics. Plant species with narrow habi-
tat requirements may be especially chal-
lenged in finding safe sites (Menges 1995,
Bevill et al. 1999, Hamzé and Jolls 2000).
Species impacted by habitat loss or degrada-
tion may be further imperiled by isolation of
their populations (Primack and Miao 1992),
disruption of natural disturbance regimes
(White and Jentsch 2001), or alteration in
demographic performance in anthropogenic
habitats (Quintana-Ascencio et al. 2007).
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Liatris ohlingerae (S.F. Blake) B.L. Rob.
(Asteraceae), a state (Coile and Garland
2003) and federally listed (U.S. Fish and
Wildlife Service 1999) endangered herb, is
narrowly endemic to pyrogenic scrub habitats
on Florida’s Lake Wales Ridge (Myers 1990,
Menges 1999). Its primary habitats are rose-
mary scrub, where it co-occurs with the
allelopathic Florida rosemary (Ceratiola eri-
coides Michx. [Ericaceae]) and several species
of potentially allelopathic terrestrial lichens
(Cladonia and Cladina spp.), and scrubby
flatwoods, where it occurs within a relatively
dense shrub matrix dominated by evergreen
clonal oaks (Quercus spp.; Menges and Week-
ley 2003). Like other scrub endemics (Menges
1999), L. ohlingerae also colonizes anthropo-
genic sites within its natural habitat, such as
firelanes and roadsides; roadside populations
may experience different selective pressures
than naturally occurring populations (Quin-
tana-Ascencio et al. 2007). Thus, potential
determinants of L. ohlingerae seed germina-
tion success include seed source, proximity to
the shrub matrix, the presence of allelochem-
icals, and the nature of the disturbance
regime (periodic fire vs. anthropogenic me-
chanical disturbance).

Previous studies have documented the ger-
mination ecology of several Florida scrub
endemics (e.g., Menges et al. 2006, Quin-
tana-Ascencio et al. 1998, Satterthwaite et al.
2002). Two studies have included L. ohlingerae
in multi-species experiments (Hunter and
Menges 2002, Petrů and Menges 2003).
However, this is the first study to investigate
a wide range of microhabitat conditions that
could affect the germination ecology of L.
ohlingerae. We carried out a series of field and
lab experiments to test the effects of seed
source and habitat, proximity to Florida
rosemary, presence of terrestrial lichens, and
presence of litter on seed germination. We
used these results to assess the likelihood that
poor or variable seed germination is an
important contributor to low rates of seedling
recruitment in L. ohlingerae.

METHODS
Study species
Liatris ohlingerae is a perennial herb with a
basal rosette and one to several flowering
stems to 1 m in height. Due to its self-
incompatibility system and cross-pollination
by butterflies (Evans et al. 2003), L. ohlingerae

is unusual among Lake Wales Ridge scrub
endemics in having low population densities
and relatively high within-population genetic
variation, indicating substantial gene flow
among populations (FST 5 0.12; Dolan et al.
1999, Menges et al. 2001). Like several other
Florida scrub endemics (e.g., Hypericum cumu-
licola (Small) W.P. Adams (Clusiaceae), Eryn-
gium cuneifolium Small (Apiaceae), and Poly-

gonella basiramia (Small) G.L. Nesom & V.M.
Bates (Polygonaceae)), L. ohlingerae is an
edaphic specialist, occurring on nutrient poor
xeric white sands (Menges et al. 2007b). It
appears to be a relatively weak postfire
resprouter compared to other resprouting
scrub plants, although assessment of re-
sprouting rates is complicated by the presence
of belowground dormancy (Weekley and
Menges 2003).

Liatris ohlingerae populations are stable due
to low rates of both adult mortality and
seedling recruitment (Herndon 1999, Menges
et al. 2007a). Despite vertebrate herbivory on
flowering stems (Herndon 1999, Menges and
Weekley 2005, Kettenring, unpubl. data) and
invertebrate herbivory of developing seed
heads (Herndon 1999, Menges and Weekley
2005), most populations produce an abun-
dant seed crop annually. However, seedling
recruitment appears to be rare. Hunter and
Menges (2002) demonstrated that germina-
tion is not suppressed by leachates from the
allelopathic Florida rosemary (Ceratiola eri-
coides) under greenhouse conditions.

Study sites
We conducted field experiments in Florida
rosemary scrub, xeric scrubby flatwoods, and
along sandy roadsides at Archbold Biological
Station (ABS), a 3,000 ha preserve near the
southern terminus of the Lake Wales Ridge in
south-central Florida (27u089N, 81u459W).
Archbold comprises a mosaic of xeric up-
lands, pine flatwoods and seasonal ponds
(Abrahamson et al. 1984). The climate in the
area is characterized by warm wet summers
and cool dry winters (Chen and Gerber 1990),
but El Niño years result in wetter than
average winters (ABS weather data 1932–
2006).

Rosemary scrub is a shrubland dominated
by Florida rosemary and characterized by
sandy gaps within a shrub matrix (Menges
et al. 2008) that prominently includes several
clonal oak species (e.g., Quercus inopina Ashe
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[Fagaceae]) and a clonal palmetto [Serenoa

repens (W. Bartram) Small (Arecaceae)]. The
needles and needle litter of Florida rosemary
release allelochemicals that suppress seed
germination by some herbs (Hunter and
Menges 2002, Hewitt and Menges in press)
and may restrict the distributions of some
scrub endemics (Quintana-Ascencio and
Menges 2000). In addition, gap-occupying
lichen species in the genera Cladina and
Cladonia may also release allelochemicals
(Lawrey 1986) that adversely affect scrub
herbs (Hawkes and Menges 2003).

Scrubby flatwoods often surround rosemary
scrub at lower elevations (Boughton et al.
2006), and differ from rosemary scrub in the
absence of Florida rosemary and the lower
density of sandy gaps and terrestrial lichens
due to a denser clonal oak shrub matrix
(Menges 1999). In both rosemary scrub and
scrubby flatwoods, the accumulation of leaf
litter within the shrub matrix, especially in
long unburned sites, poses a potential obsta-
cle to seedling recruitment.

Experimental design
Between 2001 and 2003, we initiated six
experiments to investigate the germination
requirements of L. ohlingerae (Table 1). Exper-
iments 1–4 were field experiments designed to
test the effects of seed source, proximity to
Florida rosemary, experimentally introduced
whole or crushed lichens, and presence/re-
moval of naturally occurring lichens on L.

ohlingerae seed germination. Time-since-fire
was an additional factor in the Florida
rosemary and lichen addition experiments.
Experiments 5 and 6 were lab experiments
designed to separate the physical from the
chemical effects of lichens, and to test the
effects of litter type and depth. Although the
objectives, venues and designs of the six
experiments differed, all experiments used

similar protocols for seed collection and
sowing.

For the first (reciprocal sowing) experiment,
seeds collected from Florida rosemary scrub
and roadside populations were kept separate.
Since results from this experiment indicated
that germination was not affected by seed
source, seeds for subsequent experiments were
collected from L. ohlingerae populations at
ABS irrespective of habitat. For all experi-
ments, we dissected mature seed heads in the
lab and discarded damaged or empty
achenes. In the four field experiments, we
used PVC tubes driven into the sand to define
the sowing arena. In sowing seeds into the
tubes, we inserted each achene into the sand
so that only the pappus remained on the
surface. For the two lab experiments, achenes
were inserted into potting trays containing
sand collected from scrub sites.

The reciprocal sowing experiment (Exp. 1)
tested the effect of seed source and sowing site
on germination. We collected seeds from
rosemary scrub sites and from nearby road-
side sites occurring on the same soil type. At
each of four sowing sites (two in rosemary
scrub and two on roadsides), we set out seven
replicates in a stratified random design along
35-m long transects. Each replicate consisted
of a triplet of PVC tubes (8-cm tall, 10-cm
diameter). Within each triplet, one tube
received seven roadside seeds, one received
seven scrub seeds, and one received no seeds
(control). Thus, each site received 98 seeds (N
5 392). We monitored seedling emergence at
1–3 day intervals for the first 30 days and at
1–2 week intervals for the next two months.
Within one week post-sowing, all seeds in two
tubes (n 5 14) were destroyed by seed
predators and these tubes are excluded from
the analysis below.

For the rosemary effects experiment (Exp. 2)
we chose 14 Florida rosemary plants within

Table 1. Experimental design for six Liatris ohlingerae germination experiments. The first four
experiments took place in the field

Experiment Treatments Sample Size

1. Reciprocal sowing seeds sown into habitat of origin & contrasting habitat 392
2. Florida rosemary effects distance from Florida rosemary; time-since-fire 1,260
3. Lichen addition whole lichens added; crushed lichens added; control 800
4. Lichen removal natural lichens present or removed 184
5. Lichen effects (growth chamber) whole lichens; lichen extract; ersatz lichens; control 800
6. Litter effects (veranda) 3 litter types (Florida rosemary, oak, pine) by 2 depths

(0.2 cm vs. 2 cm)
600
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each of six rosemary scrub sites ranging from
nine to .40 years since fire. Along 2-m long
transects (running either N or S from each
Florida rosemary plant), we installed a PVC
tube (13-cm tall, 10-cm diameter) at the base
of the focal Florida rosemary and at 1 and
2 m from it. Thus, each focal plant had three
PVC tubes, each containing five seeds (15
seeds per plant, 210 per site, N 5 1,260 for the
six sites). We recorded the gender, height and
maximum crown diameter of each focal
Florida rosemary shrub, as well as the degree
of canopy cover and the presence/absence of
Florida rosemary litter, other litter, and
lichens within each PVC tube. We monitored
seedling emergence at 6–10 day intervals for
60 days and monthly for the next ten
months.

The lichen addition experiment (Exp. 3)
tested the impact of the widespread and
abundant terrestrial lichen Cladina evansii
(Abbayes) Hale & Culb. (Cladoniaceae) on
germination. We chose two long-unburned
(.30 years since fire) and two recently burned
(,5 years since fire) rosemary scrub sites. In
each site, we established transects running in
randomly chosen directions from a point near
the center of the site. At randomly chosen
points along each transect, we planted 50
seeds in each of three treatments: control
(naturally occurring bare ground), whole
lichen added, and crushed lichen added (150
seeds per site, N 5 600). Planting locations
included both gap and shrub matrix micro-
sites. If litter was present, we did not remove
it, but we ensured that seeds were firmly
inserted into the soil. For the whole lichen
added treatment, we pinned a piece of C.
evansii (at least 8-cm diameter) over the
planted seed. For the crushed lichen-added
treatment, we mixed pulverized C. evansii
with the top 2 cm of soil within a PVC tube
(8-cm tall, 10-cm in diameter) into which the
seeds were then inserted. Addition of crushed
lichen aimed to subject the seed to the
chemical influence of C. evansii without its
physical effects. Prior to the onset of germi-
nation, 21 seeds in the long-unburned sites
disappeared due to unknown causes and were
excluded from analysis. We monitored seed-
ling emergence at two and four weeks and
then monthly for the next 11 months.

The lichen removal experiment (Exp. 4)
was designed to separate the physical from
the chemical effects of C. evansii. The exper-

iment included two treatments: presence of C.
evansii or its removal. This experiment had to
be restricted to the two long-unburned sites
because of the relative absence of ground
lichens from the recently burned sites. We
used the unburned transects employed in
experiment 3. We planted 50 seeds under
randomly chosen naturally occurring patches
of C. evansii or on microsites from which the
lichen was removed (100 seeds per site, N 5

200). We monitored seedling emergence at
two and four weeks and monthly for the next
11 months.

To further tease apart the chemical and
physical effects of C. evansii on L. ohlingerae
germination, we also conducted a controlled-
environment experiment (Exp. 5). We planted
seeds in plastic greenhouse trays (12 3 9.5 cm)
containing white sand collected from rose-
mary scrub sites and imposed four treatments:
whole lichens added, lichen extract added,
Teflon scrubbing pad added, and an untreated
control. We used Teflon scrubbing pads with a
mesh density similar to the thallus density of
C. evansii to mimic the physical properties of
the lichen. Each treatment included 200 seeds
divided into nine trays (36 trays total; N 5

800). We placed the trays into a Conviron
growth chamber (Controlled Environments,
Inc., Pembina, North Dakota, USA) set to a
temperature and photoperiod regime designed
to approximate current ambient conditions in
the field (temperature range: 19–28uC; photo-
period: 12 hr day). Lichen mats collected from
scrub sites and the Teflon pads were secured to
the sand inside the planting trays with wire.
Trays in the lichen extract treatment were
irrigated every few days with water containing
crushed C. evansii. Other treatments were
watered on the same schedule with distilled
water. We monitored trays every 2–3 days for
seedling emergence.

To test the effects of litter type and depth on
L. ohlingerae germination (Exp. 6), we con-
ducted an open-air experiment under a
covered veranda at Archbold Biological Sta-
tion. We sowed seeds into greenhouse trays
(12 3 9.5 cm) filled with white sand and
imposed six treatments using three types of
litter (Florida rosemary, oak, or sand pine
[Pinus clausa]) added at two depths (0.2 cm vs.
2.0 cm). Each tray contained 10 seeds, with 10
trays per treatment (N 5 600 seeds overall).
Trays were watered three times a week. The
experiment ran for two months.
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For three of the six experiments, we record-
ed the number of days to germination for
each seedling and calculated the median.

Analysis
We used logistic regression models (SPSS
2002) to evaluate the effects of seed source
and sowing habitat, distance from Florida
rosemary, and presence of lichens or litter on
L. ohlingerae seed germination. For the rose-
mary effects and lichen addition experiments,
models also included time-since-fire. We used
the Wald statistic and Rao’s efficient score
statistic to assess the contribution of indepen-
dent variables to observed outcomes in logis-
tic regression models. When the null hypoth-
esis is true and the sample is large, these
statistics approximate both chi-square and
likelihood ratio statistics obtained from 2 3 2
contingency tables for assessing the degree of
association between two variables (SPSS
1999).

Prior to germination, 48.7% of achenes in
the Florida rosemary effects experiment dis-
appeared, probably due to post-dispersal seed
predation. To analyze seed loss and seed
germination in this experiment, we developed
multiple logistic regression models with time-
since-fire (long-unburned vs. recently burned),
distance (0, 1, 2 m) and direction (north or
south) from Florida rosemary, and their inter-
actions, as independent variables. To assess
the best logistic regression model for each of
the two dependent variables (seed loss and
seed germination), we used the corrected
Akaike Information Criterion (AICc) (Burn-
ham and Anderson 2002). We analyzed seed
germination based on the total number of
seeds used in the experiment (N 5 1,260) and
on the number of seeds remaining after the
initial loss of seeds to predators or unknown
causes (n 5 647).

RESULTS
Reciprocal sowing experiment (Exp. 1)
Germination varied little, ranging from
79.1% to 87.8% among the four habitat-by-
seed source treatment combinations. In the
logistic regression model, percent germina-
tion did not differ significantly by seed source
(Rao’s score 5 1.469, df 5 1, p 5 0.225) or by
habitat (Rao’s score 5 1.017, df 5 1, p 5

0.313); the interaction of seed source and
habitat was also not significant (Rao’s score 5

0.818, df 5 1, p 5 0.366). The first germinants

appeared after six days and 95.8% of germi-
nants emerged within 21 days (mean 6 std 5

14.43 6 6.09; median 5 14; range 5 6–52).

Florida rosemary effects experiment (Exp. 2)
In the first seedling census, conducted 10–
12 days after installation of the experiment,
48.7% of seeds were either missing (40.3%) or
predated by litter-dwelling arthropods (8.3%),
as evidenced by shards of broken achenes
found inside the PVC tubes; most missing
seeds were probably also predated. Percent
seed loss (Figure 1A) was highest nearest
Florida rosemary focal plants in the long-
unburned sites (74.8%) and lowest at 2 m in
the recently burned sites (40.5%). Averaged
over both time-since-fire categories, seed loss
was highest (58.6%) at 0 m and declined
with distance from the focal plant (45.2% at
1 m and 42.1% at 2 m). On average, seed loss
was greater in the long-unburned than in
more recently burned sites (55.9 vs. 41.4%),
and greater on southern (51.7%) than on
northern (45.6%) transects. Based on AICc,
the strongest logistic regression model in-
cluded distance from Florida rosemary, time-
since-fire and their interaction (wi 5 0.9544),
while simpler models were not supported
(Table 2).

With all sown seeds included, percent
germination (Figure 1B) was highest in the
long-unburned sites at 2 m distance from the
focal rosemary shrub (32.9%) and lowest in
the long-unburned sites at 0 m (6.2%).
Averaged over both time-since-fire catego-
ries, seed germination was lowest (16.9%) at
0 m and increased with distance from Florida
rosemary (27.4% at 1 m and 30.0% at 2 m).
On average, germination was higher in more
recently burned (26.8%) than in long-un-
burned (22.7%) sites and on northern than
on southern transects (27.0% vs. 22.5%). The
strongest logistic regression model identified
by AICc included distance from Florida
rosemary, time-since-fire and their interac-
tion (wi 5 1.0); none of the other tested
models were supported (Table 3). In a third
analysis with lost seeds excluded, the results
exactly paralleled results with lost seeds
included.

We recorded the first germinants 21 days
after sowing and the last germinant 210 days
later; 78.5% of seedlings emerged within six
weeks of sowing (mean 6 std: 47.56 6 22.85;
median 5 40; range 5 21–231).
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Figure 1. Percent seed loss (A) and percent seed germination (B), including lost seeds (N 5 1,260), of Liatris
ohlingerae in Florida rosemary effects experiment. Bars are distance from focal Florida rosemary plants in each of
two time-since-fire classes.

240 CASTANEA VOL. 73



Lichen field experiments (Exps. 3 and 4)
In the lichen-addition experiment (Exp. 3),
percent germination of Liatris ohlingerae

ranged from 67.2% in the control to 58.7%
in the crushed lichens added treatment (Fig-
ure 2). However, in the logistic regression
model, treatment (Rao’s score 5 3.512, df 5

2, p 5 0.173), time-since-fire (Rao’s score 5

2.153, df 5 1, p 5 0.142), and their interac-
tion (Rao’s score 5 1.816, df 5 2, p 5 0.403)
were all non-significant.

Percent germination in the lichen-removal
experiment (Exp. 4) was slightly higher with
C. evansii removed than with it present (69.7%
vs. 57.9%), but there was no significant effect
of treatment in the logistic regression model
(Rao’s score 5 2.748, df 5 1, p 5 0.097).

Lab lichen and litter effects experiments (Exps. 5

and 6)
In the growth chamber lichen effects experi-
ment (Exp. 5), percent germination differed

significantly among the treatments (Wald
statistic 5 13.736, df 5 3, p 5 0.003; Figure 3).
It was highest in the control (82.5%) and
lowest in the Teflon pad treatment (67.0%).
The whole lichens (Wald statistic 5 6.182, df
5 1, p 5 0.013) and Teflon pad (Wald statistic
5 12.397, df 5 1, p , 0.001) treatments
significantly reduced germination relative to
the control, but the lichen extract had no
significant effect (Wald statistic 5 1.864, df 5

1, p 5 0.172). We recorded the first germi-
nants 14 days post-sowing and 81.5% were
recorded with 24 days (mean 6 std 5 20.67 6

5.92; median 5 20; range 5 14–49).

In the litter effects veranda experiment
(Exp. 6), germination was highest (84.0%) in
shallow rosemary litter and lowest (18.0%) in
the deep pine litter treatment (Figure 4). Both
litter depth (Wald statistic 5 52.438, df 5 1, p
, 0.0001) and litter type (Wald statistic 5

49.602, df 5 2, p , 0.0001) significantly
affected germination. Overall, germination

Table 2. AICc results (Exp. 1) of binary logistic regression models with the proportion of lost Liatris
ohlingerae seeds as the dependent variable. Independent variables are time-since-fire (tsf) and distance (0,
1, 2 m) and direction (north, south) from focal Florida rosemary shrub. K = number of parameters in the
model; 22log likelihood = test parameter from the logistic regression model; AICc = corrected Akaike
Information Criterion; DAICc = AICi 2 AICmin; and wi = Akaike weight indicating the degree of support for
each model (values range from 0 to 1). N = 1,260 for all models

Model K 22log likelihood AICc D AICc wi

distance + tsf + distance 3 tsf 6 873.985 886.124 0.000 0.9544
distance + direction + distance 3 direction 6 880.956 893.095 6.971 0.0292
distance 3 890.68 896.719 10.596 0.0048
distance + tsf 4 889.515 897.581 11.457 0.0031
tsf 2 894.095 898.115 11.991 0.0024
distance + direction 4 890.082 898.148 12.024 0.0023
distance + direction + tsf 5 888.929 899.028 12.904 0.0015
direction 2 895.589 899.609 13.485 0.0011
direction + tsf 3 893.576 899.615 13.492 0.0011

Table 3. AICc results (Exp. 1) of binary logistic regression models with the proportion of germinated L.
ohlingerae seeds as the dependent variable. Independent variables are time-since-fire (tsf) and distance (0,
1, 2 m) and direction (north, south) from focal Florida rosemary shrub. K = number of parameters in the
model; 22log likelihood = test parameter from the logistic regression model; AICc = corrected Akaike
Information Criterion; DAICc = AICi 2 AICmin; and wi = Akaike weight indicating the degree of support for
each model (values range from 0 to 1). N = 1,260 for all models

Model K 22log likelihood AICc D AICc wi

distance + tsf + distance 3 tsf 6 1349.022 1361.089 0.000 1.0000
distance + direction + distance 3 direction 6 1376.581 1388.648 27.559 0.0000
distance + direction + tsf 5 1381.546 1391.594 30.505 0.0000
distance + direction 4 1384.487 1392.519 31.430 0.0000
distance + tsf 4 1384.956 1392.988 31.899 0.0000
distance 3 1387.889 1393.908 32.819 0.0000
direction + tsf 3 1404.221 1410.240 49.151 0.0000
direction 2 1407.111 1411.121 50.032 0.0000
tsf 2 1407.572 1411.582 50.493 0.0000
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was almost twice as high in the shallow litter
treatment (60.3%) as in the deep litter
treatment (31.2%). Germination was signifi-
cantly lower in the oak (45.5%; Wald statistic
5 15.405, df 5 1, p , 0.0001) and pine
(28.5%; Wald statistic 5 49.584, df 5 1, p ,

0.0001) litter treatments than in the rosemary
litter treatment (63.5%). The overall litter type
3 litter depth interaction was not significant
(Wald statistic 5 4.877, df 5 2, p 5 0.087).

Summary of six germination experiments
For the four field experiments, percent germi-
nation of intact L. ohlingerae seeds varied from
6.2 to 87.8% across a range of microhabitat
conditions, with corresponding values for the
two lab experiments ranging from 18.0 to
84.0% (Table 4). Median germination times,
based on two field and one lab experiment,
ranged from 14 to 40 days.

DISCUSSION Our results indicate that
within its Florida scrub habitats, Liatris ohlin-

gerae successfully exploits a broad array of

microsites for seed germination. In three of
four field experiments, germination general-
ly exceeded 60% irrespective of microhabitat
conditions, and was unaffected by the alle-
lopathic properties of co-occurring species.
Relatively low rates of germination in the
rosemary effects experiment were probably
due to high rates of seed predation. In lab
experiments, germination rates were reduced
by the physical properties of real and ersatz
lichens, by litter from some co-occurring
species, and by deep litter. In our studies,
the major limitation to the germination of
viable seeds was most likely post-dispersal
seed predation. Compared to co-occurring
Florida scrub endemics (Table 5), L. ohlin-

gerae germination rates are remarkably high
in both field and lab conditions. The high
germination percentages within a few weeks
suggest that this species lacks a sizeable
persistent seed bank. Moreover, in monitor-
ing survival and growth of seedlings result-
ing from two of the four field experiments
over a period of four years, we have observed

Figure 2. Percent Liatris ohlingerae seed germination in lichen-addition experiment by treatment and time-since-
fire. There were no significant differences in percent germination between the long-unburned and recently burned
sites for the three lichen treatments.
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only one new seedling that recruited after
90 days.

Anthropogenic habitats, like roadsides and
firelanes, which mimic a species’ natural
habitat, may alter the demographic behavior
of a species (Quintana-Ascencio et al. 2007)
and ultimately affect its genetic constitution
(Schlaepfer et al. 2002). Although we have
found that scrub and roadside populations of
L. ohlingerae vary in some vital rates (Menges
et al. 2007a), in this study we found no effect
of seed source or sowing site on germination
rates between the two habitats. Even if
roadsides and scrub sites exert divergent
selective pressures, gene flow between L.

ohlingerae populations via butterfly pollina-
tion (Evans et al. 2003) would probably
prevent divergent evolution. Thus, observed
differences in demographic performance are
most likely due to phenotypic plasticity and
differences in response to differing abiotic
conditions.

Among the six experiments conducted in
our study, we obtained the most striking
results from the Florida rosemary effects

experiment. In this experiment, almost half
of the achenes inserted into the sand within
the PVC tubes were lost by the first census (10–
12 days post-planting). We found shards of
broken achenes for 8.3% of the lost achenes,
evidence of post-dispersal seed predation.
Significantly greater seed loss closest to large
Florida rosemary shrubs suggests that seed
predation was the major cause of seed loss,
rather than displacement of achenes by wind
or other disturbances. If achenes were being
displaced by wind, less protected tubes would
be expected to have the highest losses, the
opposite of the pattern observed in this
experiment. In addition, in the reciprocal
sowing experiment, seed predators destroyed
all achenes in two PVC tubes located in
microsites with heavy litter. However, we
found little evidence of post-dispersal seed
predation in our other three field germination
experiments.

Vertebrate seed predators have been widely
studied (reviewed in Janzen 1971, Louda
1989), but invertebrates such as ants, some
groups of beetles, and lygaeid bugs also

Figure 3. Percent Liatris ohlingerae seed germination in lichen effects growth chamber experiment. Bars with the
same letter above them do not differ significantly.
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predate dispersed seeds of many species
(Andersen 1988, Hulme 1998). Ants are
particularly important seed predators in arid
or semi-arid ecosystems (Hulme 1998). The
most likely seed predators of L. ohlingerae are
the southern harvester ant Pogonomyrmex

badius Latreille (Formicidae) and litter-dwell-
ing larvae of the darkling beetle (Tenebrioni-
dae: Coleoptera; M. Deyrup, pers. comm.).
Pogonomyrmex badius is abundant in Florida
rosemary scrub and scrubby flatwoods where
it is an assiduous collector of small seeds

(Deyrup and Trager 1986). Less is known
about the foraging behavior of tenebrionids
in Florida scrub.

Post-dispersal seed predation may have a
significant impact on the dynamics of plant
populations (Crawley 2000) and on the
evolution of plant species (Hulme 1998).
Dispersed seeds are vulnerable to a wide
range of vertebrate and invertebrate grani-
vores (Janzen 1971, Louda 1989, Hulme 1998,
Crawley 2000), including rodents, ants, bee-
tles, and lygaeid bugs. Seed predation is

Figure 4. Percent Liatris ohlingerae seed germination in litter type and depth experiment. In logistic regressions,
both litter type and depth affected germination. Percent germination was significantly greater in rosemary litter
than in oak or pine litter, irrespective of litter depth.

Table 4. Summary of results from six Liatris ohlingerae germination experiments. The first four
experiments took place in the field. NA = no data available

Experiment Germination Percentages Median Days to Germination (range)

1. Reciprocal sowing 79–88% 14 (6–52)
2. Florida rosemary effects 6–33% 40 (21–231)
3. Lichen addition 59–67% NA
4. Lichen removal 58–70% NA
5. Lichen effects (growth chamber) 67–82% 20 (14–49)
6. Litter effects (veranda) 18–84% NA
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affected by seed size (Hulme 1994, Mack
1998, Crawley 2000), density (Willson and
Whelan 1990), habitat (Willson and Whelan
1990, Notman et al. 1996, Holl and Lulow
1997), microhabitat (Maron and Simms 1997,
Manson and Stiles 1998, Wyatt and Silman
2004), and a host of other factors (Crawley
2000). Studies have also demonstrated that
post-dispersal seed predation is highly vari-
able in space and time (Willson and Whelan
1990, Crawley 2000).

The post-dispersal predation detected in the
present study was largely restricted to a single
microhabitat (close proximately to long-un-
burned Florida rosemary) and is insufficient
to exert a major impact on seedling recruit-
ment, at least over the time frame of our
experiments. Previous studies in arid shrub-
lands have shown that post-dispersal seed
predation may be greater under shrubs than
in inter-shrub gaps because shrubs provide
cover for granivores (Kotler 1984).

In the Florida rosemary effects experiment,
percent germination increased with distance

from Florida rosemary in the long unburned
sites, but there was little change with distance
in the recently burned sites; the pattern was
the same with or without lost seeds included
in the analysis. Both seed loss and germina-
tion were best explained by logistic regression
models that included distance from Florida
rosemary, time-since-fire, and their interac-
tion. In these models, time-since-fire is a
surrogate for rosemary shrub size, since
Florida rosemary increases in height and
areal cover with time-since-fire. Seed loss
was highest and germination lowest directly
under large Florida rosemary plants (i.e.,
distance 5 0 m). Seed loss was lower and
germination higher at greater distances from
large rosemary shrubs or where large rose-
mary shrubs were absent (i.e., in recently
burned sites). Thus, the negative effects of
Florida rosemary on seedling recruitment
were highly localized.

Nonetheless, germination percentages in
the Florida rosemary effects experiment were
lower than those obtained from the three

Table 5. Summary of field, growth chamber, nursery, or lab germination experiments on 11 Florida scrub
endemic species

Species % Germ Venue Source

Asimina obovata* 6.6–41.7 field (n 5 2)a Menges & Stephens, unpubl. data
Chrysopsis highlandsensis 0.8–2.0 field (n 5 3)a Menges & Weekley, unpubl. data

19.8–20.0 lab (n 5 2)a Menges & Weekley, unpubl. data
Dicerandra frutescens subsp.

frutescens
0–15.0 lab (n 5 7)a Menges et al. 2006
13.3 field/lab (n 5 1)a Menges et al. 2006

Eriogonum longifolium var.
gnaphalifolium

17–45 field (n 5 3)b Satterthwaite et al. 2002

Eryngium cuneifolium 0–20 field (n 5 4)b Quintana-Ascencio & Menges 2000
Hypericum cumulicola 2–6 field (n 5 4)b Quintana-Ascencio & Menges 2000

10–70 growth chamber (n 5 3)b Quintana-Ascencio, pers. comm.
90 growth chamber (n 5 2)b Trager et al. 2005

Polygala lewtonii 0.4–45 lab (n 5 4)a Menges & Weekley, unpubl. data
0–17 lab (n 5 5)b Linden & Menges in press

0.9–13.1 growth chamber (n 5 4)a Menges & Weekley, unpubl. data
0 growth chamber (n 5 4)c Baskin, pers. comm.

3.6 field/lab (n 5 4)a Menges & Weekley, unpubl. data
Polygonella basiramia 6–42 field (n 5 4)b Quintana-Ascencio & Menges 2000
Prunus geniculata 1.2 field (n 5 4)b Menges & Weekley, unpubl. data
Warea carteri 38.7–43.2 field, yr 1 (n52)b Quintana-Ascencio et al. submitted

12.5–34.1 field, seed bank (n 52)b Quintana-Ascencio et al. submitted
Ziziphus celata 6.5–27.8 lab (n 5 6)a Weekley, unpubl. data

6.2–8 nursery (n 5 2)a Weekley, unpubl. data
2.6 growth chamber (n 5 1)c Baskin, pers. comm.

3.6–4.8 field (n 5 2)a Weekley, unpubl. data

aRange of means for n experiments.
bRange of means for n treatments.
c‘‘Move-along experiment’’ sensu Baskin and Baskin (2004).
*Full scientific names for species not referred to in the text are as follows: Asimina obovata (Willd.) Nash

(Annonaceae); Dicerandra frutescens Shinners subsp. frutescens (Lamiaceae); Eriogonum longifolium Nutt. var.
gnaphalifolium Gand. (Polygonaceae); Polygala lewtonii Small (Polygalaceae); Prunus geniculata R.M. Harper
(Rosaceae); Warea carteri Small (Brassicaceae); Ziziphus celata Judd & D.W. Hall (Rhamnaceae).
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other field experiments. Even excluding seeds
lost to predation or other causes, the highest
germination percentage in the rosemary
effects experiment was 58.5%, equivalent to
the lowest germination percentage observed
in the other field experiments (57.9% in the
lichen removal experiment). In the rosemary
effects experiment, percent germination in
the recently burned scrub sites ranged from
43.9–47.9% (with lost seeds excluded). The
lower germination percentages in the rose-
mary effects experiment may be due to the
additional seed loss that occurred after the
initial survey. Alternatively, site-specific fac-
tors may have contributed to lower germina-
tion percentages in this experiment.

Hunter and Menges (2002) demonstrated
that seed germination in L. ohlingerae is not
suppressed by allelochemicals present in
Florida rosemary leachates under greenhouse
conditions. In addition, our litter effects
experiment found that germination was
higher under rosemary litter than under pine
or oak litter, irrespective of litter depth.
However, deep litter, irrespective of litter type,
suppressed germination relative to shallow
litter. Thus, in the Florida rosemary effects
experiment, lower percent germination di-
rectly beneath large rosemary shrubs may
have been due to the deeper litter near the
base of the focal plant, or to exploitative
competition for water, nutrients, and light.

The three lichen effects experiments were
designed to explore the physical and chemi-
cal effects of terrestrial lichens under both
field and growth chamber conditions. We
chose Cladina evansii because of its abundance
in the preferred habitats of L. ohlingerae and
because it has been shown to adversely affect
seed germination of some scrub species
(Hawkes and Menges 2003), perhaps due to
its allelopathic properties (Lawrey 1986,
Houle and Filion 2003, Sedia and Ehrenfeld
2003). However, in our field experiments, we
found that the presence of whole or crushed C.

evansii had no significant impact on germi-
nation of L. ohlingerae, and that removal of C.

evansii did not significantly increase germina-
tion. The growth chamber experiment also
indicated that any adverse impact of lichens
on L. ohlingerae germination is due to physical
interference rather than chemical inhibition.
In most treatments in all three experiments,
germination was greater than 60%.

In the veranda litter experiment, percent
germination under a light layer of Florida
rosemary litter was 84.0%, similar to the
82.5% obtained from the control in the
concurrent lichen effects experiment. Signifi-
cantly higher germination under rosemary
litter than under sand pine or oak litter,
irrespective of litter depth, suggests that the
difference was due to differences in the size and
density of litter produced by the three species.
Florida rosemary needles are ,1 cm in length
and ,2 mm in width. In contrast, sand live
oak leaves generally exceed 3 cm in length
and 2 cm in width; sand pines leaves are no
wider than rosemary needles but are several
times longer (up to 5 cm in length) and occur
in bundles of 2–3. Thus both oak and pine litter
form dense litter mats that may retard L.
ohlingerae seed germination or emergence.
For all three species, percent L. ohlingerae
germination decreased at greater litter depths.

Experimental germination rates for L. oh-
lingerae are among the highest recorded for
any Florida scrub endemic (Table 5). In both
lab experiments, L. ohlingerae germination
exceeded 80% under the most favorable
treatments (the control in the lichen effects
experiment, light Florida rosemary litter in
the litter effects experiment). In three of four
field experiments, germination exceeded
65%, and was almost 90% in one of the
reciprocal sowing experimental treatments.
These rates are considerably higher than the
germination rates typically obtained for 11
other Florida scrub endemic species in studies
ranging over a broad array of field and lab
conditions (Table 5). For example, field ger-
mination rates for the co-occurring white/
gray sand endemics Eryngium cuneifolium,
Hypericum cumulicola, and Polygonella basira-
mia are 0–20%, 1–6%, and 6–42%, respective-
ly. In Chrysopsis highlandsensis DeLaney &
Wunderlin (Asteraceae), the only other com-
posite herb endemic to Florida scrub for which
germination data are available, field germi-
nation rates are typically #2%.

While natural rates of seedling recruitment
are probably lower than the +65% recorded in
some of our field experiments, they are
probably higher than the rates implied by
demographic data collected annually since
2000. Integration of annual seedling appear-
ance and fecundity data (Menges and Week-
ley unpublished data) suggest annual seed-
ling recruitment rates of ,0.02%. Indeed, we

246 CASTANEA VOL. 73



rarely find seedling recruits in field surveys.
The cause for this low recruitment is not yet
known. However, this study suggests that
germination percentages of L. ohlingerae are
sufficiently high under a range of conditions
so that germination is not the main cause of
low seedling recruitment.
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