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ABSTRACT: Identifying the mechanisms that drive invasions of open habitats by woody species is criti
cal for preserving diverse savannas. Trees can promote the establishment of bird-dispersed woody plant 
species in savannas by reducing dispersal limitation. Previous work in wet pine savannas has shown that 
densities of bird-dispersed shrubs are higher and species richness of herbaceous species, most of which 
are not bird-dispersed, is lower in areas near trees. To test the hypothesis that shrub seedling density in 
wet pine savannas was limited by dispersal and thus the availability of perches for seed-dispersing birds, 
seed traps and artificial perches were placed near and away from pines. To measure fire-induced mortal
ity of trees and shrubs, Pinus elliottii juveniles and shrub seedlings that had emerged during a fire-free 
interval were quantified before and after fires. Trees provided perches for birds that dispersed shrubs, 
thereby reducing dispersal limitation of shrubs. Significantly more seeds of the shrubs, !lex glabra and 
1. vomitoria, were encountered in seed traps at the bases of P. elliottii than in areas away from trees in 
two consecutive years. Seedlings of woody species with fleshy fruits occurred more frequently at the 
bases of artificial perches than away from perches, and the effect of the perches on seedling density 
was greater away from trees. Eight- and nine-year periods without fire were not long enough for the 
majority (>99%) of post-fire recruits of P. elliottii to grow large enough to survive growing-season fires. 
A small but greater fraction of shrub seedlings (10%) survived the fires. We argue that periodic fire·s are 
sufficient to preclude further invasion of wet pine savannas by P. elliottii, expansion of shrub thickets, 
and associated declines in plant diversity. 

Index terms: dispersal limitation, fire interval, !lex glabra, pine savanna, Pinus elliottii 

INTRODUCTION 

The longleaf pine ecosystem currently 
covers less than 1.2 million ha of the 37 
million ha it historically occupied (Frost 
1993; Landers et al. 1995). To restore and 
maintain the remaining areas, fires must 
occur at frequencies that will preserve 
species diversity and composition in the 
long term. One ofthe major threats to plant 
diversity in longleaf pine savannas is an 
increase in the abundance of woody species 
(Brockway and Lewis 1997; Glitzenstein 
et al. 2003). Although fire clearly plays 
an important role in limiting the size and 
density of woody species in longleaf pine 
savannas, dispersal limitation of seedling 
recruitment may also affect densities of 
woody plants. Because most woody plants 
of pine savannas (other than pines) tend to 
be animal dispersed, understanding how 
animal dispersal patterns interact with 
other factors known to have important 
effects on woody plant populations (i.e., 
fire, soil conditions) is crucial to elucidat
ing controls on plant diversity in longleaf 
pine savannas. 

Seed dispersal of woody species by birds 
can accelerate the rate of succession from 
open areas to woods (McAtee 1947; Wer
ner and Harbeck 1982; McClanahan and 
Wolfe 1987; McClanahan and Wolfe 1993; 
Nepstad et al. 1996; Thornton et al. 1996; 
Brown and Archer 1999). Because birds are 

attracted to tall structures, trees often serve 
as perches and aid seed dispersal. Where 
forest recovery is the desired management 
goal, both artificial and natural perches 
have been erected in abandoned fields 
and pastures to increase seed deposition 
and expedite colonization by woody spe
cies (Debussche et al. 1982; Werner and 
Harbeck 1982; McDonnell and Stiles 1983; 
Guevara et al. 1986; McDonnell 1986; 
McClanahan and Wolfe 1987; Kollmann 
1995). Where preservation of savannas is . 
the desired management goal, the reduc
tion of potential perches via the reduction 
of tree densities may help to reduce seed 
deposition and the rate of colonization of 
woody species. 

Increases in tree density in savanna or 
grassland communities have previously 
been shown to facilitate establishment of 
additional woody plants (Debussche and 
Isenmann 1994; Joy and Young 2002). 
Such increases in the establishment of 
woody species can lead to losses or reduced 
cover of herbaceous plants in some systems 
(Archer 1990; Fowler and Batchelor 2005). 
Considering that large trees often increase 
seed rain of avian dispersed plants (De
bussche et al. 1982; McDonnell and Stiles 
1983; Schupp et al. 1989) and can change 
the local physical environment, trees have 
the potential to enhance dispersal of bird
dispersed shrubs and create a microhabitat 
that favors shrubs over herbaceous plants 
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(Brewer 1998, 2002). A previous study 
showed increased species richness of 
woody species and lower herbaceous rich
ness near « 2 m) Pinus elliotii Engelm. 
trees in a wet pine savanna, resulting in 
a net decrease in species richness near 
trees (Brewer 1998). Seedling growth of 
one of the most common shrub species 
in this wet pine savanna, flex glabra (L.) 
Gray, was not greater near than away from 
trees, however. Together, these findings 
suggested that the main effect of trees on 
shrub establishment in wet pine savannas 
was to reduce dispersal limitation. 

Before extensive logging and fire suppres
sion in southern Mississippi, wet savannas 
were dominated by low-density stands of 
longleaf pine (Pinus palustris P. Mill.; 
Hilgard 1860); therefore, available perches 
for birds were limited. Slash pine (Pinus el
liottii) occurred in the surrounding habitat, 
but was restricted by fire to wetter areas 
(Hilgard 1860; Harper 1914) because its 
seedlings and saplings were not as toler
ant of fire as those of P. palustris (Monk 
1968; Landers 1991). However, P. elliottii 
produces a large seed crop and has rapidly 
colonized logged and fire-protected areas 
formerly dominated by P. palustris (Harper 
1914; Hebb and Clewell 1976; Landers 
1991; Platt 1999). In addition, aside from 
the effects of fire suppression, many wet 
pine savannas have been converted to high
density pine plantations and are now targets 
for restoration (Brewer 2002). Therefore, 
if communities with high densities of 
natural or planted recruits of P. elliottii 
are protected from fire long enough to 
allow these recruits to grow large enough 
to survive the next fire (3-4.5 m tall or 10-
12 yr. age; Chapman 1932; Garren 1943), 
they could provide persistent perches and 
promote the dispersal of shrubs into wet 
pine savannas. Once these shrub recruits 
grow large enough, they are extremely 
resistant to mortality by fire (Olson and 
Platt 1995; Drewa et al. 2002). In theory, 
increased densities of pines may indirectly 
increase shrub densities, but this hypothesis 
remains untested. 

In this study, we tested two hypotheses: (1) 
a single period of eight/nine years without 
fire is not sufficient to increase P. elliotii 
density or shrub seedling density, and (2) 

38 Natural Areas Journal 

slash pine densities can indirectly increase 
shrub recruitment by providing perches 
for avian dispersers of shrub seeds. The 
specific objectives of this research were to: 
(1) count seedlings of P. e lliottii before and 
after a fire in 2004 after eight/nine years 
without fire, (2) determine if seed deposi
tion of bird-dispersed shrubs was greater 
near trees, and (3) determine if artificial 
perches were more effective at increasing 
seedling densities of bird-dispersed shrubs 
in areas away from trees. 

METHODS 

Description of Bird Dispersed Shrub 
Species 

!lex glabra is an evergreen, rhizomatous 
shrub found in pine flatwoods and savannas 
throughout the southeastern United States 
and northward along the Atlantic coast 
into southeastern Canada. It flowers from 
May until June and produces a drupe from 
September to November. Dispersal via 
birds generally occurs from early winter 
to early summer, and is quickly followed 
by seedling emergence. While adult plants 
are quite tolerant of fire and will sprout 
back from rhizomes, they typically do 
not flower the first year following a fire 
(Brewer 2002). !lex vomitoria Ait. is also 
a drupe-producing shrub that is commonly 
found in the mid and understory of pine 
savannas and forests. This evergreen ranges 
from Texas east to Virginia. !lex vomitoria 
flowers in the spring (March to May), 
and produces fruit in late fall (October 
to November) that often persists through 
the winter. This species is tolerant of low 
intensity fires, but is normally top-killed 
(Halls 1977). Historic accounts of mesic 
and wet longleaf pine savannas in southern 
Mississippi suggest that I. vomitoria was 
not common in either mesic or wet pine 
savannas, presumably due to frequent fires 
(Hilgard 1860; Harper 1914). 

Additional bird-dispersed species that were 
of interest included Gaylussacia mosieri 
Small, a berry producing, long-lived shrub, 
Myrica cerifera (L.) Small, a drupe-pro
ducing shrub common in pinelands, two 
berry-producing Smilax spp. (L.), and 
Magnolia virginian a (L.), a tree that is 

found in swamps and low areas and has 
an aggregate follicle. Nomenclature and 
authorities follow Radford et al. (1968). 

Study Site 

This study was conduced at two sites in 
Desoto National Forest in Stone County, 
Mississippi. The two sites (hereafter Sandy 
Creek and Wolf Branch), chosen by J.S. 
Brewer in 1996, occur within relatively 
open wet pine savannas. Poor drainage, 
low pH, and frequent fire result in a 
Sarracenia and grass-sedge dominated 
community (Brewer 1998). Historically, 
such wet pine savannas and surrounding 
flatwoods were described as park-like due 
to their open canopy, which was dominated 
by P. palustris (Hilgard 1860). Pinus el
liottii invaded following logging and fire 
suppression in the 1900s (Harper 1914) 
and presently dominates the overstory, 
along with P. palustris at Wolf Branch and 
Sandy Creek (Brewer 1998). From the early 
1980s to 1996, the two sites experienced 
a fire on average every three years, but 
were protected from fire between 1996 and 
2004 (A. Albritton, forester, University of 
Mississippi, pers. comm.). Wolf Branch 
was burned in January of 1996, and Sandy 
Creek was burned in November of 1996; 
therefore, before both were burned in May 
2004, they remained unburned for nine and 
eight years, respectively. Since the early 
1980s, the staff of Desoto National For
est has burned most pine savannas in the 
vicinity of our sites on a three- to four-year 
rotation, usually between March and May 
(K. Coursey, park ranger, Desoto National 
Forest, pers. comm.). The prescribed bums 
conducted by the Desoto National Forest 
staff in 2004 occurred on 21 May 2004 
(May is a peak month for lightning fires; 
Robbins and Myers 1992). Prescribed burn
ing in May is being used more frequently 
by Desoto National Forest to control shrubs 
and stimulate flowering of herbaceous 
species (K. Coursey, pers. comm.). The 
fires on 21 May were within the U.S. For
est Service (USFS) prescription window. 
Relative humidity ranged from 48 to 62%, 
ambient temperature varied between 27° 
and 30°C, and flame lengths were between 
0.9 and 1.1 m. The bums were complete, 
leaving no obvious unburned patches (K. 
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Coursey, pers. comm.). 

Experimental Design 

Seed deposition in traps near and 
away from trees 

To determine if there was increased seed 
deposition below pine trees in wet pine 
savannas, seed rain (via fecal deposit or 
bird regurgitant) was measured for two 
years for two common smub species, 1. 
glabra and 1. vomitoria. Beginning in 
1998,20 trees (dbh > 9 cm) were marked 
at each of the sites. Each tree had a pair 
of seed traps placed directly below (10 cm 
from trunk) and a pair placed more than 5 
m away (and from other trees). Seed traps 
were circular, 0.75 m in diameter, and 
were constructed out of very fine mesh 
with a wire frame. Traps were placed > 
10 cm above the ground to avoid seed 
predation, and vegetation below them was 
clipped. Seeds were counted and removed 
five times from January to April 1998 and 
four times from February to April 1999. 
Sampling dates occurred in the winter and 
early spring due to observed preference 
by birds for other food sources during the 
fall. Birds alter their eating habits from a 
water and sugar rich diet to one high in 
lipids (like the fruits of 1. glabra and 1. 
vomitoria) with the onset of winter (Short 
and Epps 1976; Herrera 1982). 

After seeds of the two species were quanti
fied, each pair of traps was pooled, and then 
these values were pooled across censuses 
for each year to obtain a cumulative sum 
of seeds captured in each pair of traps for 
the year. The effect of distance from the 
tree (i.e., near versus away) was analyzed 
for each species and for both sites in 1999 
by examining differences in seed counts 
near versus away from trees using split
plot analysis of valiance (ANOVA). Site 
was the main factor and distance from 
the tree was the split-plot factor. Values 
for both species were In-transformed to 
reduce heteroscedacity. The prescribed 
fire in late 1996 at Sandy Creek prevented 
flower and fruit production at this site in 
1997. There was, therefore, very little seed 
deposition at Sandy Creek in the winter of 
1998, and as a result, chi-square tests of 
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non-independent, paired samples (Steele 
and Torrie 1980) were used to analyze 
presence or absence of seeds in traps. A 
chi-square test of non-independent, paired 
samples was also used to analyze differ
ences in seed deposition between 1998 
and 1999 at Sandy Creek. A paired t-test 
was used to examine differences in seed 
number near and away from trees at Wolf 
Branch in 1998. 

Effects of artificial perches on seedling 
densities near and away from trees 

Artificial perch posts were used to de
termine if recruitment by shrubs was 
dispersal limited and if the magnitude of 
this limitation differed near and away from 
trees. The use of artificial perches reduces 
possible microhabitat conditions provided 
by trees that may aid seedling survival 
(e.g., raised elevation and soil moisture; 
Brewer 1998). We assumed that seedling 
densities near arid away from perches at 
each of these micro sites largely reflected 
differences in dispersal limitation and not 
micro site differences. We observed no 
obvious apparatus effects (e.g., increased 
sedimentation, predator attraction, etc.) as
sociated with the perch posts. Furthermore, 
a small pilot study comparing emergent 
(1.5 m) and short « 30 cm tall) posts 
revealed that short posts did not increase 
seedling emergence. 

In 1999, 0.25-m2 subplots were established 
to count seedling densities neal' and away 
from perches at 16 locations within each 
of two microhabitats (open areas away 
from trees, thickets near trees) at each of 
the two sites. Hence, at each site, each 
subplot belonged to one of the categories: 
(1) near perch posts, away from trees; (2) 
neal' perch posts, near trees; (3) away from 
perch posts, near trees; and (4) away from 
perch posts, away from trees. Perch posts 
consisted of PVC pipe and stood 1.5 m 
above the ground. The height of 1.5 m 
followed McDorinell's (1986) recommen
dation that as long as perches projected 
above the current vegetation matrix, they 
would be attractive to birds. The 16 pairs of 
subplots located in open areas were placed 
more than 5 m from the nearest tree. One 
subplot in each of these pairs was located 

more than 1 m from the associated perch 
post, whereas the other in each open-area 
pair was placed directly adjacent to the 
perch post. Subplots located near trees were 
placed directly at the tree's base. Subplots 
located near trees and perch posts were 
also located next to a perch post, and the 
other subplot in each pair was placed on 
the opposite side of the tree, away from 
the perch post. Seedlings (i.e., juveniles 
not derived from existing rhizomes) were 
identified and counted in each subplot in 
July 2001, December 2003, and after the 
prescribed fire in July 2004. Seedlings were 
easily distinguished from juveniles derived 
from rhizomes by virtue of their shape and 
size. All individuals identified as seedlings 
either contained cotyledons at the time of 
the census or had basal stem diameters of 
less than 2 mm and primary leaf lengths 
of less 5 mm (which were less than 113 
of what we typically observed in newly 
emerged ramets from rhizomes). Data 
from 2001 and 2003 were log-transformed 
and analyzed separately using a split-plot 
ANOVA. Here, site and distance from 
tree were main factors and distance from 
the perch post was the split-plot factor. 
Because seedling mOltality was high in 
2004, the data were not normal and were 
not analyzed. 

Mortality of Slash Pine Recruits 

To determine if a period of eight or nine 
years was long enough for post-1996 re
cruits of P. elliottii to grow large enough to 
survive the 2004 fire, the number and height 
of surviving saplings was counted before 
and after the fire in 2004. Saplings were 
quantified within one large rectangular plot 
and within 16 SUbplots (0.25 m x 0.25 m) 
at each site. Subplots were also sampled 
in 1997. The areas of the large plots were 
475 m2 and 300 m2 at Wolf Branch and 
Sandy Creek, respectively. 

RESULTS 

Seed Deposition Near and Away 
From Trees 

In 1998, Wolf Branch seed deposition 
was significantly greater near trees than 
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away from trees, for both l. glabra (t!9 
= 16.81, p < 0.001) and l. vomitoria (t!9 
= 12.65, p < 0.001, Figure 1). At Sandy 
Creek, the probability of seeds only being 
deposited below a tree was significantly 
greater than only being deposited away 
from a tree for both l. glabra (X2! = 6, 
P = 0.014) and l. vomitoria (X2! = 8, P = 
0.005, Figure 1). In 1999, l. glabra seed 
deposition differed significantly between 
near and away from trees (F!38 = 104.94, 
p < 0.001), as well as between sites (F!,38 
= 35.01, P < 0.001, Figure 1). However, the 
interaction between distance from tree and 
site was not significant (p = 0.089). As for 
l. vomitoria, overall seed deposition was 
lower than for l. glabra, but still differed 
significantly (F !38 = 64.06, P < 0.001, 
Figure 1) with distance from tree. Again, 
the interaction between site and distance 
from tree was not significant (p = 0.585), 
nor was the difference between sites (p 
= 0.472). The probability of more seeds 
being deposited both near and away from 
trees was significantly greater in 1999 than 
it was in 1998 (l. glabra, X2! = 400, P < 
0.001; l. vomitoria, X2! = 400, P < 0.001) 
at Sandy Creek. 

The Effects of Perch Posts on 
Seedling Density Near and Away 
From Trees 

Perch posts increased seedling densities 
of several shrub species, including flex 
glabra, l. vomitoria, Gaylussacia mosieri, 
Myrica cerifera, Magnolia virginiana, and 
two Smilax spp. in open areas away from 
trees. In 2001, the number of seedlings near 
a perch post was significantly greater than 
the number away from a perch post (F!,60 
= 136.76, P < 0.001, Figure 2). The effect 
of the perch posts on seedling density was 
greater, however, in areas from trees than 
near trees, resulting in a highly significant 
interaction between distance from tree and 
distance from perch post (F!,60 = 126.33, 
P < 0.001). This interaction was equally 
strong at both field sites, as indicated by 
the lack of a three-way interaction among 
site, distance from tree, and distance from 
perch post (p = 0.882). 

Results in 2003 were similar to those 
in 2001, with a significant effect of the 
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Figure 1. Mean seed counts in 1998 and 1999 for IIex glabra and I. vomitoria for traps near pine trees 
(filled bars) and away from pine trees (open bars) at Wolf Branch (burned in January 1996) and Sandy 
Creek (burned in November 1996). Error bars are ± 1 standard error. 

distance from perch post (F1,60 = 60.16, 
p < 0.001, Figure 2) and a significant 
interaction between distance from tree 
and distance from perch post at both sites 
(F1,60 = 51.39, P < 0.001). Following the 
2004 fire, the number of surviving shrub 
seedlings was very much reduced in all four 
treatments (Figure 2). The total number of 
seedlings in 2001 was 1209, 1080 seedlings 
in 2003, but only 95 seedlings were present 
in 2004 (> 90 % mortality). 

Mortality of Slash Pine Recruits 

Densities of seedlings of post -1997 recruits 
of Pinus elliottii were highest for both the 
large plots and subplots at the end ofthe fire 
free period in 2004 (Table 1). In the large 
plots, only three individuals were alive in 
the post-fire 2004 census, thus indicating> 
99% mortality for both sites, which we at
tributed to the prescribed fires. All recruits, 
both survivors and dead individuals, were 
less than 1.5 m tall. 

DISCUSSION 

The results of this study lead us to conclude 
that an increased density of trees (and thus 
perches) leads to a corresponding increase 
in the deposition of seeds of shrubs, vines, 

and bird-dispersed trees in wet pine savan
nas. Deposition of seeds of two common 
bird-dispersed shrubs, f. glabra and f. 
vomitoria, was much greater below trees 
than away from trees. Because perches 
increased seedling densities of these and 
other shrub species to a much greater extent 
in areas away from trees than near trees, 
we conclude that pines increase dispersal 
of shrubs by serving as bird perches. These 
results are consistent with Brewer's (1998) 
hypothesis that dispersal by birds increases 
both the abundance and richness of woody 
species near trees. 

Our results indicate that seed production 
of sluubs was reduced by fire. The reduced 
seed deposition for the 1998 season at 
Sandy Creek (compared to 1999) confirms 
field observations that neither !lex species 
flowers or produces fruit during the first 
flowering season following fire. Gaylus
sacia spp. and Rubus spp. are also pine 
savanna species that usually do not fruit 
following a fire (Garren 1943). The few flex 
seeds that were collected in the traps likely 
originated from the surrounding unburned 
forest. Therefore, most seed deposition at 
a given spot originates from shrubs in the 
immediate area. These findings are further 
supported by our observations of foraging 
American robins (Turdus migratorius), 
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Figure 2. Mean shrub seedling counts for perch post and pine tree treatments for three years (2001, 
2003 and 2004 post-fire) at Wolf Branch (filled bars) and Sandy Creek (open bars). Error bars are ± 
1 standard error. 

which primarily appeared to perch on 
nearby trees after removing fruits from 1. 
glabra (lS. Brewer, pers. observations). 

The relevance of our results to mesic 
pine flatwoods communities, where shrub 
densities are high and not closely assoCi-
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ated with the bases of trees, is not clear 
(Brewer 2002). The higher densities of 
pines typically observed in pine flatwoods 
could generate higher rates of seed depo
sition of bird-dispersed woody species 
(S.w. Ashley and lS. Brewer, unpubl. 
data). What we do not know is whether 

or how seed deposition during prolonged 
fire-free intervals in the past contributed 
to the high stem densities of established 
adult shrubs and vines we typically see in 
pine flatwoods today. Most previous stud
ies of limits on shrub density in longleaf 
pine savannas have focused primarily on 
the effects of fire (Olson and Platt 1995; 
Brockway and Lewis 1997; Drewa et aI. 
2002; Glitzenstein et aI. 2003). Although 
these studies provide conflicting results 
regarding fire effects on ramet densities, all 
agree that repeated fires do not generally 
cause substantiaI mortality of adult shrub 
genets (Drewa et al. 2002). If fire suppres
sion in the past was partly responsible for 
the high genet densities of shrubs we see 
today (due to increased seed deposition 
and seedling establishment), then repeated 
low-intensity burning (regardless of sea
son or frequency) may do little to restore 
pre-suppression genet densities in pine 
flatwoods (Drewa et al. 2002). 

Examination of longleaf pine flatwoods in 
southern Mississippi in the mid 1800s (pre
fire-suppression) provides some support 
for this hypothesis. Hilgard (1860) noted 
"that 1. glabra dominated the groundcover 
of mesic pine flatwoods communities in 
southern Mississippi. flex glabra is a rhi
zomatous shrub, and overall stem density 
might have been affected more by clonal 
growth than by seedling establishment 
in flatwoods (Brewer 2002). Although 1. 
vomitoria is quite common and abundant 
in pine flatwoods in southern Mississippi 
today, Hilgard made no reference to 1. 
vomitoria in these same communities in 
the mid 1800s. Unlike 1. glabra,1. vomi
toria is not a strongly rhizomatous shrub. 
Hence, the high stem densities of this shrub 
in pine flatwoods of southern Mississippi 
today may be highly con-elated with genet 
densities and thus a legacy of increased 
tree densities following logging (Noel et 
al. 1998) and increased seed deposition and 
seedling establishment during prolonged 
periods of fire suppression in the past. 

Nine years without fire was not sufficient 
to allow recruits of P. elliottii to grow large 
enough to become tolerant of the prescribed 
fires in the wet pine savannas studied here. 
Only three individuals of P. elliottii (out 
of 354) survived the 2004 fires. The slow 
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Table 1. Total numbers of Pinus elliottii seedlings and saplings surviving in large plots and subplots 
at both sites for three census dates. 

Plot size and site 1997 2004 (pre-fire) 2004 (Eost-fire) 

Subplots (0.25 m2
) 

Wolf Branch 5 8 0 

Sandy Creek 0 7 1 * 

Large Plots 

Wolf Branch (475 m2
) 271 2* 

Sandy Creek (300 m2
) 83 1 * 

* surviving saplings were less than 1.5 m in height 

growth of P. elliottii at our sites (all recruits 
were less 1.5 m tall) was likely caused by 
poor soil drainage (Streng and Harcombe 
1982; Tiarks and Shoulders 1982). There
fore, the length of time necessary for a P. 
elliottii to grow large enough to survive 
a fire almost certainly depends on local 
edaphic conditions and hydrology, in addi
tion to fuel loads and fire temperatures. The 
fires also apparently caused considerable 
mortality of shrub seedlings (> 90%). Ten 
percent survivorship of seedlings follow
ing growing-season fires, however, is not 
an insignificant level of recruitment for 
long-lived perennial shrubs. Hence, shrub 
seedling recruitment may be limited more 
by the establishment of trees (and thus 
dispersal) than by the ability of seedlings 
to survive fire. Nevertheless, all recruits 
(including some that were five years old) 
were less than 15 cm tall by the time of 
the 2004 fires, indicating very slow growth 
and thus low rates of recruitment of shrubs 
into adult size classes. 

CONCLUSION 

Identifying the mechanisms that drive inva
sions of open habitats by woody species is 
critical for effective restoration of diverse 
forests and preservation of diverse savan
nas. The results of this study agree with 
those of many tropical forest restoration 
studies, which show that trees facilitate 
invasion of open habitats by woody species 
(McDonnell and Stiles 1983; Guevara et 
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al. 1986; McClanahan and Wolfe 1987). 
A desired goal of longleaf pine savanna 
conservation is to use fire to reduce re
cruitment of and dominance by woody 
species (Folkerts 1982; Means and Grow 
1985; Noss 1988; Glitzenstein et a1. 2003). 
Our results show that the effect of fire on 
maintaining biodiversity in wet pine savan
nas is more complex than simply "mowing 
down" established and resilient shrubs and 
reducing their competitive effect on herba
ceous plants. By reducing both the supply 
and the deposition of seeds of shrubs in 
wet pine savannas, periodic fires may be 
crucial to reducing colonization and expan
sion of shrub populations in these highly 
diverse herbaceous plant communities. 
Knowledge of fire-tolerance thresholds 
for fire-sensitive tree species, especially 
in wet pine savannas, would improve our 
understanding of how variability in fire 
frequency interacts with dispersal limita
tion of shrubs to maintain the ecological 
integrity of wet pine savannas. 
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