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INTRODUCTION
The Lower Mississippi Alluvial Valley (LMAV), an area that
extends nearly 1,000 km from the confluence of the
Mississippi and Ohio Rivers to the Gulf of Mexico, once
supported over 10.1 million ha of wetlands (Hefner and
Brown 1985, Keeland and others 1995). Greater than 80
percent of the forested wetlands in the LMAV have been
lost, mostly as a result of clearing for agriculture. The wet-
lands that remain are highly fragmented and degraded.
Forested wetlands of the LMAV continue to be lost, but
attempts to reforest some of the area have been made by
several state and federal agencies (Haynes and others
1995, King and Keeland 1999, Schoenholtz and others
2001). In fact, reforestation of bottomland hardwoods in
the LMAV is projected to increase from the 77,698 ha
planted between 1986 and 1997 to 89,009 ha between
1997 and 2008 (King and Keeland 1999). Although some
reforested tracts may be as old as 30 years, many were
planted less than 15 years ago (Haynes and others 1995).
These reforested tracts range in size from less than 100 ha
to greater than 1,500 ha (McCoy and others 2000). Few
fields have been monitored for success of reforestation
(Allen 1990, Schweitzer and others 1997). Very few studies
have addressed oak survival and growth in the LMAV, and
even fewer have addressed natural invasion of woody
species onto reforested sites (Allen 1990, Allen and others
1998). Most studies of planted oak survival and growth
have examined the effects of soils, site (Groninger and
others 2000), water, sunlight, and other factors, but little
information on the spatial distribution patterns of survival,
growth, and natural invasion within these reforested fields
is available.

The purpose of this analysis was to examine spatial patterns
of survival and growth for planted oaks and natural woody
invaders in reforested stands of the LMAV. Specifically, our
objectives were to examine the effects of direction and

distance from the nearest forest stand (fragment) on
survival, growth, and natural invasion.

METHODS
Study sites were established in 18 reforested fields selected
from 7 U.S. Fish and Wildlife Service National Wildlife
Refuges in Arkansas, Louisiana, and Mississippi, 2 Wildlife
Management Areas of the Louisiana State Department of
Wildlife and Fisheries, and one privately owned tract (fig. 1).
All fields were planted with oak species within the last 7 to
15 years. Planting densities varied for each field (Lockhart
and others 2003). Most fields were direct seeded, while
three fields were planted with bare rootstock.
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Figure 1—Map of Arkansas, Louisiana, and Mississippi showing
general areas where the 18 study sites are located.
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The number of plots established within each field was deter-
mined by the size and shape of the field and the number of
transects needed to adequately cover the area. About 1.3
percent of the total field area was sampled for this study.
Transects were initiated at and oriented perpendicular to
the field edge, which was often but not always contiguous
with the forest edge. A variable distance, minimum of 75 m,
was allowed between transects and between transects and
field corners. Placement of transects generally depended
on the direction and distance to the nearest forest frag-
ment. We used this placement because one of our main
goals was to examine natural woody invaders originating
from these forest fragments. Field corners were avoided
because they could be easily influenced by propagules
originating from two directions.

Circular plots, each 200 m2, were established along each
transect, with the center of the first plot for each transect
always established 8 m from the field edge. This insured
that the plot was at the very edge of the field, yet completely
within the field. Subsequent plots were spaced at 50 m
intervals along the transect. The total number of plots
along each transect depended on the size of the field. Plot
distances referred to in this manuscript represent the mid-
points of 50 m distance categories beginning at the nearest
forest edge. These categories begin with 0 – 25 m because
our first plot was placed at the field edge, which in many
cases was immediately adjacent to the forest edge. In
cases where the forest edge was at some distance from
the field edge, the distance was measured and the plot
placed into the appropriate distance category.

All tree or shrub stems encountered within the plots were
recorded by species into four size classes: (1) 50 – 100 cm
tall, (2) 100 – 140 cm tall, (3) greater than 140 cm tall but
less than 2.5 cm diameter at breast height (d.b.h.), and (4)
greater than 2.5 cm d.b.h. Seedlings less than 50 cm in
height were not recorded. Two quadrates, each 1 m2,
located 2 m from plot center and perpendicular to the tran-
sect direction, were examined for vascular plant species
and small woody seedlings. Herbaceous vegetation cover
classes included, (1) 0 - 5 percent, (2) 5 - 25 percent, (3)
25 – 50 percent, (4) 50 – 75 percent, (5) 75 – 95 percent,
and (6) 95 – 100 percent, for each species recorded.
Woody seedlings less than 50 cm tall that were encoun-
tered in the herb subplots were counted by species.

To examine the effect of distance from forest edge on oak
survival and growth and natural invasion rates, we concen-
trated on the zone where the majority of our plots were
found. This area included the zone between 0 to 300 m
from the nearest forest edge. Although a small number of
our plots were as much as 1,000 m from the nearest forest
edge, that data was not included in this analysis.

Differences in seedling densities between field areas less
than the midpoint of the sampled distance (< 150 m) versus
farther (150 - 300 m) from forest edges were tested for
significance using t-tests under the one-way ANOVA proce-
dure in JMP software (SAS Institute 1995). Correlation
between field size to oak stem densities and proportion of
the field perimeter consisting of forest to oak stem densities

were also calculated using the one-way ANOVA procedure
in JMP software.

RESULTS AND DISCUSSION
A total of 459 study plots were established along 67 tran-
sects at 18 sites (fields) in the LMAV. Within these plots, a
total of 46 tree or shrub species, including the oaks, were
recorded. The number of woody tree and shrub species
per field ranged from 12 to 24 with an average of 19. Three
plots did not have any woody trees or shrubs greater than
50 cm in height, while 35 plots did not contain any oak
stems > 50 cm in height.

Thirty-five percent of the woody species encountered were
recorded at all sites. The most common species were
sweetgum (Liquidambar styraciflua L.), the elms (Ulmus
americana L., U. alata Michx., and U. crassifolia Nutt.), red
maple (Acer rubrum L.), persimmon (Diospyros virginiana
L.), and sugarberry (Celtis laevigata Willd.). These species
accounted for 80 percent of all naturally occurring woody
stems. Additional species that were on more than 50 per-
cent of the sites included ash (Fraxinus spp.), buttonbush
(Cephalanthus occidentalis L.), mayhaw (Crataegus spp.),
eastern baccharis (Baccharis halimifolia L.), locust (Gleditsia
aquatica Marsh. and G. triacanthos L.), black willow (Salix
nigra Marsh.), water oak (Quercus nigra L.), willow oak (Q.
phellos L.), Nuttall oak (Q. nuttallii E.J. Palmer) and decidu-
ous holly (Ilex decidua Walt.). All other species occurred in
low numbers and had low relative frequencies for this study.
The number of stems and species composition in our study
was very similar to those found in a 1981 study of an 11-
year-old hardwood stand on Sharkey clay soil in Mississippi
(Krinard and Johnson 1981).

The most common oak species was Nuttall oak, planted on
eight of the fields, with water oak and willow oak planted
on four fields each. Minor amounts of overcup oak (Q.
lyrata Walt.) and Shumard oak (Q. shumardii Buckl.) were
also encountered. Overcup oak was planted at one site,
but Shumard oak was not planted on any fields. The aver-
age density of oaks was 467 stems per ha, but the numbers
were not distributed evenly among size classes. Fewer
oaks were found in the smaller size classes (24 and 25 per
ha for size classes 1 and 2) than in the larger size classes
(150 and 268 per ha for size classes 3 and 4). The low
density of the shorter oak stems was expected as these
fields were planted a minimum of 7 years before our study.
Although oaks have been shown in some cases to grow as
little as 15 cm per year (Johnson 2002), under better
conditions they can achieve as much as 137 cm in only 2
years (Burns and Honkala 1990). The largest oaks, in size
class four, had measurable diameters that ranged from 2.5
cm (the smallest diameter we measured) to 9.8 cm.

The mean density of natural invaders was much higher
than the density of oaks at 2,638 stems per ha. As seen
with the oaks, there were relatively fewer short natural
invaders with only 540 and 449 stems per ha in size classes
1 and 2. The majority of natural invaders (1,323 stems per
ha) were greater than 140 cm tall but less than 2.5 cm in
d.b.h.. Larger stems (> 2.5 cm d.b.h.) were less abundant,
with only 326 stems per ha. These larger stems ranged
from 2.5 to 6.6 cm d.b.h.
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An important component of this study was the effect of
distance from the nearest forest edge on the density of
woody natural invader species. Within 150 m of the forest
edge an average of 4,463 tree and shrub stems per ha,
including oaks, was recorded. Between 150 to 300 m from
the forest edge, the number of stems was much smaller,
with 2,646 stems per ha. We noted a steady decrease in
the number of natural invaders as distance from the forest
edge increased (table 1, fig. 2), a fairly consistent pattern
also reported by Allen and others (1998), McCoy and
others (1998), and McCoy and others (2002). However, the
pattern of decline varies greatly among species.

Near the forest edge a large number of light seeded species
can become established. For example, adjacent to the
forest edge we found an average of 1,581 sweetgum stems
per ha, but this number declined dramatically with distance.
Seed size and weight helps to determine the distance it
may be disseminated into a field. Heavy seeded species
such as oaks and hickories establish closest to the forest
edge, while others such as hawthorn, dogwood, eastern
red cedar, and baldcypress disseminate to greater dis-
tances. For several species, we noted the highest densities
about 50 m away from, rather than immediately adjacent
to, the forest edge. This group included hickory, dogwood,
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Figure 2—Stems per ha of oak and natural invader stems for < 140 cm (4.6 feet) and  > 140
cm height classes.
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hawthorn, ash, and black willow. Although not tested in this
study, it may be that these slightly smaller numbers imme-
diately adjacent to the forest edge result from seed preda-
tion or herbivory of young seedlings by rabbit or deer. It
may also be a result of animal behavior during or after
feeding on these seed.

As distance from the forest edge increases, most wind dis-
persed species such as box elder, red maple, water elm,
sycamore, and cottonwood decrease in density. A few
wind-dispersed species, such as the elms, ash, buttonbush,
and eastern baccharis, can be found in relatively high num-
bers at distances beyond 300 m. Anomalous patterns of
density distribution, such as extremely high numbers of
eastern baccharis at 200 m (table 1) can be caused by an
individual field with environmental and biotic conditions that
foster abnormally high numbers of a particular species.

Heavy seeded species, for the purpose of this study, are
those typically dispersed by animals. Several species with
seeds that are small, yet still classed as heavy seeded,
such as sugarberry and Chinese tallow [Triadica sebifera
(L.) Small], disperse to distances much greater than 300
m. Although these species are classed as heavy seeded,
they are small enough for small birds to eat and disperse.
We found several natural woody invaders, including per-
simmon, sugarberry, deciduous holly, swamp dogwood
(Cornus stricta Lam.), locust (Robinia pseudoacacia L.),
ash, red maple, and sweetgum, as far as 1,000 m from the
nearest forest fragment. However, at these distances, stem
densities averaged only 290 stems per ha.

The density of planted oak stems ranged from 0 to 2,900
stems per ha for each plot and varied significantly with dis-
tance (0 – 150 vs. 150 – 300 m) from the forest edge (F =
18.76, P < 0.0001). We counted an average of 413 oaks
per ha between 0 and 150 m from the forest edge, where-
as between 150 and 300 m, the count was 484 per ha
(table 1). Although this difference is small, it seems to indi-
cate a distance dependent relationship that warrants fur-
ther consideration. A possible explanation for the lower
density of oaks at 0 - 150 m could be herbivory of the
planted oaks combined with suppression by the higher
density of natural invaders establishing in this area, in a
manner similar to that reported by Lorimer and others
(1994). Several species of mammals, especially rabbits
(Sylvilagus floridanus) and white-tailed deer (Odocoileus
virginianus), use areas near the forest edge and are known
to feed on oak seeds and seedlings (Castleberry and
others 1999). Deer tended to stay within about 80 m of the
forest edge for protective cover (Dugger and others, in
press). After the competing woody species grow large
enough, especially near the forest edge where densities
can be quite high, the shading effect could reduce the
palatability of oak leaves and perhaps reduce the herbivory
pressure (Blair and others 1983).

Several additional factors could affect the spatial distribu-
tion of stem densities. First, the original planting density
was variable among sites. This was probably because a
combination of different oak species were planted in the
various fields, local conditions may have prompted the land
manager to seed the fields at higher or lower rates, and

while most fields were direct seeded, a few were planted
with bare-root seedlings. Within the fields, variations in
soils, topography, hydrology, aspect, or spatial differences
in competition or herbivory rates could also affect invasion
and survival rates for natural invaders that in turn affect
planted oaks (Bowers 1993).

Study fields varied in size from 7 to 150 ha. Fields were
classified into (1) small (< 20 ha), (2) medium (20 – 40 ha),
and (3) large (> 40 ha). The small- and medium-size fields
had relatively uniform increases in oak densities as distance
from the forest edge increased. Variation in topography and
soils of small fields would be less than for larger ones. For
large fields, the pattern of greater stem densities with dis-
tance from the forest was much more variable, possibly a
result of the natural variation discussed above. However,
the average oak stems per ha for small and medium sized
fields was 393 stems per ha while large fields averaged
541 stems per ha. Although this difference is not signifi-
cant, it does suggest larger fields may have higher densi-
ties of surviving oak stems. The opposite was true for
natural invaders, with small, medium, and large fields
having 5,904, 2,101, and 1,745 stems per ha, respectively.
This effect was significant (F = 5.7479, P < 0.0014). As
field size increased, the density of natural invader stems
decreased, due to increasing distance from the nearest
forest edge.

One other important factor in this study was the amount of
the field perimeter made up of intact forest. The study
fields were classified into three categories of contact with
forest edges: (1) < 25 percent, (2) 25 – 50 percent, and (3)
> 50 percent. Comparisons between these categories were
not significant (F = 1.4207, P > 0.2722), but the number of
oak stems per ha was, at 556, 410, and 267 in categories
1, 2, and 3, respectively. In general, smaller fields had
more surrounding forest, and our results show 23 - 48
percent fewer oaks in fields with greater than 50 percent of
the field perimeter in contact with forest. Conversely, natural
woody invaders were more prevalent (21 – 102 percent
more stems) in fields with greater amounts of forest edge.
Larger numbers of invaders are expected in fields sur-
rounded by more forest, as the trees provide a good seed
source, but the reduction in survival of planted oaks with
increased forest perimeter may be harder to explain. It is
possible that a larger forest component provides habitat for
larger populations of herbivores that feed on oak seedlings
in the reforested field. A more formal evaluation of this
possibility will have to wait for future studies.

The number of fields in this entire study was 18 and the
total number of plots 459. Given the amount of variation in
field topography, size of fields, planting techniques, pre-
planting preparation, seed source, and management per-
sonnel at the different locations there is a great deal of
variability in the data. This variation between and within
fields confounds the analysis and makes identification of
significant relationships difficult. A larger sample size may
have revealed more significant relationships.

CONCLUSIONS
Oaks planted in old fields are subject to a variety of factors
that control their survival and growth (Allen and others 2001).
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The intensity and importance of these factors, however,
change through time. The herbaceous vegetation and woody
vines that develop soon after field abandonment provide
cover for seed and seedling predators such as rodents
(Sigmodon spp., Peromyscus spp., Oryzomys spp.) and
rabbits. Herbaceous plants can also influence the survival
and growth of oak seedlings (Gordon and others 1989).
However, this same cover also provides perch sites that
attract birds, thus encouraging natural invasion by other
woody species. Wind dispersed seeds of many woody
species are blown into the fields to varying distances. As
the woody seedlings grow, the habitat becomes more
appealing to animals that browse on the planted oaks and
the natural woody invaders. This browsing reduces survival
of seedlings and slows the growth of others. With increased
cover, other animals use the habitat and possibly dissemin-
ate additional heavy seeded tree species. Within about
4 years (McCoy and others 1998), the oaks and natural
invaders begin to overtop the herbaceous vegetation. This
is especially obvious at the forest edges where natural
invader densities can be very high. In many cases, the oaks
will be the tallest woody species in the field since they were
planted before invaders had the opportunity to become
established. In some areas, such as along the forest edge,
natural invaders with higher growth rates and very high
stem densities can overtop and possibly decrease growth
rates of the oaks. Over the next decade, the density of
oaks will probably remain about the same or decrease,
while the density of natural invaders will increase, especially
near forest edges. This is due to a low natural invasion rate
of oaks. The number of oak stems will primarily be depen-
dent upon the initial planting, while the natural invaders
continue to establish, grow, and amass by wind or animal
dispersal into the field. Variables such as field size and/or
forest edge contact will affect the survival and growth of
woody seedlings, whether they are planted or are natural
invaders. Field size may be a factor in that larger fields
often have greater variability in topography and soils.

The amount of field perimeter that is contiguous with intact
forest will affect the survival of oaks and the invasion rates
of other woody species. The management implication of
this study is that although oak densities may be reduced
near forest edges, natural invasion will more than make up
for the loss of stem density. Natural invasion rates will
decrease beyond about 150 m from a forest edge. Although
many individuals of ash, persimmon, and sugarberry will
disseminate to distances greater than 150 m, the overall
stem densities will be lower and additional planting may be
warranted. Because of different afforestation objectives of
land managers, target densities of planted species should
be decided before field preparation and planting begins.
Previous studies (McCoy and others 1998) have shown
that sites not disked prior to planting are more diverse and
develop higher densities of natural invader trees and shrubs
than those disked prior to oak planting. It may therefore be
sensible to plant fewer oaks within 0 - 100 m of a forest
edge. This will allow for natural invaders to develop without
additional competition from planted trees. In addition, small
fields may not need to be planted.
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