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Abstract

P. o.

Following the planting of several thousand hardwood seedlings in a 69-ha wetland
restoration area in west-central South Carolina, wild pigs (Sus scrc$a) depredated a large
percentage of the young trees. This planting was undertaken as part of a mitigation effort
to restore a bottomland hardwood community in the corridor and delta of a third order
stream that had been previously impacted by the discharge of heated nuclear reactor
effluent. The depredated restoration areas had been pretreated with both herbicide and
control burning prior to planting the hardwood seedlings. After discovery of the wild pig
damage, these areas were surveyed on foot to assess the magnitude of the depredation on
the planted seedling crop. Foraging by the local wild pigs in the pretreatment areas
selectively impacted only four of the nine hardwood species used in this restoration effort.
Based on the surveys, the remaining five species did not appear to have been impacted at
all. A variety of reasons could be used to explain this phenomenon. The pretreatment
methodology is thought to have been the primary aspect of the restoration program that
initially led the wild pigs to discover the planted seedlings. In addition, it is possible that
a combination of other factors associated with odor and taste may have resulted in the
selective depredation. Future wetland restoration efforts in areas with wild pigs should
consider pretreatment methods and species to be planted. If pretreatment methods and
species such as discussed in the present study must be used, then the prior removal of
wild pigs from surrounding lands will help prevent depredations by this non-native
species.
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1. Introduction

Of the various non-native or exotic vertebrates that have been established in the Western



populations of introduced wild pigs exist in 27 states in the United States. Recent
estimates have these animals collectively numbering at between two and three million
individuals nationwide. Since it’s establishment in wild-living populations, this exotic
species has become a serious problem in this country because of the darnage that it causes
to both natural ecosystems and the agricultural industry (Wood and Barrett, 1979; Mayer
and Brisbin, 1991; Gipson et al., 1998).

One of the primary types of impacts caused by wild pigs is darnage to commercial timber
crops. Such impacts can take on a variety of forms including girdling of mature pine
trees (Pinus spp.) through rubbing, damage to the lateral roots of mature pine trees by
rooting and chewing, and darnage to the bark of trees by tusking (i.e., scent marking with
the tusk glands) (Conley et al., 1972; Lucas, 1977). However, the most widespread and
economically costliest type of forest damage done by wild pigs is the depredation of
planted pine seedlings. This has primarily involved longleaf pines (P. palustris), slash
pines (P. elliotti), loblolly pines (P. taeda), and pitch pines (P. rigida). Documented from
several areas in the southeastern United States (Wahlenberg, 1946; Wakely, 1954;
McKnight, 1964; Wood and Lynn, 1977; Belden and FrankenbergeE 1977; Lucas, 1977;
Wood and Brenneman, 1977.),this type of damage involves the seedlings being pulled out
of the ground or rooted up by wild pigs, which then chew up and consume the plant’s
rootstock and lower portion of the stem. Wild pigs will systematically go from one
seedling to the next in one planted row after another in pine regeneration plots, ultimately
depredating almost the entire crop (Lucas, 1977; Thompson, 1977; Wood and
Brenneman, 1977). During the mid-1900s, in a period of intensive planting of longleaf
and slash pine by the U.S. Forest Service, entire pine plantations in Alabama, Florida,
Louisiana, and Mississippi were reported to be complete failures because of wild pig
depredations (Wahlenberg, 1946; Wakely, 1954; Lucas, 1977).

In contrast to the widespread reports of wild pig darnage to planted pine seedlings, there
has been little documentation of depredation of hardwood seedlings by wild pigs. Based
on a survey, Wood and Lynn (1977) found that wild pig darnage to hardwood seedlings
was generally considered to be minor to nonexistent by the timber indust~ in the
southeastern United States. However, this survey did not differentiate between naturally
regenerated seedlings and planted nursery stock. With respect to that difference, we are
aware of no reports in the scientific literature that specifically document the depredation
of planted hardwood seedlings by wild pigs.

The Record of Decision (ROD) (DOE, 1991) issued for the final environmental impact
statement on the continued operation of K. L., and P Reactors (DOE, 1990) required that
the degraded portion of the corridor and delta of Pen Branch, a third order stream located
at the Savannah River Site (SRS) in west-central South Carolina (Figure 1), be restored to

functional wetlands to the extent possible. The SRS, a 780 km2 federal nuclear facility
operated by the U.S. Department of Energy, contains 93 percent forested habitats. The
land use is dominated by managed pine plantations. The site is transected by several
stream drainage corridors occupied by bottornland hardwood forest and forested swamp
(Workman and McLeod, 1990). Between 1954 and 1989, thermal effluent was
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discharged from K Reactor, a nuclear production reactor at the SRS, into the Pen Branch
drainage basin. Flooding and elevated temperatures killed the vegetation in the stream
corridor and delta. The primary objective of the mitigation directed by the
aforementioned ROD was to establish a bottomland hardwood ecosystem in a 69-ha
section of the most severely impacted portions of that stream.

Prior to the implementation of the planting program, the upper corridor of Pen Branch
was pretreated with a wetland approved herbicide (i.e., Rodeo@) in September 1993 to
control the willow (Sali.xspp.) population and a prescribed burn in November 1993 to
clear brush and vines. Planting of the seedlings occurred in December 1993 and January
1994. All seedlings were grown from locally collected seeds in the Georgia State Nursery
(see also Nelson et al., this volume). The targeted planting density was 747 treeslha with
a species composition of water oak (Quercus nigra, 20%), water hickory (Carya
aquatica, 18VO),swamp chestnut oak (Q. nzichauxii, 17%), cherrybark oak (Q.
pagodaefolia, 1690),green ash (Fraxinus pennsylvanica, 14%), persimmon (Diospyros
virginiana, 7~o),bald cypress (Tmodium distichm, 4~0), swamp tupelo (Nyssa sylvatica
var. bijlora, 270), and water tupelo (Nyssa aquatica, 270).

In late January and early February 1994, extensive depredation of these planted seedlings
by wild pigs was observed in the upper corridor (Figure 1). Similar to the aforementioned
damage to pine seedlings, these hardwood seedlings had been pulled out of the ground
and the entire rootstock was either bitten or chewed off. The purpose of the present study
was to document this rarely reported type of damage by wild pigs and to quanti@ any
differences among the hardwood species involved in this restoration effort.

2. Methods

The damage was restricted to the pretreated portions (i.e., herbicide and control burned)
of the upper corridor of the restoration are% therefore, the present study was limited to
that portion of the Pen Branch corridor. Although wild pigs were observed throughout
the Pen Branch wetland restoration area, no damage was noted to any of the planted
seedlings in either the control areas or the delta. Pedestrian surveys of planted pretreated
areas B (10.8 ha) and D (4.3 ha) were conducted in February and March of 1994 to
determine the extent of the wild pig damage to the hardwood seedlings (Figure 1). On
two separate sampling efforts, four people walked in parallel transects down the lengths
of the pretreated areas, spaced relatively evenly apart across the width of the upper
corridor. The second sampling effort began where the first effort ended, such that the
sampling collectively constituted one continuous survey over the sampled portions of the
upper corridor. The presence of both impacted and intact seedlings were noted along
these transects. Species tallies were then compiled from the four transects in the surveyed
areas. Chi-square analyses were used to determine if differences between the numbers of
each species impacted were significant.
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3. Results

Of the nine htidwood species used in the planting effort, only cherrybark oalGswamp
chestnut oak, water hickory, and swamp tupelo were impacted by the wild pig foraging
activities. None of the remaining species were found to have been depredated. This
difference in depredation among the nine species was significant &2=934.51; d.f.=8;
p<O.001). The pedestrian surveys resulted in a total of 388 seedlings of the four impacted
species being found. This represented approximately 7.1 percent of the estimated total
number of seedlings belonging to these four species that had been planted earlier in the
two areas sampled in the upper corridor. Out of the aforementioned total, 245 seedlings
had been depredated by wild pigs. The percentage of impacted trees to total numbers of
each species found were as follows: cherrybark oak - 69.7%, swamp chestnut oak –
50.0%, water hickory - 34.3%, and swamp tupelo – 10.0%. The difference between
numbers of impacted seedlings among these four species’was also significant (X2=380.14;
d.f.=3; p<O.001). Among the depredated species, the cherrybark oak, swamp chestnut
oak, and swamp tupelo had been pulled or rooted up and the rootstock was consumed.
The impacted water hickory seedlings had been pulled out of the ground, but the
rootstock were left completely intact by the foraging pigs.

Similar to wild pig depredation of planted pine seedlings, the hardwood seedlings were
uprooted, fed upon, and then dropped immediately adjacent to the spot where they had
been planted. In addition, the Pen Branch animals seemed to use the same strategy of
following the planted rows of seedlhgs, going from one hardwood seedling to the next.
The pigs further appeared to follow the routes through the cleared understory that had
been taken by the contracted crew who initially planted the seedlings, uprooting and
feeding upon long linear series of the planted hardwoods for extended distances. This
was especially true for the planted lines of both cherrybark and swamp chestnut oaks.
Based on the size of the tracks found in the impacted areas, both adult and immature wild
pigs appear to have been involved in these impacts. In addition, both solitary wild pigs
and groups of these animals were variously observed in the upper corridor at the time of
the seedling depredations.

4. Discussion

Wild pigs are opportunistic foragers that are omnivorous in their widely variable food
habits (Sweeney and Sweeney, 1982). In spite of using both floral and fauna resources in
their diet, wild pigs have a decided preference for plant material for most of the year
(Conley et al., 1972; Scott and Pelton, 1975; Barrett, 1978; Wood and Roark, 1980). It
would not be surprising then, that when presented with the right circumstances, these
animals will probably feed on most types of pine or hardwood seedlings that they might
encounter on the SRS.

Depredation of pine seedlings by wild pigs has occurred at the SRS since the mid- 1950s
(Tofte, 1959; Jenkins and Provost, 1964; Hatcher, 1966; Beaver et al., 1973). In spite of
this past history, wild pig damage to timber regeneration has generally not been
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considered to be important at either the SRS or throughout the rest of the South in recent
times. In part, this is because relatively little longleaf pine (i.e., the most impacted
species of pine) has been regenerated recently on a commercial scale (Wood and Lynn,
.1977; Wood and Brenneman, 1977).

By comparison with the historical magnitude of the depredation of pine seedlings by wild
pigs, the overall impact to the planted hardwood seedlings in the wetland restoration area
was minor. In the 1940s-50s, it was estimated within the Southeast that wild pigs were
destroying several hundred acres of Iongleaf pine plantation per day. Individual animals
were observed to wipe out an acre of planted pines in a single day (Wahlenberg, 1946;
McKnight, 1964). A comparable level of depredation as seen in these early pine
regeneration plots would have completely destroyed the planted seedlings in the
pretreatment areas. Apparently, hardwood seedlings are not as highly favored as longleaf
pine among wild pigs as food resources.

Why certain hardwood seedlings used in the restoration effort were depredated while
others were not is uncertain. Among pines, longleaf seedlings are preferred because of
the more extensive cambium layer compared to other pine species (Wood and Lynn,
1977; R. Bonar, pers. comm.). Perhaps the hardwood species that were depredated had
more aromatic constituents than the non-impacted species, thereby making them more
attractive to the pig’s highly developed or acute sense of smell. It is also possible that the
odor of freshly overturned or disturbed soil around the seedlings may have been an
attractant for the pigs to investigate each spot. However, this does not explain why the
wild pig foraging in the recently planted pretreatment areas did not impact seedlings of
the other five species present.

The fact that the seedlings were nursery stock as opposed to being naturally regenerated
may also have led to the wild pigs seeking the young trees out and feeding on them.
Preference for nursery stock over natural seedlings by elk (Cervus elaphus canadensis)
and mule deer (Odocoileous hemionus) has been observed in areas of the western United
States, where both types of seedlings occur in the same regeneration area (R. Bonar, pers.
comrn.). Seedling quality has received considerable attention in the last decade among
nursery managers. Seedling parameters that correlate with field performance have been
examined, and nursery practices established to produce these attributes. One that has
received considerable attention is root morphology and volume. Growing conditions to
increase plantable root volume are now common in Southeastern nurseries (Rose and
Haase, 1995). To produce this, optimal growing conditions of nutrition and water
management for the seedlings are maintained for much of the growing season in the
nursery beds prior to dormancy induction. This results in larger root volumes and
increased starch and sugar levels at the time of lifting and transplanting to the field.
Because of this accelerated growth, root tissue is often more succulent when transplanted
than corresponding root mass in a natural seedling. Again, however, this does not explain
the selective depredation among the nine species of hardwood nursery stock.
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The depredations were restricted to the cleared pretreatment areas (i.e., Areas B and D).
The readily available access within these areas and the unobstructed locations of the
planted seedlings may have been one of the main contributing factors to these
depredations. Similar depredation of planted conifer seedlings by elk has been observed
in areas burned by wildfires in the western United States. However, if such restoration
planting was postponed until new growth became established in the burned areas, then
depredations by the elk were virtually eliminated (R. Bonar, pers. comm.). Jn addition,
Miller et al. (1982) found that conspicuously planted saplings were more liable to
browsing by red deer (C. e. elaphus) in an open range area of eastern Scotland. Along the
same line of reasoning, the impacted pretreatment areas of the upper corridor were
replanted in January 1995 following the recovery of a vigorous herbaceous understory
during the second growing season. Although wild pigs were still present in the
surrounding area (i.e., based on sightings of live animals and presence of field sign such
as rooting and tracks), no more depredations were observed after the replanting.

The ultimate explanation for this unusual depredation may involve a combination of the
aforementioned factors. It is likely that the pretreatment methods employed enabled the
pigs easy access through these cleared portions of the upper corridor. The smell of the
recently disturbed soil may have drawn the pigs to investigate the individual seedlings.
Lastly, some as of yet undetermined element led to the selective depredation of four of
the nine hardwood species present in the pretreatment areas.

Finally, it should be noted that the removal of 30 wild pigs by the SRS wild pig control
subcontractor from the area immediately surrounding the Pen Branch corridor in the early
Spring of 1994 eliminated further depredations of the remaining hardwood seedlings in
the pretreatment areas that year. Consistent with the observations and field sign, those
individuals removed from the Pen Branch area variously included adult and immature
animals of both sexes. Similar removals of wild pigs around longleaf pine regeneration
plots have also succeeded in suppressing further seedling depredation by these animals
(Wood and Brermeman, 1977).

5. Conclusion

The pretreatment (i.e., clearing and burning) of the planting areas appeared to have
induced severe depredation by wild pigs in the upper corridor of the Pen Branch wetland
restoration area. Among the impacted seedlings, there was an apparent preference for
certain species, especially the cherrybark oak and swamp chestnut oak. The removal of a
number of wild pigs from the area encompassing the Pen Branch corridor also seemed to
eliminate any further impacts to the remaining or subsequently planted seedlings in the
restoration area. Replanting seedlings in the impacted areas after the recovery of the
herbaceous understory resulted in no more wild pig depredations in the restoration area.

Planning for future wetland restoration efforts in are~ inhabited by wild pig populations
should take pretreatment methods and species to be planted into consideration. If
methods and species similar to those discussed in the present study are the only
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alternative with respect to implementing specific wetland restoration objectives, then a
concerted effort to remove wild pigs from the areas encompassing the project location
should be conducted prior to the planting of any hardwood seedlings.
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Figure Captions

Figure 1. Location of the pretreatment areas surveyed for wild pig depredation impacts in
the Pen Branch Wetland Restoration Area at the U.S. Department of Energy’s
Savannah River Site, South Carolina.
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