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Box 321, Brooklin, ME 04616), and J.C. Brisserte (U.S. Forest Service, Northern Research Station,
Durham, NH 03824). Nonnative invasive plants in the Penobscot Experimental Forest in Maine, USA:
influence of site, silviculture, and land use history. J. Torrey Bot. Soc. 138: 453-464. 2011.—We investigated
the occurrence of nonnative invasive plants on approximately 175 ha comprising a long-term, 60-year-old
U.S. Forest Service silvicultural experiment and old-field stands in the Penobscot Experimental Forest (PEF)
in central Maine. Stands in the silvicultural experiment were never cleared for agriculture, but have been
repeatedly partially cut. Our objectives were to determine the extent of nonnative invasive plant populations
in the PEF, and to relate invasive plant abundance and distribution to management history and
environmental factors (overstory composition and basal area, canopy openness, and soil characteristics). We
found ten invasive plant species in the study area. Very few occurrences of these were in the silvicultural
experiment; where present, invasive plants there appear to be associated with proximity to seed source, and a
greater degree of recreational or silvicultural disturbance. Ordination showed that the environmental
variables which were associated with invasive species in the old fields were not associated with the presence of
invasives in the silvicultural treatments. In the old-field stands, invasive plant cover was positively related to
exposed mineral soil and negatively related to organic horizon thickness; invasive plant richness was
negatively related to hardwood litter cover. Frangula alnus was the most frequent invasive plant species in
both the old-field stands and silvicultural experiment; its distribution was not correlated with observed
environmental variables. Control measures are recommended to prevent further encroachment of invasive
plants into the silvicultural experiment.
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Nonnative invasive plants compromise the
integrity of natural and managed ecosystems.
The expansion of invasive plants is often
facilitated by disturbances (Elton 1958), such
as agriculture and forest harvesting, which
reduce native plant populations and give
nonnative invasive species a competitive ad-

! Funding was provided by the Northeastern
States Research Cooperative (Theme 1) and the
University of Maine, School of Forest Resources.

2 We thank field workers Betsy Dionne, Catherine
Amy Kropp, Matt Noone, and Mike Puleo. We
appreciate help and support from Christopher
S. Campbell, Arthur Haines, and the Josselyn
Botanical Society. We are grateful for assistance
from Rick Dionne and Tim Stone.

3 Author for correspondence. Email: elizabetholson77@,

gmail.com.

vantage (Byers 2002). When such an expan-
sion occurs, it often causes a profound shift in
the structure, composition, and function of
forest ecosystems (Webster et al. 2006).
Woody invasive plants can cause consider-
able harm in forests managed for timber
resources. Disturbance caused by logging
(Brothers and Spingarn 1992, Silveri et al.
2001) and associated roads and trails (Par-
endes and Jones 2000) can trigger rapid
invasive plant population expansion due to
increased light, forest floor disturbance, soil
compaction, reduced drainage, and changes in
soil nutrient content and organic matter
(Lundgren et al. 2004). Invasive woody vines
often overtop (McNab and Meeker 1987,
Niering 1998) and girdle trees (Greenberg et al.
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2001). Nonnative invasive shrubs can form
dense thickets that prevent tree regeneration
(D’Appollonio  2006) through allelopathy
(Madritch and Lindroth 2009) and resource
competition (Frappier et al. 2003a, Miller and
Gorchov 2004). Such plants may become
dominant in early successional habitats (Frap-
pier and Eckert 2003), limiting the recruitment
of native plants (Hutchinson and Vankat 1997)
and slowing succession from field to forest
(Silveri et al. 2001). Invasive shrubs of concern
in the Northeast include Frangula alnus P.
Mill., Lonicera spp., and Berberis thunbergii
DC. Celastrus orbibulata Thunb. is a regionally
problematic invasive woody vine (Silander and
Klepeis 1999).

Nonnative invasive plants have spread into
a variety of forest types throughout New
England. In New Hampshire, Frangula alnus
has been associated with reduced woody
seedling density, herb cover, and species
richness (Frappier et al. 2003a). Woods
(1993) reported that Lonicera tatarica L. was
associated with reduced tree seedling density
in four forests in Vermont and Massachusetts.
Silveri et al. (2001) reported that logging
operations contributed to the spread of
Celastrus orbiculata in a mesic Quercus-conifer
forest in Massachusetts.

Published research of terrestrial nonnative
invasive plants in Maine has focused on
relationships to fire, wildlife, and distribu-
tion. For example, Dibble et al. (2007) investi-
gated ways in which invasive plants alter
fuels in the Northeastern U.S., including
Maine sites, and found wide variability in
the combustion properties of invasive plants
versus native counterparts. Dibble et al.
(2008) included Maine in a review of invasive
plants and fire in natural communities of the
Northeastern U.S. Drummond (2005) com-
pared wild bird selection of fruits — native
versus those of invasive plants — in central
Maine. Barton et al. (2004) investigated
invasive plants around Farmington, Maine,
but did not sample forest interiors, stating
that invasive plants were rarely found in the
forests of western Maine. Berberis thunbergii
was previously believed to be limited from
becoming invasive in northern New England
by low temperature tolerance limits (Silander
and Klepeis 1999), yet it has infested many
forests in southern and coastal Maine (D’
Appollonio 2006, Dibble and Rees 2005).
Frangula alnus is common in the mid- and
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understory in mixed-conifer forests in east-
central Maine (Bangor Land Trust 2009,
Orono Land Trust 2011).

Since the 1920s, one of the most important
sources of information about the manage-
ment of northeastern forests has been the
U.S. Forest Service experimental forests
(Berven et al. in press). These forests, which
are established by the Chief of the Forest
Service, provide long-term data about the
responses of ecosystems to management and
natural disturbances (Adams et al. 2008).
The Penobscot Experimental Forest (PEF)
in east-central Maine is one of 22 experi-
mental forests in the Northeast and Lake
States, and provides critical information
about the long-term dynamics of managed
and unmanaged mixed northern conifers
(Sendak et al. 2003).

In recent years, scientists at the PEF have
observed populations of invasive plants in
successional forest stands that were formerly
in agriculture. Preliminary surveys suggested
that there are vigorous populations of nonna-
tive invasive plants in the PEF, including
Frangula alnus and Lonicera spp. (shrub
honeysuckles; the invasive vine Lonicera ja-
ponica Thunb. is not known to occur in the
PEF), as well as small populations of Lythrum
salicaria L., Celastrus orbiculata, and Berberis
thunbergii (unpublished data on file, U.S.
Forest Service). Past inventories of trees and
shrubs in the PEF included observations of
B. thunbergii, F. alnus, Solanum dulcamara L.,
and Lonicera xylosteun L. (Safford et al.
1969); a small herbarium of plants collected in
the 1960s contains specimens of these with
notes that they were found near the entrance
to the PEF and at Leonard’s Mills (see study
site description below). Yet the extent of
nonnative invasive populations or possible
relationships to management activities or
environmental factors had not been quanti-
fied. Moreover, it was not known to what
extent these species had invaded the long-term
Forest Service silvicultural study at the PEF.
Silvicultural disturbances may increase suscep-
tibility to invasive plant establishment be-
cause the new canopy openings provide
opportunity for early-colonizing, wide-niche
species through increased light and reduced
competition (Silveri et al. 2001).

Objectives of this study were to investigate
the extent of nonnative invasive plant popula-
tions in the PEF, and to relate invasive plant
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abundance and distribution to management
history and environmental factors. We quan-
tified factors that have been associated with
invasive plants such as soil drainage (Robert-
son et al. 1994, Davis et al. 2000, McDonald
et al. 2008), canopy openness, and overstory
composition (e.g. total basal area, basal area
by species, percent hardwood basal area, and
percent softwood basal area) (Robertson et al.
1994). We use “‘invasive” to describe nonna-
tive plants that have been classified as such by
the Invasive Plant Atlas of New England
(IPANE) (Mehrhoff et al. 2003). Species
nomenclature follows the Flora of Maine
(Haines and Vining 1998).

Materials and Methods. Stupy SiTE. All
research was conducted at the PEF, a 1,540-ha
forest located in Bradley and Eddington,
Maine (44°52'44"N, —68°39'12"W), approxi-
mately 16 km north of Bangor, Maine. The
PEF is in the Acadian Forest, which lies
between the eastern broadleaf forests to the
south and the boreal forests to the north
(Sendak et al. 2003). The PEF is dominated by
mixed northern conifers including Picea rubens
Sarg., Abies balsamea (L.) Mill., Tsuga cana-
densis (L.) Carr., Thuja occidentalis L., and
Pinus strobus L. The most common hard-
woods are Acer rubrum L., Betula papyrifera
Marsh., Betula populifolia Marsh., Populus
tremuloides Michx., and Populus grandidentata
Michx. (Sendak et al. 2003). The soils in the
PEF are predominantly Wisconsin glacial till
derived from fine-grained sedimentary rock
(Safford et al. 1969). The majority of the study
area for the present research is located on
poorly drained Monarda and Burnham loams
and silt loams, and moderately well-drained
Howland loams and sandy loams (USDA,
SCS 1963; Sendak et al. 2003).

Although the history of the PEF is not
completely known, some partial cutting oc-
curred in the forest between the late 1700s and
early 1900s. A long-term silvicultural experi-
ment encompassing approximately 169 ha was
initiated in the PEF by the Forest Service
between 1952 and 1957. Stand-level silvicul-
tural treatments are twice-replicated, with each
replicate (called a ““compartment”) averaging
8 ha each. Most compartments in the silvicul-
tural experiment have received repeated partial
harvests. Treatments include the selection
system with five-, ten-, and twenty-year cut-
ting cycles, the uniform shelterwood system
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with two- and three-stage overstory removal,
precommercial thinning (in the three-stage
shelterwood), fixed and modified (flexible)
diameter-limit harvests, and an unregulated
harvest (commercial clearcut). The PEF also
includes reference stands that have received no
harvesting or silvicultural activities for over
60 years. A detailed account of silvicultural
treatments and outcomes can be found in
Sendak et al. (2003).

In addition to natural and silvicultural
disturbances, parts of the PEF were affected
by human settlement and cultivation. A small
area (~5 ha) in the northwestern portion of
the PEF was cleared by prior landowners. This
area is located near the entrance to the PEF
from Route 178 and is bisected by Govern-
ment Road (Fig. 1). Soils show signs of
cultivation and grazing; aerial photographs
from 1956 show that this area was cleared of
trees; and maps made as recently as 1980
labeled this area ‘Field.” The old fields have
developed into forest stands with an overstory
dominated by Populus grandidentata, Betula
populifolia, Acer rubrum, Malus sylvestris P.
Mill., and Prunus spp. The shrub layer is
dominated by several nonnative shrubs, in-
cluding Frangula alnus, Lonicera morrowii A.
Gray and L. Xbella Zabel. The old fields of
the PEF were not included in the long-term
silvicultural experiment and have no historical
stand inventory data.

Leonard’s Mills, a reconstructed eighteenth-
century logging settlement owned and operat-
ed by the Maine Forest and Logging Museum
(MFLM), is located on property within the
PEF. Each year, approximately 5,000 people
visit to learn about Maine’s forest and logging
history (MFLM 2007). Self-guided nature
trails lead from the Leonard’s Mills museum
grounds through the Forest Service’s nearby
reference stands. Frangula alnus is prevalent
on the property, and Lonicera spp. appear to
have been introduced for “‘conservation wild-
life plantings™ or ornamental purposes on the
museum grounds.

Data CoLLEcTION. Vegetation in the PEF
was sampled during the summers of 2006 and
2007. We inventoried 317 plots in 22 forest
stands representing 10 silvicultural treatments
(including the unharvested references) and the
old fields (Table 1). The compartments in the
silvicultural experiment were inventoried using
permanent sample plots: 0.08-, 0.02-, and
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0.008-ha nested circular plots used by the
Forest Service for scheduled inventories.
Understory plant measurements were ob-
tained from two 4.05-m? subplots within each
permanent sample plot.

Plot layout in the old-field stands was
modeled after the permanent sample plots in
the silvicultural experiment. We set up three
transects in each of the two old-field stands,
then established a total of 22 plots. Distances
between plot centers were chosen using a
random number generator, constrained by
observed distances between permanent sample
plots (i.e., no less than 30 m apart).

Percent ground cover was estimated for all
herbaceous species and also for woody species
=0.6 meters tall using the cover scale: <5%, 5
to 25%, 26 to 50%, 51 to 75%, and 76 to
100%. Basal area (BA, m’ha™') of trees
>1.3 cm in diameter at breast height (DBH,
1.37 m) was obtained from the most recent

Map of invasive plant locations in the silvicultural experiment.

PEF inventory data. In the old fields, over-
story basal area and species composition were
measured at each plot center using a 10-BAF
prism; results were converted to metric units.

So that vegetation data could be related to
possible explanatory features, we estimated
the percent cover of exposed mineral soil and
hardwood and conifer litter at each subplot,
using the same cover scale as above. To
determine soil drainage (Briggs 1994), one soil
pit was excavated at each plot; thickness of the
organic horizon and depth to redoximorphic
features (mottling) were measured to the
nearest 0.5 cm.

As a surrogate for the measurement of light
in the understory, a single digital image of the
canopy above each subplot was taken using a
Sigma 8-mm 180° fisheye lens attached to a
Canon EOS Digital Rebel camera positioned
on a tripod 0.6 meters above the forest
floor. Gap Light Analyzer (Frazer et al.
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Silvicultural treatments and old fields, total number of harvests for each silvicultural treatment

since 1950, and percent of basal area removed in the most recent harvest. 'Portions of compartment 23a were
commercially thinned in 2002; the replicate (29a) has not yet received this treatment. ? The references were

not harvested.

Compartment Total number Year of % basal Number
Treatment Name number of harvests last harvest area removed of Plots

Unregulated Harvest 22 2 1988 82.5 20
Unregulated Harvest 8 2 1983 89.4 21
Fixed Diameter-limit 15 3 2001 59.3 20
Fixed Diameter-limit 4 3 1994 60.3 13
Modified Diameter-limit 28 3 1997 21.1 19
Modified Diameter-limit 24 3 1996 359 12
20-yr Selection 27 3 1997 16.9 23
20-yr Selection 17 3 1994 35.0 14
10-yr Selection 20 5 1998 7.9 21
10-yr Selection 12 5 1994 15.0 14
5-yr Selection 16 10 2001 9.0 20
5-yr Selection 9 10 1998 6.9 13
2-stage Shelterwood 21 2 1967 70.0 10
2-stage Shelterwood 30 2 1967 84.5 20
3-stage Shelterwood with

precommercial thinning 23a 5 2002 6.4 10
3-stage Shelterwood with

precommercial thinning 29a 4 1983 77.8 8
3-stage Shelterwood 29b 3 1974 94.7 8
3-stage Shelterwood 23b 3 1972 94.7 9
Reference 32a - - - 10
Reference 32b — - - 10
Old Field - - - - 8
Old Field - - - - 14

1999) software was used to obtain a value for
percent canopy openness.

To obtain a more complete understanding
of the extent of invasive species in the PEF
silvicultural experiment, we recorded the pre-
sence of invasive species both within the
permanent sample plots and elsewhere in the
compartments; GPS coordinates were ob-
tained for the location of each invasive plant.
A meander survey was conducted to ascertain
the full extent of invasive species populations
in the areas adjacent to the old fields. Workers
walked systematically through the old fields
and neighboring forest on the PEF recording
GPS coordinates at the locations of invasive
plants. Using GIS software (Maplnfo 2007),
we mapped the approximate perimeter of each
population of the most abundant invasive
species.

AnNALYSEs. Cover class values for each plant
species in subplots were converted to the cover
class midpoint for each abundance level and
averaged into a mean percent cover by plot
(Archer et al. 2007). The environmental vari-
ables were also averaged over the two subplots.

We used non-metric multidimensional scal-
ing (NMS) ordination in PC-ORD version

4.07 (McCune and Mefford 1999), using all
plots in the silvicultural experiment and the
old fields, to examine similarities among plots
that contained nonnative invasive plants. We
also performed NMS analysis using data from
the old fields alone to more closely examine
relationships between invasive species and
environmental variables; data from the silvi-
cultural experiment were not included because
invasive plants there were too infrequent.
Sorensen’s distance measure was used because
it retains sensitivity in heterogeneous datasets
and gives less weight to outliers (McCune and
Mefford 1999).

Species or species groups with low frequen-
cy (fewer than three plots) were omitted from
the NMS ordinations because they are not
likely to be accurately placed in ordination
space (McGarigal et al. 2000). Therefore, four
invasive species were not included in the
ordination: Lythrum salicaria, Rosa multiflora,
Solanum dulcamara and Valeriana officinalis
L. The environmental variables included were:
canopy openness, depth to mottling, thickness
of the organic horizon, mineral soil cover,
softwood and hardwood litter cover, total
basal area, percent hardwood basal area,
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Nonnative invasive species recorded in old-field plots. Frequency is the percent of plots

(22 plots in N = 2 old-field stands) in which each species was recorded. Area is the approximate extent of
each species’ population; area was not calculated for all species.

Frequency (£SD) Area (hectares)

Species Growth habit

Frangula alnus P. Mill. shrub
Lonicera spp. (L. morrowii A. Gray

and L. xbella Zabel) shrub
Celastrus orbiculata Thunb. vine
Rhamnus cathartica L. shrub
Acer platanoides L. tree
Solanum dulcamara L. vine
Lythrum salicaria L. herb
Rosa multiflora Thunb. ex Murr. shrub
Valeriana officinalis L. herb

0.89 = 0.15 32.63
0.52 = 0.38 11.59
0.35 = 0.32 7.36
0.23 = 0.03 4.40
0.16 = 0.13 no data
0.10 = 0.04 no data
0.07 = 0.10 no data
0.06 = 0.09 1.30
0.04 = 0.05 no data

percent softwood basal area, and basal area by
species for trees >1.3 cm DBH.

Spearman rank correlation was used to
investigate the relationships among total
invasive species richness, total invasive spe-
cies cover, and environmental variables in the
old-field stands. The percent cover of inva-
sive species that occurred in greater than
25% of the old-field plots was also used in
the correlation analysis; these were Frangula
alnus, Lonicera spp., Celastrus orbiculata, and
Rhamnus cathartica. Correlation tests were
carried out using the R statistical package
(R 2007).

Results. StivicurTurRAL EXPERIMENT. The
understory vegetation in the silvicultural ex-
periment was typical of the Acadian Forest
(Bryce 2009), and revealed few occurrences of
invasive species (Fig. 1). Frangula alnus was
found in five plots in four treatments: the
unregulated harvest, 10-year selection, two-
stage shelterwood, and reference. Lonicera sp.
was found in one plot in the unregulated
harvest. Meander surveys revealed nine addi-
tional F. alnus seedlings around the perimeter
of the reference, one seedling of Celastrus
orbiculata in the modified diameter-limit, and
one Berberis thunbergii shrub in the unregulat-
ed harvest. Inspection of the map of invasive
plants in the silvicultural experiment (Fig. 1)
suggests that their occurrence may relate to
proximity to seed source (i.e., the old fields and
Leonard’s Mills) and/or disturbance from
harvesting or public trail use. All invasive
plants were seedlings less than 0.5 m tall except
for the B. thunbergii which was 2 m tall.

OrLp FieLps. Nine invasive plant species
were found in the old-field plots (Table 2).
Frangula alnus and Lonicera spp. (shrub

honeysuckles: L. morrowii and L. xbella were
both identified) were the most frequent
invasive species found in the old fields; they
occurred in 89% and 52% of plots, respective-
ly. The invasive vine Celastrus orbiculata was
found in 35% of plots.

The meander survey of the old-field stands
and adjacent forest yielded data from which
we created a map of the approximate perim-
eters of the invasive plant populations (Fig. 2).
Frangula alnus occupied the largest area
(Table 2). Lonicera spp. occupied the second
largest area; often the shrubs had grown into
tall, dense thickets. Celastrus orbiculata was
seen occasionally and had often climbed high
into the canopy. Rosa multiflora and Lythrum
salicaria were also present but infrequent. One
large (approx. 2-m tall) R. multiflora shrub
was found, but all other R. multiflora seedlings
were less than 0.3-m tall. L. salicaria occurred
only as scattered individuals along a stream
that winds through the southwest section of
the old fields.

NON-METRIC MULTIDIMENSIONAL SCALING.
Using all plots in the silvicultural experiment
and in the old fields (n = 317), a low stress
(19.1), two-dimensional solution was found
which described 81.8% of the dataset variation
(Fig. 3). Plots in the silvicultural experiment
were grouped in the upper portion of the
biplot, regardless of whether or not they
contained invasive plants. These plots were
characterized by greater total BA, softwood
BA, and softwood litter cover. Old-field plots
were grouped in the lower right section of this
biplot, and were characterized by greater
hardwood BA and exposed mineral soil.
Treatment type was the most important factor
structuring the ordination. One old-field plot
did not contain any invasive plants; this plot
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was grouped with the other old-field plots
(Fig. 3b). Plots in the silvicultural experiment
that contained invasive species did not group
with the old-field plots.

NMS ordination using data from the old-
field plots (n = 22) resulted in a low stress
(10.2), two-dimensional solution representing
93.1% of the dataset variation (Fig. 4). Plots
from the silvicultural experiment were exclud-
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Map of the old-field forest stands showing approximate range of the most abundant nonnative

ed from this portion of the analysis due to too
few observations of invasive plants. Lonicera
spp. and Celastrus orbiculata were located in
the upper left section of the biplot. This area
of the biplot represents portions of the old-
field stands where mineral soil cover and the
percent basal area of hardwoods were greatest.
Acer platanoides is located on the lower right
of the biplot; here, litter cover and organic
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NMS ordination of old fields and silvicultural experiment; a) the vectors designate the important

environmental variables; BA, total basal area; PSW, percent softwood basal area; SWL, softwood litter
cover; MSC, mineral soil cover; PHW, percent hardwood basal area; OHW, hardwoods basal area, and b)
the boldface symbols are the plots in which nonnative species occurred.

horizon thickness are greatest, and basal area
is dominated by conifers. Frangula alnus and
Rhamnus cathartica were located at the center
of the biplot, indicating that they were not
associated with any of the measured environ-
mental variables (Fig. 4).

CORRELATION. Spearman correlation analy-
sis of the old-field data was similar to the
ordination results. Canopy openness and soil
drainage were not important environmental
variables explaining the presence of invasive
plants in the old fields in the PEF. Three
variables describing the forest floor — organic
horizon thickness, hardwood litter cover, and
mineral soil cover — were associated with
invasive plant richness and cover. Invasive
plant richness was negatively correlated with

hardwood litter; invasive plant cover was
negatively correlated with organic horizon
thickness and positively correlated with ex-
posed mineral soil (Table 3). The percent
cover of Frangula alnus was not strongly
correlated with any of the observed environ-
mental variables, though it was somewhat
positively correlated with BA (Table 3).

Discussion. Invasive plants were abundant
in the PEF old-field stands, but were uncom-
mon in the silvicultural experiment. Our
findings are consistent with those of Jenkins
and Parker (2000) who found more nonnative
plants on abandoned agricultural land than in
silvicultural treatment areas. Despite a dense
local population of invasive plants, few were
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OH, organic horizon thickness; HWL, hardwood litter cover; SWL, softwood litter cover. Nonnative invasive
species: acpl, Acer platanoides; ceor, Celastrus orbiculata; fral, Frangula alnus; Loni, Lonicera spp.; rhca,

Rhamnus cathartica.

found in the silvicultural experiment of the
PEF. We did not find evidence that silvicul-
tural experiment plots harboring invasive
seedlings were similar in environmental con-
ditions to those in the old-field stands. Instead,
the current distribution of invasive plants
within the silvicultural experiment of the
PEF appear to be related to proximity to seed
source or a higher degree of disturbance in the
form of harvesting or public trail use. Many of
the occurrences of invasive species in the
silvicultural experiment coincided with skid
trails (personal observation). The interaction
of canopy disturbance and propagule pressure
has been shown to significantly increase
invasibility (Eschtruth and Battles 2009).

In the old-field stands, invasive plants were
positively associated with exposed mineral
soil, and negatively associated with hardwood
leaf litter and a thick organic horizon. Invasive
plants are often associated with soil distur-
bance (Robertson et al. 1994) due to an
increase in nutrients or reduction of other

plant competition (Hobbs and Huenneke
1992). McDonald et al. (2008) also found that
plowed and pastured soils were more likely to
support invasive plants.

The areas of the silvicultural experiment that
had the highest abundance of invasive plant
seedlings were the references (compartments
32a and 32b) and one compartment of the
unregulated harvest (compartment 22). Com-
partment 22 had more invasive plants than
other harvested compartments. Since 1950 it
has been harvested twice as an unregulated
harvest, or commercial clearcut. This is one of
the most intense harvesting treatments in the
PEF; approximately 85% of the basal area was
removed from compartment 22 during the
most recent treatment in 1988. Compartment
22 is also closer to the old fields than most
other treatment areas that we sampled. This
combination of intense disturbance and prox-
imity to the invasive plant populations in the
old fields likely influenced the current presence
of invasive plants in that stand.
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Results of Spearman correlation analysis. Relationships between richness and cover of invasive

species, and environmental variables measured in 22 plots in the old fields. NNI rich, richness of nonnative
invasive plants; NNI cover, percent cover of nonnative invasive plants; FRAL, Frangula alnus; LONIC,
Lonicera spp.; CEOR, Celastrus orbiculata; RHCA, Rhamnus cathartica.

NNI rich NNI cover FRAL LONIC CEOR RHCA

Hardwood litter —0.433 —0.274 0.236 —0.436 —0.209 0.077
(% cover) P =0.044 P = 0.216 P = 0.289 P = 0.042 P = 0.349 P = 0.731
Mineral Soil 0.329 0.540 —0.084 0.437 0.203 —0.291
(% cover) P = 0.135 P =0.01 P = 0.708 P = 0.042 P = 0.365 P = 0.189
O-horizon —0.321 —0.476 0.070 —0.469 —0.471 —0.046
(cm depth) P = 0.145 P =0.025 P = 0.756 P =0.028 P =0.027 P = 0.838
Total Basal Area —0.109 —0.027 0.364 —0.354 0.111 0.282
P = 0.627 P = 0904 P = 0.096 P =0.105 P = 0.621 P = 0.203

Hardwood Basal 0.188 0.176 —0.164 0.351 0.180 —0.193
Area (% of total) P = 0.400 P = 0433 P = 0.466 P = 0.109 P = 0421 P = 0.389
Canopy Openness —0.186 —0.003 —0.123 —0.149 0.143 —0.286
P = 0.406 P = 0988 P = 0.583 P = 0.508 P = 0.523 P = 0.196

Depth to Mottling 0.393 0.317 0.107 0.181 0.253 0.315
P = 0.070 P = 0.151 P = 0.634 P = 0418 P = 0.255 P =0.153

Compartment 20 — a selection treatment
with a 10-year cutting cycle — borders com-
partment 22 and is also close to the old fields,
but only one invasive plant seedling was found
there. Proximity to invasive plant seed sources
did not promote as much invasive seedling
establishment as in the unregulated harvest;
the lower level of canopy disturbance likely
resulted in fewer resources available for new
plants to establish. These findings are consis-
tent with those of Jenkins and Parker (2000),
who found that nonnative cover decreased
with diminishing silvicultural disturbance.

Frangula alnus seedlings were found in seven
locations in the unmanaged reference stands.
Relatively undisturbed forests usually contain
fewer invasive plants than more heavily
disturbed areas (Selmants and Knight 2003).
However, the references are in close proximity
to invasive seed sources of Lonicera spp. and
Frangula alnus at the Leonard’s Mills Museum
site. Walking trails leading from the museum
grounds through the reference stands provide
continuous public traffic. This intensity of
public use is a type of disturbance that has
been associated with an increase in the
abundance of invasive species (Lundgren
et al. 2004).

Ten nonnative invasive plant species were
found in the old-field stands; however, none
have expanded into the silvicultural experi-
ment beyond a few scattered seedlings. Frangula
alnus was the most frequent invasive species in
the old fields and the silvicultural experiment,
and was seen along the trail that leads from
Leonard’s Mills toward the references. It has

established in a wide range of overstory and
forest floor conditions in the PEF. Lonicera
seems to be more limited in its spread and may
require exposed mineral soil for successful
germination; this is suggested by its positive
correlations with percent cover of mineral soil
in the old-field stands.

There may be a long lag time from the
introduction of a species to it becoming invasive
(Frappier et al. 2003b). The initial stage of an
encroachment is characterized by low abun-
dance; therefore, when trying to predict the
invasive potential of any species in a specific
locale, observed patterns are often not reliable
estimates of future abundance (Hunter and
Mattice 2002). Observations since measure-
ments were collected for this study suggest that
Lythrum salicaria and Valeriana officinalis
populations are expanding in drainage ditches
along forest roads in the PEF. Invasive plant
control measures should be taken to protect
the PEF and its mission to provide examples
of silvicultural practices and outcomes in the
Acadian Forest.

Conclusions. A history of agriculture ap-
pears to be an important factor in nonnative
invasive plant species abundance in the PEF.
Invasive plants were abundant in old-field
stands, yet few were found in the silvicultural
experiment. Presence of invasive plants in the
silvicultural experiment plots was not associ-
ated with the measured environmental vari-
ables. Instead, invasive plant presence there
may be the result of disturbances of harvesting
and highly trafficked public trails and roads.
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This indicates that the managed forest con-
tains many sites equally suitable for establish-
ment, and continued disturbances, both natu-
ral and associated with harvesting, will likely
promote the spread of invasive plants in the
future. Invasive species have not influenced
the PEF long-term silvicultural experiment
at this time, yet the proximity to thriving
populations of invasive species indicates that a
plan to address the potential expansion of
invasive plants may be necessary in the near
future. If the invasive plants are ignored, they
could eventually impact forest regeneration
and the interpretation of results of the long-
term experiments.
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