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 The abundance, distribution and edge associations of six
 non-indigenous, harmful plants across North Carolina1

 Robert W. Merriam2 3

 The Nature Conservancy, North Carolina Chapter, Durham, NC 27707

 MERRIAM, R.W. (The Nature Conservancy, North Carolina Chapter, Durham, NC 27707). The abundance,
 distribution and edge associations of six non-indigenous, harmful plants across North Carolina. J. Torrey Bot.
 Soc. 130: 283-291. 2003. -Six species of non-indigenous, harmful plants were surveyed throughout North
 Carolina: Lonicera japonica, Rosa multifora, Pueraria lobata, Ligustrum sinense, Ailanthus altissima, and Ce-
 lastrus orbiculatus. On 417 randomly selected sites across the state, their occurrence was measured as linear
 presence along the edges of interstate highways, other federal highways, rivers, streams, and railroad and pow-
 erline rights-of-way. Their abundance was expressed as the percent of occurrence in the total length of measured
 transects.

 L. japonica occupied an average of 25.9% of all edge types, highest in the piedmont but fairly evenly
 distributed on edge types. L. sinense occupied an average of 7.5% of all edge types, highest along rivers and
 streams. R. multiflora occupied an average of 4.8% of all edges, highest along rivers and streams of the moun-
 tainous west. P. lobata occupied 2.4% of all edges, fairly evenly distributed on edge types. A. altissima occupied
 1.7% of edges, especially high along railroad rights-of-way of the piedmont. C orbiculatus occupied 0.6% of
 all edge types, highest along railroads of the mountains.

 Based on rates of accumulation of specimens in university herbaria, their rate of spread across the state was
 calculated and expressed as percent increase in counties reporting occurrences per year: R. multiflora = 8.63;
 P. lobata = 7.25; L. sinense = 5.38; A. altissima = 4.76; C. orbiculatus = 2.94. (Rate for Lonicera was probably
 highest but could not be calculated.)

 Key words: exotic plants, non-indigenous plants, invasive plants, biological invasion, Japanese honeysuckle,
 Lonicera japonica, kudzu, Pueraria lobata, multiflora rose, Rosa multiflora, Chinese privet, Ligustrum sinense,
 tree-of-heaven, Ailanthus altissima, oriental bittersweet, Celastrus orbiculatus, North Carolina.

 Introductions of non-indigenous plants and
 animals into natural communities around the

 world have been vastly accelerated by humans
 (Elton 1958, OTA 1993). Many of these intro-
 ductions have been deliberate, motivated by
 sport or commercial markets. The plant nursery
 industries, for example, are currently importing
 plants from around the world for the U.S. or-
 namental and landscaping markets. For a histor-
 ical review see Mack (1991). In addition, many
 introductions have been inadvertent, coming in
 ship ballasts, foreign wood products, used tires
 etc. (OTA 1993). Most of the introductions into
 the United States have not proven to be detri-
 mental, at least up to the present time, while
 others have caused various kinds of environ-

 I Support for this project came from the Science and
 Stewardship Division of the North Carolina chapter,
 The Nature Conservancy.

 2 The author gratefully acknowledges the substantial
 help of Philip Block in accumulating and analyzing the
 herbarium data, developing GIS information, execut-
 ing the kriging operation, field work, and in almost
 every part of the project. Mr. Block was a Stanback
 Intern of Duke University.

 3 Current Address: 154 Montrose Circle, Durham,
 North Carolina 27707.

 Received for publication September 8, 2002, and in
 revised form December 19, 2002.

 mental damage (OTA 1993, Randall 1996). Al-

 most half of the native species listed as threat-
 ened or endangered under the U.S. Endangered
 Species Act, as amended, are considered to be
 primarily at risk because of competition with, or
 predation by, non-indigenous species (TNC
 1996, Wilcove et al. 1998).

 Economic costs to the American economy by
 harmful non-indigenous species have been esti-
 mated at around $137 billion per year (Pimentel
 et al. 2000). Vitousek et al. (1996) recognized
 the global redistribution of species as a signifi-
 cant component of global environmental change,
 likely to equal or exceed that of global warming.
 For a review of ecological damage to natural
 areas see Randall (1996).

 Given the magnitude of non-indigenous spe-
 cies introductions around the world and the en-

 vironmental damage that some species do, it is
 not surprising that attempts have been made to
 gain an understanding of the magnitude of for-
 eign species introductions by assessing the ex-
 tent of their occurrence throughout a particular
 region. For example, Henderson in a series of
 papers (1989, 1991a, b, 1992) reported on a
 qualitative survey of alien woody plants along
 roads and stream banks of South Africa. Patter-

 son (1976) reported on five non-indigenous,
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 Fig. 1. Location and sampling sites across Norh Carolina. Regions of the state: M = mountains P = piedmont
 C = coastal plain

 harmful plants in North Carolina based on her-
 barium specimens and personal research. Rec-
 ognizing Lonicera japonica, Polygonum cuspi-
 datum, Rosa multiflora, Pueraria lobata, and Ai-
 lanthus altissima as serious, or potentially seri-
 ous pests, he recorded their presence in North
 Carolina counties in 1976.

 In this paper we extend the observations of
 Patterson to document in a more quantitative
 way the distribution, frequency of occurrence,
 and edge associations of six non-indigenous,
 harmful plants across the state of North Caroli-
 na.

 Materials and methods. NON-INDIGENOUS

 PLANTS STUDIED. Six species of exotic plants,
 common to North Carolina were selected for this

 study because of their wide distribution across

 Table 1. Rate of spread of six exotic species of
 plants through North Carolina, expressed as percent
 increase in number of counties per year.

 Date of No.

 first herbarium Rate of

 Species record records spread1

 Japanese honeysuckle 19272 1192
 Mutiflora rose 1911 202 8.63
 Kudzu 1911 72 7.25

 Chinese privet 1935 93 5.38
 Tree-of-heaven 1916 92 4.76
 Oriental bittersweet 1895 27 2.94

 1 Rate of spread calculated from linear regression to
 fit a logarithmic plot of cumulative number of counties
 reporting occurrences per year.

 2 Many honeysuckle specimens were unavailable so
 sample number and date are unreliable.

 the state, their extensive invasion of natural ar-

 eas (USDA 1998), and their common initiation
 along edges where sunlight and/or mineral soil
 are often found.

 1. Japanese honeysuckle (Lonicera japonica
 Thunberg) is a native of eastern Asia (Gleason
 and Cronquist 1991). It was introduced into the
 United States in 1806 (Rehder 1940) and the
 first record of sale of seed in New York was in

 1823 (Mack 1991). Since then, it has been sold
 widely and has naturalized in regions having
 greater than 100 cm annual rainfall with average
 January temperature above 0° C. (Leatherman
 1955). The northern extent of its range coincides
 with an area where minimum 30 year winter
 lows average-250 C. (Sasek and Strain 1990).
 It now can be found along edges of fields,
 streams, roads, and forests from Maine and New

 Hampshire to Florida and west to Iowa and Tex-
 as (Magee and Ahles 1999, USDA 1998). In the
 North Carolina coastal plain, at agricultural/for-
 est edges, it was found more abundantly and had
 penetrated the forests further than any other ex-
 otic plant at 22 of 23 study sites (Fraver 1994).
 The first available record of it in North Carolina

 herbaria was 1927. This date may not be the
 earliest record, however, because many herbari-
 um specimens had been loaned out throughout
 the study period.

 2. Chinese privet (Ligustrum sinense Lour.) is
 a native of China and was introduced into the

 United States in1852 for use in hedges and land-
 scaping (Dirr 1990, Wyman 1973). It was re-
 corded as escaped into natural areas by 1933
 (Small 1933). The plant is still seen in current
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 Table 2. Frequency of total "starts" I of all exotic species in the three state regions by type of edge, expressed
 as "starts" per 1000 meters of observed occurrence. Mean and S.E.

 Edge type Mountains Piedmont Coastal plain ROW MEAN

 Interstate highways 35.1 + 14.8 43.1 ± 14.9 49.3 + 12.0 42.5 + 13.9
 Major roads 37.1 + 13.9 46.4 + 13.1 35.0 ± 13.3 39.5 + 13.3
 River banks 26.9 + 9.8 11.8 + 5.8 16.9 ± 11.2 18.5 ± 8.9
 Stream banks 42.7 + 18.3 50.6 + 18.6 15.1 ± 5.1 36.1 + 14.0
 Railroad ROW's 42.0 + 14.7 22.2 ± 9.1 27.4 + 9.3 30.5 + 11.0
 Electrical ROW's 26.9 + 16.1 50.2 + 12.3 30.1 + 10.0 35.7 + 12.8
 COLUMN MEAN 35.1 + 14.6 37.4 + 12.3 29.0 + 10.2

 1 "Starts" are isolated, measured occurrences of 1-3 meters length. (See methods.)

 landscaping, especially in a variegated variety,
 in at least ten southern states (Meyer et al.
 1994). In 1998 Chinese privet was recorded in
 the eastern United States from Massachusetts

 southward along the Atlantic coast and into most
 of the southern states as far west as Texas

 (USDA 1998). The first North Carolina herbar-
 ium record is dated 1935.

 3. Multiflora rose (Rosa multiflora Thunberg),
 was introduced into the United States as an or-

 namental from Japan in 1866 (TEPMM 1996).
 In the 1930's the U.S. Soil Conservation Service

 promoted it for use in erosion control and as
 "living fences" to confine livestock (PCA
 2001). As a consequence of the official endorse-
 ment, this plant was planted widely and became
 a serious pest. In North Carolina, a 1977 survey
 by the North Carolina Department of Agricul-
 ture found multiflora rose on 144, 587 acres of

 pasture and 45, 416 acres of non-pasture in 53
 mountain and western piedmont counties
 (NCCES 1995). The first North Carolina her-
 barium record is dated 1911.

 4. Kudzu (Pueraria montana (Lour) Merr.var.

 lobata (Willd.) Maesen and Almeida) is native

 in Asia. It was brought to the United States for
 the Philadelphia Exposition of 1876, where it
 was promoted as a forage and ornamental plant.
 By 1900 kudzu was available through mail order
 and sold as inexpensive livestock forage. The

 U.S. Soil Erosion Service distributed approxi-
 mately 85 million seedlings, starting in 1933, in
 an effort to control agricultural erosion. In 1953
 the USDA removed kudzu as a recommended

 cover plant. They listed it as a weed in the South
 in 1970. It is now estimated to cover more than

 seven million acres within the United States

 (TEPMM 1996). It is found from New York and
 Connecticut through Atlantic coastal states as far
 west as Texas and north to Oklahoma, Illinois,

 and the Great Lakes (PCA 2001). The first North
 Carolina herbarium record is dated 1911.

 5. Tree-of-heaven (Ailanthus altissima (Mill-
 er) Swingle) is a rapidly growing tree, native to
 China. It was introduced into the United States

 by a gardener in Philadelphia in 1784 and by
 1840 was commonly available from nurseries
 (PCA 2001). It also was brought in by Chinese
 immigrants to California (Hoshovsky 1988). Its
 seeds were first listed for sale in New York in

 1823 (Mack 1991). It has been reported in all
 continental states except Maine, New Hamp-
 shire, and Vermont in the east and several north-

 ern states of the west and mid-west (PCA 2001).

 The first herbarium specimen in North Carolina
 is dated 1916.

 6. Oriental bittersweet (Celastrus orbiculatus

 Thunb.) is native in northern and central Japan
 and Korea, as well as China north of the Yangtze
 River (Hou 1955). It was introduced into the

 Table 3. Regional abundance of six exotic plants across North Carolina, expressed as percent of all measured
 edges occupied, including all edge types; differences between state areas tested for statistical significance by
 analysis of variance (ANOVA).

 State region ANOVA
 Species Coastal plain Piedmont Mountains P-value

 Japanese honeysuckle 18.92 37.80 17.84 <0.0001
 Multiflora rose 1.37 3.02 11.12 <0.0001

 Chinese privet 7.08 6.50 5.93 0.8015
 Tree-of-heaven 0.96 2.78 0.74 0.0009
 Kudzu 0.31 3.98 3.81 <0.0001
 Oriental bittersweet 0.10 0.39 1.83 <0.0001
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 Table 4. Total regional abundance of all six exotic plants by edge type, expressed as average percent of
 measured transects occupied.

 Mean % measured edge types occupied ± SE

 Edge type Mountains Piedmont Coastal plain ROW MEAN

 Interstate highways 7.0 + 2.9 9.3 + 6.4 4.9 + 3.2 7.1 + 4.2
 Major highway 8.3 + 3.7 8.9 + 5.7 4.1 + 3.0 7.1 ± 4.1
 River banks 10.6 + 4.2 7.5 + 5.0 5.3 + 3.2 7.8 + 4.1
 Stream banks 5.5 + 1.9 10.0 + 5.3 7.8 + 4.2 7.8 + 3.8
 Railroad ROW's 10.9 + 3.7 12.3 + 8.5 6.7 + 4.3 10.0 ± 5.5
 Electrical ROW's 3.5 + 1.9 8.0 + 4.9 3.8 + 2.3 5.1 ± 3.0
 COLUMN MEAN 7.6 ± 3.1 9.3 + 6.0 5.4 + 3.4

 United States as an ornamental before 1879 and

 by 1974 had become naturalized in 21 states
 (Patterson 1974). It invades a wide variety of
 habitats: intact forests, open areas, coastal sand
 dunes (Fernald 1970, Gleason and Cronquist
 1991, Radford et al. 1968). Its orange-red fruits
 make it attractive for wreath-making and the
 vine is still widely sold as an ornamental (PCA
 2001). This aggressive vine is capable of out-
 competing the native Celastrus scandens L. with
 more viable pollen and an almost three times
 higher germination rate (Dreyer et al. 1987).
 Naturalized vines were first reported in Con-
 necticut in 1916 (TEPMM 1996). It is reported
 from Maine to North Carolina along the Atlantic
 coast and west to Tennessee, Missouri, and Min-

 nesota (Magee and Ahles 1999, PCA 2001). The
 first herbarium record in North Carolina is dated

 1895. It was listed as rare in only one county of
 North Carolina in 1968 (Radford et al. 1968).

 ESTIMATES OF RATES OF EXPANSION THROUGH

 USE OF HERBARIUM SPECIMENS. Herbarium spec-
 imens housed at the University of North Caro-
 lina in Chapel Hill, Duke University, and North
 Carolina State University collectively offer an
 extensive record of when and where species

 were collected in North Carolina. As demon-

 strated by Stadler et al. (1998), this kind of in-
 formation allows an investigator to track the
 course of exotic plant invasions. We tabulated
 the cumulative number of counties in which a

 plant was recorded each year in order to graph
 the spread of occurrence by county as a function
 of time. For all species studied this graph turned
 out to be exponential. The rate of range expan-
 sion was computed by linear regression after fit-
 ting a logarithmic function to the data.

 OCCURRENCE OF SHORT MEASURED LENGTHS AS

 AN INDICATOR OF NEW INITIATIONS. Since range
 expansion of an alien plant is an important as-
 pect of its occurrence in this country, we wanted
 some indication of the rate at which new initi-

 ations are currently taking place. Our data
 showed that exotic plants occurred over a wide
 range of lengths along edges. Some occurred as
 only a few isolated individuals on a transect.
 The longer occurrences were usually associated
 with obvious extensions into adjacent habitat.
 We assumed that a few individuals, isolated

 from others of the same species, represented a
 relatively new occurrence, a "start," and that
 with time such starts would grow into occur-

 Table 5. Coefficients of association1 of six exotic plants and the edge types on which they were found and
 measured.

 Coefficients of association (P)

 Highways ROW's

 Species Interstate Major Rivers Streams Railroad Electrical

 Japanese honeysuckle 1.055 1.003 0.814 0.843 1.451 0.794
 Multiflora rose 0.927 0.937 1.773 1.592 0.937 0.654

 Chinese privet 0.666 0.769 1.948 1.903 1.316 1.058
 Tree-of-heaven 1.138 0.707 0.129 1.120 2.401 0.702
 Kudzu 0.998 1.350 0.739 0.573 0.901 0.839

 Oriental bittersweet 1.450 0.773 0.979 0.327 1.771 0.725

 1 If a plant was found on an edge type at the same frequency as the edge type was available to that species,
 P = 1.0 would be expected. When a species deviated from this expectation more than 0.5, the number is printed
 in bold.

 286  [VOL. 130

This content downloaded from 128.184.220.23 on Thu, 29 Mar 2018 14:58:12 UTC
All use subject to http://about.jstor.org/terms



 MERRIAM: DISTRIBUTION OF EXOTIC PLANTS IN NORTH CAROLINA

 Table 6. Total percent of all edge types occupied
 by each species across the state. Means and S.E.

 % of all edges
 Species occupied

 Japanese honeysuckle 25.9 + 3.77
 Chinese privet 7.5 + 1.23
 Multiflora rose 4.8 + 0.74
 Kudzu 2.4 + 0.25
 Tree-of-heaven 1.7 + 0.46
 Oriental bittersweet 0.6 + 0.16

 rences of greater and greater lengths along their
 edges.

 Given this assumption, we tallied small oc-
 currences as "starts" and tabulated their fre-

 quency at different kinds of edges. I define a
 "start" as an isolated occurrence of 1-3 m

 length but excluding occurrences that included
 the first or last meter of a measured transect be-

 cause the occurrence could actually have ex-
 tended beyond the measured transect. Therefore,
 the number of "starts" is probably an underes-
 timate. Data are expressed as "starts" per 1000
 meters of measured occurrences.

 FIELD SAMPLING. We based survey points on
 six distinguishable types of edges that could be
 located on 1:100,000 USGS line feature maps.
 Locations of rivers and streams were taken from

 hydrographic data sets (United States Geological
 Survey, USGS 1985), interstate and major high-
 ways from transportation, primary road data sets
 (No. Carolina Dept. of Transportation, NCDOT
 1997), transmission lines from the transporta-
 tion-pipes data set (USGS 1997), and railroads
 from transportation-railroad data set (USGS
 1987). We identified "streams" as those features

 symbolized as permanent streams, and "rivers"
 as hydrographic features showing both left and
 right banks but not a lake (USGS map legends).
 Using USGS definitions, "interstate highways"
 correspond to type I roadways and "major high-
 ways" correspond to type II roadways. These
 data were further processed to eliminate all edg-
 es that fell within municipal boundaries
 (NCDOT 1997). The total lengths of each type
 of edge in non-urban areas of the state were de-
 termined using Geographical Information Sys-
 tem (GIS).

 We located 417 sample sites along edges by
 random number generator, using the restriction
 that each point must be on, or intersect with, a
 roadway to allow access to the site (Fig. 1). We
 sampled each edge type at a relative frequency
 that corresponded, as closely as possible, to its

 total state-wide length as determined by GIS.
 Sample points were associated with the three
 distinguishable areas of North Carolina that ex-
 hibit different physical, cultural, and industrial
 attributes: coastal plain, piedmont, and moun-
 tains. Finally, we located these sites on a road
 atlas (DeLorme 1992) for the use of our volun-
 teers.

 Thirty-eight volunteers were willing to survey
 six or more sites. All volunteers were trained in

 identifying the plants, walking edge transects,
 and measuring occurrences. Each was given a
 measuring tape marked off in one meter inter-
 vals. Each was also given standardized data col-
 lection sheets and an atlas map locating the sur-
 vey sites. Measurements took place during the
 summer of 1999.

 Measurements consisted of walking along an
 edge with the measuring tape and recording the
 meter at which an occurrence started and the

 meter at which it ended. At a road site, the sam-

 ple consisted of five 100 meter transects along
 one side of a road at speedometer intervals of
 one mile-a total of 500 sampled meters. All
 other edge transects consisted of 400 total me-
 ters, walked continuously along one edge and
 starting at least 50 meters from the access road
 (to prevent confusion with road-edge plants). In
 all cases volunteers measured only one side of
 the edge feature, recording any occurrence they
 could see from that edge, even if it occurred
 across intervening open ground. Thus, measure-
 ments were always associated with the edge type
 and recorded in meters of length. Rivers and
 streams presented access problems. Sometimes,
 because of underbrush, flooding, or stream
 branching, the full 400 meters could not be sam-
 pled. In that case, occurrence measurements
 were recorded, along with the total length actu-
 ally sampled. As a measure of abundance, oc-
 currences were expressed as percent of total
 measured length. Overall, 176,335 meters of
 edges were measured across North Carolina.

 ANALYTICAL METHODS. Survey data provided
 spatially explicit species locations. We used a
 spherical kriging operation (Oliver 1990) to in-
 terpolate and integrate frequency of occurrence
 between sample sites and to superimpose those
 interpolations onto a state map.

 Analysis of variance (ANOVA) was used to
 estimate statistical significance in comparing
 sample means.

 We wanted to know if there were edge types
 at which a species showed unusually great or

 20031  287
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 Multifloral Rose

 Percent Abundance

 I I Carolina, interpolated between data points by a kriging operation.

 Fig. 2. Abundance of plants in North Carolina, interpolated between data points by a kriging operation.

 unusually small occurrences, i.e. preference or
 avoidance. Our data gave us not only the total
 length that each species occurred on each edge
 type but also the total measured length of each
 edge type across the state. If one of our species
 showed no preference for, or avoidance of, these
 edge types, we would expect its overall occur-
 rence on them to be in the same relative amounts

 as the state-wide amounts available to them.

 This "expectation" could be tested by compar-
 ing the observed associations with what would
 be expected from the state-wide amounts avail-
 able.

 Pooling state-wide data on each species, we
 calculated a coefficient of association (P) as fol-
 lows. Let total meters of a plant's observed as-
 sociation with an edge type = a. Let total meters
 of that plant's occurrence on all edge types =
 tm. Let total meters of an edge type, recorded
 across the state - e. Let grand total meters mea-
 sured across the state, including all edge types
 = gt. Then P = a/tm / e/gt or P = a/tm X gt/e.

 If the relative frequency with which a plant
 occurs on an edge type is the same as the rela-
 tive frequency of that edge type in the state-wide
 sample, P would be equal or close to 1.0. When

 a P-value deviated from this expectation by 0.5
 or more, we draw attention to that particular
 plant / edge association with bold font in the
 table.

 Results. Graphing the accumulation through
 time of county specimens in university herbaria
 gave estimates of the rate of expansion. For all
 species except Japanese honeysuckle, no notable
 departures from the resultant regressions were
 found and the r2 coefficients were in excess of

 0.90. Calculations for the five species show
 marked differences in rate of spread, ranging
 from 2.9 to 8.6 counties per year (Table 1). The
 calculation for Japanese honeysuckle was not at-
 tempted because of missing specimens.

 Assuming that germinations of seeds at edges
 result in one or a few stems that increase in

 length along the edge through time, tallies of
 such short, isolated, occurrences show that in-

 deed there are many such "starts" on all edges
 and in all parts of the state (Table 2). Interstate
 highways have the greatest number and river
 banks the least.

 In terms of state regions, the piedmont has the
 highest incidence of "starts" while the coastal

 288  [VOL. 130
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 plain has the least (Table 2). Japanese honey-
 suckle and tree-of-heaven show by far the great-
 est relative abundance in the piedmont where
 human population and industrial activity are
 greatest (Table 3). Multiflora rose and oriental
 bittersweet show greater relative abundance in
 the mountainous west. Multiflora rose, kudzu,
 and oriental bittersweet are substantially less
 abundant in the coastal plain, where agriculture
 is extensively practiced. Chinese privet, on the
 other hand, is found at about the same relative

 abundance in all three regions (Table 3).
 Considering edge types, railroad rights-of-

 way show the highest and power line rights-of-
 way the least abundance of the six species (Ta-
 ble 4). River banks in the mountains and stream

 banks in the piedmont also show relatively high
 abundances (Table 4).

 The calculated coefficients of association

 turned up six instances of unusually high, and
 two instances of unusually low abundances
 along edges (Table 5). Multiflora rose and Chi-
 nese privet were unusually high along rivers and
 streams while tree-of-heaven and oriental bitter-

 sweet were unusually high along railroad rights-
 of-way. In contrast, tree-of-heaven was unusu-
 ally low along rivers and oriental bittersweet
 was unusually low along streams (Table 5).

 In comparing the relative abundances of the
 six species across the whole state, Japanese hon-
 eysuckle occupied about 26% of all measured
 edges, more than all the other species combined.
 In order of decreasing abundance were Chinese
 privet, multiflora rose, kudzu, tree-of-heaven,
 and oriental bittersweet (Table 6).

 The kriging technique demonstrates the heavy
 presence of Japanese honeysuckle noted in the
 tables (Figure 2). Of interest too are the "hot
 spots" of occurrence indicated by the darkest
 shade, especially in the distributions of Chinese
 privet, multiflora rose, and kudzu. The one small
 "hot spot" of oriental bittersweet in the foothills
 of the western part of the state is near Asheville
 in Buncombe County.

 Discussion. These six species of non-indige-
 nous, harmful plants are present in all areas of
 the state and on all of our measured edges. They
 are generalists in the sense of not being confined
 to a narrow range of habitat characteristics. Be-
 cause they are damaging to native communities
 in natural areas (TEPMM 1996), this generalist
 capability increases their range of potential in-
 vasion and concern for land managers.

 Each species is expanding its range and all six

 are expanding at different rates. The extent of
 its coverage in the state (Table 6 and Fig. 2),
 suggests that Japanese honeysuckle has probably
 spread at the highest rate. This speculation is
 reinforced by Patterson's finding that by 1976
 Japanese honeysuckle was collected in 97 coun-
 ties, more than double the number of counties

 of any of the other invasive plants he studied
 (Patterson 1976). Oriental bittersweet had the

 lowest estimated rate of expansion. [A note of
 caution about data from herbaria should be men-

 tioned however: collecting activity varies
 through time for many reasons; specimen col-
 lection might be expected to be more extensive
 near universities with active herbaria; and all

 three of the university herbaria we utilized were
 clustered in the piedmont area.]

 Our data show many small occurrences,
 "starts," for all species, on all edges, and in ev-
 ery part of the state. If we interpret "starts," as
 a measure of current rate of expansion, new ger-
 minations or "starts" are happening most rap-
 idly along roads, stream banks, and electrical
 rights-of-way, especially in the piedmont and
 mountains.

 Our evidence that a plant's abundance along
 edges is not uniform but varies with the type of
 edge invites some testable speculations. For ex-
 ample, Chinese privet and multiflora rose had
 coefficients of association more than 50% higher
 for river and stream banks than would be ex-

 pected if their distribution among different edge
 types was random or uniform. This suggests that
 floods might be a major seed-carrying mecha-
 nism and/or that riparian soils and moisture pro-
 vide a more optimal surface for the germination
 of seeds carried by animals or people. Whatever
 the mechanism, streams seem to be major cor-
 ridors for dissemination.

 The unusually high coefficient of association
 of trees-of-heaven with railroad rights-of-way
 was also notable. The seed of this tree is winged
 and can travel efficiently in a wind. A seed-bear-
 ing tree, sited along a railroad, could provide
 seeds that winds from passing trains might carry
 along the railbed. Thus, the railbed would be-
 come a corridor for distributing seeds much fast-
 er along its length than a slower, less windy dis-
 tribution into adjacent areas. This could be true
 for non-winged seeds of the other species as
 well since all species, especially oriental bitter-
 sweet, occupy greater percentages of measured
 railroad rights-of-way than any other edge type
 (Table 4).

 We found Oriental bittersweet most abundant
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 south of Asheville in Buncome County. It was
 reported being cultivated at a homestead in that
 region before construction of the Blue Ridge
 Parkway (McNab and Meeker 1987). Construc-
 tion went through or near that home site and the
 new roadway apparently became a corridor for
 distribution of the plant because it is unusually
 heavy along the parkway and newer highways
 in that area (personal observations and "hot

 spot" in Fig. 2).
 Five of the species included in this survey,

 except kudzu, are shade-tolerant and can invade
 natural areas from an edge. Field workers find
 these five species growing and reproducing
 widely on uplands within natural areas of North
 Carolina (Fraver 1994, personal observations
 and conversations with land managers).

 The findings presented here support the gen-
 eral perception that edges are common places of
 non-indigenous, harmful plant initiations and
 corridors for their rapid dispersal. The findings
 therefore argue strongly for changes in right-of-
 way management. Corridor managers should be
 made aware of non-indigenous, harmful plants
 and the environmental dangers they pose. Par-
 ticularly, railroad and highway maintenance
 workers could work to eliminate seed-producing
 pest plants first and then minimize maintenance
 operations that could distribute remaining seeds
 during the time that harmful plants are produc-
 ing seeds for distribution.
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