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SLIDE NOTES

1)Adapted from an online presentation available from The Nature Conservancy's Invasive Species Team.

2)Some plant invasions are so obvious that even people with little interest in conservation can easily recognize that the invasions are having harmful and unwanted effects. Kudzu (Pueraria montana) in the southeastern U.S. is one example of this.

3)Cheatgrass (Bromus tectorum) is another invader whose impacts are recognized relatively widely. This annual grass has invaded vast areas of North America's Intermountain west where it has changed the fire regime, promoting frequent fires that many native plants and animals cannot survive.

4)Even long-protected and set-aside lands such as National Parks are not immune from invasion. In this case, bull thistle (Cirsium vulgare), which is native to the Old World is seen in one of North America's best known and loved landscapes, Yosemite Valley.

5)When considered together, invasions by plants, animals, and pathogens, are regarded by biologists as one of the major threats to biological diversity worldwide.

6)A 1998 survey of land managers of The Nature Conservancy supplied corroborating evidence regarding the severity of the threat posed by invasions by non-native plants.

7)Before continuing, here are some definitions of terms that will be used in this presentation. 
“Weed” designates an organism (usually but not always a plant) that is not wanted in a given area, generally because it causes damage or otherwise interferes with management goals. In Australia non-native species that invade and degrade conservation areas are called “environmental weeds”, which clearly distinguishes those species regarded as pests in conservation areas (nature preserves, etc.) from weeds of agricultural areas, lawns, gardens, etc. Most “environmental weeds” are not native to the area where they are regarded as problems. 
In this presentation “non-native” is used for species that were directly or indirectly introduced to a given region by humans, which were not present in the region before-hand and which would not have spread into the area without human interference. “Exotic”, “alien”, and “non-indigenous” are all synonyms of “non-native”. 
“Invasive species” are those that spread into areas where they are not native. This definition includes all non-native species that escape or otherwise grow outside cultivation whether or not they have known harmful effects, and is in line with definitions of invasive species used by many other ecologists (e.g. di Castri, 1990; Kolar & Lodge, 2001; Lincoln et al., 1998; Rejmanek, 1995; Rejmanek et al., 2002; Richardson et al., 2000; Shigesada & Kawasaki, 1997; and Williamson, 1996).  Note that this differs from definitions used by some other ecologists and conservation workers which include only species that cause significant negative ecological effects (e.g. Cronk & Fuller 1995, Davis & Thompson 2001). Also note that not all non-native plants are invasive and, in fact, only a small minority of the tens of thousands of species introduced to North America have escaped cultivation, and of that subset many are not invasive in wildlands.
“Noxious” is a term for species or groups of species that have been legally designated as pests, for example by a county, state or federal (national) agency. Not all such designated “noxious” weeds are problems in conservation areas and only a small subset of the species which are problems in conservation areas have been designated as “noxious”. 

8)The invasive plants that are most harmful to native biodiversity are those, like this red brome (Bromus madritensis subsp. rubens), that significantly change ecosystem processes, often so much so that many natives can barely survive in the area, if at all. Red brome transforms the southwestern desert areas it invades by fueling fires where the native vegetation did not and where the native species cannot survive frequent and widespread burns.

9)Different land managers have different goals. In this case, the farmer manages a safflower field in California's Central Valley to yield the maximum production of safflower seed. Conservation land managers also have land management goals, but it is usually not possible to state them so succinctly and precisely.

10)It is important for conservation land managers to keep their ultimate focus on what they are managing for, that is what they are trying to protect.  The following images are examples of conservation areas that The Nature Conservancy and other partner organizations and agencies are working to protect.

11)Santa Cruz Island, off the coast of southern California, is a conservation area managed by The Nature Conservancy and the U.S. National Park Service.

12)A grizzly bear moves through aspens on The Nature Conservancy's Pine Butte Swamp preserve, an 18,000 acre property which extends out into the plains from the Rocky Mountain front in Montana.  It adjoins and is part of a huge complex of conservation areas including the Bob Marshall Wilderness, Glacier National Park, Canada's Banff and Waterton Lakes National Parks plus several large private ranches that have agreed to take conservation easements.

13)Bison graze on The Nature Conservancy's 56,000-acre Niobrara Valley Preserve in north-central Nebraska.

14)Flame azaleas in bloom on Roan Mountain along the North Carolina-Tennessee border and a view to the Blue Ridge Mountains on the horizon. This wooded area is a mix of private and National Forest Service lands.

15)Huge tulip poplars (Liriodendron tulipifera) in old growth forest, Joyce Kilmer Memorial Forest (U.S. Forest Service) western North Carolina.

16)Eastern deciduous forest in fall color, the Mohican State Memorial Forest, northeastern Ohio.

17)Invasive plants can have a variety of harmful impacts on native species populations, communities and ecosystems. I find the classification scheme used here helpful. Examples of alien invasive plants known or suspected of causing many of these impacts will be described using the following images.
Some invasive plants may provide benefits (such as cover or forage) to some native species in some situations (for example, Shapiro, 2002). However, the focus of this talk is on what we know about the negative impacts of invasive species.

18)Invasives can have effects at the ecosystem level, and can change abiotic processes and parameters that many native species and communities depend upon.

19)Consider the Sonoran desert of the southwestern USA and northwestern Mexico, where native plant communities had little or no continuous litter to carry wildfires and so rarely if ever experienced widespread wildfire. As a consequence, most of the native plants - including characteristic species such as the giant saguaros (Carnegiea gigantea) - are not adapted to withstand or respond to frequent fires. In recent decades however, many Sonoran communities have been invaded by non-native grasses that build up thick layers of litter and promote frequent wildfire as has occurred at this site near Tucson. Here buffelgrass (Cenchrus ciliaris) forms nearly continuous cover which may allow any fires that do occur to spread rapidly, killing native cacti, shrubs and other perennials over large areas.

20)Even in fire-adapted communities, non-native invaders may alter the intensity and frequency of fire to the detriment of native species. Cogongrass (Imperata cylindrica), shown here completely dominating the understory of a forest plantation, has done just this in longleaf pine-wiregrass communities along the eastern Gulf Coast.

21)Research by Carol Lippincott determined that non-native cogongrass burns hotter than do native species like wiregrass (Aristida beyrichiana) which it displaces in the ground layer of these communities.  Fires fueled by cogongrass burn hotter, further above the ground as shown here in the data taken at 1.5 meters above the ground during burns. One of the ways long-leaf pine, which dominates the overstory in these communities, is well adapted to survive the type of fires fueled by the native vegetation, is in its seedling stage when the plants rapidly grow to over a meter high placing the vulnerable apical bud high enough to escape killing heat. But the hotter, “higher” fires fueled by cogongrass kill large numbers of these seedlings. This figure is based on data from Lippincott's published research.

22)Lippincott also found that cogongrass builds up fine fuel mass more rapidly than native grasses, thus allowing more frequent fires. The increased frequency further reduces chances that long-leaf pine seedlings will escape the fires by reducing the time seedlings have to grow tall and thick barked enough to withstand the heat of the next fire in this region of frequent lightning strikes. This figure is based on data from Lippincott's published research.

23)Problems caused by invasive alien species that alter fire regimes can be found in many other parts of the world. Here molasses grass (Melinis minutiflora) is seen invading native woody vegetation in Brasilia National Park near Brazil's capital city. This African grass and several other invading species fuel intense fires in these areas, often resulting in the destruction of much of the native woody vegetation.

24)Some invasive plants can alter the hydrology of wetlands and waterways or the water tables of more upland areas. Here saltcedar (Tamarix sp.) has invaded the floodplain of the Dolores River in western Colorado as it has in other riparian and wetland areas across the southwestern U.S. and adjacent Mexico. Tamarisks often form dense thickets and it has been suggested that these use more water per unit area than native vegetation. In some areas such as Death Valley National Park and Coachella Valley Preserve desert seeps, springs and pools which are vital for the survival of many native animals have dried up following tamarisk invasion only to start flowing again after the tamarisk thickets were removed.

25)Dense infestations of tamarisk as shown here along a small ephemeral stream in southeastern Utah, can also block flood flows, sharply altering patterns of erosion and deposition. Bailey et al. (2001) found that tamarisk leaf litter degrades more rapidly than that of native riparian trees and that this was associated with a two-fold decrease in aquatic macroinvertebrate richness and a four-fold decrease in abundance. Research conducted by University of Minnesota graduate student Ted Kennedy at Ash Meadows National Wildlife Refuge in Nevada has also shown that tamarisk infestations reduce diversity and biomass of native fishes (personal communication).

26)Melaleuca or punk tree (Melaleuca quinquenervia) is also suspected of altering the hydrology where it invades sawgrass marsh in south Florida's everglades. Before melalueca invasion the community shown in this photo was completely dominated by grasslike plants and herbs. Now, some herbaceous vegetation remains but already all the trees, seedlings and saplings in the field of view are melaleucas.

27)With additional time, however, melaleuca can take over entirely, changing the herbaceous native marsh to a wooded swamp completely dominated by one species. In addition to altering the structure of the vegetation, melaleuca forests like this one use copious amounts of water, alter soil temperatures and burn at extremely high temperatures.

28)In many areas of the Pacific Northwest knapweeds (Centaurea spp.) have invaded and displaced native bunchgrasses. Here, a comparison of the roots of a native wheatgrass and the invasive non-native spotted knapweed (Centaurea maculosa, right) demonstrates a striking difference between the fibrous, soil-holding roots of the former and the thin taproot of the latter.

29)As a result, this spotted knapweed infested western Montana landscape is more susceptible to erosion than it had been under native bunchgrasses. The knapweed root systems do not hold soils or slow runoff as well as native grasses do. (The knapweed is visible as the purplish wash in the valley floor.)

30)Research by John Lacey and colleagues (1989) showed that more of the rain falling on soils covered with knapweed ran off - and presumably carried more soil particles - than ran off from soils supporting native bunchgrasses. This increased runoff may lead to higher sediment loads in nearby streams which could harm spawning salmon and other aquatic organisms. This figure is based on data from Lacey et al. (1989).

31)Other invasive plants may hold soils better than the native species they displace, in some cases leading to significant changes in geomorphology and topography. European beachgrass (Ammophila arenaria) was planted to stabilize dunes along the U.S. Pacific coast. It has been too effective, invading huge areas of dunes up and down the coast where it forms dense stands that trap more sand than the native beachgrasses and other dune vegetation did. This leads to changes in the shape, height and orientation of the dunes. Pacific coast dunes which formed under native vegetation were generally oriented perpendicular to the beach while those that form under European beachgrass are oriented roughly parallel to the beach, often forming long ridges and altering the hydrology of the swales immediately inland (Barbour et al. 1976, Barbour and Johnson 1988, Wiedemann and Pickart 1996).

32)Similarly, Atlantic cordgrass (Spartina alterniflora) has invaded mudflats in Pacific coast estuaries, where it traps sediments leading to significant increases in elevation and in some sites placing the flats above normal tides or restricting tidal flows. Estuaries in the northern quarter of California and further north had no native Spartina species, but even in areas to the south which supported native Pacific cordgrass (Spartina foliosa) the invasive Atlantic cordgrass colonizes mudflats at lower elevations and with higher salinities. These mudflats were previously unvegetated but supported highly productive plankton and sediment fauna and served as rich feeding grounds for migratory shorebirds.

33)Giant reed (Arundo donax) is another grass which can have ecosystem level impacts on areas it invades.

34)This photo shows giant reed (all the tawny patches) along the Santa Margarita River in southern California. Here and elsewhere in the southwestern US and adjacent Mexico thick infestations of this grass block streamflows and alter sedimentation patterns. Giant reed also burns well and promotes hot fires in riparian communities that were rarely subjected to fires before they were invaded. Many of the native riparian trees and shrubs in these areas are not adapted to fires and sharply decrease in abundance following burns.

35)Some invasive plants alter soil nutrient dynamics and soil chemistry. The shrub shown in the center of this photo from Hawai'i Volcanoes National Park on the Big Island of Hawai'i is fire tree (Myrica faya). This species is an actinorhizal nitrogen-fixer which invades undisturbed native communities on young, nitrogen-poor volcanic soils. These communities previously lacked symbiotic nitrogen fixing plants and the increases in soil nitrogen encourage invasions by other non-native plants and increase populations of non-native earthworms (Vitousek et al. 1987, Vitousek and Walker 1989, Aplet 1990).

36)Crystalline iceplant (Mesembryanthemum crystallinum) invades coastal strand and sage scrub communities in central and southern California. It accumulates and releases salts to the soil surface, preventing or retarding the growth and establishment of native species (Vivrette and Muller 1977).

37)Chinese tallow (Sapium sebiferum), the bright green tree pictured here, can also alter nutrient cycles in areas it invades such as prairies and wetlands along the northern coast of the Gulf of Mexico.  Its leaf litter is broken down far more rapidly than the litter of the native plants it displaces, leading to greater swings in productivity, particularly following leafdrop when nitrogen and phosphorus are rapidly released (Cameron and Spencer 1989). In addition, Chinese tallow invasions can convert coastal prairie and marsh communities dominated by grasses, sedges and herbs to Chinese tallow-dominated forest or swamp communities (Bruce et al. 1997).

38)Barberry (Berberis thunbergii) shown dominating the understory of a forest it has invaded in New Jersey, can increase soil nitrification and pH (Ehrenfeld et al. 2001).

39)Invasive aquatic plants can sharply reduce light levels and dissolved oxygen concentrations in the waters they occupy. Water chestnut (Trapa natans) is shown here infesting an embayment at the southern end of Lake Champlain. 

40)Water chestnut research in the Hudson River nearby showed that this species has sharply increased the frequency and extent of low dissolved oxygen episodes. In fact, dissolved oxygen levels in the waters at the center of large infestations were below that needed by many fish and invertebrate species up to 40% of the time (Caraco and Cole 2002). Dissolved oxygen concentrations at the center of large populations of a native aquatic plant (Vallisneria americana) never dipped this low during the study. Similarly, light levels immediately below the water's surface were far lower in water chestnut beds than in areas occupied by V. americana.

41)Water hyacinth (Eichhornia crassipes) is another floating aquatic plant that may completely blanket lakes, bayous and sloughs, sharply altering light availability and dissolved oxygen levels. This species is native to South America, but is a serious pest in tropical and warm temperate areas around the world.  In the US, it has invaded central California, Arizona, the Gulf states, Georgia, the Carolinas, Tennessee, Missouri, Kentucky, and Virginia.

42)Giant salvinia (Salvinia molesta) is another floating aquatic plant which severely impacts water bodies at sites around the world. Native to southeastern Brazil, it is shown here completely covering a pond in Texas. Infestations are now known from other US sites - Hawai'i, California, Arizona, Louisiana, Alabama, Georgia, Florida, Mississippi, and North and South Carolina. (Photograph provided for this presentation by www.invasive.org.)

43)Now consider the effects upon the community structure and populations.

44)Invasive vines, such as the Passiflora tarminiana (banana poka or pink passionfruit) shown here draped over native forest on Kauai (Hawai’i), can have severe impacts on the structure of forests that they invade and in some cases overtop and shade out overstory trees. The trees may die and collapse as a result.

45)Japanese honeysuckle (Lonicera japonica) invades many forests in the eastern US forming dense stands north to Pennsylvania and west to Texas. It forms especially dense stands in treefall gaps and along forest edges where its dense shading is suspected of suppressing establishment and growth of tree seedlings needed to regenerate the forest.

46)Asiatic bittersweet (Celastrus orbiculata) is another vining invader of forests in the eastern US from New England to the Great Smoky Mountains in the southern Appalachians.

47)Mile-a-minute weed (Polygonum perfoliatum) is another vine capable of rapidly forming a dense canopy over trees. It negatively impacts natural areas and forest plantations in the mid-Atlantic states and has been spreading rapidly since its accidental introduction to the US in the 1940s. It is shown here overtopping young trees in a forestry plantation in southern Pennsylvania.

48)English ivy (Hedera helix) is also invasive in forests along the Pacific coast from central California northward and in parts of the eastern US. Hedera helix is shown here in Forest Park, Portland, Oregon.

49)Cape ivy (Delairea odorata synonym Senecio mikanioides) is a vining plant from South Africa that invades riparian forests in coastal California from its northern border with Oregon south to San Diego. It is shown here draping native forest on the Fallbrook Land Conservancy's Bonsall Preserve in San Diego county, California.

50)Some invasive shrubs move into and dominate grasslands, prairies and marshes, converting them to shrublands or forests. Scotch broom (Cytisus scoparius, the dark green shrub) is shown here invading a grassy bald (grassland) in Redwood National Park, California.

51)In a reversal, jubatagrass and pampas grass (Cortaderia jubata and C. selloana, respectively) may invade coastal sage scrub along the California coast.

52)Lambrinos (2000) worked in maritime chaparral plant communities along California’s central coast and found that mean shrub cover declined from well over 80% in uninvaded areas to under 5% in sites invaded by Cortaderia jubata and mean shrub species richness dropped from nearly 6 species per sample to about 1.  Thus, this invasion alters vegetative structure and species composition. This figure is based on data from Lambrinos (2000).

53)Here common buckthorn (Rhamnus cathartica) is invading an alvar habitat in northern New York state near Lake Ontario, changing it from an herbaceous habitat to a shrubland.

54)Here a dense patch of glossy buckthorn (Rhamnus frangula) seedlings emerge in a fen where the adult shrubs were removed to restore herbaceous fen habitat in southeastern Michigan. Fortunately, these seedlings can be controlled, preventing re-invasion and allowing native plants to re-establish as desired.

55)Here, north American pines are shown invading grassland and riparian habitat in southern Brazil, reinforcing the point that invasions occur and have negative impacts around the world.

56)Some invaders are of the same growth form as native species in the habitats they invade, but become so dominant that they displace many or most native species, altering the composition of the plant community and the native insects and other organisms that depend on them. Leafy spurge (Euphorbia esula) - conspicuous due to the yellow bracts around its flowers and fruits - is shown here invading TNC's Pine Butte Swamp Preserve on the eastern front of the Rockies in Montana.

57)Leafy spurge infests over 1000 acres in Pine Butte and vast acreages in the northern Plains and Rockies. In many areas it is completely dominant, excluding native grasses and broadleaf plants. In this close-up shot, the only other plant visible is non-native smooth brome (Bromus inermis).

58)Yellow star thistle (Centaurea solstitialis) also becomes dominant and appears to displace other native and non-native plants in grassland and prairie habitats in California, Oregon and Idaho. Found at scattered sites in several other western states, it is feared that it may be spreading.

59)Here, this winter shot shows a dense thicket of yellow star thistle “skeletons”, gone by plants with conspicuous Q-tip-like old seed heads in northern Hell's Canyon where yellow star thistle has invaded bluebunch wheat grass/Idaho fescue grassland.

60)Dalmation toadflax (Linaria genistifolia) is another invader that can move into and dominate grasslands in the American west.

61)Some forest understory invaders like garlic mustard (Alliaria petiolata) shown here can also become dominant and are suspected of displacing native understory species. Recent work by Nuzzo (pers. comm.) suggests that salamander populations are significantly lower in areas dominated by garlic mustard, than in areas dominated by natives.

62)Some forest invaders may likewise be of the same basic growth form as native dominants, but can form single-species stands that displace natives. The striking broadleaved tree shown here is miconia (Miconia calvescens) invading a forest on Maui where it was caught early enough that there is still hope of eradicating it. Managers there sounded the alarm after seeing the damage this species has done in Tahiti, where it was introduced to a botanical garden in 1937 but subsequently escaped and now covers over two-thirds of the island (Meyer and Florence 1996).

63)Norway maple (Acer platanoides) is a non-native tree that may become dominant in forests in the northeastern US.

64)Although it resembles the native sugar maple (Acer saccharum), Norway maple can have negative impacts on areas it invades. Martin (1999) found densities were significantly lower below Norway maple canopies than below sugar maple. Overall seedling densities did not differ significantly, but when only seedling species other than Norway maple were considered, densities were significantly lower under Norway maple canopies. These data suggest that Norway maples can suppress recruitment of trees, particularly of other species. This figure is based on data from Martin (1999).

65)Invasive plants may also have negative impacts on native animals. Rice et al. (1997) found that spotted knapweed-dominated areas provided 47% less forage for elk than did areas where the weed was controlled. (The Latin name for spotted knapweed is Centaurea maculosa, or C. biebersteinii.)

66)Invasive plants may promote feral non-native animals. One of the best known examples of this is the pink passionflower (Passiflora tarminiana, syn. Passiflora mollissima). The fruits are favored by feral pigs in forested areas of the Hawaiian Islands where both species are invasive pests. The passionfruit benefits in turn when the pigs consume its fruit and disperse its seeds in their scat.

67)Invasive plants may also hybridize with closely related natives and in some cases hybridization may be so common and hybrid individuals so successful that the native may be eliminated as a distinct entity. Atlantic saltmarsh cordgrass (Spartina alterniflora) was introduced to Pacific coast estuaries where it is now invasive. It hybridizes with Pacific saltmarsh cordgrass (Spartina foliosa), which is native to marshes around the San Francisco Bay and other Pacific estuaries. Ayres et al. (1999) sampled cordgrass populations in tidal creeks around San Francisco and in some areas of south San Francisco Bay found only hybrids or non-natives. It is feared that as populations continue to hybridize, the pure native type may be eliminated from large portions of the estuary. This figure is based on data from Ayres et al. (1999).
Green=Spartina foliosa 
Red=Spartina alterniflora 
Yellow=hybrids

68)There are many non-native plant species that establish and spread in wildlands that have no known impact. Many species that do not become numerous or dominant may in fact have no significant impact. In other cases impacts may not have been recognized or studied adequately to determine the level of their impacts.

69)Berteroa incana is native to Eurasia but now widespread in grasslands in North America.  However, it is rarely if ever abundant in wildlands and not known to have negative impacts on biodiversity.

70)On the other hand, some species may have just begun to invade or become abundant and their impacts may not be understood. Licorice plants (Helichrysum petiolare) dominating the hillside behind the Stinson Beach (Marin County, CA) Fire Department is one such example. This is one of just a few known sites (all in northern CA) where this species invades, but in each it has formed dense stands that appear to displace natives. (The Helichrysum is the gray-green plant invading the open hillside.)

71)On occasion new invasions are detected and contained or eradicated. The plant shown flowering here is coincya (Coincya monensis), whose only known population in western North America was found at Arcata Dunes National Wildlife Refuge in northwestern California. It was forming a dense population there and moving into back dune, habitat for several rare native species. Fortunately, C. monensis populations were still small and managers at the site took quick action and are well on the way to eradicating it. For more information about this invasion, see Martin (2002).

72)Happy Ending!
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