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ABSTRACT
Leitneria floridana, corkwood, an uncommon tree native to the southeastern and south central
United States, may be threatened by the invasive tree-of-heaven, Ailanthus altissima. Field studies
were conducted to assess the morphology and site characteristics of L. floridana throughout its native
range and to determine if Ailanthus altissima has invaded L. floridana populations. One site in
Georgia, Texas, Arkansas, and Missouri, and two sites in Florida were examined. Plants at site #1 in
Florida were significantly taller and had a larger trunk diameter than any other location throughout L.
floridana distribution. Plant density was greatest at site #1 in Florida; however, the amount of L.
floridana was greatest at site #2 in Florida. Water depth varied at the time of sampling from 0–31 cm
across its distribution. Atteva punctella (Cramer) (Lepidoptera: Yponomeutidae) was the only
herbivore found feeding on L. floridana. The following woody species were found associated with L.
floridana: Sabal palmetto, Triadica sebifera, Sesbania drummondii, Quercus lyrata, Liquidambar
styraciflua, Carya aquatica, Magnolia virginiana, Fraxinus pennsylvanica, Prunus serotina,
Cephalanthus occidentalis, Taxodium distichum, and Ulmus americana. Ailanthus altissima was not
found in L. floridana habitats. Management of A. altissima for the protection of L. floridana is
discussed.
KEY WORDS: Leitneria floridana, corkwood, Ailanthus altissima, tree-of-heaven, invasive species
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Corkwood, Leitneria floridana Chapm. (Leitneriaceae), is a rare tree native to Georgia,
Florida, Texas, Arkansas, and Missouri, with at least one known cultivated population in Illinois
(Sharma & Graves 2004, USDA-NRCS 2007). Specimens also have been collected by the Parks
Department in Rochester, New York, in 1925, 1927, and 1968 but there is no evidence that the species
still occurs there (Koller 1997). Leitneria floridana occurs in brackish and fresh water marshes, wet
woodlands, swampy prairies, and estuarine shores (Koller 1997; Sharma et al. 2008).
The classification of corkwood has endured substantial debate since its first discovery by Dr.
E.T. Leitner in 1835 in the salt water marshes of Florida’s Apalachicola River (Koller 1997). Past
workers have placed Leitneria floridana in Simaroubaceae (Petersen & Fairbrothers 1983; Fernando
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et al. 1995; Gadek et al. 1996; Soltis et al. 2000; Judd et al. 2002; Jacobs 2003), but more recently the
species has been placed back into Leitneriaceae (Sharma et al. 2008).
Leitneria floridana has a global conservation rank of G3 (vulnerable; either very rare and local
or found locally in a restricted range). It has a state rank of S1 (critically imperiled because of extreme
rarity) in Georgia and Texas, S2 (imperiled because of rarity) in Missouri, and S3 (very rare and local
or found locally in a restricted range) in Arkansas and Florida (Sharma et al. 2008; NatureServe 2009;
CPC 2010). It is generally accepted that L. floridana rarity is due to habitat destruction, land
management practices for recreational purposes, and poor competitive ability (Koller 1997; Rosen et
al. 2006).
Tree-of-heaven, Ailanthus altissima (Mill.) Swingle (Simaroubaceae), is a dioecious, rapidly
growing (1.5 meters a year), medium to large tree (25–35 m) that produces up to 300,000 seeds a year
(Sheppard et al. 2006). It is an introduced and invasive species in North America (Ding et al. 2006).
Seed was introduced from China to Paris between 1740 and 1750 (Hu 1979; Tellman 2002) and into
North America as an ornamental shade tree during the late 18th century from Europe into Philadelphia,
Pennsylvania (Feret 1985; Tellman 1997). Multiple introductions into New York occurred during the
early 19th century (Davies 1942; Dame & Brooks 1972; Hu 1979). The last historical record of A.
altissima introduction(s) into the United States occurred during the gold rush in the mid 19th century
when Chinese laborers brought the tree into California from Chinese seed stock for its medicinal and
cultural value (Tellman 2002).
Tree-of-heaven is established throughout most of the United States from Washington to New
England and south to northern Florida, Texas, and southern California (Kartesz & Meacham 1999;
Howard 2004; USDA-NRCS 2007), its relative abundance variable throughout its distribution. It is
most common near its centers of initial introduction and less common in areas distant from its
introduction. It has become established in a wide variety of ecosystems, from oak-hickory to
freshwater tidal estuaries (Garrison et al. 1977; Kiviat 2004) and has become a serious threat to
habitats throughout its North American distribution. It is registered as a noxious weed in New
Hampshire, Vermont, Connecticut, and California (USDA-NRCS 2007). Nationally, the tree has
become an economic and ecological pest.
Many invasive plant species produce allelopathic compounds that are capable of suppressing
the growth of alternate plant species, reducing competition. Ailanthus altissima produces the
compound ailathone, which is capable of suppressing more than 90 species (Mergen 1959). The
allelopathic properties of A. altissima may further threaten Leitneria floridana if it encroaches into L.
floridana habitats.
Investigations into the use of biological control for suppression of Ailanthus altissima were
initiated in 2004. A weevil, Eucryptorrhynchus brandti (Harold) (Coleoptera: Curculionidae), was
identified in China and imported to the Virginia Tech’s Beneficial Insect Quarantine Facility for testing
as a possible biological control agent (Ding et al. 2006). Herrick (2011) and Herrick et al. (2011)
studied the life history, development, host range and rearing protocol for this species in quarantine.
Results indicate that substantial feeding by E. brandti adults occured on Leitneria floridana foliage in
no-choice tests. However, feeding on A. altissima foliage was significantly greater and preferred when
adults were given a choice of A. altissima and L. floridana. Besides A. altissima, L. floridana was the
only other species among 29 plant species tested that showed feeding by the weevil (Herrick 2011).
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Native plant community structure and diversity can be negatively altered by the invasion of
non-indigenous species like Ailanthus altissima (Westbrooks 2001; Woods 1993; Zimdahl 1995; Olden
& Poff 2003; Heady et al. 1992; Rosen & Faden 2005; Rosen et al. 2006). Ailanthus altissima occurs
in every state that Leitneria floridana occurs in. However, it is only known to occur in the same
counties in Jefferson and Franklin counties (Florida), Brazoria County (Texas), Jefferson, Craighead,
and Mississippi counties (Arkansas), and Ripley County (Missouri) (USDA-NRCS 2007).
In counties where both species occur, it is not known if they occupy the same habitats, how
close in proximity they occur, or if the habitats support coexistence of the two species. Therefore, a
field survey was conducted of Leitneria floridana throughout its native range to gain a better
understanding of the species in its native habitat and to determine if Ailanthus altissima has invaded or
has the potential to invade L. floridana habitats. This information will allow us to better address
future biological control tactics for A. altissima as it relates to L. floridana and the use of the potential
biological control agent Eucryptorrhynchus brandti.

Figure 1. County distribution of Leitneria floridana, Ailanthus altissima, and sample site locations
(star) in the southeastern and south central United States.
Materials and methods.
From 9 September through 5 October 2009 native sites of Leitneria floridana were visited in
the Joseph W. Jones Ecological Research Center at Ichauway, Dougherty County, Georgia (31° 42’ 48”
N; -84° 44’ 44” W, at 52.1 meters alt.); Big Bend Wildlife Management Area, Snipe Island, Taylor
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County, Florida (site #1, 30° 12’ 72” N; -83° 96’ 92” W, at 7.3 m alt.; site #2, 30° 12’ 50” N; -83° 97’
03” W, at 14.6 m alt.); San Bernard National Wildlife Management Area, Bird Pond Unit, Brazoria
County, Texas (29° 08’ 18” N; -95° 12’ 33” W, at 14.5 m alt.); Bayou Meto Wildlife Management Area,
Cox Cyprus Lake, Arkansas County, Arkansas (34° 28’ 67” N; -91° 63’ 14” W, at 53.3 m alt.); and
Sand Pond Conservation Area, Ripley County, Missouri (1 site, 36° 50’ 35” N; -90° 60’ 00” W, at 92.7
m alt.) (Fig. 1). These sites were chosen because they were the most easily accessible or were
previously known by herbarium specimens and/or recommended by scientists in the area.
At each site, a 10 m2 quadrate was established around Leitneria floridana stands to estimate
the density of the stand. This quadrate size was chosen because L. floridana colonies were small and
permitted sampling the entire population at most sites. Within each quadrate L. floridana height, trunk
diameter, trunk taper, alternate woody species, water depth, and number of herbivores per plant were
calculated or recorded. Trunk diameter was measured at breast height at site #1 in Florida. Trunk
diameter was measured halfway from the base to the top of the plants at the remaining sites because
they were shorter than breast height. The trunk taper was classified as described by Brack (1999) and
Socha and Kulej (2007): < 0.25 cm/m, neiloid; > 0.26 and < 0.49 cm/m, conoid; > 0.50 and < 0.59
cm/m, quadratic paraboloid; and > 0.59 and < 0.99 cm/m; cubic paraboloid; and > 0.99 cm/m,
cylindrical.
To determine if additional Leitneria floridana stands and/or Ailanthus altissima were present
near the L. floridana stands, four 100 m transects were established from each quadrate. Ninety
degrees from the center of the north, south, east, and west edge of each quadrate, a 100 m transect was
established. Plant height, trunk diameter, trunk taper, and water depth were analyzed with analysis of
variance and least square means Tukey-Kramer HSD at α = 0.05. All other measures were not
replicated, so they were not compared statistically among the sites.
Results.
Leitneria floridana at Florida site #1 was significantly taller and had greater trunk diameter
than at all other sites, suggesting that the site was older and established before the other sites that were
sampled (Table 1). Also, the Florida #1 site was not shaded by overstory vegetation while all other
sites were, suggesting that L. floridana is a poor competitor in shaded environments. Plant height was
similar at Florida site #2, Georgia, Texas, and Missouri sites. However, plants were significantly taller
at Florida site #2 than at the Arkansas site. Trunk diameter at Florida site #2 was significantly greater
than L. floridana sampled at the Georgia, Texas, Arkansas, and Missouri sites (Table 1). Trunk taper
at Florida site #1 and Florida site #2 differed significantly from L. floridana at the Georgia, Texas, and
Arkansas sites but not the Missouri site. Using the trunk taper classification, plants at Florida site #1,
Florida site #2, and Missouri have a cylindrical trunk, Georgia and Texas plants have a quadratic
paraboloid taper, and Arkansas plants have a cubic parabloid taper.
Leitneria floridana density was at least 3 times greater at Florida site #1 than at the Florida
site #2 and Georgia sites, again suggesting that it is an older site. Texas, Arkansas, and Missouri sites
had the lowest density (Table 1). Across all 100 m transects, Florida site #2 had the greatest amount of
L. floridana from the main sampling quadrate followed by Arkansas then Texas. Leitneria floridana
was sparse or absent within 100 m from the main sampling quadrates at Florida site #1, Georgia, and
Missouri sites (Table 1). Minimum water depth was greatest at the Florida site #1 site followed by the
Georgia site. Maximum water depth was greatest at Florida site #1 and Georgia site followed by
Florida site #2. Standing water was absent in some locations at Florida site #2 and completely absent
at the Texas, Arkansas, and Missouri sites. Soil was saturated at sites where standing water was
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absent. Mean water depth was similar at the Florida1 and Georgia sites. Water depth was significantly
greater at Florida site #1 than at Florida site #2, Texas, Arkansas, and Missouri sites (Table 1).
The only herbivore found (larvae and pupae) was Atteva punctella (Cramer) (Lepidoptera:
Yponomeutidae) at Florida site #2 (n = 48), Texas (n = 10), and Arkansas sites (n = 7).
Leitneria floridana was the most common species in most of the sites, ranging from 47 to 90%
of the total woody stems. However, the Missouri site had substantially more Quercus lyrata (51%)
than Leitneria floridana (20%) (Table 2). Across all sites, Carya aquatica was commonly found
growing in association with L. floridana, excluding Georgia which had Taxodium distichum growing
as the next most common species. Ailanthus altissima was not found at any of the sites. However, the
invasive tree Triadica sebifera was found in close association with L. floridana in Texas (Table 2).
Discussion.
Leitneria floridana grows in small isolated populations and is often inundated by standing
water or found growing in previously inundated and moist soils. The majority of locations investigated
contain short, wispy plants that are small in diameter. Sharma et al. (2008) suggested that the
Missouri population was the most unique phenotypically, based on morphology, physiology, and
growth habits. They also reported that plants in Missouri were taller than plants in Florida, but our
results indicate that Florida plants were two times taller and the diameter was approximately two times
larger than L. floridana in Missouri.
Trunk taper, or the breast height form factor, is used by foresters to aid in determining trunk
volume and yield (Brack 1999). This measurement also is used as a morphological measure to
determine phylogenetic relatedness (Socha & Kulej 2007). Regarding trunk taper, the only similarity
that was found with Sharma et al. (2008) was in the cylindrical trunk shape of the Florida plants.
These differences in results were most likely due to differences in site location, measurements, and age
of the sites sampled.
Future studies need to encompass several sites across the distribution Leitneria floridana in
each state and during different times of the year to accurately assess the species ecological role within
the community it grows in and across its distribution. Genetic analysis would be useful in determining
the relatedness of L. floridana provenances.
Native plant community structure and diversity can be negatively altered by the invasion of
non-indigenous species (Rosen et al. 2006). For example, at a site location similar to ours in Brazoria
Co., Texas, Rosen et al. (2006) found decreased species richness within plots containing Cyperus
entrerianus Boeckeler (Cyperales: Cyperaceae).
Anthropogenic activities contribute toward the invasion of invasive species (Byers 2002). The
presence of the invasive tree Triadica sebifera in the Texas site suggests that other invasive species
such as Ailanthus altissima have the potential to invade Leitneria floridana habitats.
Ailanthus altissima is encroaching on Leitneria floridana habitats (Fig. 1). Although it was
not found growing in association with L. floridana, site conditions might support its growth in
communities adjacent to L. floridana colonies. Many of the sites that were visited were inundated with
water. It is not known if A. altissima can grow in inundated conditions, but it has been reported
invading upland estuarine habitats (Kiviat 2004), woodland communities, and it thrives in sites
influenced by anthropogenic activities (Kowarik 1995).
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All of the sites that were visited in our study were generally isolated; but every site had
evidence of anthropogenic activity in the vicinity of Leitneria floridana stands. The Georgia,
Arkansas, and Missouri sites were close to access roads for recreational purposes, the Florida sites
maintain access roads for housing and recreation, and the vegetation at the Texas site was managed for
hunting access and quality. Most sites in this study were selected partially for ease of accessibility
based on herbarium specimens and local botanists in the areas owing to the presence of anthropogenic
activities. The Texas site was the least accessible and did not have any access roads.
While conservation efforts are common for Leitneria floridana management (CPC 2010),
managers of invasive plant species also need to be aware of such sensitive species and incorporate
management tactics to have as little impact on such species. Potential biological control programs
against Ailanthus altissima must consider its potential impact on L. floridana due to their taxonomic
affinity. We now know much more information pertaining to the site conditions of L. floridana
habitats. In addition, A. altissima is not present in the immediate vicinity of L. floridana habitats.
Future studies should focus on the potential allelopathic impact of A. altissima on growth of L.
floridana if they were to occur together. Also, it is not known if A. altissima can persist in conditions
inundated with water and should be studied.
Based on the habitat that Leitneria floridana grows in, and the lack of Ailanthus altissima in
the vicinity of L. floridana, the potential biological control agent Eucryptorrhynchus brandti does not
appear to pose a significant threat to L. floridana. However, ongoing oviposition and larval
development studies of E. brandti on L. floridana will determine if this potential agent should be
released from quarantine.
ACKNOWLEDGEMENTS
We thank Dr. Stephen Hight and John Mass, USDA-ARS-CMAVE-CBC, Tallahassee, Florida,
for assistance maintaining plant materials and/or locating research sites. Dr. Katherine Kirkman and
Melanie Kaeser, Joseph W. Jones Ecological Research at Ichauway, Newton, Georgia, Dr. Loran
Anderson, Florida State University, Tallahassee, and Dr. Larry Brown, Spring Branch Science Center,
Houston, Texas, provided direction to sites and/or plant identification. These studies were supported
by USDA Forest Service Grant No. 04-CA-11244225-169.
LITERATURE CITED
Brack, C. 1999. Forest measurement and modeling. Tree shape. Department of Forestry, Australian
National University. Available: http://www.fennerschool-associated.anu.edu.au/measuration/shape.htm
[January 2011].

Byers, J.E. 2002. Impact of non-indigenous on natives enhanced by anthropogenic alteration of
selection regimes. Oikos 97: 449–458.
CPC-Center for Plant Conservation. 2010. CPC National Collection Plant Profile: Leitneria floridana.
Available:
http://www.centerforplantconservation.org/collection/cpc_viewprofile.asp?CPCNum=2466
2011].

[January

Dame, L.L. and H. Brooks. 1972. Handbook of the Trees of New England. Dover Publications, New
York.
Davies, P.A. 1942. The history, distribution, and value of Ailanthus in North America. Trans.,
Kentucky Acad. Sci. 9: 12–14.
Ding, J., Y. Wu, H. Zheng, W. Fu, R. Reardon and M. Liu. 2006. Assessing potential biological control
of tree-of-heaven, Ailanthus altissima in North America. Biocontrol Sci. Tech. 16: 547–566.
Feret, P.P. 1985. Ailanthus: variation, cultivation, and frustration. J. Arbor. 11: 361–368.

Herrick et al.: Site characteristics of Leitneria floridana

7

Fernando, E.S., P.A Gadek, and C.J. Quinn. 1995. Simaroubaceae, an artificial construct: Evidence
from RBCL sequence variation. Amer. J. Bot. 82: 92–103.
Gadek, P.A., E.S. Fernando, C.J. Quinn, S.B. Hoot, T. Terrazas, M.C. Sheahan, and M.W. Chase.
1996. Sapindales: Molecular delimitation and infraordinal groups. Amer. J. Bot. 83: 802–811.
Garrison, G.A., A.J. Bjugstad, D.A. Duncan, M.E. Lewis, and D.R. Smith. 1977. Vegetation and
Environmental Features of Forest and Range Ecosystems. Agricultural Handbook 475. U.S.D.A.,
Forest Service, Washington, D.C.
Heady, H.F., J.W. Bartolome, M.D. Pitt, G.D. Savelle, and M.C. Stroud. 1992. California prairie. Pp.
313–335, in R.T. Coupland (ed.). Ecosystems of the World 8A. Natural Grasslands: Introduction
and Western Hemisphere. Elsevier, Amsterdam, Holland.
Herrick, N.J. 2011. Quarantine evaluation of Eucrypthorrhynchus brandti (Harold) (Coleoptera:
Curculionidae), a potential biological control agent of tree-of-heaven, Ailanthus altissima in
Virginia, USA. Ph.D. dissertation, Virginia Tech, Blacksburg.
Howard, J.L. 2004. Ailanthus altissima. In J.L. Howard (ed.), Fire Effects Information System,
[Online]. U.S.D.A., Forest Service, Rocky Mountain Research Station, Fire Sciences Laboratory
(Producer). Available: http://www.fs.fed.us/database/feis/ [August 2005].
Hu, S.Y. 1979. Ailanthus. Arnoldia 39: 29–50.
Jacobs, H. 2003. Comparative phytochemistry of Picramnia and Alvaradoa, genera of the newly
established family Picramniaceae. Biochem. Syst. Ecol. 31: 773–783.
Judd, W.S., C.S. Cambell, E.A. Kellogg, P.E. Stevens, and M.J. Donoghue. 2002. Plant Systematics:
A Phylogenetic Approach. Sinauer Associates, Inc. Sunderland, Mass.
Kartesz, J.T. 2009. Floristic Synthesis of North America, Version 1.0. Biota of North America
Program (BONAP). Available: http://www.pollenlibrary.com/Specie/Leitneria+floridana/ [February
2011].

Kartesz, J.T. 2011. Floristic synthesis of North America, version 1.0, Biota of North America Program
(BONAP). (in press).
Kartesz, J.T. and C.A. Meacham. 1999. Synthesis of the North American flora (Windows Version 1.0).
Available [CD-ROM]: North Carolina Botanical Garden. In cooperation with the Nature
Conservancy, Natural Resources Conservation Service, and U.S. Fish and Wildlife Service.
Kiviat, E. 2004. Occurrence of Ailanthus altissima in a Maryland freshwater tidal estuary. Castanea
69: 139–142.
Koller, G.L. 1997. Leitneria floridana: a shrub for wet woodland conditions. Arnoldia, Spring: 14–
20.
Kowarik, I. 1995. Clonal growth in Ailanthus altissima on a natural site in West Virginia. J. Veg.
Sci. 6: 853–856.
Mergen, F. 1959. A toxic principle in the leaves of Ailanthus. Bot. Gaz. 121: 32–36.
NatureServe. 2009. Conservation status. NatureServe version 7.1. Available:
http://www.natureserve.org/explorer/ranking.htm#globalstatus [February 2009].

Olden, J.D. and N.L. Poff. 2003. Toward a mechanistic understanding and prediction of biotic
homogenization. Amer. Naturalist 162: 442–460.
Petersen, D.E. and D.E. Fairbrothers. 1983. A serotaxonomic appraisal of Amphipterygium and
Leitneria – two amentiferous taxa of Rutiflorae (Rosidae). Syst. Bot. 8: 134–148.
Rosen, D.J. and R.B. Faden. 2005. Gibasis pellucida (Commelinaceae), a new and potentially weedy
genus and species for Texas. Sida 21: 1931–1934.
Rosen, D.J., R. Carter, and C.T. Bryson. 2006. The recent spread of Cyperus entrerianus
(Cyperaceae) in the southeastern United States and its invasive potential in bottomland hardwood
forests. Southeast. Naturalist 5: 333–344.
Sharma, J. and W.R. Graves. 2004. Midwinter cold hardiness of Leitneria floridana from three
provenances. J. Environ. Hort. 22: 88–92.

Herrick et al.: Site characteristics of Leitneria floridana

8

Sharma, J., J.A. Schrader, and W.R. Graves. 2008. Ecology and phenotypic variation of Leitneria
floridana (Leitneriaceae) in disjunct native habitats. Castanea 73: 94–105.
Sheppard, A.W., R.H. Shaw and R. Sforza. 2006. Top 20 environmental weeds for classical biological
control in Europe: A review of opportunities, regulations and other barriers to adoption. Weed Res.
46: 93–177.
Socha, J. and M. Kulej. 2007. Variation of the tree form factor and taper in European larch of Polish
provenances tested under conditions of the Beskid Sądecki mountain range (southern Poland). J.
Forest Sci. 53: 538–547.
Soltis, D.E., P.S. Soltis, M.W. Chase, M.E. Mort, D.C. Albach, M. Zanis, V. Savolainen, W.H. Hahn,
S.B. Hoot, M.F. Fay, M. Axtell, S.M. Swensen, L.M. Prince, W.J. Kress, K.C. Nixon, and J.S.
Farris. 2000. Angiosperm phylogeny inferred from 18S rDNA, rbcL, and atpB sequences. Bot. J.
Linn. Soc. 133: 381–461.
Tellman, B. 1997. Exotic pest plant introduction in the American Southwest. Desert Plants 13: 3–10.
Tellman, B. 2002. Human introduction of exotic species in the Sonoran Region. Pp. 25–46, in Invasive
Exotic Species in the Sonoran Region. Univ. of Arizona Press, Tucson.
USDA, NRCS. 2007. The PLANTS Database, Version 3.5. National Plant Data Center, Baton Rouge,
Louisiana. Available: http://plants.usda.gov [August 2006].
Westbrooks, R.G. 2001. Invasive species, coming to America: New strategies for biological protection
through prescreening, early warning, and rapid response. Wildland Weeds 4: 5–11.
Woods, K.D. 1993. Effects of invasion by Lonicera tatarica L. on herbs and tree seedlings in four
New England forests. Amer. Midl. Naturalist 130: 62–74.
Zimdahl, R.L. 1995. Introduction. Pp. 1–18, in A.E. Smith (ed.). Handbook of Weed Management
Systems. Marcel Decker, Inc., New York.

Herrick et al.: Site characteristics of Leitneria floridana

9

Herrick et al.: Site characteristics of Leitneria floridana

10

