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Abstract

The objective of this study was to determine whether patterns of native distributions of naturalized woody plants aatichshipsl
to climatic analogs can serve as a sound basis to help identify high- and low-risk regions from which to introduce newntetaly pl
lowa. We compared the native ranges of 28 non-native species naturalized in lowa with those of 72 different, non-nativielslyecies
cultivated in lowa, but with no record of naturalization. From this comparison, we tested two related hypotheses: (1)itretiens|w
highest number of native species that have naturalized in lowa have a significantly higher proportion of naturalizindpapegies t
predicted by the overall ratio of the number of naturalizing species to the total number of non-native species studiedgimmd (2)
identified as climatic analogs to lowa conditions, based on important determinants of woody plant adaptation, have dlsignifican
higher proportion of naturalizing species than predicted by the overall ratio of naturalizing species to the total numbetioeno

northeastern China) have a significantly higher proportion of naturalizing species than would be predicted by chance afdhe. Two
five regions identified as climatic analogs to lowa conditions (in northeastern and central Asia) also displayed sighijbantly
proportions of naturalizing species, while a third (in southeastern Europe) was statistically significant only at the 10% level

Index words: climatic analog, distribution, native range, tree, shrub, exotic plant, naturalize, invasive.

Significance to the Nursery Industry ists, and nursery professionals is still the best safeguard

The North American nursery and landscape industry has against the introduction and spread of invasive landscape
long advocated the introduction of non-native woody plants P'ants.
to lend diversity and interest to managed landscapes. Unfor- .
tunately, a small proportion of non-native speditlsanus ~ ntroduction
catharticaandRosa multiflora for example) have become North Americans rely upon a wide range of introduced
serious pests. This has caused some green-industry profestrees, shrubs, and vines as important sources of food and
sionals and government agencies to adopt policies thatforest products, as well as for urban horticulture, amenity
strongly favor or exclusively use native plants. Ideally, a and wildlife plantings, and windbreaks. Unfortunately, a small
balance should be struck between prohibiting all non-native proportion of these species have become serious invasive
species and the uninformed introduction of potentially inva- pests, disrupting well-established native plant communities
sive, non-native woody plants. In this research, we found or functioning as range and agricultural weeds (36). Notable
that a geographic analysis including climatic analogs and examples in lowa includ@hamnus catharticandRosa mul-
native ranges of both naturalizing and non-naturalizing spe- tiflora. These and other invasive plants in the United States,
cies was a valuable predictive tool for identifying high-risk along with information about the threats these plants cause,
regions in Europe and Asia that may serve as future sourcesare well documented in databases maintained by the U.S.
for naturalizing woody plants in lowa. Geographic risk analy- Department of Agriculture — Natural Resources Conserva-
sis is no substitute, however, for field monitoring and early tion Service and the Plant Conservation Alliance — Alien
identification of plants escaping cultivation. A vigilant and Plant Working Group (24, 33). Other introduced woody plants
conscientious team of land managers, botanists, horticultur- are not yet serious pests, but have escaped cultivation and
may become invasive, a pattern consistent with data as-
sembled for plants in many parts of the world (15, 17, 31,
50).
There are two other important sources of potentially inva-
'Received for publication October 10, 2001; in revised form December 12, sive woody plants worth noting. The first group consists of
2001. J?Eumall Papffg{\l?_- J-1£581 ?;ths |9W«’;1 ngifglltgfe agd Homfi IZCS- those species that are not (or are only rarely) cultivated, for
rljlc;rt]gﬁsActX;r?;g]tZ?e of?oxgyfunrgg.s"rhe’aurggrcs thgﬁk Johh?mt)srzzg?gzndiélewm(:h we may knO.W little_about their range of adaptation
Gardner, Rick Lewandowski, Alan Meerow, Scott Schlarbaum, and two a_-nd reproductive b|0|09y' The second mcludes new popula-
anonymous reviewers for their valuable critiques; Stephen Hendrix, Diana tions of commonly cultivated plants, which may prove more
Horton, and Deborah Lewis for their assistance in accessing herbarium speci-invasive than populations already present in a region.
mens; Ted Cochrane, Carol Foster, Warren Lamboy, James Phipps, Sandra Nursery and landscape professionals and their clients have

Reed, Ken Robertson, Phil Rutter, Welby Smith, and John Wiersema for . . .
their assistance in locating native plant distributions; and Tom Hiett and great interest in expandlng the range of plants that are func-

Rex Heer for graphic arts assistance. tional, aesthetically pleasing and well adapted to managed
2Horticulturist. landscapes. To accomplish this goal, plant explorers, horti-
sAssociate Professor, Department of Horticulture, lowa State University, Culturists, and other mt.eres'[Gd partles_have_ routinely intro-
Ames, IA 50011-1100. duced new plant species and populations into the market-
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species studied. We discovered that the two regions with the highest number of naturalizing species (in southeastern Europe and
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Fig. 1. Composite distribution of 28 non-native, woody species known to be naturalized in lowa.

place. Appropriate safeguards are needed to minimize themean temperature, moisture balance, and photoperiod regi-
risk that these new introductions may one day invade natural men (44, 48).
plant communities or otherwise become pests. The observed correspondence between climatic analogs
Reichard and Hamilton (35) developed criteria for evalu- and native distributions of non-native, naturalized woody
ating the invasive potential of woody plants in North America. plants in lowa suggested that climatic analogs might be use-
Their criteria were based upon detailed analyses of life-his- ful to identify foreign regions with native woody floras that
tory characteristics, biosystematics, phytogeography, and could be pre-adapted to lowa conditions and, thus, qualify
known histories of invasions from other parts of the world. as high-risk regions harboring potentially invasive plants.
This approach may prove extremely useful, but by attempt-  But before such a generalization can safely be made, it is
ing to develop criteria that apply continent-wide, they were crucial to question whether the composite distribution of a
unable to incorporate important characteristics about rela- group of naturalized species is an artifact of some larger phe-
tionships between woody plants and the environments in nomenon that might interfere with the utility of climatic ana-
which they evolved and noted that analysis of geographic logs in risk assessment. For example, is it possible that a
origin ‘may be most useful in regional models’ (35). high proportion o&ll non-native, woody plants widely grown
Thus, more robust, predictive models of invasiveness suit- in lowa originate from northeastern China and southeastern
able for specific regions might be developed by accounting Europe?
for environmental conditions where the plants evolved. Such  The objective of our study was to determine whether pat-
approaches proved useful in assessing potential weeds in Austerns of native distributions of naturalized woody plants and
tralia and New Zealand (28-30, 37). their relationships to climatic analogs can serve as a sound
Recently, Widrlechner (47) mapped and analyzed the na- basis for geographic risk analysis. To this end, we compared
tive ranges of 28 species of non-native, woody plants known the composite ranges of the 28 non-native species natural-
to have naturalized in lowa. He examined the composite ized in lowa with the native ranges of a larger set of non-
ranges of those 28 species and compared them to measuresative species widely cultivated in lowa, but with no record
of climatic similarity to lowa conditions. He identified two  of naturalization. From this comparison, we tested two re-
regions with particularly high concentrations of those spe- lated hypotheses:
cies: one region in northeastern China and another in south- (1) Regions with the highest number of native species
eastern Europe (Fig. 1). Those two areas overlapped with that have naturalized in lowa have a significantly higher
regions that experience climates analogous to lowa condi- proportion of naturalizing species than predicted by the
tions, based upon three important determinants of woody overall ratio of the number of naturalizing species to
plant adaptation in the north central United States: January the total number of non-native species studied; and
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Table 1.  Core list of non-native woody plants naturalized in lowa

Amur Maple(Acer tataricumL. subsp ginnala(Maxim.) Wesm.)
Tree of heaven Ailanthy@ilanthus altissimgMill.) Swingle)
Japanese Barberrérberis thunbergiDC)

Common Trumpetcreepe€émpsis radicané..) Seem ex Bureau)
Northern Catalpaatalpa specios@/Narder ex Barney) Warder ex Engelm.)
Russianolive Elaeagnus angustifolia.)

Autumn ElaeagnusHlaeagnus umbellat&hunb.)

Winged EuonymusHuonymus alatuéThunb.) Siebold)

Amur Honeysucklel(onicera maacki{Rupr.) Maxim.)

Tatarian Honeysuckld_fnicera tatarical.)

Barbary Wolfberry ycium barbaruni..)

OsageorangeMaclura pomifera(Raf.) C.K. Schneid.)

Crabapple Malus sylvestridvill.)

White Mulberry Morus albal.)

White Poplar Populus albd..)

Manchu CherryRrunus tomentos@hunb.)

Common BuckthornRhamnus cathartich.)

Black Locust Robinia pseudoacacia.)

Japanese RosR@sa multifloraThunb.)

Sweetbrier RoseRpsa rubinigosa..)

Japanese Raspberiigybus parvifoliug..)

White Willow (Salix albal.)

Brittle Willow (Salix fragilisL.)

Whitecrack Willow Salixx rubensSchrank)

European Mountainasi$¢rbus aucuparid.)

Siberian Elm UImus pumilal.)

European Cranberrybush Viburnukilfurnum opulu4.. var. opulus)
Wayfaringtree Viburnum\(iburnum lantand..)

ZTaxonomy follows the Germplasm Resources Information Network data-

base for the National Plant Germplasm System (23, 49) <http://www.ars-

grin.gov/npgs> and common names follow Kelsey and Dayton (14).

(2) regions identified as climatic analogs to lowa con-
ditions, based on important determinants of woody plant
adaptation, have a significantly higher proportion of
naturalizing species than predicted by the overall ratio
of naturalizing species to the total number of non-na-
tive species studied.

Materials and Methods

We employed two lists of hon-native, woody plants culti-
vated in lowa. The first list of 28 species (Table 1), with a
known history of naturalization in lowa, was recently de-

scribed and published by Widrlechner (47). We then com-

Table 2. List of 72 non-native, woody plants cultivated in lowa, but

not known to naturalize?.

White Fir (Abies concolo(Gordon & Glend.) Lindl. ex F. H. Hildebr.)
Hedge MapleAcer campestré.)

Red ChokeberryAronia arbutifolia(L.) Pers.)

Korean BarberryBerberis koreandalibin)

Asian White Birch Betula platyphylle&Sukaczev)

Gray Birch Betula populifoliaMarshall)

Littleleaf Box Buxus microphyll&iebold & Zucc.)

Russian Peashruléragana frutexL.) K. Koch)

European HornbeanCarpinus betulus..)

Chinese Chestnu€@astanea mollissimBlume)
KatsuratreeCercidiphyllum japonicunsiebold & Zucc.)
Common Floweringquince&Chaenomeles specioaweet) Nakai)
American Yellowwood Cladrastis lutegF. Michx.) K. Koch)
Italian Clematis Clematis viticellal.)

Summersweet Clethr&lethra alnifolial.)

Flowering DogwoodCornus floridaL.)

Corneliancherry DogwoodJornus mag..)

Turkish Filbert Corylus colurnal.)

Common SmoketreeCptinus coggygrigscop.)

Cranberry Cotoneaste€Cétoneaster apiculatuRehder & E. H. Wilson)
Bearberry Cotoneaste€¢toneaster damme@. K. Schneid.)
Hedge Cotoneaste€ftoneaster luciduSchitdl.)
Washington HawthornGrataegus phaenopyruth. f.) Medik.)
Fuzzy Deutzia@eutzia crenatssiebold & Zucc.)

Slender Deutzial§eutzia gracilisSiebold & Zucc.)
Winterberry EuonymusHuonymus bungeaniéaxim.)
European Beectragus sylvaticd..)

Vernal Witchhazelllamamelis vernaliSarg.)
ShrubaltheaHibiscus syriacus..)

Smooth Hydrangedfydrangea arboresceris)

Panicle Hydrangeddydrangea paniculat&iebold)

Pyramid Chinese Junipetuhniperus chinensik.)

Savin JuniperJuniperus sabind..)

Rocky Mountain Juniped(niperus scopulorurBarg.)
Panicled Goldenraintre&¢elreuteria paniculatd.axm.)
BeautybushKolkwitzia amabilisGraebn.)

European LarchLarix deciduaMill.)

American Sweetguni{quidambar styraciflud..)

Star Magnolia llagnolia stellata(Siebold & Zucc.) Maxim.)
Russian ArborvitaéMicrobiota decussat&om.)

Northern BayberryNlyrica pensylvanicairb.)

Black Tupelo Nyssa sylvaticéarshall)

Sweet MockorangePhiladelphus coronariuk.)

White SprucePRicea glaucgMoench) Voss)

Colorado SpruceRicea pungen&ngelm.)

Swiss Mountain PineRinus mugarurra)

Austrian Pine Pinus nigraJ. F. Arnold)

Ponderosa Piné’(nus ponderos&. Lawson & C. Lawson)
Mazzard CherryRrunus aviun{L.) L.)

Almond Cherry Prunus glandulos&hunb.)

piled a second list of 72 species (Table 2), with no record of Amur ChokecherryRrunus maackiRupr.)

naturalization in lowa. These lists yielded a combined set of
100 non-native species. And, if native distributions were ran-
domly distributed, approximately 28% of the species native

to a region should be members of the naturalizing list.

We compiled the list of 72, non-naturalizing species as

follows. First, we created an extensive list of woody plants
cultivated in lowa, targeting species with a relatively long
history of cultivation to reduce the possibility of including

those that are still in a lag period prior to naturalization (15).
We compared this list to the published checklist of lowa'’s
flora (5) and recent additions to it (16, 26), eliminating any

Common DouglasfirPseudotsuga menzieilirb.) Franco)
Callery PearRyrus calleryanaDecne.)

English Oak Quercus robut..)

Black JetbeadRhodotypos scandefiEhunb.) Makino)
Alpine Currant Ribes alpinunt.)

Japanese Spire§firaea japonicd.. f.)

Japanese Pagodatr&typhnolobium japonicuift.) Schott)
Meyer Lilac Syringa meyerC. K. Schneid.)

Japanese Tree LilaSyringa reticulata Blume) H. Hara)
Late Lilac Syringa villosavahl)

Fivestamen Tamariskémarix ramosissimaedeb.)
Japanese Yewlaxus cuspidat&iebold & Zucc.)

Littleleaf Linden {Tilia cordataMill.)

Silver Linden Tilia tomentosaMoench)

species noted as possibly escaping from cultivation. Further canada HemlockTéuga canadensid..) Carriere)

refinement was accomplished by reviewing herbarium speci-

mens collected in lowa held in lowa’s two largest herbaria,
the Ada Hayden Herbarium at lowa State University, Ames,
and the University of lowa Herbarium, lowa City. Species
were eliminated from further consideration when herbarium

specimens documenting naturalization were discovered.
During the course of mapping native ranges for the remain-

J. Environ. Hort. 20(1):47-56. March 2002

Koreanspice Viburnumviburnum carlesiHemsl.)
Witherod Viburnum Yiburnum cassinoideis.)

Rusty Blackhaw ViburnumM{burnum rufidulunRaf.)
Siebold Viburnum Yiburnum sieboldiMiq.)

Fox Grape Vitis labruscal..)

Oldfashioned WeigelaNeigela florida(Bunge) A. DC.)

ZTaxonomy and common names follow sources used in Table 1 (14, 23, 49).

49
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Fig. 2. Composite distribution of 72 non-native, woody species cultivated but not known to be naturalized in lowa.

ing 74, non-naturalizing species, two more species were de-Results and Discussion
leted, Ginkgo bilobaandMalus sargentii because they are
known only from cultivation and lack defined, native ranges.
Distributional data were obtained from the Germplasm
Resources Information Network database for the National

Plant Germplasm System (23) <http://www.ars-grin.gov/ "~ ™ : L X X :
npgs> and supplemented with range information from nu- primarily native to Eurasia, with outlying populations in North

merous taxonomic and floristic publications (4, 7-9, 1113, Africa and Australia. The highest numbers of these species
19 21. 22 25 27 32 34. 39 41 43).Acombosité map c;f are found in two regions: the larger with 10 species, includes

the native distributions of the 72 non-naturalizing species parts pf Belaru_s, Ukraine, Romania, the former Yug_oslav_ia,
was then prepared (Fig. 2). Albania, Austria, and Germany, and a smaller region with

We then mapped the ratio between the number of natural- 10—11 species I(_)cated in Hebei and Liaoning Provinces in
izing species and the total number of naturalizing and non- Northeastern China. _
naturalizing species native to each region to help visualize ~The composite distribution of our set of 72, non-native,
spatial patterns of risk (Fig. 3). Only regions with at least a Non-naturalizing woody plants (Fig. 2) has both interesting
minimum combined sample size of 10 species were mapped,Similarities and differences when compared to that of natu-
because of sampling errors and potentially misleading re- ralizing species (Fig. 1). In Eurasia and North Africa, the
sults that can result from excessively small samples. The risk broad area represented by at least one species in Fig. 1 closely
categories delimited in Fig. 3 were chosen in relation to dif- resembles that for Fig. 2. In North America, the area repre-
ferences in ratios that could be explained solely by chance, sented by non-naturalizing species (Fig. 2) is much more
given a minimum sample size of 10 and a mean sample sizeextensive than shown for naturalizing species (Fig. 1), but
of 16. Statistical significance of deviations in the propor- the southeastern United States holds the highest numbers of
tions of naturalizing species was determined with the Chi- both naturalizing and non-naturalizing species in the New
square goodness of fit test (10) for individual locations. The World.

‘Combined Probabilities from Independent Tests’ procedure  The largest number of non-naturalizing species in the
of Sokal and Rohlf (38) was used to test deviations within southeastern United States, 14 species, occurs native in
larger regions. northwestern South Carolina in the southern Appalachian

The maps of world climatic analogs to lowa conditions Mountains, a region widely recognized for its diversity of
(Fig. 4) used in our study were developed by Widrlechner woody plants (18, 40). But, world-wide, the highest number
47). of non-naturalizing species, 17-18 species, is native to an-

The composite distribution of the 28 non-native, woody
plants known to naturalize in lowa (Fig. 1) displays several
| hotable geographic patterns. Of these 28 species, 4 are na-
tive to the southeastern United States, and the other 24 are

50 J. Environ. Hort. 20(1):47-56. March 2002
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Fig. 3. Maps of the ratio of the number of non-native, woody species known to be naturalized in lowa versus the total numbenaf-native woody
species examined in this study. Fig. 3a maps North America, and Fig. 3b maps Eurasia.

other region of great botanical diversity, Gansu and Shaanxi A notable difference between these two composite distri-
Provinces in central China (40). Notably, the Qinling Moun- butions is reflected in their relative degree of geographic
tains in Shaanxi Province stand at the transition between theconcentration. Approximately the same relative proportions
warm temperate and north subtropical climatic zones in cen- of naturalizing and non-naturalizing plants are represented
tral China and hold an extremely diverse flora with 150 en- by each type of shading in Figs. 1 and 2. Evidently, the ranges
demic (localized, native) plant species (3). of naturalizing species (Fig. 1) are much more similar to each

J. Environ. Hort. 20(1):47-56. March 2002 51
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Maps of climatic analogs to lowa conditions, based on January mean temperature, moisture balance, and photoperiod regifedowing

Widrlechner (47). Fig. 4a maps North America, and Fig. 4b maps Eurasia.
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Table 3.  Proportion of species naturalizing in lowa among all species small sample sizes, we approach them cautiously and use
analyzed that are native to the regions of highest concentra- them onIy to suggest genera| trends. Beyond the mapped

ton. borders of Fig. 3a, the regions of least risk would also in-
Region of highest clude most of the rest of North and Central America, except
concentration Proportion Sample size for Oklahoma, Texas, the southernmost parts of the south-

southeastern Europe (10 naturalizing species)

mapped as Category 2. Beyond the mapped borders of Fig.

southern Belarus 625 16 3b, the regions of greatest risk would also include Finland
western Ukraine 435 to .5* 20-23 and the Baltic States, adjacent to and north of Belarus, along
Romania A7 24 with much of central Asia, stretching from Mongolia to the
Yugoslavia 4 25 Caspian Sea, including Xinjiang Province in China.
northern Albania 417 24 . . . .
Austria 17 24 ‘We then tested our first hy.pothe5|s that regions leh the
southern Germany 476* 21 highest number of native species that have naturalized in lowa
_ N _ have a higher proportion of naturalizing species than pre-
northeastern China (10-11 naturalizing species) dicted by the overall ratio of naturalizing species to the total
Liaoni . . set of species studied (28%). Table 3 indicates that the pro-
iaoning (10 species) .526 19 . L. I . . .
Hebei (11 species) 524 21 portion of naturalizing species in the region with the highest

concentration of naturalizing species in southeastern Europe
* ** values significantly higher than the expected value of .28 at the .05 (Fig. 1) ranges between 40 and 62.5%. In southern Germany,
and .01 levels, respectively, as tested by Chi-square goodness of fit (10). southern Belarus, and parts of western Ukraine, individual
ratios are significantly higher than our expected value of 28%
at the 5% level. The overall, regional p-value for compari-
sons of the reported ratios with the expected value, as deter-

other than are those of their non-naturalizing counterparts mined by the ‘Combined Probabilities from Independent
Fig. 2). At least 35% (10-11) of 28 naturalizi i - oo L
(Fig. 2) eas 6 )0 naluralizing Species oc Tests’ procedure of Sokal and Rohlf (38), is highly signifi-

cur together either in southeastern Europe or in northeastern .
China (Fig. 1). In contrast, the highest proportion of non- cant at the 0.01% level. For northeastern China, the two, cal-

naturalizing species, found in central China, includes only culated ratios of naturalizing species were just above 52%,

about 24% (17—18) from our set of 72 species (Fig. 2) values significantly higher than our expected value of 28%
Figure 3 maps the proportion of the composité nétive at the 5% level. The combined significance level for these

ranges of all the woody species examined in our study that
are known to be naturalized in lowa. Only regions with a
sample size of at least 10 native species are mapped. Thdable 4. Proportion of species naturalizing in lowa among all species

map is divided into four categories (0, 0.01-0.28, 0.28-0.56, analyzed that are native to the climatic analogs (47).

and >0.56), each reflecting the relative risk that a woody plant cjimatic analog Proportion Sample size
native to the mapped region may naturalize in lowa. The

categories are numbered in order of increasing risk: North America

Category lincludes the areas of least risk, found where

the proportion of naturalizing species is zero. It is the small- zgﬂiﬂgm 3?;&?;1 8 g
est of the four categories and is only found in northeastern  northwestern Ohio 0 6
Pennsylvania and northern New Jersey (Fig. 3a). northern Indiana 0 6
Category 2includes areas of below-average risk where  northem lllinois 0 0-4
the proportion of naturalizing species is greater than zero i%‘iﬂ?ﬁnsvgftﬁogiwota % 03'2
but less than 28%, the value predicted under an assumption  eastern Wyoming 0 3
of random distribution of naturalizing species for our sample
of 100 species. It encompasses much of the southeasterrsoutheastern Europe
United States (Fig. 3a) and south-central China (Fig. 3b). _
Category 3includes areas of above-average risk where ;%lﬁm?; tern Ukraine ﬁ?s 24213
the proportion of naturalizing species is greater than or equal '
to 28% but less than 56%, between one and two times thewestern Asia
predicted proportion based on an assumption of randomness. _
It encompasses much of Europe and western Asia, northern ~ $€0'912 353 17
Armenia A4 15

China, Korea, and Japan (Fig. 3b) as well as a small region  hortheastern Turkey 381 21
in southeastern Oklahoma (Fig. 3a).

Category 4includes the areas of highest risk where the central Asia
proportion of naturalizing species is greater than or equal to
56%, at least twice the predicted proportion based on an as-
sumption of randomness. It is found in three isolated loca- northeastern Asia
tions: the Netherlands, Belarus, and Xinjiang Province in
western China (Fig. 3b). Liaoning Prov., China .526* 19

We also noted regions with particularly low or high pro- Eqrth Korea . 4 20

. S . rimorye Prov., Russia 5 8

portions of naturalizing species beyond the borders mapped
In Flg$. 3a and 3b. However, the regions OUtS'_de the_borders*’ ***, values significantly higher than the expected value of .28 at the .05
contain fewer than 10 of the 100 species studied. With such and .001 levels, respectively, as tested by Chi-square goodness of fit (10).

Kazakhstan 778 9

J. Environ. Hort. 20(1):47-56. March 2002 53

eastern United States, and small areas adjacent to those
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two values representing Hubei and Liaoning Provinces in southern Appalachian Mountains (18, 40) and the mountains
northeastern China lies between 0.1 and 1%. of central and southern China (3, 40), contain below-aver-
In turn, we tested our second hypothesis that five regions age proportions of woody plants that have naturalized in lowa.
identified as having climatic conditions analogous to those It is possible that habitats with high species diversity have
in lowa (Fig. 4), based on factors known to be important narrower ecological niches and proportionally fewer species
determinants of woody plant adaptation (47), have a higher that are colonizers or otherwise invasive.
proportion of naturalizing species than would be predicted In addition, these areas of below-average risk experience
by chance (Table 4). winter conditions equivalent to USDA Hardiness Zones 5b
No species from the list of non-native woody plants natu- to 8ain the United States (1) and USDA Hardiness Zones 7
ralized in lowa (Table 1) were native to the climatic analogs to 10 in China (45), less severe than lowa’s USDA Hardi-
found in the north central United States and southern Canadaness Zones 4b to 5a (1). They also experience positive mois-
(Fig. 4a). However, sample sizes were insufficient to observe ture balances greater than those typically found in lowa (2,
statistically significant differences, when compared to an 20, 46). And, from a latitudinal perspective, the photoperiod
expected value of 28%. In southeastern Europe (Fig. 4b), regimens experienced at these locations (ranging south to
where the climatic analogs are a subset of the region of high-22° North in China) are generally poor matches for condi-
est concentration discussed previously in reference to Tabletions in lowa.
3, the proportion of naturalizing species within the climatic ~ In contrast to areas with below-average risk, areas of high-
analogs varied between 40 and 43.5%. The combined p-valueest risk are associated with the depauperate, post-glacial
for these two areas in southeastern Europe was not signifi-woody flora of northern Europe (42) and the islands of mon-
cant at the 5% level (0.05 < p < 0.10). The proportion of tane forest above the deserts of northwestern China. We sus-
naturalizing species found in climatic analogs in western Asia pect, given the recent nature of the northern European woody
(Fig. 4b) varied between 35 and 40%. The combined p-value flora, that it has a higher than typical proportion of coloniz-
for the areas in western Asia was not significant (0.3 < p < ing or potentially invasive species. In the case of mountains
0.5). The proportion of naturalizing species found in the cli- of northwestern China (and perhaps also for those nearby in
matic analog in central Asia (Kazakhstan) (Fig. 4b), at 77.8%, Kazakhstan, Kirghizia, and Tajikistan), the local woody flo-
was among the highest observed in this study. It was signifi- ras may have evolved stress tolerances that pre-adapt them
cantly higher, at the 0.1% level, than the expected value of to stresses also present in lowa. This could result in higher
28%. Southern Kazakhstan may be a region of especially risk.
high risk for the introduction of woody plants that could natu- In this research, we have attempted to validate the use of
ralize in lowa. Finally, the proportion of naturalizing species climatic analogs and native ranges as predictive tools to iden-
in the northeastern Asian climatic analogs (Fig. 4b) varied tify regions of high risk as sources of naturalizing woody
between 40 and 52.6%. The combined p-value for these ar-plants for lowaAlthough the validation was imperfect, more
eas in northeastern Asia was significant at the 5% level (0.02 importantly, these two lines of evidence (climatic compari-
< p<0.05). sons and analyses of native ranges of both naturalizing and
In general, the two regions (in southeastern Europe and non-naturalizing species) taken together are of greater value
northeastern Asia) having the highest numbers of species thats a predictive tool than either is alone. We feel that the next
have naturalized in lowa are also regions with an above-av- step in refining our risk analysis is to include one more im-
erage risk of naturalization. Two of five climatic analogs, portant factor, comparative analysis of life-history charac-
based on low winter temperature, moisture balance, and pho-teristics. This is important in light of Reichard and Hamilton's
toperiod regimen (47), in northeastern Asia and (35) findings that life-history characteristics, such as modes
Kazakhstan (Fig. 4b) were regions with significantly above- of reproduction and seed dispersal, were important factors
average risk of naturalization. A third analog, which includes in developing their risk criteria and Farrar’s (6) report that
a part of the region with the highest number of naturalizing 75% of the most invasive, non-native woody plant species in
species in southeastern Europe, was significant only at thelowa have bird-dispersed seeds.
10% level. The remaining analogs in western Asia and North  The methods we employed in the present study could not
America were not associated with significantly above-aver- confidently assess risk for regions where too few of the evalu-
age risks. Based on these results, we believe thatated plant species are native. This limitation could be over-
Widrlechner’s (47) initial determination of climatic analogs come, in part, by using more extensive lists of species culti-
should be refined to include seasonality of precipitation, be- vated in the region of interest (in our case, lowa). Other types
cause seasonal patterns of precipitation in Turkey and theof floristic and climatic analyses may also be necessary in
Caucasus (western Asia) differ substantially from conditions such cases.
in lowa. Notably, the situation for climatic analogs in the For climatic analysis to be most useful, it is crucial to de-
states surrounding lowa is a special case, as most woodyvelop criteria that produce biologically significant analogs,
species found there are also native to lowa and thus not canfrom the perspective of woody plant performance in each
didates for the list of non-native, naturalizing species. region of interest. Thus, we are also interested in determin-
By evaluating the geographic distribution of the ratios of ing whether risk assessments based on similar geographic
the number of non-native, woody species known to be natu- and climatic analyses are applicable to other parts of the
ralized in lowa to the total number of non-native woody spe- United States, especially given the wide range of environ-
cies studied, as mapped in Fig. 3, certain trends are evidentmental factors that limit woody plant survival throughout
Areas of below-average risk are associated with two phe- the nation.
nomena: high woody-plant diversity and climates that are  More comprehensive geographic and life-history analy-
considerably milder than conditions in lowa. Two of the ses focusing on all species of certain horticulturally impor-
world’s most diverse regions for temperate woody flora, the tant, woody genera, suchAser, Ligustrum Lonicera etc.,
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may also shed light on specific factors related to invasive-
ness for each genus, predict where individual species might
naturalize, and identify those species of low risk for escape
into natural ecosystems.

Given the ecological damage that invasive plants can causeg,

and the past history of horticultural introductions as sources
of invasive plants, geographic risk analysis should be most
valuable in relation to new plant introduction and explora-
tion. However, it cannot replace efforts in the field to docu-
ment what is already occurring. We believe the present ef-
forts of botanists and herbaria to document plants as they
escape from cultivation and naturalize should be strength-
ened, with the overall goal of developing an early warning
system to identify new invasions while they are still control-
lable. Horticulturists and nursery industry professionals can
play an important role in the development of such systems,
and we would encourage such developments.

Literature Cited

1. Cathey, H.M. 1990. USDA Plant Hardiness Zone Map. USDA-ARS
Misc. Publ. 1475.

2. China Meteorological Administration (eds.) 1994. Zhongguo Qihou
Ziyuan Dituji. (Atlas of the Climate Resources of China.) China Atlas Press,
Beijing.

3. Dauvis, S.D., V.H. Heywood, and A.C. Hamilton (eds.). 1995. Centres
of Plant Diversity. Volume 2. Asia, Australasia and the Pacific. World Wildlife
Fund for Nature and IUCN, Cambridge, U.K.

4. Dosmann, M.S. 1998. An examination of drought-stress avoidance
and germinability of katsura tree. M.S. Thesis, lowa State University, Ames,
IA.

5. Eilers, L.J. and D.M. Roosa. 1994. The Vascular Plants of lowa: An
Annotated Checklist and Natural History. University of lowa Press, lowa
City.

6. Farrar, D.F. 2001. Exotic and invasive woody plant species in lowa.
Journal of the lowa Academy of Science 108:(in press).

7. Flora of China Manuscripts: Families. Retrieved 2001 Jan 22 from:
<http://django.harvard.edu/scripts/china/family.idc>.

8. Furlow, J.J. 1997. Betulaceae. pp 507-68&lora of North America
North of Mexico. Volume 3. Magnoliophyta: Magnoliidae and Hamamelidae.
Oxford University Press, New York.

9. Galet, P. 1988. Cépages et Vignobles de France. Vol. 1. Les Vignes
Ameéricaines. Charles Déhan, Montpellier, France.

10. Gibbons, J.D. 1976. Nonparametric Methods for Quantitative
Analysis. American Sciences Press, Columbus, OH.

11. Hardin, J.W. 1973. The enigmatic chokeberasiiia, Rosaceae).
Bull. Torr. Bot. Club 100:178-184.

12. Isely, D. 1981. Leguminosae of the United States. Ill. Subfamily
Papilionoidae: tribes Sophoreae, Podalyrieae, Loteae. Memoirs New York
Bot. Garden 25(3):1-264.

13. Johnson, F.L. and B.W. Hoagland. 1999. Catalog of the Woody Plants
of Oklahoma. Retrieved 2001 Jan 23 from: <http://www.biosurvey.ou.edu/
shrub/cover.htm>.

14. Kelsey, H.P. and W.A. Dayton. 1942. Standardized Plant Nafies. 2
ed. J. Horace McFarland Co., Harrisburg, PA.

15. Kowarik, 1. 1995. Time lags in biological invasions with regard to
the success and failure of alien species. pp 15a3®lant Invasions —

18. Little, Jr., E.L. 1970. Endemic, disjunct and northern trees in the
Southern Appalachians. pp. 249-280.The Distributional History of the
Biota of the Southern Appalachians. Part II: Flora. P.C. Holt & R.A. Paterson
(eds.) Virginia Polytechnic Institute and State University, Blacksburg.

19. Little, Jr., E.L. 1976. Atlas of United States Trees. Volunididor
stern Hardwoods. USDA Forest Service Miscellaneous Publication 1342.

20. Mather, J.R. 1966. The moisture regions of the continents. C.W.
Thornthwaite Associates Laboratory of Climatology Publications in
Climatology 19:353-371.

21. McClintock, E. 1957. A monograph of the gehlysirangea Proc.
California Acad. Sci. 29:147-256.

22. Meyer, F.G. 1997. Hamamelidaceae. pp 362-86Flora of North
America North of Mexico. Volume 3. Magnoliophyta: Magnoliidae and
Hamamelidae. Oxford University Press, New York.

23. National Germplasm Resources Laboratory — Database Management
Unit. Germplasm Resources Information Network — National Plant
Germplasm System database. Retrieved 2001 Jan—Mar from: <http://
www.ars-grin.gov/npgs>.

24. Natural Resources Conservation Service. Plants database. Retrieved
2001 Dec from: <http://plants.usda.gov>.

25. Nguya, N.C., T.C. Cao, V.C. YuX.D. Nguya, V.D. Vu K.B.
Nguya, H. Tran, T.O. Tran, B.Q. Ngugeand N.T. Nguye. 1996. Vietnam
Forest Trees. Agricultural Publishing House, Hanoi.

26. Norris, W.R., D.Q. Lewis, M.P. Widrlechner, J.D. Thompson, and
R.O. Pope. 2001. Lessons from an inventory of the Ames, lowa flora (1859—
2000). J. lowa Acad. Sci. 108:34-63.

27. Ohwi, J. 1965. Flora of Japan. Smithsonian Institution, Washington,
DC.

28. Panetta, F.D. 1993. A system of assessing proposed plant introductions
for weed potential. Plant Protection Quarterly 8:10-14.

29. Panetta, F.D. and N.D. Mitchell. 1991a. Bioclimatic prediction of
the potential distributions of some weed species prohibited entry to New
Zealand. New Zealand J. Agric. Res. 34:341-350.

30. Panetta, F.D. and N.D. Mitchell. 1991b. Homoclime analysis and the
prediction of weediness. Weed Res. 31:273-284.

31. Parker, I.M. and S.H. Reichard. 1998. Critical issues in invasion
biology for conservation science. pp 283—-3@5Conservation Biology for
the Coming Decade. P.L. Fiedler and P.M. Kareiva (eds.). Chapman and
Hall, New York.

32. Phipps, J.B. 1998. SynopsisirataegusserieApiifoliae, Cordatae
Microcarpae andBrevispinae(Rosaceae subfam. Maloideae). Annals
Missouri Botanical Garden 85:475-491.

33. Plant Conservation Alliance — Alien Plant Working Group. Weeds
gone wild: alien plant invaders of natural areas. Retrieved 2001 Dec from:
<http://www.nps.gov/plants/alien/index.htm>.

34. Rechinger, K.H. 1969. Anacardiaceae. Flora Iranica 63:1-9.

35. Reichard, S.H. and C.W. Hamilton. 1997. Predicting invasions of
woody plants introduced into North America. Conservation Biology 11:193—
203.

36. Reichard, S.H. and P. White. 2001. Horticulture as a pathway of
invasive plant introductions in the United States. BioScience 51:103-113.

37. Scott, J.K. and F.D. Panetta. 1993. Predicting the Australian weed
status of southern African plants. J. Biogeography 20:87-93.

38. Sokal, R.R. and F.J. Rohlf. 1995. Biometry: The Principles and
Practices of Statistics in Biological Research, 3rd ed. W.H. Freeman, New
York.

39. Sokolov, S.Ja., O.A. Svjazeva, and V.A. Kubli. 1977-1986. Arealy
Derev'ev i Kustarnikov SSSR. 3 vols. |zdatel'stvo Nauka, Leningrad.

40. Spongberg, S.A. 1990. A Reunion of Trees: The Discovery of Exotic

General Aspects and Special Problems. P. PySek, K. Prach, M. Rejmanekpiants and their Introduction into North American and European Landscapes.

and M. Wade (eds.). SPB Academic, Amsterdam.

16. Lewis, D.Q. 1998. A literature review and survey of the status of
lowa’s terrestrial flora. J. lowa Acad. Sci. 105:45-54.

17. Lippincott, C. 1996. Estimates of cultivated, native, naturalized, and
weedy plant species in Florida. Palmetto 16(2):12.

J. Environ. Hort. 20(1):47-56. March 2002

Harvard University Press, Cambridge, MA.

41. Thompson, R.S., K.H. Anderson, and P.J. Bartlein. 2000. Atlas of
relations between climatic parameters and distributions of important trees
and shrubs in North America. USGS Professional Paper 1650, 2 volumes.

42. Tivy, J. 1993. Biogeography: A Study of Plants in the Ecosphtre, 3
ed. Longman Scientific & Technical, Harlow, Essex, England.

55

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



43. Wherry, E.T., J.M. Fogg, Jr., and H.A. Wahl. 1979. Atlas of the Flora 48. Widrlechner, M.P., J.B. Hebel, D.E. Herman, J.K. lles, G.J. Kling,
of Pennsylvania. Morris Arboretum, Philadelphia. A.P. Ovrom, J.C. Pair, E.T. Paparozzi, S.R. Poppe, N. Rose, R.E. Schutzki,
C. Tubesing, and D.K. Wildung. 1998. Performance of landscape plants from
northern Japan in the north central United States. J. Environ. Hort. 16:27—
32.

49. Wiersema, J.H. 1995. Taxonomic information on cultivated plants in
the USDA/ARS Germplasm Resources Information Network (GRIN). Acta
46. Widrlechner, M.P. 1999. A zone map for mean annual moisture balance Hort. 413:109-115.
in the north central United States. Landscape Plant News 10(2):10-14. 50. Williamson, M. 1993. Invaders, weeds and the risk from genetically

47. Widrlechner, M.P. 2001. The role of environmental analogs in manipulated organisms. Experientia 49:219-224.
identifying potentially invasive woody plants in lowa. J. lowa Acad. Sci.
108:(in press).

44. Widrlechner, M.P. 1994. Environmental analogs in the search for
stress-tolerant landscape plants. J. Arboriculture 20:114-119.

45. Widrlechner, M.P. 1997. Hardiness Zones in China. (Color map —
scale ca. 1:16,360,000.) lowa State University, Ames.

56 J. Environ. Hort. 20(1):47-56. March 2002

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



