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hypotheses and might offer clues about the relative ease 
or difficulty of evolving frost tolerance. Such a test would 
focus on genera with species inhabiting temperate areas 
and species inhabiting frost-free areas on two or more 
continents, or families with genera similarly distributed. 
The aim would be to determine which are more closely 
related: frost-tolerant and frost-sensitive sister species or 
genera from a single continent (consistent with taxa dis­
persing globally across the subtropics, then invading the 
frost zone) or frost-tolerant sister species or genera from 
different continents (consistent with taxa invading the 
temperate zone, then dispersing globally across it). 

Our hypothesis concerning the historical development 
of temperate tree floras can be applied more widely when­
ever a major physiological barrier must be crossed. Far­
rell, Mitter, and Futuyma (1992) make a similar case for 
the lower diversity of insects in temperate zones relative 
to the tropics. Certainly the invasion of mangrove habitat 
by angiosperms requires a comparable evolution of new 
physiological capabilities (Tomlinson 1986). The hypoth­
esis is consistent with the distribution of diversity among 
habitat types within temperate biomes as well. If habitat 
shifts require any level of physiological adaptation, then 
the highest diversity will likely occur in the habitat where 
species invaded the temperate zone. This is likely to be the 
oldest habitat occupied and the closest to the habitat type 
of the external source of colonists. In the case of trees, if 
colonization of temperate habitats occurred from the wet 
tropics or seasonally moist subtropics, we might expect 
diversity in temperate biomes to be highest in those habi­
tats with warmer and more moist conditions. Productivity 
in such habitats ranks among the highest in the temperate 
zone. Thus, the observed correlation between species di­
versity and energy flux in temperate biomes could as well 
represent the historical origins of the biota as it could 
variation in the outcome of local interactions under dif­
ferent physical conditions. 

CONCLUSIONS 

The diversity anomaly in temperate forest tree species be­
tween east-central Asia and other regions of the Northern 
Hemisphere appears to be ancient and to have arisen from 
differences between the regions in colonization history 
and perhaps in subsequent rates of proliferation of en­
demic taxa. The fossil record also supports the old hy­
pothesis that the low diversity of temperate tree species 
in Europe and North America's Pacific slope (but not the 
intermediate diversity of tree species in eastern North 
America) resulted from extinctions during the Neogene 
period of cooling climate and glaciation. These extinc­
tions were nonrandom, being centered on old, relictual 
taxa of gymnosperms and old, primarily tropical families 
of angiosperms. 

Geographical distributions and the fossil record sug­
gest that most cosmopolitan taxa of temperate trees origi­
nated in eastern Asia and dispersed to Europe and North 
America, with conspicuous exceptions in the Juglanda­
ceae and, probably, the Fagaceae. Additional temperate 
taxa appeared in Asia after dispersal routes to other tem­
perate regions were largely closed off, giving rise to a large 

number of endemic temperate taxa there, many with trop­
ical affinities. 

This pattern of colonization of temperate regions sug­
gests that the disjunction in diversity between temperate 
and tropical tree species may have arisen in part due to 
physiological constraints on crossing the freezing toler­
ance barrier. Thus, diversity patterns may have significant 
evolutionary as well as biogeographical and ecological 
bases. 

Further resolution of the causes of diversity patterns 
will require new paleontological, biogeographical, and 
taxonomic data and synthesis. It must also be based on 
increased understanding of the physiological basis for the 
relationship of species' distributions to the physical envi­
ronment. 

ApPENDIX 26.1 
REGIONAL DISTRIBUTION OF TREE SPECIES 
INHABITING NORTHERN HEMISPHERE MOIST 
TEMPERATE FORESTS 

Tree is defined as a self-standing woody perennial that 
reaches a maximum height of eight meters or more. The 
four regions are the Northern Hemisphere warm­
temperate humid and temperate-nemoral climate biomes 
of Walter (1979). Taxonomy and range information are 
from Bailey and Bailey (1976), Braun (1950), Camus 
(1936-1938), Chi'en (1921), Cronquist (1981), Elias 
(1980), Kartesz and Kartesz (1980), Krtissman (1979, 
1984), Li (1935, 1973), Meyen (1987), Mirov (1967), 
Mitchell (1974), Ohwi (1965), Petrides (1972), Rehder 
(1940), Uphof (1968), Walter (1979), Wang (1961), and 
Zheng (1983, 1985). Taxonomy follows the most recent 
source for genera and species and Cronquist (1981) and 
Meyen (1987) for families and higher taxa of angiosperms 
and gymnosperms, respectively. Sources of fossil data are: 
Europe: Reid and Chandler (1933), Mai (1960), Kilpper 
(1969), van der Hammen, Wijmstra, and Zagwijn (1971), 
Mai (1971a, 1971b), Takhtajan (1974), tancucka­
Srodoniowa (1975), Collinson and Crane (1978), Friis 
(1979), Mai (1980, 1981), Gregor (1982), Friis (1985), 
Kvacek and Walther (1987), Mai (1987a, 1987b), Mai 
and Walther (1988), Sauer (1988), Kvacek, Walther, and 
Buzek (1989), and Friis (personal communication); east­
ern Asia: Hu and Chaney (1940), Tanai (1972), Takhtajan 
(1974), and Guo (1990); western North America: Wing 
and Hickey (1984), Sauer (1988), and Manchester (un­
published data); eastern North America: Traverse (1955), 
Rachele (1976), Potter and Dilcher (1980), Frederiksen 
(1984a, 1984b), and McCartan et al. (1990). 

Northern tree species with pan-continental distribu­
tions and southern tree species with more than 50% of 
their ranges extending into subtropical or mediterranean 
areas were omitted from the list, even if they inhabit sub­
stantial fractions of the moist temperate forest regions. 
Omitted species that live in moist temperate forests only 
at high latitudes or high elevations often are more wide­
spread in the biome poleward from the moist temperate 
forest zone which, in the Northern Hemisphere, also ex­
tends much farther east or west across the continent; ex­
amples include Betula papyrifera Marsh. (paper birch), 
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Picea mariana (Mill.) B.5.P. (black spruce), and Populus 
tremuloides Michx. (quaking aspen) in North America 
and Betula pubescens Ehrh. (downy birch), Picea abies 
(L.) Karst. (Norway spruce), and Populus tremula L. 
(aspen) in Eurasia. Omitted species that grow in moist 
temperate forests only at low latitudes, often on protected 
sites, represent incursions from the moist subtropics or 
from the mediterranean winter rain biome. Many sub­
tropical tree species occur in scattered locations along the 
southern fringes of the moist temperate forest zone in 
China, including species of Mangletia and Michelia (Mag­
noliaceae), Actinodaphne, Cinnamomum, Lindera, Lit­
sea, Machilus, Neolitsea, and Phoebe (Lauraceae), Cyclo­
balanopsis, Lithocarpus, and Quercus (Fagaceae), 
Elaeocarpus and Sloanea (Elaeocarpaceae), and numer­
ous other genera (Wang 1961). Examples in the eastern 
North American moist temperate forest zone-far rarer 
than in eastern Asia-include Pinus clausa (Chapm.) Va­
sey (sand pine) and Quercus chapmanii Sarg. (Chapman 
oak). 

Also omitted from the list were some cold-weather de­
ciduous tree species in eastern Asia that occur mainly in 
the mountains in the subtropics and more sparsely north­
ward into the temperate forest. Examples include Bretsch­
neidera sinensis Hems!. (of the monotypic Bretschneidera­
ceae), which occurs at elevation 800 to 1,500 m in China's 
Guizhou, Yunnan, and Hunan provinces (Li 1935); Ca­
thaya argyrophylla Chun & Kuang (Pinaceae), from ele­
vation 920 to 1,800 m in Guangxi, Sichuan, Hunan, and 
Guizhou (Zheng 1983); and Rhoiptelea chiliantha 
Diels & Hand.-Mazz. (of the monotypic Rhoipteleaceae), 

Class 
/subclass Order Family Genus 

from elevation 500 to 1,400 m in Yunnan, Guangxi, 
Guizhou, and south beyond the borders of China (Li 
1935). A large number of cold-hardy deciduous and ever­
green species with ranges mainly in the mountains of 
China's western Sichuan and Yunnan provinces and the 
eastern Himalayas also were omitted, including scores of 
tree-size Rhododendron species. 

Tree species that commonly dominate the moist tem­
perate forest canopy on North America's Pacific slope 
were included on the list even if their ranges lie mainly 
outside the moist temperate forest region. Examples in­
clude Pseudotsuga menziesii (Mirbel) Franco (Douglas­
fir), Abies grandis (Doug!. es D.Don) Lind!. (grand fir), 
and Populus balsamifera L. subsp. trichocarpa (Torr. & 
Gray) Brayshaw (black cottonwood). Dominance of com­
munities across several biomes is common among species 
inhabiting this smallest of the north temperate forest re­
gions, as one might expect from the so-called "mass ef­
fect" of spillover among habitats and the larger ratio of 
this region's perimeter to its total area. 

The filters applied to the total floras to derive our re­
gional tree species lists result in underestimation of the 
true tree species richness in all four regions. However, we 
believe that our lists for Europe, the Pacific slope of North 
America, and eastern North America closely approximate 
the total numbers of native tree species actually present in 
those regions. Our list for east-central Asia, by contrast, 
substantially underestimates the total number of native 
tree species actually present due to spillover from subtrop­
ical, tropical, and montane forests along the southern and 
southwestern margins of the region. 

Northern, 
central, & 

eastern 
Europe 

Number of tree species 

East­
central 

Pacific 
slope of 
North 

Asia America 

Eastern 
North 

America 

Ginkgoopsida Ginkgoales Ginkgoaceae*N Ginkgo*N I t t 1 I t I 
I 

Pinopsida Pinales CephalotaxaceaeN Cephalotaxus N 

I 

t 3 
CupressaceaeN Calocedrus t (P) t 1 

Chamaecyparis N t 2 t 2 1 
Cupressus 

I 

1 2 t 3 
Juniperus 3 t 4 t 1 3 
Platycladlls*N 1 
Thuja" I t t 3 t 1 I 1 
Thujopsis*N I t 1 ! PinaceaeN Abies" t 4 14 t 6 I t 2 
Keteleeria E t 1 t i 
Larix" t 1 t 5 I t (P) 
PiceaN t 2 t 9 t 2 t 1 
Pinus t 6 t 14 t 7 t 12 
Pseudolarix"N t t 1 
Pseudotsllga" t t 3 t 1 
Tsuga" t t 7 t 2 , t 2 

TaxaceaeN TaxlIs" t 1 3 t 1 (P) 
Torreya" t 4 t 1 1 

TaxodiaceaeN Cryptomeria"N t 1 
Cunninghamia"N t t 1 
G lyptostroblls" E t t (P) t ; t 
Metaseqlloia"N t t 1 t 

Codes: E (Equatorial!. family or genus is predominantly tropical in distribution; N (Nemor"l), family or genus is predominantly temper,lIe in distribution or 
extends into tropical latitudes mainly at high elevations; ., globally monotypic or ditypic family or genus; t, genus is represented in the Tertiary lossil record of 
tl", region; (P), geogr" phical range of the genus is peripheral to the region andlor the maximum height of the largest species in the genus occurring in the region 
is iess than 8 m (gil'l;n only for those genera lor which Tertiary fossil information is inc/uded); (?), fossil genera identified only tentatively by recent authorities 
(cited above). 

(continued) 
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Number of tree species 

Northern, Pacific 
cent ra l, & East- slope of Eastern 

Class eastern centra l North North 
Isubclass Order Family Genus Euro pe Asia America America 

Sciadop itys*N t 1 t 
Sequoia"' N t t t 1 
Sequoia dendron "N t 1 
Taiwania*N t 1 
Taxodium'oN t t t t 2 

Magnoliopsida Ill ic ia les Ill iciaceae Illicium E t 3 
IMagnoliidae Laura les LauraceaeE ActinodaphneE t 3 

CinnamomumE t t 11 
LinderaE t t 8 t (P) 
LitseaE t t 9 (P) 
Machi/usE t 10 
NeolitseaE t t 5 
NothaphoebeE 1 
Persea E t t 1 
PhoebeE t t 11 
SassafrasN t t 1 t 1 
Umbeliu laria" N t 1 

Magnolia les AnnonaceaeN AsiminaN t 1 
Magnoliaceae Liriodendron"'N t t 1 t t 1 

Magnolia t t 14 t 7 
Manglietia E t 4 
MicheliaE t 3 

Ranunculales SabiaceaeE Meliosma E t 5 

Magnol iopsida Daphniphylla les Daphniphyllaceae DaphniphyliumE 2 
lHamamelidae Eucommiales Eucommiaceae ". N Eucommia" N t t 1 t t(? ) 

Fagales BetulaceaeN AlnusN t 3 t 12 t 1 t 2 
BetulaN t 3 t 14 t (P) t 5 
CarpinusN t 1 t 14 t t 1 
CorylusN t 3 t 3 t (P) 
OstryaN t 1 t 4 t t 1 

FagaceaeN CastaneaN t 1 t 4 t t 2 
CastanopsisE t t 7 t 1 
CyclobalanopsisE t t 4 
FagusN t 3 t 6 t t 1 
LithocarpusE t t 5 t 1 
QuercusN t 11 t 21 t 5 t 32 

Hamamelidales Cercid iphyllaceae '·N Cercidiphyllum"N t t 1 t 
EupteleaceaeN EupteleaN t 2 
HamamelidaceaeN AltingiaE 1 

Disanthus*" t t 1 
DistyliumN t t 1 
Fortuneria" " t t 1 
Hamamelis" t t 2 t 1 
Liquidambar" t t 2 t t 1 
Loropetalum"N 1 
Sinowilsonia" N 1 t 

Platanaceae PlatanusN t (P) t (P) t 1 t 1 
Juglandales JuglandaceaeN CaryaN t t 1 t t 13 

CyclocaryaN t t 1 
EngelhardtiaE t t (P) t 
}uglans t 1 t 6 t 1 t 2 
Platycarya"" t t 1 t t 
PterocaryaN t 1 t 6 t t 

Leitneria les Leitneriaceae"N Leitneria" N t t 1 
Mvricales Myricaceae Myrica t (P) 1 1 t 1 
Tr~chodendra les Tetracentraceae ,. N Tetracentroll"N t(?) t 1 
Urtica les MoraceaeE Brollssonetia t t 1 

Clidrania E 1 
Maclura" N 1 
Moms t (P) 7 t I 

Ulmaceae Aphananthe t 1 t 
CeltisN t 3 t 8 t (P) t 4 
Hemiptele,j"" t I 
Plallera"N t t 1 
Pteroceltis"" t t 1 
Ulmlis N t 6 t 8 t t 6 
ZelkovaN t 2 t 2 t t(?) 

UrticaceaeE Villebntne,jE 1 

(continued ) 
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Number of tree species 

Northern, Pacific 
central, & Eas t- slope of Eastern 

C lass eas tern centra l North North 
Isubclass Order Family Genus Europe Asia America America 

Magnoliopsida Ebenales EbenaceaeE DiospyrosE t t 3 t 1 
IDi li eniidae SapotaceaeE Bume/iaE t(?) 3 

Styracaceae Halesia N t 3 
Pterostyrax N 2 
Styrax E t (P) t 7 t (P) 1 

SymplocaceaeE Symp/ocos E t t 2 t t 1 
Erica les ClethraceaeE C/ethra t t 1 t (P) 

CyrillaceaeE C/iftonia *N 1 
Cyrilla*N t t 1 

Ericaceae Arbutus 1 t 1 
ElIiottia"' N 1 
EnkianthusN t(?) 1 
Ka/miaN t 1 
Lyonia t t (P) t 1 
Oxydendrum"'N t 1 
Rhododendron" t (P) t 6 t 1 t 2 
Vaccinium" (P) 

I 
(P) (p) t 1 

Malvales ElaeocarpaceaeE SloaneaE 1 
SterculiaceaeE Firmiana E t 1 
TiliaceaeE Tilia N t 5 

1 
t 14 t t 3 

Primulales MyrsinaceaeE A rdisia E 1 
Myrsine E 1 

Salicales SalicaceaeN PopulusN t 2 t 14 t 1 t 3 
SalixN t 4 t 23 t 8 t 8 

Theales TheaceaeE Camellia E t t 2 
Franklinia ,. N 1 
GordoniaE t t (P) t 1 
StewartiaN t t 4 1 
TernstroemiaE t t 1 

Violales FlacourtiaceaeE Idesia"N t 1 
Poliothyrsis * N t 1 
Xylosma E t 1 

M agnoliopsida Apiales Ara liaceae Acanthopanax t 2 
IRosidae Aralia t t 2 1 

DendropanaxE 2 t 
Evodiopanax':' N 1 
Kalopanax"' N t 1 

1 Schefflera E t 1 
I 

Celastrales Aquifoliaceae I1ex t 1 t 14 I t 5 
CelastraceaeE Euonymus 1 t 6 t 1 

Cornales AlangiaceaeE Alangium E t t 2 t t 
CornaceaeN At/cubaN 1 

ComusN t 1 t 7 t 1 t 3 
Macrocarpillm N 2 
Torricellia 1 

l\"yssaceaeN Davidia "'N 1 
Nyssa t t 1 t t 3 

Euphorbiales Buxaceae Buxlts t 2 t (P) 
Euphorbiaceae E Mallotus E t t 3 W ) 

Sapilim E t t 1 
Fabales Caesa lpiniaceaeE CercisN 1 t 3 1 

Gleditsia t 5 t 2 
G lymnocladllsN t 1 1 

Fabaceae Cladrastis" t 5 1 
Dalbergia" 1 
Erythrilla l' 1 
LaiJllrl11ll'1l':' N 2 
Maackia N t 2 
Ormosial' 1 
Robinia t t 2 
Sophora t 1 t (P) 

:-'!imosaceael' AI/Jizia' t 3 t 
Myrtales LlThraceael' Lagerstroelllia' t 2 

:-'!ntaceae' SZYZygilllllE t I 
Rhamnales Rhamnaceae Ho!'enia N t 2 

RhamnllsN (P) 2 t 2 t (P) 
Zi:;iphlls' ! t 1 

Rosales HydrangeaceaeN Hydrangea t t I (P) 

ko nrifltled) 
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N um ber of tree species 

Northern, Pacific 
central, & East- slope of Eastern 

Class eastern central North North 
Isubclass Order Family Genus Europe Asia America America 

RosaceaeN AmelanchierN 1 1 1 2 
ChaenomelesN 1 
CrataegusN t 2 t 2 t 1 18 
EriobotryaE t 1 
MalusN 3 t 15 1 5 
Mespilus · N 1 
Photinia 3 
PrunusN t 6 t 32 t 2 t 10 
PyrusN 4 10 
Sorb USN t 8 t 15 1 2 

Santalales OlacaceaeE Schoepfia 1 
Sapindales Aceraceae" Acer" t 12 t 58 t 3 t 9 

Dipteronia'-N 1 
AnacardiaceaeE Choerospondias"N 1 

CotinusN 1 
PistaciaE 1 t 1 
Rhus t (P) t 4 t(?) t 3 
Toxicodendron N 2 t 1 

Hi ppocastanaceae AesculusN t 1 t 3 t 1 4 
MeliaceaeE Cedrela E t t 1 t 
RutaceaeE EvodiaE t t 5 

Phellodendron t t 5 
Ptelea (P) t 1 
Zanthoxylum E t t 3 2 

SapindaceaeE Koelreuteria t t 2 
Sapindus E t t 1 t 2-

SimaroubaceaeE Ailanthus" t t 3 t 
PicrasmaE 1 

Staphylaceae StaphyleaN t 1 1 
Tapiscia" N t 1 t 
Turpinia E t 1 

Magnoliopsida Dipsaca les CaprifoliaceaeN Sambllcus t 1 2 1 1 
IAsteridae Viburnum t (P) t 2 4 

Lamiales Boraginaceae EhretiaE t 3 
VerbenaceaeE Clerodendrum E t (?) 1 

Premna E 1 
Rubiales RubiaceaeE Adina E 1 

Cephalanthus t 1 
Emmenopterys*N 1 t 
Pinckneya' " 1 
RandiaE 1 

Scrophulariales BignoniaceaeE Catalpa t t 3 t 2 
Palliownia t 4 t 

Oleaceae ChionanthllsN t t 1 1 
Forestiera E 1 
FraxinusN t 6 t 14 t 1 t 7 
Ligllstrum (P) t 1 
OsmanthusE t t 4 1 
SyringaN 1 

Liliopsida Arecales ArecaceaeE Sab,liE t I t 1 
IArecidae Serenoa" N t 1 

Tr.lChycarplIsE I 2 

Liliopsida Cyperales Poaceae Anmdinaria 3 

I 

1 
ICommelinidae PhyIlostachysN 12 

Semiarundinaria 1 

Liliopsida Liliales Agavaceae Yucca E 

I 
1 

ILiliidae 
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