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Abstract 
Although natural forests worldwide declined by 6% between 1990 and 2015, 
temperate forests, which currently cover only about 32–47% of their current 
potential extent and are more altered and reduced in original extent globally than 
boreal or tropical forests, have not suffered a net loss in surface area during that 
same time period. In fact the extant of temperate forests globally has increased 
slightly over that period. Nevertheless, very few, if any, remaining temperate 
forests have avoided human impact, and thus few temperate forests are old 
growth. Only about 1% of the remaining Northern Hemisphere temperate broad-
leaved forests is substantially unaltered and can be considered old growth 
natural forest; the vast majority are either managed for wood production, have 
been transformed into plantations, or show the long-term effects of human land 
use practices. Because some of the highest human population densities are 
found in the temperate forest biome, some of the lowest forest areas per capita 
globally occur in that biome. Only the most isolated, inaccessible patches of 
temperate forest remain unaltered by humans. 
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Glossary 
Carbon fixing (or C-fixing) 

The uptake and immobilization of atmospheric carbon (from CO2) by 
plants during photosynthesis. The fixed C becomes plant biomass (wood, 
leaves, roots). 

Ecoregion 
 Geographical area that contains distinct assemblage of species, plant and 

animal communities, and environmental conditions. 
Evapotranspiration 

The process of transferring moisture from the earth to the atmosphere by 
evaporation of water and transpiration from plants: actual 
evapotranspiration as observed at a locality or potential 
evapotranspiration, given unlimited water availability. 

Forest 
For purpose of this article, any land of at least 0.005 km2 covered by trees 
higher than 5 m and with a canopy cover of 10% or more. Wooded areas 
with a tree cover < 10%, alternatively called “woodland”, “savanna”, or 
“savanna woodland”, are not included in this article. 

Hotspot (biodiversity ~) 
 A biodiversity hotspot is a region of the world that is both biologically 

diverse and is threatened with destruction. 
Mesic 
 Moist. Compare to xeric (dry/desert) and hydric (wet/wetland) 
Neogene 

The Miocene and Pliocene Epochs, accorded the status of a period when 
the Tertiary is considered an era. 

Old growth (or “primary”) forest 
Forest that has received no or minimal human disturbance, and thus can 
support the diverse suite of species naturally associated with it, and that 
can function as a healthy evolving ecosystem. 

Physiognomy 
The outward appearance or morphology of a community as determined by 
the growth forms of the dominant plants present. 

Sclerophyllous 
Said of a plant with tough, leathery, evergreen leaves adapted to dry 
climates. Also said of a plant community (including forest or shrubland) as 
a whole. 

Sere 
The series of stages in an ecological succession sequence. 
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Temperate region 
Any locality with at least 1 month of frost (for continental areas) or with 
one or more months with a mean temperature lower than 18 °C (for 
maritime-influenced areas), and with at least 4 months with a mean 
temperature higher than 10 °C. 
 

I .  Overview 
The temperate forests are globally important and unique. They host the largest 
and oldest organisms in the world. They serve as the world's major source of 
timber and wood products and are perhaps the only forests with some proven 
potential for sustainable management. The biomass of at least some temperate 
forests stands exceeds that of any tropical forest. The temperate forests of the 
world also provide critical ecosystem services locally and globally. Like other 
forests of the world, temperate forests are carbon sinks that mitigate some of the 
carbon emissions produced by industrialized societies and are critical to 
modulating hydrological, nitrogen, and carbon cycles. Although the biodiversity of 
temperate forests is typically much lower than that of tropical forests, temperate 
forest biodiversity hotspots with unique evolutionary histories and with high levels 
of endemism rival in importance those of either the tropics or the boreal regions. 
Moreover, Northern and Southern Hemisphere temperate forests are as different 
from each other as either is from tropical or boreal forests. This contrast reflects 
striking differences in climate, biogeography, evolutionary history, and the impact 
of humans.  

The objectives here are to provide an overview of the distribution of 
temperate forests globally; their structure and composition; their evolutionary 
history; their diversity, rarity, and endemism; the ecosystems services they 
provide; the factors that threaten them; and their current conservation status. 
 

I I .  Global Distr ibution Patterns of Temperate 
Forest Systems 
Out of the 25 to 33 million km2 of forests covering the globe (depending on 
sources, and defining “forests” as areas with at least 10% tree cover; see 
Conservation Strategies and Research Needs section below for other definitions 
of “forests”), representing 30% of the global land area, approximately 6.9 million 
km2 (22%) are temperate forests (compare Figs. 1 and 2). A global view of the 
forests of the world reveals everything from broad continuous expanses of trees 
to mosaics of small forest patches in the landscape and from dense, closed-
canopy stands to open wooded parklands. As one progresses from the equator 
through the humid zones at mid-latitude to tree line in the Polar Regions, 
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changes in forest structure and composition typically occur gradually. 
Demarcating where the temperate forests begin and end along this continuum is 
difficult. Indeed, defining “temperate” is difficult, and of the many published 
maps portraying the extent of the temperate forest biome, few agree on 
boundaries. The broadest, most arbitrary definition of temperate forests includes 
all forested areas north or south of the tropics of Cancer and Capricorn, 
respectively, but more commonly, general macroclimatic factors have been used 
to define boundaries. In such cases, the results are maps of the potential 
distribution of forests. Because of the pervasive effects of human and natural 
disturbances, such maps are considerably more extensive than those depicting 
extant forests. Maps of existing forests are generally derived from remotely 
sensed images, but even these vary in what is portrayed as forest depending on 
more or less stringent definitions of what constitutes a forest; consequently, any 
map of current temperate forest cover is potentially misleading. Figure 1(a) 
shows the potential temperate forest ecoregions of the Earth, and is thus an 
overestimate of actual current temperate forest cover. 

Ecoregion boundaries are based in large part on macroclimate, which 
distinguishes the temperate forest ecoregion from the boreal forest ecoregion, 
the tropical forest ecoregion, and the dry ecoregions dominated by arid 
grassland/savanna and shrubland or desert vegetation (Fig. 1(a)). The latitudinal 
boundaries are set by thermal regime as modified from Köppen (1936) and 
Trewartha and Horn (1980), who developed the most commonly used climate 
classification scheme. These zones are similar to those of Holdridge and Walter 
but differ in detail. The temperate forest ecoregion defined in Figure 1(a) 
includes any locality with at least 1 month with frost (for continental areas) or 
with 1 or more months with a mean temperature lower than 18 °C (for maritime-
influenced areas) and with at least 4 months with a mean temperature higher 
than 10 °C (Fig. 1(b)). Moisture availability sets the remaining boundaries, with 
the humid temperate (forest) domain bounded by where precipitation equals or 
exceeds potential evapotranspiration. Most other maps of temperate forest 
biomes employ variations on this theme. 

Biome or community boundaries are only approximate, reflecting the 
difficulty inherent in delineating features that are fuzzy spatially and temporally. 
Boundaries are often either broad ecotones or a mosaic of patches. Moreover, 
these patterns will change as the climate, biotic composition, or disturbance 
regimes inevitably change over time. Consequently, any map will be at best an 
abstract representation of reality. 

Within any biome or ecoregion, subdivisions of convenience may be 
designated. The humid temperate domain can be subdivided into subclimatic 
zones: marine (areas with temperature fluctuation moderated by oceanic 
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influences and with elevated moisture availability, in some cases producing 
rainforests) (Fig. 1(b)4); and continental (areas with comparatively greater 
temperature fluctuation and greater probability of drought) (Fig. 1(b)1 and 1(b)2). 
Temperature zones are delineated as well: subtropical (defined as having 8 or 
more months with mean temperatures higher than 10 °C) (Fig. 1(b)3), 
continental hot temperate (4–7 months with temperatures higher than 10 °C, 
warmest month higher than 22 °C, and coldest month lower than 0 °C) (Fig. 
1(b)2), and continental warm temperate (as for hot temperate, but with warmest 
month lower than 22 °C) (Fig. 1(b)1). 

The excess of annual precipitation over evapotranspiration becomes less 
as one moves away from oceanic influences on continents at mid-latitudes. 
Thus, temperate forests tend to be replaced by grasslands in central North 
America, central and eastern Europe, central eastern Asia, and eastern South 
America. This may be augmented by fire and grazers or browsers. The boundary 
between forest and grassland may be a broad transitional, open wooded 
parkland with scattered trees, or a broad mosaic of forest and grassland patches 
with forests restricted to favorable soils, sites with more moisture, or sites 
protected from fire. 

Forests may also be replaced as aridity increases in Mediterranean 
climates with winter rainfall–summer drought regimes (Fig. 1(b)6). As fire 
becomes a pervasive element in the landscape, forests tend to be replaced by 
sclerophyllous shrublands, thickets, or sometimes open woodlands. Again, the 
transition may be abrupt or a gradual mosaic, with forest patches restricted to 
favorable soils and/or moist sites protected from fires. 

The boundaries between the temperate forested regions and the adjacent 
boreal or tropical regions are often imprecise. In both cases, there can be a very 
broad transition zone with considerable overlap in species composition. The 
subtropical–tropical boundary set by the 18 °C mean monthly isocline is quite 
arbitrary. Some have attempted to show that this boundary approximately 
corresponds to the natural poleward limits of the distribution of palms. 

Boreal forests are distinguished only for the Northern Hemisphere as 
typically conifer-dominated forests within specified climate regimes (i.e., monthly 
mean temperatures all lower than 22 °C but 1–3 months with means higher 
than 10 °C) (Fig. 1(b)5). This boundary corresponds approximately with the 
mean position of the summer polar front in the Northern Hemisphere. 

Confusion remains regarding the classification of conifer-dominated 
forests. The boreal forests of the Northern Hemisphere and the conifer forests of 
the North American Pacific Northwest, the Asian Pacific northeast, and the 
Southern Hemisphere are treated differently by different authors. Using the 
previously mentioned temperature criteria, all of the Southern Hemisphere 
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forests, except perhaps the southern tip of South America, would be classified as 
temperate, as would most of the Pacific forests of Asia and North America. The 
climatic definition for the temperate zone forests will be used here. 

There are parallel inconsistencies in classifying certain subtropical forest 
regions. For example, northern Indian forests, which are climatically subtropical, 
are often classified as tropical. The same is true for forests with some temperate 
affinities in subtropical regions of southern Brazil. 

Dealing with mountainous areas is problematic since they typically contain 
multiple ecoregions (tropical or temperate to boreal and alpine depending on 
elevation and latitude). In the Americas, Africa, eastern Asia, and Australasia, 
one can find discontinuous bands of forest with temperate affinities extending 
from sea level in the temperate zone well into the tropics at higher elevations. 
The most common resolution is to classify all forest elements as part of 
unclassified mountainous regions, as part of the surrounding domain, or as 
separately classified biome units within the domain. One consequence of this 
inconsistent classification is to obfuscate biotic patterns in some of the most 
important global hotspots of biodiversity. 

The temperate forest biome (or ecoregion), thus defined, comprises about 
14 to 15 million km2 (Table 1; estimates vary). By far the largest actual or 
potentially forested landscapes (80% or more) occur in the Northern Hemisphere 
(Fig. 1(a)). The regional biomes include (i) eastern North America from the 
Atlantic coast west to about 95° latitude and from about 45° latitude south to 
about 28°; (ii) western North America from about 35° north to about 60° (and 
mainly from the Sierra–Cascade ranges, west); (iii) western and central Europe 
from the Atlantic coast north to about 60° and east through eastern Europe, but 
excluding the Mediterranean coastal zone and much of Spain, and then 
extending in a narrow strip around 55° east across Russia to west central Asia; 
(iv) a small, discontinuous temperate forest zone in the Middle East, especially 
along the south coast of the Black Sea, to the southern Caucasus and to the 
southern Caspian Sea; (v) eastern Asia from about 50° south to about 25° in 
southern China and from Japan and the Pacific coast northwest to about 120° 
and southwest to about 100°; and (vi) northern south Asia (India) and adjacent 
areas (Fig. 1(a)). 

In the Southern Hemisphere temperate forests are much more restricted 
in extent (Fig. 1(a) and Table 2): (i) eastern, coastal Australia from about 25° 
south to Tasmania, plus the southern tip of Western Australia; (ii) most of New 
Zealand; (iii) southern Chile and adjacent Argentina from about 40° south to 
about 55°; (iv) a small area of southern Brazil just below the tropic of Capricorn, 
plus adjacent Paraguay and Argentina; and (v) small patches of coastal and 
interior forest in south and southeastern South Africa (Fig. 1(a)). 
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Table 2 summarizes the potential and year 2000 extent of forested areas 
within each of the 11 temperate forest biomes, from the World Conservation 
Monitoring Centre (WCMC), the World Wide Fund for Nature (WWF), and the 
Food and Agriculture Organization (FAO) data based on approximately 25 forest 
types, and year 2009 and 2014 extent of forested areas within each of the four 
major types of temperate forests, from Schmitt, Burgess, Coad et al (2009) and 
Juffe-Bignoli, Burgess, Bingham et al (2014). The more conservative estimate of 
potential forest (Table 2, column 3) is for mesic forest coverage only. Maximum 
potential extent (column 4) includes all types of dry forest, woodlands, and 
thickets but not savannas or other sparsely treed landscapes (i.e., tree cover 
<10%). The corresponding ranges under current forest extent are shown in the 
fifth column. These data are only approximate, and were obtained from different 
sources, with different categories or forest type classes reported for different 
regions. In some cases, conflicting information on forest cover is reported from 
different sources. Figure 2 is one of many attempts at mapping the current extent 
of all forests globally. Because of the inconsistencies listed above, and the lack 
of agreement on what constitutes a forest on a global scale (e.g. 10% vs. 30% 
minimum tree cover; see Conservation Strategies and Research Needs section 
below), no two such published map portray the same global extent of forests.   

About 80–90% of the temperate forest biome types are found in the 
Northern Hemisphere (Table 2). For current forest cover (Fig. 2), the data are 
only slightly less for northern dominance. The major northern temperate forest 
biomes of Europe, eastern North America, and East Asia all cover about the 
same potential area. However, eastern North America has by far the largest 
temperate forest cover remaining (40–45%). The Middle East has the smallest 
percentage of potential forest cover remaining (13–18%), followed by East Asia 
(<20%) and Europe (25–30%); western North America has the highest 
percentage of remaining temperate forests (60–75+%). Estimates for western 
North America are only approximate (estimated from WCMC forest type 
information and other data), with the eastern and southern boundaries for this 
system fuzzy and disjunct. Similarly, the estimates for forest cover in South Asia 
are only approximate. For some regions these data can be deceptive. Much of 
the forest covering Europe, especially in Western Europe, is intensively 
managed plantation or seminatural forest. The same is true for Japan, even 
though it retains more than two-thirds of its potential forest cover. China retains 
almost 12% of its original forest, but most of this is in the boreal to northernmost, 
mixed temperate conifer forests. 

Southern temperate forests are fragmented into six or more regional 
biomes, all much smaller in extent than their northern counterparts. The extreme 
ranges in forest cover tabulated for some of the southern biomes reflect the large 



 
de	Gouvenain	&	Silander	2016	Temperate	Forests	-	Authors’	copy				9	

contribution of dry forest systems within the regions. The largest of the southern 
biomes comprises the forests of southern Chile and adjacent Argentina. The 
smallest of all temperate forest biomes is that found in South Africa, perhaps 
rivaled in size only by the forests of Western Australia. Most significantly, the 
South African forests are the richest of all temperate forests in tree families, 
genera, and possibly species (certainly if the complete tree flora is included). 

 
I I I .  General Characterization of Temperate 
Forests 
 
A. Physiognomic Features 
Each of the previously discussed 11 temperate forest regions may be 
characterized by general physiognomic features (i.e., the outward appearance 
and structure of the dominant vegetation): 

1. Eastern North America: dominated by broadleaf deciduous forests, mixed 
with conifers to the north, locally dominated by conifers under drier, 
successional conditions or in fire-prone areas in the southeast and northwest, 
plus small patches of broadleaf evergreen forests in the south. Closed 
canopy forest systems predominate. 

2. Western North America: dominated by evergreen conifers with broadleaf 
trees contributing little to the forests; some northwestern coastal areas 
support rainforests (i.e., rainfall in excess of 2000–3000 mm per year). The 
eastern edge of this biome is discontinuous and grades to open conifer 
woodlands (<10% tree cover) and montane boreal forests. To the south it 
grades to a mosaic of conifer or broad-leaved evergreen woodlands or 
shrublands. 

3. Europe: mainly broadleaf deciduous forests, mixed with conifers to the 
north and in mountainous areas, and to the south grading to a mosaic of 
broadleaf evergreen forests (with many sclerophyllous species), conifer-
dominated forests, and shrublands under Mediterranean climate influence. 

4. Middle East: mainly broadleaf deciduous forests with a mosaic of broadleaf 
evergreen, sclerophyllous, and conifer forests and woodlands. Rainforests 
occur very locally near the southeastern Black Sea coast. 
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5. Eastern Asia: mainly broadleaf deciduous forests mixed with conifers to the 
north and broadleaf evergreen forests to the south; mostly mesic closed 
forests. Evergreen broad-leaved rainforests occur locally in southeastern 
Japan, one of the rarest forest types found in the Northern Hemisphere. 

6. South Asia: dominated by broad-leaved evergreen to semievergreen 
monsoonal forests; temperate mixed forests (locally rainforests) occur in the 
foothills of the Himalayas. 

7. Australia: dominated by broadleaf evergreen forests (mostly 
sclerophyllous); small patches of closed forest (<70% cover) and extensive 
areas of open forests grading to woodlands. Very restricted patches of 
rainforest are found in southeastern Australia and western Tasmania. 

8. New Zealand: dominated by conifers and mixed with broadleaf evergreen 
forest patches, especially on the north island and locally on the south island. 
The western forests in New Zealand are rainforests. 

9. Southern South America: dominated by broadleaf evergreen forests with 
some conifers. Broadleaf deciduous forests prevail in the southernmost areas 
and at higher elevation in the Andes; rainforests are restricted to the Pacific 
slope south of about 40° latitude. 

10. Southern Brazil: characterized by the presence of southern conifer 
forests; elsewhere in this zone the forests are dominated by evergreen or 
semideciduous angiosperms with patches of open forest and thicket to the 
west. 

11. South Africa: mixed broadleaf evergreen (many sclerophyllous species) 
with some conifers forming a very patchy mosaic in the landscape with 
thickets, shrublands, and savannas. 

 
B. Dominant Florist ic Features 
The community dominance and floristic affinities for these regions as they exist 
today can be characterized very broadly. Detailed descriptions and 
characterizations may be found elsewhere. There are broad floristic affinities 
among the forested biomes in the Northern Hemisphere with many shared 
families and genera both now and in the fossil record. These include older 
lineages from the Tertiary flora of Asiamerica and recent lineages that evolved 
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under cooler and/or drier climates. The Southern Hemisphere forests are very 
different floristically, with few important families or genera shared with the north. 
There are some Gondwanaland lineages in common now or in the fossil record. 
However, the floras today reflect considerable divergence with many tropical 
affinities and many fewer common links than are seen in the north. 

In northeastern North America birch, maple, beech, and hemlock (genera 
Betula, Acer, Fagus, and Tsuga, respectively) dominate the landscape, with the 
latter two tending to form monodominant stands late in succession. Farther south 
and west the forests tend to be dominated by oaks (Quercus spp.) or hickories 
(Carya spp.). The central sections, especially in the central to southern 
Appalachian Mountains, tend to be the richest, with a diminished tendency 
toward dominance by one or a few canopy species; the highest regional tree 
diversity is found in the southeast. In the extreme southern United States, small 
patches of evergreen forest are found in protected areas dominated by 
evergreen oaks and Magnolia. Much of the southeast United States is now 
dominated by pine (e.g.Pinus taeda) plantations. Fire successional pines also 
dominate parts of the northern mid-west. Drier sites throughout the eastern U.S. 
tend to be dominated by oaks or conifers, especially pines; wetter sites are 
dominated by conifers (e.g., Tsuga spp. to the north and Taxodium spp. to the 
south) or by locally adapted broad-leaved deciduous species (e.g., Ulmus, 
Nyssa, and Acer spp.). 

Western North American forests are dominated by a small number of 
large, long-lived conifer species; deciduous angiosperms are only minor 
components. The Pacific Coast rainforests are dominated by hemlocks (Tsuga 
spp.), firs (Abies spp.), spruce (Picea spp.), and/or cedar (Thuja spp.) from 
Alaska south to Washington State. Douglas fir (Pseudotsuga menziesii) 
becomes important in the central coast. Timber industries in these zones tend to 
actively manage the landscape for monospecific stands of native species (e.g., 
Douglas fir). Fragmented stands of redwoods (Sequoia sempervirens), the tallest 
trees in the world, occur more southerly extending to central California. On the 
drier eastern slopes of the coastal mountains (central sections), pines, Douglas 
fir, and sometimes poplars (Populus spp.) dominate the landscape. Further 
south in the Sierra Nevada Mountains one finds local dominance by 
Sequoiadendron giganteum, the most massive organism in the world, and Pinus 
longaeva, the longest-lived tree. Drier, lower elevation landscapes in the south 
(California) may be dominated by broad-leaved evergreen forests of tanoaks 
(Lithocarpus sp.) and madrone (Arbutus sp.) or open oak, pine, or mixed 
woodlands, which grade into Mediterranean shrublands (known as Chaparral), or 
grasslands. 
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European forests are highly disturbed and fragmented following centuries 
of human habitation. Central European forests tend to be dominated by beech 
(Fagus spp.) on many intermediate sites and by various oaks (Quercus spp.) on 
drier and slightly wetter, or very acidic sites. The wettest sites tend to be 
dominated by birches (Betula spp.). Many of these forests have been converted 
to Picea or Pinus plantations. For example, German forests have gone from 90% 
deciduous broadleaf domination to 80% Picea plantations. To the south there is 
a transition to dominance by evergreen oaks and pines under Mediterranean 
influence. To the north and throughout much of the central uplands, conifers 
(Pinus, Picea, Abies, and Larix spp.) can locally dominate the landscape or there 
are mixed forests with beech and birch. Many of the European forests not in 
plantation are still actively managed for timber products. 

The Middle Eastern forests of northern Turkey to the Caucasus and the 
southern Caspian Sea are probably the poorest known and least studied of 
temperate forests. In the western Mediterranean-influenced zone, one finds 
sclerophyllous forests and woodlands dominated by pines and oaks. Along the 
coast of the Black and Caspian Seas and the southern Caucasus (Colchian and 
Hyrcanian regions) one finds highly diverse, mesic deciduous forests with oaks, 
maples, beech, chestnut, and many other species. At higher elevations the 
forests are dominated by beech with conifer-dominated or mixed stands above. 
Drier sites in the landscape are dominated by open oak forests or woodlands. 
Many of these forests have experienced a long history of human occupation and 
associated agriculture (or agroforestry) with more or less widespread 
overgrazing. 

East Asia has the most diverse temperate forests in the Northern 
Hemisphere. Along the Pacific coast in northern Japan, southern Russia, and 
China, one finds forests similar to those of the North American Pacific Northwest, 
with conifer dominance but also mixed with broad-leaved species of maples, 
birches, limes (Tilia spp.), and elms. Central China has been extensively 
deforested for agriculture for centuries, and there is very little forest cover left, 
although recently with the migration of people to cities, some areas are 
becoming reforested. Remnant tracts here indicate a rich diversity of mixed 
deciduous trees mentioned previously plus many other genera, including oaks, 
elms, poplars, ash (Fraxinus spp.), and rowan (Sorbus spp.), with a rich 
understory. Locally, the understory may be dominated by bamboos. The same 
pattern is seen in Korea and Japan. In southern Japan, much of the forest is 
managed for native Cryptomeria, and in the north it is managed for Abies or 
Picea. South of the Yangtze River in China and in eastern and southern Japan 
broad-leaved evergreen species increase in dominance as one approaches the 
subtropics. These are the most diverse temperate forests in the Northern 
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Hemisphere, with many of the same genera listed previously. However, these 
have become highly fragmented through human disturbance. In southern China 
there is a shift to forests with strong tropical affinities. 

The temperate forests of South Asia are difficult to categorize. Most of the 
lowland and premontane remnant forests of northern India are climatically 
subtropical but the flora also contains tropical species. There is local strong 
dominance by Sal (Shorea robusta) and bamboos. The northern hill forests are 
temperate with high species diversity. Oaks mixed with species in the Lauraceae 
family dominate the forest, but maples, Castanopsis, and Magnolia also occur. In 
the montane zone diverse oak forests are mixed with conifer (Abies, Picea, and 
Pinus spp.) and patches of Rhododendron. As is the case in much of Asia, these 
forests have long been affected by human disturbance. Throughout the lower 
elevations small stands of exotic Eucalyptus, teak, pine, or Populus plantations 
are common. 

The subtropical forests of the eastern mountains and coastal areas of 
Australia and the small areas of forest in Western Australia are dominated by 
numerous sclerophyllous Eucalyptus tree species (locally, stands tend to be 
dominated by one or only a few species). The eucalypt forests tend to form 
open-canopy stands grading to woodlands. The tallest angiosperm trees are 
found here. Only on Tasmania and in scattered pockets along the eastern 
mountain chain is there local dominance by closed-canopy or temperate 
rainforest species, including the southern beech (Nothofagus sp.) and various 
southern conifers (Dacrydium, Phyllocladus, Arthrotaxus, or Araucaria spp.). 
Throughout much of southeastern Australia plantations of exotic Monterey pine 
(Pinus radiata) have become a pervasive component of the landscape. 

The forests of New Zealand tend to be either multi-storied mixed conifer–
broadleaf with species composition varying across the landscape or low-diversity 
southern beech (Nothofagus spp.) forests. The mixed forests dominating in the 
lowlands have a scattered overstory of Agathis in the north or various podocarps 
(e.g., Podocarpus, Dacrycarpus, and Phyllocladus spp.), with a sub-canopy of 
Lauraceae (Beilschmeidia spp.), Myrtaceae (Metrosideros spp.), Cunoniaceae 
(Weinmannia spp.), and many other families and genera. Evergreen Nothofagus 
forests may form pure dense canopies in subalpine areas and may be a 
component in the lowland forests along with other broad-leaved species. 

The temperate forests of southern South America are confined to Chile 
and adjacent areas of Argentina. They vary from small remnants of 
sclerophyllous forests and woodlands in the Mediterranean zone to the species-
rich Valdivian rainforests, the species-poor but still extensive north Patagonian 
and Magellanic forests, and depauperate deciduous Nothofagus forests at higher 
elevations and the interior south. The sclerophyllous forests are dominated by 
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Acacia caven and other species, with deciduous Nothofagus forests at high 
elevation. The Valdivian forests may be either broadleaf dominated, with 
Nothofagus, Eucryphia (Eucryphiaceae), Laurelia (Monimaceae), Weinmannia, 
and other species, or mixed with conifers (Podocarpus, Araucaria, or Fitzroya 
spp. (Cupressaceae)). The north Patagonian/Magellanic forests are dominated 
by evergreen Nothofagus mixed with Podocarpus, Weinmannia, and Drimys 
(Winteraceae). To the south, one of the deciduous Nothofagus species (N. 
pumilo) forms a pure stand or is mixed with N. betuloides at timberline. Many of 
the remaining Chilean forests are being clear-cut for wood chips and converted 
to P. radiata or Eucalyptus plantations. 

The southeastern forests of Brazil have many south temperate affinities 
and are characterized by the presence of species in genus Araucaria. Other 
south temperate forest tree species include those in genera Podocarpus, 
Weinmannia, and Drimys, plus species in the Sapindaceae, Proteaceae, and 
Myrtaceae families. These forests have been largely cleared for agriculture. The 
subtropical forests to the west in adjacent Paraguay and Argentina have more 
tropical affinities. 

The forests of South Africa are some of the richest in tree species of any 
in the temperate zone. However, this is also the smallest of all temperate forest 
biomes, and it is highly fragmented into many small forest patches. It is not clear 
how forest cover has changed during the Pleistocene. These forests do have 
south temperate affinities, with the presence of Podocarpus, Cunoniaceae, and 
Proteaceae, but most of the temperate forest flora has tropical affinities, and the 
level of tree endemism is high for a continental area contiguous with tropical 
forests. The “Afromontane” forest elements extend from southernmost South 
Africa at sea level to the mountains of northeastern Africa. The coastal, Indian 
Ocean (Maputaland/Pondoland) forests are quite different floristically, with high 
diversity and many local endemics. A significant percentage of the forested 
landscape is planted exotic P. radiata or species of Eucalyptus. 

 

IV. Trends in Biodiversity 
Comparing trends in biodiversity within and among regions is fraught with 
difficulties. The results can differ depending on the scale of the sample unit 
compared (i.e., 0.001 vs. 1, 1000, or 100,000,000 ha). For many regions of the 
world, data are available only for a limited scale range. For example, in East Asia 
there are very few accessible data records for small plots (0.1–100 ha). In other 
regions (e.g., the Middle East), species diversity numbers are either estimates for 
large areas or entirely lacking. For many records the number of tree species may 
be accurately reported but the number of herbaceous, especially ephemeral, 
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plants may be significantly undercounted or not reported at all. Even simply 
listing tree species numbers can be misleading because authors vary widely in 
delimiting the threshold size for what constitutes a tree. Likewise, authors vary in 
classifying vegetation type with which tree taxa may be associated (closed forest 
to sparsely treed parkland). Nevertheless, some trends appear robust. 

Table 3 summarizes regional tree taxon richness from a variety of different 
sources, and Figure 3 plots tree richness tallies against area for 75 forest sample 
sites throughout the temperate zone (spanning 10−2 to 108ha). Despite this large 
range in areas and the inherent variation in estimates and counts, there are 
significant differences in tree richness among biomes and between hemispheres. 
For these data, greater tree species richness occurs in the Southern Hemisphere 
across the full range of areas surveyed (Figure 3). This is also reflected in the 
absolute number of families and genera. For species, the totals are similar, but 
the tabulated survey covers only a small part of the diverse tree flora for 
Australia and South Africa, respectively, and only part of southeastern Australia 
and Tasmania and Kwazulu-Natal province and adjacent Transkei. If all the tree 
species are included for South Africa alone (well over 1000 species in 370 
genera and 97 families), the species numbers would be higher in the Southern 
Hemisphere despite the fact that southern forests only cover about 10–20% of 
the area of northern forests. On an area basis, the taxon richness of the southern 
temperate forests is at least an order of magnitude greater than that in the north. 

This high Southern Hemisphere diversity is contributed largely by the flora 
of South Africa, arguably one of the richest per unit area of any biome globally. 
Australia and New Zealand also contribute to this Southern richness, each 
having a taxon richness per unit area of 4–10 or even 100 times that of northern 
forested regions. Just the rainforests of New South Wales and Victoria, covering 
less than 2,000 km2, have more than 250 tree species (not all included in Table 
3). Even the Chilean forests, which are fairly depauperate in tree species among 
temperate forest biome, have more taxa per unit area than any northern biome 
except for East Asia, which, among northern temperate forest biomes, has by far 
the richest tree flora. Europe and western North America forests are the most 
depauperate, with Europe having the lowest tree taxon diversity per unit area 
globally. 

Figure 4 shows the species-area curve on log scales for all vascular 
plants tallied from 200 plots or regions (with sample size spanning 10−6 to 108 
ha) across all temperate forest biomes. Here, the hemisphere trends are 
reversed; the North has a slight but significantly higher total vascular flora than 
the South across the range of sample areas. East Asia and the Middle East (the 
latter, a smaller sample size) tend to have the highest vascular plant diversity, 
and New Zealand, South America, and western North American forests tend to 
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have the lowest vascular plant diversities. Forested systems in eastern North 
America, Europe, Australia, and South Africa tend to be intermediate across 
areas sampled. There is a dramatic decrease in species diversity toward the 
pole, more so in the Southern Hemisphere. In pairwise comparisons at 
intermediate sample areas the trends tend to hold. The vascular plant flora for 
East Asia at 0.5–10 ha is significantly richer than that of Europe or eastern North 
America. However, few differences can be seen among regions at the smallest 
plot sizes (<0.01 ha). 

Trends in alpha (local), beta (landscape), and gamma (regional) diversity 
vary considerably within and among regions. Some of the large- to intermediate-
scale patterns in species richness are undoubtedly related to spatial landscape 
heterogeneity. Regionally, high levels of species richness are associated with 
mountains (e.g., the Smoky Mountains of eastern North America, the Pyrenees, 
Alps, or Balkan Mountains of Europe, and the Sichuan Mountains or Mount Halla 
in East Asia). Complex mosaics of vegetation types (e.g., southeast Australia or 
Pondoland of South Africa) or multiple successional states (e.g., Indiana Dunes 
National Seashore) all tend to support significantly higher diversity than adjoining 
areas. Even for the United Kingdom, with an exceptionally small flora overall, 
regional or county floras that encompass a diversity of habitats and seral stages 
may have as many species as are found in many similar-sized temperate regions 
elsewhere. Within Europe there many more tree species in the southern, 
Mediterranean-influenced region with complex spatial heterogeneity (almost 100 
versus 12 common and 25 uncommon species in northern and central Europe). 
Perhaps the high tree and overall species diversity in South Africa is related to 
the extreme spatial heterogeneity and natural fragmentation of the vegetation 
(forest and otherwise). Locally or regionally, lower species diversity tends to be 
found under closed conifer forests and late successional stands dominated by 
trees that cast deep shade. Often, the highest diversity will be found in 
intermediate successional stage forests or in a landscape with a mosaic of seral 
stages. Locally, higher diversity will tend to be found on richer, fine-textured soils 
with neutral pH with higher cation exchange capacity and more humus. This 
contrasts with diversity trends elsewhere. For example, higher diversity tends to 
be found on poorer soils in Mediterranean shrubland biomes. 

Compared to tropical forests, the species richness (of trees, or of all 
vascular plants) in the temperate zone will usually be smaller than that of 
comparable areas in the tropics, especially at the 0.05- to 10-ha scale. Most 
temperate forest stands tend to be dominated by one or a few species, with the 
other tree species being uncommon or rare. In the majority of tropical forest 
stands local dominance by one or a few species is rare and greater evenness is 
common. Only on a regional basis may floristic diversity of temperate forests 
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(e.g., southern China and South Africa) begin to approach those observed in the 
tropics. 

An alternative measure of global richness patterns may be obtained by 
focusing on clades or higher taxonomic richness. Table 3 indicates that there are 
more genera and families in the Southern Hemisphere forests sampled. Also, the 
ratios of species to genus and genus to family tend to be lower in the South. 
These trends indicate a potentially richer phylogenetic diversity (using higher 
taxa in lieu of cladistic information) in the South. A complementary, global 
perspective is provided by the British Natural History Museum (NHM) global 
mapping of plant family richness (395 in total) on 10° latitude/longitude grids. 
The trends reveal higher family diversity on average in the tropics, with the 
richest 10°x10° cells in Southeast Asia, and a dramatic decline toward the 
poles. However, family richness is as high in southern China as it is anywhere 
else in the world (other than Southeast Asia), and about as high in the central 
southern United States as in most of South America (including Amazonia) and 
as high in southern Africa as in tropical Africa. Centers of plant family richness in 
the temperate zone at the 10° grid cell scale include southern East Asia, 
southern North America, and southern Africa, with lower diversity in Europe and 
temperate Australia and South America. 
 

V. Endemism and Range Size Rarity 
Endemism (species restricted to specific localities) and taxon rarity have 
received a similar amount of attention to biodiversity. How do levels of plant 
endemism compare among temperate forested regions and with other biomes? 
Statistics on plant endemism tend to be available for only a limited range of 
spatial scales (often countrywide, occasionally for states or provinces, and 
infrequently for localities) and are often incomplete or lacking for poorly known 
regions such as the tropics. Nevertheless, there are some trends in the data that 
are available. Boreal and cold temperate forested regions in the Northern 
Hemisphere tend to have very low levels of endemism based either on absolute 
numbers or the percentage expected on average per unit area (e.g., northern 
and western European countries (0–2%) and the eastern United States (0 to 
<1%)). Regions that include warm temperate to subtropical regions with 
topographically heterogeneous landscapes (and therefore heterogeneous 
climates and vegetation types), and especially with isolated mountain ranges, 
tend to have higher-than-expected endemism per unit area (e.g., Bulgaria (9%), 
Turkey (31%), western North America, and countrywide for China (56%)). Larger 
islands and peninsulas tend to have higher than expected species diversity (e.g., 
Korea (14%), Florida (12%), Japan (37%), and New Zealand (82%)). The 
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Southern Hemisphere forested regions tend to have some of the highest levels of 
floristic endemism globally with respect to their entire flora (50–80% for Australia, 
New Zealand, Chile, and South Africa), which in part reflects the geographic 
isolation of those regions. Tree species endemism is more difficult to determine 
and likely to be much lower. For example, in South Africa about 25% of the more 
than 1000 tree species are confined approximately to that country’s borders and 
about 40% are confined to southern Africa (versus 70–80% for the entire flora). 
Regional tree endemism is much lower (e.g., about 8% for Pondoland and 15% 
for Maputaland forest regions). However, very high levels of continental 
endemism for tree species are found in southern South America: 85% of the 
woody species and 34% of the genera are endemic. 

Compared to tropical forests, the absolute numbers of endemics are 
generally lower in the temperate zone, except perhaps for parts of the Southern 
Hemisphere temperate zone. This reflects the larger floras in the tropics, which 
are still poorly known for many localities. However, on the basis of expected 
percentage endemism per unit area the trends are less clear. For example, 
although Venezuela (38%), Panama (13%), and the Congo (29%) have higher 
than expected levels of plant endemism, Columbia (4%), Nicaragua (<1%), and 
Nigeria (4%) have lower than expected endemism. On a subregion or local basis 
the tropics may well have substantially higher levels of endemism than 
equivalent localities in the temperate zone, but this pattern remains to be shown 
conclusively. 

Species endemism is only one way to assess rarity or the geographical 
restrictions of taxa for conservation purposes. Range size rarity of taxa or clades 
evaluated in the absence of political or other arbitrary boundaries may be a more 
consistent and robust means of judging rarity. A global survey by the British 
NHM of range size rarity was done on a 10° grid for selected plant taxa. This 
showed that there were no clear trends between warm temperate and tropical 
regions in range size rarity. Many, perhaps the majority of the most critical 
hotspots are in temperate grids that include forested regions (e.g., southern 
South Africa, central China, southeastern Australia, and central to south-central 
Chile, with secondary centers in southern Chile, northern New Zealand, 
elsewhere in China, and the southeastern United States). Clade rarity and 
endemism need evaluation as an alternative to enumerating species endemism 
or range size rarity. 
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VI. Explanations for Patterns of Diversity and 
Endemism 
A variety of hypotheses have been put forward to explain local and global 
patterns of species distributions and therefore richness. One author lists as many 
as 120 named hypotheses for variation in species richness. Geological and 
biogeographic history provides one set of important related explanations for 
observed trends in richness and endemism. This may well explain some of the 
patterns within and between hemispheres. 
 
A. Historical and Geological Explanations 
In the Triassic period (251-199 million years ago (mya)) plate tectonic activity 
had united major landmasses of the world to form a single supercontinent, 
Pangaea (Figure 5) that created the potential for a common biota. However, by 
the beginning of the Cretaceous period (145-65 mya) this landmass began to 
break up, forming northern (Laurasia) and southern (Gondwanaland) 
landmasses. This, together with the formation of a broad sea, effectively isolated 
Laurasia from Gondwanaland. The angiosperm and gymnosperm floras on these 
separate landmasses thus began to evolve independently. This history is 
reflected in both the Tertiary (65-2.6 mya) floras of the fossil record and the floras 
we see today. Until approximately 40 million years into the Tertiary Period the 
climate was warm, moist, and relatively stable. In the Northern Hemisphere 
forests spanned North America and Eurasia into the present-day Arctic. In the 
mid-Cretaceous Period (100 mya) these forests were dominated by both 
gymnospermous conifers (Pinaceae, Ginkgoaceae, and Taxodiaceae families) 
and angiosperm taxa. Early examples of widespread flowering plant genera 
include Magnolia, Betula, and Platanus. Many modern northern genera soon 
followed in the fossil record (e.g., Quercus, Castanea, Carya, Ulmus, Juglans, 
and Acer), also spanning the Northern Hemisphere. 

By the beginning of the Neogene Period (approx. 25 mya) the global 
climate began to change, becoming cooler and drier in certain regions as a 
consequence of mountain building and shifts in ocean currents. In the cold 
northern regions, conifers were favored, giving rise to the boreal forests. At 
midlatitude, summer drought and/or winter cold favored deciduous angiosperms. 
Midcontinent aridity also gave rise to the temperate steppe grasslands and 
deserts. This, together with Pleistocene glaciation, undoubtedly contributed to 
divergence in the north temperate forest floras and their biodiversity. 

In Europe and central Asia, east–west trending mountain ranges and arid 
zones blocked the southward retreat of the forests as the glaciers advanced. In 
consequence, there was apparently greater species extinction here than 
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elsewhere in the Northern Hemisphere, and geographic isolation prevented 
recolonization from temperate or tropical locations elsewhere. In contrast, in east 
Asia, continental glaciation was less extensive and continuous connections with 
tropical wet forests permitted temperate forest species to retreat south and 
advance north with climate oscillations; there were many fewer extinctions and 
thus greater retention of an older phylogenetic diversity. This tropical connection 
undoubtedly accounts for the greater tropical affinities seen in the flora of East 
Asia today. In eastern North America the mountains trend north–south and thus 
migrations with the glacial oscillations were possible. However, the tropical 
connections were largely blocked by seas or arid zones. Compared to Asia, 
there were more extinctions with fewer opportunities for recolonizations by taxa 
with tropical affinities. In eastern North America the phylogenetic lineages thus 
have a more recent and more northerly origin. Western North America suffered 
the greater extinctions than eastern North America. Extensive mountain building, 
accompanying aridity, and the development of a Mediterranean climate to the 
south favored conifers or sclerophyllous trees with divergent evolutionary 
lineages from those of the mesic Tertiary forests. To the north, cool, wet climates 
favored conifer forests (many with Tertiary affinities) at the expense of 
angiosperms. 

The forests of the Southern Hemisphere began similarly in the Cretaceous 
period (145-65 mya). Warm, mesic, mixed conifer and angiosperm forests 
spanned Gondwanaland, dominated by southern conifers, including species in 
the Auracariaceae and Podocarpaceae families, and southern angiosperms, 
including species in the Cunonaceae, Proteaceae, Myrtaceae, and Sapindaceae 
families. In addition to these, the family Casuarinaceae and the genus 
Nothofagus were present throughout, except on the part of Gondwanaland that 
would later become Africa. Gondwanaland began to break up early in the 
Cretaceous (Figure 5) well before Laurasia. Southern Africa, Madagascar, and 
India had become isolated by the early Cretaceous. This undoubtedly accounts 
for Africa's and Madagascar’s greater dissimilarity with the rest of the southern 
temperate flora. India eventually joined Asia and today has primarily north 
temperate or Asian tropical floristic affinities. Not until the mid-Cretaceous period 
(100 mya) did South America separate from Africa, and not until the late 
Cretaceous (80 mya) did Antarctica and Australia finally separate. Climate 
changes in the Southern Hemisphere were less dramatic during the Neogene 
period (approx. 20 to 3 mya) and the Pleistocene epoch (approx. 3 mya to 
10,000 years ago) than they were in the Northern Hemisphere. Aridity and 
glaciation were more localized and the climate remained less continental, and 
therefore the forest flora retains more of the characteristics of the warm, mesic 
Tertiary flora than is the case in the north. 
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During the Neogene Period temperate southern Africa experienced 
increased aridity. With climatic oscillations the forests expanded and contracted, 
and many of the Gondwanan elements became extinct, leaving only a couple of 
species in family Podocarpaceae and a minor contribution of Cunonaceae and 
Proteaceae to the forest flora today. Connections along the east coast of 
southern Africa allowed interchange with the tropical forest flora, and today the 
temperate South African forests have the strongest tropical affinities of any 
temperate region and the greatest tree diversity. Exceptionally high levels of 
spatial and temporal environmental heterogeneity may contribute to speciation 
here as well. With substantial tropical affinities also found in Australia and New 
Zealand, the Southern Hemisphere temperate forests as a group have a much 
stronger representation of tropical plant families than do the Northern 
Hemisphere forests. 

During the Pliocene epoch (approx. 5 mya) the southern temperate forest 
region of Chile and adjacent Argentina became isolated from the rest of South 
America by the Andes and arid zones to the north and east. The isolation and 
relatively small extent of these forests undoubtedly account for the low diversity 
and high endemism found here. Only in the extreme south of Chile and at high 
elevations with lower mean and absolute temperatures are deciduous 
Nothofagus forests found in the Southern Hemisphere. 

Australia and New Zealand retain much of their Tertiary flora. The 
maritime climate of New Zealand has changed relatively little during the Tertiary 
period. Its long isolation from other landmasses is responsible for the high level 
of endemism. Increased aridity in Australia in the Neogene period substantially 
affected the temperate forest structure and composition. Explosive radiation 
occurred in the genera Eucalyptus (Myrtaceae) and Acacia (Mimosaceae). 
Unique among temperate forests, there are more than 500 species of Eucalyptus 
in Australia (many restricted to temperate forests), that are sclerophyllous and 
drought- and fire-tolerant tree species that dominate most of the temperate forest 
and woodlands in the east and west. Only in moist, cool patches in the southeast 
or at higher elevations are remnants of the Tertiary flora found. Genus 
Nothofagus, and families Araucariaceae and Podocarpaceae, among other taxa, 
are part of the rich tree flora. 

As the above account indicates, it is not simply history or geology but a 
complex process that incorporates the role of temporal and spatial 
heterogeneity, geographic isolation, recent Pleistocene effects, and the role of 
climate stability that jointly affect the patterns of taxon distributions, diversity, and 
endemism we see today. What about other explanatory variables? 
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B. Productivity 
The differential effects of solar radiation figure prominently as an explanatory 
hypothesis, measured either directly or indirectly via actual or potential 
evapotranspiration (i.e., AET or PET) or productivity. There is conflicting 
evidence on the relative importance of this as an explanatory variable versus 
historical factors, at least at the regional scale. Examined at the plot level (∼1 ha) 
across regions, correlations are found between diversity and AET. There are also 
correlations at the regional and latitudinal scales (boreal vs. temperate vs. 
tropical forests). However, other evidence shows that differences at regional and 
local scales can be well explained by historical factors after taking into account 
AET. Global joint correlations between species richness and productivity were 
examined by the British NHM for plant family diversity on a 10° grid scale. This 
study showed higher family richness than expected from productivity in southern 
Africa, southern North America, and southern East Asia and lower or expected 
diversity elsewhere in the temperate zone. Undoubtedly both sets of factors may 
be involved, but these remain only correlates; cause–effect relationships have 
not been demonstrated. 
 
C. Spatiotemporal Heterogeneity and Other Explanations 
The roles of disturbance regimes and environmental or habitat heterogeneity at 
local and regional levels have figured prominently as explanatory hypotheses for 
species richness patterns. Higher diversity is predicted under intermediate levels 
of disturbance. On a local or landscape level there is considerable evidence to 
support this idea. Mid-successional forests and successionally diverse landscape 
support a richer flora. For example, in northeastern North America many of the 
extinct or threatened species are those that occurred in open or early 
successional landscapes that were common 100 years ago but have since 
disappeared with the homogenizing reforestation of the landscape. 

The predominant natural disturbances in temperate forest zones include 
fire and windstorm. Fires are most prevalent in the drier forests of western North 
America, Australia, South Africa, and the Mediterranean Basin. In many of these 
systems, periodic fires contribute to higher landscape biodiversity. The role of 
fires in other forest systems is less clear. Large cyclonic storms affect mainly 
eastern coastal, mid-latitude regions in the Northern Hemisphere (eastern North 
America and Asia). Tornadoes-generating storms are most prevalent in mid-
continental North America, and contribute to heterogeneous successional stages 
in the landscape and thus higher landscape diversity. Occasionally, human 
activity can also contribute to higher landscape diversity. Historically, Europeans 
husbanding the landscape for diverse forest products undoubtedly increased the 
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local diversity over what it would have been naturally. Humans creating a 
moderate spatially and temporally heterogeneous landscape ironically may 
contribute slightly to increased regional diversity. The higher regional species 
richness in mountainous areas associated with the manifold habitats was 
discussed previously. Another example is the extremely rich South African 
forests (and other South African biomes). The high local and regional richness 
there has been largely attributed to the environmental heterogeneity found at this 
scale. 

In addition, there are many other explanatory variables for patterns in 
species richness, some of which were intimated or included in the topics 
discussed previously: environmental stability or predictability, abiotic rarefaction, 
land area, seasonality, aridity, range limits and geometric constraints, and many 
more. For many of these factors it is easy to establish correlation and much 
more difficult to establish cause–effect relationships. 

 

VII.  Ecosystem Services 
Temperate forests provide important ecosystem services globally, regionally, and 
locally. Temperate forests contribute about 17% to global net primary 
productivity, versus about 49% for tropical forest systems and 8% for boreal 
forests. Temperate forests are also important carbon sinks, storing globally 
approximately 315 Gigatons of C, which represents between 15,000 and 32,000 
tons km-2; this is less than for tropical or boreal forests (approx. 540 Gigatons 
and 384 Gigatons of C, respectively), but nevertheless represents more than 
15% of the C stored globally by all the terrestrial biomes combined, an important 
contribution in the context of climate change. In Europe alone, forests are 
estimated to be fixing between 7% and 12% of all C generated by anthropogenic 
emissions. The causes of the net carbon uptake by temperate biomes are not 
clearly established, but may be related to the reforestation that has occurred 
during the past century, especially in North America. CO2 fertilization, 
anthropogenic N deposition, and global warming may contribute to the net C 
uptake by temperate forests as well. 

At local to landscape levels there are tight links among forest structure, 
composition, and species richness; soil attributes; mineral and hydrological 
cycles; and human disturbances. In the moist temperate zone, species richness 
tends to be higher on soils that are better drained, warmer, and finer textured, 
with greater NO3–N and P availability and higher cation saturation and lower Al+ 
(toxic) levels, all associated with higher pH. These attributes are associated with 
many calcareous soils. Thinner calcareous soils, which apparently create greater 
spatial heterogeneity in forest canopies, are also associated with higher local 
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species richness. Hence, soil attributes are intimately related to pattern in 
species diversity. The extent to which these features are altered will directly 
affect biodiversity; the extent to which the community structure and composition 
are changed will feed back on these variables. 

The strongest correlates of productivity tend to be soil texture and N 
cycling, which in turn are correlated with moisture retention, cation exchange, 
and maximum levels of humus accumulation. These correlations are strongest in 
undisturbed forests. Also, ecosystem control by soil texture extends over long 
time frames. Human disturbances can profoundly affect these links. Soil 
compaction with intensive forest management will have a cascading and long-
term effect on nutrient and hydrological cycles. As the studies at Hubbard Brook 
Experimental Forest (NH, USA) have demonstrated, forest clearing will 
dramatically alter watershed hydrology (increased water loss and sediment loss), 
nutrient cycling (with elevated nutrient loss), microclimate, and species 
composition for years or decades. Changes in forest species composition such 
as with conifer plantations will have an equally large effect. Substituting 
homogeneous conifers stands for mixed broad-leaved forests will increase C/N 
and lignin/C ratios, which in turn reduces decomposition rates, N mineralization 
rates, and pH, with cascading effects on cation exchange capacity and diversity 
in the soil flora and fauna. For example, in German Picea plantations, N cycling 
between canopy and forest soils is reduced by 75% from that observed in native 
beech forests. Moreover, with greater stem interception of precipitation, the 
conifer forest soils also become drier. In consequence, it may not be possible to 
successively reintroduce beech forests on these sites without large-scale soil 
amendments. 

Even small changes in the broadleaf forest composition can alter 
decomposition rates and nutrient status. For example, sugar maple (Acer 
saccharum) and ash (Fraxinus sp.) promote higher N mineralization, and sugar 
maple accumulates calcium. In contrast, oak-dominated forests have lower N 
mineralization. Substituting exotic species in plantations can dramatically alter 
ecosystem processes. Eucalyptus and Melaleuca species tend to significantly 
lower water tables where they have been introduced. In the northeastern United 
States, Japanese barberry (Berberis thunbergii) has become a seriously invasive 
exotic, forming a continuous shrub layer. Under barberry canopies soil 
ammonium N levels are elevated, the soil flora and fauna are altered, native 
species richness is depressed, and prevalence of ticks with Lyme disease 
pathogens tends to be elevated. 
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VIII.  Major Threats to Temperate Forests 
Although global climate change may become the major global threat to forested 
ecosystems in the future, the major threat to temperate forests to date has been 
deforestation, which has been driven by complex sets of factors and started early 
in the history of human expansion into Europe during the stone age, when fire 
was used to clear forests in order to increase forage for game species, and thus 
hunting success. The beginning of agriculture approx. 10,000 years ago 
contributed to early forest clearing to make room for crops. European, North 
African, and Middle Eastern temperate forests were then logged extensively 
during the Roman Empire, the Middle Ages, and again in the 16th century to 
supply a growing shipbuilding industry, but much of the deforestation took place 
in the 19th century when charcoal (and thus trees) was needed to fuel the 
beginning of the Industrial Revolution. Two thousand years ago, forests covered 
80% of Western Europe, while today they cover only approximately 34%, and 
about half of those forests were lost already by the beginning of the Middle Ages. 
The temperate and boreal forests of China were also exploited and converted to 
farmland early, decreasing from 60% cover 4,000 years ago to 25% cover during 
the Ming Dynasty of the 1400s. Today total forest cover in China is about 12%. In 
North America, vast expanses of temperate forests were logged with little control 
in the 18th and 19th centuries to make room for farming, to produce lumber for the 
railroad and construction industries, and to supply fuel for the early part of the 
Industrial Revolution. The highest rate of deforestation in North America took 
place by the early 20th century, facilitated by the development of the portable 
sawmill which increased the amount of logging exponentially, resulting in a 
period of forest devastation that was in large part responsible for the birth of the 
modern American conservation movement. 

If we discount tropical deforestation, which has removed approximately 2 
million km2 of forests between 1990 and 2015, global deforestation has for the 
most part been declining from 160,000 km2 annually in the 1990s to 130,000 km2 
(an area roughly the size of Greece) annually between 2000 and 2010, and has 
all but stopped in the temperate forests of North America, Europe, and East 
Asia. Globally, temperate forest area expanded at a rate of 22,000 km2 per year 
between 2010 and 2015 in Europe, North America, East Asia, and Western-
Central Asia. However, deforestation of the temperate forests of south-central 
Chile, which started in the 1850s to make room for farms, mines, and 
settlements, and which continues at a rate of about 4.5% per year, has resulted 
in a reduction of 67% in natural forest area in the coastal range of south-central 
Chile between 1975 and 2000, which is equivalent to an annual deforestation 
rate of 4.5%; this makes Chile, despite its history of conservation legislation and 
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a growing system of protected areas, the second most deforested nation in the 
world (Echeverria, Coomes, Salas et al 2006). Much of that logging has provided 
paper pulpwood to Western Europe and Japan. Many logged Chilean forests 
were then transformed into production plantations of exotic species such as 
Monterey pine and species of Eucalyptus that have contributed to the overall 
increase in Chile’s forested land between 2010 and 2015, but those plantations 
cannot sustain the diversity of plant and animal species adapted to the native 
Chilean temperate forests. Globally, forest area is projected to continue to 
decrease over the next decades, even if the annual rate of deforestation is 
projected to slow down, going from 0.13% at the beginning of the century to 
0.06% by 2030, with South America suffering the highest deforestation rates. 
 Another major threat is homogenization of the landscape, which results 
from intensively managing forests as monocultures of either native or exotic 
species, managing landscape for similar forest age and size classes, introducing 
invasive exotic species, and relying globally on only a few taxa for forest 
plantations (e.g., P. radiata or Eucalyptus species in Chile). The consequences 
of these landscape management strategies are reductions in local or regional 
diversity and alternation of many ecosystem processes (e.g., nutrient and 
hydrological cycles) and soil attributes. Large-scale increases in timber 
harvesting may well have a negative impact on carbon source–sink relationships 
and atmospheric CO2 levels. 

Forest fragmentation, mostly from the increasing urbanization of the 
landscape and the continued harvesting of ever more remote forests, decreases 
the likelihood that remaining forest fragments can maintain ecosystem 
functionality. Within the next few decades, it is likely that no fully intact, functional 
forested landscapes will remain in the temperate zone, given current 
urbanization trends. 

Acid precipitation from atmospheric pollution, and the associated 
ecosystem nitrogen and sulfur loadings, remain prevalent in and around 
temperate forests of the Northern Hemisphere, and have long-term effects on 
the health of these forests. There is evidence that calcium is being rapidly 
depleted in acidic soils as a consequence of long-term acid precipitation. This 
will have cascading effects on forest soils and on major tree species 
performance, particularly those most sensitive to calcium levels such as sugar 
maple. 

The impacts of global warming on temperate forests have already been 
documented. For instance, upward shifts in suites of forest plant and animal 
species along an altitudinal gradient in the Santa Rosa Mountains of California 
by as much as 65 m between 1977 and 2007 supported predictions of species 
range elevational and latitudinal shifts as a result of warming temperatures (Kelly 
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and Goulden 2008). Trees and forest-dwelling species that are adapted to 
mountaintop environments will most likely be extirpated locally and possibly 
globally since upward and latitudinal shifts in their range is not possible because 
they are geographically isolated on mountaintops separated by unsuitable 
habitats that prevent their latitudinal migration. Although the main direct effect of 
global warming will likely be seen in the boreal forest zone, with decreased 
periods of snow cover and hence changes in surface albedo, global warming will 
also affect temperate forests, and possibly more so in the Northern Hemisphere, 
since it will likely favor the expansion of temperate forests well north into the 
boreal climate zone, which has no counterpart in the Southern Hemisphere. The 
community response patterns will be determined by dispersal characteristics of 
the biota and the availability of propagules in source populations. This in turn will 
be dictated by the configuration of forest fragments in the landscape. Global 
warming will also change forest fire regimes in temperate forests towards 
increased frequency and intensity, especially in the western USA and Europe 
(Stephens, Agee, Fulé et al 2013). In the Southern Hemisphere, the effects of 
global warming will be smaller due to the moderating maritime influences, and 
because atmospheric pollution effects are negligible or very localized.  
 

IX. Conservation Status 
Table 2 shows the approximate 2000, 2009, and 2014 extent of protected forests 
in each of the temperate regional biomes based on the United Nations 
Environment Programme World Conservation Monitoring Centre (WCMC) global 
data for International Union for the Conservation of Nature (IUCN) conservation 
protection categories I–VI and in each of the four major temperate forest types 
for the same conservation categories. Although old growth forest area has 
continued to decline by 2.5% globally and by 10% in the tropics over the 1990–
2015 period, overall forest protection rose from 7.7% of forests in 1990 to 16.3% 
in 2015, with a strong upward trend in protected tropical forests from 12% in 
1990 to 26.3% in 2015 (see Burrascano, Keeton, Sabatini et al 2013 for more on 
old growth vs. secondary forests). Six to 7% of the remaining temperate forests 
receive some level of protection, and that level increased from 800,000 km2 of 
forests protected for biodiversity conservation in 1990 to 1,010,000 km2 in 2015, 
which represents about 15% of the current temperate forest extent. Thus 
compared to other forest systems, temperate forests are better protected (15%) 
than boreal forests (5%-6%), but not as well protected as tropical forests as a 
whole (17%-26% depending on source).  

There is considerable variation in the level of forest protection among 
forest types. Worldwide for example, temperate freshwater swamp forests are 
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afforded the least protection (3.2%), whereas temperate evergreen broadleaf 
forests receive the highest level of protection (28%). Overall, Southern 
Hemisphere forests are afforded significantly better protection as a group than 
are Northern Hemisphere forests. Globally however, the 2009 goal of the 
international Convention on Biological Diversity (CBD) to protect ‘‘at least 10% of 
each of the world’s forest types” has not been reached, since 65% of the 670 
forested ecoregions identified by the CBD still have less than 10% of their IUCN 
I–IV forest cover protected. 

The level of protection also varies considerably among regions and 
countries: Less than 3% of East Asian temperate forests are protected, but this 
varies with forest type from about 5% for cool to cold temperate and subtropical 
forests to 1% or less for most warm to hot temperate forests types (except for 
warm temperate rainforests, which only cover a tiny area and are about 15% 
protected). There is considerable variation among the countries of East Asia in 
the amount of forest afforded protection: almost 17% for Japan to less than 5% 
of China and less than 1% of North Korea. For Europe (excluding Russia) about 
8% for the various forest types are given some protection. This also varies 
considerably among countries: As much as 29% of the broad-leaved deciduous 
forests in Germany are protected, whereas <1% in Bosnia and 2% in Russia are 
protected. For North America, the extent of forest protection varies from about 
15% for conifer-dominated temperate rainforests to 7% for the northern cool or 
cold temperate forests and about 2% for the warm to hot temperate and 
subtropical forests versus more than 9% for North American boreal forests. The 
forests of the Middle East, which are the most reduced in extent, are afforded the 
least protection over all, with less than 3% of the forests protected. This varies 
from <1% in Georgia and Azerbaijan to 5% in Turkey and perhaps as much as 
12% in Iran. About 8% of India's temperate forests have some level of 
conservation protection. For temperate Australia about 9% of the forests are 
protected; for New Zealand the figure is about 43%. For South Africa, about 24% 
of its southernmost temperate forests are protected. For South America, about 
23% of the temperate forests are afforded some protection, but the vast majority 
(more than 90%) of these are the wet evergreen forests of the south, mostly 
located in Chile. Other Chilean temperate forests are much less protected, with 
less than 2% of the sclerophyllous and dry temperate forest protected. An 
estimated 8% of Brazil's temperate mixed conifer forests are protected. 

Overall, the most well protected forests, on a relative scale, are the Pacific 
wet forests of western North America and East Asia, the northernmost temperate 
forest (mixed with boreal elements), and mixed temperate forests in mountainous 
areas. The most poorly protected are dry and sclerophyllous forests of the 
Northern Hemisphere, wet and rainforest broadleaf deciduous and evergreen 
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forests in the Northern Hemisphere (very limited in extent), and moist temperate 
deciduous and evergreen broad-leaved forests of the Southern Hemisphere, 
especially Chile. East Asia has the highest percentage of temperate forest types 
receiving no protection, followed by the Middle East and South America. 

It should be noted that in some ways these data are misleading. Many of 
the forests classified as receiving protection are plantation or otherwise highly 
managed forests. These are largely native species forests in Europe, North 
America, and Asia, but they tend to be managed as homogeneous, even-aged, 
monocultures with consequent reduced diversity and ecosystem services. 
Natural, undisturbed, or old-growth forests comprise only a small fraction of the 
remaining forests: western Europe, 1%; eastern North America, 1%; eastern 
Asia, 1%; Australia, about 5% (but probably <1% is unlogged); South Africa, 
<1%. Somewhat better off are New Zealand with about 25%, northwest (Pacific) 
North America with about 13%, and southern Chile with about 45%. 

Some temperate forests are unique in that significant reforestation has 
occurred during the past century (about 1 or 2% increase on average per 
annum), primarily in Europe, eastern North America, and more recently East 
Asia. However, most of these net gains in forest cover are intensively managed 
(in Europe, East Asia and the southeastern United States). In northeastern North 
America, during the past century the landscape has reverted naturally from 50–
90% agricultural to mostly forested land, following the extensive abandonment of 
agriculture in the 19th century. Most of this forest is highly fragmented and fairly 
homogeneous, being of similar age, and thus has limited ecological functionality. 
The potential of fragmented and/or secondary forests (young forests that often 
recolonize abandoned farmland or other disturbed area) to contribute to future 
biodiversity conservation has been recognized globally however, and in 
ecoregions with little old growth forests left to begin with, those secondary 
forests are therefore worth protecting (Chazdon 2014). Secondary forests can 
also enhance the ecological and evolutionary potential of old growth, but often 
small, core protected forest areas by serving as buffer zones and/or 
conservation corridors linking the high biodiversity old growth forest areas to 
each other and thus increasing the effective size of the forested conservation 
area. 
 

X. Conservation Strategies and Research Needs 
How does one develop a strategy for conserving or protecting the remaining 
temperate forests of the world? Some authors focus on hotspots of diversity or 
endemism. Globally, most attention has been focused on tropical systems and 
recently Mediterranean systems. Temperate forest-dominated systems have 
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received less attention. For example, of Conservation International's (CI's) 24 
hotspots, only New Zealand is a temperate zone forest-dominated locality. 
However, in his most recent iteration of “megadiversity countries,” Mittermeyer 
highlights 4 of 17 countries that contain important temperate forest biomes: 
China, the United States, Australia, and South Africa. Three of these (Australia, 
China, and South Africa) rank among the top 12 countries worldwide in species 
richness across phyla and species endemism. The four largely temperate 
countries also rank among the top globally in the number of IUCN Red Data 
Book (RDB) “threatened” plant species. Although these predominantly 
temperate floras are better known, as a group they have more RDB species than 
all of the tropical countries together. WWF and the IUCN have also identified 
approximately 240 centers of plant diversity globally. Of these, about 15% 
represent temperate forest-dominated systems and another 10% represent other 
temperate biomes (e.g., shrublands, grasslands, and arid lands). Only 1 or 2% 
are boreal or polar, and the balance (∼74%) are tropical. 

There have been similar attempts to identify hotspots regionally. For 
example, WWF identified more than 100 forest hotspots across Europe, the 
Mediterranean Basin, and the Middle East. Regional centers of diversity can also 
be detected from taxon turnover. Data from the Atlas Florae Europaeae project, 
which compared the joint diversity of Pinaceae and Fagaceae across Europe at 
a 50-km grid scale, show highest joint species diversity in these two families in 
the Balkans, the southern Alps, the Carpathian Mountains, and the southern 
Pyrenees. This obviously reflects the high spatial heterogeneity in these 
localities. 

Alternatively, conservation assessments may include such factors as 
taxon or clade irreplaceability, minimum area sets, minimum viable niche space, 
or ecosystem integrity. A study was done by the British NHM to select 
conservation priority areas for selected plant groups. This exercise was done on 
a 10° grid globally and regionally for all of Europe on a 50-km grid. The global 
analysis revealed top-priority sites in eastern China, southeastern Australia, and 
central Chile along with six tropical areas, plus secondary centers in southern 
Chile, the southeastern and western United States, central and southern China, 
northern Japan, southwestern Europe, eastern and southwestern Australia, and 
southern Africa along with nine secondary centers in the tropics. Within Europe, 
many priority sites were identified in the Balkan Peninsula and margins of the 
Mediterranean (which include forested lands). However, there are prioritized 
areas elsewhere throughout Europe at lower densities. 

The World Resources Institute (WRI) provides another perspective on 
priority sites for forest conservation. WRI recognizes “frontier forests”, large 
tracts of intact forest ecosystems sufficient to maintain viable populations of all 
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indigenous species. This perspective includes large, wide-ranging predators and 
migratory species and takes into account the prevailing natural disturbance 
patterns. Very few of these are in the temperate zone, and most are under 
medium or high threat. This contrasts with the tropical and boreal zones, in which 
there are many more large tracts identified as frontier forest, even if many of 
them are at risk. No intact forest landscapes are found in temperate Europe or 
Africa. In North America only one small patch of transitional boreal forest in 
central Ontario and discontinuous tracts of conifer forests in coastal British 
Columbia and Alaska (all under threat) can be considered intact forest 
landscapes. In Asia, only a few small forest patches in the inaccessible 
mountains of central and south-central China, boreal transition forest patches 
along the border between China and Russia, and the Primorski Krai region of 
Pacific Russia are considered intact temperate forest landscapes. All but one 
small patch are under threat. In South America the only frontier temperate forest 
is in southern Chile and adjacent Argentina. Most of this region is considered to 
be at risk. In Australia, only a small rainforest patch in Tasmania is classified as 
intact. Small patches of frontier forest occur on the west coast of the south island 
of New Zealand and one patch in the central north island. All are at risk. 

Recent international agreements, such as the 2015 Paris United Nations 
COP21 (Anonymous 2015), have advanced global concerns and protection 
measures for forests, including temperate forests, in part because of their critical 
role in mitigating global warming through carbon sequestration and in improving 
regional climates via evaporative cooling. The COP21 Convention/Agreement 
recognizes “the importance of adequate and predictable financial resources, 
including for results-based payments, as appropriate, for the implementation of 
policy approaches and positive incentives for reducing emissions from 
deforestation and forest degradation, and the role of conservation, sustainable 
management of forests and enhancement of forest carbon stocks; as well as 
alternative policy approaches, such as joint mitigation and adaptation 
approaches for the integral and sustainable management of forests”. 
 Where do we need to focus attention to improve our understanding of 
temperate forests and develop a more effective conservation plan? In the last 
decade, the rapid technological advances in satellite remote sensing, both 
spatially and temporally, have yielded better and more accurate means of 
mapping the world’s forests, and temperate forests in particular, and of 
assessing their conservation status. Recent global forest inventories such as the 
Forest Inventory and Analysis National Program of the US Forest Service and 
other programs (see List of Relevant Web Pages below) have updated our 
knowledge of the state of forest conservation in all three major forest biomes.  
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One of the most daunting issues today, in terms of forest assessment and 
monitoring research, are the large discrepancies and inconsistencies in 
assessing the current and potential forest cover for all forest types. These 
difficulties arise from two major problems: First, different authors, organizations, 
and studies use different standards and methods. While we used the United 
Nations’ Food and Agriculture Organization’s (FAO) 10% tree cover minimum to 
define a “forest” in this article, other organizations (e.g., Greenpeace, WWF) use 
more stringent standards such as 20% or even 30% minimum tree cover and/or 
the Intact Forest Landscape criterion (see http://www.intactforests.org/), yielding 
vastly different estimates of current forest cover (and thus different maps) that 
may or not include vegetation types that can be alternatively referred to as 
“woodland” or “tall shrubland” (see http://phys.org/news/2015-10-forest-
nasausgs-mission.html for a demonstration of this sampling issue). Thus given 
that high spatial and temporal resolution are now available for monitoring 
vegetation changes on the ground (see the World Resources Institute’s Global 
Forest Watch at http://www.globalforestwatch.org and Hansen, Potapov, Moore 
et al (2013) for some examples), but that tree cover can vary from continuous 
closed canopy cover to open canopy, to scattered trees in a woodland, or to 
clumps of trees in a savanna, there is a need to standardize what constitutes a 
forest versus any of those other treed landscapes, both in terms of tree cover 
and in terms of minimum vertical height of the vegetation. Second, some studies 
and reports combine temperate and boreal forests under a “temperate 
coniferous” or “temperate needleleaf evergreen” label (see for example Schmitt, 
Burgess, Coad et al 2009), which makes temporal comparisons of forest cover 
data reported by different authors or organizations difficult.  

More information is also needed on patterns of species occurrences 
(simply the presence/absence is sufficient) at a variety of scales throughout the 
temperate zone (the U.S. Forest Service’s Forest Inventory and Analysis website 
is a good model). Because distribution (and hence richness) patterns vary across 
spatial scales, one cannot simply rely on particular, arbitrary sample sizes (e.g., 
0.04-, 0.1-, 1-, or 50-ha plots). Effort should be placed on inventorying poorly 
known areas, such as the Middle East. We need to have a better, predictive 
understanding of the links between forest structure and composition, ecosystem 
functions, and the effects of human disturbances. 

There needs to be a concerted effort at developing a variety of different 
conservation strategies for temperate forests. These include targeting more 
protection for forested biomes with high ratios of people to forest area and forest 
biomes or forest types that are poorly protected. Examples include East Asian 
forests in general, north temperate broad-leaved rainforests, and subtropical dry 
forests. Moreover, concerted effort should be placed on protecting the few 
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remaining intact frontier forests, especially those at high risk, and old growth 
forest stands particularly where these comprise miniscule components of the 
landscape. However, the strategy needs to be inclusive, focusing on conserving 
the complete spatial and temporal heterogeneity of the landscape, even if this 
requires some human management of the landscape. 

Strategies for identifying priority conservation sites should not simply 
target sites with high species diversity and/or endemism. Alternative means of 
evaluation need to be incorporated as well, such as phylogenetic richness and 
irreplaceability, range rarity, ecosystem or landscape integrity, landscape 
heterogeneity that incorporates protected migration routes (for both animals and 
plants) in the face of natural and human-made disturbances -especially global 
warming- and minimum niche space for all biotic components of the landscape. 
Only with a trans-border manifold creative approach can we hope to ensure the 
conservation of temperate forest biomes. 
 

List of Relevant Web Pages 
 

• Food and Agriculture Organization (FAO) Forestry. United Nations. 
(http://www.fao.org/forestry/en/) 

• Global Forest Change, University of Maryland 
(http://earthenginepartners.appspot.com/science-2013-global-forest) 

• Global Forest Watch (http://www.globalforestwatch.org) 
• Intact Forest Landscapes, Greenpeace/WWF/World Resources 

Institute/U. of Maryland (http://www.intactforests.org) provides 
downloadable Google Earth data layer of intact forests. 

• U.S. Forest Service - Forest Inventory and Analysis 
(http://www.fia.fs.fed.us) 

 

See Also the Following Art icles 
Boreal Forest Ecosystems. Deforestation and Land Clearing. Endemism. Forest 
Ecology. Global climate change. Grassland Ecosystems. Hotspots. Tropical 
Forest Ecosystems.  
 

Change History: 
April 2016. R. C. de Gouvenain and J. A. Silander, Jr. updated and reorganized 
the Global Distribution Patterns of Temperate Forest Systems, Ecosystem 
Services, Major Threats to Temperate Forests, Conservation Status, and 
Conservation Strategies and Research Needs sections, Tables 1 and 2 (and 
reversed their order), Figures 1 and 5; changed the order of Figures 1 and 2; 
added new web resources, and new references to the Bibliography section.  
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Table 1. 

Worldwide forest cover 

Forested 
biome 

Potential extent of mesic 
forest cover (= biome) 
(km2×106) 

Maximum potential biome extent 
(including dry forests, woodlands, and 
thickets) (km2×106) 

Current estimated extent of forest 
cover (km2×106) and average 
percent of current global cover 

Boreal 
forests 

12.2 18.5 8.0–11.5 (34%) 

Tropical 
forests 

29.0 40.0 12.2–13.6 (44%) 

Temperate 
forests 

14.6 19.6 5.2–7.5 (22%) 

Total 55.8 78.1 25.4–32.6 (100%) 
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Table 2. 
Temperate forest cover by regions (2000 data) and by forest type (2009 and 2014 data) 

YEAR  FORESTED REGION  

Potential extent 
of temperate 
(mesic) forest 
cover 
(km2×106) 

Maximum potential 
forest extent 
(including dry 
forests, woodlands, 
and thickets) 
(km2×106) 

Current estimated 
extent of temperate 
forest cover 
(km2×106) 

Conservation 
areas (IUCN 
classes I–VI) 
(km2×103) 

2000 Europe (including Mediterranean) 3.30 3.91 1.3–2.5 44.0–54.0 

2000 Russia 1.12 1.13 0.26–0.36 11.0–36.0 

2000 East Asia 3.21 3.79 0.62–0.75 24.0–26.0 

2000 North America 4.26 4.72 2.33–2.17 117.0–132.0 

2000 Eastern north  3.56 3.72 1.73–1.57 — 

2000 Western (Pacific) 0.7 1.0 0.6–0.6 — 

2000 Middle East 0.36 0.61 0.05–0.11 1.0–4.0 

2000 South Asia 0.87 1.34 0.20–0.31 20.0–34.0 

2000 South America 0.7 1.8 0.34–0.47 45.0–69.0 

2000 Southern (Chile and Argentina) 0.60 0.8 0.22–0.25 51.0–54.0 

2000 Southeastern (Southern Brazil and 
adjacent countries) 

0.14 1.0 0.12–0.22 12.0–15.0 

2000 Australia 0.45 1.64 0.03–0.66 4.0–44.0 

2000 New Zealand 0.23 0.25 0.04–0.08 17.0–18.0 

2000 Southern Africa 0.1 0.4 0.01–0.1 4.0–6.0 

2000 Subtotal for 2000 data 14.6 19.6 5.2–7.5 287.0–423.0 

YEAR* TEMPERATE FOREST TYPE 

  Current estimated 
extent of temperate 
forest cover 
(km2×106) 

Conservation 
areas (IUCN 
classes I–VI) 
(km2×103) 

2009 Temperate deciduous broadleaf — — 2.70 344 

2009 Temperate broadleaf evergreen — — 0.20 62 

2009 Temperate mixed broadleaf/needleleaf  — — 1.50 122 

2014 Temperate coniferous forests — — 2.50 420 

2009-14 Subtotal for 2009 and 2014 data — — 6.90 948 

*2009 data adapted from Schmitt, Burgess, Coad et al (2009); 2014 data adapted from Juffe-Bignoli, Burgess, Bingham et al 
(2014). 
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Table 3. 
Tree species diversity patterns across the temperate forested region 

REGION Families Genera Species Genus:family Species:genus 

Forest biome 
maximum extent 
(km2×103) 

Europe 21 43 124 2.0 2.9 3300–3910 

East Asia 67 177 876 2.6 4.9 3210–3790 

Eastern North America 46 90 253 2.0 2.8 3560–3720 

Western (Pacific) North 
America 

24 47 131 2.0 2.8 700–1000 

Chile 29 40 83 1.4 2.1 330–370 

Southern Brazil 25 45 77 1.8 1.7 <100 

Southeast Australia 37 78 331 2.1 4.2 300–700 

New Zealand 47 74 212 1.6 2.9 230–250 

Southeast South Africa 88 280 598 3.2 2.1 20–50 
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Figure 1 (a) Current potential distribution of temperate forests globally (Source: 
adapted from Olson, Dinerstein, Wikramanayake et al (2001) and Trumper, 
Bertzky, Dickson et al (2009)). (b) (next page) Representative climate diagrams 
for six temperate climatic zones identified on Fig. 1(a). 
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Figure 2. Current and original extent of global forest cover, including temperate, 
boreal and tropical forests. (Source: GRID-Arendal; reproduced with permission. 
Available at: http://www.grida.no/graphicslib/detail/global-forest-cover_9470). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The relationship between tree species numbers and area sampled is 
shown, log transformed for both variables. The samples are from a wide range of 
different sources for most of the temperate zone forest biomes. These are simply 
classified here as Northern (n) and Southern (s) Hemisphere localities with best 
fit linear regression lines. There were significant differences between 
hemispheres (p=0.024, n=75, r2=0.695) and among regions (p<0.001, r2=0.916). 

Global forest cover

Source: WCMC online database, accessed August 2014

Original forest cover
Current forest cover
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Figure 4. The relationship between total vascular plant diversity and area 
sampled is shown, log transformed for both variables. The samples are from a 
variety of different sources covering most of the temperate zone forest biomes 
and are classified by the biome region from which they were obtained. Significant 
differences are found between hemispheres (p=0.005, r2=0.924, n=198) and 
among regions (p<0.001, r2=0.938). 
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Figure 5. Changes in the locations of continental landmasses from the Mesozoic 
era (251 to 65 mya) to the present. (mya = million years ago).  
 


