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on the plains. Interaction of topography, 
the observed distribution of vegetation. 

The extensive grasslands of central 
North America have long been regarded 
as corresponding to a grassland or 
steppe climate (1). The treeless condi- 
tion of the flat or gently rolling plains 
was supposed to be determined pri- 
marily by a range of seasonal precipi- 
tation too scanty and irregular to sup- 
port tree growth. The general restric- 
tion of trees to riparian habitats is a 
well-known feature of the Great 
Plains, and long stringers of gallery 
forest are shown extending westward 
along the streams on most vegetation 
maps. However, one of the more strik- 
ing vegetational features of the plains 
region is the widespread but local oc- 
currence of woodlands along escarp- 
ments or abrupt breaks in topography, 
remote from fluvial irrigation (Figs. 1 
and 2). A number of nonriparian 
woodlands of the grassland province, 
such as the extensive stands of Pinus 
ponderosa along the Pine Ridge escarp- 
ment in Nebraska, have received inci- 
dental notice in the literature (2), but 
numerous other examples of scarp 
woodlands in the plains region have 
apparently escaped much attention. The 
significance of the prevalence of scarp 
woodlands throughout the grassland 
province has therefore not been under- 
stood. 

The presence of grassland on deep 
soils with mature profiles contributes 
to an appearance of great antiquity. 
There has been a notion that the black 
or dark-colored grassland soils (chern- 
ozems, for example) of the plains re- 
gion are residual on a variety of 
underlying bedrocks, which are con- 
tinually weathering downward under 
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wind, and fire may partly account for 

the influence of grassland climate and 
vegetation to produce a mantle of 
soil in equilibrium with the denuding 
agencies of erosion (3). However, most 
of the grassland soils are derived from 
transported parent materials, chiefly 
silt and sand, because most of the 
plains region is mantled by unconsoli- 
dated sediments of eolian, alluvial, 
lacustrine, or glacial origin (4). Since 
the surficial deposits are late Pleistocene 
or more recent in age, the grassland 
soils derived from them cannot be of 
greater antiquity. Eolian silt (loess) or 
sand (5) has spread out in great sheets 
from alluvial sources, such as periodi- 
cally dry floodplains of rivers carrying 
heavy loads of sediment through the 
plains from glaciated headwaters (6). 
The presence of a constructional mantle 
of silt or sand has often subdued ir- 
regularities on the old erosion surfaces 
of underlying deposits. The vast sheets 
of loess have been particularly effective 
in augmenting the flatness of an already 
essentially horizontal topography. 

There is, then, in the plains region 
a pattern of very large areas of grass- 
land on deep, transported soils, corre- 
sponding to gently sloping or flat topog- 
raphy, and relatively small but widely 
distributed areas of woodland on es- 
carpments or breaks in topography, 
characterized by steep slopes and thin, 
residual soils with bedrock at or near 
the surface. The type of bedrock on 
which the scarps are cut is not usually 
a limiting factor for the occurrence of 
woodland. Sandstone, shale, limestone, 
basalt, and other rock types exhibit 
wooded scarps in various parts of the 
plains (7). Nor is the orientation of 
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the scarp with reference to the sun 
consistently limiting; woodland often 
occurs on slopes facing southward as 
well as northward. The principal fea- 
tures common to the wooded scarps of 
the plains are their great abruptness, 
height, and length. Low or gently slop- 
ing scarps, or abrupt scarps of small 
extent, usually lack woodland. The 
dominant woodland trees are not only 
reproducing on the thin, rocky soils of 
the scarps, but in many instances cer- 
tain species are spreading to the deeper 
soils of the adjacent grasslands (8). 
Nevertheless, the rule of restriction of 
nonriparian woodlands to the vicinity of 
scarps and other rough or broken to- 
pography has wide application through- 
out the vast region of grassy plains; 
and this is true despite the great di- 
versity in floristic composition of both 
woodland and grassland, corresponding 
to the great diversity of climatic con- 
ditions (Fig. 1). It may be noted that, 
on the average, the 50-cm isohyet tra- 
verses sectors of the central plains 
where nonriparian woodlands are few, 
but it happens that these sectors are 
particularly lacking in bold escarp- 
ments. On the other hand, the average 
position of the 40-cm isohyet inter- 
sects numerous scarp woodlands on the 
more dissected plains to the west. This 
suggests that physiography outweighs 
climate as a factor in the distribution 
of extensive treeless grasslands. 

It is, therefore, misleading to de- 
scribe the range of climate in the Great 
Plains as a grassland or steppe climate, 
with the implication that precipitation, 
or a combination of precipitation and 
potential evapotranspiration, is limiting 
for tree growth. A number of wood- 
land species, notably the junipers, Juni- 
perus monosperma and J. pinchotii, are 
remarkably drought resistant. Their 
present range extends into the Chi- 
huahuan Desert region as extensive 
woodlands, which intergrade with des- 
ert scrub. The junipers often grow in 
association with one of the most xero- 
phytic shrubs of the American deserts, 
the creosote bush (Larrea divaricata 
Cav.), under a mean annual precipi- 
tation of less than 35 cm, which is 
highly erratic and interspersed with ex- 
tremely prolonged and severe droughts. 
On the other hand, the ranges of the 
same ecospecies, and other species of 
Juniperus, are continuous with less 
xerophytic woodlands of ponderosa 
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lands are often continuous with the 
main bodies of eastern deciduous forest 
and Rocky Mountain coniferous forest 
(9). 

Apparently, there is no range of 
climate in the vast grassland province 
of the central plains of North America 
which can be described as too arid for 
all species of trees native to the region. 
The western sector of the plains is 
evidently too dry for an upland growth 
of most broad-leaf deciduous trees 
which form scarp woodlands along the 
eastern border of the plains, but this 
is not true of the more xerophytic 
conifers which do frequent the scarps 
of the High Plains. There is evidence 
from shelter belts, and other artificial 

plantings in upland situations from 
North Dakota south to Texas, that a 
number of native and introduced tree 
species are adapted to grow under a 
wide range of ecological conditions in 
the Great Plains region (10). Where 
grasslands have been planted with up- 
land tree species native to scarp wood- 
lands, such as Pinus ponderosa in the 
bluestem prairies of the Nebraska Na- 
tional Forest (which was created for 
this experiment), rather extensive areas 
(about 100 km2) of forest became es- 
tablished. The largest stands of pines 
were planted on coarse, sandy soil in 
the Nebraska Sandhills. However, suc- 
cessful plantings were also made on 
fine-textured, hardland soil in the same 

area. A grove of ponderosa pine set 
out as seedlings on the grassland soil 
of a hardland site attained an average 
height of 7 m and a diameter of 17 cm 
when 30 years old. Growth of native 
red cedar (Juniperus virginiana) from 
planted seedlings has also been success- 
ful. The bulk of these plantations, 
which furthermore include exotic spe- 
cies from more humid regions, have 
survived in a "grassland" climate for 
more than 50 years, including the long- 
est and most severe drought periods on 
record. It is noteworthy that the orig- 
inal plantings of conifers in the tall 
grass prairies of central Nebraska 
suffered more from fire than from 
drought. In 1910, a prairie fire, which 
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Fig. 1. Nonriparian woodlands in the grassland province of the central plains region of the United States. Heavy lines indicate loca- 
tion of scarps or other rough, broken, or steep topography with indigenous woodland vegetation. Thin, continuous lines are isohyets 
at 10-cm intervals, ranging from 30 to 150 cm of mean annual precipitation. Dotted lines indicate state or other boundaries. Some 
dominant species of nonriparian vegetation from selected areas are indicated by the letters A to 0. 

9 APRIL 1965 247 



Fig. 2. Scarp woodland of ponderosa pine (fore) on the high plains of eastern New 
Mexico; rim of Canadian Escarpment, east of Las Vegas. Extending to the horizon 
across the short-grass plains 300 m below are long lines of scarps darkened by 
xerophilous woodland of pinyon pine (P. edutlis) and juniper (J. monosperma). The 
dominant grass (light tone), on both the lower plains shown and the high plain back 
from the rim (top of Las Vegas Plateau, elevation 2000 m, not shown), is blue 
grama (Boitteloua gracilis). 

covered a linear distance of 200 km 
in a single day, swept through the 
Bessey Division. destroying most of 
the original plantation; the area was 
successfully replanted (11). 

A recent analysis of pollen from 
Hackberry Lake in the Nebraska Sand- 
hills suggests that sediment at a depth 
of 5 m, with a radiocarbon age of 
about 5000 years, contains more than 
twice the percentage of arboreal pollen 
(chiefly pine) and less than one-fifth 
the percentage of grass pollen found 
in sediment at the top of the profile 
(12). The same pollen profile also sug- 
gests a twofold higher percentage of 
arboreal pollen from sediment at a 
depth of less than 1 m, which is con- 
siderably younger than a radiocarbon 
date of about 1100 years, obtained just 
above the 2-m level. Indeed, at the 
present time, native woodlands of pon- 
derosa pine persist 'in parts of the 
Nebraska Sandhills region, chiefly in 
the vicinity of scarps (Fig. 1, D and E). 

A study of a 10-m core of sedi- 
ments from Muscotah Marsh in north- 
eastern Kansas yielded leaves and wood 
of spruce (Picea) with a radiocarbon 
age of about 15,000 years, at a depth 
of 10 m. A pollen profile of the core 
showed a long sequence of high per- 
centages (up to 95 percent) of arboreal 
pollen (including Abies, Picea, Popu- 
lus, Larix, Tsuga, Pinus, and Quercus) 
in the lower 4 m, which shifted ab- 
ruptly to a sequence containing almost 
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exclusively nonarboreal pollen in the 
upper 6 m (13). 

Numerous pollen studies on the 
Llano Estacado, or High Plains of 
eastern New Mexico and the Texas 
panhandle, have also established the 
presence of very high percentages of 
arboreal pollen in late Pleistocene sedi- 
ments (14). Profiles with pine pollen 
exceeding 90 percent of pollen counted 
were obtained from sediments in Crane, 
Tahoka, and Rich lakes; one horizon 
of the latter profile had a radiocarbon 
age of about 17,000 years. At present, 
the pollen rain on the grasslands of 
the Llano Estacado shows very low 
percentages of conifer pollen, despite 
the fact that coniferous woodlands are 
still widely distributed on scarps which 
bound this vast, flat-topped plateau of 
some 50,000 km2 (Fig. 1L). These 
data suggest that, during Wisconsin 
time, pine forest or woodland grew ex- 
tensively on the southern part of the 
Llano Estacado, which borders on the 
Chihuahuan Desert province and is at 
present the most arid sector of the 
entire Great Plains region. If this area 
was not arid enough to harbor exten- 
sive treeless grassland during a pluvial 
of the Pleistocene, it is unlikely that 
any other area of the plains region 
was. Hence, the prevalent notion that 
extensive treeless grasslands have had 
a continuous existence on the Great 
Plains since mid-Tertiary time is open 
to question. 

The widely cited evidence of fossil 
fruits of grasses and borages from 
Miocene and Pliocene sediments of 
the High Plains (Ogallala formation) 
was supposed to imply the existence 
there of treeless grasslands in the Ter- 
tiary (15). Fruits of Stipidium and 
other fossil genera of grasses are as- 
sociated in the same sediments with 
large numbers of fossilized hackberry 
(Celtis) fruits. The consistent presence 
of abundant fossils of the hackberry 
tree throughout the Ogallala formation 
(16) might have raised some doubt 
about the treeless condition of the 
postulated Tertiary grasslands. Mac- 
Ginitie, in his recent analysis of an 
upper Miocene flora from the Ogallala 
formation in the Sandhills of north- 
central Nebraska, has identified abund- 
ant leaves, fruits, and pollen of a varied 
assemblage of tree species (17). The 
fossils are in lacustrine shales, inter- 
bedded with typical, coarse, Ogallala 
stream deposits containing the usual 
fossilized remains of indurated, erosion- 
resistant fruits of hackberry and cer- 
tain grasses. The fossil flora implies an 
open, grassy woodland of evergreen 
oak and pine on the uplands, and a 
forest of broad-leaf deciduous trees 
along the streams. Apparently, there is 
no definite paleobotanical evidence in- 
dicating the existence of widespread 
treeless grassland or steppe in the Ter- 
tiary (17). Together with the recent 
findings from pollen studies of Pleisto- 
cene and later sediments, there is a 
suggestion that the bleak landscape of 
extensive treeless grassland in the 
plains region may be a relatively recent 
development. 

The scarp woodlands of the plains 
are evidently relicts of formerly more 
extensive woodlands. The question 
arises as to why woodland vegetation 
should persist on exposed, wind-swept 
escarpments, widely scattered over a 
vast extent of grassy plains, with a cor- 
respondingly wide range of precipita- 
tion, temperature, and evapotranspira- 
tion. It is futile, as well as unnecessary, 
to explain these distributions solely in 
terms of climate, since topographic and 
soil differences are clearly involved. 
The thin, rocky, residual soils usually 
associated with scarps are less favor- 
able for a dense growth of grasses than 
the deeper, transported soils of the 
plains, where grasses often form a con- 
tinuous cover (18). However, the re- 
verse is not always true of trees, for 
there is evidence that trees grow well 
on both the lithosols of the scarps and 
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the deeper grassland soils of the ad- 
jacent plains (8). The key to these 
puzzling distributions may lie in the 
correlation of woodland with degree 
of abruptness, height, and length of 
escarpments. Even though thin, coarse, 
or rocky soil may be present, there is 
a general lack of woodland on gentle 
scarps of small height and extent, which 
interrupt the flat monotony of the more 
featureless central sectors of the plains, 
such as in western Kansas. Nonriparian 
woodlands are restricted to the boldest 
escarpments and the steeper or more 
dissected topography in the central 
plains region. But the observed distri- 
butions are not adequately explained 
by existing conditions of terrain and 
climate alone (8, 10, 11). It is quite 
possible that the distribution of wood- 
land vegetation in the plains region 
may be accounted for by the simple 
fact that abrupt scarps or topographic 
breaks have acted as natural fire breaks 
(19). Given the seasonal droughts of 
the regional climate, and the presence 
of dry grass as a fire-conducting matrix, 
topography and wind may have con- 
spired repeatedly to sweep fires across 
the smooth surface of the flat, well- 
grassed plains for great distances, until 
the advancing front of the blaze was 
stopped by the obstacle of an abrupt 
and often sparsely grassed break in 
topography. Grassland vegetation may 
burn and regenerate annually, whereas 
woody vegetation usually requires many 
years for complete recovery following 
destruction by fire. Hence, the com- 
bination of a fire-conducting ground 
cover of seasonally dry grasses with 
extreme flatness and continuity of to- 
pography has been a hazardous en- 
vironment for woody plants in a region 
of droughty climate and strong winds, 
where the incidence of fire had un- 
doubtedly been increased for at least 
the last 11,000 years by the presence 
of man (20). Therefore, scarps or 
abrupt topographic breaks may have 
served primarily as refugia from grass 
fires for the nonriparian woodlands of 
the plains region. 
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