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ArricLE IIL—The Vegetation of the Inland Sand Deposits of
Illinois. By HENRY ALLAN GLEASON.

INTRODUCTION*

In the rapid development of ecological and phytogeographical
knowledge during the past few decades, the vegetation of sand de-
posits has been the subject of especially frequent and detailed study.
At least three reasons may be mentioned why this type of vegetation
has received particular attention. First, sand deposits are usually
well developed and form dune complexes of greater or less extent
along the shores of the ocean or the larger inland lakes, and in many
cases are convenient places for vacation trips. Secondly, the vegeta-
tion on sand is usually open and easily studied, and the dynamic na-
ture of the environment is emphasized. For this reason the inter-
relations of plant and environment are more easily observed and offer
attractive fields for study. Thirdly, sand areas are usually infertile in
comparison with their surroundings. They are accordingly fre-
quently left uncultivated and constitute temporary natural preserves,
in which the original types of vegetation persist and are available
for study.

In the case of the inland sand regions of Illinois the first state-
ment is hardly effective, and that may explain why they have received
relatively little attention from local botanists. At the present time,
however, they comprise the largest, and virtually the only, areas of
natural vegetation within the state. With the exception of parts of
the sand deposits, of some small swamp areas, of rock outcrops, of
ponds and lakes, and of some small tracts of forest, all the original
vegetation of Illinois has been destroyed or greatly modified by clear-
ing, planting, or pasturing. The area covered by the last four of
these exceptions is very small, but there are still thousands of acres
of sand deposits in nearly original condition and available for study
They still contain some virgin prairie that has never been plowed or
pastured. These prairies are probably somewhat different from the
more representative types of prairie which formerly grew upon more
fertile soil, but they are much more nearly typical than the small
strips still occurring along the margins of some streams and ponds.

* The field work upon which this article is based, was carried on by the

aid of a grant from the Botanical Society of America. Further financial assist-
ance was given by the Illinois State Laboratory of Natural History.
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The study of the vegetation of the sand deposits of Illinois is
therefore of especial scientific interest because they constitute the
only considerable area of natural vegetation in the state, and because
their vegetation is closely related to that of the original prairie. It
is also of some general value, since it concerns an area which has re-
ceived little attention from botanists, and because it affords intel-
ligible illustrations of certain ecological principles.

The field work upon which the present paper is based was done
during the summer of 190o8. Reference is also frequently made to
the field work at Havana in August, 1903, and August, 1904, the re-
sults of which have already been published (Hart and Gleason, 1907).
The itinerary during 1908 was as follows:

May 28, 29, St. Anne, Kankakee county. ‘

May 31-June 3, June 12-24, August 15-18, Hanover, Jo Da-
viess county.

June 25-29, Shirland, Winnebago county.

June 30-July 3, August 19, 20, Dixon, Lee county.

July 4-15, August 10-14, Oquawka, Henderson county.

July 16, Forest City, Mason county.

August 7, Topeka, Mason county.

August 8, Havana, Mason county.

August 21, Amboy, Lee county.

From June 12 to 19 Mr. Frank C. Gates assisted in the field
work. He also identified many of the plants mentioned in the paper.
The grasses and sedges were identified through the courtesy of Mrs.
Agnes Chase. Mr. H. N. Patterson rendered important assistance in
the field work in the Oquawka area. Dr. H. S. Pepoon has supplied
valuable information concerning the Hanover area. To each of
these the writer extends his thanks for their interest and appreciation.

The photographs have been taken by the writer, using a folding
film camera, Ansco films, and tank development. ‘

PHaYsIocRAPHY AND ORIGIN

The chief sand deposits of Illinois lie in the northern half of the
state, between latitude 40° and 42° 30. In the southermn half sand
occurs only in small local deposits or in bars near the larger rivers,
and is never of such extent that a peculiar vegetation is developed
upon it. Banks and bars of sand also border the streams of northern
Illinois, but their vegetation bears little relation to that of the larger
deposits here described.

For convenience the sand areas have been given names taken from
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some geographical feature of the vicinity. Some of these areas are
contiguous, and some owe their existence to the same causes. The
names, therefore, do not indicate areas which are geologically dis-
tinct, but merely general locations in which the field work was prose-
cuted. The geography of each of these regions will be described
separately.

The Havana Area.—The Tazewell sheet of the Field Operations
of the Bureau of Soils (Bonsteel, 1903a) shows the northern extrem-
ity of this deposit, and illustrates its relation to the glacial valley of
the Illinois river. North of Pekin, in Tazewell county, the Illinois
river cuts through the Shelbyville and Bloomington moraines, flow-
ing close to high bluffs on its left (eastern) side. From this point
southward the river crosses the broad glacial valley diagonally
toward the right, exposing a triangular area of lowland between the
channel and the east bluffs. The sand is deposited in this glacial
flood-plain. At Pekin the plain is about two miles (3 km.) wide;
below that city it widens more abruptly, and near Green Valley is
14 miles (22 km.) wide. At some places near the river the plain is
covered: with modern alluvial deposits, and it is crossed by the Macki-
naw river with its broad flood-plain. The remaining area is occupied
by sand and by a sandy loam, shown in the Soil Survey as Miamie
sandy loam. The latter lies at a lower level and represents the original
alluvial deposits upon which the sand has been superposed.  In this
county 22,976 acres (9o sq. km.) are covered with sand. South of
Tazewell county the plain retains its maximum width across Mason
county, and then becomes gradually narrower toward the south,
terminating near Meredosia, Morgan county, with a total length of
approximately 75 miles (120 km.). While sand deposits occupy only
a portion of this area, their aggregate extent is large and has been
estimated (Hart and Gleason, 1907: 145, 146) at 179,200 acres
(700 sq. km.).

The Chicago, Peoria and St. Louis railway traverses the areas
from Peoria through Havana to Virginia, and a good idea of the
general topography may be gained from its trains. The exposed
areas of Miami sandy loam, which forms the foundation of the whole,
are irregular in shape and extremely variable in size, ranging from a
few acres up to several square miles. They are almost entirely under
cultivation. Above them rise the low sand hills (Pl I, Fig. 1), usu-
ally gently undulating at their margins but, if large in extent, fre-
quently quite level toward the center. These vary in size from mere
hills of a few acres up to continuous deposits several miles in extent.
Their average height is probably 20-30 feet (6-10 m.), but isolated
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dunes rise much higher. One of the highest lies about four miles (6
km.) north of Topeka, and is probably about 60 feet (18 m.) above
the general level. Part of the sand was originally covered with
prairie, but most of this has been destroyed by cultivation and pastur-
ing, so that only a few small areas remain in their natural condition.
A larger portion has been forested, and much of it remains in its
virgin state. Particularly large tracts of forest are situated near For-
est City and between Kilbourne and Bath.

The Hanover Area.—This region of sand deposition takes its
name from the station of the Chicago, Burlington and Quincy rail-
way in Jo Daviess county, which lies near the location of the best
development of sand vegetation. As in the Havana area the sand
occupies the so-called second bottom, between the bluffs on the east
and the Mississippi river on the west. In some places the sand ex-
tends to the river’s edge, in others a strip of alluvial forested flood-
plain intervenes. In the northern portion of the county the bluffs lie
close to the river and the sand is limited to small isolated areas. In
the southern half the bluffs and river become one to three miles
(2-5 km.) apart, affording space for an extensive sand deposit.
North of Savanna, in Carroll county, the river again flows directly
at the.base of the bluffs. The area in Jo Daviess county covered by
sand is estimated at 5700 acres (22 sq. km.).

Unlike the Havana area, the sand deposits here are nearly contin-
uwous and unbroken by intervening areas of a different soil. The
surface of the area is gently rolling, with virtually no extensive level
tracts. Its general elevation is about 25 feet (8 m.) above the river,
but isolated dunes reach a much greater height. Near the eastern
margin of the valley the depth of sand abruptly decreases, leaving a
trough-like valley extending for a long distance at the base of the
bluffs. The Chicago, Burlington and Quincy railway lies mainly in
this depression. The drainage from the hills enters the valley through
a number of small spring-fed streams. None of these has sufficient
energy to erode a valley through the sand, and their discharge merely
accumulates in a series of swamps, which are drained by percolation
through the sand into the river beyond. The swamps are not con-
tinuous, but are separated by tracts of moist ground, originally prairie
(the lower prairie of Pepoon, 1909: 526) but now almost entirely
under cultivation.

The sand deposit is chiefly prairie, but a belt of forest lies along
the river, and tongues and irregular areas of forest project out into
the prairie, in some places extending nearly across. - Some of the
forest and most of the prairie have been placed under cultivation, but
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extensive areas of each are still in their original condition, or but
slightly modified by pasturing.

Below Savanna, sand deposits of the same age again appear and
continue intermittently down the Mississippi into Rock Island county,
where they connect with those of the Oquawka area described later.

The geological origin of these two sand areas is known with con-
siderable accuracy. Both are approximately contemporaneous and
are derived from outwash from the Wisconsin glaciers. The method
of deposition has been well described by Chamberlin and Salisbury
(1885: 261, 262), with special reference to the Hanover area.

“The fringing deposits of glacial waters.—Outside the moraine
lie two classes of deposits which gathered apace with it. The pre-
cipitation which fell upon the western slope of the glacial lobe, to-
gether with the water which arose from the same part of the glacier
by melting, was shed from the edge, except the portion which may
have found exit beneath in other directions and the portion lost by
evaporation. Copious streams were doubtless the result. It is not
difficult to understand that these, as they issued from the glacier,
should have been exceptionally charged with silt, sand, and rolling
stone, and that, as turbid waters, they poured down the channel-ways
that were open to them. Long trains of glacial wash stretching away
from the edge of the ice and leading down the several valleys tes-
tify to the reality of such streams.

“The most notable flood-train originating on the actual border of
the driftless region is that which stretches down the valley of the
Wisconsin River. The edge of the ice lobe crossed the Wisconsin in
the western part of Dane and Sauk counties. In the immediate val-
ley of the river the moraine is largely composed of gravelly constitu-
ents, disposed in kame-like hills and ridges, or undulatory and pitted
plains, showing the combined action of wash and push. on the part
of the glacier and its waters. Originating from this gravelly mo-
raine, there stretches away a flood-train of gravel and sand, reaching
down the valley to the Mississippi, and, there joining similar gravel
streams originating higher up, it continues down through the drift-
less area and beyond, though only remnants now remain. This val-
ley drift originates at a height of about go feet above the present
level of the Wisconsin River, and as it stretches down the valley
gradually declines, so that, as it leaves the driftless region, it is barely
50 feet above the Mississippi. Near its origin coarse cobbles, bowl-
derets, and even occasional bowlders are not infrequent. Farther
down, the material becomes finer, and, in the lower stretches, only
pebbles and sand are found. The lessening coarseness of the deposit
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seems to show that as the glacial waters issued from the edge of the
ice they were overloaded and struggling with a burden too great for
their complete mastery; and, while they successfully carried the silt,
sand, and even some of the finer gravel far down their courses, the
heavxer material in large part lodged near its origin and progressively
filled the bottom of the channel.

“This phenomenon, of which the Wlsconsm Valley presents the
only complete example lying entirely within the driftless region, finds
other examples in several streams which cross the region. The Black
River, the Chippewa, the Mississippi, and the Zumbro are all attended
by such glacial flood deposits, which may be traced back to their
origin on the face of the outer moraine. All these glacial flood plains
slope more rapidly than the present streams. The train in the Chip-
pewa Valley falls a little more than six feet per mile in the first 40
miles of its course, and over five feet per mile from its source on the
face of the moraine to the Mississippi. In crossing the driftless area
the glacial flood plain of the Mississippi declines about 50 feet more
than the present stream.”

Their description applies as well to the sands of the Havana area,
except that the source of the latter is the outwash through the Bloom-
ington moraine in the vicinity, as already described by Hart (Hart
and Gleason, 1907: 139-144).

The Amboy Area—This name is given in this report to the ir-
regular complex of sand ridges and marshes along the Green river
- in Lee county, well illustrated in the vicinity of Amboy. Near that
place the sand occupies a strip about four miles (6 km.) wide on the
south (left) bank of the river. It lies usually in comparatively nar-
row ridges from 20-50 feet (6-15 m.) above the intervening marshes.
Back from the river the ridges are broader and the marshes propor-
tionately more limited in size. Numerous small undrained ponds and
swamps lie among the ridges. Near Amboy the ridges are either for-
ested or under cultivation, but the number of prairie species occupy-
ing the roadsides indicates that at least a portion of the sand was
originally covered with prairie.

Alternating areas of swamp and sand border Green river along
its whole course through Lee, Bureau, and Henry counties to its junc-
tion with Rock river, a distance of about 70 miles (110 km.). They
are to be regarded as outwash from the Bloomington morainal sys-
tem, which crosses the south part of Lee county from northeast to
southwest (Leverett, 71809: 277, 492, 493). The drainage of the
whole valley is poor, and two large marsh areas, known as the Inlet
Swamp and the Winnebago Swamp, are as yet not entirely reclaimed.
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Probably the present local swamps are the vestiges of large continu-
ous marshes which formerly extended the whole length of the river,
and the hydrophytic plant associations now between the dunes are
doubtless the survivors of an earlier swamp vegetation. Slow drain-
age has permitted the formation of extensive muck deposits, while
in the Illinois river valley more rapid and complete drainage has
merely left areas of a sandy loam between the dunes.

The Dixon Area—A small outlier of this general area, situated
four miles (6 km.) southwest of the city of Dixon, is referred to un- -
der this name in the subsequent pages. This area is not forested,
but the small marshes among the dunes indicate by their vegetation a
close similarity to the rest of the area.

The Oquawka Area—Below the mouth of Rock river the Mis-
sissippi turns sharply to the south and follows a generally southerly
direction for about 60 miles (100 km.). Through this portion of its
course, from Muscatine, Iowa, to Ft. Madison, Iowa, its valley is
well filled with sand deposits. These are probably chiefly a continu-
ation of those along Green river, derived from outwash from the
Bloomington moraine. It is possible that some of the sand is derived
from the Wisconsin river outwash, as described above under the
Hanover area. v

At the northern end of this area the principal deposits lie on the
Iowa side of the river, where their vegetation has been briefly de-
scribed by Pammel (1899). In Illinois the sand extends in a strip
through the western part of Mercer and Henderson counties, lying
usually close to the river, and gradually becoming thinner and less
nearly continuous toward the south. A branch of the Chicago, Bur-
-lington and Quincy railway crosses the deposits between Aledo and -
New Boston and follows them.south from Arpee to the junction
with the main line at Gladstone. The town of Oquawka is situated
on the deposits, and is a convenient location for the study of the sand
vegetation. :

- At the north end of Henderson county the sand lies in large, con-
tinuous, nearly level areas, with here and there at wide intervals a
low ridge. Its general height is 30-50 feet (10-15 m.) above the
river. The ridges rise a few feet higher and near the Mississippi
the river dune reaches a maximum height of about 100 feet (30 m.).
Toward the south the sand lies in irregular, gently rolling ridges,
not more than 30 feet (9 m.) high, and separated by areas of a sandy
loam. South of Oquawka the deposits are broken by the Henderson
river, but beyond it low ridges reappear and continue to the southern
edge of the county. ’
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A large proportion of the area has been forested, and most of
that part is not under cultivation. Some fields have been cleared and
abandoned, and are now densely covered with a thick growth of
small trees. The portion originally covered with prairie is almost
entirely under cultivation. Some large areas of blowsand occur,
caused in many cases by pasturing or plowing. A conspicuous in-
stance may be seen just south of Keithsburg, where the railroad
passes through a blowout complex, with one large traveling dune.

The Kankakee Area.—This is undoubtedly the largest sand area
represented in the state, but at least three fourths of its total extent
lies in Indiana. Leverett (1899: 328-338) has given a detailed ac-
count of its extent and thickness, and from him the following state-
ments are taken. The sand occupies a roughly semicircular area,
with the curved edge to the south. Beginning in western Marshall
county, Indiana, the sand margin curves to the south and southwest
near the Tippecanoe river, passes westward near the towns of Monti-
cello and Kentland into Iroquois county, Illinois, and thence follows
the Iroquois river north to the Kankakee river, which forms the
northern boundary of the area. This area includes about 3000
square miles (7500 sq. km.). The deepest deposits lie near the Kan-
kakee river, where the sand extends “several feet below the level of
the base of the ridges.”

As in other areas the sand is not necessarily continuous. Es-
pecially near the border of the area it is heaped into irregular ridges
and dunes, probably caused by wind, and between them lie areas of
sandy loam or muck. As in the Amboy area, the appearance indi-
cates a slow recession of water, with the last of the hydrophytic
vegetation still persisting. While the presence of the sand is cer-
tainly due to glacial outwash, Leverett does not give more definite
conclusions.

At the present time all the upland-sand ridges are either forested
or under cultivation, while the lowlands of peat, muck, or loam are
occupied by swamp or meadow associations. Brief notes on the vege-
tation, with maps showing the distribution of the sand in Newton and
Marshall counties, Indiana, have been published by the Bureau of
Soils (Neill and Tharp, 1907; Bennett and Ely, 1905). But little
attention has been given to this area during the present investigation.

The Winnebago Area.—This series of sand deposits lies chiefly
in the northern part of Winnebago county, Illinois, and the southern
part of Rock county, Wisconsin. It has been mapped and described
by the Soil Survey ( Bonsteel 1903b; Coffey, Ely, and Mann, 1904)
The sand lies between the valleys of Sugar river and Rock river, in
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level areas or low ridges with a generally east and west direction, and
has a total extent, as estimated by the Bureau of Soils, of 25,083
acres (100 sq. km.).

This sand differs essentially from the other areas described in its
upland position. In some places it forms the bluffs of Sugar river,
but in the center of its area it occupies the highest ground between
the two river valleys and over 100 feet (30 m.) above them. Its
position indicates that it is not of fluviatile or lacustrine origin, as
stated in the Soil Survey report. Leverett’s account of its origin
(1899: 131-138) is the most satisfactory, connecting the sand with
the invasion of the Iowan glaciers. The western border of the Iowan
glaciation enters Illinois at the valley of Sugar river, extends south
along that river and southwestward along Pecatonica river to the
western edge of the county, and thence east to the Rock river. The
particular area of sand deposition is thus within the limits of the
Towan glaciers, and the sand itself is regarded by Leverett as the drift
of the Iowan invasion.

There is no present evidence of the recent existence of extensive
prairies in the Winnebago area. Aside from a few deep depressions
with a hydrophytic vegetation, the whole area is either forested or
under cultivation. -

CLIMATE

The general climatic conditions of the northern and central parts
of Illinois are shown in the following diagrams, taken from Henry
(1906). Dubuque, Iowa, is located on the Mississippi river just
north of the Hanover sand area. Beloit, Wisconsin, is situated on
the Wisconsin-Illinois state line at the eastern edge of the Winnebago
area. Keokuk, Iowa, is on the Mississippi river, near the southern
end of the Oquawka area. Springfield, Illinois, is in the central part
of the state, east and southeast of the Havana area. Peoria, Illinois,
is on the Illinois river, at the northern end of the Havana area. The
first four stations, being located at the extreme edges of the general
sand areas of the state, will indicate the extremes of climate at the
north and south, and the conditions of the intervening region may be
approximated by interpolation. Figure 1 shows that the seasonal dis-
tribution of heat is of the continental type, with moderately cold
winters and hot summers, and with occasional great extremes of heat
and cold. It may again be mentioned that the official temperatures,
taken under a shelter of regular pattern, do not represent the actual
temperature to which plants are exposed. This is particularly true of
plants growing in exposed sand, where the surface temperature in
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Fig. 1. Temperature curves for Dubuque, Beloit, Keokuk, and Springfield,
from December to November, expressed in degrees Fahrenheit (left) and Centi-
grade (right): A, absolute maximum for Keokuk and Springfield, B, for Du-
buque and Beloit; C, mean maximum for Keokuk and Springfield, D, for Du-
buque and Beloit; E, mean minimum for Keokuk and Springfield, F, for
Dubuque and Beloit; G, absolute minimum for Keokuk and Springfield, H, for
Dubuque and Beloit.
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summer may exceed 130° F. (55" C.). Accordimg to Mosier (1903)
the average date of the last frost in spring is April 2g in northern
Illinois and April 21 in the central portion, while the first frosts m
_ autumn occur on October 6 and 10, respectively. The average length
of the growing season is accordingly from 160 to 172 days, depending
on the latitude.
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Fig. 2. Rainfall curves for Dubuque, Beloit, Keokuk, and Springfield, from
December to November, expressed in inches (left) and millimeters (right).

The rainfall, as shown in Figure 2, is unequally distributed, the
greater portion falling during the growing season. The resulting
dry winters are probably somewhat favorable to the perpetuation of
the prairie formations (Schimper, 1003). The number of days with
o.01 inch of rainfall or more varies from 75 per year at Beloit to
117 at Dubuque, and of these from 35 to §2 occur during the grow-
ing season.

Comparing the preceding statements with the curve of total sun-
~shine (Figure 3), it becomes evident that the comparatively rainy
summer months have the greatest proportion of sunshine. This im-
plies heavy rains separated by days of hot dry weather, and leading
to a generally xerophytic season in late summer. This climatic fea-
ture has already been commented upon (Schimper, 1903) as in a
measure conducive to a prairie type of vegetation,

Further climatological data might be included, but it is believed
that these will give a sufficiently complete idea of the general climate
of the region. The details of plant distribution are in nowise af-
fected by the broad features of climate.
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Fig. 3. Sunshine curves for Dubuque and Peoria, from December to Novem-
ber, expressed in per cent. of total possible sunshine.

Tug EcorLocicAL ENVIRONMENT

In each area the sand has essentially the same structure. It is
fine grained, yellowish brown in color, and virtually free from or-
ganic matter except in the upper layers. In those portions occupied
by prairie, and in a part of the forests, the surface is exposed and
considerable loose sand is shifted by every wind.

The ecological nature of sand as an environment for plants has
been so frequently described that further discussion here is unneces-
sary, especially since it is probable that no important additions can be
made to our knowledge of the subject without careful field experimen-
tation. Some of the best treatments of the matter in English may
be found in the works by Cowles (1899), Warming (1909), Olsson-
Seffer (1909), and Schimper (1903), and in them fuller reference
is made to the literature. Briefly summarized, it may be stated that
in sand deposits (1) the temperature shows a great variation from
day to night and from surface to subsoil; (2) in open associations
the insolation is increased by reflection; (3) the water capacity is
low and the available supply is small in amount, but constant, because
of atmospheric condensations; (4) the amount of soluble inorganic
salts and of organic matter is small; (5) in open associations the
surface sand is constantly shifting, resulting always in an unstable
environment and sometimes in large excavations or accumulations.

Of these conditions, the last exerts the most apparent and the most
important influence on the associational distribution of the vegetation.
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The other four are probably responsible chiefly for the selection of a-
sand flora from those species which are located within invading dis-
tance of the area in question. They certainly can not account for
the sharp differentiation of the vegetation into definite associations.
In this the plants themselves are most concerned, through their modi-
fication and control of the physical features of the environment. If
their control is lost, a successional series begins. In the field study,
it was usually possible to recognize in the dynamic trend of the vege-
tation the underlying cause. The descriptions which follow take up
the subject from this aspect, discussing in more detail the effect of
the dynamic environment, especially the wind, and its partial or com-
plete control by the vegetation.

GENERAL DISCUSSION

In the field study upon which this work is based the observational
method has been used almost exclusively. No apology or justification
for this method is necessary, for direct observation has led in the
past and will lead in the future to some of the most important results
of plant ecology, and must always be the method by which the first
ecological work in any region is done. The value of an exact knowl-
edge of some of the physical features of the environment is evident,
but their evaluation in an area of considerable size is a task not to be
undertaken by one man or completed in a single season. Undue
emphasis on the environment may lead to the partial neglect of the
most important feature of a region, the vegetation. The plant itself
is in many cases the controlling agent in the environment; the dif-
ferentiation of definite associations is mainly due to the interrelation
of the component plants; and the physical environment is as often
the result as the cause of the vegetation. The relative importance of
the plant covering and the physical environment is happily expressed
by Spalding (1909: 477, 479): “But little reflection is-needed to
arrive at the conclusion that the classical question regarding the rel-
ative importance of physical constitution and chemical composition
of the substratum to plant growth * * * does not, and can not
reach the heart of the problem. * * * This being the case, it
would seem that in the future, investigations of the habitat relations,
of the desert species especially, must be directed mainly to the plant
itself. * * * The establishment of a plant in the place which it
occupies is conditioned quite as much by the influence of other plants
as by that of the physical environment.”

In the prairies of the sand deposits the two chief dynamic features
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of the environment are wind, which tends to move the sand, and
vegetation, which tends to stabilize it. These two opposing forces
are primarily responsible for the present location of every association.
In the forested portion of the sand the water factor is apparently
the most important, but it depends chiefly upon the influence of the
vegetation rather than upon any truly physical condition. In a
broader way, the presence of a particular flora in the sand is due
partly to the selection from the surrounding associations of various
species with certain physiological requirements, and partly to climatic
changes in the past. The latter can only be conjectured; the former
are not known for any plants in this state and for very few in any
place. According to these views, physical factors are relatively little
concerned in the development of vegetational structures in this re-
gion, while the demands of the plant and the effects of its growth are
of chief importance.

The delimitation of the various associations concerned is also a
matter which must depend, for the present at least, upon direct ob-
servation. Jaccard (1902) has given a method for comparing dif-
ferent associations and stating numerically the degree of difference
between them. This has been used frequently and has given some
comparisons which are interesting rather than important. It can not,
however, be used successfully in the field. The chief difficulty in sep-
arating associations lies in the idea of the association itself, which
has never been expressed with sufficient clearness.* By some this idea
has never been received with favor. It is true that the distinctness
of the associations is lost and their character greatly modified by
the effects of civilization, but experience in natural conditions jus-
tifies the statement that associations are definite organized units
and that all vegetation is composed of them, either mature and fully
differentiated or in process of organization (cf. Harper, 1906: 33,
34). It is as difficult to formulate a satisfactory definition of an
association as of a species, and as unnecessary. For the present it
may be considered that it is a homogeneous area of vegetation in
which the interrelations of the component individual plants permit
them to endure the physical environment.

In this work the recognition of associations has been based upon
the idea of uniformity, and those areas, whether large or small,

* The concepts of the association as expressed by authors are very variable
and frequently conflicting. Some demand that each association shall occupy a
definite habitat (Clements, 1905: 292), others allow a wide range in environment
(Cowles, 1901: 79); some consider that the change of a single species affects the
nature of the association (Harshberger, 1900: 652), while others permit a large
variation in the flora (Warming, 1909: 145, 146).
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which are homogeneous (Clements, 1904: 11) throughout their ex-
tent have been considered members of the same association. This
uniformity is shown by the envifonment, by the behavior of the veg-
etation, and, above all, by the plants themselves.

In a region of limited size, over which the climate is essentially
the same, the physical environment of an association is usually nearly
constant, although instances are not lacking of an association living
in the same area under widely different conditions (Cowles, rg9or:
79). On the other hand, it is not necessary that every area with the
same environment should be occupied by one association. It is reg-
ularly the case in the sand region, and usually also elsewhere, that if
the areas of the associations are conditioned by the environment, a
considerable and observable change is necessary to influence the vege-
tation (Clements, 1905: 292). But in no case should the recognition
and delimitation of associations be based upon the environment alone,
which leads to a classification of habitat rather than vegetation (Grad-
mann, 1909) and may lead to the uniting of radically different types
of vegetation.* The behavior of the vegetation with respect to ad-
jacent areas is shown by successions which take place between them.
If two areas with essentially the same environment show no succes-
sional relations it is probable that they represent different consocies
of the same association.

But the first test of a plant association must be the vegetation
itself. No two areas of vegetation are exactly similar, either in
species, the relative number of individuals of each, or their spatial ar-
rangement, and the smaller the areas to be compared the greater pro-
portionately are the differences between them. Also, with continued
and more detailed observation the importance of these minor varia-
tions is magnified, and tends to lead to the recognition of an un-
wieldy number of minor groups unworthy of the rank of association.
This introduces the question of how great a variation may occur in
the structure of the vegetation without the identity of the associa-
tion being changed. Field work shows that the dominant and the sec-
ondary species may both vary independently. In the same association
the dominant species, if more than one, will have the same vegeta-
tive form, as bunch-grasses, or trees, and will be of nearly the same
size. Excessive development of one of them to the partial or com-
plete exclusion of the others makes no change in the general ap-

*The classification of associations by Clements (1905: 302, 303) is largely
of this nature, and in some cases leads to the wide separation of closely related
associations or even to the placing of a particular area in two different groups.

Thus a hydrophytic sand-bar (cheradium) may be converted into a new xerophytic
“formation” (syrtidium) merely by the fall of the water in the river.
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pearance of the vegetation and does not affect the growth of the sec-
ondary forms. There are frequently no successional relations be-
tween these local areas, or consocies. Areas characterized by dom-
inant species of widely different appearance can not be regarded as
belonging to the same association unless it can be shown that the
areas represent transitory stages of development, as described below
for the stabilization of blowouts. If the dominant species have the
same general forn, but do not tend to mix, except in the tension zone
between them, and are accompanied by different groups of secondary
species, the occurrence of different associations is suggested, as in
the black oak and bur oak forests.

The secondary species occupy a comparatively small area in the
associations and their number usually depends in some way upon the
habits of the dominant species. This is well illustrated by the bunch-
grass association, in which the secondary species are absolutely de-
pendent upon the dominant bunch-grasses. More species are con-
cerned and their distribution is frequently irregular. These irreg-
ularities, however, are seldom coincident with any variation in the
dominant plants, but are caused chiefly by competition for space reg-
ulated by seed dispersal and seasonal climatic fluctuations. A con-
_siderable variation in their quantitative distribution may be expected,
unless they belong to the derived element of the association (see be-
low), in which case they may indicate the beginning or the end of a
succession or some local change in the environment which is never-
theless not sufficient to induce a change in the dominant species.

Two areas of vegetation dominated by different species are ac-
cordingly probably consocies of the same association if (1) there
is no obvious difference in their environments; (2) if there is no evi-
dence of succession between them; (3) if the secondary species are
the same for each; (4) if the dominant -species are of the same
vegetative form or (5) tend to mingle in other areas with the same
environment and secondary species.

A slight deviation from these criteria may be neglected if there
is a preponderance of agreement with them, while a radical deviation
-would indicate that the areas represent distinct associations. In most
cases (in the sand areas, at least) their application in the study of the
vegetation leads to definite and unquestionable results.

Whether small or large, associations usually contain some species
which are more characteristic of other areas. This derived element
can be recognized only by comparison with neighboring associations,
where the species in question are more numerous, more general in
distribution, or more luxuriant in growth. They are least abundant
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near the center of the association, and tend to increase progressively
toward its boundaries. The best idea of the structure of an asso-
ciation is accordingly gained at its center. The presence of a derived
element is well illustrated in the black oak association, in which every
spot of unshaded exposed sand is occupied by interstitial annuals
of the bunch-grass association, while near the margin of the forest
numerous prairie perennials and grasses also occur. Many species,
naturally, are almost equally typical of two or more associations.

The boundary of an association is frequently sharp and well de-
fined, especially if the dominant species of the adjoining areas are
of different vegetation forms, as between prairie and forest, or if
the associations are correlated with considerable and relatively con-
stant differences in the environment, as between the windward slope
and basin in the blowout formation. In other cases the boundary is
broad and more or less indefinite. This is particularly true if the
dominant species are of the same vegetation form or if the environ-
mental difference is fluctuating, as, for example, between the bunch-
grass and the Panicum pseudopubescens associations. The vegeta-
tion of these transition zones is a mixture of usually indefinite and
frequently highly variable character. The species in them should be
referred as far as possible to their respective associations, and not al-
lowed to modify the ideas of structure gained from an examination
of more typical localities.

Besides these transitions in space, there are also transitions in
time. An early stage in the development of an association may re-
semble but little its mature condition. Certain members of the asso-
ciation with excessive seed production, with more mobile seeds, or
better adapted to the somewhat aberrant environment, appear first
and for a time dominate the area. Thus, in the stabilization of a
blowout, the redevelopment of the bunch-grass association begins
with a growth of Lespedeza capitata and Oenothera rhombipetala in
large quantities. This condition lasts but a short time before they
are replaced by the usual bunch-grasses. Such an area is at first sug-
gestive of a distinct association, but examination shows that it has no
species, aside from relics of the preceding vegetation, not found also
in the bunch-grass, and that the environmental conditions are very
similar to those of the spaces between the bunches of grass, where
these interstitials (p. 54) grow. A knowledge of the habitat prefer-
ences and habits of the component species and of the general dynam-
ics of the area is necessary to decide upon the proper classification
‘of these transitional stages.

In estimating the uniformity of the vegetation, direct observation
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is in many cases satisfactory, especially if the associations are small
in area or the component plants low in stature so that a comprehen-
sive view of them may be taken. In other cases, simple lists of
species, taken in each area of the association, may be compared, and
their similarity is a good index. For more accurate work, the quad-
rat method proposed by Clements (71905: 161-170) may be employed.
It gives excellent results but demands much time and labor. In areas
of closed vegetation it seems to have its chief value in expressing,
rather than determining, the structure of the association. A modifi-
cation of the quadrat method has been tried with success in this work.
It consists in listing, in the approximate order of the space occupied
by each (not the number of individuals), the species on an imaginary
quadrat of about four square meters situated directly in front of the
observer.  Stepping forward two paces brings another quadrat to
view, and a series of ten or twenty, extending in a continuous strip
or scattered throughout the association, may be listed in a short time.
The size of the quadrat used is chosen to suit the character of the
vegetation; two meters square seems adequate in the study of prairie
associations. In a forest a quadrat of that size could be used only for
the herbaceous vegetation, and one ten meters square would be neces-
sary to show the nature of the forest cover. Quadrats of such size
are unwieldy, and in practice it has been found that results are more
easily obtained by counting every tree within five meters of the ob-
server as he walks through the forest. A new list may be made for
each hundred meters or for any area with distinct environment.

In investigating the tension zone between associations the tran-
sect method (Clements, 1905: 176-179) may be used, but is subject
to the same limitation as the quadrat method. Good results may bz
conveniently obtained by walking back and forth repeatedly from one
association to the other, listing the species in the order of their ap-
pearance. ;

Carefully conducted studies, as indicated above, show that the
dominant species are uniformly distributed over the whole area of
the association or consocies, and that the floral discrepancies are
caused by a number of comparatively rare species represented usually
by a small number of individuals. The weakness of the whole method
lies in the fact that, in a mere list, a rare species, possibly a single in-
dividual, is given as much weight as a common one. Actual counts
of the individuals of each are difficult to make and may give mis-
leading results. If each species could be correlated with the pro-
portion of the area which it occupies, it would be demonstrated that
most parts of an association are highly similar in structure, and the
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resulting community coefficient of different areas would probably be
above 0.9oo (in the black oak association virtually 1.000). Unfor-
tunately no practical method for this has been devised.

The more widely the different areas of an association are sepa-
rated, the greater are the floral discrepancies. The dominant species,
however, remain constant, and the change lies almost wholly in
the secondary species. Many of these are the results of selective
migration from neighboring associations, so that a variation in the
general nature of the vegetation of an area affects the specific struc-
ture of each association. This phenomenon has been discussed briefly
by Warming (1909: 145, 146) under the name of geographical va-
riation. It is well illustrated in the sand areas of Illinois by the sec-
ondary species in the black oak association. In the Havana area are
found some typically southern species, as Quercus marilandica and
Galium pilosum, while in the Winnebago area some species of
northern or eastern distribution occur, as Pyrus americana and
Lupinus perenmnis. In comparing areas of such wide geographic
separation emphasis must be placed upon the dominant species, which
are the fundamental cause of the general physiognomy of the asso-
ciation.

The areal distribution of an association may be compared to the
distribution of a species. Both are irregular in outline, although
coextensive with certain combinations of environmental factors.
Both consist of scattered members, independent of each other, but
related by a common genesis and common demands upon the environ-
ment. Both show minor local and broad geographical varieties. The
former are illustrated in the association by the consocies; the latter,
in the species by the subspecies, which in their typical form occupy
outlying arms or peninsulas but toward the center of distribution
intergrade with the main body of the species. Taxonomic work has
shown that the interpretation and classification of these forms is a
matter of great difficulty. Proper treatment of the geographical
varieties of an association will be a matter of much greater difficulty,
since the necessary comparisons must be based entirely upon written
description or photographic record.

Because of this geographical variation and consequent difficulty
of comparison, few correlations of associations in different parts of
America have been made or attempted. Ecological literature con-
tains numerous descriptions taken from the few representatives of the
associations in a limited locality, but as yet no one has given a gen-
eral description of an association, compiled from observations taken
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throughout its range.* In this respect the present status of systematic
ecology resembles that of pre-Linnaean taxonomy, a maze of de-
tached facts waiting for a Linnaeus to collate and correlate them
into a foundation for future investigation.

The associations recognized in the field have been grouped into
formations, characterized partly by uniformity in the physiognomy
of the vegetation, and partly by uniformity of environment, to which
the physiognomy is in some extent due. Formations correspond
somewhat to genera in taxonomy, and like them may be limited or
comprehensive in their scope, this depending solely upon individual
opinion. As far as possible they have been made to coincide with the
popular idea of the different types of vegetation. The four forma-
tions are all generally known through the sand regions and given the
names used here, with the exception of the forest, which is col-
loquially known as “timber” or, in some places, as “black-jack.” The
latter term applies to the particular association rather than to the
forest formation in general. The areal extent of a formation is ap-
proximately coincident with one of the phytogeographical provinces
of North America, and formations with the same distribution are
placed in the same province. It is thus seen that the differentiation
of both minor and major ecological groups depends principally upon
the plants themselves, the associations being distinguished by the
specific composition, the formations by the general appearance, and
the province by the distribution of the vegetation. This is an ex-
tension of the idea already expressed, that the most important feature
of the association is not the habitat but the plant. It is believed that
the regional classification of associations is really genetic and dynamic,
bringing together those which are most closely related by origin and
succession.

TrE VEGETATION

The area covered by the state of Illinois occupies a unique posi-
tion in respect to the vegetation of the continent, marking the region
of closest approximation of four great floral and vegetational prov-
inces. (See maps in Schimper, 1903; Engler, 1902; Transeau, 1903,
I905; Merriam, 1808; Sargent, 1884.)

The Austroriparian Province (Merriam, 1808: 45) enters the
state at the extreme southern end, and well-developed examples of
its dominant hydrophytic vegeta,tlon, the cypress swamp (Taxodium
distichum), extend northward into the lower valley of the Wabash

*The nearest approach to this has been made by Transeau (1903: 1905-6) in his
studies of bog floras.
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river. Scattered species of Austroriparian affinity extend north in
ever decreasing numbers, for some 300 miles (500 km.). One of
the most conspicuous plants of this nature is Carya illinoensis, the
pecan, which follows the alluvial bottom-land of the Mississippi river
as far as southeastern Minnesota. Few species of this group occur
on the sand deposits of northern and central Illinois, although a num-
ber occupy the sand-bars of the lower Mississippi.

The southern boundary of the great Northeastern Conifer Prov-
ince of the north and northeast passes southeastward across Wis-
consin and Michigan, and numerous species persist south of this
line. Definite but isolated associations of Pinus Strobus and of
Larix laricina, each with its usual attendant species, are found in
various places in northern Illinois, and many scattered species of
northern range, such as Populus tremuloides and Betula alba, var.
papyrifera, live in associations of other provinces. Some of them
are concerned in the vegetation of the sand deposits.

Between the Austroriparian Province on the south and the
Northeastern Conifer Province on the north there are extensive
plains, reaching from the base of the Appalachian mountain system
on the east to Nebraska on the west. This area is known as the
Deciduous Forest Province, and is occupied, as its name indicates,
by deciduous forests, with Quercus, Acer, Fraxinus, Tiia, Fagus,
Nyssa, Liriodendron, Aesculus, and Carya as some of the leading
genera. In the eastern part of the province the forest is almost con-
tinuous, broken only by minor associations of an edaphic nature. At
the west, from Indiana and Illinois to Nebraska, it becomes discon-
tinuous, and a portion of the area, becoming proportionately larger
westward, is occupied by the prairies.

The Prame Province, last on the list, extends in a long strip north
and south through the Great Plains at the eastern base of the Rocky
Mountains from Texas to Saskatchewan, and an eastward extension
passes across Iowa and Illinois into Indiana, sharing the area with
the deciduous forests (Pound and Clements, 1898). Throughout
its whole area the dominant vegetation is prairie.

Each of these four provinces is composed of many plant asso-
ciations, which occupy usually definite habitats, and which are related
to each other by certain successional trends. In each there are asso-
ciations occupying limited areas of extreme environment, and these
tend to converge, through the effect of various physiographic and
biotic agencies, toward the dominant or climax vegetatlon of the
region. In each of the provinces the successional events in the es-
tablishment of the dominant vegetation are relatively simple. There
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is in every case at least a hydrophytic and a xerophytic extreme,
forming two general converging lines of succession. In our present
knowledge of the subject, it is impossible to state whether there is
one definite climax association in each province; it seems probable
that there are several such associations, each characteristic of a lim-
ited portion. It is certain that in each province there is a dominant
formation, or type of vegetation, deciduous forest, coniferous forest,
or prairie, as the case may be. Present evidence seems to indicate that
the nature of the dominant type is determined by a long chain of his-
torical factors (Adams, 1902, 1905) and its present areal distribu-
tion by the broader existing climatic factors, notably heat and rain-
fall (Transeau, 1905).

The boundaries of the four provinces have been subject to great
changes in the. past, both during and following the glacial period, as
the ice swept to the south, overthrowing the previous conditions of
climate, and then retreated to the north, uricovering unoccupied
ground and throwing it open to plant invasion. The ensuing move-
ments of vegetation were among the greatest in the history of the
continent, and have been of the greatest moment in determining the
present distribution of the biota.

These movements have by no means ceased. They are merely
less obvious when measured in terms of years and centuries rather
than in geological periods. Even now a biotic migration is in prog-
ress, which is probably the direct continuation of early postglacial
movements, and is doubtless as rapid and as far-reaching in its effects
as any of the past.

In the present migration the vegetation of the Deciduous Forest
Province is the chief factor. It is now pushing out its boundaries to
the north and west and enlarging its area at the expense of the
Northeastern Conifer Province on one side and the Prairie Province
on the other. Some detailed features of the northern extension have
been given by Whitford (z9or), Transeau (1905-06), and others,
and summarized by Adams (1905). The westward migration has
been mentioned by many, but scarcely described in detail.

The actual steps in the migration of the vegetation are due to a
series of successions, by which associations of the prairie or of the
coniferous forest are replaced by others, with similar environmental
demands, from the deciduous forest. Some of the northern and
western associations are succeeded with comparative ease; others
resist succession for long periods of time. Because of this the forest
extends north and west, not in continuous masses but in long tongues
and detached bodies, while relics of the former vegetation lag be-
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hind as isolated areas in the midst of the forest. Relics of the
northern coniferous forest persist in Illinois as tamarack swamps and
groves of white pine, and both are frequently termed “boreal islands.”
In a similar way the detached areas of prairie in Illinois may be re-
garded as western relics, although they are often miles in extent. The
oldest relics, that is, those toward the east or south, are regularly
smaller in extent and more mixed with forest species (Bonser, 1903).
In the migration of the deciduous forest associations, the greatest
advance has always been made in those habitats which most nearly
resemble those occupied by the climax formation, and which are
therefore most nearly suited to the invading vegetation. On the
other hand the relic associations have been left behind in those habi-
tats, not necessarily best adapted to the relic vegetation, which are
least suited to the invaders. For this reason the boreal associations
in Illinois are limited to sandstone hills and to undrained swamps,
while the prairies persist chiefly in the upland soils between the
stream courses.

The successions by which the general migration is consummated
are of a type different from that found within the formation and
leading merely to the dominance of the climax vegetation, since they
involve associations of two and sometimes of three provinces. While
several descriptions of this type have been published, general con-
clusions have not usually been drawn. At the present time it can
only be stated that the succession seems to take place between equiv-
alent members of the different provincial successional series. Thus,
as shown in the following pages, the xerophytic extreme of the
prairie, the bunch-grass association, tends to give way to the corre-
sponding extreme of the forest, the black oak association. In a sim-
ilar way the black oak association may succeed the xerophytic ex-
treme of the Northeastern Conifer Province, the jack-pine associa-
tion. We find similar relations between the hydrophytic extremes,
and in Illinois the succession of the northeastern tamarack associa-
tion by the deciduous bottom-land forest may be observed.

Northern Illinois, therefore, has been and is the scene of im-
portant events in the biogeographical history of the continent. The
following description of vegetation is designed to be not merely a dis-
cussion of static conditions, but rather a portrayal of one phase of
this great vegetational movement and of the consequent struggle for
supremacy which is still being waged.

In the vegetation four distinct formations, or types of vegetation,
have been recognized. Each of these consists of several associations,
characterized by a distinct group of plants, by a distinct habitat, or by
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both. The subjoined tabular view will express the classification used,
while the arrangement of the associations in the descriptive matter
follows as nearly as possible their successional relations.

CLASSIFICATION OF THE PLANT ASSOCIATIONS

A. The vegetation is dominated by grasses, occupying a relatively stable habitat
with low water-content. The secondary species occupy the interstices between
the stools of grass. The Prairie Formation of the Prairie Province.

a. The movement of sand is slow; several species of bunch-grass are pres-
ent and many secondary perennial species.
The Bunch-grass Association.
b. Sand movement is more rapid; the area is dominated by Panicum
pseudopubescens and the secondary species are chiefly annuals.
The Panicum pseudopubescens Association.

B. The vegetation is very sparse and open, occupying usually a very unstable
habitat due to rapidly shifting sand; there is little distinction between dom-

inant and secondary species. The Blowout Formation of the Prairie Province.

a. The sand movement is chiefly due to removal by gravity; the vegeta-
tion consists of relic grasses and perennials.
The Windward Slope Association.
b. The sand movement is due chiefly to removal by wind; the extremely
sparse vegetation consists of deep-rooted perennials.
The Basin Association.

c. The sand movement consists chiefly of a mere redistribution or of
gradual deposition; the vegetation is composed chiefly of annuals,

The Blowsand Association.

d. The sand movement consists chiefly of a mere redistribution; the vege-

tation is dominated by the sand-binding perennial, Hudsonia tomentosa.
The Hudsonia Association.

e. The sand movement consists chiefly of deposition; the vegetation is
composed of sand-binding perennials with accessory annuals.
The Deposit Association.
f. The vegetation occupies a fossil soil, uncovered by continued sand move-
ment; the dominant species is Stenophyllus capillaris.
The Stenophyllus Association.

C. The vegetation is dense, closed or nearly so, with grasses only as secondary
species; the sand is stable, with usually relatively high water-content; the
formation is developed in deep depressions.

The Swamp Formation of the Deciduous Forest Province.
a. The vegetation is semixerophytic, characterized by slender perennials.
The Solidago Association.

b. The vegetation is truly mesophytic.

1. The vegetation is dominated by willows. The Saliz Association

2. The vegetation is dominated by mat-forming mosses.
The Polytrichum Association.
c. The vegetation is hydrophytic................ The Swamp Association.
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D. The vegetation is dense and closed, dominated by trees or avevectent shrubs,
or by herbs in the immediate vicinity of shrubs; the sand is stable, with
usually low water-content.

The Forest Formation of the Deciduous Forest Province.
a. The vegetation is dominated by herbs. The Smilacing Association.
The Physalis Association.

b. The vegetation is dominated by shrubs, with numerous lianes, the sec-
ondary species are of a mesophytic type.
I. On the crests of dunes or other areas of deposition.
The Dune Thicket Association.
2. In blowouts............coceue ...The Blowout Thicket Association.

c. The vegetation is dominated by trees.
1. The secondary species are generally xerophytic; avevectent shrubs
or lianes are few or absent; the leaf-mold is thin or absent.
The Black Oak Association.

2. The Secondary species are generally mesophytic; avevectent shrubs
and lianes are abundant; a superficial layer of humus is de-
veloped.

a. The dominant species are bur oak and white oak. .
The Bur Oak Association.

b. The dominant vegetation is composed largely of black oak,
but with numerous other arborescent species. o
The Mixed Forest Association.

Turp PrRAIRIE FORMATION
THE BUNCH-GRASS ASSOCIATION

The bunch-grass association formerly occupied probably more
than nine tenths of the unforested portion of the sand areas. It ex-
tended over hill and dale, interrupted only by the blowouts and their
related associations, and was by far the most important association
of the unforested area. Monotonously uniform floristically, its eco-
logical structure showed an obvious differentiation into several con-
socies, each characterized by the preponderance of one or a few
species of grass, and often sharply distinct from its surroundings.
These are considered to be consocies instead of associations because
they can not be referred to any apparent difference in the environment,
and because they exhibit no successional relations to each other.

The best development of the bunch-grass association was, and is,
in the Hanover sand area. By far the larger portion of the area was
originally unforested. Large fields are still in a virgin condition,
and hundreds of acres have been but little pastured. The area in-
cludes most of the consocies described and offers without doubt the
best conditions for ecological study. The Winnebago area includes,
so far as observed, but one small area of bunch-grass, not more than
an acre in extent, entirely surrounded by forest. It is evidently a
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relic of a former wider extension ot the association. In the Amboy
area most of the country is either forested or pastured, and the only
observed examples of bunch-grass were scattered fragments along the
roadsides. The Dixon area formerly contained much bunch-grass,
but it is also now largely under cultivation. The Oquawka area is
more extensively forested, but some of the bunch-grass still remains
in the original condition. The Leptoloma cognatum consocies is es-
pecially well represented there. The bunch-grass association formerly
occupied thousands of acres in the Havana area, but most of it is
now under cultivation.

In the three chief sand areas, at Hanover, Oquawka, and
Havana, the sand deposits lie, as has already been noted, on the east
side of a river, extending from the water’s edge to the bluff. The
bunch-grass association is always separated from the river by a nar-
row or wide marginal forest, but may extend inland to the very base
of the bluffs, as at Hanover. It may then be divided into smaller
areas by transverse belts of forest, as at Havana. To these smaller
tracts local names are sometimes given, as Benton Prairie at
Oquawka. The tracts thus delimited are not uniform, but each may
be occupied by two or more consocies. The different prairies of a
sand area are, however, occupied in general by the same consocies
and have the same flora. But two noteworthy species seem to form
an exception to this rule, Breweria Pickeringii in Benton Prairie at
Oquawka, and Lesquerella argentea in the Devil’s Neck region of the
Havana area.

The bunch-grasses which give the association its name produce
at the base or along the lower portion of the culm a number of leaves,
which are aggregated into loose or crowded bunches, depending upon
their size and number. Rising from their center are the flowering
culms, and beneath the living leaves are also the dried dead leaves
and culms of the previous season. The height of the bunches, ex-
clusive of the culms, is therefore, in most cases, approximately equal
to the length of the basal and lower leaves. In simple bunches all
the leaves and culms radiate from one center, and a bunch con-
sists of one plant, or rather of one stool. The diameter of the bunch
is then not more than twice the length of the basal leaves. Such
simple bunches are exhibited by Panicum perlongum and Stipa
spartea. With some other species, as Panicum pseudopubescens, the
culms are also spreading or horizontal, and the diameter of the bunch
is about equal to twice the length of the culms. In other cases the
individual plants are closely associated, so that the dense bunches
may reach any diameter, and are usually very irregular in shape. This




49

habit is well illustrated by Leptoloma cognatum. The bunches of
each species are distinct in size, structure, and general appearance,
and when in a sterile condition can frequently be recognized by their
habit alone. Notes on the individual character of the bunches will
follow. :

The living and dead leaves of the bunches cover the ground in
most cases so closely that other plants can not grow among them.
The two bunch-forming sedges, Carex Muhlenbergii and Cyperus
S’chweinitzii, alone produce bunches so loose that various annuals
usually grow within them. Stipa spartea also produces loose bunches
through which Ambrosia psilostachya or Teucrium occidentale may
grow. A number of small annuals may be found between the radiat-
ing culms of Panicum pseudopubescens at some distance from the cen-
ter, while the dense compact bunches of Koeleria cristata and Lepto-
loma cognatum are entirely free from other plants.

Besides restricting the growth of other species, and thus retaining
the dominance in the association, they act efficiently in preventing the
blowing of the sand. The greater proportion of the surface is usually
entirely covered, and the small intervening spaces are so narrow that
the sand is not easily lifted by the wind above the bunches. The tend-
ency to blow, if present, is usually shown by the slight elevation of the
grasses above the concave or trough-shaped interspaces. Neverthe-
less, blowing may sometimes take place to such an extent that the
whole association is destroyed, and succeeded by another in which
Panicum pseudopubescens is the dominant grass, as will be described
later. It seems probable that in most of these cases the density of
the plant covering has been reduced by pasturing or other recent
causes, or, conversely, that under strictly natural conditions the bunch-
grasses permanently prevent blowing.

In some places the surface is entirely covered, either with bunch-
grasses alone or with mat-plants in addition, and there is every gra-
dation down to cases where but little more than half the actual surface
is occupied. It may be arbitrarily assumed that the bunch-grass as-
sociation can not exist with more than half the sand exposed, and it
is certain that it may disappear with even more of the surface oc-
cupied. The proportion of the ground covered by the grasses varies
with the species, the habitat, and the stability of the sand. Of the
grasses which tend to cover a relatively small part of the surface
Koeleria cristata and Andropogon scoparius are good examples, while
the bunches of Leptoloma cognatum show especially a tendency to
become confluent and to cover large unbroken areas. 'The consocies
which contain the largest number of species of bunch-formers are
also apt to occupy the space most completely.
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© The general appearance of the association, including especially
the color-tone and number of secondary plants, depends almost en-
tirely upon the specific peculiarities of the bunch-grasses represented
and upon the density of the covering. Most bunches are so distinct
in size, density, or other features that they are easily recognized, even
when sterile. In doubtful cases minor morphological characters may
be used, such as pubescence, the structure of the ligule, and other
similar vegetative features. Some of the most important bunch-
forming species are the following.

1. Koeleria cristata—Bunches regular, compact, about one foot
(3 dm.) in maximum diameter and eight inches (2 dm.) high, with
a considerable accumulation of dead leaves beneath them, forming an
elevated central tuft and radiating on the sand; leaves six to ten
inches (15-25 cm.) long, mostly straight and erect, glaucous-green
.or canescent with fine pubescence.

The regular close bunches of Koeleria have an appearance of
trimness and neatness in which they excel any other species. The
gray-green color and the shining spikelike panicles make the grass
very conspicuous, especially during the aestival aspect when it is in
bloom, or at any season when the dew is still on it in the early
morning. ‘The bunches are rarely confluent and tend to leave a con-
siderable uncovered area between, especially when not associated with
other species. ‘

2. Leptoloma cognatum.—Bunches 8-12 inches (20-30 cm.) wide
and about eight inches (20 cm.) high, very compact, close and dense,
flat-topped, frequently confluent in large irregular patches; leaves
short, all erect or radiating, and freely mixed with the dead leaves
of the preceding season, giving the whole bunch a yellow-gray ap-
pearance. ‘The short leaves are more irregularly arranged than those
of Koeleria cristata, and the dead leaves and culms remain for a
long time mixed with the living. In the serotinal season the large,
but very lax, red-flowered panicles appear and impart a distinct red-
dish hue to the consocies in which the plant grows.

3. Stipa spartea—Bunches loose, few-leaved, but regular in size,
1-1.5 feet in diameter and about the same height, with a slight ac-
cumulation of dead leaves and culms on the sand beneath. The flow-
ering culms rise to a height of three feet (1 m.). Of all the bunch-
forming species of grass in the association this species forms the
loosest and most indefinite bunches.

4. Panicum pseudopubescens (Pl 1IN, Fig. 2).—Bunches irregu-
larly circular in outline, depressed, 1-1.5 feet (3-5 dm.) in diameter,
four to six inches (1-1.5 dm.) high; culms and leaves radiating from
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the center, straight, barely exceeding the dead culms with their split
and curled leaves. The culms and especially the spikelets are red in
color and give a reddish tone to the whole bunch.

This species forms one of the most distinctive bunches of the
association, due to the depressed or prostrate radiating culms with
their erect or almost appressed leaves, and to the persistence on the
dead culms of the recurved leaves of the previous season. The culms
extend beyond the leaves, and bear small, but conspicuous, panicles of
red spikelets. This species is more characteristic of the association to
which it gives its name, but is also frequent in the typical bunch-grass,
where its peculiar habit makes it conspicuous.

5. Bouteloua hirsuta—Bunches low, irregular, two to four inches
(5-10 cm.) high, usually confluent in matlike masses §-12 inches
(1-3 dm.) in diameter; leaves short, irregular in position, forming
a loose tuft, conspicuously gray-pubescent, and giving a gray color to
the whole bunch. The slender culms, 4-12 inches (1-3 dm.) high,
appear during the late aestival season. The small bunches are entirely
too low to compete with the other grasses for space or to constitute
a conspicuous element in the association. They are usually restricted
to the intervening spaces, where they have the general habit of mats
rather than of bunches. They associate frequently with Selaginella
rupestris.

6. Bouteloua curtipendula—Bunches loose,. 6-12 inches (1-3 dm.)
in diameter, eight to ten inches (2-3 dm.) high; leaves mostly all
erect, six to eight inches (15-20 cm.) long.

7. Cyperus Schweinitzii—Bunches very open and loose, basal
leaves few in number, ascending; culms several, erect or ascending.
The plant frequently has the habit of an interstitial rather than of a
bunch-grass.

8. Andropogon scoparius.—Bunches one to three feet (3-8 dm.)
wide, circular, 1-1.5 feet (3-4 dm.) high, compact, and regular;
leaves very long and narrow, erect or ascending, the dead leaves
persisting as a dense mass at the base, or recurved around the margin
of the bunch; culms about two feet (6 dm.) high, the dead culms
persisting through the following summer.

The bunches are notable for their large size and the dense mass
of dead leaves mingled with the living ones. As the bunches grow
older the center dies, and rings are formed which reach a maximum
diameter of over a yard (1 m.). In such rings the zone of living
grass is three to eight inches (1-2 dm.) wide, and the central portion
is elevated four to six inches (10-15 cm.) above the general level.
It is composed of a dense mass of old roots and culms mingled with
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debris of all kinds, and is almost always devoid of any plant growth.

9. Andropogon furcatus—The bunches of this grass, commonly
known as bluejoint, resemble those of the smaller A. scoparius in
general habit, but are taller, 1.5-2.5 feet (4-8 dm.), and frequently
larger in diameter, three to four feet (8-12 dm.). The leaves are
larger, less densely aggregated, and without the tangle of dead leaves
among them. The flowering culms are three to five feet (10-15 dm.)
tall or even more, and seldom persist until the following summer.
Like A. scoparius, the bluejoint may also form rings by the death of
the center of the old bunches. These are five to seven feet (15-20
dm.) in diameter and without a conspicuous elevated center.

Sorghastrum mutans and Panicum virgatum (Pl IV, Fig. 2)
form large bunches much resembling those of bluejoiut.- Calamovilfa
longifolia grows in patches with the individual culms one to six
inches (3-15 cm.) apart, forming dense clusters which resemble true
bunches. Eragrostis trichodes produces bunches closely resembling
those of Andropogon scoparins in general character, but without the
mass of dead leaves. The bunches of Panicum perlongum are very
regular, hemispherical in shape, and composed of a dense mass of
straight radiating leaves. In general appearance they resemble the
bunches of Koeleria cristata. Paspalum sctaceum and Eragrostis
pectinacea send up several culms from a common center, on which
the leaves are most closely approximated near the base, thus forming a
loose irregular bunch. The loose open bunches of Carex Muhlen-
bergii are especially characterized by their leafless, obliquely ascend-
ing stems.

Since the bunch-grasses virtually exclude other growth beneath
them, the secondary species are found upon the small areas of bare
sand between the bunches. They may be conveniently divided into
four ecological groups based upon their habits and structure. As in
most ecological classifications, these groups are not entirely distinct,
and some species are of doubtful position. To them may be given the
names perennials, mats, interstitials, and parasites.

The members of the first group, the perennials, are generally very
deep-rooted, and frequently grow in tufts or bunches resembling those
of the bunch-grasses. The deep roots are a response to the conditions
of water supply, and the bushy habit is possibly correlated with the
generally xerophytic environment and exposure to the wind. Re-
sembling the bunch-grasses in habit, they are able to compete with
them for space, and may be found in the center of a patch of grass,
where they have persisted since the grass surrounded them. Their
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competition with the bunch-grasses is defensive rather than offensive;
they can resist the encroachment of a grass, but are not able to dis-
place it. Some typical plants of this habit are Aster linariifolius,
Lithospermum: Gwmelini, Aster sericeus, Tephrosia virginiana (Pl
IX, Fig. 1), and Chrysopsis villosa. Others have more slender stems,
several of which arise from a common base and spread divergently,
somewhat resembling in habit the iooser bunches of Carex Muhlen-
bergii or Cyperus Schweinitzii. Good examples of this type are
furnished by Callirhoe triangulata, Petalostemum purpureum, and
Petalostemum candidum. Still others have erect stems which tend
to grow in clusters, as Coreopsis palmata, Solidago missouriensis,
Solidago nemoralis, and Helianthemum majus. A fourth type is fur-
nished by Physalis virginiana, Baptisia bracteata, and Tradescantia
reflexa, with solitary stems which branch freely or bear widely
spreading leaves toward the top. A fifth type is illystrated by Eu-
phorbia corollata or the species of Liatris, whose slender erect stems
grow singly and occupy very little ground space. This type ap-
proaches most nearly the third group of interstitials. One member of
the group, Breweria Pickeringii, has very numerous long decumbent
stems, forming an elevated mass at the center, and spreading out in
all directions on the sand.

The shrubs of the association are for convenience classified in
this group. They include Rhus canadensis, var. illinoensis, forming
dense rounded masses 3-15 feet (1-5m.) across and three feet (1 m.)
high, and excluding all other vegetation; Amorpha canescens and
Ceanothus americanus, undershrubs with several erect or ascending
stems one to three feet (3-8 dm.) high; and Ceanothus ovatus (Pl
II, Fig. 2), with several ascending stems forming an irregular bushy
shrub two or three feet (1 m.) tall. The two species of Ceanothus
are notable for their immense woody roots, frequently six inches
(1.5 dm.) in diameter and extending downward to great depths.
They are crowned by a few live stems, which are of comparatively
short life, and with the dead and decaying bases of many others of
previous years.

It is needless to say that the vast majority of these plants present
obvious xerophytic adaptations, the most general of which are a re-
duction of surface to narrow or small leaves, and a protective cover-
ing of silvery or canescent hairs or scales. Their general tone is
grayish green, amid which the vivid green of Euphorbia corollata
and Tradescantia reflexa appears strangely out of place. The various
types described do not include all the species of the group, but omit
some of the less frequent. Neither do all perennials belong to this
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group, but some, as Lesquerella argentea, are placed among the in-
terstitials.

The second group includes the mat-plants, a small group with but
three flowering plants, Opuntia Rafinesquii, Opuntia fragilis, and An-
tennaria sp. Selaginella rupestris is also common in the Hanover
area. These grow close to the sand and tend to spread annually over
a larger area. They are unable to encroach upon either the bunch-
grasses or the perennials, and do not survive when covered by mem-
bers of these groups. Their number is accordingly largest in the
more open consocies. These plants are of the greatest importance in
binding sand, and under certain conditions have a prominent part
in stabilizing blowing sand. Selaginella rupestris is especially note-
worthy for its habit of circular growth. Extending vegetatively
from the center, its growth is so regular that a circular patch is
formed. This is soon converted into a ring by the death of the
center, leaving a marginal zone of living plants one to two inches
(2-5 cm.) wide. This ring gradually increases in size until it may
reach a maximum diameter of four feet (1.2 m.). Additional rings
may begin within an old one, or parts of two rings may overlap.
Megaspores are produced in enormous quantities, but their successful
growth must be rare. The prickly pear, Opuntia Rafinesquii, is much
more common in the Havana area than in any of the others. The
mats of Selaginella are favorite places for small mats of a dark col-
ored crusty species of Cladoma. Small mosses, of unidentified
species, are also frequently found, and in many places a dark-colored
crust on the sand is formed by a species of Oscillatoria, which from
its habit may also be classified with the mats.

The third group, the interstitials, is composed in general of an-
nuals, with slender, frequently unbranched stems, generally narrow
leaves, and fibrous roots. They come up late, principally during the
season of heavy rainfall in June or July, and cover the bare areas of
sand with prodigious numbers of individuals. Notwithstanding their
number, they are of the least ecological importance. Their slender
stems occupy little space and take no part in sand-binding, while the
very existence of the entire group is due to the presence of the bunch-
grasses, which act as windbreaks and hold the sand. If the number
of grasses decreases somewhat, there is a correspondingly larger
number of interstitials, but if the bare spots become too large, so that
blowing of the sand begins, their number begins to decrease.

The most abundant species of interstitials are Oenothera rhombi-
petala, Ambrosia psilostachya, Linaria canadensis, Cassia Chamae-
christa, Monarda punctata, and Croton glandulosus, var. septen-
trionalis.
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The fourth group, or parasites, is represented by a single species
of seed plant, Orobanche fasciculata, found on the roots of Artemisia
caudata in the Hanover area.

While these four groups are sufficiently distinct to serve as eco-
logical units, they are not absolutely separate. The perennial Les-
pedeza capitata, with its slender stems and narrow leaves, associates
frequently with the true interstitials, and might then well be regarded
as one of them. Cyperus Schweinitzii appears now as a bunch-grass,
now as an interstitial. Bouteloua hirsuta behaves sometimes as a
bunch-grass, producing small tufts two to four inches (5-10 cm.)
high, but frequently it functions more as a mat and associates with
Selaginella rupestris and Antennaria sp., or, when growing between
larger bunches of Koeleria cristata, it might be regarded also as an
interstitial.

The number of secondary species and individuals is naturally
greatest in the more open parts of the association and least in the
denser portions. The mats may entirely disappear and the inter-
stitials be greatly reduced in number when the bunch-grasses are
closely aggregated. The perennials, with their greater resistance to
crowding by the grasses, remain throughout and always occupy a
prominent place in the association. The close relation between the
secondary and dominant plants of an association is seldom better
illustrated than in this one, where the presence and disappearance of
the interstitials are both correlated with the density and luxuriance of
the bunch-grasses.

The association as a whole is, as already noted, divided into a
number of consocies. Some of these are characterized by a single
species of grass and may be called pure consocies. Such are those
characterized by Koeleria cristata, Leptoloma cognatum, Stipa
spartea, and Carex Muhlenbergii. A larger part of the association is
occupied by several characteristic species and is here termed the mixed
consocies. Although the specific composition of the latter varies
somewhat from place to place, its general appearance is so uniform
that it does not admit of further subdivision. Besides describing
these five, representing natural conditions, it is necessary also to men-
tion some of the effects of cultivation, pasturing, and burning. The
consocies are described in the reverse order of their importance, and
the notes on cultural changes follow. It will be observed that the
floristic differences between the various consocies are slight.

The Carex Muhlenbergii Consocies

The only observed examples of this consocies were in the Han-
over area, the first in an interdunal depression, the second on the
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side of a gentle slope. In both cases they were surrounded by othei
consocies of the same association, but were sharply separated from
them.

The dominant species is Carex Muhlenbergii. The bunches are
separate or rarely confluent and cover about three fourths of the
surface. Since there are few dead leaves beneath the bunches, and the
living leaves are mainly erect, there is abundant space for other
plants. Although four species of grasses are included, of which
three are typical bunch-grasses, they are so sparsely represented that
none can at any place be considered dominant. The following sec-
ondary species were noted .

- Bunch-grasses:

Leptoloma cognatum Panicum pseudopubescens
Panicum virgatum Poa pratensis
Perennials:
Lithospermum Gmelini Helianthus scaberrimus
Pentstemon hirsutus Helianthus occidentalis
Solidago nemoralis
Mat:
Opuntia Rafinesquii
Interstitials :
Monarda punctata Ambrosia psilostachya
Linaria canadensis Lactuca canadensis

The vernal aspect is characterized by Lithospermum Gmelini, the
serotinal by Monarda punctata, and the autumnal by Helianthus oc-
cidentalis.  The whole consocies stands out in sharp relief from its
surroundings because of the rich dark-green color of the dominant
species.

Carex Muhlenbergii is also widely distributed throughout the
bunch-grass association, and occasionally appears in large numbers
on the lee deposits of blowouts, and may take part in their stabiliza-
tion. That the consocies does not have this origin is shown by the
absence of Diodia teres and Tephrosia virginiana, the poor develop-
ment of Panicum virgatum, and the presence of Opuntia Rafinesquii.

The Stipa spartea Consocies

This consocies is developed in but one place in the Hanover area,
and is there of limited extent.
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Stipa spartea is the dominant grass, with Poa pratensis second
in abundance. The bunches of Stipa are here more or less confluent,
and the intervening spaces are so occupied by blue-grass that the sur-
face of the sand is completely covered. This leaves no opportunity
for the growth of the usual interstitial plants and also tends to limit
the number of perennials. But four species occur and they are rep-
resented by few individuals. They are Panicum pseudopubescens,
Callirhoe triangulata, Coreopsis palmata, and Aster linariifolius. All
of these are common in other consocies of the same association.

At either side the consocies changes rather abruptly into an-
other characterized by Koeleria cristata, which has larger open spaces
between the bunches and permits the growth of more secondary
species.

The Koeleria cristata Consocies

In the Hanover area this is by far the most important consocies
. of the bunch-grass association which is characterized by a single
species, and in area is second only to the mixed consocies. If its
present extent may be taken as an index, it must originally have
covered hundreds of acres of the sand prairie, although in scattered
patches of rather small size. It is found alike on the sides and tops
of the hills, but seldom in the depressions between them. Elsewhere
the consocies was not observed.

The dominant species is Koeleria cristata. The bunches of this
grass are mostly separate and eompact, occupying from one half to
two thirds of the surface. The dead basal leaves cover the sand be-
tween the bunches, and make an efficient protection against blowing.
Panicum pseudopubescens, which flourishes where the sand is largely
bare, is also frequently well developed.

The number of secondary plants is large because of the unusual
amount of ground. space available, and comparatively many species
are represented. The number of individuals of the interstitial species
is especially large. The mats of Selaginella rupestris reach here
their maximum size; regular circles up to three feet (1 m.) in di-
ameter are common, and they may become confluent to form solid
masses eight to ten feet (2-3 m.) wide. Koeleria cristaia lives in-
discriminately upon these mats or between them, and so do most of
the perennials. Panicum pseudopubescens and the annuals are sel-
dom found except on the bare sand between them. The centers of
the Selaginella mats are usually covered with a black crust, upon
which a species of Cladonia is frequently growing. Antennaria sp.
may grow on the mats also, or in the absence of Selaginella form
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circular patches one to three feet (3-10 dm.) across, which are very
conspicuous because of their gray color. The principal secondary
species are the following.

4

Bunch-grasses:

Sorghastrum nutans Panicum perlongum
Panicum virgatum Stipa spartea
Panicum pseudopubescens

Perennials :
Tradescantia reflexa Pentstemon hirsutus
Amorpha canescens Solidago nemoralis
Petalostemum candidum Aster sericeus
Petalostemum purpureum Aster linarisfolius
Tephrosia virginiana Helianthus scaberrimus
Viola pedata Coreopsis palmata
Callirhoe triangulata Artemisia caudata
Lithospermum Gmelini

Mats:
Selaginella rupestris Opuntia fragilis
Opuntia Rafinesquii Antennaria sp.

Interstitials :
Festuca octoflora Oxalis corniculata
Rumex Acetosella Seutellaria parvula
Lepidium virginicum Monarda punctata
Arabis lyrata Ambrosia psilostachya

The vernal aspect is characterized by the blue flowers of Viola
pedata, which were still in bloom when the consocies was first vis-
ited in June; later, Pentstemon hirsutus and Lithospermum Gmelini
are conspicuous with their white and yellow flowers. The aestival
season is well markd by Tradescantia reflexa, and the serotinal by
Monarda punctata, which is frequently present in immense numbers.
The flowers of the prairie clovers (Petalostemum), the lead plant
(Amorpha canescens), and the sand poppy (Callirhoe) appear at
the same season, but the plants are usually too scattered to break the
effect of the masses of Monarda. Still later, in the autumnal aspect,
the prevailing tone is yellow from the flowers of the goldenrod,
Solidago nemoralis.

The Koeleria cristata consocies illustrates well the general prin-
ciple that an association may be derived from different sources. In
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some cases it is evidently the result of the stabilization of the Pani-
cum pseudopubescens association, in which event it is characterized
by the greater abundance of that species, the better development of
mats, which are composed of Selaginella rather than Antennaria, and
the greater abundance of Scutellaria parvula and Arabis lyrata. In
other cases it is entirely independent of any former blow conditions,
and then contains less Panicum pseudopubescens, mats of Antennaria
rather than Selaginella, and a larger proportion of perennials, in-
cluding Aster sericeus and Amorpha canescens, which are absent on
blowing sand. The two types have the same structure and represent
the same consocies, notwithstanding their difference in species. The
only ecological difference between them, aside from their origin, is
their age, and it may very properly be considered that the floral differ-
“ence will gradually disappear as the various perennials succeed in es-
tablishing themselves in the younger type. The order of appearance
of the species in this process of stabilization will be considered later.
There is usually a gradual change in the appearance of the con-
socies at its margin as other grasses appear or as Koeleria disappears.
The secondary species vary but little specifically, but the number of
individuals naturally increases or decreases according to the density
of the grasses.

The Leptoloma cognatum Consocies

This consocies is extensively developed in the Hanover, the
Dixon, and the Oquawka areas, and in the last two is by far the most
important consocies characterized by a single species (Pl I, Fig. 2).
In the Hanover area it is exceeded in extent by the Koeleria cristata
and the mixed consocies. It has a wider topographic range than the
Koeleria cristata consocies, and is found in the interdunal depressions
as well as on the hilltops.

Leptoloma cognatum is the principal bunch-forming grass, and
its flat-topped bunches are usually so confluent that nine tenths of the
surface or more is occupied. The bunches are of such uniform
height and density that the consocies appears as if artificially trimmed,
and has a generally gray-green color because of the numerous dead
leaves mixed with the living. The other grasses, which are usually of
larger size and bright green in color, stand out very prominently
against the background. In the serotinal aspect the plants are in
bloom, and the large panicles with the red spikelets are so numerous
that the whole consocies has a reddish hue. A few other grasses
may at some places occupy enough of the surface to affect the gen-
eral appearance of the consocies. They are Koeleria cristata at Han-
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over and Dixon, Sorghastrum nutans at Hanover, Panicum pseudo-
pubescens at Hanover, Andropogon scoparius at Dixon and Oquawka,
and Paspalum setaceum at Oquawka. At Dixon, Chrysopsis villosa
becomes conspicuous and occupies a large amount of space, but it
seems probable that the conditions there are not quite normal.

It has already been noted that the confluent habit of the bunches
of Leptoloma cognatum restricts the space for secondary species.
- The great extent of the consocies, on the other hand, tends to in-
crease the number of species, even though the number of individuals

is relatively small. A list of the secondary species follows.

Bunch-grasses:
Andropogon scoparius
Sorghastrum nutans
Paspalum setaceum
Panicum perlongum
Panicum Scribnerianum
Panicum pseudopubescens
Koeleria cristata

Perennials :

Tradescantia reflexa
Sisyrinchium sp.
Oxybaphus nyctagineus
Delphinium Penardi
Baptisia bracteata
Amorpha canescens
Petalostemum purpureum
Tephrosia virginiana
Lespedeza capitata
Polygala polygama
Euphorbia corollata
Rhus canadensis, var. illinoensis
Ceanothus americanus
Callirhoe triangulata
Helianthemum majus
Viola pedata

Mats:

Selaginella rupestris
Opuntia Rafinesquii

Bouteloua hirsuta
Bouteloua curtipendula
Poa pratensis
Cyperus Schweinitzii
Carex umbellata
Carex Muhlenbergii

Asclepias amplexicaulis
Acerates viridiflora
Acerates viridiflora, var.
lanceolata
Lithospermum Gmelini
Verbena stricta
Verbascum Thapsus
Pentstemon hirsutus
Ruellia ciliosa
Liatris scariosa
Chrysopsis villosa
Solidago speciosa, var. angustata
Solidago nemoralis
Aster linaritfolius
Helianthus scaberrimus
Achillea Millefolium

Antennaria sp.
" Senecio Balsamitae
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Interstitials :
Festuca octoflora Croton glandulosus, var. sep-
Cyperus filiculmis tentrionalis
Rumex Acetosella Oenothera rhombipetala
Polygonum tenue Monarda punctata
Silene antirrhina Hedeoma hispida
Arabis lyrata Linaria canadensis
Lepidium virginicum Specularia perfoliata
Cassia Chamaechrista Erigeron annuus
Linum sulcatum Erigeron ramosus
Polygala incarnata Ambrosia psilostachya

Of the grasses in the above list, Bouteloua hirsuta is most abun-
dant in the Oquawka area, and may usually be found in any of the
narrow strips of sand between the bunches of Leptoloma, although
its small size makes it very inconspicuous. Near Hanover, Bouteloua
does not occur in this consocies, and Panicum Scribnerianum and
Panicum perlongum are important secondary species. The others
are usually infrequent but are sometimes very conspicuous if the
bunches are of large size and overtop the Leptoloma. Those of An-
dropogon scoparius and Carex Muhlenbergii contrast especially with
Leptoloma both in size and color. ’

In the Hanover area the most abundant perennials are Euphorbia
corollata and Helianthus scaberrimus; in the Oquawka area, Ruellia
ciliosa and Baptisia bracteata. Many of the perennials are conspicu-
ously taller than the Leptoloma and stand out in prominent relief
above -it. ‘This is especially true of the bushy shrubs Ceanothus
americanus, Rhus canadensis, var. illinoensis, and Amorpha can-
escens.

Antennaria is the most abundant mat, and is frequent throughout
the consocies. The mats are small because of the limited space avail-
able. Senecio Balsamitae forms dense patches two to three feet
(5-10 dm.) across and shows some tendency to resist the encroach-
ment of the bunch-grasses.

Of the interstitial plants, Ambrosia psilostachya is omnipresent,
and is represented by an immense number of individuals. Rumex
Acetosella and Monarda punctata are also very abundant. The lat-
ter is one of the most conspicuous features of the serotinal aspect.
Oenothera rhombipetala is not so abundant as Monarda, but is equally
conspicuous at its blooming season during the aestival aspect, be-
cause of its taller stems and vivid yellow flowers. The other in-
terstitial plants vary greatly from place to place, and almost any
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species may in some places or at some seasons appear very conspicu-
ously. A striking example of this was given by Linum sulcatum,
which was observed only on one sand-hill near Oquawka, and was so
local that it did not appear in any of the quantitative studies made
there. The plant has very slender erect unbranched stems, and dur-
ing the first days of July was hardly noticeable. A few days later
the flowers appeared and brought the plant at once so much into evi-
dence that it might have been wrongly considered a characteristic
member of the consocies.

TABLE I.—FLORISTIC COMPOSITION OF TEN QUADRATS IN THE Leploloma cog-
nalum CONSOCIES, OQUAWKA AREA.

Leptoloma cognatum
Paspalum setaceum
Panicum Scribnerianum
Bouteloua hirsuta
Cyperus filiculmis
Carex Muhlenbergii
Rumex Acetosella
Polygonum tenue
Silene antirrhina
Cassia Chamaechrista
Baptisia bracteata
Amorpha canescens
Polygala incarnata
Oenothera rhombipetala
Verbena stricta
Monarda punctata
Hedeoma hispida
Linaria canadensis - X - -
Pentstemon hirsutus - - - - X - -
Ruellia ciliosa XXXXXXXX
Specularia perfoliata - X - - - - -
Erigeron ramosus - - -XXXX--X
Antennaria sp. - X - - e - - -
Ambrosia psilostachya XX - XXXXXXX
Senecio Balsamitae - - - - - - X - -
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A series of counts (Table I) were made at Oquawka, in the best
example of the consocies observed (near the site of Plate I, Fig. 2),
to determine the relative frequency of the secondary species. These
counts record the presence or absence of the species in each of ten
quadrats two meters square, extending in a continuous strip through
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the consocies. No record was made concerning the abundance of
each species.

Bouteloua hirsuta, Ruellia ciliosa, Ambrosia psilostachya, and
Rumex Acetoselle appear as the most frequent of the secondary
species, while Leptoloma cognatum naturally appears in every quad-
rat. The average number of species in each quadrat is 10.6, while the
whole number observed in the Oquawka area is 47.

The consocies was not under observation during the vernal sea-
son, but Baptisia bracteata and Delphinium Penardi are probably
quite conspicuous at that time. During the aestival aspect of late
June and July Oenothera rhombipetala and Amorpha canescens are
much in evidence. These are followed in August by Monarda punc-
tata, and the red spikelets of Leptoloma cognatum are also very
conspicuous at that season. In the Hanover area the vernal aspect
is characterized by Pentstemon hirsutus, while the aestival and sero-
tinal conditions are essentially the same as at Oquawka.

In the Oquawka area contact between this consocies and others
was not observed. At Hanover it grades into the mixed consocies
next to be described. There is no sharp line between the two, but
other species of grasses appear, the spaces between the bunches become
wider, and a greater number of secondary species occupy the bare
sand thus available.

The Mixed Consocies

In the Hanover area the greatest portion of the sand prairie was
originally occupied by a mixed consocies, in which several species
of bunch-grass were well represented (Pl. II; Pl III, Fig. 1). The
same consocies was also of considerable importance in the Havana
area, and was described in a former paper (Hart and Glea-
son, 1907: 158-160). It was also well represented in the Oquawka
area, especially in the prairies between Keithsburg and Oquawka.
In the Dixon area no estimate can be made at present concerning its
former extent. It seems probable that over the sand prairies as a
whole at least two thirds of the surface was occupied by this mixed
growth. Although now greatly reduced in area because of cultiva-
tion, the remnants left show that it grew alike on the higher eleva-
tions and on the depressions between the hills; that there was little
difference in the vegetation as the habitat changed; and that the
specific composition of the grasses varied considerably from place to
place, but that the general appearance of the consocies was remark-
ably uniform.
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The reason for its wide extent is obvious. The bunch-grasses
all belong to the same ecological type, and, with the unimportant
exception of Bouteloua hirsuta, have approximately the same size.
Competition between them therefore is largely limited to a struggle
for ground space, and of that there is usually an abundance. There
is very little possibility of one species shutting off the light from
another, either by its size or by making an earlier start in the
season. The dead leaves and culms with which each bunch is sur-
rounded make a good ground cover which holds the sand and ex-
cludes the growth of seedlings of competing species. None of the
species is distinguished by a particularly large seed production or
by special adaptations for seed dispersal. Few of them spread by
underground stems. Taking all these points into consideration, it
is clear that there are no particular adaptations which might lead
to a monopoly by one species in the consocies. The presence of so
‘many species indiscriminately mixed is caused by their uniform dis-
semination and continued by the evenness of their competition for
space. For a few species these statements do not hold. The small
bunches of Bouteloua hirsuta and the flat ones of Panicum pseudo-
pubscens are easily overshadowed and killed by the growth of other
species. The loose, few-leaved bunches of Stipa spartea similarly
tend to be crowded out by species of denser habit. These three
species, accordingly, are not to be found throughout the consocies,
but tend to disappear as the surface becomes more completely covered.

The number of grasses which occur is large, and includes vir-
tually every species of bunch-grass found in the region. Not all
of them occur together, or even in the same area, but in most places
three or four may be recognized as of chief importance, while the
others have more of the nature of secondary species. The following
bunch-grasses were observed:

*Andropogon scoparius Calamovilfa longifolia
*Andropogon furcatus *Koeleria cristata
Sorghastrum nutans *Bouteloua hirsuta
*Leptoloma cognatum *Bouteloua curtipendula
Paspalum setaceum Eragrostis trichodes
*Panicum virgatum *Eragrostis pectinacea
Panicum perlongum Poa pratensis

Panicum Scribnerianum *Cyperus Schweinitzii
*Panicum pseudopubescens Carex umbellata

*Stipa spartea - Carex Muhlenbergii

Of these twenty species, eleven, marked with an asterisk, have
been noted in some locality as dominant species, that is, so abundant
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and occupying so much space that their removal would seriously
change the nature and appearance of the consocies. A further study
shows that three species are so regularly present and so frequently
associated with each other that they may be regarded as the most
typical grasses of the consocies. They are Leptoloma cognatum,
Koeleria cristata, and Andropogon scoparius. 'The remaining nine
grasses are always secondary species and never occupy a considerable
portion of the ground space. Their huge bunches, as of Sorghastrum
nutans, or tall culms, as of Calamovilfa longifolia, may nevertheless
make them very conspicuous in some places. A few other grasses,
not bunch-formers, are also mentioned under the proper head.

There is a great variety of perennials, interstitials, and a few

mats, of which the following were listed.

Perennials:

Equisetum hyemale, var. inter-

medium
Tradescantia reflexa
Sisyrinchium sp.
Anemone cylindrica
Baptisia bracteata
Amorpha canescens

Petalostemum purpureum

Petalostemum candidum
Tephrosia virginiana
Lespedeza capitata
Polygala polygama
Euphorbia corollata
Rhus canadensis, var.
tllinoensis
Ceanothus americanus
Ceanothus ovatus
Callirhoe triangulata
Helianthemum majus
Viola pedata
Asclepias amplexicaulis
Acerates wviridiflora

Acerates viridiflora, var.

lanceolata
Brewcria Pickeringfi
Phlox bifida
Lithospermum Gmelini

Verbena stricta
Physostegia denticulata
Physalis virginiana
Physalis heterophylla
Pentstemon grandiflorus
Pentstemon hirsutus
Synthyris Bullit
Kuhnia eupatorioides, var.
corymbulosa
Liatris cylindracea
Liatris scariosa
Chrysopsis villosa
Solidago speciosa, var.
angustata
Solidago nemoralis
Solidago missouriensis
Solidago rigida
Aster sericeus
Aster multiflorus
Aster linariifolius
Aster sp.
Brauneria pallida
Helianthus scaberrimus
Helianthus occidentalis
Coreopsis palmata
Achillea Millefolium
Artemisia caudata
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Interstitials :

Aristida tuberculosa Cassia Chamaechrista
Festuca octoflora Strophostyles sp.
Elymus virginicus Linum sulcatum
Cyperus filiculmis Polygala verticillata
Stenophyllus capillaris Croton glandulosus, var.
Carex pennsylvanica septentrionalis
Carex festucacea, var. Crotonopsis linearis

brevior Euphorbia Geveri
Commelina virginica Oenothera rhombipetala
Polygonum tenue Verbena bracteosa
Chenopodium album Monarda punctata
Froelichia floridana Hedeoma hispida
Mollugo wverticillata Linaria canadensis
Stlene antirrhina Specularia perfoliata
Talinum rugospermum Erigeron ramosus
Lesquerella argentea Erigeron canadensis
Lepidium virginicum Gnaphalium polycephalum
Erysimum parviflorum ~Ambrosia psilostachya
Arabis Iyrata Lactuca canadensis

Mats:

Selaginella rupestris Antennaria sp.

Opuntia Rafinesquii

Parasite :
Orobanche fasciculata

Not every station of the consocies contains all of these secondary
species, or even a majority of them. The actual specific compo-
sition of the consocies and the frequence and abundance of the species
vary so greatly from place to place that individual descriptions
must be given. Seven distinct areas occupied by the mixed consocies
were examined with more or less detail.

1. Hanover area, one mile southwest of the railway station. The
consocies occupies a flat interdunal depression (Pl III, Fig. 1). Nine
species of bunch-grasses are present, which are named in the approxi-
mate order of their abundance: Leptoloma cognatum, Koeleria cris-
tata, Stipa spartea, Sorghastrum nutans, Panicum perlongum, Pan-
icum Scribnerianum, Carex Muhlenbergii, Panicym pseudopubescens,
and Bouteloua hirsuta. Of these the first two occupy more space
than the other seven together. The bunches are very compact and
close and at a little distance resemble a close sod. Many dead leaves
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collect under the bunches, aiding in the soil formation, and even the
narrow strips between the bunches are frequently covered with dead
leaves. On the small open spots are mats of Antennaria sp. and
Selaginella rupestris, often growing together, and as the Selaginella
dies out in the middle of the mats a brownish moss comes in. The -
result is that there is absolutely no chance for the sand to blow and
humus can form rapidly. The surface sand is dark brown in color,
somewhat loamy in texture, and partially coherent because of the
mass of rootlets in it. This condition continues to a depth exceed-
ing ten inches (25 cm.). Of the grasses mentioned, Panicum
pseudopubescens, often so abundant in the consocies, is quite scarce,
because of the absence of flat bare sand areas on which its decumbent
bunches may spread. Bouteloua hirsuta is also scarce for the same
reason. It grows in small tufts two to four inches (5-10 cm.) high
on the mats of Selaginclla. The presence of Panicum Scribnerianum
is of interest, since it occurs only in the densest growth of bunch-
grass. Thirty-one secondary species occur in various degrees of
frequency. Ten quadrats of four square meters each were examined,
and the numeral following each plant name indicates the number
of quadrats in which the species occurred. Eleven species, without
numbers, did not appear in the quadrats, but were found elsewhere
in the consocies. The secondary species are as follows.

Perennials :
Equisetum hyemale, Acerates viridiflora, var.

var. intermedium (2) lanceolata (1)
Poa pratensis Physalis virginiana
Petalostemum purpureum (1) Aster sericeus (1)
Tephrosia virginiana (4) Aster linariifolius (8)
Polygala polygama Aster sp.
Euphorbia corollata (4) Helianthus scaberrimus (6)
Viola pedata (1) Coreopsis palmata (2)
Callirhoe triangulata (7) Artemisia caudata (1)
Lithospermum Gmelini (2) '

Mats:
Selaginella rupestris (8) Antennaria sp. (6)
Opuntia Rafinesquii (1)

Interstitials:
Festuca octoflora Hedeoma hispida
Chenopodium album Linaria canadensis

Arabis lyrata (1) Specularia perfoliata
—4
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Oenothera rhombipetala (1) Erigeron ramosus
Verbena bracteosa Ambrosia psilostachya (9)
Monarda punctata (4)

It may be noticed that of the twenty species appearing in the
quadrats only four were interstitials, while of the eleven more infre-
quent species not appearing in the quadrats seven were interstitials.
The relative frequency of the perennials is as 172 to 100. This illus-
trates and substantiates the general principle that the number of in-
dividuals of interstitial plants decreases as the density of the bunch-
grass increases. Although Ambrosia psilostachya has a greater
frequency than any of the perennials, it actually plays a very unim-
portant part in the consocies. Growing up straight and slender,
it is quite inconspicuous and really much less important than Aster
linariifolius. The high frequency of the latter species and of Cal-
lirhoe triangulata is also of interest

2. Hanover area; up the hill (PL III, Fig. 1) toward the plateau
at the southwest of the station just described. The consocies con-
tinues without interruption, but is somewhat different in appearance
(Pl II, Figs. 1, 2). On the hillside the dominant species are the
same, but Panicum Scribnerianum and Selaginella rupestris dis-
appear; the mats of Antennaria are sparse; the ground is not well
covered and does not have the loamy texture of the sand in the de-
pression. Bouteloua hirsuta becomes more abundant, corresponding
to the larger surface of open sand, and Linaria canadensis, an inter-
stitial, is common with it. The remaining secondary species are al-
most the same as in the valley. A transect up this hillside is shown
in Table II. The table shows that the change from the lower (left)
end of the transect to the upper is caused chiefly by the addition of
species as the space between the bunches becomes larger. In the
first half the average number of species per quadrat of o.25 sq. m.
is 2.5, while in the last half it is increased to 4.35.
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On the top of the hill there is again a little Selagmella, but the
areas between the bunches are mostly bare or with Bouteloua, here
growing in short flat irregular tufts. Andropogon scoparius ap-
pears in great abundance and becomes the most conspicuous mem-
ber of the consocies. Frequency counts were made here also, as
indicated by the numerals following the names. The ten bunch-
grasses present are as follows:

Andropogon scoparius (10) Panicum pseudopubescens (10)
Sorghastrum nutans Stipa spartea

Leptoloma cognatum (7) Bouteloua hirsuta (10)
Panicum perlongum (1) Koeleria cristata (10)

Panicum Scribnerianum Carex Muhlenbergii

Of these Andropogon scoparius, Leptoloma cognatum, and Koe-
leria cristata are the most important and are almost equally abun-
dant. The flat bunches of Panicum pseudopubescens are very nu-
merous, but are inconspicuous among the larger bunches of the other
taller grasses.

The ground is open, with probably 20 per cent. of the surface
exposed. The intervening spaces are bare or sparsely covered with
dead stems and leaves, or rarely with mats of Selaginells. This
permits a larger development of Panicum pseudopubescens and the
interstitial vegetation, and the counts show that six of the seven in-
terstitials are frequent enough to appear in one or more of the
plots. Although the location is on top of a hill there is no evidence
of blowing. The secondary species are as follows.

Perennials :

Carex festucacea, Acerates viridiflora, var.
var. brevior lanceolata

Tradescantia reflexa Lithospermum Gmelini (2)
Petalostemum  purpureum Aster sericeus (3)
Lespedeza capitata (1) Aster linariifolius (6)
Euphorbia corollata (1) Solidago nemoralis (4)
Ceanothus ovatus Helianthus scaberrimus (4)
Callirhoe triangulata (4) Coreopsis palnata
Helianthemum majus Artemisia caudata (1)
Viola pedata

Mats:

Selaginella rupestris (1) Opuntia Rafinesquii
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Interstitials:
Festuca octoflora (1) Linaria canadensis (4)
Arabis lyrata Erigeron ramosus (1)

Oenothera rhombipetala (1) Ambrosia psilostachya (9)
Monarda punctata (3) .

The relative frequency of perennials and interstitials is 56 to 100.

3. Oquawka area; a small tract of bunch-grass near the station
at Milroy. The dominant vegetation consists of four grasses, al-
most equally abundant: Koeleria cristata, Andropogon furcatus,
Bouteloua curtipendula, and Bouteloua hirsuta. Four other gtasses
are also present: Stipa spartea, Panicum pseudopubescens, Panicum
Scribnerianum, and Andropogon scoparius. Other secondary species
are as follows. .

Perennials:
Tradescantia reflexa Pentstemon hirsutus
Tephrosia virginiana . Liatris scariosa
Lespedeza capitata Solidago speciosa,
Euphorbia corollata var. angustata
Rhus canadensis, var. Solidago nemoralis

tllinoensis Helianthus scaberrimus

Acerates viridiflora Coreopsis palmata

Mat :
Opuntia Rafinesquii

Interstitials :
Cyperus filiculmis Croton glandulosus, var.
Froelichia floridana septentrionalis
Lepidium virginicum Monarda punctata
Cassia Chamaechrista Linaria canadensis
Polygala verticillata Ambrosia psilostachya

The ground here is open and has probably been used at times
for pasture. This accounts for the large number of interstitial
plants present. The same consocies extends also along the railway
right of way, where several additional species occur, including the
following.

Bunch-grass:
Elymus canadensis



Perennials :
Carex pennsylvanica Breweria Pickeringit
Carex festucacea, Verbena stricta

var. brevior Physostegia denticulata
Sisyrinchium sp. Pentstemon grandiflorus
Anemone cylindrica Aster sericeus
Amorpha canescens Aster multiflorus
Ceanothus americanus Brauneria pallida
Helianthemum majus Achillea Millefolium
Asclepias amplexicaulis

Interstitials :
Stenophyllus capillaris
Commelina virginica

4. Oquawka area; nearly original bunch-grass near the county
line between Henderson and Mercer counties. The dominant species
are Andropogon scoparius, Koeleria cristata, and Leptoloma cog-
natum, named in order of their abundance. These three species are
mixed indiscriminately and with them are several other bunch-grasses
of less importance in the consocies. These are Panicum pseudo-
pubescens, Panicum virgatum, Panicum Scribnerianum, Andropogon
furcatus, Bouteloua hirsuta, and Carex Muhlenbergi.

The ground is about go per cent. covered, and the spaces between
the bunches are well covered with patches of moss, mats of Anten-
naria, and bunches of Panicum pseudopubescens and Bouteloua hir-
suta. 'The secondary species are the following.

Polygonum tenue

Perennials:
Tradescantia reflexa
Baptisia bracteata
Amorpha canescens
Tephrosia virginiana
Lespedeza capitata
Euphorbia corollata
Acerates viridiflora

Mat:
Antennaria sp.

Interstitials:
Paspalum setaceum
Cyperus filiculmis
Commelina virginica
Stilene antirrhina
Cassia Chamaechrista

Rhus canadensis, var.
tllinoensis

Physalis virginiana

Helianthus scaberrimus

Helianthus occidentalis

Brauneria pallida

¢

Oenothera rhombipetala
Monarda punctata
Linaria canadensis
Specularia perfoliata
Ambrosia psilostachya
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During the aestival aspect the blue spikes of Amorpha canescens,
the pink heads of Braumeria pallida, and the yellow flowers of
Oenothera rhombipetala are very conspicuous. Lespedeza capitata is
especially abundant near the railroad, where the ground has been
somewhat disturbed.

5. Havana area; on “Tower Hill”, four miles (6 km.) north of
Topeka. Leptoloma cognatum, Eragrostis pectinacea, and Bouteloua
hirsuta are the dominant species. These occupy about equal amounts
of space, but the Bouteloua is of course relatively inconspicuous. As-
sociated with the grasses are twelve secondary species, as follows.

Perennials :
Tephrosia virginiana Liatris scariosa
Callirhoe triangulata Aster sericeus
Phlox bifida Aster linariifolius
Pentstemon hirsutus
Mats:
Opuntia Rafinesquii Antennaria sp.
Interstitials :
Stlene antirrhina Crotonopsis linearis
Lesquerella argentea Oenothera rhombipetala

Cassia Chamaechrista

6. Havana area; the “Devil’'s Neck”, three miles (5 km.) north of
Topeka. The bunches are rather widely scattered, leaving a consider-
able portion of the ground space exposed. They are formed by
Leptoloma cognatum, Cyperus Schweinitzii, and Panicum pseudo-
pubescens. 'The latter is most abundant in the more open spots, in-
dicating the approach of blow conditions. But three species of per-
ennials are present, Tephrosia virginiana, Callirhoe triangulata, and
a few plants of Lespedeza capitata. Scattered mats of Opuntia Raf-
inesquit occur. 'The interstitial plants are numerous, corresponding
to the large space available, and consist of Aristida tuberculosa, Am-
brosia psilostachya, Crotonopsis linearis, Commelina virginica, Oeno-
thera rhombipetala, Mollugo werticillata, Cassia Chamaechrista, and
Strophostyles helvola. 'The consocies here represents the last stage
before succession by the Panicum pseudopubescens association, and
is probably also somewhat modified by pasturing.

7. Dixon area; in a field near the railroad. The ground is more
or less carpeted with fine cinders discharged from locomotives. The
vegetation consists of large bunches of Andropogon furcatus, with




74

smaller ones of Andropogon scoparius, Panicum virgatum, Leptoloma
cognatum, and some Paspalum setacewm. Other less important spe-
cies of bunch-grasses are Stipa spartea, Cyperus Schweinitzii, Pani-
cum pseudopubescens, and Koelersa cristata, indicating a former lux-
uriant development of the consocies. There are also scattered plants
of Froelichia floridana, Monarda punctata, Liatris scariosa, Lith-
ospermum Gmelini, Tephrosia virginiana, and Amorpha canescens.

The aspect of the mixed consocies varies considerably from one
area to another, but a few plants may be mentioned which are usu-
ally common and conspicuous. In the vernal aspect Viola pedata,
Pentstemon hirsutus, and Lithospermum Gmelini are in bloom. They
are followed during the aestival aspect of July by Tradescantia reflexa,
Chrysopsis villosa, Oenothera rhombipetala, and Amorpha canescens.
In the serotinal aspect Solidago nemoralis, Liatris scariosa, and a
number of other composites appear. The consocies was not under
observation during other aspects.

Cultural Changes

The railroads which traverse the sand areas make apparently
little effort to keep the right of way free from tall grasses or other
plants, and as a result fires occur frequently. Their chief effect seems
to be to limit the growth of bunch-grasses to the largest species, and
of those only the larger bunches are spared. The deposit of cinders
along the track is also an important factor in the vegetation. It tends
to increase the intensity of the xerophytic conditions, and hence to
limit the plant growth. In this the greater heat absorption of the
dark-colored, cindered surface may be controlling for the perennials,
while the poorer chance of seed planting may tend to reduce the num-
ber of the annuals. The general effect of both fires and cinders is to
increase greatly the amount of open space and to restrict the vegeta-
tion mainly to a few of the hardier species. There are of course fre-
quent scattered relics of many other species of the association. An
association of quite similar appearance, characterized by Andropogon
scoparius and Petalostemum purpureum, appears on some of the
gravelly ridges along Lake Michigan, where the surface of the
ground is covered with flat rounded pebbles one to two inches (2-5
cm.) in diameter.

North of Oquawka, along the Chicago, Burlington and Quincy
railroad there are many huge bunches of Sorghastrum nutans, An-
dropogon furcatus, and Andropogon scoparius, separated by inter-
spaces 3-15 feet (1-5 m.) wide. Nearly all these bunches are dead in
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the center, showing that they are of gréat age. But few perennials
have persisted, the most notable of which is Breweria Pickeringii,
growing in large tangled masses three to five feet (1-2 m.) across.

Along the same railroad near Keithsburg, Andropogon scoparius
is the dominant species. Burning there has been less frequent, or
has not occurred for a longer time, since there are many plants of
Bouteloua hirsuta and some blue-grass. Antennaria frequently forms
mats on the ground and there are some patches of Helianthus occi-
dentalis, which are so dense that almost all other plant growth is
excluded from them. Some other perennials in this habitat are
Ceanothus americanus, Tradescantia reflexa, Solidago nemoralis,
Desmodium illinoense, and Rudbeckia hirta, but the most abundant of
all is Euphorbia corollata. There are comparatively few interstitials.

Along the Chicago and Northwestern railroad southwest of Dixon
the surface is thickly covered with cinders but there is little evidence
of burning. There is a good growth of Leptoloma cognatum, and a
few scattered plants of Panmicum Scribnerianum still persist. Eu-
phorbia corollata is abundant, and numerous patches of Equisetum
hyemale, var. intermedium occur. Other secondary plants are
Chrysopsis willosa, Brauneria pallida, Helianthus occidentalis, and
Monarda punctata.

Pasturing, if too close, results in the destruction of part of the
bunches and a consequent increase in the number of interstitials. If
continued too long, the sand may begin to blow, ruining the pasture
or possibly even the adjacent fields. The bunch-grasses seem to be
poorly adapted to grazing and they are soon displaced by blue-grass.
Some of the coarser species are avoided by stock, and persist for a
longer time.

On a hillside pasture in the Hanover region Eragrostis pectinacea
is in most places the only bunch-grass remaining. Cyperus Schwei-
nitzii is abundant and blue-grass is appearing in a few patches. The
secondary species include a large proportion of annuals, of which
Monarda punctata is especially abundant. This species with its ex-
ceedingly pungent foliage is not eaten by stock and seems to flourish
in pastures notwithstanding the tramping. It will be noted that many
of the species listed below have a similar protection against grazing
animals. The following species were observed.

Grasses :
Setaria glauca Eragrostis pectinacea
Cenchrus carolinianus Poa pratensis

Aristida tuberculosa Cyperus Schweinitzii
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Perennials:
Petalostemum purpureum Liatris scariosa
Petalostemum candidum Solidago nemoralis
Euphorbia corollata Solidago rigida
Cailirhoe triangulata Helianthus scaberrimus
Vernonia fasciculata Helianthus occidentalis
Liatris cylindracea Artemisia caudata

Interstitials (excluding grasses) :
Polygonum tenue Croton glandulosus, var.
Mollugo verticillata septentrionalis
Draba caroliniana Euphorbia Geyeri
Arabis lyrata Oenothera rhombipetala
Polanisia graveolens Monarda punctata
Linum sulcatum Erigeron ramosus

Arabis lyrata is here sometimes very abundant and covers areas
five to fifteen feet (2-5 m.) across to the exclusion of almost all other
vegetation. 'These spots are always covered by gravel sorted out by
water action, affording an optimum habitat for the rock-loving plant.

In the Oquawka area Paspalum setaceum and blue-grass tend to
replace the bunch-grasses. The number of interstitials is increased,
and Monarda punctata, Erigeron ramosus, and Ambrosia psilo-
stachya become especially abundant. A few weedy perennials also
remain, such as Lactuca canadensis and Verbena stricta.

Many of the roads across the sand prairies are little used and the
roadsides are occupied by a vegetation very similar to the original
bunch-grass. This is particularly true in the Hanover area, which is
very sparsely settled. FEwven there Poa pratensis comes in and par-
tially converts the bunch-grass into sod. Thickets of Ribes gracile
and other berry-bearing shrubs come up along the fence-rows, and
their shade is a favorite habitat for Artemisia ludoviciana. Various
interstitials, especially Cassia Chamaechrista, Digitaria filiformis,
Mollugo wverticillata, and Cenchrus carolinianus grow even in the
road-bed between the wheel-tracks.

The same general conditions obtain in the Havana and Oquawka
areas, but with more travel because of the denser population the
original bunch-grass is destroyed or obscured by the numerous weeds
that follow civilization. These include two groups, the first composed
of species normal to natural associations but flourishing also along
the roadsides, and the second of true weeds, mostly natives of the .
Old World and not found on natural sand associations in the vicinity.
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In the first group are Verbena stricta, Strophostyles helvola, Monarda
punctata, Froelichia floridana, Oenothera rhombipetala, and Lepid-
sum virginicum. 'The second is represented by Digitaria filiformis,
Trifolim pratense, Trifolium repens, Poa pratensis, Verbascum
Thapsus, Hordewm pusillum, Anthemis Cotula, Erigeron canadensis,
Polygonum erectum, Polygonum aviculare, Achillea Millefolium,
Plantago Rugelit, and Chenopodium album.

In the Oquawka area Populus alba, Gleditsia triacanthos, and
Robinia Pseudo-Acacia are frequently planted along the roadsides,
and shelter a number of more mesophytic species, such as Solanum
nigrum and Phytolacca decandra.

In cultivated fields the weeds are composed mainly of introduced
species and of those natives of the original bunch-grass which are
readily propagated by seeds, thus including most of the interstitials
and but few of the perennials. In the Hanover area the most abun-
dant are Lepidium virginicum and Rumex Acetosella. Under certain
conditions which could not be determined Euphorbia corollata and
Pentstemon hirsutus come up in great abundance in almost pure as-
sociation. A square meter taken at random contained 605 plants of
the former species, and Pentstemon grows almost as densely. Other
abundant weeds are Monarda punctata, Hedeoma hispida, Silene
antirrhina, Specularia perfoliata, and Diodia teres. In the Havana
area, where the prickly-pear, Opuntia Rafinesquii, is common, it fre-
quently becomes a bad weed in corn fields. Cultivation does not kill
it, but merely serves to break the plant up into joints and scatter ft
over a wider area. In the Oquawka area many fields are cultivated
some years and abandoned others, and they always contain a heavy
growth of weeds. One such field was almost carpeted with Cenchrus
carolinianus, above which arose the yellow-flowered stalks of Oeno-
thera rhombipetala in such numbers that from a distance the whole
field looked yellow. The other weeds with them were Mollugo verticil-
lata, Strophostyles helvola, Polanisia graveolens, Ipomoea hederacea,
Croton glandulosus, var. septentrionalis, Xanthium commune, Erig-
eron canadensis, Ambrosia artemisiaefolia, Solanum carolinense, Le-
pidium virginicum, Cyperus Schweinitzii, Asclepias amplexicanlis, and
Ambrosia psilostachya. This field had been in corn during the pre-
vious year.

SUCCESSIONS FROM THE BUNCH-GRASS ASSOCIATION

The bunch-grass association just described belongs typically to
the Prairie Province. Of the various associations composing the
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vegetation of that province and represented on the sand areas of Illi-
nois, this is ecologically the best fitted to meet the environmental con-
ditions under which it lives. Such associations have been called by
Cowles climax associations (1899: 374, I901: 80, 81), a term which
is both logical and expressive and which has been generally adopted
by American ecologists. Some associations, however, which are rel-
atively stable and consequently more nearly permanent, may under
certain conditions give way to others, and to this type may be given
the name temporary climax, introduced by Cowles (r19or: 83) to
cover a somewhat different case, but applicable here as well.

Within every vegetation province there is one climax association,
which tends to displace every other association with which it comes
in contact. For the Prairie Province this seems to be the prairie-grass
association (Pound and Clements, 1898: 389), which is very poorly
represented in the areas under discussion. In the Havana area it
tends to come in at the bottom of extinct blowouts, which have
reached a depth sufficient to expose moist strata of sand (Hart and
Gleason, 19o7: 168). In the Hanover area certain tracts of bunch-
grass occupying depressions between the dunes are composed of an
unusually dense and luxuriant covering of grasses in which Panicum
Scribnerianum occurs (see description of station 1 of the mixed
consocies, p. 66). This species is representative in Nebraska and
South Dakota of the prairie-grass association (Pound and Clements,
1898: 389; 1900: 348; Harvey, 1908: 102), and may be considered
in our area as a pioneer invader in a prairie-grass succession. The
environmental and vegetational differences between the depressions
mentioned and the remaining stations of the consocies were not con-
sidered sufficient to warrant its separation as an example of the latter
association. In other cases where Panicum Scribnerianum occurs in
the mixed consocies the usual bunch-grasses are so well developed
that there is no doubt as to the association concerned.

When associations from two provinces come in contact, local con-
ditions, either climatic or edaphic or both, together with the structure
of the associations themselves, decide the supremacy, and one is re-
. placed by the other. In the Illinois sand areas the associations of the
Prairie Province are surrounded by those of the Deciduous Forest
Province, and the bunch-grass association is under certain conditions
succeeded by an oak forest. Certain physical conditions, in this case
wind, may also destroy the bunch-grass, and open the way for a
series of successions, which generally revert sooner or later to the
bunch-grass. The fundamental difference between these two types of
succession is apparent. One consists merely of changes within the
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Prairie Province; the other is between two provinces, leads to the
permanent replacement of the prairie vegetation, and consequently
affects the area and the boundaries of both the Prairie and the De-
ciduous Forest Provinces.

Because of the large area occupied, its resistance to succession by
associations of the same province, and its ability to reoccupy the
space where it has been destroyed by wind action, the bunch-grass
association must be regarded as a temporary climax.

The succession caused by wind will be described first. It begins
with the development of the Panicum pseudopubescens association,
and is followed by a number of associations representing the blowout
formation.

THE PANICUM PSEUDOPUBESCENS ASSOCIATION

Notwithstanding the resistance offered by the bunch-grasses to
removal of sand by the wind, the exposure of from 20 to 50 per cent.
of the surface gives considerable opportunity for aeolian action.
Large bunches are not destroyed, and probably not seriously injured,
by the removal of sand, but the smaller bunches may be killed. With
every subtraction from the vegetative covering more sand is exposed
and the effect of the wind correspondingly heightened. One species
of bunch-grass, Panicum pseudopubescens, can not only endure the
removal of sand from beneath it, but seems to thrive better under
such conditions than when mixed with larger grasses on more stable
sand. As the blowing proceeds, an increasingly larger portion of the
surface is occupied by it, until finally it becomes dominant, and the
bunch-grass association is thereby converted into the Panicum pseudo-
pubescens association. Just where the dividing line between the two
should be drawn is questionable. It has been arbitrarily decided that
the bunch-grass association must have at least half the surface occu-
pied to be considered typical, and it may also be arbitrarily con-
sidered that, in the Panicum pseudopubescens association, the char-
acteristic species should constitute at least three fourths of the plant
covering. When the vegetation does not comply with these condi-
tions it may be regarded as representing transitional stages of this
succession or of other successions.

The best development of this association is in the almost original
conditions of the Hanover area, but it also occurs in the Oquawka,
Dixon, and Havana areas, presenting the same essential characters
in each.

Since the development of the association depends primarily upon
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wind action, it does not occupy large continuous stretches, but occurs
in isolated tracts of generally small size (Pl III, Fig. 2). It also
shows a very definite space relation to the bunch-grass association and
to the blowout associations. The former is normally found at the west
and northwest, and the latter are at the east and southeast of the Pan-
icum pseudopubescens association. This is caused by the prevailingly
west and northwest winter winds, together with the successional re-
lations of the associations.

The circular depressed bunches of the dominant species have al-
ready been described under the bunch-grass association. They may
grow in almost pure association, as far as other bunch-forming
grasses are concerned, or may be somewhat mixed with other species.
The additional species, however, are never sufficiently abundant to
give the general tone to the association, thereby assuming dominant
rank. The bunches are separate or confluent in small irregular
patches. The intervening areas of bare sand may be two or three
feet (6-10 dm.) across, and are invariably conspicuously depressed
between the bunches. The elevated position of the bunches gives them
an appearance of prominence and individuality not found in the
bunch-grass association. Two other bunch-formers, Carex umbellata
and Panicum perlongum, appear quite frequently. The former pro-
duces very dense, flat, circular bunches 1-1.5 feet (3-5 dm.) wide,
with narrow, stiff, short, closely aggregated leaves. The bunches are
conspicuously elevated, sometimes six inches (1.5dm.), and the larger
ones are invariably dead in the center, thus producing a growth-ring.
The outer edge of living plants stands at a conspicuous angle, and
the dead center is a few inches above the general level of the sand.
The regular hemispherical bunches of Panicum perlongum have al-
ready been described. In this association they grow somewhat more
depressed, approaching in structure those of Panicum pseudopubescens.
Carex umbellata scarcely occurs beyond this association, while Pani-
cum perlongum is found in the bunch-grass as well. The amount
of ground space occupied by these three plants probably never ex-
ceeds 75 per cent., and may be less than 50 per cent.

Several other species of bunch-grasses which occur scattered at
wide intervals must be regarded as relics of a former bunch-grass
association. They vary in species from station to station, and in
number of individuals inversely with the age of the association.
They are never abundant, but are frequently very conspicuous be-
cause of their larger size or erect habit of growth. The species of
this character are as follows:
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Andropogon scoparius Tridens flavus
Leptoloma cognatum Elymus canadensis
Panicum virgatum Cyperus Schweinitzii
Koeleria cristata Carex Muhlenbergii

Bouteloua hirsuta

Others of this nature might be expected. Two other grasses,
Paspalum setaceum and Sporobolus cryptandrus, may also occur.
They are pioneers, proper to the blowsand and indicative of the
probable future succession.

The secondary species, aside from grasses, consist primarily of
perennials and interstitials. Correlated with the removal of the sand,
the number of species and individuals of the perennials is small, and
they are in general to be regarded as relics rather than proper mem-
bers of the association. The species observed are as follows:

Tradescantia reflexa Acerates viridiflora, var.
Sisyrinchium sp. lanceolata

Baptisia bracteata Lithospermum Gmelini
Tephrosia virginiana Physalis virginiana
Lespedeza capitata Pentstemon hirsutus
Polygala polygama Solidago nemoralis
Callirhoe triangulata Aster linariifolius

Viola pedata Helianthus scaberrimus

Acerates viridiflora

Of these Lespedeza capitata is by far the most abundant, with
Helianthus scaberrimus and Lithospermum Gmelini next in impor-
tance. Some of the others are represented in single stations, or even
by single individuals.

But one instance was observed of the presence of a mat-plant as a
relic; Opuntia Rafinesquis in the Havana area. This is due to the
fact that a bunch-grass association with a good development of mats
is far less subject to wind action, and consequently to succession by
the Panicum pseudopubescens association.

The exclusion of perennials and mats pérmits a correspondingly
larger representation of interstitial species. These come up from
seed late in spring and complete their whole cycle of development in
the season when the gentler winds and heavier rainfalls keep the sand
in a state of relative quiet. The chief species are given in the fol-
lowing list:

Aristida tuberculosa Polygala verticillata
Festuca octoflora Croton glandulosus, var.
Cyperus filiculmis septentrionalis
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Commelina virginica Crotonopsis linearis
Rumex Acetosella Oenothera rhombipetala
Polygonum tenue Monarda punctata
Mollugo wverticillata Hedeoma hispida
Silene antirrhina Linaria canadensis
Talinum rugospermum Erigeron ramosus
Lepidium virginicum Ambrosia psilostachya

Arabis lyrata

Comparing the lists of perennials and interstitials, it will be noted
that the latter group is represented by more species, while the number
of individuals is vastly greater. The perennials are also infrequent
in comparison with the more general distribution of the interstitials.
The species in twelve quadrats of approximately four square meters
each, in the Hanover area, were listed. The results are shown in
the following list, where the numeral indicates the number of quad-
rats in which the species occurred:

Ambrosia psilostachya (12) Linaria canadensis (10)

Lepidium virginicum (9) Helianthus scaberrimus (4)

Lithospermum Gmelini (2) Acerates viridiflora, var.

Oenothera rhombipetala (1) lanceolata (2)

Croton glandulosus, var. Solidago nemoralis (1)
septentrionalis (1) Stilene antirrhing (1)

Polygala polygama (1)

The relative frequency of the perennials and interstitials in the
list is as 35 to 100. This may be compared with the data given in
the description of the bunch-grass association, where in two cases
the relative frequencies were as 56 to 100 and as 172 to 100. The
interstitial vegetation varies somewhat from place to place, and any
" species may be locally very abundant. In general, the three leading
species in the list are the most important of the group. At any sta-
tion the species are generally closely similar to those found in the
neighboring bunch-grass.

The greatest number of individuals of perennials is found in
young associations which have but recently displaced the original
bunch-grass, and the number decreases continually with age. The
individuals of interstitial species increase in number as the available
space becomes larger, but when so much surface is exposed that the
blowing of the sand becomes too rapid or continues too long in spring
and early summer, the number begins to decrease.

None of the species with conspicuous flowers is abundant enough
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to give much color to the association, while the more abundant in-
terstitials have for the most part very small flowers. There is but
one season when the association has a well-marked floral aspect.
That is during the aestival period when the reddish spikelets of Pani-
cum pseudopubescens give a general red tone to the whole. Local
displays of color, caused by single plants or groups of Oenothera
rhombipetala, Monarda punctata, or other species, are conspicuous,
but not distributed generally over a whole station.

The duration of the association is usually not great. Since both
its beginning and end are caused by wind action, its age depends
somewhat upon the rate at which sand is removed. If the destruc-
tion of vegetation by the wind is aided by heavy pasturing, its dura-
tion is still further shortened, and one station in the Havana area
contained at the same time relics of the bunch-grass, Carex Muhlen-
bergii and Leptoloma cognatum, and pioneers of the blowsand asso-
ciation, Paspalum setaceum and Sporobolus ,cryptandrus. Under
other circumstances the blowing may cease, and the association then
gradually reverts to the original bunch-grass association.

REVERSION TO THE BUNCH-GRASS ASSOCIATION

The dominant or climax nature of the bunch-grass association
has already been mentioned. Whenever those physical conditions
which are concerned in producing the Panicum pseudopubescens asso-
ciation become inoperative or ineffective, a reversion to the original
vegetation begins. This may take place with considerable rapidity,
because of the usual proximity of the two associations and the con-
sequent readiness with which migration may take place. Reversion
begins not only near the margin of the association, but in the center
as well, if that part has ceased blowing. This succession has been
observed only in the Hanover area, but undoubtedly occurs at any
other place where both associations are present and the environmental
conditions are suitable.

The pioneer invader in the Hanover area is Selaginclla rupestris.
Its habit of growth in circular patches allows.a comparative esti-
mate of the age of different stages in the succession. Some stations
of the Panicum pseudopubescens association were observed which
were apparently normal except for a few small, regularly circular
mats of Selaginella near the margin. The number, size, and regu-
larity of the mats all indicate an early stage in the reversion. Later
it becomes so abundant that it may form a solid mat on the ground,
in which the rings are of large size and overlap each other. Ac-

-5
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companying it is an increased development of Bouteloua hirsuta,
which, as already noted, may almost be regarded as a mat. Until the
mats become continuous there is an excessive growth of the usual
interstitial plants. Avristida tuberculosa, Ambrosia psilostachya, and
Monarda punctata are especially abundant, and the others of less
frequency are Talinwm rugospermum, Specularia perfoliata, Erig-
eron ramosus, and Arabis lyrata. ‘The latter species frequently grows
by the hundred upon the mats of Selaginells. Opuntia Rafinesquii
also occurs rarely, and the only known Illinois station for Opuntia
fragilis is in one of these reversional stages and the adjoining bunch-
grass association. The perennials probably include both pioneers and
relics, but they can not be distinguished in the field. Those observed
are Aster sericeus, Aster linariifolius, Pentstemon hirsutus, Callirhoe
triangulata, and Lithospermum Gmelini. Beside the normal bunch-
grasses, scattered bunches of other species occur, which may be either
relics or pioneers.

As the Selaginella mats grow older they become dark and char-
coal-like in appearance and are frequently occupied by crusts of
Cladonia. At a later stage small mats of Antennaria come in.

The order of entrance of the bunch-grasses was not observed, but
depends largely upon the nature of the neighboring areas of the bunch-
grass association. At the border of some of these reversional stages,
portions of extremely large mats of Selaginells were found in the
bunch-grass, indicating the invasion of the grasses from the margin
toward the center. The dense mats of Selaginella probably serve to
check their rapid development.

Tue Browour FORMATION

Of all the features of the action of the wind upon sand, the saucer-
shaped or bowl-shaped excavations known as blowouts are the most
peculiar (PL VII, Fig. 2; Pl VIII, Fig. 1). Blowouts probably oc-
cur in every large unforested sand region. They reach a large size
and a considerable depth, and are frequently a prominent feature of
the landscape. The physical conditions and the movement of the sand
within them have apparently not been fully described, and the vege-
tation of American blowouts is still very imperfectly knowr.

Cowles (1899: 195-197) mentioned the blowouts or “wind-
sweeps” of the south shore of Lake Michigan, but did not describe
the vegetation in detail. As usual, they stand in a direction parallel
to the wind, and may reach down almost to the water-level. One of
them, at Dune Park, Indiana, has steep sides from 30 to 60 feet
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(10-20 m.) high, making it much deeper than any in the inland dunes
of Illinois. Developing in the midst of moving sand, they may have
a different structure and different plant associations from those of
the inland regions.

Rydberg (1895: 135) described blowouts in the sand-hill region
of Nebraska which were 100 yards (100 m.) in diameter and from
50 to 60 feet (15-20 m.) deep. He mentioned how sand slides down
from the sides into the basin, but did not describe similar behavior
. of the vegetation. Certain grasses, as Calamovilfa longifolia, Red-
fieldia flexuosa, Eragrostis trichodes, and Muhlenbergia tenuis, col-
onize in the basin and take part in the stabilization of the blowout.
Of these four grasses, Calamovilfa and Eragrostis live also in the
Illinois sand region, but not in blowouts. Rydberg’s work was mainly
taxonomic in its aims, and the ecological notes which he gives are
merely incidental.

Pound and Clements (1900: 365-368) later studied the same re-
gion from an ecological standpoint, and have given the best descrip-
tion of blowouts and their vegetation. Redfieldia flexuosa and Muh-
lenbergia pumgens are ‘‘habitually and almost exclusively blowout
inhabitants.” These two grasses are pioneers in binding the sand and
creating conditions suitable for other plants. Stabilization appar-
ently begins at the bottom, and ultimately the whole blowout is re-
occupied by the bunch-grass vegetation. The description does not
give an idea of the structure or vegetation of the other parts of the
blowout, which are probably the same in Nebraska as in Illinois. In
an earlier paper (1808: 392) Pound and Clements described the
Nebraska blowouts in a short paragraph, and indicated that the life
of a blowout from formation to stabilization may be about ten years.
In both papers the “sand-draw” formation is also described (1898:
302; 1900: 368-370). In neither case does the description give a
clear idea of the vegetation or the environmental conditions, but it
seems probable that the vegetation is somewhat similar to the blow-
sand association of this paper. No similar habitat occurs in Illinois.

Jennings (1908: 324-326) has described blowouts on Cedar
Point, near the western end of Lake Erie, which extend down to a
former surface level, or fossil beach. On them there is developed
sometimes a heath vegetation of Arctostaphyvlos Uwva-ursi and Ju-
niperus, and sometimes an association characterized by .4rtemisia
caudata and Panicum virgatum. The complex nature of the blow-
outs was recognized but the successions which led to their stabiliza-
tion were not worked out. In a later paper on the vegetation of
Presque Isle (1909: 313-318) Jennings regards his Artemisia-Pani-
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cum association as equivalent in habitat to the Illinois blowouts.
There are some species in common, but in the opinion of the present
writer there is not sufficient resemblance in habitat or flora between
the two to justify their classification in the same ecological group.

The only ecological discussion of the inland region of Illinois is
by Gleason (Hart and Gleason, 1907: 162-167, 169-171). The
origin, growth, and stabilization of the blowouts of the Havana area
were discussed and the typical plants were listed. The different
physiographic parts of the blowouts, and their four plant associations
and the various successions between them were not recognized.

In the normal development of a blowout, it probably always fol-.
lows the Panicum pseudopubescens association, and consequently ap-
pears at the eastern side or in the center of that association. When
its development begins in the bunch-grass association, without the
intervention of an intermediate society, it is probable that its inception
is due to some extraordinary local cause. The stamping of grazing
cattle has been suggested as a possible cause, and in one case a blow-
out started from a hole excavated in removing sand for building pur-
poses.

If a single blowout can increase in size without coming in con-
tact with any others, it shows certain definite physiographic features
which appear to be constant. More often, however, several blowouts
originate near each other, and, becoming confluent with growth, they
form a complex waste of sand (PL IV, Fig. 2) which baffles physio-
graphic analysis and sometimes causes the greatest difficulty in classi-
fying the meager vegetation. A complete typical blowout (PL IV, Fig.
I )contains four parts, extending from west to east in the direction of
the prevailing winds. As a matter of fact the direction of the axis
of the blowouts may vary from north-south through west-east to
south-north. In the following discussion the direction is always
spoken of as west-east, for the sake of brevity. At the western end
there is a downward slope from the general level, here termed the
windward slope. From it sand is being removed by the wind toward
the east, and is also settling down by gravity toward the bottom of
the slope. The windward slope generally occupies a more or less
crescent-shaped area extending partly around the north and south sides
of the blowout. The deepest portion is termed the basin, and from
it sand is being rapidly carried away by the wind.  Some is also
being deposited by wind and gravity from the windward slope, but
the resultant is in favor of the general removal of sand. A crescent-
shaped sloping area toward the eastern end of the blowout is termed
the lee slope. There the rates of erosion and deposition are about
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equal; the sand is constantly changing although its level varies but
little. Finally an outer crescent, called the deposits (Pl V), sur-
rounds the lee slope and is somewhat higher than the general level. As
its name indicates, it is composed of sand removed from the other three
parts and carried up by the wind. A longitudinal section through a
typical blowout is shown in Figure 4. The basin shows a constant

Fig. 4. Diagramymatic_longitudinal section through a typical blowout. 1, orig-
inal level of sand; 2, windward slope; 3 basin; ¢4, lee slope; 5, deposits.

tendency to inicrease in size or in depth. If this tendency is most pro-
nounced toward the rear, i.e., the west, it is shown by a steep wind-
ward slope; if most pronounced toward the front, or east, by
gentle windward and steep lee slopes. If all the sand removed is
poured out in one direction, the sides become steep and settle by
gravity toward the basin. They may be regarded as a continuation
of the windward slope and are occupied by the usual vegetation. On
the other hand, if the sand is carried out toward the north and south
as well as toward the east, the windward slope is small, and the lee
slope and deposits extend around three sides of the blowout. Be-
tween the two extremes there is every imaginable gradation. A blow-
out of this simple type is occupied by four plant associations which
are usually easily recognizable and which are correlated with the
four physiographic divisions.

The maximum observed length of a simple blowout, but without
all four parts present, is in this region about 200 yards (200 m.).
As their size increases the windward slope may disappear, either by
a reduction in its gradient or by stabilization. The continuous cres-
cent of deposits may be broken up into several detached segments,
separated by patches of sand corresponding to a lee slope or by prom-
ontories covered by bunch-grass and with vertical walls. The slope
below these steep-sided mounds usually functions as a windward slope,
and is occupied by the characteristic vegetation, even though it is at
the eastern end of the blowout. There is also a general progressive
movement of the blowout from west to east, so that the stabilized re-
mains of an old windward slope may be found behind the present
active one.

Blowouts of this simple type are not common; in fact only one
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of large size was observed in which all four parts were present with-
out any apparent modification. Deviations from the normal may usu-
ally be referred to three general causes: (1) the blowout is young
and not all the parts are developed (Pl VI, Fig. 1; Pl VII, Fig. 1);
(2) the blowout is old or has ceased its development and part or all of
it has become stabilized by the action of plants (Pl XI, Fig. 2); or
(3) two or more blowouts have grown together or smaller secondary
blowouts have begun within them, interfering with the regular ar-
rangement of the physiographic features and plant associations (Pl
1V, Fig. 2). Any two, or 2ll three, of these may act together. Ob-
servation shows that stabilization may begin in any part of the blow-
out, whether it is young and small or large and old. When two or
more blowouts grow together, the most usual disturbance in their
regularity is the combination of the two deposits or the filling of
the basin of one by the deposits of the other. The larger the space
occupied by the blowout complex, the smaller is the probability of
stabilization and the greater the amount of loose sand exposed to
the wind. The complex may then occupy several acres of ground and
be an actual menace to agriculture in the vicinity (Pl. X, Fig. 1).
When in this condition it is locally known as “wild sand.” The
most notable complex in this respect is the waste known as the Devil’s
Neck, in the Havana area north of Topeka, where more than forty
acres of land is covéred by shifting dunes, which have a maximum
height of probably 50 feet (15 m.). Blowouts may sometimes de-
velop on the west side of a hill, in which case the windward slope,
if any, is composed of one or two lateral slopes on the north and
south sides. The basin is relatively high and the bunch-grasses at
the windward end are removed by wind alone and not by gravity.
Blowouts may also develop on the east side of a hill (Pl VII, Fig. 1),
resulting in a strongly developed windward slope, and in a lee slope
and deposit which may be actually lower than the basin.

Attention must be called to the fact that the general effect of the
wind is to reduce the elevations and fill up the depressions of the
surface. The dunes themselves are initiated and perpetuated by the
growth of plants upon their summits. This has been well de-
scribed by Cowles in his report on the dunes of Lake Michigan
(1899: 175-190.) Even the migrating or wandering dunes, although
carried forward by the wind, leave a trail of sand behind, which
would soon exhaust them if continued very far. In a some-
what similar way there is a limit to the size and depth of
the blowouts. At the maximum depth the wind is no longer
able to lift sand up the lee slope from the basin. If too wide,




89

the currents of the wind are changed and the bottom of the
blowout ceases to be eroded. The basin is thus converted into an ex-
tension of the lee slope, where the sand is merely in motion, without
an essential change in level. Very little information is available con-
cerning the rate of movement of the sand. That the motion is con--
tinuous through the summer is shown by a rough experiment in the
Hanover area. A hole about eight inches (2 dm.) deep was dug
June 2, 1908, on a flat expanse of sand, with no vegetation except
a few plants of Hudsonia. On June 13 it was found filled to a
depth of two inches (5 cm.). This does not indicate erosion or dep-
osition, but merely the amount of sand which traveled across the
area in the given time and was caught in the hole.

In spite of the physiographic diversity, the vegetation, if any,
can be referred to four different associations. One of these, which
from its position may be called the windward slope association, is
primarily relict in its nature, being derived from the bunch-grass or
the Panicum pseudopubescens association. The basin association
consists of a very sparse growth of perennials, analogous to those
described by Pound and Clements (1898: 392; 1900: 365) in sim-
ilar situations in Nebraska. The lee slope is occupied by the blow-
sand association, limited in duration and consisting almost entirely
of annuals. Lastly, the deposit association is composed chiefly of
sand-binding perennials, which serve to build up the deposits into
dunes. Fach of these associations is well correlated with the dynam-
ic conditions of its environment; so well correlated in fact that
the vegetation is one of the chief means of recognizing the nature or
rate of movement of the sand. When the different physiographic
parts are obscured or obliterated in a complex of blowsand, the vege-
tation is still correlated with the dynamic conditions, and the nature
of the movement of sand may be compared with accuracy to the
appropriate portion of a normal blowout where the same vegetation
is developed. Care must of course be exercised to avoid confusing
relics with the typical plants of the station.

The specific composition of each of these associations varies
greatly from area to area and from blowout to blowout. The varia-
tion is frequently perplexing, and becomes especially so when the
number of species is small and the individual plants few or scattered.
Relics of a preceding vegetation are also frequently found and add
considerably to the difficulty of dxstmg'ulshmg the associations.

The development of a blowout in the prairie is first evidenced by
an exposed area of bare sand surrounded by the Panicum pseudo-
pubescens association. The young blowout may in fact be regarded
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as a mere expansion of the spaces between the bunches. The sand
thus exposed is but slightly concave, indicating that wind erosion
has only begun. The small quantity of sand removed is piled up
in a scarcely perceptible heap along the lee side of the blowout. There
is then at the outset a differentiation of two of the physiographic
parts, the basin and the deposits, and each of these is soon occupied
by its characteristic association. The windward slope and the lee
slope may not appear at first, but may be consequent upon the greater
development of the excavation.

THE BASIN ASSOCIATION

The basin has always the most meager vegetation of the blowout,
and in the first stages is either absolutely bare or occupied by one or
two perennials left as relics from the Panicum pseudopubescens as-
sociation. ‘The annual interstitial plants, so abundant in that associ-
ation, do not grow here because of the removal of sand, which pre-
vents the proper planting of their seeds, as will be shown later. As
the blowout deepens and widens, a few hardy deep-rooted perennials
appear in the bottom, and these constitute the basin association
proper. Most notable among the few species is Acerates viridiflors
and more especially its varieties lanceolata (Pl. VI, Fig. 2) and
linearis. 'The varieties reach here their largest size and best de-
velopment. The roots go down to a very great depth; the stems are
one to five in number and lie prostrate on the sand. Acerates vir-
idiflora, var. lanceolata blooms and produces fruit in this precarious
situation; A. wiridiflora, var. linearis has not been seen in fruit or
flower, is always smaller in size, and may possibly be a juvenile
form of the other variety. These two varieties are more widely
distributed and more frequent in the basins than in any other habitat.
Many blowouts are entirely bare in the basin except for a single in-
dividual of the variety lanceolata. The plants are never numerous,
but are conspicuous because of the absence of other species. They
are known to occur in the Hanover, Oquawka, and Havana areas,
and doubtless occur in other regions where blowouts are developed.
They also grow in the bunch-grass and Panicum pseudopubescens
associations, but are never common. It may be that in some blow-
outs they are merely relics, but their number and frequency in that
situation are incompatible with their distribution outside. Again,
they have not been seen on the windward slope, where relics might be
expected. Also, the only plant in a small secondary blowout, newly
excavated on the deposits of an older one, was a single plant, exactly
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in the middle, of the variety lanceolata. Considering all lines of
evidence, it seems conclusive that these two varieties find their op-
timum habitat in the basins, colonize in the blowouts after the basin
is formed, and occupy a place similar to that of the grass Redfieldia
in the blowouts of Nebraska. The other species represented in the
blowouts are Lithospermum Gmnelini, Euphorbia corollata, and Les-
pedeza capitata. Each of these has deep roots, but they can not live
in the more active blowouts, which are either bare or with Acerates
alone. Rarely a few annuals, of species occurring also on the lee
slope, are found with Acerates, but it seems probable that their oc-
currence indicates at least a partial or temporary cessation of wind
erosion. If this is the case, they should be regarded as a mere ex-
tension of the blowsand association, in which the Acerates is per-
sisting as a relic. The perennial Lespedeza capitata is also good
evidence of the same condition, since, as will be shown later, it is
one of the most abundant pioneer species in the stabilization of this
part of a blowout.

THE, WINDWARD SLOPE ASSOCIATION

As the erosion of the blowout proceeds, the windward slope is
formed, as already described. From this, sand is being removed by
the wind and is also settling down by gravity. There is little chance
for seed burial, because the same wind that carries out sand will
also blow away the seeds, and as a consequence the annual plants
are absent. But the action of gravity, which brings down sand from
above, may also bring down plants. The principal vegetation, there-
fore, is composed of perennials or grasses of the Panicum pseudopu-
bescens association which are undermined and gradually slide down
the slope into the basin. The most frequent species is Panicum
pseudopubescens itself, which seems admirably adapted to live in this
shifting substratum. Its usual associate, Carex umbellata, also has
the same property. These two species seem able to live on this slope
under almost any condition of angle or rate of erosion. Scattered
bunches may be found on the steep slope below vertical walls of sand
capped with the same species. The wall is held vertical by the roots
of the grass, until finally a portion of it topples over. If the grasses
happen to fall right side up they continue their growth and event-
ually land at the foot of the hill. Many, if not all, of the remaining
grasses of the same association appear on the gentler windward
slopes, where the erosion takes place more slowly. The grasses ob-
served are Leptoloma cognatum, Carex Muhlenbergii, Andropogon
scoparius, Bouteloua hirsuta, and Panicum virgatum. Lespedeza
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capitata is the most abundant perennial. In one blowout the orig-
inal bunch-grass association was being undermined: Viola pedata
and whole mats of Selaginella rupestris were not only sliding down
the slope, but persisting at the bottom. Viola pedata holds a small
dune at its base until the erosion gets below the level of its roots,
when the whole miniature dune slides down with the plant.

At the bottom of the slope the plants are usually undermined
completely and their dead remains are blown away. But if the erosion
of the basin is slow they may persist. One blowout (Pl XI, Fig.
2) in the Oquawka area showed a semicircle of established bunches
of Panicum pseudopubescens and Leptoloma cognatum at the base
of the slope, and in their shelter numerous annuals were beginning
to colonize.

The vegetation of the windward slope is very open, with at least
go per cent. of the sand exposed. The individual bunches stand at
a much greater interval than in the association above the slope, be-
cause only a portion of them survive and the gradual settling tends
to separate the remainder.

THE BLOWSAND ASSOCIATION

The lee slope of the blowout, unless the rate of movement is
unusually rapid, is occupied by a variable group of annual plants,
most of which live also as interstitials in the bunch-grass and Pani-
cum pseudopubescens associations. As has been mentioned, the lee
slope is an area characterized neither by erosion nor deposition, but
by the mere movement of sand. Most of this movement affects
only the surface, or extends to but a slight depth. Every autumn
and winter countless seeds are blown across the blowouts. There
is virtually no chance of their being covered to the requisite depth
on the windward slope or in the basin, because there erosion is ac-
tive. Consequently both of these associations are almost entirely
without annuals. But on the lee slope, where the upper layers of
sand are almost always drifting, there is a good chance that some of
the seeds will be left covered to a depth of an inch (2.5 cm.) or
more. This seems to be the minimum depth at which germination
takes place, and marks the upper limit of moist- sand during the
rainy season in June. It is quite probable that this minimum fluc-
tuates with the amount of rainfall, and may be much deeper in drier
years (cf. Britton, 1903: 577).

In late spring and early summer the seedlings appear, and the
frequent presence of thousands of dead stems of Aristida tuberculosa




93

indicates that the level, in some places at least, has changed but
little since the preceding autumn. Elsewhere seedlings appear on
ground withgut dead stems, indicating that conditions were prob-
ably unfavorable for seed planting during the previous year. It
may be assumed also that certain tracts covered with plants during
one year may be bare the next, because of some slight change in
the velocity or direction of the sand movement. So the position
and extent of the blowsand association vary from year to year,
now extending lower and possibly surrounding some relics of the
basin association, now retreating toward the summit of the slope,
but always appearing where the movement of the sand tends to bury
the seeds to a small, but sufficient depth.

The species of the association vary in their ability to extend out
upon the sand. Avristida tuberculosa is always the pioneer, and the
margin of the association frequently consists of that species alone:
This is probably due to the awned grains, which may be able to bury
themselves to some slight depth. The grains of Stipa spartea, with
much longer and stiffer bent awns, are known to bury themselves to
a depth of about two inches (5 cm.). Places most densely covered
with Aristida usually have several other species as well, and their
contour generally shows that upon them small deposits, generally
less than an inch (2.5 cm.) deep, have taken place. Other conditions
being eliminated, small seeds are more apt to be buried than large
ones, and it is at once noticeable that the individuals of species with
small seeds are vastly more numerous than those with larger ones, as
Cassia Chamaechrista.

The necessity of seed burial is strikingly illustrated by seedlings
coming up in rows over wagon tracks. This has already been men-
tioned for Cassia Chamaechrista (Hart and Gleason, 1907: 165)
and, in a short note (Amer. Botanist 7: 91), for Diodia teres. A
blowout in the Hanover area illustrates the effect especially well (Pl
VIII, Fig. 2). At the very edge of the lee slope, where erosion has
probably exceeded deposition, there are several curving rows of
Diodia teres, marking the tracks of a wagon which had been driven
in a curve across the sand. To be effective this artificial planting must
be deep enough to prevent the seeds from being uncovered by any sub-
sequent erosion.

The species comprising the association, arranged approximately
in the order of their abundance, are as follows:

Aristida tuberculosa Commelina virginica
Paspalum setaceum Cenchrus carolinianus
Diodia teres Ambrosia psilostachya
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Cassia Chamaechrista Euphorbia corollata
Sporobolus cryptandrus Mollugo wverticillata
Oenothera rhombipetala Polygonella articulata
Croton glandulosus, Crotonopsis linearis
var. septentrionalis Linaria canadensis
Euphorbia Geyeri Cristatella Jamesii
Froelichia floridana Monarda punctata
Tephrosia virginiana Lepidium virginicum
Cyperus filiculmis Lespedeza capitata
Cycloloma atriplicifolium Strophostyles helvola
Festuca octoflora , Apocynum cannabinum,
Polanisia graveolens var. hypericifolium
Helianthus lenticularis Scutellaria parvula

Hedeoma hispida

The majority of these 31 species are annuals, and appear also
as interstitials in the bunch-grass and Panicum pseudopubestens as-
sociations. One, Apocynum cannabinum, var. hypericifolium, is a
perennial, but behaves as an interstitial in this habitat. Its occurrence
was noted but once. The three true perennials, Euphorbia corollata,
Lespedeza capitata, and Tephrosia virginiana, and the one bunch-
grass, Sporobolus cryptandrus, are all more numerous on the de-
posits or in other associations, and their presence here is either casual
or else indicative of a succession by the deposit association.

But one species, Aristida tuberculosa, is equally common over
the four areas studied. Scarcely a blowout was observed which did
not have hundreds of plants of this slender grass growing on the lee
slope. The other leading species are more local in their distribution.
Diodia teres is particularly characteristic of the Hanover area, is
also common, but local, in the Havana area, but was not observed
in the other two areas. The Oquawka blowouts are marked especially
by Commelina virginica and Paspalum setaceum, while Cenchrus caro-
linianus is most abundant in the Havana area.

Excluding the Dixon area, in which there is comparatively little
blowing sand, from 17 to 22 of the 31 species occur in each area.
Within each area the flora varies from one blowout to another, and
a comparatively small portion of the flora appears in any one. Not-
withstanding this great local variation between stations, there is no
evidence that more than one association exists. The different com-
binations .of species represent merely alternations in the structure of
the association, which are not definite enough to demand classification
or description as separate consocies.
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An interesting phenomenon caused by the dead stems of Aristida
tuberculosa is frequently observed in the spring and early summer.
The dead culms of the preceding year lie flat on the sand but remain
firmly attached at the base. When blown by the wind they swing
around in arcs of a circle and the tips scratch concentric curves in the
sand. The maximum diameter of these wind circles is about three
feet (8 dm.), and the average arc about 60 degrees, although some
complete circles were observed.

THE DEPOSIT ASSOCIATION

The chief difference in physical environment between the lee
slope and the deposits is the nature of the movement of the sand. On
the deposits sand is being added by the wind more rapidly than it
is being moved away, so that there is a gradual increase in height.
This soon leads to the development of a ridge, its size depending
naturally on the size of the basin which furnishes the sand. When
sand is piled up by wind alone, unimpeded by obstacles of any sort,
it is distributed rather uniformly over a considerable area. The
resulting dune has a very gentle windward slope and a slightly steeper
face. According to Cowles these slopes are about 5 degrees and 30
degrees respectively (1899: 191). Sand can not accumulate to a
great depth because of the full exposure to the wind, and the dune
is sometimes so flat that it almost escapes attention. The blowouts
in the Oquawka area are particularly notable for their broad, flat
deposits, which are usually not more than three or four feet (1 m.)
above the general level. Their vegetation differs but little from that
of the lee slopes of the blowout.

For building up the steeper dunes, so characteristic of the blow-
outs in the Hanover area, the wind alone is not sufficient. There
must be an obstacle of some sort which will cause the wind to drop
much of its load of sand at one spot, and which will also prevent its
removal by other winds from the same or different directions. This
obstacle must grow up with the dune, othewise it would eventually
be covered and its efficiency destroyed, and it must last through the
winter, when the wind is strongest. All of these conditions are met
only by plants, a few species of which become, because of their
growth habits, the chief dune-builders of the region. Cowles has
shown very clearly the necessary characteristics for a good dune-
forming plant (1899: 175-190). They are (1) a perennial life,
(2) the ability to spread radially by rootstocks (with certain ex-
ceptions), (3) the power of growing out into the light when buried
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by sand, (4) the ability to adapt the root to a stem environment or
the stem to a root environment, depending upon burial by sand or
exposure by its removal, and (5) a good set of xerophytic structures,
which enable the plant to withstand the extreme conditions of its en-
vironment. To these might be added a sixth requisite, the persistence
of the subaerial parts during the winter. In every dune region there
are some plants which fulfil all or some of these requirements, and
which are responsible for the construction of the local dunes. In
Illinois the principal ones are Rhus canadensis, var. illinoensis,
Ceanothus ovatus, Panicum wvirgatum, and Tephrosia virginiana.
These are discussed in the order of their effectiveness.

Tephrosia virginiana (Pl IX, Fig. 1) is a perennial herb with
very long, slender, tough roots. Several stems, each 1-1.5 feet (3-4
dm.) high, arise from a common base and are densely covered by
leaves. These serve to catch the sand and hold it during the sum-
mer, but they die in autumn and the dead stems are soon removed
by the winter storms. The sand is then held by the subterranean
root system only. Tephrosia endures covering by sand if it is not to
too great a depth, at least not exceeding half the height of the stems.
It does not possess the power of unlimited growth during the season,
and is consequently not able to keep above the sand indefinitely.
Neither is it a very efficient sand-binder, and it dies if the crown
and a few inches of the roots are exposed (Pl IX, Fig. 2). Such
cases are seldom seen, because the dead remains are soon blown
away. From both of these reasons it is clear that Tephrosia is not
a very efficient dune-former, and this is fully substantiated by field
observation. T'e¢phrosia dunes are low and gently sloping (Pl VII,
Fig. 2), and are found mainly on blowouts where the rate of sand
movement is apparently very slow. This, of course, does not pro-
hibit the plant from growing on larger dunes in company with other
species. It is always associated with .4ristida tuberculosa.

Panicum virgatum is by all odds the most abundant dune-former
in the Hanover area (Pl. IV, Fig. 2). While it does occur in the
bunch-grass association, it is much more abundant on the deposits,
and in the area mentioned even the smallest and youngest blowouts
are sometimes marked by a conspicuous growth of the plant on their
newly formed deposits (Pl VI, Fig. 1; Pl VII, Fig. 1). In the
Havana and Oquawka areas it is infrequent, and the dunes are
usually formed and held by some other species. Like Tephrosia,
it has a large number of very deep tough roots which help bind the
sand, and it also spreads slowly by rhizomes. The subaerial parts have
the typical bunch-grass structure, and the dense basal leaves act
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efficiently in catching and holding the sand during the summer.
After the death of the leaves and culms in the autumn, they still
persist, and contihue to build up the dune during the winter. Tlese
dead bunches are frequently partly covered, but the new growth of
the succeeding spring comes up through the sand, and bunches en-
tirely destroyed by burial were not observed. The species is accord-
ingly a very efficient dune-former, and builds up steep dunes from
two to ten feet (1-3 m.) high. The infrequency of the plant in
situations from which sand is being removed gives no opportunity
to estimate its ability to withstand uncovering. In a few cases relic
bunches have been seen on windward slopes, but it is probably not
well adapted to undermining. _

Rhus canadensis, var. illinoensis, while not so abundant as Pani-
cum virgatum, is the most effective dune-former in our inland dunes.
It is characteristically a species of the open bunch-grass association
(Pl VII, Fig. 1), where it produces dense rounded thickets up to a
yard (1 m.) in height and frequently several yards across. These
thickets are so dense that at a little distance they appear as a solid
mass of foliage. Within there is a tangle of stems, with the leaves
mostly near the ends. The roots are long, and penetrate very deeply
into the soil. Fruit is produced abundantly and is probably scattered
widely by birds, yet comparatively few young plants are seen
and none at all have been seen on the deposits of the blowouts.
Its presence there is probably in most cases due to persistence from
the bunch-grass which preceded the blowout. It may occur, there-
fore, at either side or at the deposit end. The number of blowouts
where it so occurs depends upon its frequency in the adjoining
bunch-grass. It has not been observed in the Panicum pseudopu-
bescens association or on the windward slopes of the blowouts. The
efficiency of the plant in building up dunes is due to its habit of
growth in dense compact masses and to its ability to withstand burial
by sand. The blowing sand is caught and held by the dense thickets,
and accumulates in a rounded heap conforming to the shape of the
thicket. The accumulation continues until the sand reaches within
six or eight inches (1-2 dm.) of the top of the thicket. There is
little difference in the outward appearance of such a partly buried
thicket, although the leafy twigs protrude but a few inches above the
sand. When the leaves fall in autumn they also tend to accumulate
between the twigs and thus protect the sand from erosion during the
winter. The sumach is not injured by this partial burial, but in each
successive season grows farther upward and outward, maintaining
its position above the sand and causing the rapid growth of the dune.
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As the thicket becomes larger, portions of it may die away and leave
unprotected areas between smaller thickets. These bare spots are
usually one or two feet (3-6 dm.) below the general level of the dune,
indicating the erosion of the sand. after the death of the sumach.
The steepest and highest dunes are invariably held by the sumach.
The highest ridges along the Mississippi river, which will be de-
scribed later, are usually crowned at their very summits by scattered
patches of sumach, whose large size and irregular outlines bear wit-
ness to their great age.

Ceanothus ovatus behaves in a way similar to Rhus, but is much
rarer. It is more susceptible to injury by burial and does not pos-
sess so great a capacity for unlimited growth above the accumulating
sand. Ceanothus dunes have been observed only along the Mississippi
river in the Hanover area.

Besides these plants which are of chief importance, a few other
perennials or grasses may locally aid in building up dunes. They
are, however, generally temporary in their nature and persist only
during the summer when the plants are growing. Their size de-
pends upon the habit of the plant, but seldom exceeds a foot in height.
The larger dunes of this type are formed by Euphorbia corollata,
Stipa spartea, Sporobolus cryptandrus, and Paspalum setaceum.
Even annuals, if growing in close patches, may accumulate an inch
or so of sand around them. Euphorbia Geyeri and Mollugo verticil-
lata, the two common prostrate species of the deposits, do not ac-
cumulate sand, but their flat close mats prevent erosion if it is not too
rapid. They are sometimes seen growing on plateaus a half-inch
(1-2 cm.) in height, and corresponding with the shape and size of
the plant. Mollugo reaches its largest size on the deposits, forming
mats sometimes two feet (6 dm.) across.

Two general types of deposits may be distinguished; those with
and those without effective sand-binders. Examples of the latter class
are broad and low with gentle slopes, and scarcely differ in vegetation
from the neighboring blowsand association, of which they may be
considered an extension. When the blowout is young and small the
annual increment of sand is but a few inches thick and affords opti-
mum conditions for the burial of seeds of the annuals. The young
deposits are accordingly covered with a dense growth of these
plants, and under such circumstances may be regarded, as far as the
vegetation is concerned, as extensions of the lee slope. If efficient
sand-binders do not appear on the deposits with the subsequent
growth of the blowout, the vegetation remains essentially the same,
except for the addition of various species of perennials. The most
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abundant grasses, Cenchrus carolinianus and Paspalum setaceum, are
not injured by burial to a slight depth, but are easily undermined.
They find their optimum conditions on deposits of this type, where
their fruits are easily buried and where the annual deposit of sand
is not sufficient to injure them. If the deposition becomes too rapid
and the fruits are buried too deeply, the sand remains entirely bare
(PL. V). The best observed example of this condition is a large
dune just south of Keithsburg, in the Oquawka area (Pl X, Fig.
1). The top of the dune is here entirely bare. At its base along the
lee side is a zone of sparse vegetation consisting of Helianthus lenti-
cularis, Euphorbia corollata, Cenchrus carolinianus, Cycloloma atri-
plicifolium and Lespedeza capitata. A line of dead plants of Helian-
thus shows that the annual forward movement of sand is about
15 feet (5 m.).

None of the four most efficient sand-binders is abundant in the
Oquawka area, either in the bunch-grass or on the deposits. The
blowouts there are mainly broad and shallow, with similarly broad
flattened deposits, spreading out fanwise over a large area. They
are occupied especially by Cenchrus carolinianus and Paspalum seta-
ceum, with most of the species of the blowsand association. With
these are a few additional species, such as Sporobolus cryptandrus,
Leptoloma cognatum, Panicum pseudopubescens, Bouteloua hirsuta,
and Lespedeza capitata. 'These five species do not occur on the reg-
ular lee slopes, and represent the deposit association in the narrower
sense. ‘The Havana dunes resemble those of the Oquawka area
and have in general the same vegetation. Paspalum setaceum, Cen-
chrus carolinianus, and Sporobolus cryptandrus are the usual species.
Deposits of this type occur rarely in the Hanover area also, and
then generally in connection with secondary blowouts which have
developed on parts of other larger ones. They are especially char-
acterized by the abundance of Diodia teres.

The second type of deposit is marked by the presence of effect-
ive sand-binders, and is best developed ifi the Hanover area. Usu-
ally Panicum virgatum or Tephrosia virginiana appears immediately
on the youngest deposits and begins at once the building of the dune.
They may appear at a later stage, but in either case the result is the
same. Dunes may be held by Panicum or Tephrosia or by both to-
gether. They seldom appear in association with Rhus, probably be-
cause the rate of increment of a Rhus dune is too rapid to permit
their growth there. Associated with them are a large number of
annuals, such as occur also on the lee slopes. They are most nu-
merous on the Tephrosia dunes, which are of relatively slow growth,
and least numerous on the rapidly growing Rhus dunes. If the
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dune is held by Panicum virgatum, it is usually distributed uniformly
around the deposits, and the dune is approximately uniform in
height. The bunches of grass are seldom more than a yard or two
apart and most of the intervening space is occupied by annuals.
Stipa spartea, Andropogon furcatus, and Carex Muhlenbergii are
sometimes associated with Panicum and are probably relics. Carex
umbellata, Panicum pseudopubescens, Koeleria cristata, and Viola
pedata are less frequent and are undoubtedly relics. Because of the
relic nature of the sumach on the deposits, a dune seldom has more
than one thicket of it. At that place the dune rises much above the
general level and has steep slopes occupied by relatively few other
plants. At a little distance from the sumach thicket the bunches of
Panicum and Tephrosia appear. On such blowouts the deposits
frequently become irregular or one-sided, or the direction of deposi-
tion may be changed, because of the greater efficiency of the sumach
as a sand-binder. ;

SUCCESSIONS BETWEEN THE ASSOCIATIONS OF THE
BLOWOUT FORMATION

As the Panicum pseudopubescens association becomes more open
and more bare sand is exposed in the formation of a young blowout,
it is difficult to decide just where the dividing line between the two
types of associations should be drawn. For convenience it may be
considered that a blowout begins with the first appearance of areas of
deposition and erosion, that is, with the differentiation of basin and
deposit. These two physiographic structures are very soon occupied
by their usual vegetation. The windward slope and its attendant
plant association appear as soon as the increasing size and depth of
the basin begin to disturb the bunches of Panicum pseudopubescens
in the rear. Between the basin and the deposits there must be at
least a small space where the movement of sand is about neutral, and
this represents an incipient lee slope. The typical vegetation, how-
ever, does not appear during the earliest stages of the blowout. The
four associations, therefore, appear in the following order: (1) the
basin and deposit associations, (2) the windward slope association,
(3) the blowsand association.

These four physiographic parts constitute a definite series as to
structure and development, but their vegetation does not fall into a
regular successional series. That is, an area now occupied by the
windward slope association may not, and probably will not, be occu-
pied in turn by the basin, the blowsand, and the deposit associations.
The successions are, instead, very complicated and irregular.
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The successional relation between the Panicum pseudopubescens
and the windward slope associations is self-evident, since there is an
actual transfer of individuals from the former to the latter. 'The
basin is developed directly within the Panicum pseudopubescens asso-
ciation by a mere change in the nature of the sand movement, and
also represents a- direct succession. Because of the environmental
conditions there are seldom any relics which survive. The succession
represents a case where the preceding vegetation is entirely destroyed
before the next stage appears. The deposit association also succeeds
the Panicum pseudopubescens association directly and relics frequently
occur. On the lee slope the movement of the sand is similar to that
going on in the intervals between the bunch-grasses, so that the
blowsand may be regarded as another direct succession. All four
associations of a typical blowout, therefore, may and do arise simul-
taneously and independently.

The general appearance of a typical young blowout is shown in
Plate VI, Fig. 1. The total width of the blowout from west (left) to
east (right) is about 20 feet (6 m.). At the left is the edge of the
Panicum pseudopubescens association, with many relic bunches of
Andropogon scoparius and in the extreme left foreground a bunch
of Carex Muhlenbergii. From this will develop the windward slope
association. Along the right is a conspicuous zone of Panicum
virgatum, marking the deposit association, with relic bunches of
Panicum pseudopubescens and Carex umbellata. 'The central basin
is still bare and the lee slope is scarcely differentiated. A transect
across this blowout is given in Table IIL

TABLE III._TRANSECT OF 20 QUADRATS, EACH 5 DM. SQUARE, ACROSS THE
BLOWOUT SHOWN IN Pr. VI, Fic. 1.

Linaria canadensis X
Panicum pseudopubescens X
Andropogon scoparius X
Bouteloua hirsuta -
Festuca octoflora -
Carex Muhlenbergii -
Carex umbellata - - -
Lespedeza capitata - - - - - X -
Croton glandulosus - - - - =X - - - .- -X
Aristida tuberculosa - e e e - e - .o
Ambro-ia psilostachya D 4
Panicum virgatum D ¢
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Equisetum laevigatum e e e e e e e e e e e e e e
Koeleria cristata e e e e e e e e e e e e e
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The subsequent successions of vegetation depend primarily upon
the physiographic changes. As the development of the blowout pro-
ceeds, the basin may begin to encroach on the windward slope. This
is caused either by an increase in depth or by a general movement
to the rear, or by both together. The sliding vegetation of the latter
association reaches the bottom of the slope, is undermined and blown
away, and its place is taken by plants of the basin. The windward
slope thus comes to occupy a place intermediate in time between the
basin and the Panicum psenudopubescens associations. If the basin
is moving backward without an attendant increase in size, the lee
slope will also extend backward over the extinct basin, constituting
another succession. If the general movement is forward, the condi-
tions are reversed and the basin association succeeds the blowsand
association. This forward movement, however, reduces the grade of
the windward slope, and eventually stops the settling of the sand.
With this change in its environmental condition, stabilization be-
gins, as will be described later, and the windward slope association is
succeeded by the bunch-grass. So, while the basin may succeed the
windward slope, the reverse does not take place.

Succession may also take place in either direction between the
blowsand and the deposit associations. This depends in part on local
environmental changes, leading to the increase in size of one asso-
ciation and the corresponding restriction of the other, but principally
upon the direction of the general movement of the whole blowout.
If forward, the blowsand association succeeds the deposit association ;
if backward, the reverse is true.

As has been previously mentioned, the basin of a blowout may
eventually become so wide or so deep that further erosion by the wind
is impossible. Erosion is the one factor of the environment which is
chiefly responsible for the development of the basin association, and
when that ceases the basin is at once replaced by a different type of
vegetation. Some of the basin plants may persist for a time as
relics. It seems probable that the first new vegetation is the blow-
sand association, mainly because of its proximity, its excessive seed
production, and its rapid development. When the sand bhecomes sta-
tionary, it is no better suited to the blowsand plants than to a num-
ber of others, including bunch-grasses and perennials. These at
once begin to colonize in the blowout and the stabilization of the
basin is effected.

With the extinction of the basin the source is destroyed from
which sand is added to the deposits, and they cease their growth.
The surface of the sand, so far as it is not protected by the dune-
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forming plants, remains more or less in motion and affords an en-
vironment suitable for the development of the blowsand associa-
tion, which then becomes dominant. This condition is much like
that on the broad flat deposits without dune-formers, where the rate
of deposition is slow, because of the large surface to be covered, and
the vegetation accordingly consists of the blowsand association. On
the deposits this association persists longer than in the basin, be-
cause the greater exposure of the sand to the wind keeps it longer
in motion. Finally the motion stops, and the deposits are also com-
pletely stabilized by various outside species, chiefly bunch-grasses.
On the steeper slopes, held by Rhus canadensis, var. illinoensis, Pan-
icum virgatum, or other species constituting the real deposit asso-
ciation, there is less opportunity for the development of the blow-
sand vegetation, because the perennials persist and retain their dom-
inancy. They are finally joined by additional species, until eventu-
ally the surface is covered and the sand completely stabilized.

Summing up the successions within a single blowout (Figure 5),
it is seen that there exists a perfect correlation between the vegetation
and the physical conditions of the environment. The original Panicum
pseudopubescens association is succeeded by each of the four blowout
associations. Between these four, the successions depend partly upon
the direction of movement of the blowout as a whole. The wind-
ward slope association may be succeeded by the basin association, but
the reverse does not take place. Between the other three, the suc-
cession may be in either direction. The blowsand association shows
a general tendency eventually to succeed both of the others, and may
be regarded as the climax association of the blowout formation. This
is directly correlated with the general dynamic effect of the wind,
which leads, on the average, neither to erosion nor deposition, but
merely to the movement of the sand. This condition is most favor-
able to the blowsand association, and is the cause of its dominancy
It is probable that the blowsand vegetation would also appear on the
windward slope after it has become static, but the relic bunch-grasses
become at once the controlling feature, among which the blowsand
species play a secondary part as interstitials.

When one blowout is filled by the deposits of another, or when
secondary blowouts appear on the lee slope or deposits of an older
one, there may be deviations from this normal series of successions.
In the latter case the young blowout may be wholly or partially sur-
rounded by a blowsand association, and the windward slope associ-
ation is never developed because of the absence. of any relic plants.
When two or more blowouts unite to form a complex waste of sand,



104

7

Fig. 5. Normal successional relations between the Panicum pseudopubescens
(1), windward slope (2), basin (3), blowsand (4), deposit (5), Hudsonia (6),
and bunch-grass (7) associations.

it becomes impossible to decipher the entire past history of the veg-
etation, but any of the successions given in the diagram between the
basin, blowsand, and deposits may -occur repeatedly, in any order,
and for any length of time, until finally the sand becomes static and
stabilization begins. The windward slope association alone is not
included in the blowsand complex. It can follow only the Panicum
pseudopubescens or more rarely the bunch-grass association, and if
not succeeded by the basin association reverts to bunch-grass.
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STABILIZATION OF THE BLOWOUTS AND THEIR
REVERSION TO BUNCH-GRASS

Stabilization of the blowouts may take place in any or all of the
four parts. Usually it begins on the windward slope and takes place
last on the deposits. The windward slope is already occupied by
bunch-grasses, although at a considerable distance apart. When the
movement of sand ceases, other species invade the area at once and
appear in large numbers between the bunches. Aristida tuberculosa
and other members of the blowsand association are prominent but
do not become dominant. Following them come Oenothera rhombi-
petala and Lespedeza capitata, making a thick weedy growth, and
later various species of bunch-grass.

In the basin and on the lee slope stabilization begins with the
extraordinary development of the blowsand association. It is fol-
lowed immediately by large bunches of Sporobolus cryptandrus and
by a rank growth of Oenothera rhombipetala and Lespedeza capitata
(PL XI, Fig. 2). Sporobulus cryptandrus sometimes lives in actively
blowing sand, but only in small depressed bunches (Hart and Glea-
son, 190y: pl. XVIII, fig. 2). In partly stabilized blowouts it forms
dense bunches one to two feet (3-6 dm.) wide and 1-1.5 ft. (3-5 dm.)
high, surmounted by culms two or three feet (6-9 dm.) tall. Be-
neath the shelter of these three plants a number of interstitial
species colonize, many of which are not common in the blowsand
association. Some of these are Hedeoma hispida, Polygonum tenue,
Scutellaria parvula, Silene antirrhina, and Festuca octoflora. 'This
weedy growth lasts a comparatively short time. One blowout was
observed where only about half as many plants of Lespedeza were
growing as had grown the previous year, as shown by the dead
stems. Since stabilization usually begins near the bottom of the
blowouts, some may be found in which Lespedeza and Oenothera
have already left the deepest part and occupy a ring around the sides.
This also shows that the bunch-grasses which follow are not plants
which slide in from the sides, as was intimated in an earlier paper
(Hart and Gleason 1907: 169). In this tangle the bunch-grasses
gradually appear (Pl X, Fig. 2), and by their growth restrict the
interstitials, as was explained in connection with the bunch-grass
association. Mats of Antennaria, Cladonia, and moss also appear
very early. The perennials follow the bunch-grasses. The order of
their appearance is not definite, but depends upon the composition of
the neighboring bunch-grass association. Stabilization of the basin
and windward slopes may take place at the same time, or there may be
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a stabilized area behind the active basin, following it as it moves
forward.

The flat open deposits without efficient dune-formers are stabil-
ized in nearly the same way. Paspalum setaceum first becomes more
abundant and is followed by large numbers of Sporobolus cryptan-
drus, with the usual growth of Lespedeza and Oenothera. Follow-
ing these the bunch-grasses appear. A tract in the Oquawka area
shows the results of twelve years of stabilization in this way. The
field was formerly blowing actively, until some locust trees were
planted as a windbreak at the west side. In the twelve years that
have elapsed most of the blowouts have become extinct and the
extensive flat deposits have been almost entirely stabilized. Oeno-
thera rhombipetala and Leptoloma cognatum constitute the dominant
species at the present time. The bunches of the latter are round and
compact, but widely separate, and cover only about 30 per cent. of the
ground. Oenothera is so abundant that when in bloom it shows
almost a solid mass of color. But nine accessory species have
appeared: Paspalum setaceum, Ambrosia psilostachya, Bouteloua
hirsuta, Croton glandulosus, var. septentrionalis, Cyperus Schweinit-
21, Lepidium virginicum, Monarda punctata, Verbena stricta, and
Physalis virginiana. Proceeding up the lee slope from a partially
active blowout toward this newly developed bunch-grass, the grasses
appear in the following sequence: Paspalum, Sporobolus, Leptoloma.
In this case the horizontal arrangement probably indicates the suc-
cesion in time as well.

THE HUDSONIA ASSOCIATION

In the Hanover area blowouts are sometimes stabilized by Hud-
sonig tomentosa, which forms a peculiar association of its own.
Hudsonia grows in dense hemispherical tufts up to 4 dm. in diam-
eter and is always gregarious, occupying 10 to 50 per cent. of the
whole surface. It can not endure burying and does not possess the
power of growing up with the deposition of sand. Consequently
it does not live on deposits. Similarly it can not well resist under-
mining and does not live in basins or on windward slopes. Neither
has it been observed on actively moving lee slopes, nor is it able
to hold its own in competition with bunch-grass. Its optimum
habitat seems to be open quiet sand, and it is restricted therefore to
young blowouts in which the surface is nearly flat and the sand is
not actively in motion, or to small portions of more active blowouts
where it is able to get a foothold. The plants appear first at the
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edge of the bare sand and soon cover the whole area. When a col-
ony is once established it effectually checks any further movement
of the sand. Colonies in young blowouts are usually surrounded by
Panicum pseudopubescens, which soon closes in and reoccupies the
space. A few plants of Hudsonia may persist for a time, but their
life is short. But few other species occur in the association. Those
observed are Cassia Chamaechrista, Euphorbia corollata, Polygonella
articulata, Carex umbellata, and Andropogon scoparius. 'The last
two are probably pioneers in the redevelopment of the Panicum
pseudopubescens or bunch-grass association.

SUCCESSIONS FROM THE Browout FORMATION

As the blowouts increase in size and become progressively deeper
the movement of the sand becomes less active, and in nearly every
case they finally become stabilized and revert to the bunch-grass
association. The few cases where the reversion does not take place
are of interest, since they illustrate a peculiar series of successions
and introduce some associations not found elsewhere in the sand
regions under discussion.

The general vegetational and environmental conditions of one
type of these successions have been given by Gleason (1907: 167-169)
from observations on a few blowouts in the Havana area. The prin-
cipal changes in the ecological conditions are in the direction of pro-
tection against wind, resulting in a stable substratum, and a larger
supply of water, depending upon the depth of the blowout. These
conditions, rather unusual for the sand areas, permit the develop-
ment of a more mesophytic vegetation. This is generally simply a
more luxuriant growth of bunch-grass composed of the usual species.
More rarely entirely different species appear, especially if there are
groves or cultivated grounds near.

THE BLOWOUT THICKET ASSOCIATION

A simple case, leading to what may be named the blowout thicket
association, is shown in a blowout near Oquawka. The blowout is
nearly stabilized, with the usual growth of Lespedeza and Oenothera,
but in the very bottom two locust trees (Robina Pseudo-Acacia)
have become established. TUnder them are plants of Oxybaphus
nyctagineus, Lactuca canadensis, and an unknown grass, of a species
not occurring in the surrounding bunch-grass. In another blowout
several young plants of Populus deltoides are growing (Pl XI,
Fig. 2). In a similar deep blowout in the Hanover area is a large tree

s
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of hackberry, Celtis occidentalis, probably forty or fifty years old.
Under it are shrubs of apple, Cornus Baileyi, and Rosa sp. They
are overhung with vines of Psedera quinquefolia, and in their shade
are plants of Polygonatum commutatum. Many other common sand
plants are associated with them. It is probable that all these species
were introduced by birds, since they all have fleshy fruits. Vitis vul-
pina, Menispermum canadense, Populus deltoides, and Acer Negundo
were reported by Gleason (Hart and Gleason, 1907: 168) for sim-
ilar conditions in the Havana area.

Although these three blowouts have no species in common, the
vegetation probably represents the first stages, changed considerably
by proximity to civilization, of a definite series. This series, how-
ever, has always been curtailed by refilling the blowouts with sand,
since there is no association in the three areas mentioned which can
possibly be referred back to this origin.

THE STENOPHYLLUS ASSOCIATION

It has already been mentioned that a thin layer of loamy soil is
formed on the surface of the sand in the bunch-grass association.
This layer is coherent and quite resistant to wind action. The depos-
its of a blowout may bury this soil layer to a considerable depth and
for an indefinite time, completely destroying the original vegetation.
At a subsequent period another blowout may develop on these depos-
its and finally expose the old soil layer. When this is uncovered the
growth of the blowout in depth ceases. Its future growth, if any,
is lateral, leaving a flat bottom which is level or gently sloping.
Blowouts of this type are generally easily recognized by the bottom
being flat instead of the usual concave shape. As soon as the soil layer
is,uncovered a new type of vegetation appears, characterized partic-
ularly by the small sedge Stenophyllus capillaris, and constituting the
Stenophyllus association.

This is well illustrated by several blowouts in the Hanover and
Oquawka areas. One in the former (Pl XI, Fig. 1) is of special
interest since it shows the old soil over the western half of the blow-
out, while the other half is still pure sand, with the usual vegetation.
The western half is flat, but slopes up about one foot (3 dm.) in its
total width of 25 feet (8 m.), indicating the gently rolling nature
of the original surface. The soil layer is covered with one to two
inches (2-4 cm.) of fresh sand, blown in from an active blowout
toward the west. This portion of the blowout is occupied by numer-
ous small tufts of Stenophyllus about an inch (2-4 cm.) wide, a
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square foot containing on an average from 75 to 100 plants. Asso-
ciated with it are numerous plants of the blowsand association:
Diodia teres, Aristida tuberculosa, Croton glandulosus, var. septen-
trionalis, Linaria conadensis, Mollugo wverticillata, Cyperus Schwei-
nitzii, and Euphorbia corollata. The presence of these accessory spe-
cies is probably correlated with the thin deposit of fresh sand, since
they are not found on the soil layer proper. A blowout of the same
type in the Oquawka area (Pl XI, Fig. 2) is about 80 by 100 feet
(25 by 30 m.) in size, but less than three feet (1 m.) deep. Most
of the broad flat basin is covered with a black crusted soil layer and
occupied by large numbers of Stenophyllus and a few plants of Gna-
phalium polycephalum and Lactuca scariola, var. integrata. There
are also two circular patches of an unknown moss, probably only
two or three years old. Parts of this basin are still covered with a
thin layer of sand, on which the vegetation is the usual blowsand
association, characterized especially by Cenchrus carolinianus, Froe-
lichia floridana, and Paspalum setacewm. Stabilization has already
begun with Lespedeza capitata and Oenothera rhombipetala, and at
one end are a few plants of Populus deltoides.

It seems probable that this association is finally succeeded by a
prairie vegetation, although no evidence of this was seen during the
present investigation. According to Gleason (Hart and Gleason,
Ig9oy: 168) it may be followed in the Havana area by Cladonia and
Antennaria, and later is converted into “prairie, scarcely distinguish-
able, in vegetation at least, from the typical prairies of central Illi-
nois.”

Tug SwaMp FORMATION
THE SALIX AND SOLIDAGO ASSOCIATIONS

Blowouts may become so deep that they reach and uncover moist
layers of sand, probably not far above the water-table. In these,
new plant associations soon appear, which may be even hydrophytic
in nature. The few cases observed have not made it possible to
determine the order in which the vegetation develops, and the dis-
cussion must be limited mainly to the simple description of condi-
tions as they are. Cowles has mentioned a similar succession at the
head of Lake Michigan (1899: 308).

The deepest of the excavations, measured by the vegetation
rather than by actual dimensions, is in the “Devil’s Neck” north of
Topeka, in the Havana area. The center of the depression is a
sandy loam and probably represents the subsoil, the Miami loam of
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the Soil Survey, on which the sand is superposed. It is occupied by
a sparse vegetation of Ludvigia palustris and Eleocharis obtusa.
Surrounding it is a zone of Salix longifolia, now about three feet
(1 m.) high, and Juncus acuminatus. Outside of this are the usual
plants of stabilized blowouts, particularly Oenothera rhombipetala
and Lespedesa capitata. This vicinity was studied also in the sum-
mer of 1904, and according to the best recollection of the writer,
no such assemblage of plants was observed. It is entirely prob-
able that the association has developed since that time. Willow
seeds may easily ‘have been blown in by the wind, and the seeds of
the herbaceous plants may have been brought in in mud on the feet
of birds, which were attracted by a temporary pool of water col-
lected after rains.

Not far from this depression there was a similar one, but with
sandy bottom. In 1904 it was occupied by Polygonum acre, Hyperi-
cum mutilum, Cyperus rivularis, and Juncus tenuis. In 1908, after
a lapse of four years, the deepest part of the depression had been
filled, so that the bottom was generally level. The prevailing vegeta-
tion is blue-grass, Poa pratensis, but a few relics of Hypericum, Jun-
cus, and Cyperus still persist.

Just east of Havana, at the ‘ Devil’s Hole,” there is another deep
depression with a more luxuriant growth of vegetation. In the
deepest part there is a small but dense thicket of Salix longifolia.
Under the willows the sand is covered with a carpet of moss and
decaying leaves, making a humus layer which must aid greatly in
the absorption and retention of water. At the edge of the thicket
is a narrow zone of Boehmeria cylindrica, Ludvigia alternifolia,
and Lycopus americanus. These plants may be considered as
a part of the Salix association but do not live within the thicket
because of the weak light. Around the willows, and extending
partly up the hill, is a dense growth of Solidago graminifolia
and Equisetum hyemale, var. intermedium, constituting the Solidago
association. The two alternate, Equisetum occupying about one
third of the zone. Mingled with these are a few plants of Cacalia
atriplicifolia, Vernonia fasciculata, and Asclepias syriaca, as well as
a number of the usual blowsand plants, as Paspalum setaceum, Cas-
sia Chamaechrista, Cristatella Jamesii, Croton glandulosus, var. sep-
tentrionalis, Ambrosia psilostachya, and Monarda punctata. Era-
grostis trichodes, Chrysopsis villosa, and Lithospermum angustifolium
also occur, but are rare. This zone has a vertical width of about six
feet (2 m.). Near its upper (outer) margin are a number of old
bunches of Sporobolus cryptandrus and a few of Andropogon fur-
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catus and Panicum virgatum. These, as well as the appearance of
the goldenrod, indicate that the zone is migrating up hill over the
partially stabilized sand. The rounded contour of the willow thicket
with the youngest plants at the edge, show that it is also enlarging
and occupying successively higher levels. This movement is corre-
lated with the development of the retentive layer of humus under
the thicket, but the movement of the Solidago, already six feet (2 m.)
above the willows, depends more upon the general vegetative activ-
ity of the plant itself.

These two associations, Solidago and Salix, may then be expected
to appear in any deep blowout. Naturally the deeper ones only can
support the willow, which requires a larger supply of moisture.
This zonal relation of willow and goldenrod is by no means local,
but may be observed in many localities in the eastern states. The
ahsence of the goldenrod zone around the willows in the first depres-
sion described is merely one of those chance instances of distribu-
tion for which no explanation can be given. Possibly the presence
of Juncus acuminatus indicates the first stage in its formation.

It is evident that with the establishment of the dense growth of
Solidago the movement of the sand must cease, and it may be that
it does not appear until the sand has first become static. In either
case, if its depth is not sufficient to reach moist layers of sand the
willow can not develop and the blowout will be occupied by Solidago
alone. On the other hand, if the conditions are suitable for the
growth of willows, the Solidago association can develop simulta-
neously around it. The willows therefore, requiring the deeper
excavation, can not follow the goldenrod, but must appear before or
with it. When both are established, the former becomes dominant
because of its greater control of the physical conditions and tends
to succeed the latter.

This condition of affairs is peculiar in two respects. First, the
development of the dominant Saliv association can not follow in
time that of the minor Solidago association. Second, the general
movement of the zones is centrifugal, extending progressively fur-
ther up the sides of the blowout, and the direction of succession is
apparently toward a hydrophytic climax.

It must not be presumed that in this case a hydrophytic climax
will appear. It is probable that the water-retaining humus does not
become thick enough to hold standing water, and it is still more
probable that a new movement of sand from the west may overwhelm
the whole association. As in another case already mentioned, there
is at present no association in the region that could possibly be
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referred back to this for its origin, indicating that all former asso-
ciations of this type have sooner or later been destroyed.

THE POLYTRICHUM ASSOCIATION

In the Dixon area the hydrophytic series is carried further, and
a new association, characterized by Polytrichum juniperinum, also
appears. The Solidago and Salix associations are also represented.
In all, six depressions show one or more of these associations and
illustrate not only the successions between them but their develop-
ment as well. For convenience they will be referred to by letters.
These depressions are near the Northwestern tracks about four miles
west of Dixon. Blowout A4 is on the north side of the track; B is
near the track on the south side; C is east of the deposits of a large
blowout south of the track; D, E, and F are in this blowout or its
southern extension.

Blowout A is a shallow depression, but with rather moist sand.
It is occupied mainly by a dense growth of Solidago graminifolia,
with Equisetum arvense, Carex sp., and Spiraea salicifolia as acces-
sory species. -

Blowout B is smaller in width and length, but deeper and with
steeper sides. On the outside there is a ring of Solidago graminifolia
with an abundant growth of Aristida tuberculosa. The most
abundant accessory species is Lespedeza capitata, and others of less
frequency are Andropogon furcatus, Cassia Chamacchrista, and a
few sterile grasses which could not be identified. Aristida and Soli-
dago are almost equally abundant except at the inner margin, where
the former is slightly in excess. This zone extends up the hillside to
the typical bunch-grass and is rather sharply delimited from it. In
the center of this ring is the Polytrichum association. The moss
grows in dense mats, occupying all the surface in the deepest part
of the depression. These mats are very thick and spongy and sink
beneath the feet several inches. The dead stems grade off beneath
into a thick, brown, moist, spongy laver of a somewhat peaty texture.
The mats are sparsely occupied by solitary plants of the several acces-
sory species. Solidago graminifolia is the most abundant of these
and extends entirely across, but the plants are much smaller than in
the association outside. The others are Lycopus americanus, Hyper-
icum majus, Salix pedicellaris, and Aster sp. There are also a few
depauperate relic bunches of Panicum virgatum. There is a narrow
tension zone between the two associations, in which the mats of
moss are less close and the stand of Solidago less pure. The moss is
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encroaching upon the Solidago. There is a difference of about 1.5
feet (5 dm.) in the upper and lower levels of the Polytrichum zone,
and the Solidago association is somewhat broader vertically. The
deepest part is about 16 feet (5 m.) above the drainage level 200
yards (200 m.) away and all the intervening territory is sand. The
mesophytic nature of the association must be due to the action of
the moss in developing a retentive layer of humus, rather than to
any feature of drainage.

Blowout C is small and flat and most of it is occupied by a dense
carpet of Polytrichum, with many low shrubs of Salix pedicellaris
and some seedlings of Populus deltoides. 'The surrounding zone
consists chiefly of Solidago graminifolia and Lespedeza capitata.
This blowout is about 12 feet (4 m.) above the drainage level and
about 6 feet (2 m.) above the cultivated field just east of it. It is
14.5 ft. (4.8 m.) below the crest of the deposits of blowout D at
the west. .

D is a large blowout still active on the north, east, and west.
A low oblong area enters the blowout from the southwest and is
now almost entirely stabilized. Most of this represents a recent
deposit of sand from the rear, but the deepest part, nearest the cen-
ter of the blowout, is the extinct basin. It is now 11 ft. (3.3 m.)
below the crest of the deposits. In this basin both the Salix and
Solidago associations are now developing. The latter is represented
by a plentiful growth of Solidago graminifolia and Aristida tuber-
culosa, with some Juncus acuminatus; the former by abundant young
plants of Salix longifolia, with Ludvigia palustris, some small plants
of Panicum wvirgatum, four or five plants of Populus deltoides, and
four bunches of Scirpus cyperinus. The sand is wet and well cov-
ered with a layer of dead vegetable matter.

On pure sand back of this basin and 6-12 inches (1-3 dm.) above
it is a mixture of the Solidago and Polytrichum associations.
The ground is partially covered with dense or open mats of
Polytrichum, with Hypericum gentianoides, Rhexia virginica, Juncus
acuminatus, Polygala sanguinea, and seedlings of Salix pedicellaris.
Solidago gramimifolia and Aristida tuberculosa are abundant, but
as usual are conspicuously smaller when growing on the moss mats.
Rhexia may live in the middle of the mats, but Hypericum gentian-
oides grows only in the bare sand in the immediate vicinity of the
moss.

Each of these parts of the blowout illustrates early stages in
the development of the associations, before their zonal relations have
been established. The Salix association apparently demands moist
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sand and comes in only in the deepest part of the blowout. Polytri-
chum, on the other hand, may colonize in relatively dry sand, where
it at once produces moist conditions by its dense growth.

Still farther in the rear and also somewhat higher is a deposit
of sand representing a later stage in the refilling of the basin. It has
been stabilized by Panicum virgatum and Lespedeza capitata.
Besides these, Solidago nemoralis, Hudsonia tomentosa, and Panicum

- pseudopubescens indicate a reversion to bunch-grass. Over this
whole area mats of Polytrichum are appearing. Some mats are large,
confluent, and dense; others small, regularly circular, and with very
small plants near the margin. These are coming in everywhere,
even under the bunches of Panicum virgatum and Panicum pseudopu-
bescens, or surrounding Hudsonia tomentosa or Solidago nemoralis.
Coming up with it are many plants of Solidago graminifolia, Aris-
tida tuberculosa, Rhexia virginica, Polygala sanguinea, and in the
deepest parts a few plants of Scirpus cyperinus. On the larger and
older mats these species are small or absent, and other species more
characteristic of the association occur. These are Salix pedicellaris,
Viola lanccolata, and Spiranthes cernua. A few depauperate plants
of Panicum pseudopubescens persist even in the dense mats of the
moss. Along the south and west margins of this area almost pure
mats of Polytrichum extend to the very edge of the blowsand (Pl
XII, Fig. 1; XII, Fig. 2), reaching a height of three feet (9 dm.)
above the Salix association already described. They are associated
only with the three typical species just mentioned. Throughout this
area Solidago granunifolia and Aristida tuberculosa occur, but they are
most abundant on the bare sand between the mats. As the Polytri-
chum increases and finally occupies all the surface, these will be
forced into a marginal zone, as in blowouts B and C.

THE SWAMP ASSOCIATION.,

In the Dixon area, just south of blowout D, is a long north and
south excavation (Pl. XIII, Fig. 1), with rather steep walls of bare
sand on either side. These walls represent a partially stabilized wind-
ward slope, and are occupied by Carex umbellata, Aristida tuberculosa,
Panicum pserndopubescens, and Solidago nemoralis. In the deepest
parts are two ponds, E and F, surrounded by definite zones of vege-
tation. 'The bottom of the ponds is a black muck well mixed with
sand. The water-level fluctuates with the weather. When visited
in August it was one foot (3 dm.) above the basin of blowout D,
6.4 feet (2.1 m.) above the country to the east, and 16 feet (5.4 m.)
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above the drainage level at the northeast. The inner zone of vege-
tation is characterized by Scirpus cyperinus, Eleocharis obtusa, Lud-
vigia palustris, Juncus nodosus, and a few relics of Panicum virga-
tum. Outside this is a regular but narrow zone of Polytrichum,
with Polygala sanguinea, Juncus acuminatus, Hypericum gentianoides,
and Rhexia virginica. Next is the zone of Solidago graminifolia with
its usual associate Aristida tuberculosa, and, us accessory plants,
Rhexia virginica, Juncus acuminatus, Gerardia purpurea, and Poly-
gala sangwinea. Either of these outer zones may be absent for short
intervals, but are usually very distinct.

The second pond, F, was almost dry when visited in August, 1908,
and its mucky bottom was about 15 inches (4 dm.) below the water-
level in pond E. Its vegetation had been badly destroyed by cattle.

On the windward slope near E a mat of Polytrichum is develop-
ing in a very shallow, flat depression three feet (9 dm.) above the
water-level and one foot (3 dm.) above its nearest neighbors. It is
surrounded by a large patch of Hypericum gentianoides extending
one to ten feet beyond it.

From this detailed description it is seen that the vegetation of the
foregoing series of depressions of the swamp formation comprises
four associations of the following species.

1. The Solidago association. Solidago graminifolia, Aristida
tuberculosa, Equisetum arvense, Spiraea salicifolia, Carex sp., Poly-
gala sanguinea, Gerardia purpurea, Juncus acuminatus, Rhexia vir-
ginica. Accessory or relic species: Stenophyllus capillaris, Lespedeza
capitata, Andropogon furcatus, Cassia Chamaechrista.

2. The Salix association. Salix longifolia, Salix nigra, Populus
deltoides. Accessory or relic species: Panicum wvirgatum, Scirpus
cyperimus, Juncus acuminatus, Ludvigia palustris.

3. The Polytrichum association. Polytrichum juniperinum, Hy-
pericum gentianoides, Salix pedicellaris, Aster sp., Lycopus ameri-
canus, Hypericum majus, Viola lanceolata, Rhexia virginica, Spi-
ranthes cernua. Accessory or relic species: Polygala sanguinea, Pan-
icum virgatum, Juncus acuminatus, Ludvigia palustris.

4. The swamp association. Scirpus cyperinus, Juncus nodosus,
Eleocharis obtusa, Ludvigia palustris. Relic species: Panicum vir-
gatums.

The Salixz and Polytrichum associations occupy parallel positions,
but develop under different conditions. The former demands a con-
siderable supply of moisture and is restricted to the deeper depres-
sions, whereas the latter may develop at almost any letvel in the blow-

—1
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out. The appearance of the Salix association can not follow in time
that of the Solidago association, as has already been explained. Poly-
trichum may colonize not only under the Solidago but also under a
more xerophytic type of vegetation as well. Both indicate moist
sand; the mosses by retention of moisture, the willows by retention
and depth of position. Consequently each develops contemporaneously
with the Solidago association, and in the early stages the associations
are not differentiated. Later the Solidago association is forced to
the outside.

In both cases the succession is in a xerophytic-hydrophytic di-
rection. Nothing has been observed to succeed the Salix association,
even in the oldest and deepest blowouts. The mats of Polytrichum,
on the other hand, produce a peaty layer over the sand, which be-
comes so thick that it retains standing water and admits of the devel-
opment of a pond society. These ponds must be held by a water-
tight bottom, otherwise their water would soon drain out through
the sandy subsoil. As it is, they are conspicuously higher than the
general level of the country. The zones surrounding the ponds move
outward and upward and permit the continued growth of the pond.
This is evidenced not only by the position of young mats of Poly-
trichum, but also by relic bunches of such typical sand plants as
Panicum virgatum, now actually in the standing water. If continued
far enough the increase of the pond might ultimately lead to the
establishment of other associations, such as pondweeds or water-lilies.
Its growth is retarded, however, by the gradual deposition of wind-
blown sand, by the accumulation of soil by the aquatic plants, and by
loss of water because of increased pressure on the mucky bottom.
Most important of these is the deposition of sand, which will mix
with the peat and eventually raise'the level of the soil somewhat
above the water-table. The later stages in the succession are prob-
ably similar to the meadows in the Kankakee. area, except that the
latter represent primary successions on a large scale, instead of sec-
ondary successions in a small area.

SUCCESSION OF THE PRAIRIE FORMATION BY THE FOREST

It was a matter of great interest to the first explorers and settlers
in Illinois that so much of the surface was occupied by prairie, and
that the forests were confined to certain physiographic divisions, es-
pecially the stream valleys. In seeking to account for this natural
feature, the earlier generation of scientists, and to snme extent even
the modern ones as well, were influenced, or even prejudiced, by two
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wrong ideas. In the first place, as they and their ancestors had lived
for generations in a forested country, the forest came to be re-
garded as the only possible natural covering, and any other type of
vegetation was considered extraordinary. In the second place, they
did not at first recognize that the forests were everywhere encroach-
ing slowly upon the prairies, or that the encroachment became meas-
urable as soon as the prairie fires were checked. The prairie is not
an extraordinary thing, to be explained only by some strange or
fanciful causes; it owes its origin to ages of arid climate in the west
and southwest (Harvey, 1908: 84). The forest also owes its origin
to ages of humid climate in the east and southeast (Adams, 1902).
These great climatic types acting upon the plant world through evo-
lution and elimination, gradually developed the two extreme types
of vegetation, each of which was especially adapted to its own en-
vironment. After the close of the glacial period migration of each
of these types brought them in contact in Illinois and the neighboring
states, and a struggle for supremacy began between them. The out-
come is decided mainly by two sets of factors; first, the control of
the environment by the vegetation, and second, the climatic condi-
tions of temperature and rainfall. In the first case, the prairie vege-
tation, by virtue of its close sod, tends to prevent the proper germina-
tion and growth of the forest-tree seedlings (Harvey, 1908: 86; Rob-
bins and Dodds, 1908: 35). Prairie fires, following the advent of
man, also tend to restrict the growth of the forest. On the other hand,
the forest has control of the light supply for the herbaceous layers and
the well-established trees are resistant to fire. Above all, the climatic
conditions are favorable to forest (Schimper, 1903: 162-173; Tran-
seau, 1005). The balance has been in general in favor of the forest
and it has advanced slowly upon the prairie.* The greatest speed of
advance has been along the lines of least resistance, the watercourses,
and has resulted in long strips of forest, paralleling the streams, and
usually widest on the east side of streams or marshes where they were
better protected from fire. In the sand regions the forest distribu-
tion is not regulated in that way, because of the absence of small
streams, but it does show a possible relation to fires. Where the
sand lies in disconnected ridges, separated by strips of moist or
swampy ground acting as fire-breaks, as in the Havana, Amboy, and
Kankakee areas, there is a good growth of forest on the higher
ground. Where the sand lies in large continuous masses, as in the

*Jt is probable that at certain places and during certain periods the influence

of fires has turned the balance in favor of the prairie, but this has not interfered
with the general advance of the forest.
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Oquawka and Hanover areas, there are large tracts of prairie. The
Winnebago area lies protected on three sides by streams of con-
siderable size, and is almost entirely forested, except the cultivated
fields.

In the Havana area, there is a belt of forest along the Illinois
river, and large forest masses at the south and north ends, particularly
near Forest City and Kilbourne. In other parts of the territory the
broader deposits of sand are usually prairie, and the forest is re-
stricted to the narrow ridges. These extend north and south and
mark the location of old sand-bars. In the Amboy area the dis-
tribution is similar, but the ridges run generally east and west. They
have probably all been forested except those nearest the margin
of the deposits. In the Oquawka area there is a belt of forest along
the Mississippi river and another inland near the bluff line. These
are connected by broad bands of forest which separate several areas
of prairie. The Hanover area has a similar belt along the Mississippi,
and a number of transverse strips extend inland. These have been
partially cleared, but probably none of them crossed to the bluffs
except at the extreme northern end. The Winnebago area was en-
tirely forested except a few small areas of marsh and islands of
prairie. It is difficult to estimate the proportion of the area covered
with forest. It was probably considerably more than half in the
Oquawka area, about a third in the Hanover area, and about a half
in the Havana area.

The regular belt of forest along the rivers in the last three areas
may be correlated with the effect of fire. The transverse bands
across the area in the Hanover and Oquawka areas follow the most
irregular portion of the surface, where the effect of fire was possibly
limited. The large grove northwest of Hanover station, in partic-
ular, follows a line of steep-sided irregular dunes totally unlike the
gently rolling prairie.

The encroachment of the forest is caused by the slow migration
of the forest trees in every direction. The open structure of the
bunch-grass does not prevent the proper germination of seeds or
growth of seedlings as does the close sod of a normal prairie. Few
species of trees, however, are able to withstand in their seedling
stages the extreme conditions of the physical environment. These
are especially the shifting nature of the sand, the hot surface layer,
which may be almost totally dry to a depth of more than a decimeter,

and the lack of protection against wind during the winter. Still

another restricting influence is the absence of ready means of dis-
persal. 'The trees composing the early stages of the forest are oaks.
Theit heavy acorns have no means of dispersal except gravity and
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the agency of animals. There are few animals to carry the acorns
out on the prairie. The majority of such acorns are eaten, and many
of the remainder decay. Some trees produce exceedingly heavy crops
of acorns, which lie in layers an inch or two (3-4 cm.) deep be-
neath the tree, but of a large number examined, not one was sound.
The life of a tree seedling is at best precarious, and in an unusual
environment, with full exposure to wind and sun, few of them may
be expected to survive. It is possible that some seasons are more
favorable than others, and that after intervals of several years a
succession of two or three favorable seasons may lead to a con-
siderable extension of the forest. This condition has been described
by Ramaley (1908: 30) and is probably of wide application.
Establishment of the forest makes at first very little difference in
the environment. The trees are relatively far apart, and sufficient
light comes through the foliage to permit the growth of many
species of the original bunch-grass. The edge of the forest, there-
fore, shows, not a change in the flora but merely the addition of a
few other species. There are at present few places where the con-
tact between forest and prairie can be observed. Of these, the best
is in the Hanover area (Pl XIII, Fig. 2). The ground cover is the
usual climax growth of the mixed consocies of bunch-grass, consist-
ing particularly of Koeleria cristata and Andropogon scoparius.
With these are Bouteloua hirsuta, Aster linariifolius, Aster seri-
ceus, Callirhoe triangulata, and other common species. The sand is
in apparently the same condition as upon the prairie. The fallen oak
leaves have either blown away completely or have been collected in
piles around fallen branches and in thickets of Rhus canadensis, var.
llinoensis. 'There is none of the additional herbaceous species typ-
ical of the older established forest. In the Winnebago area there are
a few small open spots within the forest, which represent the last
stages of a prairie. In the first of these there are Carex Muhlen-
bergii, Koeleria cristata, Liatris cylindracea, Lespedeza capitata,
Viola pedata, Polygala polygama, and Artemisia caudata. Oak seed-
lings one or two years old were also present. In a larger opening
(Pl XVII, Fig. 1) the prairie character is more obvious. The domi-
nant species consist of a mixed growth of Panicum Scribnerianum,
P. perlongum, P. pseudopubescens, P. virgatum, and Carex Muhlen-
bergii. Between their branches the ground is well matted with Cla-
donia. Some of the accessory species are Tephrosia virginiana,
Amorpha canescens, Lespedeza capitata, Solidago nemoralis, Asclepias
amplexicaulis, Potentilla arguta, Acerates wviridiflora, var. linearis,
Viola pedata, and Ambrosia psilostachya. There are no forest relics.

Baade. 2
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This fact, together with the pure yellow sand of which the substratum
is composed, indicates that it never has been forested.

The boundary between the forest and prairie differs from the
usual forest margin in the absence of a tension zone and a definite
vegetation. Thickets of hazel, of sassafras, or of sumach, which
surround the typical Illinois forests, are absent. There is no sharp
distinction of flora within and without the forest edge, and no mass-
ing of a large number of species near the margin. The whole suc-
cession is of a type rarely mentioned or described, in which there
is at first no essential change in the environment.

There is no first-hand evidence concerning the rate at which the
extension of the forest is proceeding. The first settlements were
usually made near the edge of the forest, where clearing and culti-
vation at once stopped any advance. Historical evidence is not al-
ways of value, because complete dependence can not be placed on
statements of a ccientific nature made by travelers or casual observ-
ers. A note by Patrick Kennedy (Imlay, 1797: 508), however, is
suggestive, and probably at least partially correct.

“About sun-set we passed the river Demi-Quian.* It comes in on
the western side of the Illinois river (165 miles from the Missis-
sippi) ; is 50 yards wide, and navigable 120 miles. We encamped on
the south-eastern side of the Illinois river, opposite to a large
savanna, belonging to, and called, the Demi-Quian swamp. The
lands on the southeastern side are high and thinly timbered; but at
the place of our encampment are fine meadows, extending farther
than the eye can reach, and affording a delightful prospect. The low
lands on the western side of the Illinois river extend so far back from
it, that no high grounds can be seen. Here is plenty of buffalo, deer,
elk, turkies, etc.”

Kennedy’s whole narrative seems reliable, and we may believe
that at least in some directions his camp commanded an uninter-
rupted view of the prairie. At the present time, however, the mar-
ginal belt of timber along the river in the vicinity of Havana is
from 100 yards to a quarter of a mile (100 to 500 m.) wide, while
the fringing woods along Quiver creek and large tracts of black
oak completely cut off a view of the prairies. If Kennedy’s state-
ment is correct, then large areas of timber have developed within
the last century.

It is difficult to explain the migration of the oaks. Their normal
method is by gravity, which tends to scatter the acorns to a little
distance as they fall from the trees. By this method alone the mi-

* The Spoon river, which empties into the Illinois opposite Havana.
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gration even of a few miles would require thousands of years. The
animals which feed upon acorns do not usually carry them a long
distance, and those which are carried away are generally eaten.
The acorns are produced in large numbers and lie thickly on the
ground beneath the trees, but, as reported also by Britton (1903:
578), most of them are not viable. Reid (1899: 29) reports that in
England rooks carry acorns to some distance and that isolated young
plants may be found at a considerable distance from fruit-bearing
trees. It is his idea (1899: 31) that the “accumulated accidents
of some thousands of years” are sufficient to explain the distribution
of oaks in England. In the Illinois sand region seedling oaks are
always few in number and are never found on the prairie. Acci-
dents can not be invoked here to explain a migration so regular, so
continuous, and apparently so rapid, and the whole question must
be left unanswered.

When once established the forest is permanently dominant, un-
less destroyed by man or by some exceptional physiographic
changes. In the former case there may be a temporary reversion to
the bunch-grass association. One such case was observed near
Forest City, in the Havana area. The ground was occupied by a
good growth of bunch-grasses, including Panicum pseudopubescens,
Leptoloma cognatum, Sorghastrum nutans, Andropogon scoparius,
Tridens flavus, Bouteloua curtipendula, Paspalum setaceum, and
Carex Muhlenbergii. There were thickets of Rhus canadensis, var.
linoensis, and mats of Opuntia Rafinesquii, and numerous intersti-
tial plants of Cassia Chamaechrista, Ambrosia psilostachya, and
Monarda punctata. None of the perennial group was present. Nu-
merous young plants of Quercus marilandica and Quercus velutina
were appearing, indicating the approaching end of the bunch-grass
association. -

Within the forest may be distinguished two well-marked asso-
ciations, related to each other by a clearly defined order of succes-
sion, and differing in their habitat and component species. Of these
the pioneer is the black oak association.

Tug, ForeEst FoRMATION

THE BLACK OAK ASSOCIATION

The associations of the forest formation are fewer in number
than those of the prairies. The first of them in order of succession
and the most typical of the sand region is the black oak association.
(PL X1V, Figs. 1, 2; XV, Figs. 1, 2; XVII, Fig. 1). It is found
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in each area studied, except the Dixon area, which is entirely withou
forest. In the others most of the forested portion is covered with
this type. It has also a wide distribution beyond Illinois and is
mentioned under the same or different names by several writers.

Cowles described the association (1899: 379-382) at the head
of Lake Michigan under the name of oak dunes. Nearly all the
herbaceous species mentioned in his short list occur also in Illinois.
Jenning’s Quercus velutina-imbricaria Forest Formation of Cedar
Point (1908: 300) is similar, but includes many plants which rep-
resent a somewhat later stage in succession. The oak-pine-sassafras
society of Livingston (1903: 40-42) in Kent county, Michigan, is
also much like the Illinois association, but contains many relic speci-
mens of the pine forests which preceded it in order of succession.
Britton (1903: 578, 579) mentions the occurrence of black oak on the
sand-plains of Connecticut. He did not differentiate a particular
association, but it is very probable that at least some of the vegeta-
tion is of this type.

In each of the extralimital localities mentioned the dominant tree
is the black oak, while the herbaceous vegetation shows a considerable
variation. This is because of the differences in the neighboring asso-
ciations, from which many species find their way into the black oak
forest. Warming (1909: 146) has termed such conditions geograph-
ical variations of an association. With our present knowledge of
plant associations it is not clear how much weight should be given
to these variations in floristic composition.

The association is characterized by the black oak, Quercus velu-
tina, and in the Havana and Oquawka areas also by the black-jack
oak, Quercus marilandica. Both species have the same general habit
and live together in various proportions, but with the black oaks
usually more numerous. The trees are sometimes close and crowded,
sometimes wide apart. Old forests, whose origin probably dates
back to the period of prairie fires, and forests on steep dunes are
usually open, with trees 5-20 yards (5-20 m.) apart. Young forests
of recent development or those protected by swamps are usually dense,
with an average distance of 3-15 ft. (1-4 m.) between the trees (Pl
XIV, Fig. 1). Densest of all are the young groves which have recently
sprung up in abandoned fields and clearings. In these the trees stand
at close intervals and the trunks are covered with stiff, crooked,
dead branches down to two or three feet (1 m.) from the ground
(Pl. XIV, Fig. 2), making them almost impassable. The older
and more open forests are especially characterized by bare crooked
trunks with divergent branches at a height of 6-12 ft. (2 to 4 m.).
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This gives the grove an aspect not unlike an old apple orchard (PL
I, Fig. 1). The absence of low branches is possibly due to the action
of fires, since natural pruning does not seem very effective. The trees
are uniformly low, rarely exceeding 35 ft. (10 m.) in height or
one foot (3 dm.) in diameter. In the Havana and Oquawka areas
the bitter nut hickory, Carya cordiformis, also occurs.

Since the oak trees are the dominant members of the association,
they determine to a large extent the ecological nature of the forest
floor, and many peculiarities in the growth or distribution of the
herbaceous or shrubby members are directly correlated with the char-
acter of the forest. In the young oak woods the ground is bare sand,
covered by leaves only around fallen branches or sumach thickets.
In forests of greater area or wider extent there is a greater accumu-
lation of leaves, leading to the formation of a thin layer of leaf-mold.
The thickness of the leaf-mold is a crude index to the age of the for-
est. The surface layers of sand thus gradually attain a greater capac-
ity for holding water and a greater amount of organic matter. Even
in the young forests the surface layers of sand are in general moister
than on the prairie, because of the lower intensity of light and the
slight exposure to the wind. The intensity of the light is much re-
duced, although the foliage of the trees is less dense than in the more
typical forests of the state. These two features, soil and light, are
the most important environmental factors in the association.

The herbaceous and shrubby vegetation, after a few ubiquitous
weeds and naturalized plants are excluded, may for convenience be
referred to two groups. The prairie group includes those species
more abundant in and more typical of that formation, and the forest
group includes species more characteristic of the forest and rare or
absent in the prairies. It is impossible, but also unnecessary, to
draw a sharp line between the two groups. It is evidently the light
relation that determines the distribution of the members of the prairie
group, since they occur in leaf-mold in the more open woods, but are
absent from dense woods with a pure sand, substratum. The leaf-
mold, on the other hand, seems to be of chief importance to the true
forest species, since they frequently occur in open woods with a thin
layer of mold on the surface, but seldom in shady woods with a sand
floor. Dense woods without leaf-mold are therefore very poor in
species and individuals, while the most luxuriant herbaceous vegeta-
tion is developed in relatively open woods with a thin layer of mold.

The species of the prairie group persist within the edge of the
forest, and are at first dominant. Farther back from the margin
the prairie species may include both invaders from the bunch-grass
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and relics of a former prairie occupation. It is always difficult and
usually impossible to distinguish the two. It may be assumed that
most of the annuals and the more abundant perennials with effective
means of dispersal are invaders, while rare or solitary perennials are
relics. Aster sericeus is one of the most reliable examples of this
type. As the forest increases in density, the sun-loving prairie species
become more and more restricted to the small openings between the
trees (Pl. XIV, Fig. 2). There the number and character of the
species vary very regularly with the size of the opening. For illus-
tration, in the Oquawka area openings 12-15 ft. (4-5 m.) across
usually contain Opuntic Rafinesquii and Rudbeckia hirta, while others
of twice the diameter may have in addition Panicum pseudopubescens,
Carex Muhlenbergii, and Bouteloua hirsuta. In general, the per-
ennial members of the group extend farther into the shade, and the
interstitial annuals are more intolerant; few species appear, and they
are usually limited to the larger openings between the trees. This
feature of distribution is probably correlated with the duration of life
of the plants, and the demands of their seedlings for certain definite
light conditions. Some species do not occur beyond the more open
woods or the larger open spots. Such are Petalostemum purpureum,
Pentstemon hirsutus, Tradescantia reflexa, Lespedeza capitata, Lith-
ospermum Gmelini, Viola pedata, and many others. Some species
grow well and reach a normal size in the sun, while in the shade
they are stunted or sterile. Shade plants of Coreopsis palmata are
weak and lax, with thin divaricately lobed leaves; Physostegia den-
ticulata is weak and thin-leaved, contrasting sharply with the stout,
thick-leaved form in full sun; Tephrosia virginiana grows with single
stems instead of dense bunches; the bunch-grasses are loose and lax,
and tend to lose their bunch habit. Andropogon furcatus and A.
scoparius are more tolerant than the other bunch-grasses, but in the
shade they lose their bunch habit completely, sending up single culms
which have a few long spreading leaves and are always sterile. Rud-
beckia hirta and Poa pratensis seem to have about the same light
requirements. Both are found only in the more open woods or in
sunny places, and are very frequently associated. Notwithstanding
the limitations in their distribution, a few of these plants play an im-
portant part in the composition of the association, and are almost as
characteristic of the forest as some members of the forest group
proper. ‘They are Lithospermum Gmelini and Rudbeckia hirta, be-
cause of their conspicuous showy flowers, Tephrosia virginiana, be-
cause of its bunch habit, and Lespedeza capitata, because of its great
frequency and abundance. These four occur in every area of the as-
-sociation.
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Seventy-one species may be regarded as typical of the forest
rather than the prairie, and of these, nineteen represent pioneers in
the succession of another, more mesophytic, type of forest, leaving
fifty-two to characterize the black oak association.

The most distinctive feature of the flora is the large proportion of
perennial herbs. Thirty-nine species, or 75 per cent. of the total, be-
long in this general group. Contrasted with the same group in the
bunch-grass association, thé chief difference is in the smaller number
of bushy forms, a type which seems to belong primarily to the more
xerophytic prairie formation. The bushy perennials of the oak for-
est are almost without exception more abundant in and more charac-
teristic of the bunch-grass association. Callirhoe triangulata and
Asclepias tuberosa send up several ascending stems from a common
base; Phlox bifida is divergently branched and may assume a rounded
shape ; Helianthemum majus has erect stems which frequently grow
in clusters. Nearly all of these plants live also in the bunch-
grass association. By far the greatest number of species have erect,
simple or sparingly branched stems, without a large number of basal
leaves, growing’ singly or in small loose clusters. Pteris aquilina
lives in large patches, spreading by its rhizomes, and Pedicularis
canadensis has the same habit on a small scale. Fragaria virginiana,
var. tllinoensis, and Potentilla canadensis are also gregarious, spread-
ing by runners. Swynthyris Bullii has a basal rosette of large subor-
bicular leaves which are closely appressed to the ground.

A considerable number of species belonging to the interstitial
group of the prairie associations live also in the forest, but are lim-
ited usually to sunny places or the more open woods. Only four char-
acteristic species of the forest have this habit, and these plants are
neither common nor widely distributed. They are Anychia polygon-
oides, in the Hanover, Havana, and Oquawka areas, Castilleja coc-
cinea, in the Winnebago area, Gunaphalium polycephalum, in the
Oquawka and Amboy areas, and Krigia virginica in the Havana area.
From an ecological standpoint, this group is of very slight importance.

Shrubs are much more abundant in the forest than upon the
prairie. Rhus canadensis, var. illinoensis is the most abundant and
grows in irregular thickets, seldom exceeding two feet (5 dm.) in
height, but from 3-30 ft. (1-10 m.) wide. It was not observed in
the Winnebago or Amboy areas, where its place is taken by the
equally abundant Salix tristis growing in thickets of the same gen-
eral structure. Ceanothus americanus is found in all five areas and is
locally abundant. Rosa hwmilis is common in the Hanover and
Winnebago areas. Rhus glabra is occasional and a single individual
of Pyrus americana was found in the Winnebago area.
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One of the most noteworthy plants is a species of Geaster, which
is abundant in each of the five areas, especially in open woods or
near the edge of the forest.

Although the total number of species in the association is large,
the number per unit of area is scarcely greater than in the prairie.
Counts of a series of quadrats each two meters square, in the Win-
nebago area, showed an average of 6.5 species per quadrat. The
forest there was rather open, with a thin deposit of mold, and the
conditions for plant life near the optimum. In the whole field of
about twenty acres (8 hectares) 32 species occurred. The number
of species in the whole association is large, as might be expected in
a type of such wide distribution and extent, but less than half of the
total live in any one of the five areas examined. The small number
in any individual station and the large number for each quadrat pro-
duce a monotonous uniformity throughout the association and pre-
vent the recognition of definite consocies,

The following list gives the ecological grouping of the component
species.

.

A. Species typical of the black oak association

1. Trees:

Quercus velutina
Quercus marilandica

Carya cordiformis

2. Perennial herbs:
Pteris aquilina
Smilacina stellata
Comandra wmbcllata

Physostegia denticulata
Scrophularia leporella
Pentstemon grandiflorus

Fragaria virginiana, var.
illinoensis
Potentilla arguta
Potentilla canadensis
Lupinus perennis
Desmodium illinoense
Euphorbia corollata
Callirhoe triangulata
Lechea sp.
Helianthemum majus
Zizia aurea
Asclepias tuberosa
Asclepias amplexicaulis
Asclepias verticillata

Synthyris Bullii
Gerardia grandiflora
Pedicularis canadensis
Galium pilosum
Liatris scariosa
Solidago speciosa, var.
- angustata

Solidago nemoralis
Aster azureus
Rudbeckia hirta
Helianthus occidentalis
Helianthus strumosus
Artemisia caudata
Cacalia atriplicifolia



Apocynum androsaemifolium
Phlox bifida

Monarda fistulosa

Monarda mollis

3. Shrubs:
Salix tristis
Rosa humilis

Pyrus americana
Rhus glabra

4. Annuals and interstitials:
Anychia polygonoides
Castilleja coccinea
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Krigia amplexicaulis
Hieracium longipilum
Hieracium canadense

Rhus canadensis, var.
llinoensis
Ceanothus americanus

Gnaphalium polycephalum
Krigia virginica

B. Species more typical of the prairie associations

Andropogon furcatus
Andropogon scoparius
Sorghastrum nutans
Leptoloma cognatum
Paspalum setaceum
Panicum virgatum
Panicum perlongum
Panicum Scribnerianum
Panicum pseudopubescens
Stipa spartea

Aristida tuberculosa
Sporobolus cryptandrus
Calamovilfa longifolia
Koeleria cristata
Bouteloua hirsuta
Tridens flavus

Cyperus filiculmis
Carex pennsylvanica
Carex Muhlenbergii
Tradescantia reflexa
Commelina virginica
Rumex Acetosella
Polygonella articulata
Talinum rugospermum
Anemone cylindrica
Lepidium virginicum

Tephrosia virginiana
Lespedeza capitata
Strophostyles helvola
Polygala polygama
Crotonopsis linearis
Euphorbia Geyeri
Ceanothus americanus
Hudsonia tomentosa
Viola pedata
Opuntia Rafinesquii
Oenothera rhombipetala
Acerates viridiflora
Acerates viridiflora, var.
lanceolata
Lithospermum Gmelini
Teucrium canadense
Scutellaria parvula
Monarda punctata
Physalis heterophylla
Physalis virginiana
Linaria canadensis
Pentstemon hirsutus
Ruellia ciliosa
Diodia teres
Specularia perfoliata
Liatris cylindracea
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Arabis lyrata Aster sericeus
Polanista graveolens Aster linariifolius
Cristatella Jamesit Antennaria sp.

Cassia Chamaechrista Ambrosia psilostachya
Baptisia bracteata Coreopsis palmata
Amorpha canescens Artemisia caudata
Petalostemum candidum Senecio Balsamitae

Petalostemum purpureum

C. Forest species, typical of succeeding associations

Polygonatum commutatum Prunus virginiana

Smilacina racemosa Rhus Toxicodendron

Smilax herbacea Vitis vulpina

Smilax ecirrhata Psedera quinquefolia

Smilax hispida Cornus Baileyi

Populus grandidentata Monotropa uniflora*

Corylus americana Fraxinus pennsylvanica, var.
Stlene stellata lanceolata

Anemone virginiana Eupatorium serotinum

Ribes gracile Prenanthes alba

Rubus occidentalis

D. Ubiguitous weeds and naturalized species

Poa pratensis Nepeta Cataria

Poa compressa Leonurus Cardiaca
Juncus tenuis Solanum carolinense
Chenopodium album Solanum migrum
Saponaria officinalis Verbascum Thapsus
Ouxalis corniculata Erigeron ramosus
Oenothera biennis Achillea Millefolium
Asclepias syriaca Lactuca canadensis

Verbena stricta

E. Species of doubtful position in the sand region

Rumex altissimus Silphium integrifolium
Solidago serotina

*Not observed in the bur oak association, but, from its general habit, prob-
ably more typical there.
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SUCCESSIONS FROM THE BLACK OAK ASSOCIATION

In Illinois, succession between different types of forest is usually
caused by the disturbance of some feature of the physical environ-
ment by physiographic changes. It therefore becomes possible to
correlate the succession of forests with the physiography (Cowles,
1901). In the sand areas of the state, however, physiographic proc-
esses are primarily not concerned, and the whole process is due
to the reaction of the plant upon its habitat, by which there is de-
veloped a different habitat, adapted to a different type of vegetation.
The chief feature of the vegetation by which these environmental
changes are caused is the general density of the plant covering. This
leads to the partial exclusion of sunlight, heat, and moisture from the
soil, and to the addition every autumn of a large quantity of vege-
table matter. In this way the soil moisture is conserved, the trans-
piration of the plants is diminished, and a layer of leaf-mold is slowly
formed. The leaf-mold also aids in the conservation of moisture
in the soil and at the same time increases its capacity for hold-
ing water. All of these changes go on simultaneously, and each
is correlated with the others. The whole is in a mesophytic direc-
tion and, as a result, the xerophytic black oak association is succeeded
by vegetation of a more mesophytic type, consisting of at least two,
and possibly more, distinct associations. For the present, that of the
Winnebago and Amboy areas will be considered as one, termed the
bur oak association, and that of the Hanover, Havana, and Oquawka
areas as another, the mixed forest association.

THE BUR OAK ASSOCIATION

In the Winnebago area the sand is distributed in irregular ridges,
separated by irregular depressions of various sizes. The latter are
occupied by an association characterized by bur oak, Quercus macro-
carpa, and white oak, Quercus alba, together with a distinct type of
herbaceous flora. None of the narrower upland ridges has as yet
been succeeded by the bur oak association, although some show in-
dications of it in the presence of scattered plants of choke-cherry,
Prunus virginiana, black cherry, Prunus serotina, and hazel, Corylus
americana. ‘The bracken fern, Pteris aquilina, also becomes more
abundant near the bur oak association (Pl. XV, Fig. 1), and its pres-
ence in large quantities may in some degree be considered as one in-
dication of the approaching succession. On some ridges there is a
well-defined zone of Pteris along the slopes, extending neither into
the xerophytic black oak timber above, nor into the mesophytic bur
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oak forest below. This type of distribution has been observed only
on the narrower ridges, along the crests of which the xerophytic
habitat is more emphasized and where the accumulation of
humus takes place more slowly. On the broader uplands Pteris
is usually common. Some of the latter show a transition to the
bur oak type in the presence of Pyrola elliptica, Amphicarpa
Pitcheri, Vitis vulpina, and Agrimonia mollis, typical members of-the
latter association. On the slopes from the black oak into the bur
oak association there is usually a well-defined tension zone (Pl
XV, Fig. 2) where the plants of both groups mingle. Among these
the most abundant are Pteris aquilina and Smilacina stellata of the
black oak association and Geranium maculatum and Prunus virginiana
of the bur oak.

The sharpness of the tension line, coupled with the slow devel-
opment of the dominant species of the two associations, indicates a
condition approaching an equilibrium between the two associations.
Their common boundary on the steeper slopes seems to depend upon
the water content of the sand as influenced by the height above the
water-table, while on the broader uplands the incipient succession
may depend not only upon the depth of the water-table, but to a
greater extent upon the increase in water capacity through the de-
velopment of humus. The present location of small ponds in the
sand deposits shows that the actual depth of the water-table is sev-
eral yards, and in all probability too great to explain the sharp tension
line already noted. Its origin must accordingly be referred back to
a past condition in which the general water-level was higher. Trees
of Quercus velutina in the lower portions of the bur oak association
are very few in number and usually small in size, showing that they
are not relics, but recent sporadic invaders, and there is an unusually
small number of herbaceous relics. In the upland portions of the bur
oak association relic trees of black oak are numerous and frequently
of large size, while many relic herbaceous species also occur.
Throughout the black oak association pioneers of the bur oak group
are well represented, as is shown by the list given in the discussion
of the former association. All these peculiarities lead to a choice of
two conclusions: the depressions have never been occupied by black
oak, or the succession by the bur oak has been extraordinarily com-
plete. Further evidence leading to the acceptance of the first alter-
native is afforded by conditions in the Amboy area and to some extent
also in the Kankakee area.

In the Amboy area the sand lies in similar ridges mostly parallel
to Green river and not over 60 feet (20 m.) above it. The inter-
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vening valleys are for the most part filled with extensive deposits of
muck overlying sand and occupied by swamp vegetation, with Iris
versicolor, Typha latifolia, Rhexia virginica, Houstonia coerulea,
Populus tremuloides, and other species of similar habitat prefer-
ences. QOutside these depressions, and accordingly above them, lies
the bur oak association, above which in turn is the black oak asso-
ciation, occupying the crests of the ridge. In every case the bur
oak type is characteristic of the more mesophytic sand near the water-
level. According to all established principles of succession the drain-
age of the intervening swamps would cause a downward migration
of the bur oak association, provided other features of the environ-
ment were favorable to it. It is, of course, hardly probable that the
bur oak would extend very far out upon the deposits of muck. If
the swamps were composed of sand instead of muck, it is very prob-
able that the whole area would be occupied by the bur oak association
as rapidly as the lowering of the water-level permitted. In the
Kankakee area the interdunal depressions are occupied by meadows,
which are doubtless very similar to the Amboy swamps, having a
number of species in common, and probably representing a further
stage in the succession on muck or peat. The ridges are all covered
with forest, but in the short trip made through the area the distinc-
tions made between the black oak and bur oak associations were not
recognized.

The whole leads to the first alternative mentioned, that the de-
pressions in the Winnebago area have never been occupied by the
black oak association, and that the bur oak association, which now
occupies them, represents the present culmination of a past hydro-
phytic to mesophytic succession, which has been so far completed
that scarcely a trace of it is now in existence.

This conclusion is supported by the presence of a single small
pond occupying a depression in a partially cleared field. The few
plants remaining indicate that the surrounding vegetation was of
the bur oak type. The swamp vegetation at its margin is scanty,
consisting of Scirpus validus and Steironema lanceolatum, outside of
which are successive zones of Populus tremuloides and Solidago
graminifolia. Further details were not noted.

The development of the muck soil in the depressions of the Am-
boy and Kankakee areas and its absence in those of the Winnebago
area must also be explained. The latter areas are essentially fluviatile;
their depressions are not far above the beds of the Green and the
Kankakee rivers, respectively, and the lowering of the water-level is
entirely dependent upon changes in the river level and upon deposi-

8--



132

tion of soil. A slow change in the water-level, for such it must
have been along these comparatively sluggish streams, would per-
mit the long-continued existence of swamps and the consequent ac-
cumulation of large deposits of muck. In the Winnebago area, on
the other hand, the deposits lie many feet above the Rock, Sugar,
and Pecatonica rivers; swamps would be of short duration and the
accumulation of muck would not take place. Consequently, the de-
pressions have been occupied almost entirely with the bur oak asso-
ciation, with the exception of the single pond already mentioned.

of the hydrophytic extreme is, as usual, chiefly due to changes in the
water factor, while that of the xerophytic extreme is in this case

The development of the bur oak association represents, therefore,
another case of the interpolation of a mesophytic mean association
between a hydrophytic and a xerophytic extreme. The succession
caused primarily by the development of humus. The whole probable
successional history is indicated upon the diagram (Fig 6.) showing
the relation of the various associations.

The preceding statements concerning the development of the
bur oak association following the swamp vegetation does not imply
that it was the first type of forest to appear. On the other hand,
there is some fragmentary evidence that an entirely different forest
association preceded it.

Within the bur oak association (P1. XVI, Fig. 1), Quercus macro-
carpa is everywhere the prevailing tree. In the Amboy area, it was
the only arborescent species in the small areas examined. In the
Winnebago area it is mixed with white oak, Quercus alba, and shell-
bark hickory, Carya ovata. The former composes 25-50 per cent. of
the whole, while there is seldom over 2 per cent. of hickory. The
trees are larger and straighter than those in the black oak association,
but still much inferior to those of their own species growing on a more
fertile soil. A large number of shrubs form a second layer beneath
them, and are often aggregated into dense thickets. Prunus serotina,
Prunus virginiana, and Corylus americana are by far the most
abundant, with several other occasional species. Lianes are not com-
mon, and consist of scattered individuals of Vitis vulpina, Smilax
hispida, and Rhus Toxicodendron, with a few other species of less
importance.

The forest cover is dense and the light diffuse. This prevents
the growth of most grasses, except where the forest has been partially
cleared. The ground cover is composed chiefly of a dense luxuriant
growth of herbaceous plants. They are of a larger average size and
much more mesophytic appearance than those of the black oak ridges.
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Although comparatively few in number, their distribution is remark-
ably uniform, so that the various areas occupied by the association are
strikingly similar in their vegetational appearance. On the up~
lands, it is more or less mixed with relics of the preceding black oak
association.

An association greatly resembling this, and possibly identical
with it, occupies in the Winnebago area the upland areas of clay
overlying limestone, and indicates that, in the future development of
the vegetation, the associations on sand and clay will become grad-
ually similar. This is in accordance with the views of Cowles (1901:
7), that all the vegetation of a region “is tending toward an ultimate
common destiny.”

The specific composition of the association is shown by the fol-
lowing list.

A. Species characteristic of the association

1. Trees:
Quercus macrocarpa
Quercus alba

2. Smaller frees and shrubs:

Populus tremuloides
Populus grandidentata
Corylus americana
Rubus idaeus,

var. aculeatissimus

3. Lianes:

Smilax herbacea
Smilax ecirrhata
Swilax hispida
Rhus Toxicodendron

4. Herbs:
Botrychium ternatum, var.

intermedium
Botrychium virginianum
Polygonatum commutatum
Smilacina racemosa
Cwpripedium parviflorum,

var. pubescens
Stlene stellata
Arenaria lateriflora
Heuchera hispida
Agrimonia mollis

Carya ovata

Rubus occidentalis
Prunus serotina
Prunus virginiana
Cornus Baileyt

]

Vitis vulpina
Psedera quinquefolia
Lonicera Sullivantii

Desmodium grandiflorum
Amphicarpa Pitcheri
Geranium maculatum
Circaea lutetiana
Sanicula canadensis
Pyrola elliptica
Dodecatheon Meadia
Veronica virginica
Galium concinnum
Prenanthes alba
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B. Species more typical of preceding associations

Pteris aquilina Ceanothus americanus
Poa pratensis Apocynum androsaemifolium
Tradescantia reflexa Monarda mollis
Salix tristis Synthyris Bullii
Quercus velutina Gerardia grandiflora
Fragaria virginiana, Pedicularis canadensis

var, illinoensis Antennaria sp.
Rosa humilis Helianthus strumosus
Amorpha canescens Coreopsis palmata
Euphorbia corollata Cacalia atriplicifolia

THE MIXED FOREST ASSOCIATION

In the Hanover, Oquawka, and Havana areas the succession from
the black oak association is dependent primarily upon a general and
gradual increase in the water content of the sand and a correspond-
ing decrease in the light, without the concurrence of historical fac-
tors as in the two areas previously described. The succeeding vegeta-
tion is derived wholly from. the surrounding associations. Since
other types of vegetation are developed best near the rivers which
border these sand areas, invasion begins near the river and gradu-
ally extends back toward the center of the sand deposits, so that
the most advanced stages in the succession are always found near
the river. The development of this succession is greatest in the Ha-
vana and least in the Hanover area; a feature which is perhaps cor-
related with the general southeastern origin of the forest formation. -

In the Havana area, as in the Winnebago deposits, the narrower
ridges of sand are the last to be affected by this succession, while the
broader ridges or those near the river generally show some indica-
tion of it. Certain species are soon recognized as the normal pio-
neers in the succession, and while their order of appearance is not
constant, their presence is always connected with the development
of a thin, fibrous laver of leaf-mold over the surface of the sand.
It is frequently possible to observe nearly all stages in the succession
in a distance of a mile, passing from the edge of the forest toward
its center. In some places, adjacent ridges of sand represent differ-
ent stages of the succession, and permit an easy comparison of the
vegetation. 'This is especially well shown on the first two forested
ridges east of Havana, about two miles (3 km.) from that city. The
first of these represents an advanced stage of the succession, while
the second is occupied by a nearly typical black oak association.
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Excluding the two species of oaks, the ridges have 29 and 31 species,
respectively, of which only ten are common to both. This gives a
community coefficient (Jaccard 1902: 351) of 0.200, indicating at
once the great floral dissimilarity. There are, on the other hand,
thousands of acres still occupied by the black oak association, with
as yet no indication of the approaching succession.

Rhus canadensis, var. illinoensis, Tephrosia virgimiana, and Opun-
tia Rafinesquii are the chief species concerned in accumulating fallen
leaves for conversion into leaf-mold. With the simultaneous de-
crease in light, the succession begins, and occasional plants of Poly-
gonatum commutatum and Silene stellata appear as pioneers. Agri-
monia mollis comes in somewhat later, and young plants of three
lianes appear. These are Vitis vulpina, Rhus Toxicodendron, and
Psedera quinquefolia. 'The last is especially common and valuable as
a succession index. Its long, slender stems trail for several feet along
the ground, unless by chance they encounter a tree trunk to climb.
Rhus Toxicodendron seldom trails, but usually grows directly at the
base of some tree. Following these six species, which are easily rec-
ognized as pioneers, a number of others appear in irregular order.
The arborescent flora remains essentially the same, except for occa-
sional trees of Celtis occidentalis or Prunus serotina, or, near the
river, Quercus rubra, Quercus macrocarpa, Juglans nigra, Ulmus
americana, Morus rubra, and Gymnocladus dioica. 'The undergrowth
is frequently dense, with numerous thickets of shrubs, and the her-
baceous growth is tall and luxuriant. The following additional species
are especially characteristic:

Asparagus officinalis Sanicula canadensis
Smilacina racemosa Cornus Baileyi

Smilax herbacea Asclepias phytolaccoides
Dioscorea villosa Lappula virginiana
Anemone virginiana Scrophularia leporella
Ribes gracile Galium concinnum
Celastrus scandens Eupatorium purpureum
Oenothera biennis Eupatorium wurticaefolium

It will be noted that a majority of these species have unusually
efficient means of seed dispersal. When an association develops de
novo some distance from the nearest existing area of it, the most
mobile species may naturally be expected to appear first, while the less
mobile species follow after greater intervals of time, The species in the
preceding list accordingly represent the mobile pioneers of an asso-
ciation, the usual dominant species of which have as yet not ap-
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peared. Near the Illinois river there are some rather extensive sand
fields occupied by a forest characterized particularly by bur oak and
white oak, with several other arborescent species, such as red oak,
Quercus rubra, elm, Ulmus americana, hackberry, Celtis occidentalis,
and white ash, Fraxinus americana. This probably represents the
complete succession, the beginning of which has been indicated above.
Intermediate stages, however, have not been observed.

In the Oquawka area the succession is found only on the long
dunes nearest the river. The first indication of it is given by Silene
stellata, Polygonatum commutatum, and Psedera gquinquefolia, which
are followed by a number of additional species, including several
trees. The whole leads to the highest type of mesophytic forest (Pl
XX, Fig. 2, background) that occurs on the sand deposits.

The succession is best seen along the dune nearest the river, north
of the town of Oquawka, and may be traced through various stages
from north to south for a distance of about 1.5 miles (2 km.). This
dune has a maximum height of about 100 feet (30 m.), indicating a
very strong and continued wind action at some time in the past. It
is now completely covered with trees, and the surface layers of sand
are well mixed with organic matter. At the north end a bayou of
the Mississippi lies at its base, and the margin of the water is marked
by a line of elms and willows, with Rumex verticillatus, Physostegia
virginiana, and other species of hydrophytic tendencies. Equisetum
hyemale is the only one of these which extends much above the water-
level, where it mingles with the usual sand-dune species. Along the
north end of this ridge the prevailing trees are Quercus velutina and
Quercus marilandica, with occasional trees of Quercus rubra, espe-
cially on the lower part of the slope. Besides the pioneer herbaceous
species mentioned above, there are also Strophostyles helvola, Mo-
anrda fistulosa, Aquilegia canadensis, and Vitis vulpina. Somewhat
farther toward the south Juglans nigra appears near the base of the
hill not far above water-level; farther along it extends higher and
even appears at the top of the dune. Cercis canadensis is usually
found with it. In the same way the river birch, Betula nigra, the elm,
Ulmus americana, the green ash, Fraxinus pennsylvanica, var. lance-
olata, and finally the soft maple, 4cer saccharinum, appear first at
the bottom of the dune and as mesophytic conditions increase toward
the southward extend higher and higher above water-level, until they
finally appear at the top. FEach one of these species is more moisture-
loving than its predecessors, until the climax is reached in the soft
maple, a characteristic tree of river-bottom swamps, here growing
many feet above the water.
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The change in the herbaceous and shrubby flora and ground cover
is no less manifest. Cornus Baileyi and Scrophularia leporella soon
appear; Celastrus scandens becomes a common liane; and Zanthoxy-
lum americanum grows high above the river. Following these, dense
mats of moss and Peltigera cover the sand and aid in the increase and
conservation of soil moisture. With them come such pronounced
mesophytes as Parietaria pennsylvanica, Aster oblongifolius, Any-
chia canadensis, and finally Woodsia obtusa and Anemone canaden-
sis. 'The last species, together with the soft maple, is sufficient proof
of the extraordinary change that has taken place in the water factor.
Bare sand is seldom exposed, but is covered with the dense mats of
moss and Peltigera, and shaded by the luxuriant tangle of herba-
ceous plants and shrubs. The few bare spots are still occupied with
the typical black oak vegetation of Artemisia caudata, Rudbeckia hirta,
and other similar species.

The further fate of this association will be described later in con-
nection with the vegetational history of the river dune as a physio-
graphic form.

In the Hanover area, the conditions which lead to succession are
virtually the same as in the Havana area, but a much smaller area
has been affected. Psedera quinquefolia is one of the pioneers, as
usual, and is followed by a considerable number of species of meso-
phytic character. Among these are the following.

Trees:
Betula nigra Fraxinus pennsylvanica,
Ulmus americana ' var. lanceolata
Celtis occidentalis

Shrubs:
Ribes gracile Prunus virginiana
Rubus idaeus, Rhus glabra

var. aculeatissimus Ceanothus americanus

Rubus occidentalis Cornus Baileyi

Lianes:
Smilax ecirrhata Rhus Toxicodendron
Swmilax herbacea Vitis vulpina
Menispermum canadense

Herbs:
Polvgonatum commutatum © Amphicarpa Pitcheri

Stlene stellata Ziza aurea
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Aquilegia canadensis Asclepias phytolaccoides
Ranunculus abortivus Apocynum androsaemifolium
Heuchera hispida Monarda mollis
Fragaria virginiana, Eupatorium serotinum

var. ilinoensis Eupatorium wurticaefolium
Geum canadense Antennaria plantaginifolia

THE RivER DUNES AND THEIR PLANT ASSOCIATIONS

In the preceding pages those various associations have been de-
scribed which comprise most of the vegetation of the sand areas.
The chief physical factors concerned in molding their topography or
differentiating their associations have been wind and soil moisture.
There remains to be discussed the narrow strip of dunes which lies
close along the Mississippi river and which is affected also by water
action. The river dunes are well developed in the Hanover and
Oquawka areas along the Mississippi river, whose swift current and
shifting channel have been chiefly responsible for their origin. They
are much less prominent along the Illinois river, whose sluggish cur-
rent possesses but little power of erosion. The first stages in the
vegetational history of the dunes were observed only in the Hanover
area; the last, from and including the development of the oak forest,
only in the Oquawka area.

In the first two areas, the sand deposits lie at an average height
of 15-30 feet (5-10 m.) above the swampy, alluvial flood-plain. The
river meanders across its flood-plain from side to side, and in some
places flows directly at the foot of a sand hill. Under these condi-
tions a river dune may be formed. Erosion by the river carries
away the sand from below, and that portion of the sand above the
high-water mark of the river, and consequently removed from the
direct erosive action, stands at a steep slope, the angle of which de-
pends upon the wind, the rate of erosion, and the vegetative cover-
ing. 'The surface sand on this slope is exposed to the full sun and
keeps loose and dry. Below ordinary high-water mark the sand is
worked over by the water and lies at a gentle slope, forming a broad
or narrow beach. The wind, which is generally from the west, re-
moves sand from the lower slope, and to a less extent also from the
steeper portion, carries it up the slope, and piles it in a long dune
parallel with the river and several feet higher than the general
level of the sand. As long as the river continues erosion on that
part of its banks, the whole slope moves gradually back; if the wind
constructs the dune as rapidly, or more rapidly, than the river erodes
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it, the whole complex migrates slowly landward. If the river erodes
more rapidly than the wind piles up the sand, the dune will soon be
destroyed and only a bare slope remain. On the other hand, if the
river shifts its channel, or for some other reason ceases erosion, the
whole exposed surface will ultimately be fixed with vegetation and be-
come static. From a physiographical standpoint, therefore, the whole
dune consists typically of two divisions (Pl. XVII, Fig. 2) : the lower,
termed the middle slope, consists of sand now being uncovered and re-
moved by the wind and erosion; and the upper, called the upper slope,
of sand deposited by the wind, and removed by undermining through
erosion. From the standpoint of vegetation, several associations may
be distinguished which are in part correlated with the physiography.

The lowest portion of the dune, near the river and within reach
of high water, is marked by vegetation of a semi-hydrophytic nature.
When visited in June, 1908, the river was very high, and only the
tops of the half-submerged plants could be seen. These were Populus
deltoides, Salix longifolia, Fraxinus pennsylvanica, var. lanceolata,
Gleditsia triacanthos, and Ulmus americana, typical sand-bar or
river-bottom plants. The herbaceous vegetation of a later season is
doubtless of the same ecological nature, probably including Eupato-
rium serotinum, Xanthium commune, and other species of similar
habitat. This vegetation has no relation to the typical dune vegeta-
tion above it, except in the presence of a few individuals of Panicum
virgatum, which had probably slid down from the slope above,

The vegetation of the middle slope clearly belongs to the blow-
sand association, as described under the blowout formation. The
plant covering is sparse, becoming somewhat dense toward the bot-
tom. It consists chiefly of Cassia Chamaechrista and Diodia teres,
with smaller numbers of Croton glandulosus, var. septentrionalis,
Ambrosia psilostachya, and Cristatella Jamesii. At wide intervals
are tufts of perennials, including Acerates viridiflora, var. lanceolata,
Panicum virgatum, Lithospermum Gmelini, Euphorbia corollata, Cy-
perus Schweinitzii, and Tephrosia virginiana. 'The surface of the
sand is dotted with numerous pebbles, sometimes as much as 2 inches
in diameter. They apparently do not affect the vegetation, and there
are not enough of them to be called gravel. They evidently repre-
sent the accumulation of pebbles left by the sand blowing up into the
deposits above.

The top of the middle slope is marked by the outcrop of a layer of -
loamy sand (Pl. XVII, Fig. 2), very dark brown in color, rather
fine-grained, and conspicuously earthy in texture. The top of this layer
is well marked, but it gradually passes below into the typical orange-
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brown sand of the middle slope. It is caused by past generations of
plants which occupied this surface before the dune was formed, or at
least before it had migrated so far inland. Since this soil blows,
weathers, or dries out less rapidly or easily than the pure sand, the
outcrop is marked by a slightly steeper slope and by dark-colored
patches. Digging behind shows that the stratum extends indefinitely
beneath the sand. For long distances the outcrop line is very dis-
tinct, but not perfectly level. Its elevation varies gradually, but
irregularly, and in some places the whole outcrop disappears, cor-
responding to irregularities in the original level of the sand, or to
locations of former blowouts. This soil stratum is on the same level
as the country behind the dune and illustrates plainly the continued
inward migration of the dune. (Cf. also Pl. XVIII, Fig. 2.) It
is characterized now by a line of Elymus canadensis.

The upper slope consists of fine sand piled at an average angle
of about 20 degrees. The vegetation is much like that of the middle
slope, but denser and with many additional species (Pl. XVII, Fig. 2).
It is likewise referred to the blowsand association. Cassia Chamae-
christa and Diodia teres are again the most abundant species, and
Aristida tuberculosa is also conspicuous. Other less characteristic
species are Monarda punctata, Lithospermum Gmelini, Euphorbia
corollata, Diodia teres, Cristatella Jamesii, Ambrosia psilostachya,
Oenothera rhombipetala, Linaria canadensis, Kuhnia eupatoriodes,
var. corymbulosa, Acerates viridiflora, var. lanceolata and var. line-
aris, Oxybaphus nyctagineus, Teucrium occidentale, Tradescantia re-
flexa, Lespedeza capitata, and Rumex Acetosella. In somewhat shel-
tered places Scrophularia leporella, Draba caroliniana, and Coryd-
alis micrantha occur.

In some places, near the top of the slope, adjacent to the thickets
described later, are associations of Physalis heterophylla (Pl
XVIII, Fig. 1). The individual plants grow in large patches and
are very loosely aggregated, with a large amount of open sand be-
tween them, yet the patches are remarkably free from other plants.
Even Cassia and Diodia, so abundant on the upper slope, are almost
entirely absent from these patches. This peculiarity of distribution
leads to the inference that they are more closely related ecologically
to the thickets which crown the dunes than to the slope below. They
may bear the same relation to the blowsand association that Smilacina
stellata on the lee slope bears to the deposit association.

The crest of the river dune is primarily an area of deposit, and
is consequently occupied at first by the regular deposit association,
already described in connection with the blowout formation. Rhus
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canadensis, var. tllinoensis is again the most important member of the
association. The perpetuation and vertical growth of the river dune
are chiefly due to its efficiency as a sand-binder. The general height
of the dune thus held is from 15-30 feet (5-10 m.) above the general
level of the sand, but a maximum height of about 80 feet (25 m.) is
attained in the Oquawka area, or fully 100 feet (30 m.) above the
high-water level of the river. It is noteworthy that this highest point
is occupied by a loose patch of Rhus, evidently of great age. Asso-
ciated with Rhus on these dunes are similar dense patches of Ceano-
thus ovatus and, occasionally, of Rhus Toxicodendron. 'This shrubby
habit of the last species was not observed elsewhere in the region,
but is very common along the dunes of Lake Michigan, particularly
toward the north, and is reported from Lake Erie by Jennings
(1909). There are also the usual bunches of T'ephrosia virginiana,
Panicum virgatum (Pl XX, Fig. 1), and, more rarely, Eragrostis
trichodes and Sporobolus cryptandrus. Intervening spaces of open
sand are occupied by the usual members of the blowsand association.

If the erosion by the river proceeds at such a rate that the crest
of the dunes remains relatively stable for some years, opportunity is
given for the development of a higher type of vegetation. The first
step in this succession depends upon the introduction of seeds by
wind or animals from the alluvial bottom-lands. The species most
frequently introduced in this way are Ulmus americana and Fraxi-
nus pennsylvanica, var. lanceolata, both of which have light winged
seeds. Pods of Gleditsia triacanthos are blown up the slope from the
trees on the river bank below, and more rarely Juglans nigra devel-
ops from seeds probably carried by animals. Seeds of Acer saccha-
rinum were also found on the dunes, but they probably do not germi-
nate, since no young plants were seen. These trees are not numerous,
and never reach a large size, partly because of the unfavorable habi-
tat, but chiefly because of the general movement of the dune. All
the older trees have portions of their root systems exposed. One ash
tree, 8 inches (2 dm.) in diameter, had the base of its stem 3 feet
(1 m.) above the surface and 15 feet (5 m.) behind the present crest
of the dunes (Pl. XVIII, Fig. 2). The ash, which is by far the
most abundant of the trees, usually branches freely from the base,
forming a complex of stems.

The trees offer a roosting place for birds, which in turn serve as
agents in the dispersal of several shrubs and lianes. These at once
spring up beneath the trees, and develop the dune thicket associa-
tion. 'The mature thickets (Pl. XIX, Fig. 1) are exceedinely dense,
impenetrable tangles of shrubs and lianes, with an occasional tree, half




143

smothered with vines, rising above them. Eight species of shrubs
or small trees and seven species of lianes are concerned and, with a
single exception, all have seeds adapted to dispersal by birds. They
are as follows:

Smilax herbacea Prunus serotina
Smilax hispida Prunus sp. (plum)
Salix longifolia Rhus Toxicodendron
Celtis occidentalis Celastrus scandens
Menispermum canadense Psedera quinquefolia
Ribes gracile Vitis vulpina

Pyrus toensis Cornus Baileyi
Prunus virginiana

The choke-cherry (P. virginiana), plum, and crab (Pyrus ioensis)
are the most abundant shrubs. The plum has running roots which
send out shoots at short intervals, so that it tends to spread out upon
the blowsand. The lianes are usually luxuriant and cover the shrubs
with such masses that the supports are almost hidden. Within the
thicket the light is very low; many of the branches are leafless or
dead, and the herbaceous vegetation is scanty. It consists of Teu-
crium occidentale, Scrophularia leporella, Polygonatum commutatum,
and Swilacina racemosa, with seedlings of Psedera quinquefolia.
These thickets occupy the crest of the dunes and usually extend also
some distance down the lee side. In some places the advance of the
dune is sufficiently rapid to bring a portion of the thickets over to the
windward side, where they are soon undermined (Pl XIX, Fig. 2).

The further fate of these thickets is not known. It is worthy of
note that they are somewhat similar in floristic composition to the
thickets developing in certain blowouts, as described elsewhere in
this paper (p. 107) and also in an earlier article (Hart and Gleason,
1907: 168). Many of the species concerned are also characteristic
of the mixed forest association and indicate a possible succession in
that direction.

Just at the margin of the thickets on the lee side, and partially
shaded by them, patches of Swmilacina stellata frequently occur. The
plant spreads by running rootstocks, but is not efficient as a sand-
binder, The few patches on the windward side of the thickets are
very soon undermined and destroyed. This small association en-
croaches upon the deposit association in advance of the thickets, and
is dependent upon the thickets for a partial protection from sunlight.
It illustrates a peculiar case of succession in which an early stage is
dependent upon a later stage for its existence and appears only after
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the later stage (in this case the dune thicket association) is well de-
veloped.

Blowouts may be formed on the crest of the river dune in the
usual way, and extend transversely through it. They seldom reach
below the old soil bed which marks the limits of the middle slope.
Their vegetation is of the usual type, except that the lateral slopes
are frequently held by the plums and crabs of the thicket association.

In some places in the Hanover area the river dune is occupied by
the black oak association. The erosion there is generally feeble and
the dune relatively stable. It seems probable that the oaks would also
develop on the dunes stabilized by the ordinary deposit association
if the thickets did not encroach upon them so rapidly. Smilacina
stellata, as already mentioned, is a characteristic member of the black
oak association, and its position on the dunes between the thicket and
the deposit associations possibly indicates a potential development of
the black oak forest at this place.

In the Oquawka area the greater portion of the river dune is
forested, and in parts of it the development of humus and the in-
creased density of the ground cover has led to the establishment of a
mesophytic type of forest, described already (p. 137) under the mixed
forest association. This portion of the dune is no longer washed by
the river itself, but by some sluggish bayous representing a former
channel of the river and separated from the present channel by a
number of densely wooded alluvial islands. At the foot of these
islands the channel bends eastward against the foot of the dune and
erosion is now proceeding rapidly. The plant covering is an efficient
protection against wind erosion, and the dune would be completely
stable if it was farther inland, but it can not resist the undermining
effect of the water. On a strip several hundred yards long the forest
has been completely destroyed (Pl. XX, Fig. 1), and the vegetation
now consists entirely of the blowsand and deposit associations. At
the north end of the deforested portion the destruction of the forest
is still proceeding. The effect of the erosion is first manifested at the
foot of the dune, and its influence gradually extends higher until
eventually the trees at the top are undermined. There is thus pro-
duced a triangular extension of the blowsand, extending like a wedge
along the river between the water below and the forest above. It is
now seen that the principal root development of the herbaceous vege-
tation extends but one or two feet (3-5 dm.) below the surface, and
binds the sand into a coherent stratum resting on the loo<e sand be-
neath (Pl. XX, Fig. 2). The loose sand rests at as steep an angle as
possible, and irregular blocks of the surface layer become detached
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and slide slowly down the incline toward the river. Their sides are
nearly vertical, and by their detachment the margin of the remaining
forest association is left as a prominent vertical wall of coherent sand.
The motion of these detached blocks is of course very slow; but that
they are loose is at once demonstrated by stepping on one, which then
immediately starts down the slope and in a short time comes to rest on
the flat beach at the base of the dune. Their plant population is a
relic of the former mesophytic vegetation, and consists largely of
perennials with a root system extensive enough to bind the mass to-
gether. Some of the commoner species are Lespedeza capitata,
Tradescantia reflexa, Monarda mollis, Solidago nemoralis, and Ar-
temisia caudata. 'The more pronounced mesophytes of course disap-
pear with the removal of the protecting trees.

The general trend of vegetation on the river dunes is therefore
always toward stabilization, but their permanence is never certain
because of the constant changes in the channel of the river. With the
destruction of the higher types of vegetation by erosion, the pioneer
blowsand association reappears and the successional cycle begins
anew.

THE PERCHED DUNES

In the Hanover area wind-blown sand has collected on top of the
high bluffs which border the sand areas, and forms miniature dunes
and blowouts. A number of typical sand plants have colonized upon
them, and are usually accompanied by the more resistant species of
the uplands or of the rocky hillsides. In the blowouts, which are al-
ways small, the vegetation represents the blowsand association and
consists of Scutellaria parvula, Linaria canadensis, Monarda punc-
tata, Verbena bracteosa, Ambrosia psilostachya, Festuca octoflora,
and Hedeoma hispida. On the stabilized dunes there are also Opun-
tia Rafinesquii, Artemisia caudata, Amorpha canescens, Lithosper-
mum Gmelini, Rhus canadensis, var. illinoensis, Panicum psendopu-
bescens, Viola pedata, and Lespedeza capitata. In the sandy soil un-
der the oaks are Cacalia atriplicifolia, Hypoxis hirsuta, Lithosper-
mum Gmelini, Phlox pilosa, Antennaria sp., Anemone patens, var.
Wolfgangiana, Erigeron pulchellus, Poa pratensis, Corylus aimer-
icana, and Juniperus virginiana.

ANNOTATED LIST OF SPECIES

No attempt was made to secure a complete collection or a com-
plete list of the plants living in the sand regions, and the list given
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here could be greatly extended by further observation. Only the
seed-plants, ferns, and fern-allies are included, and the usual habitat
of each species is given by associations. Many unusual locations of
species are omitted. The nomenclature follows the Vienna Code, as
exemplified in the seventh edition of Gray’s Manual.

Polypodiaceae

Pteris aquilina L. 'Winnebago, Amboy, and Havana areas, in the
black oak association; Kankakee area, very abundant in the black
oak forest and the intervening marshy meadows; sometimes persist-
ing as a relic in the bur oak association in the Winnebago area.

Woodsia obtusa (Spreng.) Torr. Oquawka area, in the mixed
forest association, growing in dense shade on mats of moss on the
mesophytic portions of the river dune. Not observed elsewhere in
the sand region.

Ophioglossaceae

Botrychium ternatum (Thunb.) Sw., var. intermedium D. C.
Eaton. Winnebago area, in the upland portions of the bur oak as-
sociation.

Botrychium virginianum (L.) Sw. With the last species.

Equisetaceae

Equisetum arvense L. Dixon area, in the Solidago association
in extinct blowouts.

Equisetum hyemale 1. Oquawka area, an invader from the al-
luvial flood-plain vegetation into the mixed forest association on the
river dune. '

Equisetum hyemale L., var. intermedium A. A. Eaton. Han-
over, Dixon, and Havana areas, usually in the bunch-grass associa-
tion; sometimes growing in dense masses and aiding in the stabiliza-
tion of blowout deposits; abundant in the Solidago association in
the Havana area.

Selaginellaceae

Selaginella rupestris (L.) Spring. Hanover area, in the bunch-
grass association. It is frequently concerned in the fixation of sand
and the re-establishment of the bunch-grass, and sometimes appears
in the windward slope association of the blowouts. The growth rings
formed by this plant have been described in the text.
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Pinaceae

Juniperus virginiana L. Hanover area, frequent on the rocky
exposed bluffs and from them invading the perched dunes.

Gramineae

Andropogon scoparius Michx. One of the most typical sand
grasses in the Hanover, Amboy, Dixon, Oquawka, and Havana areas;
very frequent in the bunch-grass association and persisting from it as
a relic in the Panicum pseudopubescens and the black oak associations.

Andropogon furcatus Muhl. An abundant and important grass,
but by no means as common as the preceding species. Hanover,
Amboy, Dixon, Oquawka, and Havana areas, normally in the bunch-
grass association, but persisting as a relic in the black oak and
Solidago associations, and sometimes appearing on blowout deposits.

Sorghastrum nutans (L.) Nash. Hanover, Amboy, Oquawka, and
Havana areas, in the bunch-grass association, and as a relic in the
edge of the black oak association.

Digitaria filiformis (L.) Koeler. Hanover, Oquawka, and Ha-
vana areas, apparently not native, but coming in as a weed along
roadsides or in too closely cropped pastures.

Leptoloma cognatum (Schultes) Chase. Abundant in each area
except Winnebago and Kankakee, chiefly in the bunch-grass, where
it may be dominant, also as a relic in the edge of the black oak
association, in the Panicum pseudopubescens association, and on the
windward slope of blowouts; it also appears early on blowout de-
posits.

Paspalum setacewm Michx. Hanover, Dixon, Oquawka, and
Havana areas, typically in the blowsand association, and continuing
on the deposits, also as an interstititial in the bunch-grass and in bare
spots at the edge of the black oak association,

Panicum pseudopubescens Nash. Abundant in each of the five
areas in a variety of situations; common in the bunch-grass asso-
ciation but usually as a secondary species; characteristic of the
association to which it gives its name; persisting as a relic in the
blowout succession in the windward slope and deposit associations;
frequent in open sunny places in the black oak forest; rare in the
blowsand association; and, in the Dixon area, depauperate plants per-
sist in the mats of Polytrichum. ‘

Panicum wvirgatum L. Common throughout but not abundant,
usually in the bunch-grass association, but in the Hanover area one
of the commonest dune-formers on the blowout deposits or the crest

—8
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of the river dunes; rare in open places in the black oak association,
or as a relic in other situations.

Panicum perlongum Nash. Hanover, Havana, and Winnebago
areas, common in the bunch-grass and Panicum pseudopubescens
associations, or in open places in the black oak association.

Panicum Scribnerianum Nash. Only in the most mesophytic sta-
tions of the bunch-grass association in the Havana, Hanover, Dixon,
and Oquawka areas; along roadsides and at the edge of the black
oak forest in the Amboy and Winnebago areas.

Setaria glauca (L.) Beauv. Naturalized from Europe. Hanover
area, a weed in pastured bunch-grass.

Cenchrus carolinianus Walt. Hanover, Dixon, Havana, and
Oquawka areas; regularly in the blowsand association or as an in-
terstitial on blowout deposits.

Stipa spartea Trin. In the bunch-grass association in the Han-
over, Dixon, Havana, and Oquawka areas, more rarely on deposits
or at the edge of black oak woods; also in a pastured field in the
Winnebago area.

Aristida basiramea Engelm. Oquawka area, according to Patter-
son.

Aristida tuberculosa Nutt. Hanover, Dixon, Havana, and
Oquawka areas, common as an interstitial in the bunch-grass and
Panicum pseudopubescens associations, very abundant and charac-
teristic in the blowsand association, common at the edge of the black
oak forest, and in the Dixon area abundant in the Solidago asso-
ciation.

Sporobolus cryptandrus (Torr.) Gray. Chiefly in the blowsand
and deposit associations of the Hanover, Havana, and Oquawka
areas, sometimes in bare sunny spots in the black oak forest,

Sporobolus heterolepis Gray. Oquawka area, according to Pat-
terson.

Calamovilfa longifolia (Hook.) Hack. Dixon, Havana, and
Oquawka areas, in the bunch-grass association or persisting as a relic
in open places in the black oak association.

Koeleria cristata (L.) Pers. Hanover, Winnebago, Dixon, and
Oquawka areas, abundant and conspicuous in the bunch-grass; per-
sisting as a relic in the black oak and Panicum pseudopubescens
associations; and in rare cases appearing on blowout deposits.

Sparting Michauriana Hitchc. Amboy area, along roadsides,
doubtless adventive from the swampy meadows below.

Bouteloua hirsuta Lag. Hanover, Havana, and Oquawka areas,
common but inconspicuous in the bunch-grass, where it grows as an
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interstitial between the larger grasses, rarely persisting in the Pani-
cum pseudopubescens and black oak associations.

Bouteloua oligostachya (Nutt.) Torr. Hanover area, according
to Pepoon.

Bouteloua curtipendule (Michx.) Torr. Havana and Oquawka
areas, in the bunch-grass association.

Tridens flavus (L.) Hitchc. Havana area, chiefly in the bunch-
grass, but also in the black oak association and rarely as a relic in
the Panicum pseudopubescens association.

Triplasis purpurea (Walt.) Chapm. Oquawka area, in the blow-
sand association, according to Patterson.

Eragrostis trichodes (Nutt.) Nash. Havana and Oquawka areas,
typically in the bunch-grass but also in the black oak and deposit
associations.

Eragrostis pectinacea (Michx.) Steud. Hanover, Havana, and
Oquawka areas, always in the bunch-grass association,

Poa compressa 1.. Sunny places in the black oak association,
Havana area.

Poa pratensis L. In a large variety of situations in each area,
but chiefly where the land has been pastured or along roadsides.

Festuca octoflora Walt. Hanover, Winnebago, and Oquawka
areas, chiefly as an interstitial in the bunch-grass, but also common in
the blowsand association.

Hordeum pusillum Nutt. A weed along the roadsides in the
Oquawka area.

Elymus virginicus I,. Oquawka area, occasional in the bunch-
grass association. '

Elymus canadensis L. Hanover and Oquawka areas, in the

bunch-grass association and sometimes as a relic in the Panicum
pseudopubescens association.

Elymus striatus Willd. Oquawka area, a typically mesophytic
species of the mixed forest association on the river dune.

Cyperaceae

Cyperus rivularis Kunth. Havana area, in the swamp association
of an extinct blowout,

Cyperus Schweinitzii Torr. Hanover, Dixon, Havana, and
Oquawka areas, chiefly in the bunch-grass; common also in the
Panicum pseudopubescens association and rarely in the blowsand.

Cyperus filiculmis Vahl. Hanover, Winnebago, Havana, and
Oquawka areas, a common interstitial of the bunch-grass, frequent
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in the blowsand and Pamnicum pseudopubescens associations, and
more rarely in open places in the black oak woods,

Eleocharis obtusa (Willd.) Schultes, In the swamp association
in the Dixon and Havana areas.

Stenophyllus capillaris (L.) Britton. The characteristic species
of the Stenophyllus association in the bottoms of partially stabilized
blowouts in the Hanover, Havana, and Oquawka areas, rarely in the
Solidago and bunch-grass associations.

Scirpus validus Vahl. Around the margin of a pond in a depres-
sion between the dunes, Winnebago area.

Scirpus cyperinus (L.) Kunth, Common in the swamp associa-
tion and occasional in the Salix association in the Dixon area,

Carex festucacea Schkuhr, var. brevior (Dewey) Fernald. An
interstitial in the bunch-grass association in the Hanover and
Oquawka areas; not common.

Carex Muhlenbergii Schkuhr. Abundant in the bunch-grass as-
sociation in the Hanover, Havana, Dixon, and Oquawka areas, and
sometimes becoming the dominant species; one of the commoner
bunch-grass relics in the Panicum pseudopubescens association; in-
frequent on the deposits and windward slopes of blowouts; in the
black oak association in the Hanover, Winnebago, Havana, and
Oquawka areas.

Carex umbellata Schkuhr. Hanover, Havana, and Dixon areas,
most abundant in the Panicum pseudopubescens association, persist-
ing as a relic on the windward slopes, occasional in the bunch-grass
association, and rare on the deposits of blowouts.

Carex pemnsylvanica Lam. Oquawka area, in the bunch-grass
association; Winnebago area, in open places in the black oak asso-
ciation.

Carex sp. Dixon area, in the Solidago association.

Commelinaceae

Commelina virginica L. Havana and Oquawka areas; one of
the most abundant interstitial species, growing in a wide variety of
associations, but probably most abundant on blowout deposits.

T'radescantia reflexa Raf. Hanover, Kankakee, Winnebago, Am-
boy, Havana, and Oquawka areas; common in the bunch-grass and
black oak associations and persisting as a relic in the bur oak and
Panicum pseudopubescens associations.
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Juncaceae

Juncus tenuis Willd. Havana area, in the Solidago association;
Winnebago area, in open places in the black oak association.

Juncus nodosus L. Dixon area, in the swamp association.

Juncus acuminatus Michx. Dixon and Havana areas, in the
Solidago association, and also less frequently in the Polytrichum and
Saliz associations.

Liliaceae

Lilivm philadelphicum L., var., andinum (Nutt.) Ker. Winne-
bago area, in the bur oak association.

Asparagus officinalis L. Havana area, in the mixed forest asso-
ciation.

Smilacina racemosa (L.) Desf. Hanover area, in the dune thicket
association; Winnebago area, in the bur oak association; Havana
area, in the mixed forest association, and occasionally in the black oak
association.

Smilacina stellata (L.) Desf. Hanover, Winnebago, Amboy, and
Havana areas, characteristic of the black oak association, and in the
last area rarely also in the mixed forest association.

Polygonatum commutatum (R. & S.) Dietr. Hanover, Winne-
bago, Amboy, Oquawka, and Havana areas, characteristic of the bur
oak and mixed forest associations, one of the earliest pioneers in the
black oak forest, indicating the succession, and occasional in the
blowout and dune thickets.

Swmilax herbacea 1.. Hanover, Winnebago, Amboy, and Havana
areas, chiefly in the bur oak and mixed forest associations, occasional
as a pioneer in the black oak association, and in the Hanover area
in the dune thickets.

Smilax ecirrhate (Engelm.) Wats. Hanover, Winnebago, and
Amboy areas, in the bur oak association, or as a pioneer in the black
oak forest.

Smilax hispida Muhl. In the dune thickets in the Hanover area,
mixed forest in the Oquawka area, and in the black oak and bur oak
forest in the Amboy area.

Dioscoreaceac

Dioscorea villosa 1. Havana area, in the mixed forest asso-
ciation.

Amaryllidaceae

Hypoxis mirsuta (L.) Coville. Hanover area, under oaks on the
perched dunes.
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Iridaceae

Sisyrinchium sp. Hanover and Oquawka areas, in the bunch-
grass association and persisting as a relic in the Panicum pseudopu-
bescens association,

Orchidaceae

Cypripedium parviflorum Salisb., var. pubescens (Willd.) Knight.
Winnebago area, in the bur oak association,

Spiranthes cernua (L.) Richard. Dixon area, in the Polytrichum
association.

Salicaceae

Salix nigra Marsh. Dixon area, in the Salix association.

Salix longifolia Muhl. Dixon and Havana areas, in the Salix
association; Hanover area, in the dune thickets.

Salix pedicellaris Pursh. Dixon area, in the Polytrichum asso-
ciation.

Salix tristis Ait. Winnebago and Amboy areas, in the black oak
association and as a relic in the bur oak forests; Havana area, in
the mixed forest association.

Populus alba L. Oquawka area, frequently planted and escaped
along roadsides and fence-rows.

Populus tremuloides Michx. Winnebago, Amboy, and Kankakee
areas, in the swamps and meadows between the sand hills, and oc-
casional in the bur oak association.

Populus grandidentata Michx. Amboy area, in the bur oak as-
sociation, or occasionally as a pioneer in the black oak woods.

Populus deltoides Marsh. Hanover area, in the dune thickets;
Dixon area, in the Salix association; Oquawka and Havana areas,
in blowout thickets.

Juglandaceae

Juglans nigra L. Hanover area, in the dune thickets; Oquawka
area, in the mixed forest association on the river dune.

Carya ovata (Mill.) K. Koch. Winnebago area, in the bur oak
association.

Curya cordiformis (Wang.) K. Koch. Hanover area, in the mixed
forest; Oquawka and Havana areas, in the black oak association and
persisting in the mixed forest.
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Betulaceae

Corylus americana Walt. Hanover area, on the perched dunes;
Winnebago and Amboy areas, common in the bur oak association and
occasional as a pioneer in the black oak forest.

Betula nigra L. Hanover and Oquawka areas, in the mixed for-
est association near the river.

Betula alba L., var. papyrifera (Marsh.) Spach. Hanover area,
on the perched dunes.

Fagaceae

Quercus alba L. Winnebago area, in the bur oak association.

Quercus macrocarpa Michx. Winnebago and Amboy areas, the
characteristic species of the bur oak association.

Quercus rubra L. Oquawka area, in the mixed forest association.

Quercus veluting Lam. Hanover, Winnebago, Amboy, Kanka-
kee, Havana, and Oquawka areas, the characteristic species of the
black oak association, persisting commonly as a relic in the mixed
forest association and less commonly in the bur oak forest; common
on the perched dunes in the Hanover area.

Quercus marilandica Muench. Havana and Oquawka areas,
abundant in the black oak association, and persisting in the mixed
forest.

Urticaceae

Ulmus americana L. Hanover and Oquawka areas, in the mixed
forest association and in the dune thickets.

Celtis occidentalis 1. Hanover and Havana areas, in the mixed
forest association, and in the blowout and dune thickets,

Morus rubra 1. Havana area, in the mixed forest association.

Boehmeria cylindrica (L.) Sw. Havana area, in the Salix as-
sociation.

Parietaria pennsylvanica Muhl. Oquawka area, in the mixed for-
est association.

Santalaceae

Comandra umbellata (L.) Nutt. Hanover, Winnebago, Amboy,
Oquawka, and Hanover areas, in the black oak association, or oc-
casionally along roadsides.

Polygonaceae

Rumex altissimus Wood. Hanover area, in the black oak asso-
ciation.
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Rumex Acetosella L. Hanover, Winnebago, Dixon, and Oquawka
areas, a common interstitial in the bunch-grass association, and in
cultivated ground, less frequently in the Panicum pseudopubescens
association.

Rumex sp. Hanover area, in the blowsand association.

Polygonum aviculare L. Oquawka area, a weed along roadsides
and in yards.

Polygonum erectum 1. Oquawka area, a common roadside weed.

Polygonum tenue Michx. Hanover, Oquawka, and Havana
areas, a common interstitial in the bunch-grass association and less
commonly also in the Panicum pseudopubescens association.

Polygonella articulata (L.) Meisn. Hanover and Dixon areas,
in the blowsand association; Hanover and Oquawka areas, in open
places in the black oak association.

Chenopodiaceae

Cycloloma atriplicifolium (Spreng.) Coult. Havana and Oquaw-
ka areas, in the blowsand and deposit associations.
Chenopodium album L. Hanover, Havana, and Oquawka
areas, common as a weed, occasional in the bunch-grass association
and in open places in the black oak forest.

Amaranthaceae

Froelichia floridana (Nutt.) Moq. Dixon, Oquawka, and Havana
areas, usually in the blowsand association, occasionally an interstitial
in the bunch-grass association or open blowout deposits; Hanover
area, along the railroad track, appearing as if introduced.

Phytolaccaceae

Phytolacca decandra L. Oquawka area, in waste places under
the shade of trees.
Nyctaginaceae

Oxybaphus nyctagineus (Michx.) Sweet. Hanover, Dixon, and
Oquawka areas, in the blowsand and blowout thicket associations,
an interstitial in the bunch-grass, and frequent as a weed in waste
places and along roads.

Illecebraceae

Anychia polygonoides Raf. Hanover, Havana, and Oquawka
areas, in the black oak association.
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Anychia canadensis (L.) BSP. Oquawka area, in the mixed for-
est association.

Aizoaceae

Mollugo verticillata 1. Hanover, Dixon, Oquawka, and Havana
areas, especially common in the blowsand association and occasional
as an interstitial in the bunch-grass and Panicum pseudopubescens
associations,

Caryophyllaceae

Arenaria laterifiora L. Winnebago area, in the bur oak associa-
tion.

Stlene antirrhina L. Hanover, Winnebago, Dixon, Havana, and
Oquawka areas, an abundant weed in fields and a common inter-
stitial in the bunch-grass and Panicum pseudopubescens associations.

Silene stellata (L.) Ait. f. Hanover, Winnebago, Havana, and
Oquawka areas, characteristic of the bur oak and mixed forest asso-
ciations and a pioneer in the black oak association.

Saponaria officinalis L. Hanover area, in the black oak associa-
tion near dwellings.

Portulacaceae

Talinum rugospermum Holzinger. Winnebago, Oquawka, and
Havana areas, in the black oak association; Hanover area, in the
bunch-grass association.

Ranunculaceae

Ranunculus abortivus 1. Hanover area, in the mixed forest as-
sociation.

Anemone patens L., var. Wolfgangiana (Bess.) Koch. Hanover
area, on the perched dunes.

Anemone caroliniana Walt. Hanover area, in the bunch-grass
association,

Anemone cylindrica Gray. Hanover and Oquawka areas, in the
bunch-grass and black oak associations; Winnebago and Amboy
areas, in the black oak association.

Anemone virginiana L. Havana area, in the mixed forest as-
sociation and appearing as a pioneer in the black oak association.

Anemone canadensis L. Oquawka area, in the mixed forest as-
sociation.

Aquilegia canadensis 1. Hanover and Oquawka areas, in the
mixed forest association.
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Delphinium Penardi Huth. Oquawka area, in the bunch-grass
association.

Menispermaceae

Menispermum canadense L. Hanover area, in the dune thicket
and mixed forest associations; Havana area, in the blowout thicket
association,

Fumariaceae

Corydalis micrantha (Engelm.) Gray. Hanover area, in the
blowout association on the river dune.

Cruciferae

Draba caroliniana Walt. Hanover area, in the bunch-grass as-
sociation, and in sheltered places in the blowsand association on the
river dune,

Lesquerella argentea (Pursh) MacM. Havana area, in the bunch-
grass association.

Lepidium virginicum L. Hanover, Winnebago, Dixon, Oquawka,
and Havana areas, especially abundant in the Panicum pseudopu-
bescens association, a common interstitial in the bunch-grass associa-
tion, occasional in the blowsand association, and common in open
places in the black oak association.

Erysimum parviflorum Nutt. Havana area, in the bunch-grass
association. :

Arabis lyrata 1. Hanover, Winnebago, and Oquawka areas,
most abundant as an interstitial in the bunch-grass and Pamnicum
pseudopubescens associations in the Hanover area, also in open places
in the black oak association.

Capparidaceae

Polanisia graveolens Raf. Hanover, Oquawka, and Havana
areas, frequent in the blowsand association and in the black oak for-
est.

Cristatella Jamesii 'T'. & G. Hanover and Havana areas, in the
blowsand association.

Saxifragaceae

Heuchera hispida Pursh. Winnebago area, in the bur oak asso-
ciation; Hanover and Oquawka areas, in the mixed forest associa-
tion.
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Ribes gracile Michx. Hanover and Havana areas, in the mixed
forest association, occasional in the dune thickets and the black oak
forest, or along fence-rows on the prairie.

Rosaceae

Spiraea salicifolia L. Dixon area, in the Solidago association.
Pyrus 1oensis (Wood) Bailey. Hanover area, in the dune thickets.
Pyrus Malus 1. Hanover area, in the blowout thicket association.

Pyrus americana (Marsh.) DC. Winnebago area, in the black
oak association.

Fragaria wvirginiana Duchesne, var. #linoensis (Prince) Gray.
Winnebago and Amboy areas, in the black oak association and as a
relic in the bur oak association; Hanover area, in the mixed forest.

Fragaria vesca L., var. americana Porter. Winnebago area, in
the bur oak association; Hanover area, on the perched dunes.

Potentilla arguta Pursh. Winnebago and Amboy areas, in the
black oak association and along roadsides.

Potentilla argentea 1. Winnebago area, in a pastured field.

Potentilla canadensis L. Winnebago area, in the black oak asso-
ciation,

Geum canadense Jacq. Hanover area, in the mixed forest asso-
ciation.

Rubus idaeus L., var. aculeatissimus (C. A. Mey.) Regel & Til-
ing. Hanover area, in the mixed forest association; Winnebago
area, in the bur oak association.

Rubus occidentalis 1. Hanover area, in the black oak and mixed
forest associations and on the perched dunes; Winnebago area, in
the black oak and bur oak associations.

Rubus sp. (Blackberry). Amboy area, in the bur oak association.

Agrimonia mollis (T. & G.) Britton. Winnebago and Amboy
areas, in the bur oak association; Havana area, in the mixed for-
est association. )

Rosa humilis Marsh. Hanover area, in the black oak and blow-
out thicket associations; Winnebago area, in the black oak forest
and as a relic in the bur oak association; Dixon area, in the bunch-
grass association.

Prunus serotina Ehrh. Hanover area, in the dune thickets;
Winnebago area, in the bur oak association and as a pioneer in the
black oak forest; Havana area, in the mixed forest association.

Prunus virginiana L. Hanover area, in the mixed forest and
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dune thicket associations; Winnebago area, in the bur oak asso-
ciation; in both areas as a pioneer in the black oak association,
Prunus sp. (Plum). Hanover area, in the dune thickets.

Leguminosae

Gymnocladus dioica (L.) Koch. Havana area, in the mixed for-
est association.

Gleditsia triacanthos L. Hanover area, in the dune thicket asso-
ciation; Dixon area, planted on the deposits of a blowout; Oquawka
area, along roadsides.

Cassia Chamaechrista 1. Most abundant in the Havana and
Oquawka areas, in the bunch-grass, blowsand, and black oak asso-
ciations; Hanover area, in the blowsand association; Amboy area,
in the black oak forest; Dixon area, in the Solidago association.

Cercis canadensis L. Oquawka area, in the mixed forest asso-
ciation,

Baptisia bracteata (Muhl.) Ell. Winnebago area, in the black
oak association; Oquawka area, in the bunch-grass and Panicum
pseudopubescens associations.

- Lupinus perennis L. Winnebago and Amboy areas, in the black
oak association; Kankakee area, in mucky meadows at the base of
sand hills.

Trifolium pratense L. Oquawka area, roadsides.

Trifolium repens L. Oquawka area, along roadsides.

Amorpha canescens Pursh, Hanover, Winnebago, Amboy, Dixon,
Kankakee, Oquawka, and Havana areas, most abundant in and typi-
cal of the bunch-grass association, persistent as a relic and common
in the black oak association, and occasional in the bur oak and mixed
forest associations; in the Hanover area, also on the perched dunes.

Petalostemum purpureum (Vent.) Rydb. Hanover and Oquawka
areas, abundant in the bunch-grass; also in the black oak association
in the Amboy and Oquawka areas; along roadsides in the Winne-
bago area.

Petalostemum candidum Michx. Hanover and Oquawka areas,
in the bunch-grass association; Winnebago and Amboy areas, in the
black oak association.

Tephrosia virginiana (L.) Pers. In all seven areas; abundant
in the bunch-grass and black oak associations, frequent on blowout
deposits, and occasional in the blowsand and Panicum pseudo-
pubescens associations.

Robinia Pseudo-Acacia L. Oquawka area, commonly planted as
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a sand-binder and escaping into the mixed forest and blowout thicket
associations.

Desmodium grandifiorum (Walt.) DC. Winnebago area, in the
bur oak association.

Desmodium illinoense Gray. Oquawka area, in the bunch-grass
association; Amboy area, in the black oak forest.

Lespedeza capitata Michx. Common in all seven areas, chiefly
in the bunch-grass and black oak associations; a relic in the Pani-
cum pseudopubescens association, active in the stabilization of all
parts of the blowouts; in the Dixon area it appears in the Solidago
association; and in the Hanover area, on the perched dunes.

Strophostyles helvola (L.) Britton. Havana area, in the black
oak forest; Oquawka area, in the bunch-grass, blowsand, black oak,
and mixed forest associations.

Strophostyles sp. Havana area, in the bunch-grass association.

Amphicarpa Pitcheri T. & G. Hanover area, in the mixed for-
est association; Winnebago area, in the bur oak association.

Linaceae

Linuwm sulcatum Riddell. Hanover and Oquawka areas, in the
bunch-grass association.

Oxadlidaceae

Oxalis corniculata 1. Hanover area, in the bunch-grass and
black oak associations.

Geraniaceae

Geranium maculatum 1. Winnebago area, in the bur oak as-
sociation.

Rutaceae

Zanthoxylum americanum Mill. Oquawka area, in the mixed
forest association.

Polygalaceae

Polygala polygama Walt. Hanover, Winnebago, Dixon, and
Oquawka areas, in the bunch-grass, Panicum pseudopubescens, and
black oak associations,

Polygala incarnata L. Oquawka area, in the bunch-grass asso-
ciation.

Polygala sanguinea L. Dixon area, in the Solidago association,
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and as a relic also in the Polyirichum association; Amboy area, in
muck meadows at the base of the dunes.

Polygala verticillata 1. Hanover, Havana, and Oquawka areas,
in the bunch-grass and Panicum pseudopubescens associations,

Euphorbiaceae

Croton glandulosus L., var. septentrionalis Muell. Arg. Han-
over, Havana, and Oquawka areas, an interstitial in the bunch-grass
and Panicum pseudopubescens associations, common in the blowsand
association, and occasional on blowout deposits.

Crotonopsis linearis Michx. Havana area, a common interstitial
in the bunch-grass, Panicum pseudopubescens, blowsand, deposit, and
black oak associations. '

Euphorbia Geyeri Engelm. -Hanover, Dixon, Havana, and
Oquawka areas, most abundant in the blowsand association, occa-
sional as an interstitial in the bunch-grass and the black oak forest.

Euphorbia corollata L. Very abundant in all seven areas, chiefly
in the bunch-grass and black oak association, frequent on blowout
deposits, occasional in the blowsand association, and rare in the bur
oak association.

Anacardiaceae

Rhus glabra L. Winnebago and Amboy areas, in the bur oak as-
sociation; Hanover area, in the mixed forest association.

Rhus Toxicodendron L. Hanover, Oquawka, and Havana areas,
in the mixed forest association, in the dune thickets, and occasionally
a pioneer in the black oak forest; Winnebago area, in the bur
oak and black oak associations.

Rhus canadensis Marsh., var. illinoensis (Greene) Fernald. Han-
over, Havana, and Oquawka areas, in the bunch-grass, deposit, and
black oak associations.

Celastraceae
Celastrus scandens L. Havana and Oquawka areas, in the mixed
forest; Hanover area, in the dune thickets.
Aceraceae

Acer saccharinum L. Oquawka area, in the mixed forest associa-
tion on the river dune,

Acer Negundo L. Havana area, in the blowout thicket asso-
ciation.
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Rhamnaceae

Ceanothus americanus L. Hanover, Winnebago, Amboy,
Oquawka, and Hanover areas, in the black oak, bur oak, and mixed
forest associations; occasional in the bunch-grass in the Oquawka
area.

Ceanothus ovatus Desf. Hanover area, in the bunch-grass, de-
posit, and black oak associations.

Vitaceae

Psedera quinquefolia (L.) Greene. Winnebago area, in the bur
oak association; Hanover, Havana, and Oquawka areas, in the mixed
forest, blowout thicket, and dune thicket associations, and one of the
most frequent pioneers in the black oak association.

Vitis vulpina L. Winnebago and Amboy areas, in the bur oak
association; Havana, Oquawka, and Hanover areas, in the mixed
forest, the blowout thickets, and the dune thickets, and occasional as
a pioneer in the black oak association.

Malvaceae

Callirhoe triangulata (Leavenw.) Gray. Hanover and Havana
areas, chiefly in the bunch-grass and the black oak forests, and occa-
sionally in the Panicum pseudopubescens association,

Hypericaceae

Hypericum cistifolium Lam, Oquawka area, in the mixed for-
est association along the river dune,

Hypericum mutilum L. Havana area, in the Solidago asso-
ciation.

Hypericum majus (Gray) Britton. In the Polytrichum asso-
ciation in the Dixon area.

Hypericum gentianoides (L.) BSP. Dixon area, in the Poly-
trichum association, or perhaps more common in a zone just outside
of it.

Cistaceae

Helianthemum majus BSP. Hanover, Winnebago, Amboy,
Dixon, Havana, and Oquawka areas, probably most widely distributed
in the black oak association, but also abundant in the bunch-grass.

Hudsonia tomentosa Nutt. Hanover and Dixon areas, charac-
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teristic of the Hudsonia association, and occasional upon blowout
deposits and in black oak woods.

Lechea sp. In the black oak association in the Winnebago and
Oquawka areas,

Violaceae

Viola pedata L. Hanover, Oquawka, and Winnebago areas, most
abundant in the bunch-grass prairie and in the black oak woods, oc-
casional in the Panicum pseudopubescens association and on blowout
deposits.

Viola lanceolata 1. Dixon area, in the Polytrichum association;
Kankakee area, in the wet meadows.

Cactaceae

Opuntia Rafinesquii Engelm. Hanover, Oquawka, and Havana
areas, usually very abundant in the bunch-grass and the open parts
of the black oak forest.

Opuntia fragilis (Nutt.) Haw. Hanover area, in the bunch-grass
and Panicum pseudopubescens associations.

Melastomaceae

Rhexia virginica L. Dixon area, in the Polytrichum and Sol-
idago associations; Amboy area, in the wet meadows.

Onagraceae

Ludvigia alternifolia 1. Havana area, in the Salix association.

Ludvigia palustris (L.) Ell. Dixon and Havana areas, in the
swamp association, and persistent as a relic in the Solidago and
Polytrichum associations,

Oenothera biennis L. In the bur oak association in the Winne-
bago area, and in the mixed forest in the Havana area.

Oenothera rhombipetala Nutt. One of the most common inter-
stitials, occurring in all seven areas in a wide variety of associations,
but most abundant in the bunch-grass and in the Panicum pseudopu-
bescens association. :

Circaea lutetiana L. In the bur oak forest in the Winnebago
area.

Umbelliferae

Sanicula canadensis L. Winnebago and Havana areas, in the
bur oak and mixed forest associations.
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Zizia aurea (L.) Koch. Winnebago area, in the black oak for-
est; Hanover area, in the mixed forest.

Cornaceae

Cornus Baileyi Coult. & Evans. Hanover, Winnebago, Amboy,
Havana, and Oquawka areas, in the bur oak and mixed forest asso-
ciations; also in the dune thickets and the blowout thickets.

Ericaceae

Pyrola elliptica Nutt. In the bur oak association in the Winne-
bago area,

Monotropa uniflora L. Winnebago area, in the black oak forest,
probably a pioneer from the bur oak association.

Primulaceae

Steironema lanceolatum (Walt.) Gray. Winnebago area, in the
swamp association.

Dodecatheon Meadia L. Winnebago area, in the bur oak asso-
ciation.

Oleaceae

Fraxinus pemnsylvanica Marsh., var. lanceolata (Borkh.) Sarg.
Hanover and Oquawka areas, in the mixed forest and dune thicket
associations and as a pioneer in the black oak forest.

Apocynaceae

Apocynum androsaemifolium L. Winnebago and Amboy areas,
in the black oak forest and persisting as a relic in the bur oak asso-
ciation; Hanover area, in the mixed forest.

Apocynum cannabinum L., var. hypericifolium (Ait.) Gray. In
blowsand in the Dixon area.

Asclepiadaceae

Asclepias tuberosa 1. Hanover, Havana, and Amboy areas, in
the black oak forest; Oquawka area, in the mixed forest; Winne-
bago area, along a sandy roadside.

Asclepias syriaca L. Hanover and Oquawka areas, near culti-
vated grounds around the river dune; Havana area, in the black
oak and Solidago associations.

-10
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Asclepias amplexicaulis Sm. In the black oak forest in the Han-
over, Winnebago, Amboy, Havana, and Oquawka areas; also in the
bunch-grass association in the Dixon and Oquawka areas.

Asclepias phytolaccoides Pursh. Hanover and Havana areas, in
the mixed forest association.

Asclepias verticillata L. In the black oak and bur oak forests in
the Havana area, and along roadsides in the Hanover area.

Acerates floridana (Lam.) Hitchc. In the windward slope as-
sociation in the Dixon area, probably a relic from the bunch-grass
association,

Acerates wviridifiora Ell. Hanover and Oquawka areas, in the
bunch-grass and basin associations, and occasional in the Panicum
pseudopubescens association; Winnebago area, in an open place in
the black oak forest.

Acerates viridiflora Ell., var. lanceolata (Ives) Gray. Hanover
and Havana areas, characteristic of the basin association, and occa-
sional in the bunch-grass and Panicum pseudopubescens associations.

Acerates viridiflora Ell., var. linearis Gray. Hanover and
Oquawka areas, in the basin and blowsand associations.

Convolvulaceae

Breweria Pickeringii (M. A. Curtis) Gray. In the bunch-grass
prairies of the Oquawka area.

Ipomoea hederacea Jacq. A weed in cultivated fields in the
Oquawka area.

Polemoniaceae

Phlox pilosa L. Perched dunes in the Hanover area.
Phlox bifida Beck. In the bunch-grass and black oak associations
in the Havana and Winnebago areas.

Boraginaceae

Lappula virginiana (L.) Greene. Havana area, in the mixed
forest association.

Lithospermum Gmelini (Michx.) Hitchc. Abundant in all seven
areas, chiefly in the bunch-grass and black oak associations, more
rarely in the basin, blowsand, and Panicum pseudopubescens asso-
ciations.

Lithospermum angustifolium Michx. In the bunch-grass asso-
ciation in the Havana area.
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Verbenaceae

Verbena stricta Vent. Havana, Oquawka, Dixon, and Hanover
areas, occasional in the bunch-grass and black oak forest, and a
weed along roadsides.

Verbena bracteosa Michx. Perched dunes and bunch-grass in
the Hanover area,

Labiatae

Teucrium canadense L. Havana and Hanover areas, in the black
oak and Solidago associations.

Teucrium occidentale Gray. Hanover area, an interstitial in the
bunch-grass, and common in the blowsand association along the
river dune. .

Scutellaria parvula Michx. In the black oak association in the
Hanover, Amboy, and Havana areas; also an interstitial in the
bunch-grass in the Hanover area, and in the blowsand association
in the Dixon area.

Nepeta Cataria L. Hanover area, in the black oak forest near
dwellings.

Physostegia denticulata (Ait.) Britton. Oquawka, Havana, and
Hanover areas, in the bunch-grass and black oak associations.

Leonurus Cardiaca L. Hanover area, near dwellings in the black
oak forest.

Monarda fistulosa L. Oquawka area, in the black oak and mixed
forest associations,

Monarda mollis L, Hanover, Winnebago, Amboy, Havana, and
Oquawka areas, usually in the bur oak forest, but occasionally as a
pioneer in the black oak association.

Monarda punctata L. Hanover, Dixon, Havana, Oquawka, and
Kankakee areas, one of the most abundant interstitials in the bunch-
grass, and common also in the Panicum pseudopubescens and blow-
sand associations and in open places in the black oak forest; very
common as a weed in pastured ground.

Hedeoma hispida Pursh. Hanover, Dixon, and Oquawka areas,
an interstitial in the bunch-grass, and common also in the Panicum
pseudopubescens and blowsand associations.

Lycopus americanus Muhl. IHavana area, in the Salix associa-
tion; Dixon area, in the Polytrichum association; Amboy area, in the
wet meadows.
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Solanaceae

Solanum nigrum 1. Hanover, Oquawka, and Havana areas, un-
der the shade of trees.
. Solanum carolinense 1. Hanover and Oquawka areas, in the
black oak forest and a weed in cultivated fields.

Physalis heterophylla Nees. Hanover, Winnebago, Dixon, and
Havana areas, in the bunch-grass and black oak associations.

Physalis virginiana Mill. Hanover and Oquawka areas, in the
black oak and bunch-grass associations.

Scrophulariaceae

Verbascum Thapsus L. Hanover, Winnebago, Oquawka, and
Havana areas, usually in the black oak forest, but occasionally in
the bunch-grass association.

Linaria canadensis (L.) Dumont. Hanover, Dixon, Oquawka,
and Havana areas, a common interstitial in the bunch-grass, fre-
quent in the Panicum pseudopubescens and blowsand associations,
and occasional on blowout deposits,

Scrophularia leporella Bicknell. Hanover, Winnebago, Oquawka,
and Havana areas, most abundant in the mixed forest and in the
dune thickets, less frequent in the black oak forest.

Pentstemon hirsutus (L.) Willd. Hanover, Amboy,  Havana,
and Oquawka areas, common in the bunch-grass and the black oak
forest, and occasional in the Panicum pseudopubescens and bur oak
associations.

Pentstemon grandiflorus Nutt. In the bunch-grass and black oak
associations of the Oquawka area.

Veronica virginica L. Winnebago and Amboy areas, in the bur
oak association.

Synthywis Bullii (Eaton) Heller. Hanover, Winnebago, and
Oquawka areas, characteristic of the black oak association and oc-
casional as a relic in the bur oak forest, rare in the bunch-grass.

Gerardia grandiflora Benth. In the black oak association in the
Winnebago and Amboy areas, and as a relic in the bur oak forest.

Gerardia purpurea L. In the Solidago association in the Dixon
area.

Castilleja coccinea (L.) Spreng. Winnebago area, in the black
oak association.

Pedicularis canadensis 1. Winnebago area, in the black oak and
bur oak associations.
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Orobanchaceae

Orobanche fasciculata Nutt. Parasitic on Artemisia caudata in
the bunch-grass association of the Hanover area.

Acanthaceae

Ruellia ciliosa Pursh. Havana and Oquawka areas, in the bunch-
grass and black oak associations.

Plantaginaceae
Plantago Rugelii Dcne. Along roadsides in the Oquawka area.

Rubiaceae

Galium pilosum Ait. In the black oak forest in the Havana area.

Galium concinnum T. & G. Winnebago area, in the bur oak
association; Havana area, in the mixed forest,

Diodia teres Walt. Hanover and Havana areas, common in the
blowsand association, and occasional in the black oak forest and as
a weed in cultivated ground.

Caprifoliaceae

Lonicera Sullivantic Gray. Winnebago area, in the bur oak asso-
ciation.
Campanulaceae

Specularia perfoliata (L.) A. DC. Hanover, Havana, and Win-
nebago areas, a common interstitial in the bunch-grass, occasional in
open places in the black oak forest and one of the most abundant
weeds in sandy fields.

Compositae

Vernonia fasciculata Michx. Havana area, in the Solidago assor
ciation; Amboy area, in the wet meadows between the dunes; Han-
over area, in pastured bunch-grass.

Eupatorium purpureum L. Havana area, in the mixed forest
association; Amboy area, in the wet meadows at the base of the dunes.

Eupatorium serotinum Michx. Hanover area, in the black oak
and mixed forest associations.

Eupatortum urticaefolium Reichard. In the mixed forest asso-
ciation in the Hanover and Havana areas.

Kuhnia eupatorioides L., var. corymbulosa T. & G. Hanover,
Oquawka, and Havana areas, chiefly in the bunch-grass, but occa-
sional in the blowsand and dune thicket associations.
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Liatris cylindracea Michx. Hanover area, in the bunch-grass
association; Winnebago and Amboy areas, in the black oak forest.

Liatris scariosa Willd. In the bunch-grass association in the
Hanover, Dixon, Oquawka, and Havana areas; in the black oak for-
est in the Winnebago and Amboy areas.

Chrysopsis villosa Nutt. Hanover, Dixon, and Havana areas,
common in the bunch-grass association; along roadsides in the
Amboy area.

Solidago speciosa Nutt., var. angustata T. & G. Winnebago,
Amboy, Hanover, and Havana areas, in the black oak forest; Han-
over and Oquawka areas, in the bunch-grass association.

Solidago missouriensis Nutt. In the bunch-grass association in
the Havana and Hanover areas,

Solidago memoralis Ait. Abundant in all seven areas, in the
black oak and bunch-grass associations; in the Hanover area, also
in the Panicum pseudopubescens association.

Solidago serotina Ait. Hanover and Havana areas, in the black
oak association.

Solidago rigida L. In the bunch-grass association in the Han-
over area; along roadsides in the Amboy area.

Solidago graminifolia (L.) Salisb. Characteristic of the Soli-
dago association in the Dixon and Havana areas; along sandy road-
sides in the Amboy area; in a swamp between the dunes in the Win-
nebago area.

Aster oblongifolius Nutt. Oquawka area, in the mixed forest on
the river dune.

Aster sericcus Vent. .In the bunch-grass association in the Han-
over, Havana, and Oquawka areas; in the black oak forest in the
Hanover and Amboy areas; in the mixed forest on the river dune in
the Oquawka area; in a cleared field in the Winnebago area.

Aster azureus Lindl. Winnebago, Amboy, Havana, and Oquawka
areas, in the black oak association.

Aster multiflorus Ait. Havana, Oquawka, and Hanover areas,
in the bunch-grass association.

Aster linariifolius L. Common in all seven areas in the bunch-
grass and black oak associations, and occasionally persisting as a
relic in the Panicum pseudopubescens association.

Aster sp. In the bunch-grass association in the Hanover area.

Aster sp. Dixon area, in the Polytrichum association.

Erigeron pulchellus Michx. On the perched dunes in the Han-
over area.
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Erigeron ramosus (Walt.) BSP. Hanover and Oquawka areas,
in the bunch-grass and Panicum pseudopubescens associations; Win-
nebago area, in the black oak forest,

Erigeron canadensis L. An interstitial in the bunch-grass in the
Hanover area, and on blowout deposits in the Oquawka area.

Antennaria plantaginifolia (L.) Richards. Hanover area, in the
mixed forest association.

Antennaria sp. One or more unidentified species of Antennaria
are common in the bunch-grass and black oak forests of the Hanover,
Winnebago, Amboy, Dixon, Oquawka, and Havana areas.

Gnaphalium polycephalum Michx. Hanover area, in the bunch-
grass; Amboy and Oquawka areas, in the black oak forest; in the
latter area also in the Stenophyllus and blowout thicket associations.

Silphium laciniatum L. Along roadsides in the Amboy area.

Silphium integrifolium Michx. Amboy area, in the black oak
forest.

Parthenium integrifolium L. Hanover area, in the mixed forest
association; Amboy area, along sandy roadsides.

Ambrosia artemisitfolia L. A weed in the waste grounds in the
Oquawka and Winnebago areas.

Ambrosia psilostachya DC. Observed in the Hanover, Winne-
bago, Dixon, Oquawka, and Havana areas, and probably in the oth-
ers as well; a common interstitial in the bunch-grass, black oak, and
Panicum pseudopubescens associations, and abundant in the blow-
sand association,

Xanthium commune Britton. A weed in sandy fields in the
Oquawka area.

Rudbeckia hirta 1. Hanover, Winnebago, Havana, and Oquawka
areas, abundant in the black oak forest, and occasional in the mixed
forest and bunch-grass.

Brauncria pallide (Nutt.) Britton. Hanover, Dixon, and
Oquawka areas, in the bunch-grass association; Amboy area, along
roadsides. :

Lepachys pinnata (Vent.) T. & G. Winnebago area, in a clear-
ing in the black oak forest.

Helianthus lenticularis Dougl. Oquawka area, in the blowsand
association.

Helianthus scaberrimus Ell. Hanover and Oquawka areas, com-
mon in the bunch-grass and Panicum pseudopubescens associations;
Amboy area, along sand roadsides.

Helianthus occidentalis Riddell. Common in all seven areas in
the bunch-grass and black oak associations.
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Helianthus occidentalis Riddell, var. illinoensis (Gleason) Gates.
With the species, especially in more shaded places; occasional in the
mixed forest association.

Helianthus strumosus L. Winnebago, Amboy, and Havana areas,
in the black oak forest, and persisting as a relic in the bur oak and
mixed forest associations.

Coreopsis palmata Nutt. Hanover, Winnebago, Amboy, and
Oquawka areas, in the bunch-grass and black oak associations, rare
as a relic in the bur oak forest; Havana area, in the mixed forest.

Hymenopappus carolinensis (Lam.) Porter. In the black oak
association in the Kankakee area.

Achillea Millefolium 1. Winnebago, Amboy, Dixon, and
Oquawka areas, in the bunch-grass and black oak associations.

Anthemis Cotula 1. A weed in the Oquawka area.

Artemisia caudata Michx. Very common in all seven areas in the
bunch-grass and black oak associations, occasional as a relic in the
Panicum pseudopubescens association.

Artemisia ludoviciana Nutt. Hanover area, occasional in the
bunch-grass and black oak forest; more abundant in shaded places
along fence-rows and thickets.

Cacalia atriplicifolia 1. Hanover area, on the perched dunes;
Winnebago area, in the bur oak forest; Havana area, in the black
oak and mixed forest associations, and occasionally in the bunch-
grass. .

Senecio Balsamitae Muhl. Hanover and Oquawka areas, in the
bunch-grass and black oak associations.

Krigia virginica (L.) Willd. Havana area, in the black oak as-
sociation.

Krigia amplexicaulis Nutt. In the bur oak forest in the Winne-
bago area.

Lactuca scariola L., var. integrata Gren. & Godr. Oquawka area,
in the Stenophyllus association.

Lactuca canadensis 1. Hanover, Havana, and Oquawka areas, in
the bunch-grass, occasional in the blowout thickets and the black oak
forest.

Prenanthes alba 1. Winnebago area, in the bur oak association,
or as a pioneer in the black oak forest.

Hieracium longipilum Torr. In the black oak forest in the Win-
nebago area.

Hieracium canadense Michx. Hanover area, in the black oak as-
sociation.




BIBLIOGRAPHY

Adams, C. C.
1902. Southeastern United States as a center of geographical
distribution of flora and fauna. Biol. Bull, 3: 115-131.
1905. The postglacial dispersal of the North American biota.
. Biol. Bull. 9: 53-71.
Bennett, F., and Ely, C. W.
.1905. Soil survey of Marshall county, Indiana. Field Opera-
tions of the Bureau of Soils, 6: 689-706, map 30.
Bonser, T. A.
1903. Ecological study of Big Spring prairie, Wyandot county,
Ohio. Ohio State Acad. Sci., Speeial Paper 7.
Bonsteel, J. A.
1903a. Soil survey of Tazewell county, Illinois. Field Opera-
tions of the Bureau of Soils, 4: 465-489, map 23.
1903b. Soil survey of the Janesville area, Wisconsin. Field Op-
erations of the Bureau of Soils, 4: 549-570, map 27.
Britton, W. E.
1903. Vegetation of the North Haven sand plains. Bull. Torr.
Bot. Club 30: 571-620, pl. 23-28. :
Chamberlin, T. C., and Salisbury, R. D.
1885. The driftless area of the upper Mississippi. U. S. Geol.
Surv., Ann. Rep. 6: 205-322, pl. 23-29, f. 26-48.
Clements, F. E.
1904. The development and structure of vegetation. Bot. Surv.
Nebraska, 7: 3-175.
1905. Research methods in ecology. Lincoln, Neb.
Coffey, G. N., Ely, C. W., and Mann, C. J.
1904. Soil survey of Winnebago county, Illinois. Field Opera-
tions of the Bureau of Soils, 5: 753-775, map 39.
Cowles, H. C.
1899. The ecological relations of the vegetation on the sand
dunes of Lake Michigan. Bot. Gaz. 27: 95-117, 167-202, 281-
308, 361-391, f. 1-20.
19o1. The physiographic ecology of Chicago and vicinity; a
study of the origin, development, and classification of plant
societies. Bot. Gaz. 31: 73-108, 145-182, f. 1-35.

17



172

Engler, A,
1902. Die pflanzengeographische Gliederung Nordamerikas.
Notizbl. d. Konigl. Bot. Gart., Appendix IX.
Gradmann, R.
1909. Ueber Begriffsbildung in der Lehre von den Pflanzenfor-
mationen. Engler’s Jb. 43, Beibl. 99: 91-103.
Harper, R. M.
19go6. A phytogeographical sketch of the Altamaha grit region
of the coastal plain of Georgia. Ann. N. Y, Acad. Sci. 17:
1-415, pl. 1-28, f. 1-17, map.
Harshberger, J. W.
19oo. An ecological study of the New Jersey strand flora. Proc.
Acad. Nat. Sci. Philadelphia 1900: 623-671.
Hart, C. A., and Gleason, H. A.
19o7. On the biology of the sand areas of Illinois. Bull. Il
State Lab. Nat. Hist. 7: 135-273, pl. 8-23, map.
Harvey, L. H,
1908. Floral succession in the prairie-grass formation of south-
eastern South Dakota. Bot. Gaz. 46: 81-108, 277-298, f.
I-3, I-4.
Henry, A. J.
1906. Climatology of the United States. U. S. Dept. Agr.,
Weather Bureau, Bull. Q.
Imlay, G. .
1797. A topographical description of the western territory of
- America. Third edition. London.
Jaccard, P.
1902. Gesetze der Pflanzenvertheilung in der alpinen Region -
Flora 9o: 349-377.
Jennings, O. E
19g08. An ecological classification of the vegetation of Cedar
Point. Ohio Nat. 8: 291-340, f. I-22.
190g. A botanical survey of Presque Isle, Erie county, Pennsyl-
vania. Ann. Carnegie Mus. 5: 289-421, pl. 22-51I.
Leverett, F.
1899. The Illinois glacial lobe. U. S. Geol. Surv.,, Monograph
XXXVIIL
Livingston, B. E. '
1903. The distribution of the upland plant societies of Kent
county, Michigan. Bot. Gaz. 35: 36-55, map.




178

Merriam, C, H.
1898. Life zones and crop zones of the United States. U. S.
Dept. Agr., Div. Biol. Surv., Bull. 10.
Mosier, J. G.
1903. Climate of Illinois. Bull. Ill. Agr. Exper. Station 6: 45-76.
Neili, N. P., and Tharp, W. E.
1907. Soil survey of Newton county, Indiana. Field Operations
of the Bureau of Soils, 7: 747-779, map 32.
Olsson-Seffer, P.
1909. Relation of soil and vegetation on sandy sea shores. Bot.
Gaz. 47: 85-126, f. 1-12.
Pammel, L. H.
"1899. Some ecological notes on the Muscatine flora. Plant
World 2: 181-186.
Pepoon, H. S.
1909. An ecological survey of the driftless area of Illinois and
Wisconsin. School Sci. and Math. 9: 441-446, 522-527.
Pound, R., and Clements, F. E.
1898. The vegetation regions of the prairie province. Bot. Gaz.
25: 381-394, pl. 21.
1900. The phytogeography of Nebraska. Second ed. Lincoln,
eb.
Ramaley, F.
1908. Climatology of the mesas near Boulder, Colorado,
Univ. of Col. Studies 6: 19-31.
Reid, C.
1899. The origin of the British flora. London.
Robbins, W. W., and Dodds, G. S.
1908. Distribution of conifers on the mesas. Univ. of Col.
Studies 6: 31-36.
Rydberg, P. A.
1895. Flora of the sand hills of Nebraska. Contr, U. S. Nat.
Herb. 3: 133-203.
Sargent, C. S.
1884. Report on the forests of North America. U. S. Tenth
Census Report, 0:
Schimper, A. W.
1903. Plant geography upon a physiological basis. Oxford.
Spalding, V. M.
1909. Problems of local distribution in arid regions. Amer. Nat.

43 472-486.



174
Transeau, E. N. '
1903. On the geographic distribution and ecological relations of
the bog plant societies of northern North America. Bot. Gaz.
36: 401-420, f. I-3.
19o5. Forest centers of eastern America. 'Amer. Nat. 39: 875-
889, f. 1-6.
1905-06. 'The bogs and bog floras of the Huron river valley.
Bot. Gaz. 40: 351-375, 418-448; 41: 17-42; f. I-I6.
Warming, E.
1909. Oecology of plants. Oxford.
Whitford, H. N.
1go1. The genetic development of the forests of ‘northern Michi-
gan; a study in physiographic ecology. Bot. Gaz. 31: 289-

325, f. I-I8.

October, 1910.




PraTe I.

. Fig. 1. General view of the sand-dunes near Havana. The isolated trees are Quercus velu-
tina; at the right is a grove of Fuglans nigra.

Fig. 2. Leptoloma cognatum consocies of the bunch-grass association, Oquawka area, Large
bunches of Andropogon scoparius in the rear, and a flowering Ackillea Millefolium in the center.



PraTe II.

Flg 1. Mixed consocies of the bunch-grass association in the Hanover area}Andropogon
scoparius most abundant.

" " Fig. 2. "Mixed‘consocies of the bunch-grass associationiin the Hanover area. Various
species of grasses and perennials in the foreground, and a society of Ceanothus ovatus behind.




Prare III.

Fig. 1. Luxuriant development of the mixed bunch-griss association in a depression be-
tween dunes in the Hanover area.

b s association, Hanover area.

Fig. 2. Typical development of the Panicum pseud



Prarg IV,

Fig. 1. Typical blowout in the Hanover area, looking west. In the foreground, the deposit
association, with Panicum virgatum dominant and many interstitials; behind this, the blowsand
association, with Diodra teres; next, the basin, with a few plants of Acerates. 'The dunes at the
side are held by Rhus.

Fig. 2. Blowout complex in the Hanover area, looking north. Bunches of Panicum vir-
gatum are conspicuous, Typical habitat for Cristatella Jamesii.




PraTg V.
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Prate VI,

Fig. l. Young blowout in the Hauover area, looklug north indicating the differentiation of

QOthree associations. Detached banches of P s at the left, mark the windward

slope; the deposits at the right are occupied with Pamcum virgatum; while the basin has as yet
no vegetation.

Fig. 2. Acerates viridiflora, var. ianceolata, in its typical habitat.




Prare VII.

Fig. 1. Incipient blowout on a hillside in the bunchi-grass association, Hanover area. The
windward slope is just developing in the background, while an extensive growth of Panicum vir-
Zatum, indicating the deposits, occupies the center. Rhus is in the foreground, at the right.

Fig. 2. Large blowont in the Hanover area, looking east. The dunes at the right are held
by Rhus, Tephrosia, and Panicum virgatum, by Tephkrosia alone at the left,and by ZTephrosia and
Panicum at the rear. The basin is almost bare.



Prare VIII.

Fig. 1. Large blowout in the river dune, Hanover area, looking east, The dunes at the left
are held by Rhius; those at the right by Prunus, with various herbs in the blowsand association at.
their base. The basin is entirely bare.

Fig. 2. Seedlings of Dsodia teres coming up in wagon tracks. Thickets of Rkns and bunches
of Panicum virgatum at the rear.




Prare IX.

Fig. 1. Characteristic growth of Zephrosia virginiana.

. Fig. 2. A blowout almost completely stabilized by bunch-grasses, especially Leptoloma cog-
natum, .



Prate X .

Fig. 1. Extensive tract of blowsand in the Oquawka area near Keithsburg.

Fig. 2. Development of the Stenophyllus association
The conspicuous erect plants are Oenothera rhombipetala.

in a shallow blowout, Hanover area.




Prate XI.

F'ig 1. Development of the Stenophyllus association in a shallow blowout in the Hanover
area. The conspicuous erect plants are Ocnothera rhombipetala.

Fig. 2. Blowout in the Oquawka area. Stabilization is beginning, as shown by the persist-
ence of the grasses at the base of the windward slope, the conspicuous plants of Lespedeza cap-
1tata, patches of moss, and by the thicket of Populus deltoides in the background, at the left.



Prare XII.

Fig. 1. Contact of the Po/ytrichum association with bare blowsand.

Fig. 2. Contact of the Polytrichum (see foreground) and bunch-grass associations.




Prare XIII.

I'ig. 1. Pond “E,” in a depression between dunes in the Dixon area, showing the zones of
vegetation. '

Fig. 2. Invasion of the bunch-grass by the black oak association, Hanover area.



Prate XIV. :

Fig. 1. Black oak association, Oguawka area. Typical habitat of Synthyris Bullis.

s Fig. 2. Typical opening in the black cak association, Oquawka area, with T:pkrosm vargin-
sana, Monarda punctata, Opuntra Rafinesquii, etc,




PLATE XV.

Fig.l. Characteristic growth of Pteris aguilina near the margin of the black oak associa-
tion, Winnebago area. ’

Fig. 2. Hillside in the Winnebago area, showing the transition from the black oak associa-
tion on_the upland (1éft) to the bur oak association in the lowland (right).” The shrubbery is
chiefly Prunus yirginiana.



Prare XVI.

Fig. 1. Bur oak association, Winnebago area. /Hubus sp. in the foreground, at the eft;
Pteris aguilina consp:cuous under the trees.

Fig. 2. Black oak association, Ognawka area. A few young vines of Psedera and Celastrus .

have appeared, indicating the beginning of the succession to the mixed forest.



Prare XVII.

Fig. 1. Natural opening in the black oak association, Winnebago area, occupied by the
bunch-grass association.

Fig. 2. Face of the river dune, Hanover aréa, showing the upper and middle slopes, separa-
ted by the outcrop of an old soil layer. The thicket association caps the dune in the background.



Prare XVIII,

Fig. 1. Windward margin of the thickets on the river dune, Hanover area, The outermost
t{ei at the left is a green ash. A small Physalis heterophylla association in the foreground, at the
right.

Fig. 2. Dune thickets on the slope of the river dune, Hanover area. The exposed root
system of the ash at the left indicates the migration of the dune



. Prate XIX.

Fig. 1. Associations on the river dune, Hanover area. In the right foreground, the deposit
association, with a large bunch of Panicum virgatum and abundant Aristida tuberculosa; behind it,
the Smislacini association ; in the backgronnd the dune thickets, with a dense tangle of lianes.

Fig. 2. Margin of the dune thickets on the windward side of the river dune, Havana area.
The effect of the migration of the dune is shown in the exposed roots. Forests of the Mississippi
river flood-plain in the background.



‘I

PratTe XX,

Fig. 1. Destruction of the stabilized river-dune and its mesophytic vegetation by river ero-
sion, and the reversion of the vegetation to the pioneer blowsand association. Oquawka area.

Fig. 2. Destruction of the mesophytic vegetation of the river dune by river erosion, showing
the coherent surface-layer of sand, and the sliding masses.




