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I. Evaporation

The water conditions of plants have long been recognized by
ecologists to be matters of the highest importance, but unfortu-
nately it has seldom been possible to describe these conditions in
other than the most general qualitative terms. The only factor
affording quantitative data has been precipitation, and this is
only indirectly related to plant production on account of the many
irregular variations that exist between the amount of rainfall and
the quantity of water available for plant growth. In a general
way, and especially in dealing with large areas, a fairly close rela-
tionship may be established, but within the different habitats of
a single regioﬁ'%syr_h connection can be recognized.

In a study of water conditions, two phases of the subject are of
importance. They are the direct source and amount of the supply
and the region and cause of the loss. The latter is a climatic, the
former largely an edaphic, problem, for it is evident that plants
derive their moisture from the soil and lose it into the air, and for
the quantitative solution of these problems it is necessary to meas-
ure the power of the air to extract water from the plant; in other
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words, the evaporating power of the air, and the amount of mois-
ture in the soil available for the use of plants. Such measurements
have been carried on in certain parts in the Chicago region in an
effort to establish a relation between the moisture conditions and
the succession of plant associations.

The researches of LivINGsTON (1) and others have shown that
the evaporating power of the air is a rather satisfactory summation
of all the atmospheric factors that determine and limit the growth
of plants, since it indicates the power of the atmosphere to extract
water from their aerial parts, and has been shown in general to
vary almost directly with their rate of transpiration. He has also
devised the porous cup atmometer and shown that it is able to
measure this power with a very considerable degree of accuracy
during the growing season, or rather during that portion of the
year free from frost, which in the Chicago region is practically the
same as the growing season. Hence, during the three seasons of
1910~-1912 stations with these atmometers were established and
maintained in six distinct plant associations in the Chicago region.
Since nowhere in this region is a succession of associations more
clearly marked or more easily determined than upon the sand
dunes immediately south of Lake Michigan, it seemed that a large
number of the determinations should be made within this area.
This vegetation has been described by CowLEs (2), who has shown
that the forest succession consists principally of associations domi-
nated by cottonwood, pine, black oak, white and red oak, and beech
and maple, in the order named. These represent a continuous
series extending from pioneer trees to the mesophytic climax forest
of the region. The physiographic factors, the detailed composition
of the associations, the variety of the transitional forms, and the
frequency of retrogression have been so well explained by CowLEs
that further detailed discussion at present seems unnecessary.
While all the associations mentioned occur upon the sand dunes in
the order indicated, it was found to be impossible to obtain easy
access to the two final stages of the succession upon sand, and
hence the oak-hickory and beech-maple forests were upon clay soil.
Objections may be urged against such a selection, and many are
recognized by the writer, but it is maintained that the comparisons
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that have been made in this investigation are quite legitimate ones,
and, further, it is hoped that future studies may supply the lacking
data for these associations upon a sandy soil. In addition to this
successional series of associations, through the cooperation of
some of the writer’s students, data were obtained from the edaphic
prairie characteristic of the Chicago region.

The period of investigation was during 1910, from May 6 to
October 31 (178 days); during 1911, from May 1 to October 28
(180 days); and during 1912, from May 3 to October 22 (172 days),
the records for the oak-hickory forest and the edaphic prairie
being for the seasons of 1911 and 1912 only. Weekly visits were
made to all stations throughout this period, except to those of the
beech-maple forest, which were visited once in two weeks. A
preliminary report of much of the data obtained during the first
season has already appeared.”

INSTRUMENTS AND METHODS

The instruments employed were mostly the porous cup atmom-
eter devised by LiviNGsTON, although during the first season a
few of the type described by TRANSEAU (3) were also used. The
atmometers were mounted in wide-mouthed bottles, having a
capacity of soo cc., closed with tightly fitting cork stoppers that
were perforated for the atmometer tubes and for bent capillary glass
tubes which served to equalize the atmospheric pressure within
the bottles with that of the exterior air, without causing any loss
by evaporation or permitting rainwater to enter the reservoir.
The bottles were sunk in the soil about two-thirds of their height,
so that the evaporating surface of the instruments was 25—20 cm.
above the surface of the soil. Except where otherwise specified,
the readings were made weekly by filling the bottles from a gradu-
ated burette to a file scratch on the neck. The small area of the
water surface at this point made the probable error in readings less
than o. 5 cc., and this could have had no appreciable effect upon the
results. The instruments were all standardized to the same unit
" before being used, restandardized at intervals of 6-8 weeks during
the season, a revolving table being used for the purpose similar to

* Bot. GAz. 52:193-208. 1911.
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that described by N1cHOLS (4), and a final correction made on their
being collected in the autumn. By the coefficients thus obtained, all
readings were reduced to the standard adopted by LIVINGSTOX (5),
the directions he gives being so closely followed that it is unneces-
sary to detail further the methods used in operating the instruments.
Three or more stations were always maintained in each association,
the mean of the various readings being taken as giving the true
measure of the evaporating power of the air for that association.

In most instances no correction has been made for errors caused
by rainfall, although during showers some water undoubtedly
passes into the porous cup and into the reservoir, because it was
thought that the amount of variation thus produced would be the
same for all stations within so limited an area, and hence the com-
parative relation of results would remain unchanged. This assump-
tion has been largely verified by BRowN (6), using an atmometer
with a rain-correcting valve, and also by the experience of the
writer by maintaining control instruments with the valves. The
record for the prairie association for 1911 was wholly, and that for
the oak-hickory forest for 1912 was partially, made with rain-
correcting atmometers.

In order to-facilitate comparisons between the various stations,
and to exhibit the progress of the evaporation rate during the
entire season, the average water-loss per day between the weekly
readings has been calculated, and the results expressed in graphs,
with ordinates representing the number of cubic centimeters lost
per day by a standard atmometer, the abscissas being the intervals
between the weekly readings. The readings included within each
calendar month are indicated at the top of the diagram. For
convenience of reference, the stations are numbered consecutively,
beginning with those of the association of lowest rank, that is
with those of the cottonwood dune.

PLANT ASSOCIATIONS AND STATIONS

The stations established in the plant associations upon the
sand dunes were all upon an area of dunes lying between the little
village of Miller, Indiana, and the southern shore of Lake Michigan.
The shore at this point is gradually encroaching upon the lake
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because of the material being deposited off shore. This being swept
inward by the waves and wind forms increasing areas of dunes,
at first quite bare, but with forests soon advancing upon them.
-Grasses and shrubs constitute the first vegetation, but in the moist
depressions the seeds of the cottonwood (Populus deltoides) germi-
nate, and some of the seedlings are able to maintain themselves.
A more detailed account of their establishment has been given
elsewhere by the writer (7), and it is sufficient here to note that they
surmount the moving dunes and at a distance of 100-200 meters
from the shore establish the pioneer tree association that may be
designated the cottonwood dune association, or more briefly the
“cottonwood dune.” This persists upon more or less actively
moving sand, forming dunes varying in size up to 20 or even 3o
meters or more in height, until from various causes, among which
the vegetation is the most important, movement is checked and
the dunes become fixed. It is an association of a single tree species
and a paucity of shrubs and herbs, all having strongly xerophytic
structures. Among the prominent species are Salix glaucophylla,
S. syrticola, Prunus pumila, Cornus stolonifera, Calamovilfa longi-
Jolia, Ammophila arenaria, and a very few annual and perennial
herbaceous plants.

In this association, upon dunes that had become almost com-
pletely fixed (fig. 1), four stations were established, each with at
least one atmometer. These stations were about 200 meters from
the lake shore, some 100 meters apart, and about 12 meters above
the level of the waters of Lake Michigan. Three of these stations
were upon comparatively level areas, surrounded by the usual open
stand of cottonwoods and willows (fig. 2). At all stations the
atmometers received a small amount of shade for a few hours
of the day, and on account of the open nature of the association
were little sheltered from the wind, the cups receiving a rather
sharp sand blast during high winds. The differences of exposure
to winds probably caused some of the variations in the records of
the different stations, but affected very slightly the average rate
for the season. Station 4 was upon the leeward slope of a very
slowly advancing dune, and was further sheltered by a good stand
of Cornus stolonifera. It was about 3 meters below the crest of
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the dune upon an eastern exposure. This station was maintained
only during the season of 1g10. A detailed report of the atmom-
eter readings for the four stations during the season of 1910
is shown in fig. 3, where in addition to the evaporation records
the weekly rainfall in centimeters at Chicago during the summer
months is plotted. As it has been possible to establish no direct
relationship between rate evaporation and the occurrence and
amount of precipitation, rainfall data are omitted from the remain-
ing diagrams.

F16. 1.—Sand dunes with Populus deltoides or the cottonwood dune association
still moving slowly over an area with Pinus Banksiana, P. Strobus, etc.; Miller, Ind.

An examination of these graphs will at once show that the rate
of evaporation was high and subject to sudden and considerable
changes. There was no great divergence in the rate at stations 1,
2, and 3, but the rate at station 4 was decidedly lower, showing
the modifying influence of the shrub cover in creating less extreme
conditions, which permit the entrance and establishment of species
of less xerophytic nature, which eventually form the succeeding
association. Thus not only does the nature of the vegetation con-

trol to a great extent the evaporation beneath it, as pointed out
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by GLEAsoN (8) and others, but the evaporation thus controlled
and changed is one of the principal factors in causing the develop-
ment of a different vegetation, or, in other words, the decreased
rate of evaporation caused by the heavier vegetation is the direct
cause of succession between different associations. It seems sur-
prising that GLEAsoN has reached an opposite conclusion from
somewhat similar data.

An average of the records of stations 1, 2, and 3 is plotted for
comparison with similar records from the other associations (fig. 4).

F16. 2—Dune with Populus deltoides and Salix syriicola; station 3; Miller, Ind.

Here it will be seen that the maximum average evaporation for
any week of 1910 was just above 32 cc. per day, and the minimum
only once fell below 12 cc. per day. The average for the entire
season of 178 days was 2r1.1 cc. per day. In 1911 several days in
May, with a temperature above 9o° F., caused a remarkable maxi-
mum of 47 cc. per day in that month (fig. 5), and serves to empha-
size the importance of records extending through several seasons.
The midsummer maximum was 42 cc. per day, the minimum 1.5

5
cc., and the average 24.6 cc. per day. The season of 1912, on the






