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mus, were numerous in midsummer. Zooplank-
ton never represented a significant portion of the
total plankton.
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PRIMARY PRODUCTION AND THE DISAPPEARANCE OF DEAD
VEGETATION ON AN OLD FIELD IN SOUTHEASTERN MICHIGAN

Ricrarp G. WikGerT! AND Francis C. Evans
Department of Zoology, University of Michigan, Ann Arbor, Michigan

INTRODUCTION

In the absence of large-scale importation of or-
ganic debris, all organisms of a community above
the level of the primary producers are ultimately
dependent on the energy supplied by photosyn-
thetic plants. The measurement of the rate of
energy fixation by the vegetation thus provides a
starting point for describing the functional aspects
of an ecosystem, as opposed to a description of its
structural composition. The present paper pre-
sents the results of an investigation of primary
production on an old field in southeastern Michi-
gan.

! Present address: Univ. of Georgia Laboratory of Ra-

diation Ecology, Bldg. 772-G, SR00, Aiken, South Caro-
lina.

Much has been written about the production of
cropland and pasture as it relates to the energy
supplied to man and his domestic animals. For
harvested crops, the production is calculated from
the yield taken from a unit area of land. When
the product of photosynthesis is not harvested by
man, the traditional measure of production has
been the increase in standing crop during the grow-
ing season. In other words, the vegetation has
been treated as though it were a crop, and the
estimate of the “yield” obtained from sampling
the peak standing crop has been equated with the
net primary production on the area.

There are several criticisms of this approach.
First, it ignores the possible growth-stimulating
effects of moderate grazing, with a resultant in-
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crease in the total production. Second, it does not
account for the mortality of green plants before
the peak standing crop is attained (representing
growth not measured by standing-crop determina-
tions), nor does it measure the growth which may
occur during the decline in standing crop after the
peak. And third, it does not take into account the
differences in the time at which different species
attain their peak standing crop.

The first criticism will not be considered further
in this paper, except to note that “grazing” by
aboveground herbivores accounts for relatively
little of the net primary production on the study
area. It does not seem to be important in pre-
venting the attainment of maturity by any of the
vegetation components and therefore probably has
little effect on their growth rates.

The second and third criticisms, however, will
be dealt with in detail. The peak standing crop
and the net primary production of the vegetation
would be identical only where the vegetation was
composed of individuals which stopped growing
at a single instant in time, and where mortality
occurred only during the post-growth period. Such
a situation would normally be encountered only in
the homogeneous stands of cultivated crops or in
the early stages of natural succession on abandoned
cropland. The latter situation commonly involves
dominance by one or a few species of forbs; there
may be little mortality before maturity and little
growth afterwards. The fairly rapid diversifica-
tion of the flora, with consequent differences in
time of maturation of the various species, and the
invasion of perennial grasses with growth and
mortality occurring throughout the growing sea-
son, soon lead to a condition where the peak stand-
ing crop has little relation to the total production
(Odum 1960).

This problem confronts all those who attempt
to measure primary production in any but the sim-
plest natural ecosystems. Even where the diffi-
culty was recognized, lack of better methods has
forced reliance on the procedure that equates net
primary production with the annual change in bio-
mass of the producer organisms, resulting in an
underestimation of the actual net production. The
present study was designed to provide both an
accurate measurement of the net production of
the diverse perennial vegetation of a southeastern
Michigan old field and a method of measurement
adaptable to production studies of similar vegeta-
tion types in other areas. We wish also to discuss
some aspects of succession on the particular field
involved, and to explore some of the problems en-
countered in measuring the disappearance rate of
dead material, since a knowledge of this rate is
essential to our method of estimating production.
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THE AREA STUDIED

This study was conducted on the 15-acre Evans
Old Field, located in the northeast quarter of sec-
tion 19, Putnam Twp., Livingston Co., Michigan,
within the Edwin S. George Reserve of the Uni-
versity of Michigan. The 1,200-acre reserve,
originally farms, has been enclosed by a game
fence since 1928 and allowed to revert to a “natu-
ral” condition, subject only to the disturbances
caused by a herd of whitetail deer maintained
within its boundaries.

The topography, soils, and vegetation of the
field have been described in detail by Evans and
Cain (1952) and Evans and Dahl (1955). ILocal
relief is slight, with gentle contours and several
shallow, poorly drained depressions or swales.
The soil of the upland parts of the field is a gray-
brown podzolic sandy loam of the Fox series. This
soil is porous and, in a well-drained area such as
the Old Field, dries out quickly, especially with
the low precipitation in the latter part of the grow-
ing season.

In the swales, the original soil profile has been
covered by as much as 1 m of alluvial silt. These
surface deposits in the swales retain considerably
more moisture and have a higher organic content
than the sandy soils of the uplands.

Studies of the vegetation of the field made in
1948 (Evans and Cain 1952) and again in 1953
(Evans and Dahl 1955) showed a diverse peren-
nial flora. The swales supported a dense growth
of Kentucky bluegrass (Poa pratensis), inter-
spersed with milkweed (Asclepias syriaca), fox-
tail grass (Setaria glauca), and a sorrel (Rumex
acetosella). The more complex upland areas were
dominated by two species of grass, needlegrass
(Aristida  purpurascens) and Canada bluegrass
(Poa compressa). Witch grass (Leptoloma cog-
natum) and panic grass (Panicum depauperatum)
occurred in patches. The most common forbs in-
cluded: blazing star (Liatris aspera), goldenrods
(Solidago rigida and S. juncea), everlasting (An-
tennaria neglecta), hawkweed (Hieracium longipi-
lum), bush clovers (Lespedeza capitata and L.
virginica), and sorrel (Rumex acetosella). Ex-
tensive patches of mosses and lichens occurred on
the drier sites, often in association with Pani-
cum spp.

There was little change in the species list of the
flora during the 3-year period between the two
studies cited above. Nor has the species complex
changed in any obvious way between 1953 and the
period when the major portion of the field work
reported in this paper was done (1959-60). The
field has remained for over 30 years in the grass-
forb stage of old field succession, but will prob-
ably revert eventually to oak-hickory forest, the
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natural vegetation on similar unplowed sites near-
by. Evidence presented in this paper, however,
shows that although the species presence list has
had considerable stability, the percentage repre-
sentation of grasses versus forbs in the vegetation

biomass has changed quite markedly in the decade
1950-60.

METHODS

Measurement of standing crop

The majority of the data on standing crops re-
ported in this paper were obtained in 1951, 1959,
and 1960. In addition, some data were available
from standing-crop determinations made during
the years 1949, 1952, 1953, 1954, and 1956 by
various persons associated with the Laboratory of
Vertebrate Biology, University of Michigan. In
these latter years, the methods of clipping, han-
dling, and weighing the vegetation were similar
to those employed in the 1951 study. With the
exception of 1949, when a quadrat of 0.5 m® was
used, the quadrat size was 0.25 m? Sampling
was confined to a single date, or period, when the
peak standing crop was expected, and the quad-
rats were placed non-randomly. The number of
quadrats used in calculating the mean peak stand-
ing crop for a year varied from 7 to 20.

In 1951 the standing crop of vegetation on the
upland part of the Old Field was sampled with a
series of clipped quadrats taken at weekly intervals
from the middle of May to the end of September.
Each quadrat was 0.5 meter on a side, and four
quadrats were taken each week for 20 successive
weeks. The standing plant material of each quad-
rat was clipped at the ground surface. After this
had been cleared, the surface was carefully scraped
to collect all fallen debris and undecomposed ma-
terial from previous years. The total product of
each sample was then sorted into two categories:
(a) mulch, which included all gray, weathered
stems and all plant debris that was not yet incor-
porated in the soil as humus; and (b) current
vegetation, which included all green growth and
recently produced dead material that showed no
signs of weathering. The current vegetation was
further sorted by species. Both mulch and cur-
rent vegetation were stored in a dry room for
several months, after which they were weighed on
a pulp balance with a sensitivity of 0.002 g.

During the growing seasons of 1959 and 1960
the standing crop of aboveground vegetation was
sampled at intervals of 15 to 59 days. Because of
the heterogeneity in the distribution of plant bio-
mass on the field, a stratified-random sampling
method was employed. Three classes (sampling
“strata”) of vegetation were recognized: (1) up-
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land grass-dominated, (2) upland bryoid-domi-
nated, and (3) swale. The methods of computing
the area occupied by each class and of locating the
permanent sampling stations, together with pro-
cedure used for determining the optimum quadrat
size, have been described (Wiegert 1962).

At each permanent sampling location a square
5 m on a side was laid out, with the permanent
stake as its northwest corner. Each of the square-
meter areas in this permanent plot was given a
number, proceeding from west to east, and from
north to south. Before each set of samples was
taken, one of these numbered square-meter areas
was selected randomly for each permanent station
and the clip quadrats for a day’s sampling might
proceed : station 1, square 14; station 2, square 5,
etc. A given location was used only once.

The quadrat frames were laid flat on the ground
and all vegetation, both living and dead, was
clipped and placed in plastic bags, along with all
litter that could be scraped up. This material was
later sorted into three categories: (1) green grass,
(2) green forbs, and (3) dead material. Dead
parts of single plants or leaves were separated
from the living parts. The material was subse-
quently dried at 100° C for 36-48 hours, and
weighed on a balance sensitive to 0.01 g.

Nested quadrats (the largest 0.25 m? in area)
were used for taking the first set of samples in
1959 (May 18). An analysis of these data (Wie-
gert 1962) gave the optimum quadrat sizes for
sampling grasses (0.05 m?) and forbs (0.20 m?).
The estimates of standing crops of grasses were of
major interest, so all subsequent sampling in 1959
was done with a square quadrat of area 0.05 m?%.
In 1960 the sampling methods were improved
slightly by the use of a circular quadrat to reduce
bias caused by edge effect. In addition, two quad-
rat sizes were used. Grasses were sampled with a
quadrat of 0.05 m? and forbs were sampled with
one of 0.20 m2. The two quadrats were laid down
together, the smaller centered within the larger.
After all vegetation had been removed from the
inside of the smaller quadrat, the living forbs only
were clipped from the remaining area enclosed
within the larger quadrat. A mean and variance
were calculated for each plant-material category
(grass, forbs, dead) and for each vegetation class
(upland-grass, upland-bryoid, and swale).

On May 18, 1959, the first sampling date of
the season, the relative areas of the vegetation
classes were: upland-grass 0.665, upland bryoid
0.299, and swale 0.036. Thirty samples were
taken, allocated as follows: upland-grass, 16; up-
land-bryoid, 8; swale, 6. All subsequent collec-
tions in 1959 were made with 50 samples in each
set, with the following apportionment: upland-
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grass, 28; upland-bryoid, 14; swale, 8. The 1959
data indicated that revision of the station alloca-
tions would increase the accuracy of the mean
estimate. Accordingly, the 1960 allocation of the
50 permanent stations was modified to: upland-
grass, 36; upland-bryoid, 6; swale, 8.

The upland-grass and upland-bryoid classes to-
gether constitute the “upland types” and the swale
class comprises the “depression types” of Evans
and Dahl (1955). Although the swales occupy
only a small part of the field, they are sharply
differentiated, both floristically and physiographi-
cally, from the upland areas (Evans and Dahl
1955). The upland-grass and upland-bryoid
classes differ primarily in the higher biomass of
both green and dead vegetation found on the
former.

In presenting the data a simple mean and vari-
ance for the swale class were calculated on the
basis of the eight random samples. The means and
variances from the upland-gragss and upland-bryoid
classes were combined to give a weighted mean
standing crop plus an error term for the entire
upland area of the field (Cochran, W. G., in Sne-
decor 1956, p. 511).

The standing crop of roots was measured on
October 18, 1960, and again on May 20, 1961.
On each of these dates 10 stations were randomly
selected in the upland-grass area, three each in the
upland-bryoid and swale classes. At each sam-
pling point a circular quadrat 0.05 m? in area was
placed on the ground and all standing vegetation
plus dead material was removed. The soil from
the area inside the quadrat was then removed to a
depth of approximately 25 ¢cm and placed in a
paper bag. The roots were later washed free of
all soil, dried at 100° C for 48 hours, and weighed.
The separation technique included an initial wash
on fine window screen, combined with subsequent
flotation of the dried material to rid it of larger
stones and gravel. In this way loss of small root-
lets was avoided. The calculation of mean and
error terms followed the procedure outlined for
the aboveground plant parts.

Disappearance rate of dead material

The rate at which dead material disappears from
the field was estimated in two different ways. The
first of these is referred to in this paper as the
“paired-plots method.” If the dead material is
removed from a given area of a field and weighed
(W,) at a time £, and if the dead material from
a second area identical in size to the first is re-
moved and weighed (J#)) at time #, the instan-
taneous rate of disappearance of dead material
from these plots can be calculated as:
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where » — disappearance rate in g:g:day and

(t1 — t,) is in days.

Equation (1) requires that certain assumptions
be met. First, the rates of disappearance from the
two quadrats must be equal. Second, the biomass
and the species composition of the dead material
on the two quadrats must be identical. And, third,
no additional material can be added to the dead
material of the second quadrat during the interval
h— .

The following procedure was designed to mini-
mize the error resulting from these assumptions.
An area on the field, approximately 2 m on a side,
was selected at random. Within this area two
square quadrats, each 0.05 m? in area, were arbi-
trarily located so that they shared one border and
so that the amounts and species composition of the
dead material in each were approximately the
same. The living vegetation on each of the quad-
rats was removed by selective clipping. Next, one
of the quadrats was selected at random and the
dead material removed from it, dried, and weighed.
After an interval the sampling area was revisited,
the new growth in the second quadrat carefully
removed, and the remaining dead material taken
up, dried, and weighed.

The contiguous placement of the quadrats mini-
mized the error due to possible differences in rate
of disappearance between points on the field. Tt
also made easier the task of enclosing areas ap-
proximately equal with respect to density and
species composition of the dead material. This
identity was, of course, not complete, and the
error is unknown. But by setting up several of
these “paired plots” and always selecting the first
quadrat to be clipped by some random method,
bias was avoided. The time interval between
sampling periods was selected to avoid addition to
the dead material from the mortality of new
growth.

In 1959 paired plots were set up at six randomly
chosen localities on the Old Field, five in the up-
land area and one in the swale area. The rate of
disappearance was measured over the 55-day in-
terval from July 14 to September 7. In 1960 a
series of determinations was made over the entire
growing season, and the number of paired plots
was increased. Rates of disappearance were
measured during the following periods: May 2-
June 21 (50 days) ; June 21-August 12 (52 days) ;
August 12-October 1 (50 days) ; and October 1-
January 14 (105 days). At the beginning of each
period paired plots were set up on 10 localities
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randomly selected within the upland area and on
two localities randomly chosen from the swale area.

The rate of disappearance of dead material dur-
ing the winter of 1959-60 was calculated differ-
ently. We assumed that all the green material
present on the Old Field on November 21, 1959,
died during the winter and that there was no
growth and subsequent mortality during this time.
An instantaneous rate of disappearance was then
calculated from the difference between total vege-
tation per square meter on November 21, 1959,
and dead material remaining per square meter on
April 16, 1960, an interval of 147 days.

The second method used to measure disappear-
ance rate of dead material was a variation of the
standard litterbag technique. On May 18, 1960,
plastic-screen mesh bags containing dead vegeta-
tion were placed on the ground at five localities
chosen at random within the upland areas. Each
9- by 9-inch bag contained 10.0 g of dead material
from one of four species of plants: Poa compressa,
Aristida  purpurascens, Lespedesza capitata, or
Solidago rigida. At each locality 16 bags were
used, four for each of the four species. The site
was prepared by removing all vegetation, dead
material, and humus. The bags were then placed
next to each other on the exposed soil. A cover-
ing of chicken wire prevented displacement by
wind or animal. The dead material used in the
experiment was collected from the Old Field in
the fall of 1959. It was unweathered and contained
all aboveground parts of the representative plants.

At each location, one sample of each of the four
species was picked up on the following dates: July
18, 1960; September 18, 1960; November 18,
1960; and May 20, 1961. These samples were
cleaned of sand and of new growth that had pushed
through the meshes of the bag. They were then
dried at 100° C for 48 hours and weighed. In
calculating the instantaneous rates of disappear-
ance during a period, the rate was assumed to be
the same for all four bags of a given species at the
same location. Thus, the weights of the samples
picked up on July 18, 1959, were used as the start-
ing weights for the period July 18-September 18,
etc.

Caloric determinations

All caloric values were determined from plant
material collected from the Old Field. This ma-
terial was dried for 48 hours at 100° C, ground
in a hand-operated coffee mill, reduced to powder
with a mortar and pestle, formed into pellets, and
stored for several days in a desiccator over a dry-
ing agent, " The caloric content was measured with
the bomb calorimeter and procedure described by
Richman (1958). A Parr calorimeter thermome-
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ter was used in place of the Beckman thermometer
employed by Richman.

REsuLTs AND DiscussioN

Standing crop of aboveground vegetation

At the time the reserve was established (1928),
the Old Field had been used as a pasture for a
number of years, Succession has been extremely
slow. The reasons for this are not fully known,
but the poor quality of the soil plus the grazing
by whitetail deer are probably important factors.
There has been little intrusion of woody plants into
the field and at the present time the overall aspect
is still that of a grass-dominated area. In the
period 1948-60 no significant changes in the spe-
cies composition were observed. During these 12
years, however, a gradual change has occurred in
the relative proportion of grasses in the standing
Crops.

Standing-crop measurements were compiled for
the 12-year period. The values shown in Fig. 1
represent the grams per square meter of green
vegetation plus dead material formed during the
growing season of the given year; the magnitudes
of the bars represent the means of all quadrats
clipped during the period July 11-September 19.
The sampling procedure varied from year to year
and in some cases was not strictly random. Fur-
thermore, because sampling was confined to the
upland areas, the values are not representative of
the field as a whole. Finally, the values given in
Fig. 1 are based on air-dry weights. Because the
data for 1959-60 were obtained from ovendry ma-
terial and were based on samples of the total dead
material on the field instead of the “current year”
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dead matter, they have been corrected for inclu-
sion in the graph by assuming that one-half of the
total organic matter on the field consisted of green
material plus dead material from the current grow-
ing season; 10% of the ovendry weights has been
added to correct to air-dry weight.

Despite the limitations of these data, they show
clearly that the total standing crop during late
summer has remained relatively constant from
year to year. The extremes are noted in 1949
and 1951 (165.0 g/m? vs. 237.9 g/m?). There is
no obvious trend with time in the changes in stand-
ing crop. The relative representation of grasses
in the total standing crop has, however, changed
considerably. In the early years grasses were a
major component, accounting for more than 80%
of the total standing crop. By 1960 the percentage
had decreased to less than 50%. This increase in
forb biomass has not been accompanied by any
great change in the species involved.

There was also a difference in the seasonal dis-
tribution of grass-versus-forb biomass between the
years 1951 and 1960. In 1951 the percentage of
grasses in the total standing crop remained be-
tween 90 and 100 throughout the growing season.
In 1960, however, the standing crop in mid-April
contained slightly more than 70% grass, decreas-
ing to less than 50% in midsummer and to less
than 30% by late fall. The increase in importance
of forb species on the field has emphasized their
slower rate of growth and later maturity date, as
compared to the grass species.

The data presented thus far indicate that the
succession on the field is proceeding slowly in the
direction of dominance by species of perennial
forbs. It appears, however, that the upland area
of the field has achieved a considerable degree of
stability with respect to the total biomass of vege-
tation per unit area. Judged solely on the basis
of data from 1959 and 1960 the situation is prob-
ably similar on the swales. These indications of
stability in the Old Field vegetation become more
marked when the standing crop and production
data from 1959 and 1960 are considered.

The most obvious division of the vegetation of
the Old Field is that of upland areas versus the
swales (Table I). These two areas are separated
by physiographic factors as well as by species
differences. Equally as striking are the differences
in magnitude and seasonal distribution of the bio-
mass of their various plant components. Although
the field was divided into three classes for purposes
of increasing the sampling efficiency, there was
little vegetational difference between the upland-
grass and the upland-bryoid classes except in the
magnitude of the standing crop. The data from
the upland and bryoid classes have therefore been
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TasLe I. Standing crops of green grass, green forbs,
total green vegetation, and dead material on Evans Old
Field, 1959 and 1960—expressed in grams per square
meter ovendry weightl

Upland Swale
Date Grass | Forbs | Total | Dead | Grass | Forbs | Total | Dead
1959
5/18........ 12 16 28 149 82 8 90 264
6/3......... 26 37 63 138 105 26 131 230
6/18........ 37 43 80 150 130 54 184 285
/4 oL 40 55 95 178 99 32 131 366
723........ 45 50 95 180 135 94 229 510
8/5........ 45 70 115 174 143 25 168 376
8/22........1 56 58 114 172 168 42 210 411
9/7..... ... 49 72 121 187 115 31 146 398
9/23........ 50 60 110 148 176 14 190 369
131/21........ 5 10 15 203 86 13 99 456
1960
4/16. ...... 4 2 6 179 29 1 30 417
5/16........ 11 13 24 168 61 2 63 357
6/4 ........ 26 37 63 158 131 18 149 281
6/27. ..... 48 63 111 143 169 28 197 294
T8 ... 62 66 128 178 157 41 198 475
8/8 ....... 53 80 133 170 155 62 217 469
9/8......... 50 77 127 1¢0 139 39 178 417
10/18........ 3 9 12 256 35 1 36 604

1Al values given to the nearest gram,

combined and the name “upland” given to the
resulting area of the field (Table I).

Seasonal changes in the biomass of the various
components of the vegetation present some in-

teresting differences (Table I, Fig. 2). The
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changes in standing crop, were remarkably similar
in 1959 and 1960, and the following remarks apply
equally to the two years. The standing crop of
dead material varies little throughout the year.
There is a rise in late fall, corresponding to the
maturation and death of remaining green plant
material with the advent of frosts. The lowest
point occurred in late May and early June. There
was somewhat more than twice as much dead
material per square meter in the swales as on the
upland area.

The highest biomass of green grass was found
on the swale, where values exceeding 100 g/m?
occurred over most of the growing season. The
seasonal fluctuation (in per cent) of the standing
crop of green grass on the swales was less than
that of the grass on the upland and also lower
than that of the forbs on either upland or swale.
This uniformity was most pronounced in 1959,
where the seasonal fluctuation in the standing
crop of swale biomass approximated that of dead
material. Swale grass showed a greater decrease
in the autumn of 1960 than in the autumn of 1959,
but even so, more than 30 g/m? were present on
October 18, 1960.

In contrast to the high biomass of green grass
on the swales, swale forbs usually showed a lower
biomass per square meter than either the grass or
forb categories of the upland areas. The latter
two categories were quite similar with respect to
magnitude and seasonal distribution of the stand-
ing crop; grasses were slightly higher early and
lower than forbs later in the season. All three
(swale grass, upland forbs, and upland grass)
showed about the same amplitude in the seasonal
change in standing crop, and all three were main-
tained at very low levels during the winter. So
far as standing crops are concerned, the swales
differ from the upland areas chiefly in the higher
total biomass of dead material and green grass on
the former, plus a lesser amplitude in the per-
centage change occurring during the growing sea-
son in the standing crop of green grass on the
swales.

Ninety-five per cent confidence limits of the
mean were calculated for all the values given in
Table I. These were expressed as percentages of
the mean standing crop and are summarized in
Table IT as a range and average value for each
vegetation category, from each area of the field,
in each year. The values for total green material
will be referred to in a later section of this paper.
The data for dead material were the least variable;
those for forbs were the most variable. The in-
crease in quadrat size for sampling forbs from
0.05 m? in 1959 to 0.20 m? in 1960 resulted in a
considerable decrease in the variance for the up-
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TasLE II. Range of 95% confidence limits of the means
of standing crops for all four vegetation categories on
the upland and swale areas of the Evans Old Field,
1959-60 [All values as percentage of mean standing
crop; average values for the season in parentheses]

Upland Swale
Vegetation

category 1959 1960 1959 1960

Total green 30.1-16.4 33.3-14.9 73.7-8.7 49.7-18.1
(23.0) (19.3) (27.1) (28.6)

Grass 34.6-16.8 42.4-16.7 41.5-20.9 | 52.4-21.5
(22.1) (22.0) (29.7) (32.2)

Forbs 49.4-30.1 46.0-19.7 | 137.2-70.4 | 141.7-52.3
(38.3) (27.5) (97.6) (97.8)

Dead 19.8-12.9 19.6-12.3 36.1-11.1 27.3-7.8
(16.2) (16.4) (17.8) (16.7)

land samples. The wide confidence limits of the
mean for the swale forbs (often exceeding 100%)
were the least acceptable, reflecting both the highly
clumped distribution of a few large plants (espe-
cially of milkweed, Asclepias syricaca) and the
small number of samples (eight) apportioned to
this class.

Standing crop of roots
On October 18, 1960, the mean standing crop
of roots was 685 g/m? on the upland area of the
field and 1,018 g/m? in the swales (Table III).

TaeLe III. Standing crop of roots (grams per square
meter) on upland and swale areas of Evans Old Field
and 95% confidence limits of mean—1960-61

Upland Swale
959%, limits 95%, limits
Date Mean of mean Mean of mean
10/18/60 685 137 1018 407
5/20/61 542 88 660 685

By May 20, 1961, the biomass of roots had de-
creased to 542 g/m? in the upland and 660 g/m?
in the swales. The 95% confidence limits of these
mean estimates were close to 20% for the upland
data, but they were much higher (40 to 104%)
for the swale data because of the small number of
samples taken. These values for root biomass are
undoubtedly underestimates. Forbs such as Lia-
tris possess a deeply penetrating taproot (Weaver
1958a) and their root systems are not adequately
sampled by 25-cm deep cores. Soil pits dug on
the field in the early years of the present study,
however, showed that almost all of the shallow,
branching roots, particularly of the grasses, were
restricted to the soil above the old plow line, which
averages less than 25 cm in depth (Evans and
Dahl 1955). Values given by Weaver (1958b)
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Fic. 3. Standing crops of Canada bluegrass (Poa

compressa), needlegrass (Aristida purpurascens), and all
other vegetation on Evans Old Field during 1951. Values
represent ovendry weights of green material plus dead
material produced during 1951.

indicate that even for the large prairie grasses,
from 55% to 79% of the roots occur in the top 6
inches (15 cm). The smaller bluegrasses (Poa
compressa and Poa pratensis) have even shallower
root systems. It is probable that the root biomass
values for the species sampled are not more than
50% in error.

Peak standing crops

In a heterogeneous area such as the Old Field,
the peak standing crops of all species do not occur
simultaneously. The samples collected on the up-
land in 1951 were separated by species and the
data nicely illustrate the error that could arise
in the estimation of production from standing crop
alone (Fig. 3).

Because the two grasses, Poa compressa and
Aristida purpurascens, accounted for almost 90%
of the biomass, the remaining species of plants
have been lumped into an “other” category. Fig.
3 shows that Poa compressa increased in biomass
more rapidly than Aristide and reached a peak on
July 18. The peak standing crops of Aristida
and the “other” vegetation occurred on August
23; on this date the peak in total standing vegeta-
tion also was reached. By the increment method,
assuming zero standing crop at the beginning of
the growing season, the total production would be
estimated as 270 g/m2 The summation of the
peak standing crops by species, however, gives a
value in excess of 340 g/m?. Thus, even when the
possibility of mortality and growth between sam-
pling periods is ignored, the production estimate is
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TasLe IV. Disappearance rate of dead material meas-
ured with the paired-plots method, Evans Old Field,
1959-60

Upland Swale
No. of pairs | Instantaneous | No. of pairs | Instantaneous
Interval Days | of plots |rate (mg/g per | of plots |rate (mg/g per
day) day)
1959
7/14 9/7 55 5 8.4 1 12 .1
1959-60
11/21-4/16 | 147 * 1.3 — —
1960
5/2-6/21 50 10 8.1 2 13.6
6/21-8/12 52 10 7.9 1 9.3
8/12-10/1 50 10 6.0 2 12.9
1960-61
10/1-1/14 105 10 4.4 1 1.8

*No paired plots. Value caleulated from standing crops of dead material on the
wo dates.

increased 22% by considering the peak standing
crops of each species separately, as opposed to a
value for the peak standing crop of the vegetatlon
as a whole.

The disappearance of dead material

Rates of disappearance of dead material on the
Old Field were determined by the paired-plots
method for different times of the year (Table I'V).
The instantaneous rate on the upland area varied
from 8.4 mg/g per day to 1.3 mg/g per day. The
rate was highest during the early part of the grow-
ing season, decreased as the season progressed, and
was lowest during the winter. The rate on the
swales varied from 13.6 mg/g per day to 1.8 mg/g
per day, and with the exception of the period
August 12-October 1, 1960, the change in rate with
season was the same as on the upland area. The
value obtained from the pilot experiment of 1959
was similar to the rates measured in the com-
parable period of 1960 (Table IV). The rate for
the winter of 1953-60 was not measured by the
paired-plots method but was computed from the
decreases in the total standing crop of dead mate-
rial (see Methods section).

Although the rates measured on the swale areas
varied over a wider range than did those measured
on the upland area, and the number of plots on the
swales was low, the results in Table IV indicate
that the rate of disappearance on the swales was
greater than that on the upland. This condition
is to be expected because of the more moist condi-
tions prevalent in the swales.

The second method of measuring the disappear-
ance rate of dead material, that of using mesh bags,
was designed to answer two questions that cannot
be evaluated using the paired-plots method: (1)
does the rate of disappearance vary with position
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TaBLE V. Instantaneous rates of disappearance, by spe-
cies, of dead material from mesh bags on Evans Old
Field, 1960-61—all values in mg/g per day

P.com- | A. pur- S. L.
Interval pressa | purascens| rigida capitata
5/18- 7/18..... 4.1 1.0 4.6 0.2
7/18- 9/18.. ... 2.0 2.7 3.6 1.5
9/18-11/18. . ... 1.6 2.0 2.0 1.1
11/18- 5/20.. ... 0.4 0.1 0.3 0.3
TasLE VI. Instantaneous rates of disappearance, by sta-

tion, of dead material from mesh bags on Evans Old
Field, 1960-61—all values in mg/g per day

Rates calculated
from sum of all
station weights

Station

Interval 1 2 3 4 5

5/18-7/18 | 2.0 | 2.7 1 2.6 | 2.4 | 1.7 2.4
7/189/18 | 3.2 | 1.1 |1 2.0 |25 | 2.7 2.3
9/18-11/18/ 1.0 | 2.0 | 1.6 | 1.9 | 2.1 1.7
11/18-5/20 | 0.3 | 0.3 | 0.3 | 0.1 | 0.3 0.3

on the upland, and (2) does the rate of disappear-
ance differ with species? Variance in the rate of
disappearance with time of year was also tested.
The relevant data are given in Tables V and VI
The null hypotheses tested were:

H,1. The species rates of disappearance do not
differ with species.

H,2. The species rates of disappearance do not
differ with time of year.

H,3. The station rates of disappearance do not
differ with stations.

He4. The station rates of disappearance do not
differ with time of year.

The data of Table V were used to test null hy-
potheses (1) and (2) ; the data of Table VI were
used for (3) and (4). In all four cases the non-
parametric Friedman two-way analysis of variance
was employed (Siegel 1956).

The following probabilities were obtained :

H,1. 0.16 > p > 0.14
H,2. p = 0.09
H,3. 0.95 > p > 0.90
H4. 0.01 > p >0.001

Null hypothesis (3) is accepted with a high
level of confidence, and H,(4) is rejected at a
high significance level. Thus, we conclude that
rates of disappearance did not differ between sta-
tions, but that they did differ with time of year.
These two results were expected on the basis of
a similarity between different parts of the upland
area of the field (no difference in disappearance
rate between stations), and on the basis of a cli-
mate with marked seasonal fluctuations in tem-
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perature and rainfall (station disappearance rates
differ with time of year). Null hypotheses (1)
and .(2) have associated probabilities in a border-
line zone 0.05 < p < 0.20 which precludes un-
qualified acceptance or rejection. Null hypothesis
(1) approaches the level of acceptance and one
feels intuitively that Ho(2) should be rejected
because of the highly significant difference of sta-
tion rates with time of year. The reason for the
weakness of the conclusions from the statistical
tests is apparent from Table V. Except for the
low initial rates of disappearance for Aristida and
Lespedeza, the species do not seem to differ greatly
in rate of disappearance, and their rates decrease
consistently with time of year, essentially like the
station rates. These low initial rates of disappear-
ance for Aristida and Lespedeza indicate a differ-
ence in the speed with which they begin to decom-
pose, as compared with the other two species.
This in turn implies that the change in disappear-
ance rate with time of year might be complicated
by a concurrent change in rate with time as meas-
ured from the start of the experiment.

Because the disappearance rates of material in
mesh bags did not differ with station, the weights
of all stations were summed for each sampling
date, and instantaneous rates computed from these
totals (Table VI). These rates are substan‘ially
lower than those obtained with weathered dead
material in place on the field (Table IV). Even
after 6 months of previous exposure to the weather,
the rate measured with litterbags (0.3 mg/g per
day beween 11/19-5/20, 1960-61) was less than
one-fourth of the 1.3 mg/g per day obtained from
standing-crop data on the Old Field during the
period 11/21-4/16, 1959-60.

Low rates were expected for the litterbag
studies. First, a cohort of unweathered material
would be unlikely to disappear at as great a rate
as the naturally stratified dead layer on the field.
Secondly, the litterbags greatly restrict the entry
of larger invertebrates, scavengers, and decom-
posers that could be important consumers. Finally,
by removing the vegetation to expose the soil sur-
face we may have decreased the suitability of the
microenvironment as a habitat for decomposer
organisms.

Even the paired-plots method results in some
disturbance of the system. Removal of the living
vegetation on the decay plots could have altered
the microclimate of the plot in the direction of
lower relative humidity, increased solar radiation
falling on the soil surface, a greater air movement,
and a changed soil moisture.

Since these changes would result in a hotter,
drier environment for the scavenger and decom-
poser populations, a reasonable assumption is that
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the decomposition rate would be lowered. Thus,
to the extent that the above alterations in the
microenvironment are produced, the values ob-
tained from the paired-plots method underestimate
the true disappearance rate.

On the upland part of the Old Field green
vegetation is sparse and the larger forbs are widely
scattered. They neither shade the ground nor
impede air movement at the soil surface. Thus,
the removal of the green vegetation hardly alters
the appearance of the small plot, and discrepancies
due to microenvironment changes appear negli-
gible. A greater change could be expected on the
swales, where removal of the heavier grass cover
exposes the dead material more than that on ad-
jacent, undisturbed areas. Comparison of plots
artificially covered with cloth or plastic with un-
covered controls would prove interesting.

Although continued testing may uncover further
limitations of the method, the rates of disappear-
ance measured with paired-plots appear to ap-
proximate the natural condition better than do
rates of disappearance measured with litterbags.
In all subsequent computations in this paper, rates
derived from the values of Table IV are used.

Caloric values of the vegetation

The values of all caloric determinations, the
mean for each vegetation category, and the stand-
ard deviations are given in Table VII. The over-

TasLe VII. Caloric values (Gcal/gm) of vegetation—
Evans Old Field
Green | Green
Date grass | forbs | Dead | Roots
4/16/60................ 4,486 | 4,178 | 4,257 —
TIABO. .. 4,344 | — — -
8/8/59.............. ... 4,343 | 4,500 — —
10/18/60................ — — — | 4,521
10/18/60................ — — — 4,404
10/18/60. . ..o oo ... —_ — — | 4,257
11/21/59 . oo 4,364 | 4,267 | — —
Mean............c...... 4,384 | 4,315 | 4,257 | 4,394
Standard deviation....... 79 156 — 122

all range in caloric value for grasses differed little
from that for forbs. Because there seemed to be
no seasonal changes in the caloric value of either
grasses or forbs, only a single determination was
made on dead material. That value was found to
be within the range exhibited by green forbs. The
values in Table VII fall within the range for the
caloric value of old field vegetation published by
Golley (1961). In all subsequent calculations of
the production of aboveground vegetation, one
gram (dry weight) of production is assumed to
contain 4,350 calories (mean of green grass and
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green forbs, Table VII), One gram of root bio-
mass is assumed to contain 4,394 calories.

Growth of aboveground vegetation
(shoot growth)

Change in the standing crop of green material
during a given time interval comes as a result of
two processes, growth and mortality. In terms
of biomass of vegetation, the change in the stand-
ing crop is equal to growth minus mortality. Total
growth in any interval is therefore equal to the
sum of the change in the standing crop plus the
mortality.

It is not possible to measure mortality directly,
but the change in the standing crop of dead mate-
rial during an interval is equal to the difference
between the material added (mortality) and the
material disappearing. Mortality is therefore equal
to the sum of the amount disappearing plus the
change in standing crop of dead material.

For a given interval a knowledge of the values
of six different parameters will suffice to deter-
mine the growth of the aboveground vegetation
exclusive of that consumed by herbivores. Stand-
ing crop data are expressed in grams per square
meter ; instantaneous rates in milligrams per gram
per day.

Let:

t; = a time interval (in days)

a;—1 = standing crop dead material at start
a; = standing crop dead material at end
by—; = standing crop green material at start
by = standing crop green material at end
r; = instantaneous daily rate of disappearance

of dead material during interval

Let #; — amount of dead material disappearing
during an interval:

X; — (ai—{—ai_l)/Z'nti (2)

The changes in standing crops of green and dead
materials, respectively are:

Abi: bfi— bi—l (3)
and
Aoy —=a;—ai—; 4)

Since Ag; is the change in dead standing crop
during the interval, (#;+ Ag;) is the amount of
material added to the dead standing crop during
the interval, i.e., the mortality of green material
(symbolized here by d;).

di'—"xi-i'Aat (5)

Equation (5) must be = 0; negative values in-
dicate an error in one or more of the measured
parameters.
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The growth during a given interval (#) is then
given by:

yi = Ab4 + di

where y; is measured in grams per unit area.

Equations (2) through (6) were used to
calculate the disappearance, mortality, and growth
of the vegetation during each sampling interval
in 1959 and 1960 (Table VIII). The instanta-
neous rates of disappearance of dead material for
the given intervals were calculated by appropriate
weighting of the values in Table IV,

Because the sampling program did not extend
over two calendar years, the 1960 data were used
to estimate growth in the spring of 1959, and 1959
values were used to estimate late fall production
in 1960. These estimated values are indicated
by appropriate superscripts in Table VIII. In
two instances in 1959 negative values for equation
(5) were obtained and so the computations were
made as of the mean values between sampling in-

(6)

TasLe VIII.
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tervals. These latter dates and computed values
are in parentheses in Table VIII.

Considerable green material is present on the
swales throughout the winter months and some
growth probably occurs during this time. Presum-
ably this growth is a minor factor because of the
subfreezing temperatures. Nevertheless, the values
for swale net production given in Table VIII must
be regarded as minimum estimates.

All three of the parameters—disappearance,
mortality, and growth—vary in magnitude with
time of year. Differences are also apparent between
upland versus swale. But there is little difference
between the two years, 1959 and 1960. The sum
of the growth column for the swale in 1959 (943
g/m?) is approximately three times the growth on
the upland in 1959. The 1,064 g/m? produced on
the swale in 1960 is similar to the swale value for
1959 and is also approximately three times the
growth made on the upland in 1960.

One of the major criticisms of the practice of

Disappearance, mortality, and growth (exclusive of herbivore consumption) of aboveground vegetation

on Evans Old Field 1959-60 (Calculations based on means of two consecutive sampling dates are enclosed in pa-

renthesis. Question marks indicate periods for which data were lacking. Vegetation data in grams per square
meter.)
Upland Swale
Date Interval | Disappearance | Mortality | Growth | Disappearance | Mortality | Growth
b z d; yi z; d; Yi
1959
471, . — — — — — — —
4/16. ... 15 2.3 0.0 5.7° ? ? ?
B/18. . 32 45.2¢ 33.9¢ 53.5¢ 168 .4¢ 104.7 140.5¢
B/, 16 19.1 8.2 43.4 53.7 19.4 60.5
6/18. .\ 15 17.5 29.6 45.8 52.5 107.7 160.1
16 20.8 48.8 64.4 52.6 133.4 80.2
17 24.0 25.3 25.0
7 (63.9) (141.2) (209.3)
8 21.0 15.8 35.5
17 20.0 17.6 17.3 (114.6) (83.1) (94.4)
16 83.6 96.8 33.0
8 (16.3) 12.0) | @13.4)
8 79.2 50.4 94.8
59 67.0 (102.0) 1.3 75.5 162.1 70.3
131 21.7 15.0 0.0 ? ? ?
365 305.3 943.1
15 2.3 0.0 5.7 ? ? ?
30 42.2 31.9 50.2 157.8 98.2 131.6
19 25.1 14.7 53.7 82.4 6.0 91.9
23 28.1 13.5 61.3 85.8 98.8 147.5
21 26.7 61.7 79.1 75.1 256.5 256.0
21 28.9 20.5 25.1 92.1 85.1 104.0
31 32.2 22.3 16.6 170.0 118.6 79.3
40 47.1 139.7 27.6 167 .4 354.8 213.3
34 34.00 12.0 0.7 43.52 ? 40.5
131 30.0° 0.0 0.0 ? ? ?
365 320.0 1,064.1

aEstimated from 1959 data
bEstimated from winter disappearance rate.
cEstimated from 1960 data.
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equating total annual growth with the annual
change in producer biomass is that mortality oc-
curring during the sampling interval will not be
measured. Thus, we find that the annual growth
estimates in Table VIII are greater than the peak
standing crops given in Table I. On the upland
the ratios of annual growth to peak standing crop
of green material are 2.5 to 1 (1959) and 2.4 to 1
(1960). Those on the swale are 4.5 to 1 (1959)
and 4.9 to 1 (1960). Thus, on the upland, true
growth is some 2.5 times apparent growth, and on
the swales it is almost five times apparent growth.
Because grass is more or less constantly growing
and dying throughout the season, the error intro-
duced by equating annual growth with peak stand-
ing crop would have been greatest on the swales,
where grass predominates in the green standing
crop.

Ovington, Heitkamp, and Lawrence (1963) re-
ported on the annual growth of prairie vegetation
in central Minnesota. They regarded their pub-
lished figures as underestimates, because they
were based simply on the annual change in bio-
mass of the producer organisms. Peak green
standing crop on the prairie was 96 g/m? com-
pared to 133 g/m? for the upland part of the Old
Field in 1960. Peak standing crops of roots and
stems were : prairie, 670 g/m?; upland Old Field
1960, 685 g/m2 Ovington et al. estimated that
the Minnesota prairie produced 93 g of plant bio-
mass per square meter, compared to the 320 g/m?
produced on the Old Field studied by us. The
two areas may not be directly comparable. Yet
both the growth form and standing crops of the
vegetative components are similar enough that the
great difference in annual growth is probably not
real. If corrected for the mortality missed between
sampling periods, and for the possible differences
in the times at which the different species attain
their peak standing crops, the Minnesota prairie
might have shown an annual growth of some 200-
300 g/m?.

Some important differences between the seasonal
rates of growth, mortality, and disappearance on
the Old Field are best shown graphically (Fig. 4).
The majority of growth in the swales occurred
during June and July, with a second smaller peak
in late September-early October. The latter peak
was probably related to the production of fall
shoots by the grasses. This fall peak is absent
from the growth histogram of the upland area but
otherwise the seasonal distribution of production
on the upland is similar to that of the swales. The
rate of mortality on both upland and swale was
highest in the latter part of the season, with the
exception of a peak of short duration in late June-
early July. The rate of disappearance varied the
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Fic. 4. Rates of growth and mortality of green vege-

tation and disappearance rate of dead material on Evans

Old Field, 1960. Dotted lines with question marks indi-
cate rates greater than zero throughout the year.

least of any parameter. Dead material disappeared
at relatively high rates during the warm months
and continued to disappear, but at a reduced rate,
through the winter on the upland areas, and pre-
sumably also on the swales.

If information on the seasonal distribution of
production is not needed, the net annual shoot
growth (exclusive of herbivore consumption) can
be estimated from data on only the standing crop
of dead material and its rate of disappearance. If
equation 6 is expanded and summed over any
number of intervals, terms cancel and :

Sy = (ba — bo) + (an—a0) + 32 (7)
fom] f=1

In relatively stable ecosystems (b, — b,) and
(an — ao) approximate zero and can be disre-
garded in calculating the net annual growth of
vegetation. The latter is therefore equal to the
amount of dead material disappearing per year.
Because the standing crop of dead material fluc-
tuates little during the year (Table I, Fig. 2), a
few samples of dead material taken over the year
should thus suffice to- determine a mean standing
crop of dead material. This value, multiplied by
the annual instantaneous rate of disappearance for
the year, gives the total of dead material disappear-
ing per year.

For example, the mean standing crop of dead
material over 1 year is computed as the mean
standing crop over each interval, weighted for the
relative length of the interval. The annual instan-
taneous disappearance rate is the sum of the daily
rates for each interval, multiplied by the days in
the interval. Thus, using the identities given
earlier:
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Mean annual standing crop of dead
—_ "Z(ai—1 +a) &

terial . 8
materia - 5 5 365 (8)
Annual instantaneous rate of
disappearance = X (7;*t;) (9
i=1

The mean annual standing crop of dead material
(eq. 8) was calculated for the upland portion of
the Old Field in 1960 from the values in Table I.
The annual instantaneous rate of disappearance
(eq. 9) was obtained with the values in Table IV.
Note that the intervals (values of #) are different
in the two instances. In equation (9) the rates
measured for 1960-61 were used, except that for
the remaining 108-day period between 1/14 and
5/2 we used the value of 1.3 mg/g per day meas-
ured during 11/21-4/16, 1959-60.

The product of these two values (195 g/m?
mean standing crop of dead material) and (1.72
g/g per year disappearance rate) is 335 g/m? per
year. This value differs little from the estimate
of total growth obtained by summing the column
for upland-1960 in Table VIII. Thus, where the
simplifying assumptions can be justified, the
shorter method can give accurate estimates of an-
nual net growth of vegetation based only on a
knowledge of the standing crop of dead material
and its rate of disappearance.

Primary production

The primary production of photosynthetic or-
ganisms can be divided into a number of com-
ponents. One of these, the respiratory energy loss
of the plant biomass, will not be considered in this
paper. Our discussion must therefore be confined
to the topic of net primary production (gross pri-
mary production minus plant respiration).

In presenting a method for measuring the growth
of the aboveground parts of the primary producers,
we have ignored two other components of the net
primary production: (1) the root growth, and
(2) the consumption of green plant material by
herbivores.

The standing crop of roots is expected to in-
crease gradually during the growing season as a
result of both the accumulation of stored products
of photosynthesis and the growth of the roots. The
peak standing crop of roots should therefore occur
coincidentally with the maturation and death of
the vegetation.

In southeastern Michigan, between mid-October
and early May there is little growth of vegetation,
and probably the production of roots is corre-
spondingly low. Any attenuation of the standing
crop of roots must be caused by their death and
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utilization by soil decomposer organisms. With
the advent of active growth in the spring a certain
portion of the remaining energy in the root bio-
mass is used for the production of the first green
shoots. The lowest standing crop of roots thus
occurs when the rate of net photosynthesis first
equals the rate of growth of the new shoot.

It was not possible to sample the root standing
crop at intervals throughout the year, so October
18 was chosen as the date of the peak, and May
20 was chosen as the date of the lowest standing
crop. The sampling data presented in Table ITI
show that between these two dates, the root bio-
mass on the Evans Old Field decreased by 143
g/m? on the upland and by 358 g/m? on the
swales.

These values can only be regarded as minimum
estimates of the annual root production since all
the criticisms of the standing crop increment
method given earlier in the paper are equally valid
here. There is probably considerable attrition and
replacement occurring in the root system, just as
in the aboveground parts of the plant. There is
at present no way of measuring this mortality that
is analogous to the method for aboveground vege-
tation.

TaeLe IX. Summary of net production! by vascular
plants on the Evans Old Field, 1959-60 (All values in
kcal/m2 per year.)

Upland Swale
Item
1959 | 1960 | 1959 | 1960
Shoots.................. 1,328 11,392 | 4,102 | 4,629
Roote®.................. 631 631 | 1,573 | 1,573
Net production. . ........ 1,959 | 2,023 | 5,675 | 6,202

1Values do not include herbivcre consumption
21960-61 root data used for both years.

Table IX summarizes the data on net primary
production in 1959 and 1960 on both the upland
and swales. The total energy of growth is the sum
of shoot production and root production.

If the data from the root standing crop samples
are presumed to give at least a minimum estimate
of the production associated with the root biomass,
then the net primary production on the upland is
approximately 2,000 kcal/m? per year versus ap-
proximately 6,000 kcal/m? per year on the swales.

The total energy ingested by the herbivores on
the Old Field is unknown. Whitetail deer (Odo-
cotleus) occasionally graze on the field, numbers
of striped ground squirrels (Citellus) are present
in most years, and the swales occasionally support
small populations of voles (Microtus or Synapto-
mys). No data are available on the energy in-
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gested by these groups. However, it is likely that
their consumption is small compared to that of the
insects. During 1959 and 1960, the senior author
studied the energetics of the spittlebug (Philaenus)
and grasshopper populations on the Old Field.
These two groups account for approximately 90%
of the biomass of aboveground insects, excluding
ants, yet together they ingest less than 1% of the
net primary production. Thus, the estimates of
net primary production given in Table IX are
probably not greatly different from the true values,
were the total herbivore consumption known.

Because of the difficulties of measuring the root
growth, together with the importance of the root
biomass as a receptacle for much of the annual
photosynthetic product of the Old Field vegeta-
tion (Table IX), we think that the major source
of error in the study of net primary production of
terrestrial ecosystems arises not so much from a
lack of information about consumption by primary
consumers, as from ignorance of the dynamic
processes associated with the subterranean parts
of the plant community.

SUMMARY

During the period 1949-60 the flora of a long-
abandoned field in southeastern Michigan showed
little change. The peak standing crop of vegeta-
tion remained relatively constant from year to
year, but during this period grasses decreased in
importance from more than 90% of the standing
crop biomass to less than 50%.

Because of the diverse perennial flora of the Old
Field, the peak standing crop was not a good indi-
cation of annual net production. Instead, the an-
nual disappearance of dead material was equated
with the net annual growth, exclusive of herbivore
consumption.

Dead material in place on the field disappeared
at rates of from 84 to 1.3 mg/g per day on the
upland and 13.6 to 1.8 mg/g per day on the swales,
depending on time of year. Material placed in
mesh bags did not disappear as fast as undisturbed
material, even after being on the field 6 months.
But the mesh-bag experiments showed that the
rate of disappearance did differ with species of
plant during the first 2 months after placement,
but not thereafter.

The rates of disappearance of dead material,
combined with data on green and dead standing
crops, were used to calculate net production of the
aboveground plant parts and its seasonal distribu-
tion in 1959 and 1960. In 1959, shoot production
on the Old Field was: upland, 1,328 kcal/m?;
swale, 4,102 kcal/m2. In 1960 the corresponding
values were: upland, 1,392 kcal/m? and swale,
4,629, The net annual production of root biomass
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in 1960 was minimally estimated as 631 kcal/m?
on upland and 1,573 kcal/m? on the swales.

Net production of the vegetation in 1960 (ex-
clusive of herbivore consumption but including
root production) thus was estimated as 2,023
kcal/m? on upland and 6,202 kcal/m? on the
swales.

Because of the greater quantitative importance
of root growth as compared to the amount of
herbivore consumption, lack of detailed informa-
tion about the latter is less an obstacle to the cor-
rect estimation of annual net production of vege-
tation than is the present ignorance of the dynamic
processes associated with the subterranean parts
of the plant community.
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ROOT DEVELOPMENT OF NATIVE PLANTS UNDER
THREE GRAZING INTENSITIES?!

Josepu L. ScHUSTER?

Southern Forest Experiment Station, U.S. Forest Service
Nacogdoches, Texas

The purpose of this study was to determine the
effects of various intensities of grazing upon roots
and root systems of plants native to the ponderosa
pine zone of the Colorado Front Range. It was
designed to ascertain the root characteristics of
certain species of the plant community and any
changes in root distribution induced by 17 years of
moderate and heavy grazing by cattle. The cumu-
lative effects of such grazing are also illustrated.

Most studies concerning the effects of plant
defoliation show that any cropping (clipping or
grazing) reduces plant growth, especially root
growth. The initial root and rhizome response to
defoliation is the cessation of elongation (Parker
and Sampson 1931, Crider 1955). Subsequent
reactions to continued defoliation are reduction in
root numbers and branching (Jacques 1937, Al-
bertson, Riegel, and lLaunchbaugh 1953), root
diameter (Biswell and Weaver 1933), and depth
of soil penetration (Ruby and Young 1953, Cook,
Stoddart, and Kinsinger 1958). The amount of
reduction is directly related to the severity and
frequency of defoliation (Graber 1931, Albertson
et al. 1953, Thaine 1954). In general the degree
of defoliation is more detrimental to root growth
than frequency of defoliation. Crider (1955)
showed that apical growth of grass roots stopped
within 24 hr after the removal of 40% or more of
the foliage in one operation. The time required
for roots to resume growth varied directly with
the degree of foliage removal.

The consequences of overgrazing are apparently
carried over from season to season. Weaver

! Based on a thesis submitted to the Graduate School of
Colorado State University, Fort Collins, Colorado. The
investigation was cooperative between Colorado State
University and the Rocky Mountain Forest and Range
Experiment Station, Forest Service, U. S. Department
of Agriculture, Fort Collins, Colorado.

2 The author acknowledges the invaluable guidance and
assistance of C. H. Wasser, Dean of the College of
Forestry, Colorado State University, who supervised the
study. Thanks are also due the members of my graduate
committee: D. S. Romine, L. D. Love, D. R. Smith,
F. C. Daugherty, and D. F. Hervey, and to personnel

at the Manitou Experimental Forest who assisted with
the field work.

(1950) and Tomanek and Albertson (1957) found
that continued overgrazing not only reduces the
number, size, and extent of underground parts of
the individual plants, but also brings about changes
in species composition, from tall grasses to short
grass.

StupY AREA

The study area was a typical ponderosa pine-
bunchgrass range located on the Manitou Experi-
mental Forest, 28 miles northwest of Colorado
Springs, Colorado. It has a gentle east-facing
slope (20% or less) with low ridges that run east
and west. Elevations range from 7,600 ft on the
east to 8,200 ft on the west. Cold winters with
little snow and mild summers prevail. Annual
precipitation has ranged from 8 to 23.5 in., and
averages 15.3 in. Three-fourths of the yearly
precipitation falls as rain from April through
September.

Surface soils, normally about 12 to 18 in. deep,
are reddish brown, sandy loams or loams, low in
organic matter, and slightly acid. Subsoils are
mostly sandy loams or sandy clay loams that grade
into the unconsolidated gravelly parent material
at varying depths of 10 to 62 in.

Four vegetation types occur on the experimental
area (Johnson 1953) : grassland parks, open tim-
ber, dense timber, and abandoned fields. Ponde-
rosa pine (Pinus ponderosa Lawson) is dominant
in the overstory. The most important forage spe-
cies are mountain muhly (Muhlenbergia montana
(Nutt.) Hitchc.) and Arizona fescue (Festuca ari-
zonica Vasey). Other species of importance are
blue grama (Bouteloua gracilis (H.B.K.) Lag.),
sedges (Carex spp.), fringed sagebrush (Arte-
misie frigide Willd.), RockyMountain pussytoes
(Antennaria aprica Greene), cinquefoil (Poten-
tilla spp.), and Fendler sandwort (Arenaria fend-
leri A. Gray). Mountain muhly and Arizona
fescue produced the most cover in ungrazed ex-
closures and progressively less on moderately and
heavily grazed ranges. In contrast, the cover of
less desirable species such as Rocky Mountain
pussytoes was as much or greater in heavily or




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




