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ABSTRACT

Above- and below-ground herbage biomass, mulch, and abiotic
factors were studied in a permanent exclosure in high range condition
and in a temporary exclosure in low range condition at the Cottonwood
Range Field Station, 75 miles east of Rapid City. The permanent
exclosure was fenced from a pasture with a history of light grazing in
1963. This area appears to be approaching stability. The temporary
exclosure was fenced from a pasture with a history of heavy grazing
in the spring of 1971. Both exclosures are located on gentle,
northeasterly slopes with silty clay soils. Mean annual precipitation
is 15.1 inches of which about 75% is received from April through
September

Precipitation, total solar radiation, wind movement at 2 m, air
temperature and relative humidity in a standard weather bureau instrument
shelter were measured daily near the study areas. Evaporation and soil
temperatures at 10, 20, 50, 100, and 150 em were measured at about 3 day
intervals in exclosures near to and very similar to the study areas.
Soil water was.determined gravimetrically on the e¢lip plots at each
sample date by 10 cm increments to 60 cm. Total soil water to 60 cm was
about 15 cm on April 2 and increased to about 21 em in both exclosures
in early May. Rapid depletion began in mid-June and continued through
late August with a seasonal low of about 10 cm. By October 1, the soil
water level was back tc about 16 cm. Precipitation for the year was

5.76 inches above normal.



—V—

Above-ground herbage standing crop was estimated on April 2,
April 16, May U4, May 21, June 8, June 22, July 6, July 20, August 3,
August 17, September 2, October 1, and November 12 by clipping 10
0.5 m2 plots in each of two replications in each of the two exclosures.
Botanical composition by species separated as live, recent dead, old
dead, and live and dead crowns and stolons was estimated in the

laboratory. The dominant species was Agropyron smithii in high range

condition and Bouteloua gracilis in low range condition. In the high

range condition exclosure, the standing crop of live plus recent dead

of all species increased to a peak of 300 g/m2 in early August and to a
second peak of 312 on October 1 while the low range condition exclosure
increased to a peak of 166 g/m2 in early July and then declined. Mulceh
was vacuumed from the plots, washed, and ash determined. Fresh mulch
increased from 337 g/m? oven dry, ash-free weight in early April to

424 in early June and then declined in the high range condition exclosure,
while in low range condition it was more erratic but increased to a peak
of 187 g/m? in early August, declined to 128 on October 1 and then
increased to 188 g/m<,

Transfer of material from the herbage to the mulch layer was measured
by carefully removing fallen material from ten 15 x 15 cm plots in each
replicate at intervals during the growing season. A minimum of 11 g was
transferred in high range condition and 19 £ In low.

Below-ground plant weight was measured by taking ten 4.2 cm cores
to a depth of 30 cm in each clipped plot at each sampling date and to

80 cm on April 2, April 16, June 8, July 6, August 3, and September 2.
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Cores were cut into 10 cm segments to 60 cm. In the high range
condition exclosure, below-ground plant standing crop to 60 cm increased
from 1395 g/m? oven dry, ash-free weight in early April to a peak of

1675 g/m?2 in early July. 1In the temporary exclosure, below-ground

plant standing crop increased from 1859 g/m? in early April to a peak
value of 2832 in early July. 1In both exclosures, values declined after
the peak and increased until early October. Fifty-five and 57% of the
total below-ground plant standing crop was in the top 10 em in the high
and low range condition exclosures, respectively. Root turnover
calculated from the standing crop values was .30l and .434 for the

high and low range condition exclosures, respectively. During the

year below-:above-ground plant standing crop ratios ranged from 3.1 to 2.7

to 1 and from 6.2 to 10.4 to 1 in high and the low range condition

exclosures, respectively.




INTRODUCTION

The Cottonwocd Comprehensive Network site is located at the Cottonwood
Range Field Station operated by the South Dakota Agricultural Experiment
Station, 75 miles east of Rapid City in west central South Dakota. This
contributing project to the Grassland Biome subprogram was initiated in
1970 comparing the herbage dynamics above- and below-ground, numbers of
above-ground invertebrates, and decomposer activity in a permanent
eXxclosure in high range condition and in a temporary exclosure in low
range condition. Each exclosure was subdivided into two replications.
The exclosures were located in the pastures of a summer grazing study
with cattle initiated in 1942. The current phase of this study is
South Dakota Agricultural Experiment Station project 539 directed by
James K. Lewis. The climate, vegetation, pasture locations, stocking
rates, and bibliography from 1942 through 1969 were reported by Lewis
(1970a).

The permanent exclosure in high range condition containing about
5 acres was fenced in 1963 from pasture three which has been lightly
grazed and is now in good + range condition (Fig. 1). The exclosure is
located on a gentle northeasterly slope with silty clay soils typical of
the area. This exclosure was slightly enlarged and gravel placed along
the west and north sides in 1970. The vegetation and mulch: appear to
have reached approximate stability following exclusion from grazing,
Vegetation pattern appears to be due primarily to succession following
pocket gopher activity. The temporary exclosure adjacent to the previous

year's temporary exclosure and containing about 2 acres was fenced in 1971



—2-

from similar soils and slope in pasture one which has been heavily grazed

and is now in fair - range condition. Special care was taken to collect
as much data on the same plots within treatments at the same time as
possible.

Small mammal studies were conducted in pasture three outside the
permanent exclosure on a grazed area with similar vegetation and soils
but with more variation in topography. Bird studies were conducted
on larger grazed areas in both pastures one and three.

A portion of the abiotic data was collected by Clayton Hanson,
Agricultural Research Service, in connection with line project S. Dak.
C-69-1 entitled "Evapotranspiration from native rangeland" and line
project S. Dak. C-62-1 entitled "Determination of the relationship
between intensity of grazing and runoff from rangeland on fine-textured

soils." Locations of these study areas are shown in Fig. 1.
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Fig. 1. Map of the summer grazing study pastures showing pasture number, range
condition, location of Grassland Biome permanent and temporary exclosures,
evapotranspiration plots, experimental watersheds, and trails.

Cottonwood, 1971.
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ABIQTIC STUDIES

Climatic and Microclimatic Studies (Clayton L. Hanson and Jerrold L. Dodd)

The data for this section of the report were obtained from the

following instrumentation:

Evapotranspiration plot, pasture two
Air temperature and relative humidity data were obtained
from a recording hygrothermograph that was in a standard

U. S. Weather Bureau instrument shelter.

The two meter wind data were obtained from a direction and
velocity recording anemometer. The one meter wind data were

obtained from a totalizing anemometer.

Incoming radiation was recorded with an Eppley pyrheliograph

at the evapotranspiraticn plot in pasture two.
Evapotranspiration plots, pastures one and three

Class "A" pan evaporation, pan wind, precipitation and scil
temperatures were obtained daily at about 0800. Thermocouples
located in the center of the evapotranspiration plets were

used to obtain the soil temperatures.
Watersheds

Precipitation for the ungrazed area was obtained from recording
rain gages RH-3 and RH-4 in pasture four. Other data collected

from the watersheds are not included.



Precipitation was above normal in April, May, September, and
October and below normal precipitation in June and July (Table 1). Total
precipitation was about 2 inches above normal during the growing season
(April-September). The precipitation from October 1970 through March 1971
was 0.34 inches below normal.

Cumulative precipitation and Class A pan evaporation from April 1
through November 30 are shown in Fig. 2. Daily precipitation and evapora-
tion from January 1 through November 30 is in Table 1 and Appendix Table 1.
These data show that the annual evaporation was 51.29 inches. This is
about 4 inches below the average evaporation at the field station head-
quarters (Spuhler et al. 1969).

Daily air and soil temperature, relative humidity, incoming
radiation, wind, precipitation, and Class A pan evaporation are listed
in Appendix Table 1. These same data are summarized by sampling dates
in Table 2. These data show that the average daily maximum temperature
was above 90° for the periods prior to three sampling dates. There
were nine days of 100° and over. Seven of these days were in August.
There was heavy precipitation prior to the early June, early September,
and October sampling periods. In general, it was very dry from mid-June
until the end of August.

A summary of soil temperatures by weeks from April 20 through
October 15 at the 10, 20, 50, 100, and 150 cm depths is presented in
Table 3. The temperature of the 20 cm depth in pasture one varied from
44¢ at the beginning of the season to 76° in mid-August. The 50 em depths
vary from 44° F in early May to a high of 74° about mid-August. The 20
and 50 cm depths in pasture three were 1 to 2° cooler than those in

pasture one. In both pastures, the 20 cm temperature was warmer than the
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Table 3. Weekly Soil Temperature (°F) in Pastures 1 and 3 for the
10, 20, 50, 100, and 150 Centimeter Depths - Cottonwood,
South Dakota - 1971. Observations at 0800.

Pasture 1. Pasture 3
Depth (cm) Depth (cm)

Date 10 20 50 100 150 10 20 50 iocC 150
U/20-4/26 Ly Ly 4y ) 38 4B 47 45 42 40
L/27-5/3 L2 Ly Ly 43 41 45 45 L5 43 L2
5/4-5/10 51 52 50 46 43 51 51 50 46 45
5/11-5/17 54 55 53 Lg L5 53 53 52 Lg 46
5/18-5/24 54 55 54 50 L7 53 5y 54 51 yg
5/25-6/30¢ 55 56 55 52 ug 56 56 55 52 50
6/1-6/7 61 6l 53 53 50 61 61 58 53 51
6/8-6/14 66 65 62 55 51 65 65 61 56 52
6/15-6/21 70 70 66 58 53 68 68 65 58 5y
6/22-6/28 72 73 69 62 56 71 71 68 62 57
6/29-7/5 70 71 69 63 58 70 70 68 63 59
7/6-7/12 72 72 70 &5 59 72 72 €9 6L 60
7/13-7/19 73 74 72 66 60 72 72 71 65 60
7/20-7/26 73 74 72 67 61 73 73 72 66 61
7/27-8/2 66 693 70 67 62 65 67 69 66 61
8/3-8/9 73 74 71 65 62 72 73 70 65 62
8/10-8/16 75 . 786 73 68 62 75 75 72 66 62
8/17-8/23 73 75 74 68 63 72 73 73 68 64
8/24-8/30 72 74 73 68 B4 71 72 72 68 6L
8/31-9/6 69 70 72 69 65 68 69 71 69 65
9/7-9/13 62 64 66 67 65 62 B4 66 66 65
9/14-9/20 57 60 64 65 64 55 58 63 65 6L
9/21-9/27 58 57 60 63 62 55 57 60 62 62
9/28-10/4 54 56 59 Bl 6l 53 55 58 61 61
10/5-10/11 51 53 57 60 80 52 54 57 60 61

10/12-10/15 53 55 57 59 60 52 5y 56 59 B0
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50 cm temperature until early September when the 20 ¢m temperature

became cooler than the 50 cm temperature.
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Soil Water Studies (Jerrold L. Dodd)

Soil water was determined gravimetrically at 10 cm increments
to a depth of 60 cm. Determinations were made on five samples per
replication per treatment for each depth at each sampling date. Total
soil water was calculated using average bulk density data for each depth
in each replication. The bulk densities were determined from samples
taken with a 4.2 em diameter hydraulic probe on October 2, 1970. Soi1
bulk density data for each depth increment within each of 10 plots/replicate
dare presented in Appendix Table 2. Bulk density increased with depth from
an average of about 1.60 g/cm3 at the 0-5 cm depth to an average of about
1.50 g/cm3 at the 50~60 cm depth. Little or no difference was evident
between the grazing treatments.

Fig. 3 shows the change in total soil water to a depth of 60 cm
between sampling dates for the exclosures in high and low range condition,
Only small differences between treatments are apparent for most of the
sampling periods. Both treatments held about 15 cm total water (0-60
cm depth) on April 2 and peaked at about 21 em in early May. A rapid
rate of soil water depletion began in mid-June and continued through late
August to the seasonal low of about 10 em. By October 1 the soil water
level had built back up to about 16 cm,

Total soil water is summarized by treatment and depth increment in
Table U4,

Due to mechanical failure soil water dara were not included for

the November 12 collection date.
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A comparison of the soil water changes in 197] with those of the
1970 growing season (Technical Report 111) indicates that 1971 was by
far the most favarable year. Total soil water was near 21 em for
both treatments in both years in early May. High rates of soil water
depletion began immediately after this date in 1970 but were delayed
until late June in 1971. During both years scil water levels near
10 tc 11 cm were reached in August. Recovery from the late summer lows
was made by early September in 1971 but not until early November in
1970. In summary, both years had severe mid-summer soil droughts,
whi;e 1971 had higher soil water levels of longer duration in spring,

early and late summer, and fall.
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HERBAGE DYNAMICS
Methods and Procedures (James K. Lewis, Jerrold I, Dodd, and H. L. Hutchescon)

Field procedures

1. Exclosure layout. Because of the small size of the permanent
exclosure and the need to use wheeled vehicles, access trails were made
and plots were located within each replication by restricted randomization
along access trails (Fig. 4). No plot was allowed adjacent to an existing
plot. All plot locations in the permanent exclosure were permanently marked
with 3/8 x 12 inch rods and labeled with metal eartags. Plot locations
were mapped and a permanent record is kept. Plot locations more than one
plot width off of the access trails are available for selection after the
first row has been used. In this way a minimum area is damaged by trampling
and vehicle use. In the temporary exclosure in low range condition alleyways
were provided for travel and the plots were marked for one year only
(rig. 5).

2. Sampling dates. Ten plots were sampled in each replication
at each sample date, Two days were allotted for field sampling. One
replicate of each treatment was sampled one day and the other replicate the
following day. Above-ground herbage and mulch samples were taken approxi-
mately biweekly in April, May, June, July, and August and approximately
monthly in September, October, and November for a total of 13 sample dates.
Below-ground plant biomass samples were taken at each sampling date except
in November to a depth of 30 ecm and on 6 of these dates to a depth of 60 cm,

3. Routine. A flow chart of the field operations is shown in
Fig. 6. Plots were located prior to the sampling date and the Quick Traps

were hung on their tripods by 4 to 8 p.m. M.5.F. of the day before sampling.
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Replicate II

Replicate I

X Sample plot, 1971 5 10 Met
D Mulch transfer plot, 1971 0 erers

Fig. 5. Map of the temporary exclosure in low range condition showing alleyways,
sampling areas, and typical plot locations, Cottonwood, 1971,



-18-

"TL6T ‘pooMuollo) *suoTieasdo BurTdwes prsTy jo jdeys MoT4i +g *313

uoloulwgiep ssowolq puo bupunod Joy o ABojoypwau 0} 33%..52
qo} ABojol118)o0q’ 0) saloy i
U0NIDAXa 100 Jo) qo| pjaty Q_V $6.109 __omw\ssmm
Honbulw.Ia}ep alnisiow 10s Joj qp| pjaly O} —— .

t
uoljpulwalep 407 plaly 0} YN~ ;\r_u_:E IDA-3(

SSDWOIq puD ;\m_mcce mm@_.sm_/ ﬁ
bununoa .oy Q07— 04090 Ul S)I8SU] omca.s_: dio
sjoid
Qo7 pJal4 o) abbgquaH sdp.y v_u_:% doag Jojsuna)
3jDJ  uolyIsodwosap oss_um-wcm_&s yonu
J0 co_EEE‘aJu 10j QD7 pjai mmww%L sdoyy v_u_:»c buby }SaAIDH
sbog Japl| aroway aulwJalaq sjo|d 8)p20]




-19-

Plots bemneath the Ouick Traps were then weight-estimated. Other plots
were weight-estimated immediately before or after the two-day sampling
period. Quick Traps were dropped at 9 a.m. M.S.T. (traps were not used
on April 1 or in November). Precise plot alignment was possible by

using a circular plot frame when estimating and clipping inside the
circular Quick Trap. In 1870, high winds drifted the Ouick Traps and
prevented exact register of the plots weight-ranked and the nlots clipped.
Accordingly, in 1971, a nylon cord was stretched from a pin in the center
of the plot to the tripod and when released the trap'slipped down the
cord to provide better alignment. Herbage inside the trap was clipped

to ground level with electric shears and placed in a paper bag inside the
trap. The mulch was vacuumed with the De-Vac. The bag of herbage and
the De-Vac bag of mulch were taken to the laboratory for arthronod
extraction in berlese funnels. When below-ground biomass and soil
moisture were sampled, a tractor-mounted hvdraulic core sampler was
positioned over the plot and one or more 4.2-cm or 6.5-cm cores were
removed, sectioned, and placed in pelyethylene bags. The holes from
which the cores were removed were later filled with soil from a similar
site and the plots were marked. Litter bags located on transects within
each replicate were removed between sample dates for convenience. Transfer
plots were read between sample dates.

4. Above-ground herbage biomass. Ten 0.5 m2 plots were
weight-estimated and clipped in each replication in each treatment for a
total of 40 plots from June on. Five times as many plots were weight-
estimated as were clipped, making a total of 160 that were weight-estimated

only and 40 that were weight-estimated and clipped at each sample date.
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See section entitled Above-Ground Herbage Biomass: Field, Laboratory,
and Analytical Procedures for details.

5. Mulch. After clipping the mulch was thoroughly removed
by vacuuming on each of the 10 plots per replicate and bagged in pre-
labeled paper bags.

6. Below-ground plant biomass. Ten 4.2-cm or 6.5-cm cores
were taken at all sampling periods from April through October to a depth
of 30 cm using a hydraulic coring machine mounted on a tractor. Samples
were taken to 60 cm on April 1, April 16-17, June 8-9, July 6-7, August 3-4,
and September 1-2. The 6.5 cm diameter tube was used when ground
conditions permitted, but otherwise the 4.2 cm tube was used. The cores
Were removed from the tube, sectioned inte 0-10, 10-20, 20-30, 30-40,
43-50, and 50-60 cm increments, bagged in polyethylene bags, labeled,
and then frozen until the below-ground plant parts were washed from the soil
cores in the laboratory.

Laboratory procedures

1. Routine. A flow chart of laboratory operations is
presented in Fig. 7. Detailed procedures as well as departures from these
operations from May through July are described below.

2. Above-ground herbage biomass. See section entitled Above-
Ground Herbage Biomass: Field, Laboratory, and Analytical Procedures.

3. Mulch. Some mulch was contained in the above-ground
herbage biomass samples; however, the major part was removed from the
plots by vacuuming. After this material was removed from the berlese
funnels, it was stirred vigorously in a 12 liter vessel. The floating

material was removed, oven-dried, and weighed. A subsample was taken from
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Herbage Mulch Below-ground cores

Berlese Berlese Freezer
Flotation Root washer
A'r.drY\Subsample
weight for dry
matter
Estimation
and v
) Oven dr
sorting weight y
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components Oven dry
‘ :
\ oven dry ash- welght
free weight
Oven "dry
ash-free
weight

Fig. 7. Flow chart of laboratory operations in herbage
dynamics. Cottonwood, 1971.
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each sample and composited by replicate. Ash determinations (800 C for

1 hour) were made on two samples.from the composite sample after thorough

mixing. Ash-free mulch was computed by combining the mulch content

estimated in the herbage samples with that weighed in the mulch samples

and multiplying the sum by the organic matter proportion (1 - ash preoporticn).
4. Below-ground plant biomass. Soil core segments were

removed from the freezer and allowed to thaw. They were partially crushed

and placed into individual cylinders of a root washer designed and

constructed at South Dakota State University. Each root washer has six

cylinders mounted on a bar. Each cylinder has removable 32 mesh brass

screen caps on each end and is large enough to hold a fragmented 4.2 x

10 cm core segment easily. An electric motor delivers power through a

washing machine transmission to raise and lower the cylinders into a water

bath with a stroke of about 10 em and a cadence of about 75 strokes per

minute. Plastic wastebaskets were filled with about 12 liters of warm

(about 38 C) water containing commercial Calgon (sodium hexametaphosphate).

One hundred g Calgon were added to the wash water of the 0-10 and 10-20

cm segments, 80 g to the 20-30 cm segment, 60 g to the 30-40 cm segment,

and 40 g to the 40-50 and 50-60 cm segments. Approximately 75 to 3¢

minutes washing was required to remove all but the most stubborn soil

peds. Sand and very resistant small peds in some cores did not pass the

32 mesh screen during this time. The lower cap on the cylinder was removed

under water so that the plant material in the cylinder would float and

not fall into the wash water. The cap was set aside until the cylinder

was emptied. The cylinder was brought to the surface and the plant

material transferred to a piece of 32 mesh brass screen on a window screen
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over a sink. Peds were crushed and roots washed carefully and removed
by hand. Some smail roots did pass through the 32 mesh screen and were
floating in the wash water. Accordingly, the wash water was carefully
poured through the screen, thus collecting all of the material on one
screen. The label was transferred and the washed sample was dried at
65 C for a minimum of 4 hours.

After drying, the samples were removed from the screen, nlaced in
crucibles, weighed, ashed, and reweighed. The entire material from
each increment of each core was placed intoc pre-weighed crucibles,
oven-dried overnight, weighed to the nearest .01 g, and ashed at B0O C
for 1 hour and weighed again. Weight loss of 34 samples which had
been ashed at 600 C for & hours was negligible when ashed for an
additional 1 hour at 800 C.

Above-Ground Herbage Biomass: Field, Laboratory, and Analytical

Procedures
Field procedures
1. Each important component or group of components was field
weight-estimated on a fresh weight basis (XE) in 50-100 0.5 42 circular
plots per replicate per sampling date per treatment (Stage 1 Sample).

A field weight estimate form is shown in Appendix Bl. Agropyron smithii,

Buchloe dactyloides, Bouteloua gracilis, Carex eleocharis and Bromus

japonicus were always estimated separately. TFor AGSM, estimates were made
of live, recent dead, and old dead. For BUDA and BOGR, live and recent
dead were estimated separately, but old dead was estimated cnly for BUDA

+ BOGR because of the difficulty in distinguishing between the species at

this stage. Live and recent dead were estimated for CAEL; however, old



~24-

dead was so rare that it was not recorded. Only live BRJA was recorded.
Other species were estimated separately if they were important at a given
sample date. Otherwise, they were lumped as Miscellaneous.

2. A subsample of 10 of these plots per replicate per sampling
date per treatment was clipped with electric shears (Stage 2 Sample) to
obtain regression data to predict the clipped oven-dry component welight
from the field estimates.

3. The clipped material was placed in berlese funnels to
extract the arthropods.

4. The clipped plots and the field weight-estimated plots were
organized into data sets which were thought to be sufficiently uniform
that neither the field nor the laboratory weight estimates of a component
would have regression coefficients or intercepts that would differ
significantly from one sample date to the next (Table 5). Hopefully, this
objective was accomplished by grouping plots from sampling dates in which
the vegetation appeared similar into data sets within treatments within
estimators. In no case were the estimates of plots from the high and low
range condition treatments placed in the same data set, nor were the
estimates of different observers placed in the same data set.

The number of field weight plots in a data set is represented by
n, and the number of clipped plots in Stage 2 as nj.
Laboratory procedures

1. After the herbage material was removed from the berlese
funnels and grouped into data sets, the air-dry total weight of each plot
was determined and at least one plot from each day of laboratory estimation

was oven-dried to determine dry matter percentage.
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2. After weighing, the clipped plot material was spread over a
well-lighted, smooth surface ruled in squares and the weight of blocks of
components (indicated on the attached form) were estimated in such a
manner that the block totals equﬁled the plot weight. A running total
was carried in the manner of percentage estimates rather than allocating
weight differences to different blocks. Individual components were
estimated in such a way that they equaled the weight of the block.
Laboratory estimates of components on the entire group of clipped plots
are represented as X%. Field weight estimates of these components on the
clipped plots are represented as X{. In addition to the above-ground
herbage biomass components that were weight-estimated in the field, the
clipped material contained live and dead crowns and stolons, fresh muleh,
humic mulch, small amounts of soil, and often contained lichens. In some
cases perennial live parts of Opuntia spp. and half-shrubs may have been
included.

3. After all plots in a replicate within a date within a data
set were weighed and estimated, one or more were chosen at random (Stage
3 Samples) to obtain regression data to predict the separated component
welghts from the plot estimates. About 10 plots per data set were chosen,

4. Each of the selected plots was spread evenly over the squares
to a density convenient for estimation. Size of the squares was chosen
So that about 10 squares were covered by each plot. Each square was
carefully delineated and the total contents weighed and sacked. Then
the weight of each block of components in each square was estimated in
such a way that the blocks totaled to the weight of the square. Then the

components in each block were estimated in such a way as to sum to the
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block total. After all of the squares were estimated, one square was
chosen at random (Stage 4 Sample). The contents of this square were
hand-separated to a very small residue. The residue was weighed, its
components estimated to total to the residue weight and this weight added
to the separated component weight to equal the actual separated welight.
The laboratory weight estimate form and the data format code for the
laboratory estimates are shown in Appendices B? and B3, respectively.
Experimental and sampling design

1. The experimental design was completely randomized with
subsampling. All effects were fixed.

2 treatments, Ti where t = 1,2

8 sampling dates, Hy where h = 1,2---9

2 replicates/treatments, Ry where r = 1,2

2. Sampling design. The replicates were sampled with 0.5 M?
circular plots at each sampling date. The plots were organized into data
sets with 1 field estimator, 1 laboratory estimator, and similar vegetation.
Data sets were planned so that the assumption seemed reasonable that there
was no significant difference between regression coefficients or intercepts
between sampling dates within a data set. Within each data set U stage
sampling with prediction was used. Sampling stages with pertinent
statistics are shown below.

a. First Stage Sample
Ngph = total number of available 0.5 M2 circular plot locatiomns
in the hth harvest date in the rth replicate of the dth
data set, where h = 2,3,4; r = 1,2, d = 1,2---6. Naph 1s

large.
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D14py = number of plots chosen at random from Ndrh for weight

estimation at the first stage.

fidrn = sampling fraction for stage 1 = <.0l.

Xgrhik = field estimated weight of the kth cemponent of the
ith plot in the stage 1 sample of Nigrh Plots, where
k = 1,2---k herbage components, i = 1,2---10 plots.

El = mean time required to locate field estimate and record a

plot in stage 1 = 3 minutes.

Second Stage Sample

Nogph = number of plots subjectively chosen from Ny4yh for
weight estimation at the second stage = 10.
fodry = sampling fraction for stage 2 for the hth date, rth

replicate and dth data set = 0.2
Xgrhik = field estimated fresh weight of the kth component of
the ith plot in the stage 2 sample of Nogph Plots.
For the same plots xgrhik = Xgrhik'
W&rhi = actual air dry weight of the ith clipped plot in the
stage 2 sample of Dodph
X&rhik = laboratory estimated weight of the kth component of
the ith plot in the stage 2 sample of Nogrh Plots where
k = 1,2---k herbage components and k + l---k + U other

components. k Xgrhik = w&rhi
k

+ U

z

=1

%2 = time required to weigh, record, spread, estimate, record
and resack the herbage from a plot = 45 minutes.

Mdrhp = dry matter percentage of p plots from the second stage

sample nyy.1, where p = 1/day of estimation.

= 1,2,3.




~29-

c. Third Stage Sample
ngq = number of plots selected by restricted randomization from

nog for laboratory weight estimation in squares at the
third stage.
One or 2 plots were selected at random at the hth harvest
date' from the U4th rep so that the total number of third
stage plots was 5, 7, 8, 8, 6, and 6, respectively, for
data sets 1 through 6.

f3q4 = sampling fraction for stage 3 for data set d =.0l.

wéij = actual air dry weight of the jth square in the ith
laboratory-estimated plot in the stage 3 sample of data
set d.

Xéik = labeoratory estimated weight of the kth component of the

ith pleot in the stage 3 sample of data set d, where
k = 1,2---k herbage compecnents and K = 1,2---k other
components. This is the same estimate as Xgrhik'
xgijk = labeoratory estimated weight of the kth component in
the jth square of the ith plot in the stage 3 sample of
data set d, where k designates other components as well
as herbage as noted above, j = sguares over which the

sample is spread, 1,2---c.

H

C = 10, therefore equivalent field area =0.05 M2.

1 s =

w8 1
1 Xdijk = Wais



xgik = sum of the laboratory estimated weight of the kth
component over all squares, j = 1,2---c, in the ith
plot in the stage 3 sample of data set d.

%Sd = mean time required to isolate the contents of each square,
record, sack, weigh, spread, estimate, and record the
component weight of all of the j squares in each of the
i plots of the stage 3 samnle of Ngzgq ¥ 6 hours.

d. Stage 4 Sample

nyq = number of squares (field equivalent ~0.05 M2) selected
by restricted randomization from the stage 3 sample of
squares, En3d. One square was chosen at random from each
plot in the stage 3 sample of data set d.

fiyq = sampling fraction for stage 4% of data set d ~ .0l.

= laboratory estimated oven dry weight of the kth
component in the jth square chosen for separation in
the stage U sample of data set d. This is the same

estimate as Xgijk from stage 3 for data set 4.

laboratory separated oven dry weight of the kth
component in the jth square chosen for separation in
the stage 4 sample, data set 4.
tyq = mean time required to separate the contents of one
square to a residue, weigh the residue, estimate the weight
of residue components, total all components to the square
weight, record, and resack = 4 hours.
Analyses
Programs used to process the data are shown in Appendix B4, The

analyses proceeded as follows.
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1. A component which was not encountered in a given plot in
the first, second, or third stage sample was considered to have a true
value of zero for that plot. If the component occurred in any one of the
first three stages of a plot, that component was given a missing value
if it was not recorded at one of the other first 3 stages. In stage 4 a
sample was given a zero value if it was not found in the hand separated
square. If the component was reported in the estimated square, but not
in the separated square, we assumed that an error of identification had
been made and that the estimated value should have been zero. Zero
values were not used in the regression statistics and were not predicted.

2, Using data from stage 4 with nyq squares, the regression

of the separated, Ygijk’ on the estimated Xgijk weights of each of the
k components in each of the j squares in each of the i plets across all
harvest dates in each of the d data sets was calculated.

The sum of the separated weights of each of the k components over
3 squares for the ith plot in stage 3 across all harvest dates in data

set d was predicted with linear regression not forced through the origin,
ol _ _.s S S
Yaik * 27ak * Pak¥dik
- - v S ~rvS = 5 .5
and where a“§, = CY§, - b3 CX5, and by = IxS,y3

TyS2
*ak

This is the equation for the prediction of the third stage variate §éik‘
3. Using the data from stage 3 with ngq Plots, the regression
of the predicted sum of the separated square weights, §éik’ of each k
components in i plots in the dth data set on the laboratory estimated
weights of each of k components in the ith plot across all harvest dates

in the dth data set (Xéik) was calculated.
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The separate weight of each of k components for the ith plot in
stage 2 in the hth harvest date in the rth replicate of the dth data set

was predicted with linear regression not forced through the origin,

enik = @ 3 * b3Ximin 1.1
where a‘ék = §ék - békiék and bék = Efg;;EE
Zxdk
This is the equation for the prediction of the second stage variate.

4. Using the data from stage 2 with Na3pn Plots, the regression
of the predicted separated plot weight (?grhik) of each of k compcnents
on the field estimated plot weights of these components (Xgrhik) was
calculated. The nonherbage components which were included in the clipped
material of stages 2, 3, and 4 were not used in this regression or in the
following prediction.

The separated oven dry weight of each of k components for the ith
plot in stage 1 for the hth harvest déte of the rth replicate of the dth

data set was predicted with linear regression not forced through the

origin, Ygrhik = a’&k + bgkxgrhik, where

L L L $f L EXL L s
a‘dk = Ya - bdkxdk and by = dzydk. This is the equation for the
2
Exdk

prediction of the first stage variate.

5. A test for outliers was performed at each stage using the
method described by Draper and Smith (1966). If an outlier was found,
the prediction was recalculated without the outlier. Regression
statistics were calculated for each component. The original data, number
of observations, mean of the ocular estimates, mean of the "true" values,

intercept, regression coefficient, residual variance, coefficient of
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determination, variance of regression coefficient, predicted value,
deviations from the predicted value, and probability levels for outliers
were printed out for each sampling stage. A typical printout is shown
in Appendix B5., The feasibility of combining data sets was tested using
the method described by Steel and Torrie (1960, p. 320). Combining data
sets was not feasible in 1971,

6. The precision of the predicted values for the stage 1
variate was very low, probably due to inadequate training. Consequently,
predicted stage 2 variates were used in subsequent analyses as though
they were hand separated.

Problems

1. Validity of the multi-stage sampling procedure.

The multi-stage sampling procedure described above has been used
because of the extreme amount of time required to hand separate live and

dead components of Buchloe dactyloides and Bouteloua gracilis in this

vegetation. The time required to estimate the weight of various
components in a 0.5 m? plot in the field was about 3 minutes (stage 1);
the time to estimate a plot in the laboratory was approximately 45 minutes
(stage 2); the time required to estimate a plot by squares (stage 3) was
about & hours; and the time required to hand separate a single square
containing herbage from about 0.05 m? (stage 4) was about 4 hours. The
use of laboratory estimation alsc permitted the use of electric shears

for rapid harvesting of the herbage, thus avoiding delays caused by
inclement weather and the errors inherent in attempting to separate

minute vegetation components in the field in a high wind, in heat or

cold, or when bothered by mosquitos or flies.
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The multi-stage sampling scheme was examined by R. 0. Gilbert and
R. J. Olson of the Battelle Memorial Institute, Richland, Washington.
Their report dated January, 1972, is included as Appendix B6. Equations
are given to calculate the mean biomass and to approximate the variance
of the mean. Since the variances and covariances of the various predictions
are included in the variance of predicted mean, it seems reasonable that
the residual mean square of the analysis of variance shown in Table 6
would also provide an estimate of the variance of the predicted mean.
Thus, the equations presented by Gilbert and Olson would be of greatest
value to determine the components of variation within the variance of the
predicted mean in order to determine the optimum allocation amcng sample
stages. However, the residual mean square appears to be adequate to

calculate the standard errors of the mean.
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Results and Discussion (Jerrold L. Dodd, James K. Lewis and H. L. Hutcheson)

Above-Ground Plant Standing Crop

1. Evaluation of estimation. Various regression statistics for
the frequently encountered vegetation components are nresented in Appendix
Table 3. Coefficients of determination are summarized by important
components for each data set in Table 7. Estimator Seager was less
proficient than Herndon and Erdmann, probably because of a shorter training
period and less experience. In general, it was more difficult to estimate

small incomspicuocus components such as live Bromus japonicus and live

Carex eleocharis in early spring (data set 0l) or the small amount of humic

mulch in mid-summer in the plots in low range condition (data set Ou).

Confusion of Buchloe dactyloides and Bouteloua gracilis appeared to be &

problem in most data sets. Better precision could probably be obtained by
combining these taxa. The errors in the sampling procedure are reflected
in the standard errors of the mean and in the calculated number of plots
required to sample within 20% of the mean with 80% confidence. Means,
standard errors and number of plots required for the important components
for the permanent exclosure in high range condition are shown in Table 8
and for the temporary exclosure in low range condition are shown in

Table 9. Sampling was generally adequate to samnle within 20% of the mean
with 80% confidence except when the mean standing crop for a component

was low (<6 g/m2). Exceptions were total live for April 2 and total recent

dead and live Agropyron smithii for July 6 in low range condition.

Inadequate sampling of these components was probably due to erratic

distribution. In high range condition inadequate sampling was achieved for
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Table 7. Coefficients of Determination (R?)} for Single Square and
Total Plot Estimations, Above-Ground Plant Standing Crop,
Cottonwood, 1971

Permanent Exclosure

Treatment . ., s
High Range Condition
& Jul, 20 Jul,
Sampling Dates 4,21 May 3 Aug, 17 Aug, 1 Oct,
2,16 Apr 8,22 Jun 2 Sep 12 Nov

Data Set 01 03 05 06
Estimator Number 81 63 63 61
Estimatcor Name Herndon Seager Seager Herndon
No. Plots 4o 80 60 80
Component Sqg. Plot Sg. Plot Sa. Plot Sq. Plot
Agropyron smithii

Live .99 .97 . 84 A1 .98 .96 .89 .97

Recent Dead .52 .74 .98 .99

01d Dead .88 .99 . 84 LU .70 .59 .93 .96
Bouteloua gracilis

Live .76 .13 .20 .58 .99 .96

Recent Dead .35 .86 .95 .84
Buchloe dactyloides

Live .96 «33 . B4 .71 .96 . 86

Recent Dead ! .01 .95 .98 .39
Buchloe + Boutelcua

Cld Dead 1.00 1.00 .54 .34 .01 .99 . B6 .86
Bromus japonicus

Live .31 1.00 .99 .91 0 .09 .93 .97

Recent Dead .96 .97 .99 .07
Carex eleocharis

Live LU7 .76 .B5 .80 .96 .32 .94 .82

Recent Dead .79 .45
Fresh Mulch .98 .51 .86 .93 .67 .82 .98 .97

Humic Mulch l.00 .95 .92 .60 0 .63 .79 .20
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Table 7 Continued. Coefficients of Determinaticn

Temporary Exclosure

Treatment Low Range Condition
‘ 2,16 Apr
Sampling Dates 4,21 May 6 Jul, 3 Aug 20 Jul, 17 Aug
8,22 Jun 2 Sep 1 Oct, 12 Nov
Data Set 02 oL 07
Estimator Number 62 62 62
Estimator Name Erdman Erdman Erdman
No. Plots 140 60 80
Component 5q . Plot Sq. Plot 5q. Piot
Agropyron smithii
Live 1.00 1.00 .97 1.00 .88 LS4
Recent Dead .98 1.00 .81 .95
01d Dead .93 .B7 A2 .89
Bouteloua gracilis
Live 1.00 .96 .95 .85 .73 .9y
Recent Dead .61 .95 .87 .50
Buchloe dactyloides
Live .87 .97 .33 .82 .96 .90
Recent Dead L9 .62 .39 .57
Buchlce + Bouteloua
Cld Dead .87 .80 .75 .66 47 .97
Bromus japonicus
Live .36 .96 1.00 .94 .99 .97
Recent Dead .77 40 .99 .97
Carex eleccharis
Live .98 .85 .Th Lu3 .98 .53
Recent Dead 1.00 .90 .95 .56
Fresh Mulch .96 .96 .68 .29 .61 .93

Humic Mulch .68 .93 U5 .27 .98 . 86
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recent dead Agropyron smithii and total recent dead on June 22 where

standing crop was small and data were available for only one replicate.
Sampling was inadequate also for old dead Agropyron on July 20 and
August 17 and for live Buchloe on August 3. Means for all 3 of these
components ranged from 11 to 13 g/m2 out of total herbage weights
ranging from 286 to 323 g/mz.
2. Herbage. A list of plant species encountered in temporary

and permanent exclosures in 1971 is presented in Appendix Table 4.

Seasonal change in the live, recent dead (this year's dead) and old
dead (standing dead) components by treatment for the major nlant species
is summarized in Tables 8 and 9 and in Fig. 8 through 19. The major -
species in the high range condition exclosure in decreasing order of peak

standing crop were A. smithii, B. gracilis, and B. dactyloides while only

the latter two were major species in the low range condition exclosure.

Carex eleocharis and Bromus japonicus were the most important minor species

on both treatments. Standing crop of B. japonicus was much greater in the
exclosure in high range condition, while C. eleocharis was about the same in
both treatments. Collectively, these two cool-season species accounted
for 5 to 25% of the current year's standing crop during the season for
both treatments.

The herbage dynamics of the combined total of all species is shown
in Fig. 8 and 9. Seasonal changes in A. smithii are shown in Fig. 10
while those for B. gracilis and B. dactyloides are shown in Fig. 11 and 12
and Fig. 13 and 14, respectively. Fig. 14A shows the dynamics of Buchloe

+ Bouteloua old dead. Seasonal changes in €. eleocharis and B. japonicus
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(two cool-season species) are shown in Fig. 15 and 186 and 17 and 18,
respectively, while seasonal changes for the sum of all other species
are shown in Fig. 19,

The seasonal peak for live herbage biomass of the entire community
in the high range condition exclosure occurred in early July while the
biomass for live plus recent dead increased to early August and then
peaked in early September following an apparent mid-August decline
(Fig. 8). This behavior was also noted in 1970 (Lewis et al., 1971).

In the low range condition exclosure, live herbage bicmass for the
community peaked in late June while the live plus recent dead peaked in
early July (Fig. 9). As expected, recent dead generally increased
throughout the season while standing dead decreased. 01d dead (standing
dead) was the result of growth in previous years, thus increases in this
compartment during the season reflect sampling or identification error.
Some materials weather more rapidly than others. The large increase in
old dead shortgrass (Fig. 14A and Fig. 9) after October 1 is doubtless
due to the darker color of the older recent dead.

Within the high range condition exclosure, the seasonal high for
live A. smithii biomass occurred in late June while the seasonal high
for live plus this year's dead was reached on September 2 (Fig. 10).

A. smithii increased in biomass in a very regular manner to a maximum

in early August and then declined during the early and mid-August dry
period. The large increase at the September 2 sampling date was apparently
the result of rapid gfowth in response to late August precipitation

(Table 1). Live B. gracilis increased until early July and then decreased

However, live plus recent dead increased until September 2. Slight
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increases after this date were not significant. Both live and live
Plus recent dead B. dactyloides reached a peak in early July (Fig. 13)
and generally declined throughout the remainder of the season as both
shortgrasses did during the 1970 season (Lewis et al., 1971). Seasonal
peaks for C. eleocharis (Fig. 15) and B. japonicus (Fig. 17) appear to
have been attained by early August and early July, respectively.
Collectively, the species other than the five main species reached a
seasonal peak of about 13 g/m? in late June and declined steadily
throughout the season (Fig. 19). The principal species in this group

were Vicia americana and Sphaeralcea coccinea,

Seasonal changes in biomass for species and species groups in the
low range condition exclosure were similar to those in the high range

condition exclosure. The seasonal peaks for B. gracilis, B. japonicus,

and "others" occurred in early July (Fig. 12, 18 and 19) while seasonal

peaks for B. dactyloides and C. eleocharis occurred in late June (Fig. 1u

and 16). Agropyron smithii was a minor component of the vegetation in
low range condition (Table 8) and trends are not presented graphically.
The community peak standing crop of live plus recent dead was 312
and 166 g/m? for the permanent exclosure in high range condition and the
temporary exclosure in low range condition, respectively (Tables 7 and 8).
The sum of the peak standing crop of the individual species and species
groups was 367 and 189 g/m2, respectively, for high and low range
condition or about 17 and 14%, respectively, more than the community peak

standing crop.
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3. Mulch. Seasonal changes in oven dry ash-free weights of
mulch are shown by treatment and date in Table 10. Trends are shown
graphically in Fig. 20. In the high range condition exclosure values
for mulch were low in early April (337 g/m2), increased to an early June
peak (424 g/m?) and then decreased somewhat erratically throughout the
growing season. The seasonal changes were of a lower magnitude for the
low range condition exclosure with a generally high level from the
beginning of the season through the August 17 collection date and a

seasonal low in early September.



=57~

*PRIBTNOTED 10N /3
*s301d 6 suTejuoo sjeorrdey ‘=

‘SUMOJO pUB SUOTO}S PUNOJZ-9A0QE SBPNTOUT YOTNH /e

/8

8T 9°9 xT'88T h'8 3L°8LT T OT¥S*L6T £1 6°ZT¥B°80C B STF0'€0E  H°0Z3S HIE AON ZT
hT 279 ¥9°LZT  8°S ¥L°'8TT  O°'TTIF9°9€T 8T LTCTFE°ZLE  H'BTFT'HEE §*9TF5°0Th 20 T
/5 9°9 ¥T°0CT  9'0TF9°TZT h©'8 +6°8TT /o 9°€TI8'ESZ  €£°0TFL'ZLZ 0"LTHB HEe deg z
8T S°8 3$'6LT #©°ZT+9°88T S'TIT+h 04T 8T €'eTx0'8LE 6°8T+5°98¢  9°8T%5°69¢ 3ny LT
BT €°'8 FE'L8T 6°2T+9°'T9T #'0TI0'ETZ  #T 0°TT3T'SEE 6°6 FB'£0g 96T +h 98¢ Bny ¢
ST €°9 FT°6LT T TT+Z'9LT  2'9 70'Z8T 8T S"CC3T°E9E  TTOEFE'HGE  SUEEFT ZLE me og
8T h°L FS'TLT  0°0T+0°€8T O'TIF6°6ST 9T 6°CT39°€6C T hT¥8°L6Z L'TZ7S'68Z nr g
LT 6°6 ¥9°69T 9 TTFT°T9T 6°STFT'84T OT 1°0238°Zhe ~-= T°0Z+8°¢he wp ze
9T Z°0T#8°'hhl 0°LT*L'9ET  E°TTF0°'E€ST 8T  h'ST39'€Zh S 0ZFh'heh 0'EZzB zeh unp g
/o 69 ¥8°99T  6°8 FT'89T €'TTFh°GSOT /ALt 6°6 ¥T°8Z¢ 9°TT+6°TTE 6'STzZ "hht £ep 12
BT T 2ZT+0°ZLT G LTFT*h8T  L'9TF0°09T LT hPLT+h*T8E G LZF0'Z0h  £°TZ36°09¢ Ley +
8T L'L ¥9°L6T  0°OT¥9°T8T L TITFL°€TZ LT ¢'9 F0°09€  ZTOT+T°LSE €'L 76°29¢ ady 971
ST 0°8 ¥$'69T 8°L ¥6'TST T'hIFT°48T 8T 9°0TF0°LEE  H°ST¥9'HZE  hw hIzE°6BhE ady z
21e(

durtdueg
s3o1d uesy Z T sp0Td ueay Z T 91enTTdey

IATIDBITS UOTITPUO) 23ury MO 9AT109IFe uoTiTpuo) sduey Y3y
: ’ JusuIBad],

‘oN aansoTox3 Agedodws ], *ON 8dNSOTOXT JULURUIDJ

TLBT ©poomuollo) ¢ (3uswreaay/sejeoTtdea z ‘@3eo0rT1dea/s3yord T jo suesuw

fas3jew otueBac Aap usao NE\mv JeUPTOH FO 3yBTepM ul sBuey) TrRuUOSESg

‘0T 3TqelL



-58-

*TL6T fpoomuciloe)
*UCTITPUOD 23ued MOT ‘aansoToxs Axeaodwysy Pue ‘uoTiTpuod 3Buex yY3ITY ‘aansoToxs

lusuemlad syl 03 YOTNW Jo (Ie3ilew otueBao Axp usao we\mu 3yB1em uy aFueyo Teuosess +Qz ‘813

*AON *3130 ‘1dsesg *3ny Atnp .eunp fey TTudy
Z1 T Z A SR 0z 9 ZZ 8 12 h 9T z

OhZ STT 0TZ S6T 08T S9T OST SET 02T S0T 06 sL 09 &t 0 ST 0

0s

00T

.\llnllal.lo,
\-\ - .\l’l ! Om.ﬂ
\. /0 . .‘lli\ 'llll o’
,t‘l‘u‘ . |I \

~* 002

- uoTaTPUC) Buey MOTq

052
. - ./ . RN oo
- . [ L Y P - ! . ’ - .” 0s¢
woTiTpuc) suey yBTH ~ 00h

0sh

Jayyew oyueBao Lap ueao ZW/3 ‘uoa) Buypuess



-39-

Below-Ground Plant Standing Crop

The seasonal variation in total below-ground standing crop, including
below-ground crowns, rhizomes, and roots, is presented in Appendix Tables
5 and 6, Tables 11 and 12 and in Fig. 21. A much higher root biomass is
apparent in the low range condition exclosure. A peak biomass of roots
and rhizomes in the upper 60 cm of soil of 2832 g/m2 occurred on July 6
while a peak of 1675 g/m? occurred on the same date in the high range
condition exclosure. These correspond to respective peak weights in 1970
of 2227 g/m2 and 1366 g/m? for the two treatments on July 10. The
treatment differences could be a direct result of the bast grazing history
of the treatments, or more likely, an indirect effect of the grazing
history altering the species composition. The low range condition
treatment was dominated by B. dactyloides and B. gracilis, while the high
range condition treatment was dominated by these two species in combination
with A. smithii.

Below-ground plant biomass in both treatments increased from April 2
to a peak on July 6. It then decreased in low range condition until
August 3 when the biomass was lower than at the beginning of the sampling
period in April. Biomass then increased to 1990 g/m2 on September 2.

The previous year's data and the October 1 0-30 em sample indicate that
it may have continued to increase beyond that date. The proportionate
decrease following the peak was not as great in the high range condition
treatment. The low point was also reached on August 3. The subsequent
increase was greater than in low range condition and almost reached the
equivalent of the July 6 peak. Seasonal changes in root biomass may

have been affected by the seasonal distribution of soil moisture (Fig. 3)
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and accompanying changes in above-ground productivity. However, root
biomass changes also reflect shifts in carbohydrate sinks during the
growing season. Although the trends were evident at all depth increments,
the fluctuations were much greater in the upper levels. The seasonal
occurrence of the peaks and lows corresponded to those of the 1970
season. The 1970 data indicated that the below-ground biomass consisted
of 85 and 87% roots, 1% and 11% root crowns and 1 and 2% rhizomes for
low and high range conditions, respectively.
Fig. 22 shows the mean root biomass (April through October) by
depth increment. More than half of the total biomass was in the top
10 cm (55% in the high range condition and 57% in the low range condition).
The differences in biomass between the two treatments was also
proportionately greater in the upper levels. The percentage biomass
in the top 10 cm was greater in 1971 than in 1970 (55 vs. 46% in the
high range condition and 57 vs. Lu% in the low range condition).
Turnover rates were calculated for the root component using the

formula of Dahlman and Kucera (1965) of

Total B
where T is the turnover, Bnax is the maximum root biomass, Bpin is the
minimum root biomass and Total B is the total mean root biomass for the
year. This method indicated a turnover rate of 2434 (.177 in 1970) fop
the low range condition treatment and .301 (.213 for 1970) for the high

range condition treatment.
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Plant Standing Crop by Compartments

Estimates of above- and below-ground oven dry ash-free plant biomass
by components is shown for the high range condition exclosure in Fig. 23
and for the low range condition exclosure in Fig. 24, assuming ash
contents of 8, 10, and 13%, respectively, for live, recent dead, and oid
dead above-ground herbage standing crop.

Above~ground components reached a peak of Bu0 g/m2 in mid-August in
high range condition; however, differences were small from early June
through October. In the low range condition exclosure a peak of 337 g/m?
Wwas reached in early July, although differences were small through late
August.,

Below-ground plant components increased from a low in early April
to a peak in early July in both treatments (1394 and 1676 fo 1861 and
2832 g/m?, respectively, for high and low range condition exclosures),
then declined to a low in early August in both high and low range
condition (954 and 1867 g/m2, respectively) and then both increased late
in the season.

Below-:above-ground standing crop ratios ranged from 3.1 to 2.7 to
1 in the exclosure in high range condition and from 6.2 to 10.4 to 1 in the
temporary exclosure in low range condition.

Transfer From Herbage to Mulch

Partially delittered plots were employed to measure the transfer
of plant material from the herbage to the mulch compartment for most
of the 1971 growing season. Ten .0225 m? (15 x 15 cm) permanent plots

were randomly located in each of two replicates per treatment, high
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Above- and below-ground oven dry ash-free nlant biomass by
components, permanent exclosure, high range condition,
Cottonwood, 1971. (L:Live; RD:Recent Dead; 0D:01d Dead;
M:Mulch, Crowns and Stolons; BGRY:Below-Ground Plant Biomass,

0-30 cm depth and 0-60 c¢m depth)
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condition range and low condition range treatments. The plots were
marked with four 1/2-inch steel nails and lightweight wire. The wire
was looped around each nail so that the corners of each plot were
determined by the intersection of the wire and the nails were outside
the plot. The wire was positioned about one-half inch above the ground
surface and tightened to prevent movement between visitations.

All bright-colored material was removed from the mulch layer of
the plots on June % and June 7 for the high and low conditiontreatments,
respectively. The plots were revisited in mid-June, late June, late July,
and late September and all current vear's dead and live material that
had fallen to the mulch layer was removed. Removal of material was
accomplished with 30-cm tweezers to prevent disturbance of the attached
components of the herbage layer. The removed components were oven dried,
categorized, and then weighed to the nearest .01 g. Categories used
were live and this year's dead for western wheatgrass, buffalograss,
blue grama, Japanese brome, needleleaf sedge, and the remaining live and
this year's dead included in an "others" category.

The long interval of measurement between late July and late
September may have generated inaccurate low rates of transfer for
August and September. The first five weeks of this interval were
extremely dry and not conducive to rapid decomposition rates that would
result in discoloration of freshly fallen material. However, a sizable
amount of precipitation occurred in early September and, although the
air temperatures were fairly cool, might possibly have given rise to
conditions suitable for decompositional processes that could have

discolored some of the material that had fallen during the interval.
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The extent of the discoloration may have been enough to prohibit the
identification of the material as freshly fallen. If so, then only an
unknown portion of the material transferred during the interval was
actually measured. Ideally, the plots should have been tended just
prior to or immediately after the precipitation event of early September.

Table 13 presents a summary of the daily rates of transfer to mulch
results, while individual plot data are presented in Appendix Tables 7
through 10. The daily rates of transfer were generally higher in the low
condition treatment than in the high condition treatment and were
extremely variable. The rates were higher in July than in the other
intervals of measurement in both treatments.

The amount of material transferred from herbage to mulch is shown
by treatment in Table 14 for each collection period interval after
June 10 and prior to October 2. Appendix Tables 11 and 12 show the data
on a replicate basis. Species composition (%) of the transferred material
is also indicated. The composition is high in Japanese brome for both
treatments. The "others" category, mostly forbs, is also high. Most
of the forbs grow, die and fall to the mulch layer within the growing
season. Most of the Japanese brome material transferred during the
growing season is seed. Western wheatgrass (mostly leaves) made up 17%
of the transferred material in the high condition treatment, while
buffalograss (leaves and seeds) accounted for 30% of the total in the
low condition treatment.

Table 15 shows the amount of material transferred from herbage to
mulch for each major component on a cumulative basis by treatment and

herbage dynamics collection periods. Appendix Tables 13 and 14 show
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Table 13. Rates (g/m2/day) of Live + This Year's Dead Transfer From Herbage
to Mulch From June 4 Through September 27, 1971
Interval AGSM BUDA BOGR CAEL BRJA OTHR Total
Permanent Exclosure High Range Condition, Replicate I
6/4-6/16 0.019 0.015 0.022 0.011 0.030 0.0u48 0.145
6/17-6/28 0.015 0.026 - 0.015 0.033 0.067 0.156
8/29-7/28 0.013 - 0.001 -~ 0.065 0.128 0.207
7/29-9/27 0.011 0.005 0.001 0.001 0.011 0.005 0.034
Permanent Exclosure High Range Condition, Replicate II
6/4-6/17 0.031 0.010 0.007 - ¢.010 0.051 0.109
6/18-6/30 0.003 0.010 0.021 - 0.03u 0.027 0.095
7/1-7/28 0.037 0.022 0.005 0.008 0.079 0.079 0.230
7/29-9/27 0.014 0.004 0.003 0.001 0.009 0.003 0.034
Permanent Exclosure High Range Condition, Mean Both Reps
0.025 0.013 0.015 0.008 0.020 0.050 0.127
0.009 0.018 0.011 0.008 0.034 0.0u7 0.126
0.025 0.011 0.003 0.004 0.072 0.104 0.216
0.013 0.005 0.002 0.001 0.010 0.004 0.036
Temporary Exclosure Low Range Condition, Replicate I
6/7-6/16 - 0.08y 0.034 0.030 - 0.0u49 0.197
6/17-6/30 ~— 0.051 - -~ 0.013 0.013 0.077
7/1-7/26 0.007 0.137 0.002 0.002 0.215 0.085 G.448
7/27-9/24 0.006 0.033 0.002 0.001 0.052 0.011 0.105
Temporary Exclosure Low Range Condition, Replicate II
6/7-6/16 0.010 0.054 G.005 0.054 0.005 0.099 0.227
6/17-6/30 - 0.060 -- -~ 0.031 0,022 0.113
7/1-7/27 - 0.066 0.007 0.007 0.174 0.040 0.294
7/28-9/24 0.007 0.024 0.001 0.002 0.043 0.012 0.088
Temporary Exclosure Low Range Condition, Mean Both Reps
0.005 0.069 0.020 0.042 0.003 0.074 0.213
- 0.056 - - 0.022 0.018 0.094
0.004 0.102 0.005 0.005 0.195 0.063 0.367
0.009 0.029 0.002 0.002 0.0u48 0.012 0.097




~71-

Table 14. Transfer From Herbage to Mulch--Totals by Treatment
and Collection Period (g/m2)

AGSM BUDA BOGR CAEL BRJA OTHR Total

High Range Condition

6/10-6/23 0.25 0.21 0.17 0.09 0.36 0.69 l.78
&6/2u-7/7 0.24 0.18 0.10 0.07 0.77 1.11 2.46
7/8-7/21 0.35 0.15 0.04 0.06 1.01 l.45 3.06
7/22-8/4 0.26 0.11 0.04 0.04 0.57 0.74 1.75
8/5-8/18 0.18 0.06 0.03 0.01 0.14 0.06 0.48
8/19-9/2 0.19 0.07 0.03 0.02 0.15 0.06 0.51
9/3-10/1 0.36 0.13 0.06 0.03 0.29 0.12 0.99
Total 1.83 0.92 0.46 0.31 3.30 4,22 11,02
% Composition 17 8 y 3 30 38

Low Range Condition

6/10-6/23 0.04 0.87 0.1y 0.29 0.17 0.64 2.15
6/24-7/7 0.03 1.10 0.03 0.03 1.52 0.56 3.26
7/8-7/21 0.05 1.42 0.06 0.06 2.72 0.88 5.19
7/22-8/4 0.08 0.76 0.0y 0.04 1.40 0.42 2.73
8/5-8/18 0.09 0.40 0.02 0.02 0.87 0.16 1.36
8/19-9/2 0.10 0.43 0.02 0.02 0.71 0.17 1.45
9/3-10/1 0.19 0.83 0.04 0.04 1.38 0.33 2.81
Total 0.56 5.81 0.35 0.51 B.57 3.16 i8.96

% Composition 3 30 2 3 45 17
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Table 15. Transfer From Herbage to Mulch--Cumulative Totals by
Treatments for Data Collection Periods (g/m2)
AGSM BUDA BOGR CAEL BRJA OTHR Total
High Range Condition
6/10-6/23 0.25 0.21 0.17 0.09 0.36 0.69 1.78
6/2u-7/7 0.49 0.39 0.26 0.16 1.13 1.80 4.23
7/8-7/21 0.84 0.55 0.31 0.21 2.14 3.25 7.29
7/22-8/4 1.10 0.65 0.34 0.25 2.72 3.99 9.04
8/5-8/18 1.28 0.72 0.37 0.26 2.86 4,04 9.52
8/19-9/2 1.46 0.78 0.40 0.28 3.01 b.10 10.03
9/3-10/1 1.83 0.92 0.46 0.31 3.30 4.22 11.02
Low Range Condition
6/10-6/23 0.04 0.87 0.1y 0.29 0.17 0.64 2.15
6/24-7/7 0.06 1l.10 0.17 0.33 1.69 1.20 5.41
7/8~7/21 0.11 3.39 0.23 0.39 Loyl 2.08 10.61
7/22-8/4 0.19 4.16 0.27 0.43 5.81 2.49 13,34
8/5-8/18 0,28 L4.56 0.29 0.45 6.48 2.65 14.69
8/19-9/2 0.37 L4.g8 0.31 0.47 7.19 2. 82 16.15
9/3-10/1 0.56 5.81 0.35 0.51 8.57 3.16 18.96




similar data on a replicate basis. The cumulative totals should be used
in the compilation of net primary production estimates. Species peaks
of live plus this year's dead herbage should be supplemented with the
corresponding cumulative total of herbage transferred to the mulch by
the date of the species peak on a renlicate basis.

About 19 g/m2 of current year's production was transferred to the
mulch layer on the low range condition treatment and about 11 g/m? in
the high range condition exclosure during the 1971 growing season. Most
of this transferred material is not included in the frequent harvest
estimates of net primary production of above-ground plant parts. It,
therefore, seems mandatory that this transfer be determined and
subsequently accounted for in net primary production estimates of the
grassland ecosystem at Cottonwood.

It should be emphasized that at Cottonwood knowledge of the rates
of transfer of plant biomass from the herbage to the mulch compartment
is considered more critical in estimating net primary production (NPP)
than it is in simply characterizing the decomposition process. This
creates a problem in measuring the transfer when using a frequent harvest
method for estimating NPP.

If the only objective was to describe this mechanical phase of
the decompositional process, the plots could be cleared of freshly
fallen material as often as time and labor would permit, possibly
weekly or more frequent. The manner in which the transfer of herbage
to mulch influences NPP estimates is that a portion of the herbage
that is transferred to the mulch in the interval between two frequent

harvest dates is discolored and not identified as current year's
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production by the second harvest date. However, some of the transferred
material is not discolored and is properly identified as current
year's production and is so classified. During intervals that are
microclimatically unfavorable for decomposition, and therefore
discoloration, material that was transferred will still look like
herbage and be classified as herbage. If the standing crop for the
date at the end of the interval includes this material and is also
supplemented with estimates of transferred material based on separate
plots, then the transferred but nondiscolored material is accounted for
twice in the NPP estimate.

Since decomposition rates are closely associated with moisture
and temperature, the transfer plots should be tended very often in
moist warm periods and only rarely in dry or cold periods. The problem
is in determining the interval length. Weekly intervals may be too long
during warm or hot.periods when the mulch layer is moist. During periods
when this layer is dry, the intervals should be extended until the
layer is moistened by precipitation or heavy dew.

Estimate of Net Primary Production

Net primary production (NPP) was calculated from the above-ground
plant standing crop data by adding to the peak live standing crop later
significant increases in live plus contributions calculated from the
recent dead, old dead, and mulch data. Contributions calculated from
the recent dead data were the amount of recent dead at the time of peak
live standing crop plus the sum of the significant increases in recent

dead which exceeded the corresponding decrease in live. The contribution



~75-

to NPP calculated from the old dead data was the sum of the significant
inereases in old dead which were greater than could be accounted for by
the corresponding changes in live and recent dead. The contribution to
NPP calculated from the mulch data was the sum of the significant
increases in mulch which were greater than could be accounted for by the
corresponding changes in live, recent dead, and old dead. Creditability
of the values calculated from the mulch dynamics can be checked against
values extrapolated from the mulch transfer plots. The estimates of
herbage transferred to the mulch layer are certainly below the actual.
The probability level chosen for significance was .05. Live, recent
dead, and old dead contributions were calculated on an organic matter
basis by multiplying the oven dry contribution by 0.91, 0.86, and 0.85,
respectively.

Net primary production was calculated from the below-ground plant
standing crop data by summing the significant increases in standing
crop. Standard errors were not available for sums of depth inerements
but were assumed to be about 8% of the mean. Calculations were made
Separately from the 0-30 cm plus 30-60 cm depths and from the 0-60 cm
depth.

Estimated net primary production not including losses to herbivory
are shown in Tables 16 and 17 for the exclosures in high and low range
condition, respectively. NPP estimated from the above-ground components
was 550 and 252 g/m2/year oven dry organic matter, respectively, for
high and low range condition. NPP estimated from frequent sampling of
below-ground standing crop at 0-30 cm and less frequent sampling at 30-60

cm was 682 and 1969 g/m2, respectively, for high and low range condition.
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When 0-60 cm depths were used, NPP was estimated to be 582 and 1105 for
high and low range condition, respectively. Total NPP was thus estimated
at 1232 or 1132 and 2421 or 1357 g/m2 for high and low range condition,
respectively, depending on whether two depths or one were used to study

the dynamics of the below-ground plant parts.
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Appendix Table 1. Daily, Weekly and Monthly Abiotic Data,
Cottonwood, South Dakota - 1971.

Explanation of Data

All data are from 0B00-0800 MST. The air temperature, relative
humidity, radiation and 1 and 2 meter wind values are common for
Pastures 1 and 3. The instrumentation for these data is located in
Pasture 2. The information in the columns in the table is as follows:

Column
1 Month
2 Day
3 Maximum daily air temperature (°F).
4 Minimum daily air temperature (°F).
5 Average daily air temperature based on maximum and minimum
temperatures.
] Average daily air temperature based on two hourly temperature
readings starting at 0800 (°F).
7 Average daily relative humidity based on two hourly relative
humidity ratings starting at 0800.
8 11:00 a.m. (MST) relative humidity.
9 Daily evaporation in inches.
10 Maximum daily evaporation pan temperature (°F).
1l Minimum daily evaporation pan temperature (°F).
12 Average daily evaporation pan temperature (°F).
13 Evaporation pan temperature at about 0800 (°F).
14 Daily radiation in Langleys.
15 Total 24-hour pan wind movement in miles. (Data from Pastures 1 and 3).
16 Average daily pan wind in miles per hour. (Data from Pastures 1 and 3).

17 Total 2u4-hour wind movement at 1 meter in miles.



Column
18
19
20

21

22

23

2y

25

26

27

28

29

The
or month.
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Average daily wind velocity at 1 meter in miles per hour,

Total daily wind movement at 2 meters in miles.

Average daily wind velocity at 2 meters in miles per hour.

The first digit of each day is the prevailing wind direction
from 0800-2000; the second digit is the prevailing wind direction
from 2000-0800 (Code: O0-N; 1-NE; 2-E; 3-SE; 4-S; 5-SW; 6-W;
7-NW; 8-Variable).

Daily precipitation in inches at the evapotranspiration plots
in Pastures 1 and 3.

Daily runoff in inches from the evapotranspiration plots in
Pastures 1 and 3.

Daily soil temperatures at 10 cm on the evapotranspiration plots
in Pastures 1 and 3 (°F),

Daily soil temperature at 20 cm on the evapotranspiration plots
in Pastures 1 and 3 (°F).

Average daily soil temperatures for the 5, 10, 20, and 50 cm
depths in Pastures 1 and 3 (°F).

Average daily soil temperatures of the 5, 10, 20, 50, 100, and
150 cm depths for Pastures 1 and 3 (°F).

Cloud cover at about 0800 (Code: 0-Clear; 1-25% cloud cover;
2-50% cloud cover; 3-75% cloud cover; 4-Overcast).

Code to indicate if precipitation is falling at about 0800
(Code: 0-No; 1-Yes).

date given for the average values is the beginning of the week
The monthly averages are for 28 days.
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Appendix Table 2. Soil Bulk Density (g/cm3) by Depth Increment
Cottonwood, October 19703/

Depth Plot no.
cm 1 2 3 4 5 6 7 8 g 10 Mean

Permanent Exclosure High Range Condition, Replication I
0-5 1.01 1.02 0.96 1.15 0.90 0.87 0.84 0.95 0.79 0.95 0.94
5-10 1.34% 1.3% 1.29 0.99 1.12 1.26 1.37 1.37 1.10 1.26 1.24
10-20 1.08 1.20 1.35 1.23 1.1? 1.36 1.41 1.38 1.27 1.28 1.27
20-30 0.91 1.26 1.40 0.99 1.24 1.54 1.34% 1.55 1.49 1.36 1.31
30-40 1.07 1.1 1.54 1.23 1.56 1.55 1.55 1.31 1.57 1.40 1.44
40-50 1.18 1.55 1.50 1.43 1.44 1.67 1.24 1.37 1.70 1.53 1.4%
30-60 1.50 1.46 1.67 1.65 1.65 1.60 1.65 1.49 1,45 1.54 1,57

Permanent Exclosure High Range Condition, Replication II
0-5 1.08 1.10 1.20 1.01 0.99 1.22 1.0% 1.13 0.88 1.22 1,09
5-10 1l.41 1,13 1.27 1.39 1.34 1.33 1.25 1.36 1l.14 1.22 1.28
10-20 1.46 1.339 1,32 1.29 1.31 1.54 1.09 1.26 1.27 1.50 1.3u
20-30 1.54 1.27 1.55 1.43 1.37 1.36 0.95 1.51 1.37 1.38 1.37
30-40 1.58 1,51 1.54% 1.77 1.71 1.54 1.34 1.7} 1.24 1.57 1.55
40-5¢ 1.39 1.84 1.22 1.42 1.55 1.61 0.83 1.64 1.26 1.63 1.4y

50-60 1.54 1.68 1.17 1.56 1.58 1.71 1.u48 1.54 1.58 1.42 1.53
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Appendix Table 2 Continued

:

Depth
cm

1

2

3

y

Plot no.

5

6

7

8

9

10

Mean

10-20

20-30

30-40

Lo-50

50-60

0-5

2=10

10-20

20-30

30-40

Lo-50

50--60

Temporary Exclosure Low

0.91

1.24

1.26

1.65

1.28

1.51

1.50

1.00

1.28

1.25

1.29

1.09

1.54

1.34

1.46

1.2y

1.33

0.96

l.12

1.11

1.33

1.17

1.64

1.55 1.28 1.s51

Temporary Exclosure Low

1.01
1.37

1.38

1.54

1.08 1.01 1.0

1.38
1.23
l.42
1.51
1.48

1.51

1.2
1.29
1.36
1.55
1.45

1.53

1.18

1.37

1.31

1.37

i.51

1.43

Range Condition,

1.08
1.28
1.42
1.39
1.37
1.51
1.52
Range
1.00
1.20
1.32
1.50
1.41
1.60

1.50

1.05

1.33

1.21

1.62

1.35

1.10

1.26

1.20

1.27

l.08

1.45

i.62

Replication I

1.20

1.35

1.49

1.37

1.56

1.34

0.90

1.39

1.31

l.4]

1.58

1.70

1.865

1.186

1.43

1.11

Condition, Replication IT

1.11 1.11 0.99

1.35

1.35

1.81

1.58

1.62

1.64

1.24

1.35

1.55

1.55

1.70

1.58

1.22

1.20

1.01

1.20

1.23

1.25

1.38

1.32

1.05

1.32

1.28

1.40

l.u6

l.u486

1.uy

a/ Samples taken with a 4.2 cm

sampler.

diameter tube on

& hydraulic core
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APPENDIX TABLE 3 . SUMMARY OF REGRESSION STATISTICS FOR THE VEGETATION ESTIMATION PROCEDURE, COTTOMWOOD, 1971

Mean Heaan Veriance of
Data Sampling Number of Ocular 'True! fagression Residual Coefficient of Regression
5 Values Varian Coefficient
Agropyron Live 1 © Square 4 .20 19 .01 .18 .00 .99 .01
Plot 5 2.16 2.29 .21 .96 1] 97 .00
2 Square & .19 «19 .00 .04 00 1.00 .00
Plot 5 i.19 1.19 .02 .99 .00 1.00 .00
3 Square 8 2.56 3.03 .69 K1) .32 .84 .00
Plot 9 28.78 30,71 9.45 L) 86.14 41 .00
4 Square [ .23 .22 .0k iy 00, .97 00
Plot 7 2.86 2.73 N J0 .05 1.00 00
5 Square s 2.90 '3.08 .61 .85 .29 .98 00
Plot 6 28,17 30.92 =79 1.13 29.40 .96 .00
6 Square il 1.94 1.88 .07 .93 .02 .99 .00
Plot H 35.08 31.57 i .88 12,50 .97 .00
7 Square 7 .16 .20 .05 .97 .00 .88 .00
Plot .} 1.66 2.12 49 .98 .13 .Sl .00
Recant & Square 3 b .Sk .03 1.1% .01 .98 .00
" Dead Plot 3 2.85 3.87 A1 1.52 .13 1.00 00
5 Square 5 3.65 k.21 =-.92 1.40 1.0 .52 .00
Plot 6 31.83 38.12 1,87 .82 51.82 Th .00
6 Squars 1l 2.78 2.86 -.21 1.12 .08 .98 .Q0
Plot 10 37.20 38.20 -.86 1.01 7.52 .99 .00
7 Square 7 .08 .09 .01 1,06 .00 .81 .00
Plot 7 1.39 1.23 .37 .56 N: +95 .00
Old Doad 1 Squars 5 5.95 5.94 1.1 .81 .33 .88 .00
Plot 5 53.00 50.42 8.83 .78 1.64 .99 .00
2 Squars [ .02 .03 ~.01 2,04 .00 .93 .00
Plot 7 .36 .70 -.32 2.86 .1 .87 .00
3 Square 8 2,56 3.03 .69 91 .32 LB .00
Plot 9 28,78 3o.n 9.45 74 B6. 14 ) .00
4 ‘Square 3 .09 06 -.01 .73 .0l 42 .00
Plot 3 .27 .13 -.18 1.15 .01 .89 .00
s Square 3 .87 .95 -1.07 2.3 .25 .70 .00
Plot L 9.00 5.37 62.17 ~6.31 27.7 .59 .00
] Square 10 .58 .63 .05 1.06 .01 .93 .0l
Plot i 7.73 .07 2.52 i.H1 7.1% .96 .00
7 Square 0 .00 00 .00 .00 .00 .00 .00
Plot I 1.00 .00 .00 .00 .00 .00 .00
Boutsloup Live 2 Square 9 .12 b .0l 114 .00 1.00 .00
Plot - 1t 1.00 1.1 .29 .81 .08 .96 .00
3 Squars 7 18 .37 .02 1.30 .01 76 R
Flot 9 2.00 2.73 1.65 5k 2.29 -3 .00
4 Square 8 .56 .57 oS .84 .0l .95 .01
Plot 9 8,45 10,39 k.69 .68 5.55 .85 .00
5 Squere 5 16 49 19 1.90 .10 .20 .00
Plot 6 2.00 5.1) 3.35 .89 1.58 .58 .00
6 Square 10 .13 .37 -.04 1.22 .00 .99 .00
Plot 9 4.87 5.42 06 1.47 .80 .96 .0
7 Square 9 .52 A6 A7 .55 .03 .73 .00
Plot 9 7.50 7.42 .79 .75 .40 9k .00
Recent 4 Square 5 .36 24 -~.08 .90 .03 .61 .00
Dead Plot 5 5.80 5.09 .82 Th .75 .95 .00
5 Square 5 .27 .59 .13 1.68 12 .35 .00
Plot [ 2.38 5.7 .05 2.40 1.39 .86 .00
6 Square 10 b .50 ~.04 1.28% .0l .95 .00
. © Plot 9 8,24 7.60 -.29 1.08 4.37 .84 .03
7 Squars 8 .31 .26 .0 7 .00 .87 .00
Plot 8 5.38 5.58 2.51 .57 2.n .50 00
Llve 2 Square " .2 b .00 I.Og .00 .97 .00
dactyloidas Plot 1 1.06 1.06 .24 / .07 .97 .00
3 Square 5 .24 R -0k 1.26 00 .96 .02
Plot 9 2.00 2.06 57 M 5.28 +33 00
4 Squars 9 .73 .90 .50 55 .12 .13 .00
Plot g 15.83 V4,37 7.82 4 4,90 .82 .00
5 Square 4 51 .26 .02 .53 .00 B .03
Flot 6 h,.58 2,22 - .59 .63 Wi .00
6 Square o .38 R .03 1.00 .00 .96 .00
Plot 10 4.88 4.79 .78 .82 2.38 .86 00
7 Squars 9 92 .92 A5 .B4 .03 .96 .00
Plot 9 15.31 15,42 3.72 .76 20.42 .90 .00
Recent 4 Square 5 .84 .72 .05 .Bo 16 RT) .00
Dead Plot 5 14,60 12.58 2.45 .69 16.85 .62 .00
5 Square 5 57 .58 b .24 .39 .0l .00
Plot s 5.46 5.38 3.97 23 .03 .95 .00
€ Square 10 .62 .65 -,02 1.09 .00 .98 .00
Piot 10 7.92 6.10 3. 04 .38 9,18 .39 .00
7 Square ] .60 +50 19 51 Ok .39 00
Plot 8 13.75 9.47 .44 .51 2.9 .57 .00
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APPENDIX  TABLE 3 CONTINUED

: Hean Mean Varisnce of
Data  Sompling  Number of Ocular Trus' Regression Residual  Coafficient of Regression
Jaxa Cateqory Set Stage Samples Estimates Values _ intercept Goefficignt Variance Determination Loefficient

Shortgrass 0td Dead | Square 5 1.61 1.45 A7 .79 .01 1.00 .00
(BOGR+8UDA) Plot 5 17.30 46 1.53 .75 A7 1.00 .00
2 Square 10 1.13 .88 15 .61 .00 .B7 .01

Plot 1 13.48 9.66 2.54 .53 i.66 .90 .00

3 Square 8 30 .38 -.50 1.43 .05 5k .00

Plot 9 5.7 416 .53 .70 5.95 o34 .00

4 Squars 9 Ao .19 .07 S ] .00 75 00

Plat 9 7.15 3.58 2.26 A7 6k .66 .00

5 Square 3 .27 . .52 R 48 .27 .0} .00

Plot ' 5.75 .14 x5 A7 .00 .99 .00

6 Square 6 .15 .18 .02 .93 .00 .86 .03

Piot B 2.14 1.86 .09 .83 .26 .86 .00

7 Square 10 .35 .30 46 K] .ol .49 .00

Plot 1] 6.22 5.08 1.7 57 N7 .97 .00

romus Live } Squars 5 .02 .03 .02 | .00 .31 .00
aponicus Plot & .19 24 15 Ly .00 1.00 .00
2 Squars 9 .07 . =00 1.16 .00 .96 .00

Plot 10 .86 .69 .02 .86 .02 .96 .00

3 Square 7 .39 .35 .0k .72 .00 .99 .00

Plot 8 b.2b 3.54 1.22 .37 7 .91 .00

& Squara 3 .22 .18 .00 1.05 .00 1.00 .00

Plot 4 3.5 2.66 .22 .68 .57 .94 .00

s Squlr. - - - - - - - -

Plot 4 - 1.75 1.25 67 33 3.65 .09 .00

6 Squars 6 1.15 1.28 28 88 0s .9 .00

Plot 8 11.58 13.52 2.62 9 6.84 .97 00

7 Square 10 21 +25 .0l .13 .00 .99 00

- Plot 10 3.00 2.8 -.02 .94 .25 .97 113

Recent " Square 4 2 16 .02 1.18 .0l N .00

Dand Plot 5 1.00 1.28 .55 .73 -3 4o .00

5 Squars 5 30 . =-.30 .n .04 .96 00

Plot 5 L.08 9.46 -4.89 3.05 k.79 97 .10

6 Square [ 8 .85 -.05 1.05 .00 .99 00

Piot 7 6.31 7.59 5.90 .27 5.76 .07 00

7 Square 1o «21 .25 ol 1.13 00 .99 00

Plot 1) 3.00 2.8 =-,02 K 25 .97 .00

Carex Live H Square . 5 .03 .02 0 54 .00 47 oo
gleocharis o Plot 5 .26 .20 .05 .55 +00 76 0o
2 Squaras 11 .12 .12 00 1.00 00 .98 .00

Plot 11 1.18 [ .18 .82 N .85 .00

3 Squate 7 .12 25 .06 77 .01 .65 06

Plot 9 2,13 1.43 72 .M .05 .80 00

& Square 7 .12 A7 00 1.02 .00 74 .07

Plot 9 2.47 i.88 1.12 1] 3 3 0o

5 Square 3 . .37 .52 -1.80 00 .96 00

Plot & 1.25 3.33 2.43 .72 LY .32 00

6 Squars 10 W7 A7 -, 0 1.26 .00 a0

Plot 10 1.76 2.18 24 1.10 .62 82 .00

7 Square 5 16 .21 -.06 I.50 .00 .98 LOF

Plot 7 3.36 2.65 b8 .65 1.3% 53 .00

Recent 4 Square 3 W13 24 N 1.08 .00 1.00 00

Dead - . Plot i 1.50 1.97 49 99 .28 .90 .00
5, - Square 2 0 - S .00 00 .00 .00 .00

Plot 2 1.38 .00 .00 .00 .00 00 +00

6 Square ] .16 A7 -.01 1.10 .00 +79 .00

Plot 10 1,34 2.02 .81 .59 .75 46 .05

7 Square é A .13 -.01 1,02 .00 .95 .00

Plot 6 3.o8 1.97 20 .57 .58 . 00

Fresh 1 Square 5 9.65 9.68 30 .97 .08 .58 00
mulch . Plot 5 83.26 81.08 27.66 6l 79.86 1] .00
2 Square 10 1.36 1.33 .05 .9l . .96 .00

Plot 11 16,00 14,91 2,94 75 2.02 .96 .00

3 Square 8 10.06 9.1% t.54 .76 .90 .86 .00

Plot 9 106,22 106.133 24,22 7 78.43 .93 .00

4 Square 9 . . -.03 .88 .05 .68 .00

Plot 9 15,00 IR 5.89 .35 8.1 .29 .00

5 Square s 10.44 7.39 =43 .75 .92 .67 .00

Plot ] 94,33 70.59 23.24 .50 67.81 .82 .00

[ Squarse 1] 5.4% 4.96 A6 .88 . I8 .98 .00

Plot 3] 17.42 70.56 8.87 .80 54.02 .97 .00

7 Square 11 .62 .59 | 20 .62 0k .61 .00

. Plot 1 14,72 10.88 3.28 .52 3.38 .93 .00
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Jaxs

Humic milch

Dead crowns
#nd stolons

Live ¢rowns
and stolons

§o|l

Mean

Data Sampling Nuwber of Ocular
1

~ A W o oW N

W oW N - - N oW W

-~

- o W N

Square 5 .35
Plot 4 1.97
Square 9 .08
Plot 10 .87
Square 8 N1
- Mot 9 2,40
Square 7 N
Plot 9 2.17
Square S LA
Plot [ 1.75
Square 1] 06
Plot 1 1.5%
Square 5 .03
Plot 10 .92
Square 5 .53
Plots 5 5.98
Square 10 A9
. Plot 1] |.84
Square 7 A2
Plot 8 7.22
Square 9 .09
Plot 9 1.32
Square H As
Plot 5 5.08
Square 10 .34
.Plat H 5.30
Square n b
Plot 1" - 1.50
Square 5 .86
Plot 5 10.15
Square 10 .17
Pldt 10 1.74
Square 8 62
Plot 9 8.81
Square 8 .10
Plot 9 1.07
Square 5 .60
Plot 6 7.58
Square 10 «39
Plot 9 6.94
Square 1o .05
Plot 1 1.23
Square h KN
Plot ; 7-23
uare .
slq;lr.:t 1t ‘t?g
Squere 7 .
Plot 8 5.44
Square s .12
Plot 9 2.1
Square L) 05
Plot 6 1.42
Square 9 .06
Plot 10 4,65
Square 2 02
Plot 3 1.73

Mean
True'
. el

+36
9.45
.80
03
1.35
.02
1.47
.10
.87
.05
.78

Regrassion
figi

S

Reslidual
risn

419

Veriance o
Coefficiant of Regression
rmination Coefficieni
1.00 .00
.95 .0l
.68 .00
.93 .0l
.92 .00
.60 .00
Y .00
.27 .00
.00 .00
l6’ ‘m
.79 .00
.20 .00
.98 .00
.86 .03
.99 .00
.99 .00
) .03
.80 .00
+96 .0l
.54 .0t
02 .00
.58 .00
.06 .00
W21 .00
1.00 .00
.73 .00
.97 .00
.30 00
.95 .00
1.00 .00
.96 .00
.87 .0l
.86 .00
.56 .00
.97 .00
77 .00
.09 .00
R .00
.99 .00
.59 .02
.21 .00
45 .00
.98 .00
1.00 ".00
«99 .00
.98 .00
.99 00
96 .00
1.00 .00
.96 .00
.00 .00
1 .00
.05 .02
.99 .00
V.00 .00
.00 .00
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Appendix Table 4. Species List and Codes of Plants Found in Clip,
Weight-Rank and Weight-Estimate Plots. Cottonwood, 1970, 1971

6ACLA

B6AGGL

1AGSM

BALTE

LYAMRE

YANOC

BANAP

SARHI

1ARLO

7ARFR

BARLU

B6ASER

6ASSP

BASTR

1BOGR

2BRJA

1BUDA

3CAEL

4CHLE

6DEVI

4DRRE

BERCA

Achillea millefoliwn L. (common yarrow)

Agoseris glauca (Nutt.) Greene. (pale agoseris)
Agropyron smithii Rydb. (western wheatgrass)
Alliwnm textile Nels & Macbr. (textile onion)
Amaranthus retrofilexus L. (rough pigweed)
Androsace occidentalis Pursh. (western rockjasmine)
Antennaria aprica Greene (pussytoes)

Arabis hirsuta (L.) Scop. (hairy rockeress)
Arietida longiseta Steud. (red threeawn)

Artemisia frigida Willd. (fringed sagewort)

Artemisia ludovieiana Nutt. var. gnaphalodes (Nutt.) T & G
(Cudweed sagewort)

dster ericoides L. (heath aster)

Astragalus species (milkvetch)

Astragalus triphyllus Pursh. (threeleaf milkvetch)
Bouteloua gracilis (H.B.K.) Lag. ex Steud. (blue grama)
Bromus japonicus Thurb. (japanese brome)

Buchloe dactyloides (Nutt.) Engelm. (buffalograss)
Carex eleocharis Bailey (needleleaf sedge)

Chenopodium leptophyllum Nutt. (slimleaf goosefoot)
Delphinium virescens Nutt. (plains larkspur)

Draba reptans (Lam.) Fern. (creeping draba)

Erigeron canus A. Gray (hoary fleabane)
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Appendix Table 4 Continued. Species List and Codes

HYERSP
YERST
SERAS
LEUSP
2FEOC
6GACO
SGRSQ
6GUSA
YHEHT
LHEAN
2HOPU
HKOSC
BLAPU
LLASE
LLASP
6LEMO
4LEDE
6LIPU
BLIIN
LLIRI

6LOF0

BLOOR

TMAMI

Erigeron spp. (fleabane)
Erigeron strigosus Muhl. ex Willd. (daisy fleabane)
Eryeimen asperum (Nutt.) DC. (plains ervsimum)
Euphorbia spp. (spurge)

Festuca octoflora Walt. (sixweeks fescue)

Gaura eoccinea Nutt. (scarlet gaura)

Grindelia squarrosa (Pursh.) Dural (curlycup gumweed)
Gutierrezia sarothrae (Pursh.) Britton & Rusby (broom snakeweed)
Hedeoma hispida Pursh. (rough falsepennyroyal)
Helianthugs annuus L. (common sunflower)

Hordeum pusillum Nutt. (little barley)

Koehia ecoparia (L.) Roth (kochia)

Lactuca pulchella (Pursh.) DC. (chicory lettuce)
Lactuea scariola L. (prickly lettuce)

Lappula spp. (stickseed)

Leucoerinum montanum Nutt. (common starlily)
Lepidium densiflorwn Schrad. (prairie pepperweed)
Liatris punctata Hook. (dotted gayfeather)
Lithospermum ineiswm Lehm (yellow gromwell)

Linum guleatum Riddell (grooved flax)

Lomatium foeniculaceum (Nutt.) Coult £ Rose (yellowflowered
lomatium)

Lomatium orientale Coult & Rose (whiteflowered lomatium)

Mammillaria missouriensis Sweet (pincushion cactus)
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Appendix Table 4 Continued. Species List and Codes

SMEQOF

GMELA

6MUDI

70FPFR

70FPPC

60XST

BPESP

LPLPU

1POSE

6POVE

6POPE

6PSAR

BPSCU

6PSES

6PSTE

BRACO

25CPA

B8SPCO

1SPAS

1SPCR

15TVI

BTAOF

6TRBR

Melilotus officinalis (L.) Lam. (yellow sweetclover)
Mertensia lanceolata (Pursh.) DC. (bluebell)
Musineon divarieatum (Pursh.) Coult £ Rose (wild parsley)
Opuntia fragilis (Nutt.) Haw (brittle pricklypear)
Opuntia polycantha Haw (plains pricklypear)

Oxalis stricta L. (erect woodsorrel)

Penstemon spp. (penstemon)

Plantago purshii Roem & Schult (wooly indianwheat)
Poa secunda Presl. (sandberg bluegrass)

Polygala verticillata L. (whorled polygala)
Potentilla spp. (cinquefoil)

Psoralea argophylla Pursh. (silverleaf scurfpea)
Psoralea cuspidata Pursh. (tallbread scurfpea)
Psoralea esculenta Pursh. (common breadroot scurfpsa)
Pgsoralea tenmuiflora Pursh. (slimflower scurfpea)

Ratibida columnifera (Nutt.) Wooton & Standley (upright
prairieconeflower)

Schedonnardus panieulatus (Nutt.) Trel. (tumblegrass)
Sphaeralcea coceinea (Pursh.) Rydb. (scarlet globemallow)
Sporobolus asper (Michx.) Kunth. (tall dropseed)
Sporobolus eryptandrus (Torr.) A. Gray (sand dropseed)
Stipa viridula Trin. (green needlegrass)

Tarazacum offieinale Weber (common dandelion)

Tradeseantia bracteata Small (bracted spiderwort)
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Appendix Table 4 Continued. Species List and Codes

5TRPR Tragopogon pratensis L. (meadow salsify)
6VIAM Vicia americana Muhl. (american vetch)

8VINU Viola nuttallii Pursh. (nuttall violet)
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Appendix Table 1ll. Transfer From Herbage to Mulch--Cumulative Totals by
Replicate, Treatment and Data Collection Periods
High Condition Range (g/m2), 1971

AGSM BUDA BOGR CAEL BRJA OTHR Total

High Condition Range, Replicate I

6/10-6/23 0.24 0.29 0.15 0.18 0.4y 0.81 2.11
6/24-7/7 0.43 0.42 0.18 0.26 1.19 2.29 4.75
7/8-7/21 0.61 0.42 0.18 0.26 2.10 4.08 7.65
7/22-8/4 0.78 0.45 0.19 0.26 2.63 4.98 9.30
8/5-8/18 0.93 0.52 0.21 0.28 2.79 5.05 9.78
8/19-9/2 l.10 0.60 0.22 0.29 2,95 5.13 10.29
9/3-10/1 1.42 0.74 0.25 0.32 3.27 5.27 11.27

High Condition Range, Replicate II

6/10-6/23 0.27 0.14 0.18 - 0.28 0.57 1.454
6/24-7/7 0.55 0.36 0.36 0.06 1.08 1.31 3.72
7/8-7/21 1.06 0.67 0.43 0.17 2.18 2.42 6.94
7/22-8/4 1.42 0.85 .49 0.23 2.80 2.99 8.79
8/5-8/18 1.62 0.91 0.53 0.25 2.92 3.03 9.26
8/19-9/2 1.83 0.97 0.58 0.26 3.06 3.08 9.77
9/3-10/1 2.23 1.09 0.66 0.29 3.32 3.17 10.786

High Condition Range, Mean Both Reps

6/10-6/23 0.25 .21 0.17 0.09 0.36 0.69 1.78
6/24~-7/7 0.49 0.39 0.26 0.16 1.13 1.80 L4.23
7/8-7/21 0.84 0.55 0.31 0.21 2.14 3.25 7.29
7/22-8/4 1.10 0.65 0.34 0.25 2.72 3.99 9.0u4
8/5-8/18 1.28 0.72 Q.37 0.26 2.86 .04 9,52
8/19-9/2 1.46 0.78 0.40 - 0.28 3.01 4.10 10.03

9/3-10/1 1.83 0.92 0.46 0.31 3.30 4,22 11.02
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Appendix Table 12. Transfer From Herbage to Mulch--Cumulative Totals
By Replicate, Treatment, and Data Collection Periods,
Low Condition Range (g/mz), 1971

AGSM BUDA BOGR CAEL BRJA OTHR Total

Low Condition Range, Replicate I

6/10-6/23 - 0.95 0.24 0.21 0.09 0.43 1.92
6/24-7/7 0.05 2.286 0.25 0.22 1.69 1.12 5.59
7/8-7/21 0.15 L.18 0.28 0.25 4.70 2.31 11.87
7/22-8/4 0.24 5.16 0.31 0.27 6.24 2.83 15.05
8/5-8/18 0.32 5.62 0.34 0.29 6.97 2.99 16.52
8/19-9/2 0.41 6.12 0.37 0.30 7.75 3.15 18.10
9/3-10/1 0.58 7.08 0.42 0.33 9.26 3.47 21.14

Low Condition Range, Replicate II

6/10-6/23 0.07 0.80 0.04 0.38 0.25 0.85 2.38
6/24-7/7 0.07 1.68 0.08 0.43 1.69 1.28 5.23
7/8-7/21 0.07 2.60 0.18 0.53 4,12 l.84 9.35
7/22-8/u 0.13 3.15 0.23 0.58 5.38 2.15 11.62
8/5-8/18 0.23 3.49 0.2y 0.61 5.98 2.32 12.86
8/19-9/2 0.34 3.85 0.26 0.64 6.63 2.50 14,20
9/3-10/1 0.54 4.54 0.28 0.69 7.87 2.85 16.78

Low Condition Range, Mean Both Reps

6/10-6/23 0.04 0.87 0.14 0.29 0.17 0.64 2.15
6/24-7/7 0.086 1.10 0.17 0.33 1.69 1.20 5.41
7/8-7/721 0.11 3.39 0.23 0.39 b.41 2.08 10.61
7/22-8/4 0.19 4.18 0.27 0.43 5.81 2.49 13.33
8/5-8/18 0.28 4.56 0.29 0.u45 6.48 2.65 14.89
8/19-9/2 0.37 4.98 0.31 0.u7 7.19 2.82 16.15

8/3-10/1 0.56 5.81 . 0.35 0.51 8.57 3.16 18.96
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Transfer From Herbage to Mulch--Totals
by Replicate, Treatment, and Data Collection
Period, High Condition Range {(g/m?)}, 1971

Interval AGSM BUDA BOGR CAEL BRJA OTHR Total
High Condition Range, Replicate I
6/10-6/23 0.24% 0.29 0.15 0.18 0.4y 0.81 2.11
6/2u-7/7 0.19 0.13 0.01 0.08 0.75 1l.49 2.65
7/8-7/21 0.18 —-= 0.01 - 0.91 1.79 2.89
7/22-8/4 0.17 0.04 Gg.01 0.01 0.53 0.90 1.68
8/5-8/18 0.15 0.07 0.01 0.01 0.15 0.07 0.46
8/19-9/2 0.17 0.08 0.02 0.02 0.17 0.08 C.54
9/3-10/1 0.32 0.15 0.03 0.03 0,32 0.15 1.00
Total 1.42 0.76 0.24 0.33 3.27 5.29 11.31
High Condition Range, Replicate II
6/10-6/23 0.27 0.1u 0.18 - 0.28 0.57 1.4y
6/24-7/7 0.28 0.22 0.18 0.06 0.79 0.74 2.27
7/8-7/21 0.52 0.31 .07 0.11 1.11 1.11 3.23
7/22-8/4 0.36 0.18 0.086 0.06 0.62 0.57 1.85
B8/5-8/18 0.20 0.06 0.04 G.01 0.13 0.04 0.48
8/19-9/2 0.21 0.06 0.05 0.02 0.14 0.05 0.53
9/3-10/1 0.41 0.12 0.09 0.03 0,26 0.09 1.00
Total 2,25 1.09 0.67 0.29 3.33 3.17 10.80
High Condition Range, Mean Both Reps
6/10-6/23 0.25 0.21 0.17 0.09 0.36 0.69 1.77
6/24-7/7 0.24 0.18 0.10 0.07 0.77 1.11 2.47
7/8-7/21 0.35 0.15 0.04 .06 l1.01 1.458 3.06
7/22-8/4 0.26 0.11 0.04 0.04 0.57 0.74 1.76
8/5-8/18 0.18 0.06 0.03 0.01 0.14 0.06 G.u8
8/19-9/2 0.19 0.07 0.03 0.02 0.15 0.06 0.52
9/2-10/1 0.36 0.13 0.06 0.03 0.29 0.12 0.99
Total i1.83 0.91 0.47 0.32 3.29 4,23 11.05
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Appendix Table 14, Transfer From Herbage to Mulch--Totals by
Replicate, Treatment, and Data Collection Pericd,
Low Condition Range (g/mQ), 1971

Interval AGSM BUDA BOGR CAEL BRJA OTHR Total

Low Condition Range, Replicate I

6/10-6/23 - 0.95 0.24 0.21 0.09 0.43 i.92
6/24-7/7 0.05 1.32 0.01 0.01 1.60 0.69 3.68
7/8-7/21 0.10 1.92 .03 0.03 3.01 1.19 6.27
7/22-8/4 0.09 0.98 0.03 0.02 1.54 0.52 3.19
8/5-8/18 0.08 0.46 0.03 0.01 0.73 0.15 1.47
8/19-9/2 0.09 0.50 0.03 0.02 0.78 0.17 1.58
9/3-10/1 0.17 0.96 0.06 0.03 1.51 0.32 3.05
Total 0.58 7.09 0.43 0.33 9.26 3.47 21.16

Low Condition Range, Replicate IT

6/10-6/23 Q.07 0.80 0.04 0.38 0.25 0.85 2.39
6/24-7/7 - 0.88 0.05 .05 1. 44 0.43 2.85
7/8-7/21 - 0.92 0.10 0.10 2.4y 0.56 .12
7/22-8/4 0.06 0.55 0.04 0.05 1.26 0.31 2,27
8/5-8/18 0.10 0.34 0.01 0.03 0.60 0.17 1.25
8/19-9/2 0.11 0.36 0.02 0.03 0.65 0.18 1.35
9/3-10/1 0.20 0.70 0.03 0.06 1.25 0.35 2.59
Total 0.54 4.55 0.29 0.70 7.89 2.85 16.82

Low Condition Range, Mean Both Reps

6/10-6/23 0.04 0.87 0.14 0.29 0.17 0.64 2.15
6/24-7/7 0.03 1.10 0.03 0.03 1.52 0.56 3.27
7/8-7/21 0.05 1.42 0.06 0.06 2.72 0.88 5.19
7/22-8/4 0.08 0.76 0.04 0.04 1.40 0.42 2.74
8/5-8/18 0.09 d.40 0.02 .02 0.67 0.16 1.36
8/19-9/2 0.10 0.43 0.02 0.02 0.71 0.17 1.45
8/3-10/1 0.19 0.83 0.04 0.04 1.38 0.33 2.81

Total 0.58 5.81 0.35 0.50 8.57 3.16 18.97
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APPENDIX B




Appendix Bl. Field Weight Estimate Form

IBP
GRASSLAND BIOME
é U.S. INTERNATIONAL BIOLOGICAL PROGRAM
FIELD DATA SHEET- ABOVEGROUND BIOMASS
2 w - ~“|8] T D 1010 & |l o m w o O (9]
-] = mmr—cf::orn'oc:bmgb:of“:o.?n:u

.—f_, DATE mno>-uozmm-| -] O | < {Col—~o0
| my Z 3:—!0,ECQ%N @l x| £ | 7le s
- P Eloje | 3 |Im[P|[2]m|3]@ I m|lowz|T=z
m DAY[ MO.[ YR. |Z[ A m T2 ml < Sl m
ot

DATA TYPE

Ol Aboveground Biomass

G2 Litter

03 Belowground Biomass

I1C  Vertebrate - Live Tropping

It Vertebrate - Snap Trapping

{2 Vertebrate - Collection

20 Avian Flush Census

21 Avion Rood Count

22 Avian Road Count Summary

23 Avian Collection - Internal
24 Avion Collaction - External
25 Avian Collection - Plumage
30 Invertebrate

40 Microbiology - Decomposition

41 Microbiology ~ Nitrogen

42 Microbictogy - Biomass

43 Microbiology - Root Decomposition
* 44 Microbiology ~ Respiration

HTE CLIP-ESTIMATE
Ol Ale | Harvested
02 Bison 2 Harvest and Est.
03 Bridger 3 Estimated
04 Cottonwood 4 Est. for Insect
05 Dickinson 5 Est. for Reference
06 Hays 6 Est for Future Clip
07 Hopland
08 Jornada GROWTH FORM
?g P:z?:: [ Perennial grass
Il Pawnee 2 Annual gross
3 Sedge, rush, etc.
4 Annual forb

TRESI;E';E 5 Bisnnial forb

. 6 Parennial forb
2 Lightly grazed 7 Half-shrub
3 Moderately grazed 8 Shrub
4 geavi:jylggrg;ed 9 Tree
5 raze y

ungrazed 1970 O Miscetianeous
6 Grazed 1970,

ungrazed 1971
7
8
=]
CATEGORY
| Live
2 0Olid dead

3 Racent dead

s

Mk A A e

LMBCI N1 NATIHRAI SFRASNANAE Font ABw ABABATADY - AL ABAAN Bvawr .



Appendix B2. Laboratory Weight Estimate Form, Cottonwood, 1971

Data Set _ Data Set )
Project Coll. Date Project Coll. Date
Treatment Estimator,Use Treatment Estimator,Use
Replicate . Dry Matter % Replicate Dry Matter %
Plot Sample Flot Sample
AGSM+STVI AGSM+STVI
1 AGSM 1 1 AGSM 1
2 2 2 2
3 3 3 3
STVI 1 STVI 1
2 2
3 3
BUDA+BOGR BUDA+BOGR
1 BUDA 1 1 BUDA 1
3 3 3 3
BOGR 1 BOGR 1
3 3
FMUL+HMUL+ FMUL+HMUL+
SHRT 2 SHRT 2 SHRT 2 SHRT 2
FMUL FMUL
HMUL EMUL
CAEL CAEL
1+ 3 CAEL 1 1+ 3 CAEL 1
3 3
BRJA BRJA BRJA BRJA
FEOC + POSE FEOC + POSE
FEOC FEOC
POSE POSE
LCAS LCAS LCAS 1.CAS
DCAS DCAS DCAS DCAS
SCIL . SOIL SOIL S0IL
FORBS FORBS




1,2
3,4

5,6

9,10
11,12
13,14
15

16

17,18
19,20

21

22,23

24-29

30-33
34,35

36-41

42-47
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Appendix B3. Above-Ground Herba
Laboratory Estimation Data Format Code

07 Cottonwood Preliminary AGSM

Project (01 = Grassland Biome, 37

O4 Site Cottonwood

Data set number (See Table 5, P

Day of month

Month

Year

Treatment

Rep

Plot

Estimator

ge Biomass
» Cottonwood, 1971

= Rogers' Diet Study, etc.

25)

Kind of plot (Field estimate only = 0, Field and lab

estimate of total plot only =

total plot + square estimates

estimates only = 3, Lab square
separated square = 4)

Dry matter percent if 21 is 1 or
is 3 or &

Sample weight, g/0.5 M2 if 21 ig
is 22 is 3 or 4

Component (4 letter code), growth
Phenology (01 = live, 02 = old de

Estimated component wt., xxx.xx (
g/square if 21 is 3 or 4)

Separated component wt., xxx.xx (
21 is &)

l, Lab estimate of
= 2, Lab square
estimate +

2, square number if 21

1l or 2, weight of square

form is omitted
ad, 03 = recent dead)

g/0.5 M2 if 21 is 1 or 2,

g/square, present only if
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Appendix B4. Computer Programs Used to Process
the Aboveground Plant Standing Crop Data,
Cottonwood, 1971 and 1972
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THIS PROGRAM CORRECTS THE DATA AS NEEDED.

JOB CARD.MT1.T200, Tas21
FIN(R=20.0PT=2)
RFL (10000}
REQUEST+MTAPE +HY + VSN=A1 1 62WRITE ,SWIF T,
REWIND(MTAPE)
COPYCF (MTAPE +DATA)
REWIND(DATA)
WFL (43000)
LGO.
RFL{10000)
REWIND (COMMON+MTAPE )
COPYCF (COMMON +MTAPE)
END~OF =RECORD
PROGRAM CHANGE (DATA+COMMON» INPUT s OUTPUT + TAPE 12DATA+ TAPEZ=COMMON,
1 TAPES=INPUT+TAPEE=0UTPUT)

<
C ase THIS PROGRAM wILL TRANSFER ALL RECORDS FROM THE DATA FILE TO
c THE COMMON FILE o INSERTING REQUESTED CHANGES INTQ EACH RECORD.
c EACH CHANGE IS FEQUESTED BY 2 INPUT CARDSe THE FIRST UF WHICH
C DESCRIBES THE FIELD AND VALUE FOR THE SELECTION OF RECORDS TO BE
c CHANGED AND THE SECOND DESCRIBES THE CHANGES TO BE MAUE.
i THE FQRMAT FOR THE CARDS ARE
c
< CARD 1 (THIS IS A BLANK CARD IF ALL RECORDS ARE Y0 BE CHANGED )
< CoL. 1= 5 FIRST COLUMN OF FIELD FOR SELECTION,
c COL., 6=10 LAST COLUMN OF FIELD FOR SELECTION,
C COL. 11~80 VALUE THAT THE FIELD IS TO HAVE BEFORE
c THE RECORD WILL BE CHANGED
< CARD 2 (THIS IS A BLANK CaARD IF THE RECORD IS TO BE OELETED.)
C COL. 1- 5 FIARST COLUMN OF FIELD TO BE CHANGED
C COL. 6-10 LAST COLUMN OF FIELD TO BE CHANGED
C COL. 11=-80 NEW VALUE FOR THE FIELD (LEFT JUSTIFIED)
C
lNTEGER NEW(94100) yREC(14) 4OLD(9¢100) .
LOGICAL CHNG
1=0
L READ THE CHANGE CARDS<=FIRST COLUMN, LAST COLUMNs AND VALUE OF FIELD
1 I=1+}
HEAD (S9100) (OLD(Js1)euz1,49)
IF(EOF (S} ,NE.D) GO TO 3
READ{S«100) (NEW(JeI)sJd21e9)
IF CEOF (S} ,EQ.0) 60 TO 1
WRITE(6+202)
CALL ABORT
STOP :
3 Nxl-]-
€ eess HEWIND DATA AND COMMON
REWIND ]
REMIND 2
NREC=0
NCH=0
NDEL=0
C +os READ A RECORD FROM THE DATA FILE
5 KEAD(1+101) (REC(IVaI=1s1l4)

IF(EOF (1) ,ME.O) GO TO 1S
C so», STORE THE APPROPRIATE FIELOS INTO THME RECORD
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10

c [ R A d

c L X R

12

C eee

15

16
18
20

"THIS PROGRAM CORRECTS THE DATA AS NEEDED,

CHNG= ,FALSE ,

D0 10 I=1eN

IFLOLDI1.1).EQ.0) GO TO 8
1coL=0LD¢t1l+1)

NCOL=OLD(2+1)=1C0L»]

IF{CHMPRF {REC+ICOL+OLD(3+1)+1eNCOL}) 10,8510
IFINEW(141) ,EQ.0) 60 TO 12

ICOL=NEW (L)1)

NCOL=NEW(211-1COL 1

CALL SCHARS(REC+ICOL+NCOL+NEW(3+1)}
CHNG= ,TRUE , ’

CONTINUE

WRITE THE RECORD ONTG THE COMMON FILE -
WRITE(2+10)1) (REC(I)slxlvls)
NREC=NREC+]

I¥ {CHNG) NCH=NCHel

GO 10 5

THIS RECORD IS TO BE ULELETED

NDEL =NDEL 1

NREC=NREC. ]

GO 10 5

PRINT THE FINAL MESSAGES AND STOP
WNRITE{64+200) NREC.NCH.NDEL

DO 20 I=1.N

IFINEWL).1) .NELO0) GO TO 16 \

WRITE (64204)

GO -TO 14

WRITE(6+,201) (NEWlJe[)edaleD)
IFtOLD (1 +]) NELO) WRITE(6+203) (OLD(Jel)ed=x])s9)
CONTLINUE

.

- STOP

100
101
200

201
202

203
204

FORMAT (21547A10)
FORMAT (13A10+A3)

FORPMAT(1H14110+¢ -RECORDS WERE ENCOUNTERED» *110* RECORDS WERE CH
LANGED, ANU®I110% RECORDS WERE DELETED.®)
FORMAT (#0COLUMNS*14,% THRU#I4® wERKE CMANGED TO #7A10}

FORMAT(#QTHERE ARE AN ODD NO, OF REQUEST CARDSs SOMETHING IS WRONG
1.%)
FORMAT{4X +oWHEN®I4® THRU®]&® WERE EGUAL TO *TA10}

FORMAT (®Q0EACH RECORD WAS DELETED FROM THE FILE®)
END .
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THIS PROGRAM EXTRACTS STATICS FOR THE REGRESSIONS.

JOB CARD ., CM&ATOD00+T240.MT1, Tae22
FIN(R=0,0PT=2)
RFL(1O00O0)
HREGUEST oMTAPE « MY o VSN=A1162,WRITE . SWIFT.
REWIND (MTAPE)
COPYCF (MTAPE ORIG) -
REWIND({ORIG) ’
RFL(470040)
LGO,
RFL(15000)
REWIND (MTAPE)
SKIPF (MTAPE +1+174C)
REWIND{INTER«F INAL)
COPYCF LINTERWMTAPE}
COPYBF (FINAL +MTAPE)
PEWIND IMTAPE)
RFL (25000)
TRANSF{TAGZ2I4TAG244TAG625)
END~OF =RECORD

PROGRAM CAGHBM (INPUT QUTPUT s0R1G+ INTERFINALyTAPE1*ORIGyTAPE22INTE

1Re TAPEI=FINAL » TAPESa[NPUT »TAPES=OUTPUT)

OIMENSION LISTI(200)+A0W(200) +KAT(200)+A(200+47)sB1(200+7)

COMMON LB} +X{200+5)4+LS5(8)

INTEGER TIPE,PDM4PDMS D : _

LOGICAL CLIP+ESTWSEPFIRST ) .

DATA NCOMPLIST/0.200%{0)/

FIRSTs,FALSE,

FIRST=.TRUE.

IPLT=0

REWIND 1

REWIND 2

REWIND 3 '
€C 4o+ READ IN THE REGRESSION PARAMETERS . .

DO. 29 K=1,200 .

DO 29 D=1.7

AlK.D)=Bl(K.D)=0,0
29 CONT INUE .

. IF(FIRST} GO T0 3

30 READ(3+400) D+KOMPLALPHAWBETA
00 FORMAT (] 244X sA6+55XKs2F10.4)

IF(EUF(3)) 34431
31 00 32 K=]+NCOMP

IF(KOMP EQ.LISTIK)) GO T0 32
32 CONT INUE

NCOMP=NCOMP» ]

IF INCOMP,GT,200) GO TO 35

K=zNCOMP .

LIST(K)=KOMP
33 AlK.D)SALPHA

Bl¢{K+D)=RETA

caLL GBYTE{KOMP-KAFIKIDJOQB)

60 10 30
as WRITE (6+401)
401 FORMAT {eONUMBER OF COMPONENTS IS GREATER THAN 200,.%)

sTop
34, CONTINUE



38
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THIS PROGRAM EXTRACTS STATICS FOR THE REGRESSIONS.

WRITE (6438)
FORMAT {®IREGRESSION STATISTICS BY DATASET®/® COMP.®5{S5X+®A®s9Xs

14R*)}

36
37

c [ X R J

3

DO 37 K=]NCOMP

IF(LISTIK) ,EQG,0) GO TO 37

WPITE(6e36) LISTIK) o (A(KsD)sBl{KeD)+D=ls7) -
FORMAT(LH sAGeL&F9,.4) .

CONTINUE

REMIND 3

READ A RECORD

READ(1¢200) LtL1PoL(B)oCLCI)oIn244) oISl (L) e 1a5eT)oISQAsPOMsWT+KOMP

LoXXa¥YY

C ane

3 =~

19

350

IFLEOF (1)) 18+4

1F (PDMEG.0Q) PDM=]15Q
IFILUT) ,EQ.IPLT) GO TO 10
IF(IPLT.EG.0) GO 7O 8
IF(CLIP} METHOD=]

IF(EST) METHOD=3
IF(CLIP,AND,EST) METHOD=2
TIPE=2

IF{SEP}) TIPE=]
IF{METHOD.EQ.3} TIPE=3

DO 7 K=)NCOMP

ADW{K)=0D,0

D0 S Jxl.5
IF{X{KsJd)}.NE.CO.O) GO TO &
CONTINUE

.60 TO 7

CONT INUE

IF(FINST) WRITE (242000 (LS(I)e[=148) s TIPE+METHOD+PDNSyWTSLIST(K)

I NCo(XiKod)sdE1le5)

PREQICT THE ACTUAL DRY WEIGHT '
‘IF LNOTLCLIP)Y GO TO 7 .

IF(X(K+2) ,EQ.0,0} GO TO 7 .
IF(AIKeD) EQe0,0.8ND BL(K+D) ,EQ.0.0) GO TO 2
ADW(KYZA(KsD)+BLIKsD)*X (X 2)

IF (ADW(K) ,LT,0.0) ADW(K)=0.0

G0 TO 7

T ADWAK)EX (Ko2)

CONTINUE

ADULST THE PREDICTED AIR ORY WEIGHY TO THE TOTAL SAMPLE WEIGHT,
IF(FIRST) GO TO 8

IF L NOT,CLIPY GO TO A

T0T=0.0

DO 19 K=]  NCOMP

TOT=TOT«ADW(X)

CORFAC=WTS/TOT

IF(ASS(]1.0=CORFAC).GT.0.20) WRITE(6+350) DeLS(T)+TOTswTS
FORMAT(® DATA SETe#I2¢ QUAUDRAT ®]3» EXCEEDS 20 PERCENT DEVIATION®
] ¢ PRED, TOTAL=%F10,2® SAMPLE WEIGHT=*F10.2)

00 20 K=z]NCOMP

IF(ADWIK) ,EQ.0.0) GO TO 20

PERCENTzPUMS/)100.0

ODW=ADW (K) sCORF AC*PERCENT

IF (K EQ.12.0R K EQ.13.,0R.K.EQ.19.0R,K.EGQ,20) GO TO 21}
IF(K.EQ,2]1) GO TO 20
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THIS PROGRAM EXTRACTS STATICS FOR THE REGRESSIONS,

WRITE {3+300) LS(B)!(LSI[).I'Z.?IoHETHUDoLlST(K)'KAT(KItX(Koll'ODU
300 FORH&T1'0104'13031292A1o'ﬂ.SO'olﬁv1203X'A60R3-F5.l'6K0F6021 )
60 T0 20
21 WRITE (2,301} ILSIE) o132+ 7)o LISTI(K) 400w
301 FORMAT (20204%3X+3]2+2A1¢#0,50°149% 1 *A4sF7.2)
20 CONT INUE N
a 00 9 K=l NCOMP :
DO 9 J=]1.5
9 KK« J) =0, 0
SEP=CLIP=EST= FALSE,
" NCaD
LASTSO=0)
€ oee ACCUMULATE THE VALUES FOR THE NEXT PLOT
1eLT=L(T)
10 DO 11 X=1,NCOMP
IF(LISTIK) LEQ,.KOMP) GO TO 13
11l CONTINUE
NCOMP=NCOMP + ]
LIST (NCOMP ) =KOMP
KsNCOMP
DO 12 LL=]+7
IF{LL.LE.S5) X(KyLL)=0.0
A(K.LL)=2D,0
12 Bl(K.LL}I=0.0
CALL GBYTE (KOMPKATIK) +30+86) '
C oee IF THIS IS A STAGE 4 SAMPLE RECORD THE SEPARATED SQUARE WT.
13 IFLIS.,NEL4} GO TO 14 :
LAIKSS) =YY
XiKea)=XX : .
C oes IF THIS IS A STAGE 3 OR & SAMPLE ACCUMULATE THE SUuM OF SQUARE ESTIMATES
14 17¢{1S.LT.3) GO TO 1S
CX(Ke3)EX(KeD) eXX '
SEP=,.TRUE . :
1F-(PDMLG.LASTSQ) GO TO 3
LASTSQ=¢DM
NCENGCe )
GO TO0 23
€ ooe IF THIS 15 A STAGE 2 OR ] SAMPLE. RECORD THE LAB ESTIMATE
15 IF(IS.LT.1) GO 7O 17 :
X (K 2] XX
CLIP=,TRUE.
00 16 I=1.8
16 tsithi=L{(D)
POMS=POM
WIS=wT
D=LSt))
GO 7O 23
C see RECORD THE FIELD ESTIMATE FOR A STAGE 0 SAMPLE
17 AitKo)l)=XX
EST=.TRUE.
GO ¢ 3 -
18 WRITE {69202) NCOMPo (LIST(K) ¢X=]1+NCOMP)
1IF (FIRST) WRITE (3) NCOMP (LIST(I) e1=1+NCOMP)
STOP
100 FORMATIOXsSI2+6Xel11+28)e130212+F06.0+17%eA5+2F6.0)
201 FORMAT (oM +4A392A2+213012113¢FBe3eAB2FB.I)
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THIS PROGRAM EXTRACTS STATICS FOR THE REGRESSIONS.

200 FORMAT (1H |5l941202l10212v211lIZOFB-3OA6'1205FB-3)
202 FORMAT{1H1+110+® COMPONENTS IN THE LIST®/Z(1H «10A10))

END
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS,

JOB CARD CM&T000,T240+MT1, Tas23]
RFL(15000)}
nEQUES?cHTAPEoHY-VSN’ﬂll62vUR‘TE.SUIFTu
REwIND (MTAPE)

SKIPF {MTAPE+1417.C)

COPYCF {MTAPE+ INTER) -
COPYBF {(MTAPE +FINAL) :
REWIND{INTERSFINAL)

REQUEST ¢ORIGe®A®,

RFL(47000)

SORTMHRG,

REWIND (OR1G)

FIN(R=0.0PT=2)} )

LGO.

RFL {15000}

REWIND (F INAL + COMBO)

FEWINU (MTAPE)

SKIPF (MTAPE ¢ 2417+C)

SKIPF (MTAPEs141748)

COPYCF (FIKAL +MTAPE)

COPYCF (COMBOsMTAPE)

PEUIND‘HTA@E)

HFL(25000)

TRANSF (TA624+TAL2S)

END=OF ~RECORD

SORT(1e7+90e ¢29 » )

FILECINTER«SsD» sRsN)

FILE (ORIGs0Dy ofsN)

KEY{AsCoTs2¢1) DATA SET

KEY(A+Ce33:6+2) GENUSs SPECIESs AND COMPONENT
KEY(AsCo2)e203} TYPE AND METHOD

KEY(AsCs1d0204) YEAR N
REY{AsCslle2e¢b) MONTH . '
KEY(AsCe9e2+v6) DAY :
KEY(AsColSodeT) : TREATMENT AND REPLICATE
RECORD(1+V+90)

"END

END=0F =RECURD .
PROGHAM CAGHBMZ(lNPUT.OUTPUT.ORIG-FlNALoTAPEl=ORIGoTAPESSFINALo
1 TAP£5=INPUToTAPE§=0UTPUTvCOMBOaTAPETBCOMnO)
COMMON XFURHIK!SDO?wKLDRHIK(500)tXSDlKGSOOloXSD[JK(SOOI.
1 YFDRHIK(SOO)nYLDRHIKlSOOIoYHlDlK(SOOI.YSDIJK(SOO)v
2 ASllOO).uSl(lOOI.BszllooloAl(lOO).Bll(lOOloBlZ(loochLCLDOic
3 HLIC1001.BL2{1001C(500) ’
DIMENSION LIST{100)
INTEGER TI1PE«POM,OLDROMP
LOGICAL FIELD
C oes READ THE. COMPONENT LIST
REWIND 3
READ(3) NCOMP4(LIST(I) s I=1oNCOMP)
REWIND 23 ’
REWIND }
REwWIND 7
OLDKOMP=2Q
NzN]1=N2=N3IzN4zN52(0
19 " NaNe]



17
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS.

1F(N.6T.500) GO TO 51

READ(1+101) I0STelESTeTIPE yMETHOD yKOMP o+ C (N s XFDRHIK (N} 9 XLORHIK (N3 »
1 XSDIK(N) ¢XSDIJK IN) + YSDEUK (N)

IFL(EQF L1)) 40,17

IF (KOMP EQ . OLDKOMPY GO YO 25

IF (OLDKOMP ,EQ.0) GO TO 24 .

C oo« LOCATE THE COMPONENT IN ThE LIST

20

21

c
a2

26

25

26

27

C
40

o1

DO 20 K=] +NCOMP
1F (OLDKOMP EQ.LISTIK)} GO TO 21
CONTINUE
K=NCOMPe )
WHITE (6e44) QLDKOMP
IF(NZ.E0.0.AND.N&.EG.O.AND.NB.EQ.O) FIELD=,.F.
IF(N2.EQ,0) N23N] :
IF(N& ,EG, 0} N&x=N3
MRITE (652013 IDST,OLOKOMP
ees CALCULATE THE REGRESSION STATISTICS FOR STAGE 3
CALL REGRESSthDIJK.YSDIJK.AS(Kl.BSI(K).BSE:K).loNZ.LIST(K).J.NC-
1 IDSTLIEST)
wee PREDICT THE SUM OF SEPARATED WEIGHTS OF THE SQUARES
caLL PHEDICT IXSDIKsYHIDIKAS (K) 2851 (K) ¢BS2(K) s19N2+Ce D)
ese CALCULATE THE REGRESSION STATISTICS FOR STAGE 2
CALL ﬂEGRESSlKLDRﬂ]KoYHiDlKoAllKivall(li!BIZ(K]QIQNZGOLDKOHPQZ'NCo
1 IDSTLIEST) :

'... PREDICT THE SEPARATED WEIGHT FOR THE ENTIRE bLOT .

CaLL PREDICTlltDPHlK.YLDRHIKcAl(Kl'BIIlK)oBIZIK)ollNQOCQZ)
ees CALCULATE THE REGRESSION STATISTICS FOR STAGE 1}
. IF(.NOT.FIELD) GO TO 22
CALL REGRESS(IFORHIK.YLDRHIK'AL(K)'BLICK'OBLECKD'NIOIONQQOLDKOHPO
1 1+NCoIDSTL1EST)
ees RESET THE LIST
‘N)sN2=NJI=NLaN5S=0 *
’ XFDRHIK(}):XFDQH!K(N) . .
ALDRBIK (1} =XLORHIK {N) ¢
XSDIK(1)1=XSDIK(N)
XSDIJK (1) =XSDIJKIN)
YSDIJK (1) =YSDIJKIN)
Clr=CtN
N=]
OLDKOMP=KOMP
NC=1C
FIELD=.Ta
IF(YIPE,NE,1} GO TO 26
IF(METHOD.EQ.1) N]1=N
1F (METHODEG.2) N2=N
60 10 19
IF(TIPE.NE.2) GO TO 27
IF(FETHUD.EQ.1) NI=N
IFIMETHUD LEQ.2) Né&=N
GO 0 19
NS=N
GO 10 198
ees HEWIND THE TAPE AND RECORD ALL PREDICTIONS
REWIND 1
OLOMCQMP = ‘
READ(1+100) IDSToIDAYDIHOQIVRQITRT'IﬂEPtIPLTvlES‘tTIPErHETHOD.PDH.'
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Al

42
€ wee

43

L1}
c LR X
45

| P
&5

C LR N J
.7

48

50

81

100
101
200
201

202

TRIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS,

I WTeKOMPoaNC o XF o XL o XSe XY

IF(EOF L)) 50442

IF(KOMP ,EQ.OLDKOMP) GO TO 4S5

LOCATE THE COMPONENT

DO 43 K=l NCOMP

IF (KOMP EQ.LISTI(K)) GO TO &S

CONT INUE

WRITE (6e44) KOMP

Y1=XS § YL=XL $ YF=XF

FORMAT(IH +A&es*® CANT BE LOCATED IN THE COMPONENT LIST.®)

GO TO 48

PREDICT THE SEPARATED SUM OF SQUARES

Yi1=0.0 '

IF(XS,EQ.0,0) GO TO 4 .

YI=AS({K) +BS] (K} #XS+BS2{K)#XSeXS

PHEDICT ThHE SEPARATED LAB WEIGHT

YL=0.0

lFtXL.EQ.0.0I GO0 TO &7 ° .
YL=AJ(K)eBlLlIK)SXL+BI2{K)OXLOXL

PREDICT THE SEPARATED FIELD WEIGHT

YFz0,0

IFIXFEQ.0.0} GO TO 48

YF=AL{K)+BL1 (K)oXF+BL2{K)*XFeXF

WRITE{(3+200) 10STHIDAY+IMOsIYReITRTGIREPIPLTIEST+TIPEWMETHOD,y
1 PDMosWT ¢KUMPyNCyXF s XL ¢ XSeXsYsY¥1leYLeYF v

60 TO 41 .

REWIND 1 ’ .

REWIND 3

sSToP

WRITE (6,202}

STOP

FORMAT(O6X 14124211 ¢212¢2114124FBo3sA6+]12,5F8,.3) -

FORMATIOX 2 [2010Xel29211 0 0X+A04F2.04¢5F8,.3)

FORMAT({OX 241242114 212+211 0 2+F8.30A0012,8F8,3)
FORMAT (21 COTTONWOOD ABOVE-GHOUND BIOMASS, 1971¢/20DATA SET:*l4vs
1 SOLINEAR REGRESSION®/®*0COMPONENT: ®A6/40 STAGE N*GX®XBAR® SN
& SYBRAR® IACASGXvHe2ABVANIY K} @ TUXSRSU*GXOVAR(B) * 1 X*DEV(YHAT)} ®*GX
3 sXegXeyesXeYHATe®XWDEY @)

FORMAT {20ARRAYS MUST BE INCREASED ABOVE 500%)

END
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS,

SUBROUT INE REGRESS (XsYoAsH19sB2+NAsNByKOMP s ST oNCoDST+ESTI
INTEGER DST.EST

DIMENSION X{NB) .Y (NB)

Nz

SUHXISUHYBSUHXXSSU"YYSSUHXYSO.0 )
lﬂﬂl'BZ'lBAR'YBAR:VARY!'RSQIVlRYBI'VARYHAT‘VIRYBZ'O.0
YHAT2YDEV=0,0

NC=NA

ACCUMULATE THE SUM AND SUM OF SQUARES

D0 1 1=NA.NB

Txaxi])

LTYay (D)

DO NOT INCLUDE ZERC OAYA VALUES

FF (TR EQu0.0.AND.TY EQ.0.0) GO TO )
IF{IST.EG.1.AND,TX.EG.0) GO TO )

SUMX=SUMX«TX

SUMY=SUMY+TY

 SUMXX2SUMXX+TX#TX

SUMYY=SUMYY+TY#TY
SUMXYaSUMXY«TXaTY

NzN+]

CONTINUE

IFINLJEQ.0) GO TO 2

XNaN ‘ .
KHARE=SUMX /XN *
YBAR=SUMY /XN

1IF(N,EQ.1) GO TO 2

SUMXXaSUMXX=-SUMX*SUMX /XN
SURYY=SUMYY-SUMYeSUMY /XN

SUMXY=SUMXY =SUMX«SUMY /XN

IF {SUMRX .EQ,0.0.0R.SUMYY .EG.0.0) GO T0 2
Bl=SUMXY /SUMXX '
AxzYBAR-BleXHAR .

B2=0 ¢
RSQ=B1%B] *SUMXX/SUMYY

NC=NA )

TIF (X (NC) . EQ.0,0,AND,.Y (NC) .EGQ.0.0) GO T0 8
IFCISTANE.1OR.XINC) MNEL0.0) GO TO 7
NC=NC+]

60 TO @

TA=X (NC)=XBAR

YHAT=zA«g1#X (NC)

YOEV=ABS {YHAT=Y (NC))

MAXzNC .

NP=MUT=]

YUOEVMAX=YUEY

IF(N.EQ,2} GO TO 2

VARYX=z (SUMYY=B1*B] #SUMXX) / (AN=2.0)
IFAVARYX,LE,1,0E~30) VARYx=0,Q
VARHI3VARYA/SUMXX ’
VARYHAT=SQRTIVARYx'tl.GOI.OIXNoTXOTXISUHKl))
WRITE(6+200) IST.N.IBARoYBAR.A;BloVARYK.HSD-VARYBl.VARYHAT.X(NCIv
1 YINC)+YHATLYDEY
!FlSUMXl.E0.0.0.0R.SUHYY.tﬁ.0.0l 6O TO «
IFINLLEL]) GO TO &

HM=NCe]
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS,

DO 3 [=M¢NH

IF(XIL) JEQ,0.AND.Y{I).EQ.0) GO TO 3
IFCIST.EQ.1.aAND.X(]).EQ.0) GO TO 3

NR=NPe ]

Tx=X(1)=XHAR
VARYHAT2SORT(VARYX# {1,041 .0/XNeTR#TX/SUMXXY) - -
YHAT=A+BL®X(])

YDEV=ABS{YHAT=-Y{I))

IF({YOEV,LT.YDEVMAX) GO TO 5

YDEVMAX=YDEV

MAX=]

MOT=NP

WRITE(6.201) VARYHatoxlI)-YII);YHA?-YDEV
CONTINUE -
CHECK FGR OUTLIERS

IF(N.LE,3) GO TO &

IF(RSG,.GE.0.95) GO TC &

SUBTRACT THE EFFECT OF THE POINT WITH THE MAXIMUM DEVIATION
SXX aSUMAX+SUMX*SUMX /XN

SYY zSUMYY+SUMYSSUMY /XN

SXY sSUMXYeSUMXESUMY /XN .
SAX - 2SAX =~X{MAX)®X(MAX)

SYY =zSYY =Y(MAX)®Y(MAX)

SXY aSXY =X{MAX)®Y(MAX) .

SX =SUMX=-X(MAX) ¢
SY =SUMY=Y {MAX)

SNzXN=1

SXX2SAX=5XeSX /SN

SYY=SYY=SYeSY/SN

SAY=SXY=SxaS5Y /SN

SAHARZSX /SN

SYRAR=SY/SN '
IF(SXX.EQ.0.0.0R.SYY.EQ,0.0) GO TO & )
RECOMPUTE THE PARAMETLERS M
BH1=SXY/SXX

AA=SYBAR-EB19SXBAR

VARYX= (SYY=-BH1#8B81%5XX) /(5N=-2,.0}
IF(VARYX.LE.1.,0E=30) VARYX=0,0

TX=X (MAX) =-SXBAR

YHATSAA+BU ] *K (MAX)
VARYHAT=SURT(VARYX®(1,0+1.0/SNeTXeTX/SXX)}

IF {VARYHAT .NE,.0,0) GO TQ 77

THIS POINT ACCOUNTS FOR THE ENTIRE DEVIATION ABOUT THE REGRESSION
Pag,0

T=2100,0

G0 10 78

T=ABS{{YHAT~Y (MAX) ) /VARYHAT)

NGF=SN=2.0

P=PROB(T+NDF}

P=Po (SN+] .0}

IFIP.GE.0.,20) GO TO «

THROW THE POINT OUT AND CHANGE A AND B)

AzAA

Bl=801

SUMX=SX

SUMY=SY
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS.

SUMXXSSXX
SUMYY=SYY
SUMXY2SXY

- KN=SN

WRITE (64202) MOT4P,T

-HSQ3B ] *H] *SUMXX/SUMYY

VARB]=VARYX/SUMXX

NzXN

WRITE(G62200) ISTNsXBAR.YHARA+B81 +VARYXRSQ,VARB]

WRITE(7+300) DSToISToEST +NOMP oSUMX ¢ SUMY s SUMAX 4 SUMYY s SUMXY s XNsAsHL s
1 92 .

RETURN

FORMATLA129A695FL044+F5,0+3F1044)

FORMAT (IHO+ [0+ 14+12F10.3) :

FORMATI(IH +80Xe5F10.3) :

FORMAT (»0THE PROBABILITY LEVEL FOR Y(*I2+) TO BE AN OUTLIER IS=F7,
13+ T=eoF1,3)

END

SURROUTINE PREDICT (XsYeAsB1eB2sNASNBCHIST)
DIMENSION X(NB)} +Y(NB)C(NB)

IF(IST.EQ.3) GO TO 2

DO | I=NA.NE )

Yi(limAeB)oX{I)eB2eX(I)®X{])

RETURN

‘DO 3 I=NANB
YiD)=Ctl)wa+BloX(I)eB2oX (1) ox(])

RETURN

END
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THIS PROGRAM COMPUTES THME NECESSARY REGRESSIONS,

FUNCTION PROB (T +NDF)

DIMENSION A(30+5}+P(9)

DATA P/045+0.490,290.190405+10,025¢0.01+0.005,0.001/

DATA (A{I+]1)+1%1430)7 1.000+ «816¢ 705 aThle «T27»
.718' 07110 .706. .703' -7009 -697. 3695' .696!
.092' -691! 06900 .689' .6880 .688' .6&7' .686'
06860 0055' 06850 -63" .68‘; .63‘5- .6d3- «683,
«583/

DATA (A(L+2)41=1930)7 1.376s 1,061, «378 P41 «920,

+ 506, «896 +H89, +883, 879, o876 «873, «870,
.3680 -866. .865' .863' .862' .abl. 0560' 0859'
‘858' 0858! 0357. 0856' 0856’ .BSS- .855' QUS‘D.
« 854/

DATA (A(le3)ei=ta30)/ 3.078s 1,886+ 1.638s 1533+ 1.476s

£ J.460y 1.4150 1.397¢ 1.383s 1.372y 1.363s 1.396¢ 1.350,
C 1.345s 1.34)s 1.337s 1.333s 1.330¢ 1.328¢ 1,325+ 1.323»
C 103210 1.3190 1.318! luslﬁi 1.315' l.al“. 10313' loali'
C 1l.310/

DATA (A(l+4) 91214300/ 6a3lée 29200 2,3530 2.132y 2,015,
c 1.9‘3. 1.895. 1.860' 1.833n 1.812' 10796. 10782' 1.771'
C 101610 10753' le746, 107‘00 1.73‘. 10?29' 1.725' 1-721.
C 1o717s 1e714s 1.7ile 1708+ 1.706s 1,703+ 1,701y 1.659,
C 1.697/

DATA (AII+5301%1430)7 12.7060 #e303s 3,182+ 2.776s 2.571,
C 24487y 2,365, 2,306y 2.262¢ 2.2284 2,201+ 2.179s 2.1604
C 2.145, 2.131s 2.1200 2.110¢ 2.101s 2.093s 2.0869 2.080,
(o 2.07‘. 20069. 2.0046, 20060‘ 2056, 2052, 2.0“8. 24045,

M C 2-0“2/

DATA (A{l+6)9120430)7 25,452y 6,205+ 4.176s 3.495s 3,163,

C 2.969s 2,841y 2,752y 2.685¢ 2,634y 2.593s 2.550s 2.533,
Cc 20510. Cak%00 eleT3e 2.‘58' Sl 2e233» 2ec3e 2ebléy
€ 2.606s 2.398s 2.391s 2.385 2.3799 2.373¢ 2.308s 2.304s
C 2.360/. ‘o -

DATA (A(TeT)el=130)1/ 63,657+ 9.925¢ S.84ks 4,604y 4,032,
C J.707y 3.499s 3,355+ 3.250» 3.169s 3.106s 3.055, 3,012,
C 2.97Te 2,947+ 2.521v 2.8%98s 2,878y 2.H61s 2.845, 2,831,
C 2.819s 2.B07s 2,797+ 2.787¢ 2.779s 2.771s 2.763s 2.7h6,
C 2.150/ .

DATA (A(148)9121+430)/330.678s 14,089y 7.453: 5,598+ 4.773,

c “-317! 6.029- 308329 3-690' 3-581! 30‘91. 3.“23. 3.3?2'
€ 3,326, 3.2864 3,252 3.222¢ 31974 3.1T4s 3.153¢  3.135,
C 3,119 3.104y 3,090+ 3,078y 3,067y 3,056y 3,047y 3.038,
C 3.030/ "

DATA (AC149)+1=14301/636,619, 31.598s 12.94)s 8,610+ 6,855,
€C 5.959s 95,405+ S5.061e 4.78ly 4.587, 4.437, 4,318, 4.221.
C 4,140¢ 4.0730 4.015+ 3,965y 3.922¢ 3.883+ 3.850s 3.519.
C 3,792+ 3,767+ 3745+ 3,725¢ 3.707s 3,690, 3,674y 3,659,
€ 3.646/ .

€ +¢s CHECK FOR DEGREES OF FREEDOM BETWEEN 1 AND 30
IF (NDF .GT,30.0R.NDF,LY.1} GO TO &
C see LOCATE THE UPPER AND LOWER PROBALITIES

DL 1 J=1.9

IF(AINOF 4 U)=T) ]92¢3

1 CONTINLE

€ ose THERE IS NO UPPER PROBABILITY

. PROB=P (9}

QOO0 OO0
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THIS PROGRAM COMPUTES THE NECESSARY REGRESSIONS,

GO0 10 5

C eee PLJ) 1S THE EXACT PROBABILITY

2 PROB=P ()
GO TO S

C oo THE UPPER PROBABILITY IS P(J)

3 IF{J.6T.1) GO TO &

C ooe THERE IS NO LOWER PROBABILITY
PROB=P (1)
60 TO0 S

ese INTERPOLATE FOR PROBABILITY BET&EEN PlJ=1) AND P(J)
FHAC:(T-AINDF.J-I!!I(AiNOFle*A(NDF-J’llI
PROBaP{J=1) +FRAC* (P {J)=P(u=1)}
RETURN
wRITE{64100) NOF
00 FORMAT (#QDEGREES OF FREEDOM OUT OF RANGE AT#110)

RETURN
END
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THIS PROGRAM APPLIES THE REGRESSIONS TO GET CONVERTED RAW DATA,

JOB CARD,CM4T000+T2404MT1, Th62&
FTN{R=0,0PT=2)

RFL{15000)

REQUEST «MTAPE 4HY o VSN=A] 162+ WRITE ,SWIFT,
REWIND(MTAPE)

COPYCF (MTAPE +ORIG)

REWIND (DRIG)

SKIPF(MTAPEs19]17+C)

SKIPF (MTAPEs1417,08) -
SKIPF (MTAPE+14]174C)

COPYCF (MTAPE o+F INAL }

RFL{47000) .

" LGO, . .
RFL (190001 ’
REWIND (MTAPE)

SKIPF (MTAPE 424174C)
SKIPF (MTAPEs141749) -
SKIPF (MTAPE +24174()
REWIND (INTER+F [NAL)
COPYCF {INTERMT&APE)
COPYCF (FINAL +MTAPE)
REMIND tMTARE)
RFL(2%000)
TRANSF (TAE2S)
END=OF =RE CORD

PROGRAM CAGHBM (SEE TA622) IS USED AGAIN HERE+ WITH THE LOGICAL

VARIABLE FIRST SET TO FaLSE. .
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THIS PROGRAM ADDS SAMPLE DATE NUMBERS AND PERFORMS AGHB ANALYSIS,

FIN{R=0.0PT=2,B2TRANS)

RFL(15000)

REQUEST +MTAPE yHY ¢ VSNZA] 162+ WRITE . SWIFT.
REWINU(MTARE)

SKIPF (MTAPE 42417+C) .
SKIPF{MTAPE 1+17,8) '
SKIPF (MTAPE +34174C)

COPYCF (MTAPE+TAMES)

REWIND (TAPES)

RFL{43000)

REDUCE .

TRANS (TAPESTAPES)
ATTACHILGO+HERBS « I0=CVB+MR=] LY =1}
ATTACHTAPEG s AGEBMSP s IDsCVB+MR=] ,

SWITCH,. D),

REWIND(TAPES)

RFL 143000} -

LGO, .

AFL (10000}

REwWIND(TAPESD)

COPYCF (TAPEG6+OUTPUT)

REWIND (MTAPE)

REWIND(TAPES) ;
SKIPF IMTAPE424174C) ’ .
SKIPF (MTAPE 4141748}

SKIPF {MTAPE 43417+ )

COPYCF (TAPE 4 +MTAPE)

REWIND(TAPES)

COPYCF I TAPEG6«MTAPE)

REWIND{TAPESR)

COPYCF (TAPEBMTAPE) N
END=OF =RECURD .

PROGRAM THANS(TAPES.TAPES)

DIMENSION K(T)

N=] '
LREP=3400000000008 : .
i READIS»100) X

IF(EOF {5) ,NE.O} GO TO 3
IRFP2K(2) JAND. 7700000000008
"IF(IREP,EQ.LREP) GO T0 2
LREPaREP
IF(LREP,EW.3500000000008) GO TO 2
N3N+ ]
2 CONTINUVE
M= i(N+]1) s2
IF (M,NE,.¥%) GO TO 30
. DECODE t4+4300sK(2}) 1TRT
300 FORMAT {3X.Al)
IF tlTnT.C0'lH7) N=8
30 CONTINUE
WRITE (6el00) KoM
G0 70 1
3 STOP
100 FORMAT (6Al0+A%4]15)
END
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THIS PROGRAM COMBINES LITTER DATA FOR STANDARD ANALYSIS.

JO0B CARD,.T100+MT], TAG626

FINIRz(04,0PT=2)

RFL(15000)

COPYCRUINPUTLTFILE)

REQUEST eMTARPE ¢ MY« ID=A1162+WRITE ., SWIFT, .

REWIND(MTAPE) . -

SKIPF (MTAPE+2417+C}

SKIPF (MTAPE+1+17.8)

SKIPF (MTAPE +2+17+C)

COPYCF (MTAPEAGFILE)

REWIND IMTAPE+AGF ILE)

RFL(43000)

LGO,

RFL (150001

REWINUL(FINAL)

COPYSHF (FINAL +OUTPUT)

REWINDI(FINALY}

REWINU (MTAPE)}

SKIPF (MTAPE+2417+C)

SKIPF (MTAPES1417.8)

SKIPF {MTAPE 46417+C)

.COPYCF (FINAL+NTAPE)

END=OF =RECURD
PROGRAM Ll‘TERIAGF[LEOLTFILEQFINAL!OUTPUTO'APEISAGFILEoTAPEEiLTFIL
LE«TAPEI=F INAL + TAPE6SOUTPUT)

THIS PROGRAM 1S WRITTEN TO MERGE THE LITTER DATA FROM THE ABOVE
GROUND BIOMASSS WITH THAT FROM THE REGULAR LITTER DATA AT THE
COTTONWOOD SITE, THIS IS MACE POSSIBLE ONLY WITH THE ABLE ASSISTANCE
FROM SUBRCUTINE CONVERT,

(2N alalaXzNs)

LOGICAL LRECSIEND h
COMMON LO+SACKDRYWT ¢SACKNT s ASHWT o PDMoAVEPAJAVESHT ¢+ NAY , SUBNT
L“EC=.FAL5E. $ IEND-.FALSE. $ KQ=g .
AVESWT=3,9 % AVEPA'.?S $ NAV=E]
REWIND 1
REWIND 2
REWIND 3
WRITE (6+203)
ees HEAD A HECORD FROM THE AGFILE
READ()+10Q0) IDAY.IHO.IYR.IT.!R.IG.ISP.ODH
IFLEQOF (1)) 1642
IF(10,EQ . kQ) GO YO 1S
IF(KQ,EQ.0) GO TO 14
LOCATE THE SAME QUADRATE IN THE LITFILE
IF(LREC) GO TO 4
HEAD(2+101) INITpLDlYnLHO'LVRoLTtLRvLQrSACKiDRTl'.SACKdToASHiTopoﬂ
IF(EQF (2)) 134
IFILO.EG.xQ) GO TO 12
ese THIS IS NOT THE PROPER RECORD. DOES IT PRECEDE OR FOLLOW THE QUADRATE
IF(LYR=KYK)} 10+5411
IF (LMO<KMO) 04891l
LD=LDAY/10
KD=KDAY/10
IF(LD=X0O) 10e7ell
7 " O IFILT=XT) 10s8+11

-y

WwhH N
.
[ ]
.

o O
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THlS PROGRAM COMBINES LITTER DATA FOR STANDARD ANALYSIS,

IF(LR=KR}10:9+11

IF(LQ=KQ)10+12411]

THE LITFILE RECORD PRECEDES THME AGFILE RECORD
WRITE(6+201) INITOLDAYDLHOOLYROLT’LR'LQ

CalLL CONVERT

WRITE(3+200) INITWLOAY+LMOGLYRsLT+LRsLO+DORYWT oSUBNT ,ASHNT
LREC=,FALSE,

GO 70 3

THE LITFILE FOLLOWS THE AGFILE RECORD

INI=]10HO204

WRITE(65202) INI+KOAYsKMOsKYRKToKRKQ

SWT=AVESWT

AWT=SWTSAVEPA

WHITE{3+4200) INJoXDAY+KMOJKYRKToKR+KQosTOT oSHT+AMT
LREC=.TRUE . ’

GO TO 1la

ADTH FILES CORRESPOND. COMBINE THE INFORMAT]ON FRCM BOTH RECORDS
CALL CONVERT

DRYWT=DRYWT+TOT

WRITE{3+200) INIToLDAY«LMOLYRsLT+LRoLQoORYNT oSUBMT »ASHNT
LREC=,FALSE,

GO TQ 14

THERE ARE NO MORE RECORDS ON LITF!LE

WRITE(6,202) KDAY+RMO+KYRIKT KR KO

INI=}OHO204 ’ .
SWTzAVESWT -

ANTzSWT#AVEPA

WRITE(32200) INIoKDAY sKMOoKYR KT oKRsKQoTOToSWToANT

LREC=,.FAlSE.
RESET THE STORAGE FOR THE AGFILE RECORD
iIF{IEND) GO TO 17

. KDAY=IDAY h

€ vas
15

C aae
16

[ S
17

18

C aes

100
10}
200

KMO=IMO

KYRPzIYR

KT=1T

KrR=IR

KQ=IQ

T07=0,0 ’

ADD THIS INFORMATION TO THE AGFILE RECORD

TOT=sTOT«QuUW

GO TO 1

THE END OF AGFILE HAS BEEN REACHED

IEND= . TRUE,

60 70 3

FINISH LITFILE

RE2D(2+101) INITsLDAYILMO, LYR.LTILR.LQ.SACK.DRYHY'SACKHToﬁSHHTQPDH
IF(ECF(21) 19918

WRITE(64201) INITSLODAY+LMOSLYRyLTsLR,LOQ

CALL CONVERT ’
wRITE(3.200) INIIOLDAYQLHQOLVROLT'LR-LQODRVHIQSUBHTQASHHT
GO T0 17

THATS ALL FOLKS

STOP

FORMAT(TX4312+211+5X+13+3X4A5,Fb.0)
FORMATIATeI12¢2I1eSKe1302K4F5.00FTo00F5.0eFTa0eF3,0)
FORMAT(AT$312¢211020.50%1u9 100X sF6.291KeFé 2¢1XeF6.2)
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TH1S PROGRAM COMBINES LITTER DATA FOR STAMDARD ANALYSIS.

FORMAT{1H +AT74313,212414)

FORMAT(IH +66XeAT+3130212+14)

FORMAT {1H]1+S0X»oCOTTONWOOD LITTER MERGING PROGRAM®/1HOSRECORDS MIS
1SING FRGM ABOVE-GROUND DATA®29X,*RECORDS MISSING FROM LITTER DATA®
2/71H0+218X+*DA MO YR T R PLT#444X) /)

END

SURROUTENE CONVERY
CONVERT IS CALLED AFTER EACH RECORD IS READ IN TO INTERPRET AND
ANALYZE 175 INFORMATION CONTENT,

COMMON LG +SACK+DRYNT s SACKWT s ASHWT o PDMo AVEPA s AVESWT o NAY o SUBWT
SOMETIMES THE MULCH «T, 15 IN TRE COLUMN FOR THE SACK NO.

AND SOMETIMES ITS IN THE CULUMN FOR DRYWT.

WTMULCH=aSACK

1F (ORYMWT LT, SACK) WTMULCH=DRYWT

THE WEIGHT OF THE SUBSAMPLE IS IN THE OTHER FIELO .
SUAWT=DHRYWT

IF(DRYWT ,GT.SACK} SUAWT=SACK

THE SUBSAMPLE WAS REMUVED BEFORE THE SAHPLE WAS WEIGHED
WTMULCH=SWTMULCH+SUBWT

SOMETIMLS THE WEIGHT IS DRY-WEIGHT, BUT NOT ALL OF THE TIME,

IF IT ISNT THE PERCENT DRY MATTER WAS RECORDED IN THE FIELD FOR
THE DAY OF THE PREVIOUS DATE. \

1F {PDM.EQ,.0.0) POM=100,0 '
DRPYWTSWTMULCH®PDM/100.0

SURwIzSURWT *PDM/100,.0

INSTEAD OF TmE ASHWT FOR THE SUBSAMPLE. THEY RECORDED A PERCENT.,
BUT INSTEAD OF PERCENT ASh IT IS ACTUALLY PERCENT ORGANIC MATTERS
IT IS IN THE COLUMN FOR THE ASH wT, THOUGH.
PA=(100,0-ASHWT)/100,0

ASHWT=SUBWT #PA

SOMETIMES THERE WASNT aNY LITTER DATA RECORDED WHEN THE ABOVE
GROUND DATA WAS RECORDEDs SO A RUNNING AVERAGE wlLlL HBE USEL AS A
SURSTITUTE. T

AVESWT={ (AVESWT#NAV) +SUBWT) 7 (NAV<])

AVEPAZ{ (AVEPA®NAV) +PA) / (NAV+])

NAV=NAV ]

RETURN

END
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Appendix B5. Sample Output of the Regression
Program, Aboveground Plant Standing Crop Data
Cottonwood, 1971 and 1972
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Appendix B6
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INTRODUCTION

The Cottonwood site in South Dakota is unique among 311 the IBP
Grassland sites in the field and laboratory sampling techniques they
use to obtajn estimates of mean biomass for individual species as well
as groups or components of biomass. This uniqueness stems from the large
cost invoived in separating and weighing individual species and components
as they occur together at the Cottonwood site. The purpose of this paper
is to derive approximate formulae for the variance of the estimates of
mean biomass obtained at Cottonwood for their particular field and
laboratory sampiing plan. These approximations are obtained using
truncated Taylor series expansions. Exact formulae are unknown and no
doubt complex and difficult to derive.

In common with most grassland sites in 1971, the Cottomwood site
is using a sampling technique known as double sampling or two-phase
sampling {Cochran, 1963, Chapter 12), but with modifications to suit
the particular sampling problems encountered at Cottonwood. The basic
fdea behind double sampling as used by the Grassland Biome is to obtain
a calibration equation relating the true weight of biomass samples (which
are costly to obtain) with relatively inexpensive field weight estimates
of the same samples. Then, an estimate of mean biomass is obtained by
finding the mean of a large, inexpensive sample of weight estimates and
substituting this in the_ca?ibration equation relating true and estimated

weights. The results of Frances et. al. (1971) suggest that for many
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species found at the various Grassland biome sites, the use of double
sampling under the assumption that the calibration equation is linear,
results in a more precise estimate of mean biomass than would be obtained
if all resources were expended on obtaining true weights by clipping,
drying and weighing field samples.

The modifications of this basic procedure used at the Cottonwood
site are motivated {as mentioned above) by the large cost involved in
obtaining true weights (by clipping and weighing) of the various species
and components on each ¢lipped field plot. To reduce tiis cost they have
obtained true weights on onaly a small fraction of the biomass material
obtained from each clipped plot, and from these data have estimated the
true weight of each species or component in each field plot. dence,
their linear calibration equation relates field estimated weights with
estimated "true" weights, Clearly, the variance of their resulzing
estimate of mean bionass must be larger than in the usual doublo sampling
scheme since their “true" weights are in fact estimates.

In the next section we describe the Cottonwood sampling plan in more
detail and define the notation used in this paper. This will enable us to

state explicitly the assumptions under which our results have been obtained.

FIELD AND LABORATORY PROCLCDURE

For each species or component to be estimated, between 50 and 100
circular field plots of size .5 m2 are weight estimated for each harvest
day, replication and treatment. A subsample of 10‘p1ots are clipped with

electric shears and faken to the laboratory. The field and laboratory

S
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data are combined over several harvest days into a "data set” assuming that
the regression coefficients defined below do not change over harvest days
within the data set. The data sets are subjectively constructed with this
constraint in mind.

The contents of cach clipped plot are air dried in the laboratory
and spread cut on a table ruled in squares. The weight of each spacies or
component is then weighf estimated (ignoring the sguares) so that their
sum equals the total plot weight. One or more plots within a replicate
(denoted here as calibration plots} are chosen at random, the contents
of which are spread out uniformly over the squares a second time and
divided inio squares. The total weight of each square is obtaincd. Then
each species or comsonent within each square is weight cstimated so
that they sum to the square weight. Finally, one of tie squares Trom each
calibration plot (dennted here as a calibration square) is chosen at
random to be hand separated and weighed by species or component,

From the above description we see that while 10 plots per replication
are clipped and brought to the laboratory, only 1 small square of cne or
more of the 10 sacks is actually separated and weighed by species, It is
for this reason (small sample size) that the data are grouped into data
sets. We recall that in the usual double sampling procedure the entire
contents of the 10 clipped plots are separated and weighed by species.

The purpose of subsampling the clipped piots by randomly choosing
calibration squares within randomly chosen calibration pToté is to obtain
an estimate of the true weight of each species and components in the

clipped field plots.
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As will become apparent in the derivation of the approximate variance
formula, the Cottonwood sampling plan can be written down as a series of
3 equations. The first equation relates true and estimated small square
weights. The second uses information obtained from the first equation to
obtain an estimate of the "tpye" laboratory weight of the clipped field piots,
and the third equation makes use of equation 2 to obtain the final
estimate of mean biomass using the estimated field weights. It will be
shown that these 3 equations can be conbined into one to which Tayler
series expansions can be applied.

The notation used in this paper is as foliows:

Yijh = true weight of a given species or component in the jth square of
it plot on the pth day,

Xish = estimated weight of a given species or component in the jth square
of the 1th plot on the hth day,

L .

X5, = estimated Taboratory weight of a given species or component in the
ith plot on the hth harvest day ,

F

Xip, = estimated field weight of a given species or component in the ith
plot on the hth harvest day,

H = number of harvest days in a data sét

m, = number of calibration plots on the

hth harvest day,

S;p = Number of calibration squares in the ith calibration plot on the hth
harvesf day,

¢ = total number of squares in the ith calibration plot on the hth

harvest day,
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number of field plots both clipped and estimated on the hth harvest

=
o
n

day

number of estimated field plots on the hth harvest day
ASSUMPTIONS

A1l results obtained in this paper are based on two assumptions:
(A) that the relationship between true and estimated species and conponent
weights is linear and does not necessarily pass through thc origin, and {B)
that within data sets, regression coefficients definirg this linear relation-
ship are constant from harvest day to harvest day. 7
Assuwiption (A) is not unique to the Cottonwood site, but is common
throughout all Grassland biome sites in 1971. It is probably truc that
a more realistic assumption would be to assume a curvi]inéar reiationship
between true and estimated species weights that passes througn the origin.
While an investigation of this hypothesis and the subsequent derivation
of appropriate variance formula would be of theoretical if not practical
importance, such an undertaking is bevond the scope of the present paper.
Assumption (B) is unique to the Cottonwood site and is fmposed to
increase the number of small Square true species weights upon which to
base the estimated 1inear calibration equation. On a given harvest day,
small square true species weights are usually obtained on only one square
in each of two replicates in a given grazing condition. This sample size
of 2 for eacﬁ grazing treatment is sufficient to obtain an estimate of
the Tinear calibration equation for that day, but it is not sufficient for
obtaining an estimate of its precision. If small square true weights from several

days are pooled together into a data set for which assumption B holds,
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then the 10 or so small square observations in a data set can bo utilized

to obtain an estimate of the variance of a more precisely defined linear

calibration equation. This is the rationale behind assunption (B). Ye note, howeve

that we have not assumed that the mean of the true (yijh

(xijh) small square weights or of the estimated fielq (xih) and laboratory

(xL ) plot weights nced be constant on all harvest days within a drta sel.
in

Indeed, the Cottchnwood plan under assumption (B) allows Tor estimnating the

)} and estimated

fmean biomass of a given species or component as well as jts precision on
each harvest day within a data set if 2 or more small square trues weights
are obtained each day. Unfortunately, a sample size of only 2 simall
squares par harvest day does not allow us to statistically test assumption
(B}. This can be done only if 3 or more small square true weights are
obtained on each harvest day (Snedecor and Cochran, 1967, page 435 ).
Under the confines of assumptions (A} and (B) we have obtained
approximations to the variance of mean biomass for the Cottonwnod sempling
plan under two levels of generality on c.,

ih
squares, and the number of calibration squares, respectively, in the ith

and Sin (the total number of

calibration plot on the hth harvest day). ~Under Case 1 we makc no restric-
tions on the size or constancy of Cip OF Sip from plot to plot. 1Ip Fhis
case we also obtain upper and lower bounds on the variénce. For Case 2

we require that Cip = C and Sih = 8 for all 1 and h in a data set, 1.e. for
all calibration plots on all H harvest days. In general, most cata sets at
Cottonwood wii] be analyzed under Case 1 since the number of small squares
per calibration plot usually change from plot to plot. The estimate of mean
biomass and an approximation to its variance under Case 1 are given by
equations (4) and (5), respectively, while the corresponding results for

Case 2 are given by equations (6) and (2).
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Our primary purpose for considering Case 2 in this paper is to
motivate our derivation of what we call Case 3. 1In Case 3 we superimpose
L F

upon Case 2 the somewhat unrealistic assumption that Xin™ %in and
o

j§1xijh = x%h for all i and h within a data set. That is, superimposed
on the assumptions of Case 2 we are assuming the ]aboratory and field
plot estimates are equal, and that the sum of the estimated small
square weights for a given species sum to the independently obtained
plot estimate for that species, for all calibration plois in the Jata
set. Equations (10) and (11) give the equations for the estimated

mean bioiass and its variance under Case 3. The important point is

that these equations are of the same form as given by Cochran (19€3,

p. 334, 339) for the usual double sampling techinique. Thus, if the weight
estimation of squares and plots in the Taboratory on dry materiel are
equal to those obtained by different persons in the field on standing
green waterial, and the assumptions under Case 2 hold, the variance

formuTa is relatively simple and well known. For all three cases the derived

variance formula are conditional on the fixed values of Cipp and Sips L.e., Cin
and Sip are considered to be fixed parameiers rather than randon variables.

It is not our purpose here in discussing Case 3 to suggest its use on
the Cottonwood data but only to point out the relationship between it, Case
2 and Case 1 in the hope that a deeper understanding of the Cottonwood plan
will emerge, It is well to remark at this stage also, that while the form
of equation (10) is the same as found in Cochran's book, there is nevertheless
a significant difference. Equation (10) is based on small square true and
estimated weights, while Cochran's formula assumes the true weight of the
entire clipped plot is known. It is reasonable to expect, however, that the

expected value of equation (10) is given by Cochran's formula, unless a bias

arises due to obtaining true weights of small squares rather than entire plots.
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The results obtained for Case 1 are appropriate for all
Cottonwood data. If the assumptions under Case 2 happen to be fuifilled
for a particular data set, it would be informative to compﬁte the variance
approximations under both cases 1 and 2 and note their discrepancy. No
data are presently available to the authors to numerically compare
equations (5), (9) and (11).

We now derive our formula for mean biomass and its approximate

variance for Cases 1, 2 and 3.
RESULTS

Case 1: Ho Restrictions on Equality of Cip OF Sy

It is convenient to begin with the most general case in wihich we do
notl assume there is an equal number of small squares in each calibration

plot,
Under Case 1 and Assumption A, the first of the 3 regression equations

is given by

-~ .
-

Yigh T Ysq,h

t by (x5 - X sq,h) (1)

estimated "true" weight of the jth square in the ;th

calibration plot on the hth harvest day

(i=1,2,..., ms 3=1,2,..., Cip » D=1.2,..., H)

where

-

ysq p = mean true weight of the calibration squares on the hth

harvest day (the subscript "sq" indicates square)
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m S,
h “ih

o Y.
L i=1 g=1 130

. it
i=1 1h

isq R = mean estimated weight of the calibration squares on the hth harvest
day
" Sih
= i S Xoo
m i=1 jo1 ijh
izl Sih
TR T i i
om il B WignYsqun) O %sq )
and by = . Js-
h ?]h ( - )2

b} b Xeoy = X
h=1 j=1 j=1 190 Tsauh

¥e note that b] is a pooled estimate of slaope compufed over the H harvest
days in the data set. This is the appropriate estimate if the slopes on
the individual harvest days are equal,

From cquation (1) we have that

- Cin -
Yin, & L Y¥ss
ih j=1 ijh
is the estimated “true" weight of the ith calibration plot on day h, and
™o
_y.
1 ih

z

o id

1.
h m, j

their average "true" weight on day h.
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Now, if we assume that the my pairs of "true" and estimated
calibration plot weights are linearily related (assumption A) we are

led to the 2nd regression equation given by

_ 7 T
ih T YRt b2 (xih - xiﬁ’ (i =1,2,...,n

<o

) (2)

h

estimated "trud' weight of the ith clipped plot,

where
m
h
=t _ 1 L
X, = - X,
h My yoq " 1h
= mean estimated 1ab6ratory weight of the calibration plots on
day h
and
m
TP
h=1 =1 ih “h*ih ""h
b, = - '
-2 H
g b (x%h-iﬁ)z
h=1 i=1

Note that b2 is based on data from the entire data set.
The 3rd regression equation also assumes a Tinear relationship

(assumption A), this time be;ween the n, “true" and estimated field plot
weights. This regression gives the final estimate of mean biomass which

we desire for each of the harvest days within a data set:

z Foo. '
yD,h o= yh + b3 (xh - xh) . (h=],2,..-,H) (3)

Y
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where the subscript D refers to double sampling,

9h = mean of the estimated "true" weights of the n, cYipped plots
U -
= -— ) Y. ’
"y js7 1N

Xy = mean of the estimated field weights of the Ny plots both ciipped

and estimated

) 421 D |

X, = mean of the estimated field weights of the nﬁ estimated plots

n
A
ny, i=1
and
H ™ 2 =
~ L F of
hoq 4o (YY) (Xjp=%p)
by = N .
A (XE-Rf)z
h=1 i=1 TN

-~

In order to derive an approximation to the variance of &D h it is
convenient to express Equation (3) in terms of Equations (1) and (2). It is

shown in Appendix A that

~

Yo,n = & Jsq,n * by (R-8 X sq.h? * P2 (% hoXe) *+ by (xh'xh) (4)
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whose terms have been previously defined except for

m

=

_1

C -
h mh i

1

, i ,

n

Xy = inean estimated weight of the iy calibration plots on day h

1 "™ Cin

== ¥y X.. s
"h i=1 g=1 L3R

and
Eh = mean estimated laboratory weight of the P clipped plots
on day h
"h

LTy

My j=1 "B

It 1s shown in Appendix B that an estimate of a rough approximation to tie

large sample conditional (on Cip and Sih) variance of }b p [Equation (4)] is

given by
sl
Yar [iD h]_= Eﬁ Sﬁ-x 1 . Xp = Cp X<q.h
’ H mh H mh S_ih( ) )2
I I s ¢ 5 P f (Xi.-X
h=1 i=1 ih LI R j=1  13h Tsa,h
2[52-52]
- -
t C .
h WM
X L ¢,
h=l =1 f

2 2
L - -F of
+ [xh - xﬁ] Var (bz) + [xﬁ - xh] Var (b3)

+ bg [Var (Eh) + Var (Rﬁ)]



o

Var (bz)

"~ where

2
Sy-x,Z

Var (b3)
vhere

S2
¥Y*Xx,3
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2 - -
+ by [Var (xg) + Var (x:)]

H
5

- b

h=1 i=]

2
1

X sih - N

H Mh Sih
) z
h=14=1 j=1

H mh

)

Ys. =-H

1
H
Z n.-H-=1
h=1 D
H "h
- bg r = (xf

-1

H T
b2 z

h=1 i=1 j=1

S

)X

ih

- 2
(xijh - xsq,h) J

H mh S.'h

i
I I I
h=1 i=1 j=

Yijh = Ysq,h

(]



-162-

Var (iﬁ) B E%"Tmh—] igl (X%h - Xﬁ)z ,

Vor () = i—fiyy :]21 oy - 3 :

Var (%)) = E‘,T]n,(?ﬂ' :g](’-?h - ?‘rf)z L
and

Var (EE) = ;;“%;;jT; :g 1(Xih - EE)Z ,

In Appendix D we derive approximaté upber and lower bounds to the

true variance of yb w Which will bracket the value obtained using equation

(5). These should prove very useful in practice. The reader is directed

to Appendix D for details.

An estimate of Yp.ih® the "true" weight of a given species or

component in the it field plot, and the approximation to Var (yD in) are

given by Equations (4) and (5), respectively, after RE is replaced by

x?h. In Equation (5) we need Var (x?h) which is given by n; Var (ig).

Case 2: Equal Number of Squares in Each Calibration Plot

In this case we assume that cih‘= ¢ and Sip = s for all 1 and h.

We find that the expressions for §D,h and Var (§D,h) are altered from

those given by Equations (4) and (5) in Case 1. It is easily verified
that under Case 2, Equation (4) can be Qritten as

s - - L -g
Yp,p = € ysq,h~+ by (xh "¢ xsq,h) t*hh (xh B h)

+ by b b (] - &) ' (6)
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where H ™ C - L -
hE] .E] (2 X0 = %) (x5- X))
b = 2L i=t =l : (7)
L H M )2
YL {x;. - x
h=1 §=1 b "h
and
H ™
- o, 3D -
b = h=1 =] _ (8)
F U
Loy (xih - xh)

h=1 i=
Note that b = bybL and b3 = byb br. The other terms have been defined previocusly.
Following the general procedure outlined in Appendsx B, an estimate of

a rough approximation to the conditional variance of Equation (6) can be shown to bo

2
X . [Xh - xsq~h]
A 2 2 1
Var (yD,h) > ¢ sy-x 5t TR U 2
Lase 2 s Gy oy (X 51 =%eq 1)
h=1 h=1 i=1 j=1 137 50,
2 2
[so - s8]
+ 2 S
C Im
h=1 N
I Sy 2
+ [xh - xﬁ] [bL Var (b]) + bl Var (bL)]
)
F 2
+ [xg - x:] [bE bg Var (b]) + b] bg Var (bL)
+ b5 67 var (b;)]
+ bf bE [Var (ih) + Var (iﬁ)]
+ bf bE b2 [Var (%) + Var (i;)]

. . L g -F-F
+ ZbL (xh -c xsq,h) [xh - X+ bF (xh - xh)] Var (b])
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+ 2067 Var (by) + 6 Var (b)) [op (- - %) RF - %))

where
) WM ) 2
var (b)) = sy b1 io ji1 igh ™ *squn) |
) H mh .t 2
Var (b ) = Syex,l hzl 1.i‘](xm X)) ’
] : H " : c _ )2
2 o z X LoX... =~ X
“yexil I),!m - Ha-1 N=1id=l = 1 "
h=1h
Ho My 2
> L -2
- by hi] 151 (Xih - xh) ] .
H ™ 2
2 F f
Var (bF) Sy F //151 151 (k1h - Xh) ,
and
Ho 2
) ) . L
“yxf TR {hil £ Yin ")
b2 nh - H- ] -
fi=1
H "h 2
bk oz (F -if)]
h=1 4=1 ~ih M

An estimate of Yp.in and its variance for Case 2 is given by
]
Equations (6) and (9), respectively, after replacing EE by xsh.
Equation (9) for Case 2 is somewhat more complex than Equation (5}
derived for Case 1. This occurs because under Case 1 the quantity b2 is
equal to a more complicated expression than b] bL’ which is its value in

Case 2. A similar statement holds for b3. Thus in Case 1 the variance
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terms to be approximated are less complex than in Case 2, which results
in a less complicated (and possibly less accurate) variance formula

approximaticn.

For Case 2 we could have persued a similar course to that used
for Case 1, i.e. feund approximations to the variance of termg

- - -:L-':E "F-”f e
b1 (xh -c X5q,h)’ b, (xh xh) and b3 (xh X') rather than

- - =L o=y s " it wer
by (xh -c xsq,h)’ by b, (xh - xh) and b] b, bF (xh - X ). If this were
done then the resulting variance approximaticn under Casc 2 is given by

Equation (5)

To sumnarize, Equation (5) can be used for both Case i and Casec 2,
but if the assumptions under Case 2 are true, then the more complicated

formulate given by [quation (9) should be used.

Case 3: More Restrictive Assumptions

Let us now consider Case 2 in the previcus section when we rake tae
c
additional assumptions that x%h = x?h and % X = xI~ for all i1 and h.

jo1 ijh ih
- - -3 -
In this case we see that bL and bF equal 1, xﬁ = xh and x; = X Therefore,

Equation (6) reduces to

2 _ -F -
yD,h =Ccy + b] (xh -C xsq;h) . (10)

5g,h

Thus, if for a given species or biomass component the sum of the small

square estimates equals the independent taboratory estimate for that plot,
which is in turn equal tothe estimate cbtained in the field then our estimate
of mean biomass reduces to that given by Equation (10). The form of this
equation suggests we use the approximate formula given by Cochran (1963,

p. 339):



S L2 2 F -2
Var (yD,h) T O Syex ] + (%, Aﬁ?_fggah) .
H g 5
H 2 rh v (X, X )&
sormy h=1 =13=1 1 Tsash
h=1
2 2
2 Sy T Syex
LI A AR A2, (1)
no
where Si-x and s§ are as given on page (13) except that Sip = s for all

T and h. We sce that Cquation (11) is identical to the Tirst two tervus of
i H .
Equation (9) except that ih is replaced by EE, and ¢ iE] m, by n .

;

While the assumptions used in this section will in most instances not
be valid, their use results in substantially less complicated variance
formula. It would be informative to compare tquations (11) and (9) using
real biomass data from the Cottonwood site. If the results of the Formar
are nearly equal to the latter using these data, then perhaps the sinpler
approach is sufficiently accurate.

In Appendix C we illustrate the notation used in this paner for a

single harvest day in a data set.

DISCUSSION AND CONCLUSIONS

The sampling plan currently in use at the Cottonwood site, while no
doubt defensible on practical and biological grounds, nevertheless creates
problems in the analysis of the data, and perhaps most importantly, in
determining an estimate of the variance of mean biomass.

There are basically two problem areas with the current plan: (i) tihe
final formula for mean biomass is fairly complex, resuiting in the necessity
of using approximate techniques such as truncated Taylor Series expansions
to estimate the variance of these estimated means, and (ii) when only two

small squares are separated and weighed by species on each harvest day (the
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usual case) it is impossible to test tha assumption used throughout this
paper that the regression coefficients in the fommla for mean bicmass do
not change over harvest days within data sets. We noie, however, that it
is possible to test whether the regression cocfficients change from one
data set to another (if there are 3 or moie data sets). If this latter
test indicates unchanging coefficients with time this suggests the coeffi-
cients witihin data scts are also refatively constant.

A1l results obtained in this Paper assuie a4 lincar relationship
between true and esiimated species weights, and that reqgression coefficicents
are constant for all harvest days within a data set (assumptions A and B,
page §}. Equations giving the mean biomass and approximations Lo the varianca
of this mean for cach species or component are derived tor throo leveis of
generality; Cases 1, 2 and 3, respectively. An estimate of the “true® weight
of each clipped plot by species or component is also given for cach case.
A1l data presently being collected at Cottonwood may be analyzed under

Case 1 (equations (4) and (5)) for which c.

ih and $;, are not nccessarily

constant for all values of i and h within a deta set. \See page 4 for

definitions). If Cip=C and S;p=s for all i and h in a data set (Case 2)

then equations (6) and (9) may be used; and if in addition x%h= xfh and
c

J.f] Xijh

appropriate, If the conditions on ¢;p, and S;p, In Case 2 are fulfilled, it

= x%h for all 1 and h (Case 3} then equations (10) and (11) are

would be interesting to compute the formula obtained under all three cases
and to note their discrepancy.

It would be desirable, obviously, to estimate the accuracy of the
approximate variance formula derived here. This could be accomplished via
a monte carlo computer simulation experiment. That is, for specified

field and laboratory parameters the true variance could be closely approximated
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and compared with the restlts obtaincd using Eaquations (5), (9}, or (11).
The cost of such an endeavor would depend on how many sets of parameters
were investigoted and upon the accuracy desired in the monte carlo
estimate of the true variance.

Finally, and perhaps most important, upper and lower bounds to the
variance of mzan biomass are derived for Case 1 and given in fprcendix D.
We can be reasonably sure that the true variance cf our cstimate is no
targer than this upper bound and most likely no smaller than Yar(éb’h)
given by ecquation (5),.
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APPENBIX A

§D,h = Yy + by (5 - )
1 nh = L -2 -F -
= ﬁ;‘ii][yh * by gy = x0T+ by (B - X))
2 ot Ff
=Vt by (E;' EXin T Xp) * by G = %)
_ Lm'; C;h . o )
- M oy j;] Ysq,h 1 Y45h T xsq,h)]

L -2 -
* by (%) - X))+ by (X - X,)

L -p :
b by (R - %)+ by (R - Xp)

= cp Y +b1(xh-c

sq,h h xsq,h

Thus, equation (3) in the text can bc expressed in terms of equations

(1) and (2).
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APPENDIX B

Var [yp,pl = Var [y S0 p + by (% - Xsq,n)

+Var [b, (p - %01+ Var [by (6 - &)1

- - - - = ) L L
+ 2 Cov [ch Ysa.h + b] (xh - ¢ X ) by (Ah - x")]

q $q,i
Cp Voo p ¥ by (K - & R )s by (R0 - &
*+ 2 Cov [cp Ysq,h ] (xh " %h qu,h)’ 3 (Xh - Xyl
Lok Ff
+ 2 Cov [b2 (xh - xh), by (xh - ‘h)] (B-1)
Now,
Var [ch Ysq,h * by (xh ~ % qu,h)]
- - ih -
= ¢, Var [ysq,h * by (E;'h xsq,h)]
_ . 2
2 p 3 [x, - < xsq,h:I
= +
R T , H Mh Sip 2
Y Is., ¢ ¥ T I X )
IR R R N B S L R
c 2 2
h [s° -5s° ]
+ y . Yy°X , (B-2)
T
X )
h=1 =1 1

using the approximate variance formula suggested by Cochran (1963, p. 339)

when sample sizes are small,
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: . y _L - _a;\" o 1 —'L ( :-2'
We approximate Var [b2 (xh xh)] assuming %2’ Xy and X, are

independent. Using the Taylor Scries approximation under this assumption
of independence given e.g. by Mahn and Shapiro [1967, p. 231, Equation (7-6)]

we obtain

2
Var [by (% - %01 = [% -~ %% var (b,)
+ b5 [Var (%) + ver (37)] . (B-3)

In an entirely similar manner we find that

2
Fooefyq L rsF L =f1° var (b.)
Var [b3 (xh - xh)] = [xh - h] 3

+ b2 [var (iF) + Var (if)] ‘ . (3-4)
3 h h
-1 -
This is clearly a rough approximaticon since we know that b2’ XE and xﬁ are
not independent. The covariances betwecn these factors, howcve?, are unknown

and doubtless quite complicated.

Each of the three covariance terms in Eguation (B-1) can be expressed
in terms of expecfed values and each of these expected values approximated
by a Tayior Series expansion [Hahn and Shapiro (1967), p. 256, Equation(7B-1)].
However, under the assumption that the individual factors in each term to
be approximated are independent, all three covariance terms in Equation (G-1)
are zero. Since it is known that these individual factors are not independent,
our ratienal for making tnis assumption is as given above; namely’ that
the covariance terms are unknown, complicated to derive and no doubt complex

in nature.
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Combining Equations (R-2) and (B-4), we obtain the result given by

Equation (5) in the text.
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APPENDIX D

Upper and Lower Bounds on Equation (5)

If we express cquation (4) as

2 3
where T] = Ch ysq,h * b](xh b Ch XSQah) ’
Cp
T2 = bz(xh - xh) ?
and —F £
T3 = bS(Xh - Xh) ’

~

then it is pointed out in Appendix B that Var(yb,h) given by eguation (5)
was derived assuming Cov(Ti,Ti,) = C for i, i-=1,2,3 (i # i°). towever,
an approximate upper bound to the true variance of jb,h can be obtainzd by
assuming the correlation between each pair (Ti’Ti’)’ 1 #1748 1. Ue deonte

this correlation by p(Ti,Ti,). Since by definition we have that
Cov(Ti,Ti,)

‘.lip(T]:Ti») = - . f_1
/Var(Tingar(Ti,)

when p(Ti,Ti,) = 1, then Cov(Ti,Ti,)‘i /Var(Ti) Var(T;jj'which can readily
be computed. Therefore an approxinate upper bound to the variance of }b h

is given by

1 ~1 ¢

l i
Var{yp . uppeR BounD? © Var(T,) + [Var(T;} Var(7,)]1*

i=]

+

[Var(T,) Var(7,)1*

+

[Var(Tz) Var(T3)]%, (D-1)
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where
Var(TZ) = [§t - iﬁjz Var(bz)
+ b; [Var(?h) + Var(iﬁ)] ,
Var(T,) = [?E - §:]? Var(b,)
+ by [Var(x]) + var(xD)1 ,
and

Var(T1) = Var(yb,h) - Var(Tz) - Var(TS)

where Var(}b h) is given by equation (5). Similarly, a lower bound can be

obtained by setting p(Ti,Ti,) = =1 for i # 1. In this case we have

-~ 3 .
v, = \ 78
Var(yp n Lower sound) 1§1 Var(T;) - [Var(T,) Var(T,)]

s

- [Var(T1) Var(TB)]

- [Var(1,) Var(T,)T*

Since it is to be expected that the covariances Cov(T T ) are gerater than
zero, the upper bound is of most importance here. We can be reasonably sure
that the true variance 1ies somewhere between Var(yD h) given by equation (5)

and Var(yD h,UPPER BOUND) given by equation (D-1).



-176-

REFERENCES

Cochran, W. G., (1963) sanpling Techniqgues, 2ud editica, John tileoy
and Sons, New York, 413 pages.

Frances, R. C., Baker, C. V., Van Dync, €. M. and Gustafson, J. F.,
(1971). A Studv of the Meight Estimation Method of Lotaniccl Anulysis,

Techn]ca] ReporLin' 117, Grass1and Biomz, U.S. lnbern‘ttc,\t Liotogical
Program, 147 pages. .

Hahn G. J. and Shapiro, S. S., (1568). >La1;du._u1 neanis in
Engineering, John Wiley and bons, Hew York, 355 paocs.

Snedecor, G. W. and Cochran, W. G., (1967). St tisticol ruthoeds, COth
edition, The lowa State University Press, Ames, Towa, 5934 pugos.



~-177-

APPENDIX C
FIELD DATA

Aboveground Herbage Data
The aboveground herbage data collected in 1971 at the Cottonwood
Site are Grassland Biome data set A2U0ll4. The data are recorded as

specified in Appendices B2 and B3. A sample listing follows.
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e e Ak i

‘+e¢ EXAMPLE OF DATA +e¢0

1 2 3 N 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

‘1 4 61 2 471116.50 1 10 AGSM 1 0.0 d.64 - 1
1 & 61 2 471110.50 1 10 AGSM 2 0.0 40,92 1
1 &« 61 2 471110.50 1 10 BOGR 21 0.0 oh] 1
1 & 61 2 471110.50 1 10 B0BU +2 0.0 17.52 1
1 4 61 2 471110.50 1 10 CaEL 21 ¢.0 «22 1
1 4 6] 2 471110.50 - 1 10 BRJA 1 0.0 «31 i
1 & 6] 2 471110,50 1 10 ARFR 41 0.0 230 1
1 4 6] 2 471110.50 110 MIOT 1 0.0 3.78 1
1 & 61 2 471110.50 2 10 AGSM 1 0.0 1l.54 1
1 4 6) 2 471110.50 2 10 AGSM 2 0.0 - 30.12 3
1 4 61 2 471110.50 2 10 BOBUYU +2 0.0 18.11 1
1 & 61 2 471110.50 2 10 CaEL 21 0.0 . «l8 1
1 4 61 2 471110.50 210 8RJA )} 0.0 «20 1
1 4 61 2 471110.90 2 10 MIOT 1 0.0 3,38 1
1 & 61 2 471110.50 3 10 aAGSM ] 0.0 loa3 1
1 4 61 2 471110.50 310 AGSM 2 0.0 83.45 1
1 4 6] 2 471110.50° 3 10 BOBYU 2 0.0 -1 1
1 & 6] 2 471110.50 3 10 CAEL 21 0.0 ole 1
1 & 61 2 471110.50 310 BRJA 1 0.0 «20 1
1 4 6] 2 471110.50 3 10 MIOT ] 0.0 1.57 1
1 4 6] 2 471110.50 4 10 AGSM 1 0.0 lalé 1
I & 6] 2 471110.50 4 J0 AGSM 2 0,0 61.99 - 1
1 & 6] 2 471110.50 4 10 BOBU +2 0.0 6.58 1
1 4 61 2 471110.50 4 10 CAEL 21 0.0 16 1
1 & 6] 2 471110.50 4 10 BRUA ] 0.0 21 ]
1 4 61 2 471110.50 4 10 MIOoT 1 0.0 2.20 1
1 &« 61 2 471110.50 5 10 AGSM 1 0.0 49 1
1 4 6] 2 471110.50 S 10 AGSM 2 0.0 10.9] 1
1 & 61 2 471110.50 S 10 B0HU +2 0.0 22.98 1
1 4 61 2 471110.5%0 S 10 BRJA 1 0.0 «18 1
1 4 61 2 471110.50 5 10 MIOT 1| 0.0 86 |
1l 461 2 471110,50 6 10 AGSM 1 0.0 2.11 1
1 & 61 2 471110.50 6 10 AGSM 2 0.0 T70.30 1
1 4 61 2 471110.50 6 10 BOBU «2 0.0 T.80 1
1 4 61 2 47T1110.50 6 10- Cakl 2] 0.0 «20 1
1 & 61 2 471110.50 6 10 BRJA 1 0.0 «29 1
1 &4 61 2 471110.50 6 10 MIOT 1 0.0 l1.40 1
1 4 61 2 471110.50 7T 10 AGSM 1 0,0 le26 1.
1 4 6] 2 471110,50 T 10 AGSM 2 0.0 67,58 |
1 4 61 2 471110.50 7 10 BOBU «2 0.0 9. 74 1
1 4 61 2 471110.50 ° 7 10 CaEL 21 0,0 .22 |
1 & 61 2 471110.5%0 7T 10 PRJUA 1 0,0 «30 1
1-4 6] 2 471110.50 7 16 MIOT 1 0.0 1.50 }
1 4 6] 2 471110.50 8 10 AGSM 1 0.0 1.30 1

. 1 461 2 471110,50 8 10 AGSM 2 0,0 40.75% 1
1 & 61 2 471110.,50 8 10 BOBU «2 0.0 12.19 1
1 4 6] 2 471110,50 8 10 CaEL 21 0.0 13 )
1 4 6] 2 471110.50 8 10 BRJUA 1 0.0 22 1

1 & 61 2 4T1110.50 8 10 LOOR ) 0,0 06 1

1 & 6).2 #71110.50 8 10 S5PCO 1 0.0 «02 1
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4T1110.50 8 10 MIOT )} 0.0 1.07
471110.50 9 10 AGSM 1 0.0 1.54
4T1110.50. 9 10 AGSM 2 0,0 60,22
471110.50 9 10 BOBU +2 0.0 Tabb
471110.50 9 10 CaEL 21 0.0 .el9
471110.50 9 10 BRJA 1 0.0 e21
471110.50 9 10 MIOT 1 0.0 293
471110.50 10 10 AGSM 1 0.0 1.08
471110.,50 10 10 AGSM 2 0.0 37,02
47T1110.50 10 10 BOWHU +2 0.0 4,92
471110.50 10 10 CaAEL 21 0.0 «15
471110.50 10 10 BRJA 1 0.0 - «20
471110.50 10 10 MIOY 1 0.0 3,20
471120.50 1 10 AGSM 1 0.0 1.03
-4T71120.50 1 16 AGSM 2 0.0 19.70
471120.50 1 10 BOBU +2 0.0 26.47
“471120.50 1 10 CakL 21 0.0 263
471120.50 1 10 MIOT 1 0.0 4,28
471120.50 210 AGSM 1 0.0 1.05
471120.50 2 10 AGSM 2 0,0. 36.18
471120.50 2 10 BOBU +2 0.0 Ta43
471120.50 2 10 CAEL 21 0.0 49
471120.50 210 BRJA 1 0.0 17
471120.50 210 MIOT 1 0.0 2.65
471120.50 310 AGSM 1 0.0 1.46
4T1120.50 310 AGSM 2 0.0 52.13
471120.50 3 10 BOBU «2 0.0 16.53
471120.50 3 10 CaEL 21 0.0 «27
471120.50 310 BRJA 1 0.0 «2%
471120.50 310 ACMI L1 0.0 «06
47)1120.50 310 MIOCT 1 0.0 3,64
4T1120.50 4 10 AGSM 1 0.0 «40
471120.50 4 10 aGSM 2 0.0 22.8¢6
471120.50 % 10 ROBU <2 0.0 11.44
471120.50 4 10 CAEL 21 0.0 ol
471120.50 4 10 BRJUA )} 0.0 T
471120,%0 4 10 MIOT 1 0.0 leld
471120.50 S 10 AGSM ) 0.0 2.03
471120.50 5 10 AGSM 2 0,0 67.58
471120.50° -5 1¢ PROBU +2 0.0 27.65
471120.50 S 10 CAEL 21 0.0 b7
471120.50 5 10 BRJA 1 0.0 Y
471120.50 5.10 MIOT 1 0.0 3.71
471120.50 6 10 AGSM 1 0.0 .95
471120.50 & 10 AGSM 2 0.0 54,34
471120.50 & 10 BROBU «2 0,0 16.91
471120.50 6 10 CAEL 21 0.0 29
471120.50 & 10 FRJA 1 0.0 «2T
471120.50 & 10 HMIOT 1 6.0 2.86
471120.50 7 10 AGSM 1 0.0 - Py Y
471120.50 7 10 AGSM 2 0.0 37.60
471120.50 7 10 EOBU +2 0.0 11.93
471120.50 T 10 CAkL 21 0.0 10
471120.50 710 BRJA 1 0.0 +10
471120.50 T 10 MIOT 1 0.0 J.6?
471120.50 8 10 AGSM 1 0.0 1.98
471120.50 8 10 AGSM 2 0.0 68,19
471120.50 8 10 BOBU «2 0.0 4,40
471120,.50 8 10 CAEL 21 0.0 21
471120.50 8 1 0.0

10 BRua 17
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1
1

SPCC 1
ERAS 21
MIOT 1
AGSM 1
AGSM 2
BOQU +2
CAEL 21
BRJA 1
ERAS 21
MIOT )
AGSM ]
AGSM 2
BOBU 2
CAEL 21
gRJA 1
MIOT 1
AGSH 2
Buda 1
BOGH 21
BOBY <2
CAEL 21
BRJA )
FEOC 21
LOGR 1
SPCO )
AGSM ]
AGSM 2
BUDA 1
ROGR 21
ROHU +2
CAEL 21
eRJA 1
FEOQC 21
LOOR }
SPCO )
suba 1
ROGR 21
BOBU +2
CAEL 21
BRJA 1
FEOC 21
LOOR )
SPCO 1
BubA 1
fOGR 21
BOBU 2
CAEL 21
BRUA ]
FEOC 21
LOOR . 1
BUDA

CAEL 21
BRUA

FEQC 21
LOOR )
SPCO 1
OPUN T1
LICHEN]
BuDa 1
BOGR 21

oo
..
(-]

.l....ll.....I........I..l..l.

—E-X-E-N-X-N -2
« & & &9
FY-E-X-X-K-F-E-R-

(- X -
s »
o0

0.0

o
.
<

0.0
0.0

0.0

0.0
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.01
«29
2.13
.55
44,76
6.30
.15
.16
+39
3.46
«30
13.26
a1.73
.26
.23
1,77
Y}
.65

+ &8
22.94
.59
1.81
.27
.22
.21
«04
+«96

- w39

«39
5.10
246
1.30
.19
+07
23
+»50
«953
22.42
1.65
22
«20
«05
o

- 18.13

b
l.16
© o7

«07
1.63
1.78
4,94

7S
1.16

«05
3.50
18.27

1

b2
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47T1610.50
471610.50
471610.50
4T1610.50
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47T1610.50
471610.,50
471610.50
471610.50
471610.50
471610.50
471610.50
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471610.50
4T71610.50
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471620.50
4T1620.50
471620.50
471620.50
471620.50
47T1620.50
471620.50
471620.50
4T1620.50
4Ti620.50
471620.50
471620.,50

471620.50°

471620.50
471620.50
471620.50

471620,50

4T7T1620.50
471620,50
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BOBU 2
CAEL 21
BRJA 1
FEQC 21
LOOR )
OPUN T1
LICHEN]
BUDA 1}
BOGR 21
BOHU 2
CAEL 21
BRJUA ]
FEQC 21
LOOR 1
SPCO ]
OPUN T1
LICHEN]
BUbLA 1
ROGR 21
80HU 2
CAEL 21
BRJA

1
FEOC 2]

LOOKR 1}
LICHEN]
BubaA )
ROGR 21}
BOBU +2
CatL 21
BRJA |
FECC 21
SPCO 1
OPUN T)
LICHEN]
BUDA 1}
POGR 21
BOBU 2
CagL 21
BRJA 1}
FEOC 21
LICHEN]
AGSM 2
BuUDA )
BOGR 21
BOBU 2
CAEL 21
BRJA )
FEOC 21
LOOR )
SPCO )

LICHENL

AGSM 2
BubaA 1
AOGR 21
BOBU «2
CAEL 21
BRJUA ]
FEOQOC 21
LOOR 1}
AGSM ]

a s s e
-2 -2
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The aboveground herbage data (A2U0114) are not collected or
recorded in the Standard Comprehensive Site format. To make these
data as comparable as possible, each set is run through a series of
regression proceedures. The resultant file is structured exactly
like the standard format data, and looks as if it had been collected
on Form NREL-01 (Appendix Bl). The information content differs in
that what is recorded as a clipped ovendry weight is actually the
result of a two-step regression proceedure. The converted data are

Grassland Biome data set A2UQ00C4; a sample listing follows.
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+e+ EXAMPLE OF DATA s+

1 2 3

&

5

€

123§567890]2345678901234567&9012365b7390123k5b7&90123456739c

070104010204711101612930199.6AGSM
070104010204711101612930199.6B0GR
0701040102064711101612930199%,6A065M
070104010204711101612930199,65HRT
070104010204711101612930199.6FMUL
070104010204711101612930199,6HMUL
07010401020471110161293019%.6CAEL
070104010204711101612930199.68KJA
070104010204711101612930199.6LCAS
070104010204711101612930199.60CAS
070104010204711101612930199,6501L
6701040102064711101612930199,6AKFR
070104010204711101612930199,6MI5C
070104010204711102611930144,6AG5M
070106010204711102611930144,6AG5M
070104010204711102611930144,65nRT
070104010204711102611930144.0FMUL
070104010204711102611930144,6HMUL
0701064010204711102611930144,6CAEL
070104010204711102611930144.6BRJA
070104010204711102611930144,6LCAS
070104010204711102611930146,6DCAS
070104010204711102611930144,6501IL
0701040102047111036114930253,3A65M
0701064010204711103611930253,3A65M
070104010204711102611930144,6M1SC
070104010204711103611930253.35HRT
070104010204711103611530253,3FMUL
070104010204711103611930253.3HMUL
070104010204711103611930253.,3CAEL
070104010204711103611930253.38RJA
0701040102047111036114530253,3LCAS
0701040310204711103611530253.30CA5
070104010204711103611930253.3501L
0701040102047111036116930253.3M15C
070104010204711104612930186,0AG5M
070104010204711104612930186.0AG5M
070104010204711104612930186,0SHRT
070104010204711104612930186.0FMUL
070104010204711104612930166,0HMUL
0701040102047111064612930186.0CAEL
070104010204711104612930186,0BRJUA
p70104010204711104612930166,0LCAS
070104010204711104612930186.0DCAS
070104010204711104612530186,0S01IL
0701064010204711104612530186,0M15C
070104010204711105611930099.9AG5M
070106010206711105611930099.9A05M
070104010204711105611930099.95H1RT
070i04010204711105611930099.5FHUL
.070104010204711105611930099.9HMUL
070104010206711105611930099.9BRJA
070104010204711105611930099.9LCAS
0701064010204711105611930099.90CAS
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2
1
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VIV

3-50
«40
40.00
21.00
25.60
.10
«30
.35
18.00
}1.00
2.00
«35
4.00
1.50
30.00
24.00
S5.70
3.20
«25
«15
16.00
8.70
1.20
1.20
90.00
3.90
9.00

119.75

2.00
.15
-lo

6400

4.00

20.00
1.10
1.00

70.00
7.00

70.55

3.00
.20
.15

9.00

5- 00

18.00

2.10
-‘0

5,50

35,00

43.25

1.10
<15

7.00

4,00



070104010204711105611930099,9501L
070104010204711105611930099,9M15C
070104010204711106611930222.0805M
070104010204711106611930242.0A05M
0701064010204711106611930222.05HKRT
0701060102067111006611930222.0FMUL
0701040102064711106611930222.0HMUL
070106401020671110661)1430222.0CKEL
0701040102047111066119302¢2.0HRJA
070104010204711106611930222.0LCAS
0701040102067111066]11930222.00CAS
N7010401020471110661193022¢.05CIL
070104010204711106611930222.0M15C
070104010204711107611930192.4A065M
0761064010206711107611930192.4A065M
07010401020471110761193G192.45HRT
070104010204711107€11930192.4FMUL
070104010204711107611930192.4HMUL
0701040102047111076119301v2.4CAEL
070104010204711107611930192.4BRJA
670104010204711107611930192.4LCAS
070104010204711107611930132.40CAS
070104010204711107611930192.4501IL
070104010204711107611930132,4MI15C
07010401020471110R611930155.6405M
070106010204T711108611930155.8405M
07010401020471110AR611930155,£5nRT
070104010204711108611930155,8FMUL
0701060102047111086]11930155.RHMUL
070104010204711108611930155.RCAEL
070106010204711108611930155.8dKrJA
070104010204711108611930155.ALCAS
070104010204711108611930155,RDCAS
070104010204711108611930155,6501IL
070)04010204711100611930155.8M15C
0701040102064711108611930155.85PC0
070104010204711108611630155,8L00K
0701040102047111096119301H44,6A65M
070104010204711105611930184.6A0L5M
0761040102047111096119301b4.65HRT
070104010206711109611930184.6FMUL
070104010204711109611930184,6HMUL
0701040102064711109611930184.6CAEL
070104010204711109611930184.6BRJIA
070104010204711109611930164.6LCAS
070106010204711109611930184.6DCAS
070104010204711109611930184,.6501L
070104010204711109611930184,6MIS5C
070104010204711110611930146,44065M
070104010204711110611930146,4AG5M
070104010204711110611930146,45HRT
070104010204711110611930146.4FMUL
070104010204711110611930146,4HMUL
070104010204711110611930)46,4CAEL
070104010204711110611930146,.4BRJA
N701040102047T11110611930146,4LCAS
070104010206711110611930146.4DCAS
070104010204711110611930146,4501L
070104010204711110611930146.4MISC
07010401020471110101301016.05A6SM
07010401020471110161301016.,05AG5M
07010401020471110161301016.05A06R
07010401020471110161301016.055ART
07010401020471110161301016.05FMUL
07010401020471110161301016.05HMUL
07010401020471110161301016.05CAEL
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3.70
10
3.00
«03
1.70
8.00
«11
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07010401020471110161301016.058KJA
07010401020471110161301016,05LCAS
07010401020471110161301016.050CAS
07010401020471110161301016.05501L
07010601020471110161301016,05#1SC
07010401020671110161301016,0%AKFR
0760104010204711101613020148,958065M
0701040102047111016130201H8.,95A065M
07010401020471110161302015.95BUGR
N7010401020471110161302018,955HKRT
07010401020471110161302616.95FMUL
07010401020471115016130201H,95HMUL
07010401020471110161302018.95CAEL
0701040102047111016130201B,.95BRJA
070104010204711101613020183.95LCAS
07010401020471110161302018.%50CAS
07010401020471110161302018.9550]1L
N7IN10401020671110161302018.959MI5C
07010401020471110161302018.95ARFR
07010401020471110161303022.10AGSM
07010401020471110161303022.10A065M
07010401020471110161303022.10RUGR
07010401020471110161303022.105HKT
07010401020471110161303022.106FMUL
07010401020471110161303022.10HMUL
07010401020471110161303022.10CAEL
0701040)1020471110161303022.10HRJA
07010601020471110161303022.10LCAS
07010401020471110101303022.100CAS
07010401020471110161303022.10501L
07010401020471110161303022.10M15C
07010401020471110161306027,H44GSM
0701064010206471110161304027 .84465M
0701040)1020471110161304027.84R06R
07010401020471110161304027.845HRT
07010401020471110161304027.84FMUL
07010601020471110161304027.,84HMUL
670104010206471110161304027.84CAEL
070l0401020471110161304027.84BRJA
07010601020471110161304027.,84LCAS
07010640102047111016)1304027.6540CAS
07010401020471110161304027.84S01IL
070104010204711106161304027.84M15C
07010401020471110161304027,R4ARFR
07010401020471110161305030,75ALSM
07010401020471110161305030.758GSM
0701040102047111016]1305030.75R0GR
070106401020471130161305030.755HRT
0701040102047111016130%030, 75FMUL
07010401020471110161305030.75HMUL
07010401020471110161305030.75CAEL
07010401020471110161305030.75BKJA
07010401020471110161305%030,75LCAS
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07010401020471110161305030,75DCAS .

6701040102047)110161305030.75501L
07010401020471110161305030.75M#15SC
07010401020471110161306027.50AGSM
070106401020471110161306027.50AG5M
07010401020471110161306027.50R0GR
07010401020471110161306027.505HRT
N7010401020471110161306027,50FMUL
07010401020471110161306027.50HMUL
07010401020471110161306027,50CAEL
07010401020471110161306027.508KJA
070104010204T111016]1306027.50LCAS
07010401020471110161306027.50DCAS
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~186-

07010401020471110161306027.505V1L
07010601020471110161306027.50M15C
07010401020471110161307024.69A05M
0701040102064711101613070c4 09865
07010401020471110161307024.60HUGH
070104010206711310161307024.6%5nKT
070104010P067111016130702469FMUL
07010401020471110161307026.69HMUL
07010401020471110161307024.69CkEL
07010401020471110161307024.65HHJA
67010401020471110161307024.65LCAS
07010401020471110161307024.690CAS
070104010204T1110161307024.69501L
07010401020471110161307024.69M15C
0701040102046 T71110161468024.99A05M
D7010401020671110161408029.99AGS™
07010601020471110161408024,95HUGH
070106401020471110161608024,955HRT
07010401020471110161408024.96FMUL
070104010204T1110161408024.99HMUL
0701064010204 T11101614068024.99CAEL
070106401020471110161408024.99BRJA
070106010206711101601408024.95LCAS
0701040102067111016140B8024.99DCAS
07010401020471110161408024.99501L
07010601020471110161408024.99M1SC
07010401020471110461401016.70AG5M
070106010206711106614010106,70AGSM
07010401020671110461401016.70SHRT
07010601020471110461601016.70FMUL
NT010401020471110661401016,70MMUL
070104010204T711104614010)6.T0CAFL
07010401020471110461401016.T0BRJA
07010401020471110461401016,70LCAS
07010601020671110461401016.70DCAS
0701064010204711106461401016.70M15C
07010601020471110461302017.T74ALSM
07010401020471110461302017.74A65M
07010401G20471110661302017.74ShRT
07010601020471110461302017.T4FMUL
N7010401020471110461302017.74HMUL
070104010206471110461302017.74CAEL
0701040102064711106461302017.74HRJIA
07010401020671110461302017.74LCAS
07010401020471110661302017.740CA5
07010401020471110661302017.74SCIL
07010401020471110461302017.74M15C
070106401020471110461303023.32AG5M
070104010204671110461303023.32A65M
07010401020671110461303023.325HRT
07010401020471110461303023.32FMUL
07010401020471110461303023.32HMUL
07010401020671110461303023.32CAEL
07010401020471110461303023.327BRUA
07010401020671110661303023.32LCAS
07010401020471110461303023.32DCAS
07010401020471110461303023.32501L
5701040102064711)106461303023.32M15C
070104010206471110461306025.9980L5M
07010401020471110461304025.99A05M
070104010206471110461304025,995HRT
07010401020671110461304025.99FMUL
07010401020471110461304025.95PMUL
07010401020471110461304025,99CAEL
‘07010401020471110461304029.998KJA
07010601020471110461304025,99LCAS
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07010«010?0&71IIOuleOaUZb.QQDCAS
07010401020671110461304025.99501L
07010401020671110a01304025.99M]15C
07010401020671110461305031.H2A05M
070106401020471110461305031.~280L5M
07010601020471110461305031 4H2SHRT
070104010204671210461305031.K2FMUL
07010401020471110461305031.652HMUL
OTDIU“DIO?OaTI110461305031.H?CAEL
0701040102047111046130%031.H7PKJA
01010401020&7]110461305031.H2LCAS
07019601020471]10¢61305031.H20CA5
07010601020&71110«61305031.HESOIL
0701040102047111046130503).42M15C
07010401020b1l110661306025.~2AGSM
07010451020471110461306025.42A05M
07010&0102047[11040130602h.h25HHT
070104010206471110461306025%.42FMUL
07010401020671110461306025.42RMUL
07101040)1020471110461306025.42CAEL
070106401020671110461306025,42BRJA
0701001020671110461306025.42LLAS
07010401020471110461306025.42DCAS
07010401020471110461306025.42501L
D7010401020471110661306025.42M15C
070]0&010?047[110461307018.32AGSM
0701040]020&71110§61307016.32AGSM
07010#01020*71110u01307018.325HFT
07010401020671110461307018.32FMUL

070104010204T71110461307014,320HMUL -

Q7010k0102047ll10461307018.32CAEL
07010401020471110461307016,328RJA
07010401020471110461307018,321.CAS
07010401020471110661307018.320CAS
070104010204711104613070)8.32501L
0701064010204 711106461307015A,32M15C
07010401020471110461308022,05AG5M
0T0106401020471110461308022,05AGSM
07010601020471110661308022.055HRT
07010601020471110461308022.09FMUL
0701040102067111046)30B022.05HMUL
07010&01020&711104b1308022.05CAEL
070104010204 T1110461308022,05BRJA
07010401020471110461308022.05LCAS
07010401020471110461308022.05DCAS
07010601020471110461308022.05501L
- 070164010206471110461308022.05M1SC
070106010304711201611950145.0A65M
070104010304711201611950145.0AG5M
070104010306711201611950145,0SHRT
670104010304711201611950145,0FMUL
070106010304711201611950145.0HMUL
070104010304711701611950145,0CAEL
070104010304711701611950145.0LCAS
070106010304711201611550145.00CAS
N70104010304711201611950145,0S01IL
0701064010304711201611950145,0MISC
070104010304711202611950119.5865M
070104010304711202611950119.5A065M
070104010304711202611950119.55HRT
0701064010306711202611950119%.5FMUL
070104010304711202611950119.5HMUL
07010401030471120261195011%.5CAEL
070104010304711202611950119.58KJA
070104010304711202611950119,5LCAS
070106010304711202611950119,50CAS

O YR

[

LYRLYR

—

LR VR ]

.

67
2435
29
«25
10.00
1.15%
15.01
«45
«03
03
1.25
« 90
2.40
«35
«20
9,00
lllo
G.66
o 40
«03
.03
1.30
« 80
2.60
+30
.05
7.50
«80
5.68
-+ 35
.02
02
1.00
+35
2.30
25
.10
8.50
«85
Ta49
«37
.02
02
1.15
<65
2.65
25
«90
15.00
35.00
56.00
3.00
1.10
17.00
9.00
3.00
$.00
i.oo
«0.00
9.00
52.00
1.50
90
«10
8.00
2450



-188-

07010401030671172026119%011%.55017L
07010401030471120261155011%.5M15C
070104010304711703A116%0173,3865M
0701040103047112036)]950173,386SM
070104010304711203611950]73,35HRT
0701040103064711203611950173,3FMUL
070104010304711203611950173.3MMUL
070104010304711703611650)73,3CLEL
0701040103047117036]11950173,3H8KJA
070104010304711703611950173,3LCAS
070104010304711203611650173.3DCAS
670104010304711203611950173.3%0IL
07010401630471120361)9%0173.3M15¢C
070104010306711203611950173,3ACIA
070104010306711204611950068.6A6SM
0701040103047117046119%0085,6A65M
0701040103047112046]1195008B.6SHNT
0701040103067117046)11950048, 6FMUL
070106010304711204611950088 .,6HMUL
0701040)1030471)12046119%0088.6CAEL
070104010304711204611950088.6BRJA
0701040103047112046]11950088.6LCAS
070104010304711704611950088,60CA%
07010401030471170646119%0048,650]L
070104010304711720646119500086.6M15C
07010401030471120%611920210.34065M
070104010304711205611920210,3A65M
070104010304711205611920210.3SHRT
070104010304711205611920210.3FMUL
070104010306711205611920210,3MMUL
070104010304711209611920210.3CAEL
070104010304711205611920210,3BrRJA
070104010304711205611920210,3LCAS
#70104010304711205611920210.3DCAS
070104010304711205611%920210.3S0IL
070104010304711205611920210.,3M15C
070104010304711206611920176,3A6SM
070104010304711200611920176,3AGSM
070104010304711206611920178.35HRT
070104010304711206611920178.3FMUL
0701040103047112066119201 78.3HMUL
070104010304711206611920176.3CAEL
0701040103047112066119201768,3BRJA
070104010304711206611520178.3LCAS
070104010304711206611920178.30CAS
070104010304711206611920178.3501L
070104010304711206611920178,3M1ISC
070)040103047112076j292015]1.3AGSM
07010401030471120761292015] .3AGSM
070104010304711207612920151 3SHRT
07010401030471120761292015].3FMUL
0701040310304711207612920151 ,3HMUL
07010401030471120761292015) .3CAEL
070104010304711207612920151,3BRJA
070104010304711207612920151,3LCAS
N70104010304711207612920151,3DCaAS
070104010304711207612920151 ,35S0IL
0701040103064711207612920151,3MISC
0701040103047112086}1920164,3AG5M
07010401030671120H6]1}1920184,3865M
070104010304711208611920154.3SHRT
070104010304711208611920184.3FMUL
0701040103047112086)11920184.3HMUL
0701040103047112086]11920184.3CAEL
070104010304711208611920184.38KJA
070104010304711208611920184,3LCAS
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Q7010401030471 ]7086]11920]174,30CAS
0701040103047117°6861 yeulnaadsulL
070104010304711/08011520104,3M15C
N70104010306711P04¢]114920104,35PC0
070104010304711-040)1920kb4,3EKAS
070104010304711709611920149,0a05M
07010401032046711209611920149.0A05M
07010401030471170961192014%,.0SmkT
0701040103067112096]119201a%,0FMUL
0T01040103047117096119201469,0MUL
N7010401030471172096119201«%,0CAEL
070104010304711209611920149,08KJh
07010401030471170961192014%,0LCAS
0701040103047112096119¢0149,0DCAS
070104010304711209611920149.050]1L
0701040103047117°09611920149,0M1S5C
070104010304711P0961192014%.0EHAS
070104010304711210611920)74,08805M
070104010304 711210611G70174,HALGSM
0701064010304711210611%20174,RSHRT
07010406103046711210611920176,.8FMUL
070104010304711210611920174.8mMUL
070104010304711210611920174.ARCAEL
070104010304711210611920174,8BKJA
070104010304711210611%920174.8LCAS
07010401030647117210611920174.6DCAS
07010401030471171061192017«.8501L
070104010304711210611920174.6M[SC
0701060103047112076130101«,11A065M
0701040103067131270761301014,115HRT
07010640103047]1120761301014.1FMUL
0701040103047117207613G1014.11RMUL
070104010304 711/,0761301010.11LCAS
07010401030471170761301012,110CAS
070104010306471170761301014.11590IL
07010401030471170761301014,11MISC
0701040103047112076130201%,16A0SM
070104010304711207601302018.16A05M
070]10401030471120761302016.165HRT
070104010304 71120761302018.16FMUL
070106401030471120761302016.16HMUL
07010401030471120761302018.16CAEL
07010401030471120761302016,.16LCAS
07010401030471120761302018.16DCAS
07010401030471170761302014.1650]L
07010401030471120761302013.16M]1SC
07010401030471120761303019,9TAGSM
07010401030471120761303019.97ALSM
07010401030471120761303019,.9TSHRT
07010401030471120761303019.97TFMUL
070106401030471120761303019,97HMUL
07010401030471120761303019,97CAEL
0701040103047117076130301%.97BHJA
07010401030647112076130301%,%7LCAS
07010401030471170761303019,970CAS
07010401030471120761303019.97S01L
07010401030471120761303019.9TM]ISC
07010401030471120761304017.57A065M
07010401030471120761304017.57A065M
070104010304711207613064017.57SHRT
07010401030471120761304017.57TFMUL
0701040103047112076]1304017.5THMUL
07010401030471120761304017.57LCAS
07010401030471120761304017.57TDCAS
07010401030471120761304017,.57501L
070104010306471120761304017.5TMISC
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N70104010304711P07601605%018,689A05M
0701060103067} 12076140501 4GA0LSM
0701040103047112076140%0]1H,49%mKT
07010401030471170741a05018,HIF MUL
N70104010304711,07614050)8.090MUL
0701040103047112076]1405018,49CAEL
070}0401030671120761405018.598RJA
0701040103047]117207601405018.89LCAS
070104010306711207610501b.R9DCAS
07010401030471120761405018,.8950]L
0101040610304 7117°0761405018.89MI5C
07010401030471170761306022.50A05M
07010401030671172076)1306022.50A0G5M
070104010304 7112076]1306022.%05HRT
07T010401030471120761306022.5%0FMUL,
07010401030471120761306022.50HMUL
07T010401030471120761306022.50CAEL
N701040103047)1170761306022.50PRJA
07010401030471170761306022.90LCAS
070104010304711720761306022.500CAS
07010401030471120761306022.5050IL
07010401030471120761306022.50M]SC
07010401030471120761307020.4TAGSM
N7010401030471120761307020.8T7TAGSM
070104010304671120761307020.H75mRT
07010401030471170761307020,HTFMUL
07010401030471120761307020.687%MUL
N7010401030471120761307020.,hTCAEL
07010401030471120761307T020.4TLCAS
0701040)1030471120761307020,67T0DCAS
07010401030471120761307020.R7S0OIL
07010401030471120761307020.57TM15C
0701040103047)1170761306014.57805M
0T0104010306471120761208014.,H87AG5M
07010401030471120761308014.875HKT
070104010304T7117076130801%.87FMUL
07010401030471120761308014.87THMUL
070104010304711707613060)4.8T7CAEL
07010401030671120761308014.87LCAS
07010401030471170761306014.8TDCAS
07010401030471120761308014.87S01IL
07010401030471170761308014.8TM]ISC
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Belowground Biomass

The belowground biomass data were collected at the Cottonwood
Site on Form NREL-03. Crown data were extracted form the above-
ground biomass data for Cottonwood and added to the belowground
data. The combined data have the Grassland Biome designation of

A2U0024. Examples of the data and data form follow.




1BP GRASSLAND BIOME

é U.B. INTERNATIONAL BIOLOGICAL PROGRAM

FIELD DATA SHEET - BELOWGROUND BIOMASS

l ol w = - =] w ) nlx| 4| @ | r
~ ort = »{m| c o |loi o = m
J m ur mlwo| o P x |®m| 9 iR 3
- I~ DATE >ef= ] o miglgtdla CROWN
- - FI16] » > O |o|lm X | 3 [WASH| DRY ASH DRY
= v mli>»| ~ o > |=¥| © 4 LA WT. WT, WT,
- = | = m z - by
m Day[ Mo [ Yr |5 |™ . -
-2 13-4 87 |89 {10-H}2-138 14| 15]16-19] 21-23 [25-27 2931-33{35-3739-41| 43-47 | 49-54 56-41 63-68
DATA TYPE
01 Aboveground Biomass
02 Litter

03 Belowground Biomass
10 Vertebrate - Live Trapping

Il Vertebrate - Snap Trapping

[2 Vertebrate - Collection
20 Avian Flush Census

21  Avian Road Count

22 Avian Read Count Summary
23 Avian Collection - Internal

24  Avian Collection - External

25 Avian Collection - Plumage
30 Invertebrate

40 Microbiology - Decomposition

4!  Microbiology - Nitrogen
12 Microbiology - Biomass

43 Microbiology - Root Decomposition

44 Microbiology - Respiration

SITE

0l  Ale

02 Biscn
03 Bridger

04 Cottonwood

05 Dickinson

06 Hays
07 Hopland

08 Jornada

09 Osage

10 Pantex

Il Pawnee

TREATMENT

| Ungrazed

2 Lighity grazed

3 Moderately grazed >

4 Heavily grazed L
5 Grazed 196%, ungrazed 1970

6

7

8

9

{ORIZON *

I AQ

2 A ‘ - e
3 B i
4 C

Lk 1

NBFI1 -03 NATURAL RESOURCE ECOLOGY LABORATORY - COLORADG STATE LIMIWERET Tw PHONFE {A03) AF1-88T1 . FORT ~At 1ug a1 LY.V

LT LY
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*2EXAMPLE OF DATA®®
1 2 3 4 5 6 7 8
1234567390123«56789012345673901234557899123«567u901334557590l23¢5675901234567890

0 0 0 l« 23.78 =-0.00
00 10 1¢ 3. 29.00 28.19
10 20 10 3. T.73 Te49
20 30 10 3. 7.58 T.6]
30 40 10 3. T.70 7.51
40 50 10 3. T.27 T.18
50 60 10 3. T.40 T.31

D 0 0 .l.o 18077 '0-00
00 10 10 , 3. 28,14 26,67
10 20 10 3. 7.54 1.26

0306 e 471110, 50000179 8
2
2
.2
of
o2
2
8
o2
o2
o2 20 30 10 3. 7.37 Te22
2
o2
2
8
o2
.2
2
o2
o2
o2

1
0304JAWO104711)1 .50001 1
N304JAWOD1047111 L.50001 1
0304JAW0104711) ,S0001 1
0304JAW010471)1 .5%0001 1
0304JAwW0] 04T]1) «5000) 4 1
0304JAW01047111 .,50001 1
0304 2 671110.50000279 }
0304UAW01047101  ,50002 4 1
0304JAW0104T111 .50002 1
0304UAW01047111 .50002 1
03040AW01047111 50002 4 1
0304JAW01047111 «50002 « 1
0304JAW01047111 ,50002 4 1
0304 2 a71110.50000379 1
0304JAW01047111 .50003 1
0304JAW0L1047111 .50003 1
0304JAW0)1047111 «50003 4 1
03040Aw01047111  ,.50003 4 1
0304JAWO0104T7111 ,50003 4 1
0304J9AW01047111 «50003 1
0304 2 6711]0.50000479 8 0 0 0 le 12.09 =0.00 1
0304JAW01047]1) «50004 4,2 00 10 10 . 3. 30.00 27.90 1
0304JAWD10471]1 .50004 4,2 10 20 10 3, 1.90 Tad? 1
0304JAW0104711]1  .50004 4.2 20 30 10 3. T.82 Tea? 1
0304JAW0104711L  ,50004 4.2 30 40 10 3. 7.96 7.76 1
0304JAWO0L10471])] - .50004 40 S50 10 J. T.76 t.60 1
03044AWD104711)1 .S5000% S0 60 1o 3. 7.52 7.39 1
0304 2 471110.5000057 0 0 0 le 8.52 =-0.00 1
0304JAW01047111 ,.5000% 06 1¢ o 3. 33.9%2 3l.65 1

1
1
1
1
1
1
1
1
1
1
H
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1
1

3‘&‘

30 40 10 3. T.45 T34
40 S50 10 3. 7T.62 T.54
S0 60 10 3. Te40 T.30

0 0 0 l. 10.07 =-0.0G0
00 10 10 3. 28,36 27.14
10 20 10 3. 7.33 T.16
20 30 10 3. 7436 7.19
30 40 10 3. T.40 7.21
40 50 10 3. T.56 T.45
S0 60 10 3. T.24 Tals

30 4«0 1o 3. T17 T+60
0 S50 10 3. Tatb 7230
50 60 )0 3. Tae? 7.38

0 0 a l. 12.09 =0.00

0304JAWD1047111 ,S0005
0304JAwW0104711} .50005
0304J8W0104T111  .50005
0304 2 471110.5000067
0304JAW0104711)1 ,50006 4,2
0304JAW01047111 ,500006 4,2
0304JAW0}0471)] .S0006 4,2 20 30 10 3. 7.58 T.38
0304JAWD1047111 ,.50006 4,2 30 40 10 3. Te57 T.45

4.2

4.2

9.&

4.2

4.2

9.8

4.2
0304JAW0I047111 .50005 4.2 10 20 10 3. 7.98 7.51]
0304JAW010647T1]  .50005 4,2 20 30 10 3. Ta74 T.50

4.2

4.2

4.2

9,8

00 10 10 3. 28,23 27.60
10 20 10 J. 7.58 7,38

0304JAWN1047)11 .50006 40 SO0 10 3. 7.59 T.09
D304JAW0104T711]1 L,50006 50 60 10 k™ T.34 7.28
0304 2 471110.5000077 0 0 0 1. 12.58 =0.00
0304JAW01047111  .50007
0304JAWD1047111 ,50007
0304JAW01047111 .50007

b, 00 10 10 3. 27,40 25.69

[

4
0304JAW0I04TI1]  ,50007 4

[

4

9

10 20 10 3. 7.98 7.6]
20 30 10 3. T.81 Ta54
30 40 ]o J. 7T.63 Tea2
40 S0 10 3. 7.30 T.18
50 60 10 3. 7,40 7.30

2
2
2
2
0304JAW01047111 .50007 2
4
6 0 0 0 1. 1“983 -0-00
e
2
2
2
2
2

0304JAN01047111 .50007
0304 2 47T1110.5000087
0304JAWO01047111 .50008
0304JAW0104711)1 .50008
0304JAW0104T7111 .S0008

4 00 19 10 3. 25.92 25.20

L

4
0304JAWD104711]1 .S50008 4

&

4

9.

10 20 10 3. Tat9 7.36
20 30 10 3. 7,37 T.28
30 40 10 3. 7.31 Te24
40 50 10 3. Ta32 Telb .
S0 60 10 3. 7.31 T+25
8 0 1] 0 le 13.60 =-G.00
2 00 10 j}o 3. 29.20 28.15

0304JAW01047111 ,L.S50008
0304UAWD1047111 .50008
0304 2 471110.5000097
0304JAWD104T1I1]1  ,50009 4.



03064 JANDY04T)]]
0304JAW01047111
0D304JAWD]0471]1
0304JAWD104T7111]
0304JAW01007]111
0304
0304JAW01047111
N306JAW01047311
0304JAWD104TE]
NA04JAW010471]1
N304 JAWD]1047111
GI04JAW0L0671]1
0304
N304JAW01047112
0304JAW01047112

©0304JAW0L06TL12

N304JAWOLI0&TY T2
0304JAWD104T]112
0304JAW01047]112
0304

2 471110.5000107

3 471120.50000179

3 471120.5000027

«90009 4.
.50009 4,
«50009 4.
«50009 4.
«50009 4.

9.
50010 «,
«50010 &,
«50010 4,
«50010 4.
50010 4.

«30001 4
«50001 «
«50001 4
«50001 4
«50001 4

4

9

2
Z
Z
4
4
-]
2
Z
c
2
é
2
8
2
4
'y
2
2
+50001 2
a
2
2
2
2
2
2
-]

0304JAW01047112 .50002 4.
0304JAWD1047112 .50002 4.
N1306JAWD1047112 .50002 4.
0304JAW01047112 .50002 4.
03064JAW01047]112 | 50002 4.
0304JAW01047112 .50002 &,
0304 3 471120,50000379.
0304JAW0104T)]12 .50003 4,2
0304JAW0L067112 .50003 4.2
0304JAW010647112 ,.50003 2.2
0304JAW010467112 .50003 4.2
0304JAW010467112 ,50003 4.7
0304JAWD1047112 ,50003 4,2
0304 3 471120.50000479,8
NA04JAMOLI04T]112 .S50004 4,2
0304JAW0L04T)12 S0004 4,2
0304JAW01047)12 .S0004 4,2
D304JAW0106472)12 .50004 4.2
0304JAW0104T112 .S50004 4,2
0304JAW01047212 ,50004 4,2
0304 3 471120.50000579.8
0304JAWD104T112 50005 4.2
0304JAW01047112 .50005 4.2
0304JAW0L04T212 .90005 4,2
0304JAN0104T212 ,.50005 4.2
0304JAW0R1047112 50005 4.2
0304JAW01047112 ,50005 4.2
0304 3 471120.50000679.8
0304JAW0104T7)12 .50006 4.2
0304JAW0104T112 ,L,50006 4,2
0304JAWQ1047112 .50006 4,2
0304JAW0104T112 ,50006 4,2
0304JAW0D1047112 50006 4.2
0304JAW0104T7112 .50006 4.2
0304 3 471120.50000779.8
0304JAW0D104T112 50007 4.2
0304JAW01047112 .50007 4.2
0304JAW0]047112 .50007 4.2
0304JAW0L1047112 50007 4.2
0304J9AW010647E12 .50007 4.2
0304JAW01047112 .50007 4.2
0304 3 471120.50000879.8
0304JAWD1047112 .5000B 4.2
0304JAW0]1047112 LS0008 4,2
0304JAW0)04TPI2 LS0008 4,2
0304JAW01047112 .50008 4.2
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10
e0
30
40
50

o
¢
20
30

S0

00
10
20
3o
40
S0

00
10
2o
30
40
50

oo
10
20
30

S0

00
10
2o
30
40
50

10
20
30
40
S0

00
10
20
30
40
50

00
10
20
kI
40
50

00
10
20
30

T.60
T.33
7.31
Tatsts
.27
laosly
21.93
T.417
Tout
T.52
Ta9i
TIZB
20,17
29,12
7.75
T.46
TI‘.l
Totd
Taa?
8,78
28,28
T.65
T.54
7-“3
7-"0
Tooa
lé.62
26,348
T.65
T.46
T.02
7.33
7.50
6,42
26.92
Tate]
7.7
7.50
T.09
Tet]
14,58
28.9“
8.10
T.b9
T.76
T.77
Te6l
14,08
32.42
7.90
T.77
T.59
7.59
T.46
13.67
30.66
8.18
T.32
T.68
T.37
Talb
8,18
29.56
T.28
T.57
Te21
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0304JAWQL047112 .S000H 4.2 40 S0 10 3. 8.21 Bel3
NIN4JAWD1047112 L.50000 4,2 50 60 10 3. 1.061 Teb3
0304 3 471120.50000979.8 1} 0 0 1. 10,09 =0.00
0304JAWD]1047112 .50009 4.2 00 o 10 3e 29.47 28.60
0304JAW01047112 .50009 4.7 10 20 10 3. Tetl .32
0304JAWD1047]112 L50009 4.2 20 30 10 3. T.53 Taa0
0304JAW01047112 .50009 9.2 30 40 10 3. Toay Taud
0304JAW01047112 .50009 4.2 40 S0 10 3. T.38 7.28
0304JAW010647112 50009 4.2 50 o0 10 3. T.30 T.26
0304 3 471120.50001079.8 0 ¢ 1] le 27.55 =0.00
0304JAW01047112 .50010 4,2 00 10 1¢ J. 28.93 28.06
0304J4w01047112 .50010 4,2 10 20 10 3. 7.39 7.28
0304JAW0L1047112 .50010 4.2 20 30 1o 3. 7.59 T4l
0304JAW01047112 ,50010 4,2 30 &40 10 3. 7.93 Tetl
0304JAWD10471212 50010 4.2 40 50 10 3. T.23 711
0304JAWD1047112 50010 4.2 50 o0 10 3. T.28 T.22
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