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ABSTRACT
Intrasite comﬁarisons of aboveground plant biomass were made using data
from the 1970 fiela season. Ordinations were made using analysis of variance
and principal component analysis in an attempt to reveal the structuratl
components of the herbage biomass across the grasstands. The nine sites
analyzed were Bison, Bridger, Dickinson, Cottonwood, Hays, Jornada, Pantex,

Pawnee, and Osage.



ABOVEGROUND BIOMASS ANALYSES

This report presents a series of statistical analyses performed on the
1970 field season aboveground biomass data from nine field sites in the U.S.
IBP Grassland Biome. Two types of analyses were performed and interpreted:
analysis of variance and principal component analysis. It is hoped that the
results of these analyses will give some insight into the structure of the
herbage biomass across the grasslands.

The following table gives a listing of the sites for which analyses

were performed, along with some vital information.

Site No. Sampling Treatmentl! No. Replicates
Dates Codes Per Treatment

Bison 9 1, 5 2

Bridger | 6 1, 3 2

Cot tonwood 12 1, 5 2

Dickinson 7 1, & 2

Hays | _ 9 1, 5 2

Jornada ' 5 1, 5 - 2

Osage 1" 1, 5 2

Pantex | 9 1,3, 5 2

Pawnee 11 1, 2, 3, 4 2

Y Treatment code 1 = ungrazed; 2 = lightly grazed; 3 = moderately

grazed; 4 = heavily grazed; 5 = grazed 1969, ungrazed 1970.
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biomass data from each site.
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ANALYS IS OF VARIANCE

s of five analyses of variance were performed on the aboveground

Total biomass
Total live
Total dead
Recent dead

01d dead

For a given site the five variables analyzed

For each of the five variables analyzed, the following linear model was

used:

where

ad

Yijkim

tedngy t

=y + ui + Bj + 0 + él(j) + aBij + Bij

o)t Cigkim

1 = overall mean response

a, = deviation due to plant category |
Bj = deviation due to treatment ]
Y = deviation due to dafe k
6](.) = daviation due to replicate 1 within treatment j

GBI. = deviation due
J and treatment

BY.k = deviation due
J date k

110) = deviation due
4 and replicate

Yakl(') = deviation due
J replicate | within treatment i

to
J

to

to

interaction between plant category i
interaction between treatment j and

interaction between plant category i

| within treatment j

to

interaction between date k and
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Due to program limitations, however, the following components were

eliminated from the model for the given sites:

Dickinson Yakl(j)
Pantex . Yékl(j)
Pawnee Yékl(j) and adil(j)

In addition, analysis of variance could not be performed across sites
due to the fact thaf there would be too many nested factors to get any
meaningful results (i.e., both treatments and dates would have to be nested
within sites, and replicates would have to be nested within freatments
within sites).

Table 1 gives a summary of all of the ANOVA's performed.

The following table gives the nine plant categories used as levels of

/

the first factor in all of the ANQVA's.

i Plant Category

1 Cool season grass

2 Warm season grass

3 Cool season shrub

4 Warm season shrub

5 Cool season forb

6 Warm season forb

7 Warm season succulent
8 Cool season succulent

9 Other
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Before the analyses of variance are discussed, a few comments should
be made about the structure of the data input.

At the onset of the analyses it was assumed that each site would be
categorized by the nine given plant categories. An absence of all species
in any of the chosen categories simply meant that the biomass of that
category was zero. This assumption overrode the fact that the plant species
comprising that category were nonexistent on the particular site. The
result was a true representation of anywhere from three to nine of the plant
categories, per site, with the data of the remaining categories being zero-
fiiled. Table 2 lists the plant categories prevalent on each of the sites.

A second consideration is the separation of the total biomass into the
other four categories--total live, total dead, recent deéd, énd old dead.
The separations are not consistent across sites. For example, for the
pawnee data the aboveground live and the aboveground dead were not separated
from the total; consequently, the recent dead and the old dead were not
distinguished. Some of the other sites which did separate the aboveground
live and dead from the total biomass did not consistently separate the
recent and old dead, across time. That is, this separétion may not have
occurred until the latter part of the sampling year. For this reason,
discussion of the analyses of variance will focus on the total, live, and
dead biomasses. The results of the recent dead and old dead analyses are
presented, however, for what information they may offer.

Although discussion of the results of the ané]yses of variance will
be by sites, it is interesting to note some main effect trends across the

sites, as illustrated by Table 1:
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(¢} Each of the nine sites demonstrates highly significant
differences between the plant categories for total, live, and dead
biomasses, except for the JornadafDead analysis.

({1) Each of the nine sites demonstrates significant differences
between treatments for the total biomass, except for the Pawnee Site. For
the most part, the significant difference between treatments still exists
when the total biomass is separated into live and dead,

(i1} Each of the nine sites demonstrates significant difference
between sampling dates for total, live, and dead biomasses except for the
Bridger-Total and Jornada-Dead analyses.

(fv) Most of the nine sites do not show any replicates within
treatment differences.

Each individual site analysis discussion will include the results of
the Tukey's Q test (Snedecor and Cochran 1967), a multiple range test which
detects where significant differences lie, should they exist. This test Is
performed for the.date main effect for each site and for the treatment x
date interaction when significant for the total biomass. Tukey's Q is

calculated by:

Q = gfa,df} 523
o]
where:
a = number of means being compared
df = degrees of freedom in the error team
ql(a,df) = a tabular value, snedecor and Cochran {(p. 568) a = .05
EMS = Error Mean Square used in testing the main effect or
interaction
n,=a pooled estimate of the sample size making up each

mean being compared, where
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n =
o TLT, .41
n n n

1 2 a

The results of the @ test are presented graphically in Fig. 1 to 13.
On a given graph, two means are significantly different from each other
if the two lines through the means do not overlap.

The Q-test graphs are also useful in illustrating trends within the
main effect or interaction. That is, in the following graphs, the means
across time will be shown. The means used in the graphs are least squares
estimates, adjusted for the unbalanced design. The adjusted means are not
much different from the actual means.

The dates are coded in Fig. 1 to 13. See Table 3 for the coding scheme.

Table 4 shows the calculated Q values.

Bison

The analysis of variance on the aboveground biomass at the Bison Site
indicates highly significant category, treatment, and date differences for
each of the three responses. In addition, for each of the three responses,
there are highly significant category * treatment, treatment X% date, and
category x replicate within treatment differences. The replicate effect,
however, shows an interesting effect in that the replicates within treatment
2 (lightly grazed 1969, ungrazed 1970} are significantly different for both
total and dead. These differences may be due to varying aspects and/or
slopes between the two plots of this treatment.

The results of the Q tests are presented in Fig. 1 and 2.

Fig. 1 illustrates the date trends and differences. There tends to be
a general parabolic trend across time (from early May through late September}

except for the decrease in the total biomass at the end of May. The most
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abundant biomass, for both total and live, occurs in early July and the

least abundant in early May, at the beginning of the sampling. Significant
differences between dates occur throughout the sampling year for these two
responses. The most outstanding differences, for the total aboveground
biomass, are that the dates from middle June through early August are
significantly different from all of the other dates. For the live above-
ground biomass, the dates between late May and early August are significantly
different from each other.

The means across time for the dead biomass show no specific trend.

The most unusual observation is the sudden decrease in dead biomass late
in May. This late May reading tends to be significantly different from each
of the other dates, except for early May.

Fig. 2a to 2c show the Bison treatment x date interaction for the total,
live, and dead bjomasses, respectively. The first figures of each graph
are drawn with respect to treatments and the second figures with respect to
dates.

Fig. 2a, the treatment x date interaction for total biomass, maintains
the parabolic trends across time. The first treatment, no grazing, however,
generally indicates greater biomass than the second treatment, light grazing.
The second chart of Fig. 2a reinforces this view in that on only one sampling
date (early May) does the lightly grazed pasture report a greater total
biomass than the ungrazed pasture. The most noticeable significant
differences center around the middie June through early August periods for
the ungrazed pastures in that these four periods tend to be significantly
different from each of the lightly grazed periods and several of the other

ungrazed periods.
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Fig. 2b, the treatment X date interaction for the live biomass, maintains
the same basic trends as those of the total biomass. That is,
i. the general parabolic trends across time,

7i. the general increase in biomass for the ungrazed over the lightly
grazed pastures except for the early May sampling date,

£{ii. the tendency for the ungrazed periods from middle June through
early August to be significantly different from each of the
lightly grazed periods and several of the remaining ungrazed
periods,

Fig. 2¢c, the treatment X date interaction for the dead biomass at the
Bison Site, illustrates a scattering of effects across time. When viewed
with respect to treatments (upper graph) there seems to be an overall
increase in dead biomass across time for the ungrazed treatment, while
there is a rather constant dead biomass across time for the lightly

grazed treatment. For the most part, the ungrazed pastures again have a

greater biomass than the lightly grazed pastures.

Bridger

The analysis of variance on the total aboveground hiomass at the
Bridger Site shows significant differences between the category and treat-
ment effects, but no differences between sampling dates or repl icates
within treatments. As previously noted, the nonsignificant-date effect
s inconsistent with the other sites. This nonsignificance is due to the
error term used to test the date effect. For the Bridger Site there is a
highly significant date X replicate within treatment interaction, If this
interaction is significant in the ANOVA, it is used to test the variability
of the date effect; if it is nonsignificant (a = .25) it is pooled into the

residual and this pooled error is used to test the date effect, Since the



..9_

magnitude of the date > replicates within treatment interaction is more than
four times that of the residual, the calculated F value of the date effect is
more than four times-smaller than it would be should it be tested over the
residual, in which case it (date} would be significant. Thus, the date x
replicates within the treatment is of such variability tﬁat it causes the
date effect to be nonsignificant.

For the total abovegrcund biomass at the Bridger Site, the category X
treatment interaction is also highly significant. This might change if
only the categories with biomass greater than zerco were used in the analysis.
The two remaining interactions, treatment X date and category x replicates
within treatment, are nonsignificant,

The live biomass analysis at Bridger differs from the total biomass
analysis in the significance of the date effect. The dead biomass analysis
differs by the significances of the date, treatment x date, and date x repli-
cates within treatment effects,

Fig. 3 illustrates the results of Tukey's Q test. Again, for the
total biomass, there are nc differences between dates. The date trend is
parabolic, with the ﬁeak being in late July and the least amount in late
June.

The live biomass grapk of fig. 3 does not reveal any significant
differences even though the analysis of variance does. Because the design
is not completely balanced and because there are a total of 10 compar isons

being made (265)1/ the true o-level is distorted, Thus, no exact probability

1/ ¢ = number of combinations of five things taken two at a time = (3) =

275

51
ST -7 - 0
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statements can be made, and the test becomes rather conservative. The trend,
however, is still increasing with the greatest live biomass occurring in
late July and the least amount in late June.

The dead biomass at the Bridger Site follows a decreasing parabolic
trend with the first and last sampling dates (late June and late August)
each being significantly different from the other four dates. The greatest
amount of dead biomass occurs in late June, and the least amount in middle

August.

Cot tonwood

The analysis of variance on the total aboveground biomass at the
Cottonwood Site indicétes highly significant category, treatment, and date
effects as well as hiéhly significant category X treatment, treatment X
date, and category % replicates within treatment interactions. The remaining
effects, replicates within treatment and date x replicates within treatment,
are nonsignificant.

Similar significant trends are viewed for the live and dead biomasses
except for: (i) the level of significance of the category X replicates
within treatment interaction (o = .01, a = .10 for total and live, respec-
tively) for the live aboveground biomass, and (1) the significance, at
o = .10, of the replicates within treatment effect for the no grazing treat-
ment on the dead biomass.

Fig. 4 and 5 illustrate the date and treatment x date interaction for
the total, live and dead biomasses at the Cottonwood Site.

fig. 4 graphs a sampling span from early May through early December,

thus extending farther into the winter months than most of the other sites.



-11-

The parabolic trend across time for total biomass is somewhat distorted
by the three periods from early August through early September in that there
is a significant decrease in biomass from the late July to the early August
period followed by a gradus | increase through early September. The late
September sampling then shcws a significant decrease in the total biomass
collected. Significant differences in sampling dates tend to be caused by
the fact that the very early and very late sampling dates (early May and
early October, November, and December) tend to be significan;ly different
from the middle sampling dates (middle June through early September, except
for the early August collections).

The parabolic trend across time for the live biomass at the Cot tonwood
Site is interrupted only by the relatively low biomass during the early
July and early August collections. Similar to the total biomass, the very
early and very late sampling dates tend to be significantly different from
each other. (In this case, the two May collections and the November and
December collections are significantly different from each of the remaining
dates.)

The dead biomass also displays a cyclic effect, although not as pro-
nounced. As might be expected, the amount of dead biomass is relatively
low at the beginning of the summer and relatively high through the winter
and early spring months. significant differences between dates tend to
center around the break from spring to summer.

Fig. 5a, 5b, and 5c graph the treatment X date interaction for the
total, live, and dead biomasses, respectively. The two graphs of each
figure again show the Interaction with respect to treatment and with respect

to date.
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The same trends are evident for the total and live aboveground biomasses
of Fig. 5a and 5b. That is, the ungrazed treatment collections produced
greater biomass, for each sampling date, than did the grazed 1963-ungrazed
1970 treatment. Further, for both total and live biomasses, the parabolic
trend across time is more evident for the grazed-ungrazed treatment than
for the strictly ungrazed treatment. These trends, for the ungrazed treat-
ment, in fact, more nearly resemble a random scattering of points across
time for the total biomass and a sharp linear decline across time (save for
the May samplings) for the live biomass.

The random scattering across time is also pronounced for the treatment
x date interaction for the dead biomass. For the most pért (save for the
early July and late August samplings) there is greater dead bfomass for the
ungrazed than for the grazed-ungrazed treatment. Signiffcant differences
exist between treatment-date throughout the year. The ungrazed treatments
for late May and early November, however, tend to be significantly different

from most of the other treatment-date combinations.

Dickinson

The analysis of variance on the aboveground biomass at the Dickinson
site shows different results for each of the three responses--total, live,
and dead biomasses.

The analysis of variance on the total biomass gives significant category,
treatment, date, and category x treatment effects. Further, the replicates
within the ungrazed treatment show significant differences, possibly due to

physical characteristics of the watersheds.
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Significant differences for the live biomass exist between categories
and dates and all first order interactions included in the model. Thus,
the only similarities between this analysis and the previous one for the
total biomass are the high significances of the category, date, and category
x treatment effects.

The third analysis of varjance (dead biomass) on the Dickinson $ite
indicates highly significant differences between categories, treatments,
and dates as well as significant category x treatment and treatment x date
interactions. The replicate effects were all nonsignificant, contrary to
the two previous analyses.

The results of the Q tests are presented in Fig. 6. Although the
treatment x date Interacticn is significant for both the live and dead
biomasses, individual comparisons of the interaction means are not made
because of the nonsignificance of this interaction for the total biomass.

Sampiing at the Dickinson Site extended from late May through middle
October. The total biomass graph of Fig. 6 shows tendencies at the parabolic
trend across time. The most noticeabie outlier is the middle September
collection. This September collection tends to be significantly higher
than all other collections, except for late July.

Measurements of live biomass show irregular fluctuations across time,
Increases very early in the summer months are interrupted by gradual
decreases through the middie summer months. The month of August starts
another gradual increase, with the amount of live biomass again dropping
of f in mid-October. The September readings are again significantly different

from many of the other dates.
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Patterns for the dead biomass at the Dickinson Site are also irregular
across time. No significant differences are detected by the Q test, possibly

due to adjusted a-levels introduced by unequal sample sizes.

Hays

The analysis of variance on the total aboveground biomass at the Hays
Site indicates signfficant differences between categories, treatments, and
dates while there are no differences between replicates within treatments.
Further, the treatments interact significantly with both categories and
dates whereas the replicates within treatments do not interact with these
other two main effects. These significances are similar to the dead biomass
significances except for the a levels of the treatment (total: a = .10,
dead: o = .01) and treatment x date (total: a = .01, dead: o = .05)
effects. For the tdtal aboveground biomass, significant differences differ
from those of the live biomass in that the treatment effect and the category
x treatment and treatment x date interactions are nonsignificant for the
latter.

The results of the @ tests are presented in Fig. 7 and 8.

Fig. 7 illustrates the trends and differences across time. The sampling
started in middle January and ended in middle November, thus producing the
unusual pattern of total aboveground biomass. The total biomass {mostly
dead) increases from middle January to middle February and then decreases
to middle May where it once again starts to increase (now mostly live}.

The total biomass in middle May is significantly smaller than all other

dates, except for the March, April, and November samplings.
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The live biomass is quite small in middle January, increasing until
middle July when it again starts to decrease. Further, the months from
January through May are all significantly different from the months June
through August.

The dead biomass reverses the trend from the live biomass. The dead
biomass is relatively high in January, increasing to middle February and
then decreasing until middle May. From May through August there is little
fluctuation in the amount of dead biomass present at Hays. Increases in
dead biomass begin to show in September. These sampling dates from May
through August are significantly different from each of the remaining
sampling dates, save for late September.

Fig. 8a and 8b illustrate the treatment x date interactions for the
Hays Site. Again, the first figures of each graph are drawn with respect
to treatments and the second figures with respect to dates. The graphs for
the live biomass treatment < date interaction are omitted because of non-
significance. The treatment X date graph of Fig. 8a (total biomass) hints
at the same dual parabolic trend across time as shown in Fig. 7. There is,
however, guite a di fference in the effects between the two treatments
(ungrazed and grazed 1969-uigrazed 1970). There is more total biomass
in the early part of the year on the ungrazed soil than on the grazed-
ungrazed soil, quite obviously due to the effects of grazing in 1969, which
resulted in the reduction o standing dead for 1970. These early year
differences are sometimes s‘gnificant (i.e., middle February ungrazed is
significantly different froir middle May ungrazed and middle January through
middle June grazed-ungrazed,.

The date x treatment illustration of Fig. Ba shows that, except for

the middle May, early July, and middle October collections, the ungrazed
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soil consistently produced more total aboveground biomass than the grazed-
ungrazed soil. 0On a given date, however, the middle February collections
are the only ones which are significantly different between the two grazing
treatments.

Fig. 8b, the treatment x date graph for the dead biomass, suggests
that the significant differences lie between the January-March collections
on the ungrazed soil and the May-August collections on bofh soils. Both
grazing treatments show little fluctuation in the amount of dead biomass
present from this May through August period.

The date x treatment illustration shows a similar separation between
treatments in middle February for the dead biomass as for the total biomass.
Increases in biomass from the ungrazed to the grazed-ungrazed soil this

time occurs during middle July.

Jornada

The analysis of variance on the aboveground biomass at the Jornada
Site shows similar trends for the total and live biomasses. That is, there
are significant differences between categories, treatments, and dates,
with a highly significant category x treatment interaction. The remaining
effects and interactions are nonsignificant.

The analysis of variance on the dead biomass appears quite different
from all of the other analyses in that each of the four main effects are
nonsignificant. The explanation is similar to that used in interpreting
the nonsignificance of the date effect at the Bridger Site. The variabilities
of the category x replicates within treatment and date x replicates within

treatment interactions are great enough to prevent pooling into the error
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term. These interactions become the error terms for the category and date
main effects, res#ectively. The interaction variability overrides the main
effect variability and, thus, the nonsignificance. Similar to the Bridger-
date effect, the Jornada category and date effects would be highly signifi-
cant if they were tested over the residual.

The results of Tukey's Q test on dates are shown in Fig; 9. The total
and live biomass illustrations look very much alike in their trends in the
gradual increase in biomass from middle July through early September. The
significant differences between dates are not clearly shown for total
biomass and are barely detected for live biomass. This is again due to
the a level. The analysis of variance detects a difference only at the a =
10 level, whereas all of the Q tests were made at the o = .05 level. As
with the live biomass, one would suspect the differences of the total biomass
to be between the first and last sampling dates.

The dead biomass illustration shows a gradual decrease in biomass from
early July through middle August and a gradual increase from middle August
through early September. Similar to the analysis of variance, no differences

between dates are detected.

Osage

The analysis of variance on the total aboveground biomass at the Osage
Site shows three of the four main effects (category, treatment, and date)
and two of the in;eractions (category x treatment and category x replicates
within treatment) to be highly significant. It is interestfng to note here
that the category effect is still highly significant, in spite of the high

variability of category * replicates within treatment. The analyses on the
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live and dead biomasses are similar to this analysis on total biomass except
for the nonsignificance of the treatment effect for the live biomass. The
levels of significance do vary slightly between the three analyses.

Fig. 10 illustrates the results of the Q test on dates. There is a
gradual increase in total biomass except for a few fluctuations in early
August and late September. Further, the collections from late March to
early May tend to be significantly different from the collections from early
July through the end of the sampling.

The live biomass date graph indicates a parabol ic effect with the peak
being in middle July and low point late in March. The first two and last
one sampling periods tend 1o be significantiy different in amount of live
hiomass.

Dead biomass trends seem to be slightly higher from late March through
early June than they are from middle June through September. These differ-
ences between the early anc¢ middle parts of the year, however, are
nonsignificant. The increase in dead biomass in October and November does

tend to be significantly different from the preceding months.

Pantex

The three analyses of variance for the total, live, and dead biomasses
at the Pantex Site are quite similar. With the exception of the treatment
effect for the dead biomass, the category, treatment, and date main effects
show significant differences (at varying levels of significance). For the
three responses, there is consistently a category X treatment significance

with the two remaining interactions being nonsignificant.
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Because there are more than two treatments, Tukey's Q test is also
considered on the treatments for this site {(Fig. 11). The three treatments
are ungrazed, moderately grazed, and grazed 1969-ungrazed 1970. The Q test
indicates a signifiéant difference between the grazed—ungrazed treatment
and the other two treatments for both total and live biomasses. For these
two variables the ungrazed and moderately grazed treatments are not signifi-
cantly different from each other. For the dead biomass there are no
significant differences between any of the grazing treatments, as indicated
by the analysis of variance. Simultaneously, the three graphs of Fig. 11
show that the most total and live biomasses occur on the grazed-ungrazed soil,
whereas the most dead biomass occurs on the ungrazed soil.

Fig. 12 shows the results of the Q test for dates on the Pantex Site. -
The most noticeable trend is the slight decrease in total biomass from
middle June-middle August to late August-early October and then the slight
increase late in October. The fact that the graph does not indicate any
significant differences while the analysis of variance does, can again
be attributed to a change in the o level (.05 for the graph and .10 for
the analysis of variance). The graph for the live biomass exhibits the
same decrease-increase trends in biomass as does the graph for the total
biomass. A total of 36 comparisons (ZCS) probably distorts the o level
enough to not distinctly display any differences. (Middle July and earliy
October are almost significantly different.)

The graph for the dead biomass at the Pantex Site displays an unusual
trend in the significant increase in biomass from middle June to late June,

the significant decrease in middle July, and then another significant increase
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in late July. The sampling of late July and the dates that follow do not

show significant differences from one another.

Pawnee

The analysis of variance of total aboveground biomass at the Pawnee
Site indicates significant differences between the categories and between
the dates with no difference between treatments. It is interestihg to note
that Pawnee is the only site that has no significant differences between
treatments. A further significance peculiar to the Pawnee Site is the
replicate within the heavy grazing treatment. Physical conditions about
the watersheds witﬁin this treatment may explain the significant difference.
The slopes, steepnesses, and positions on the slopes of these watersheds

(1 and 3} vary somewhat, as follows:

Watershed _Slope Steepness Bosition
1 Faces NE More steep Lower an siope
3 Faces S Less steep Higher on slaope

0f the two interactions tested, the category treatment effect is highly
significant while the treatment by date effect is nonsignificant enough to
pool it into the error term.

Fig. 13 shows the results of Tukey's Q test on dates for the Pawnee
Site. Generally, the means follow a parabolic trend with the greatest
bjomass occurring in middle June and the least occurring in middle April.
These two sampling periods tend to be the only ones significantly different

from each other.
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Conclusions

The analyses of variance presented offer only a limited amount of
analysis information on the structure of the aboveground biomass at each
of the nine sites in the U.S. IBP Grassland Biome. The information is
limited in two respects.

First, program limitations prevent a complete view of the analysis
of variance. There are four factors {category, treatment, date, and repli-
cate) considered in the model, so the complete analysis should be extended
to include up to the third-order interactions. The present analyses are
limited to first-order interactions. The result is that the remaining
interactions are ail included in the error term. As a result, the error
term presented may not be a valid representation of the true error. |If
significant second- and third-order interactions are in fact a part of the
residual, then the error mean square will be greater than it truly should
be. The result is that if the analysis, as is, detects a significant
difference, then you can be sure that the difference exists. However, if
the analysis does not detect a difference, there is that chance that a
difference still does exist and was masked by the inflated error term.

The second limitation involves the interpretative power of these
analyses of variance: analyses of variance and Tukey's Q tests simulta-
neously detect Hireatment'' differences and indicate the location of these
differences. The nature of the experimental study, @ growing season
dependent on external factors--climate, moisture, scil, vegetation, etc.,
might a priori suggest category, treatment, or date differences. For the
most part, the preceding tests only confirm these suspicions. The question

still remains as to the structure of the ecosystems and explanations of
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the variability within these systems. The principal component technique of

analysis attempts these explanations.

PRINC IPAL COMPONENT ANALYSIS

Since the analyses of variance had relatively little information content
in terms of revealing possible sources of intraseasonal variation which serve
to distinguish the various plant communities being studied, both within and
between sites, it was decided to attempt a series of principal component
analyses on the aboveground biomass data collected in 1970 at each of the
study_sites. For a given site it was of interest to determine if the
selected components revealed the plant-structural dynamics which served to
separate either treatments or replicate sampling plots within treatments.

Suppose that one has a series of n simultaneous measurements on p
variates (X1, C e s Xp), all taken in the same units. Let ? refer to the
variance-covariance matrix generated. Then p, principal components of the
form

7. =a,.X, +a,.X,+ . . . ta X =1, . . . s
I N B F e pi%i » P

can be generated. The first principal component of the observations is

that linear combination of the X's

Z] = a1]x] + azlx2 + ... + aplxp
whose sample variance, Si , is maximized over the choice of {a11, e s
1
. P2 2
a .}, subject to the constraint 1 a,, = 1. In addition, §S_ s the
pl - U z,

greatest eigenvalue (characteristic root) of Z, and the vector of multipliers
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is the normalized eigenvector associated with the above-mentioned eigenvalue.

The second principal component is that linear combination of the X's

Z2 = 312X1 + a22X2 + .. .+ ap2X2

whose sample variance, S% , is maximized over the choice of {a12, . e ey
2

apz}, subject to the constraint that Cov (21,22) =0 {i.e., the components

are independent). Likewise, S% is the second largest eigenvalue of £,
2

and the vector of multipliers

312

[\
N
il

352

is the eigenvector associated with that eigenvalue.

In general the kth principal component is that linear combination of
the X's

Zk = a”()(1 + aZkXZ + . . . % aka

with the following properties:

(7) Si = % = k™" jargest eigenvalue of I
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1k

(i2) a, = . = eigenvector associated with A
ok

o LT

(141) a, a = 1

(iv) Cov (zj,zk) = 0; jJ(#) = 1, . . ., P

A complete description of principal component analyses can be found
in Morrison (1967).

Thus, the first principal component is that linear combination of the
original variables (X1, N Xp) with maximum variance. The second
principal component is that linear combination of the original variables,
independent of the first component, with maximum variance. The kth
principal component is that linear combination of the original variables,
independent of the first k-1 components, with maximum variance. Thus, a
set of principal components breaks the total variance-covariance structure
of the system being studied into independent segments, the most important
(i.e., maximum variance) of which hopefully lead to interpretation as to
the structural dynamics of the original system. Principal components
become especially useful when the first two or three components account
for upwards of 80% of the total variability-covariability iﬁ the original
system. |n many cases, biological meaning can be assigned to the
significant components in terms of the relative magnitudes and signs of
the multipliers associated with those components. Goodall (1954) gives
some meaningful interpretations of principal components for the classifica-

tion of vegetation.
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Four principal component analyses were performed on the 1970 Pawnee
Site aboveground biomass data. The four analyses are distinguished by the
original p variates used. The first analysis used eight functional groupings
as original variates: cool season grass (CSG), warm season grass {WsG) ,
cactus (CACT), cool season forb (CSF), warm season forb (WSF), shrub (SHRB),
other (OTH) and litter (LITR}. The second analysis used 66 plant species
groups as original variates. The third analysis used the same functional
groupings as the first with the exclusion of cactus and litter. The fourth
analysis used 63 plant species groups (same as analysis 2) with the exclusion
of the two cactus species {(oPPO and MAV1) and litter. Overall mean values
for each of the species groups and each of the functional groups are given
‘n Table 5. The data were collected on two watersheds within each of four
treatments (no, light, moderate, and heavy grazing) on 11 sampling dates.
The results of the analyses are presented in Tables 6 to 9. Each of the
tables has the following form:

(Z) Coefficients, variances, and percentage of total variance for
each of the first three components.

The component coefficients for the jth component are expressed in the

tables in the following form:

th

Let Aj = ] largest eigenvalue of Z
. .th
= variance of ] component
a,.
J
fi. = . = normalized eigenvector associated with Aj

a_.
PJ



Thusg a.Ta. = 1.
= =
Then
a,.' a.
ij iJ
: 1
a.‘ = = —
—_ )\.
) . j
a ' a_.
Pl PpJ

The vector Ejl refers to the component coefficients expressed in the
tables. Thus the absolute magnitude of each principal axis is inversely
proportional to the variance of the associated component.

The variances given in the tables are the first three eigenvalues of
Z, and, thus, are equal to the variances of the first three normal ized
components.

(71) Analyses of variance of original observations along each of the

first three principal axes over the design

Zigkr = Mo B TR TS
where
Zijkl = value of the Ith principal component for the kth
. observation within watershed i on date j.
Wy T overall sample mean of component 1
ay = deviation from M) due to watershed i
le = deviation from M due to sampling date j.
aBijl. = deviation from Hy due to intersection between water-

shed i and sampling date j.
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Note that the factor due to watersheds (7 df) is broken down into two
independent sources;-treatments (3 df) and watersheds within treatments
(4 df)--in the ANOVA tables.

(ii1) Plots of the summed total response for each watershed on each of
the first three principal axes. Means which are not significantly different
(a = .05), employing Tukey's Q statistic for multiple comparisons (Snedecor
and Cochran 1967) are connected by straight lines below each of the three
principal axes. Wwithin a given treatment, the two watershed mean responses
are found above the principal axes.

Let us now attempt to interpret the results of the four.analyses

presented in Tables 6 to 9.

Analysis 1

The first component (Table 6}, which accounts for 50% of the total
variance inherent in the system, is a reflection of the total biomass of
cactus and litter (the component coefficients for cactus and litter are an
order of magnitude greater than any other coefficient and are both of the
same sign). The biomass of litter is dominant in this component. There is
no separation of treatments along the first principal axis, as is reflected
in the first ANOVA of part (b) of Table 6; however, there are significant
differences between watersheds within treatments. This is.especially true
for the heavy and no grazing treatments, as is reflected in part (c) of
Table 6.

The second component, which accounts for 28% of the total variance,
is a reflection of the difference in biomass between cactus and the combi-

nation of litter and warm season grasses. Once again, treatments do not
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separate out in this axis, whereas there are substantial differences between
watersheds within treatments.

The third component, which accounts for 13% of the total variance, is
a reflection of the biomass of warm season grasses. |t appears from part
(c) of Table 6 that the heavy grazing treatment has a distinctive response
from the rest of the treatments along this principal axis, due to a

relatively low biomass of warm season grasses.

Analysis 2
The results of this analysis (Table 7) (employing 66 species groups
as original variables) are almost identical to the results of Analysis 1.
The first two components of both analyses are virtually identical, both
in explained variability and in interpretation. The third component of
Analysis 2, which accounts for 6% of the total variance, is a reflection
of the difference in biomass between Bouteloua gracilis (BOGR) and
Muhlenbergia torreyt (MUTO), both warm season grasses. Watershed 8 is
significantly different from all other watersheds along this principal axis.
It has a high biomass of Bouteloua gracilis relative to Muhlenbergia torreyt.
Due to the fact that cactus and litter played such an important role
in the interpretation of the first two principal component analyses, it
was decided to rerun the analyses with cactus (oPPO and MAVI) and litter
(LITR) excluded. 1t can be determined from inspection of the computer
output for the analyses, that exclusion of cactus and litter reduces the
total amount of variability and covariability in the system by approximately

50%.
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Analysis 3

The first compoﬁent, which accounts for 59% of the total variability
inherent in the system, is a reflection of the total biomass of warm
season grasses (Téble 8). Again, treatments are not significantly
different along this axis, whereas watersheds within treatments are
significant. This component appears to be quite similar to component 3 of
Analysis 1. The heavy graied treatment appears to separate out from the
other three treatments due to its low biomass of warm season grasses.
However, the two watersheds within the heavy grazed treatment are not
significantly different from watersheds 2 (no grazing) and 6 (moderate
grazing).

The second component, which accounts for 30% of the total variability
in this limited system, is a reflection of the total shrub biomass. It is
interesting to note that treatments do separate out at the a = .10 level
of significance in the ANOVA (part (b) of Table 8). It appears that shrub
biomass tends to decrease with long-term arazing.

The third component, wiich accounts for 8% of the total variability
in the limited system; is a reflection of the warm season forb biomass.
Although there are some sig1ificant differences between watersheds along
the axis, these differences cannot be partitioned into either significant

differences between treatmeits or between watersheds within treatments.

Analysis 4
The first component, which accounts for 24% of the total variability
inherent in the limited system, reflects the differences in biomasses

between the two warm season grasses Bouteloua gracilis (BOGR) and
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Muhlenbergia torreyi (MUTO). The only distinct separation of watersheds
along this axis is watershed 8 (no grazing) from the rest of the watersheds
due to a high biomass of Bouteloua gracilis relative to Muhlenbergia torreyt.

The second component, which accounts for 20% of the total variability,
appears to primarily reflect the total biomass of Bouteloua gracilis (BOGR)
and Muhlenbergia torreyi (MUTO) and secondarily the difference in biomass
between the above-mentioned two warm season grasses and Aristida longiseta
(ARLO), a third warm season grass. With the exclusion of the no grazing
treatment there appears to be some separation between the other three treat-
ments along this axis. However, most of the differences, on a watershed
basis, are nonsignificant.

The third component, which accounts for 17% of the total variability,
reflects the total biomass of Aristida longiseta (ARLO), Bouteloua gracilis
(BOGR) , and Muhlenbergia torreyt (MUTO) . However, there is very little
separation along this axis, based upon grazing treatments. This axis
appears to be quite close in composition and watershed pattern to the first
principal axis of Analysis 3. Thus, the heavy grazed treatment does
exhibit some distinction from the other treatments due to a relatively low
biomass of warm séason grasses, the most important species of which are
reflected in this third component of Analysis b,

Several things become quite apparent in the interpretations of these
four analyses.

(1) There was very little relationship between the major components
of variability in the aboveground biomass on the Pawnee Site in 1970 and

the long-term grazing history of the plots sampled.
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(i¢) 1t appears that the biomass of cactus (mainly Opuntia polyacantha)
and litter dominate the aboveground herbage dynamics on the Pawnee Site.
The biomass of warm season grasses, in particular Bouteloua gracilis,
Arigtida longiseta, and Muhlenbergia torreyi, seem to be of secondary
importance in determining the aboveground herbage dynamics at Pawnee.

(i42) There is some indication that the biomass of shrubs tends to
decrease with long-term grazing pressure.

Subsequent sets of principal component analyses were performed on the
1970 field season aboveground biomass data from the following Comprehensive
Network Sites: Bison, Jornada, Osage, Pantex, Hays, Cottonwood, Bridger,
and Dickinson. For the first six sites mentioned above, two analyses were
performed for each site: one on functional groupings of total aboveground
live plus standing dead plant material (1itter excluded) and one on all
aboveground plant species (1ive plus standing dead) appearing on the sites.
For the last two site§ mentioned above (Bridger and Dickinson} standing
dead determinations were not made by species. Thus, three analyses were
performed for each of these sites: one on functional groupings of the
total aboveground live plant material (all standing dead included in the
other'' category) and two on all aboveground plant species {live only)
appearing on the sites (with and without standing dead as a species group).
The analyses are presented in Tables 10 through 29. Each of the tables has
the following form:

7. Means and standard deviations for each of the original variables.

ii. Coefficients, variances, and percentage of total variance for

each of the first three components.
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1ii. Plots of the mean response for each replicate plot within each
treatment on each of the first three principal axes. Within a
given treatment the two replicate plot means are joined above
the principal axes.
Analyses of variance on the principal axes, along with individual
comparisons between plots, were not attempted due to the difficulty in

generating the data files for analysis.

Bison

Analysie 1. The first component (Table 10}, which accounts for 553
of the total variability, is a reflection of the biomass of cool season
grasses plus the llother" category. There appears to be a distinct separa-
tion of treatments along this axis. The second component, which accounts
for 32% of the total variability, is a reflection of the difference in
biomass between the ''other'' category and the combination of cool season
grasses and cool season forbs. No separation of treatments is evident
along this axis. The third component, which accounts for 13% of the total
variability, is a reflection of the difference in biomass between cool
season grasses and the combination of cool season forbs and the "other"
category. Again, it is doubtful whether there are significant differences
between treatments along this axis.

Analysis 2. The first component (Table 11), which accounts for 58%
of the total variability inherent in the system, is a reflection of the
total biomass of the "miscellaneous'' category plus Festuca scabrella (Fesc),
a cool season grass. There appears to be a highly significant difference

between grazing treatments along this axis. The grazed treatment reflects
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a low biomass of these two species groups relative to the ungrazed treat-
ment. The second component, which accounts for 28% of the total variability,
is a reflection of the diffgrence in biomass between the 'miscellaneous'
category and Festuca scabrella. 1t is doubtful whether there are significant
differences between treatmepts along this axis, although the sampling plots
do order themselves by treatment. The third compcnent, which accounts for
5% of the total variability, appears to reflect the difference in biomass
between Lupinus sericeus (LUSE), a cool season forb, and Festuca scabrella
(FESC), a cool season grass. Again, the treatments do not appear to be
significantly different alang this axis, although the sample plots do order
themselves by treatment.

in conclusion, the information content of both analyses on the 1970
Bison data is fairly low due to the large biomass of unidentifiable plants.
These are delegated to the ''other' category in Analysis 1 and the "miscella-
neous'' category in Analysis 2. 1t appears that some of these unidentifiable
plant species, along with Fastuca scabrella, may play a primary role in the
separation of grazing treatments on this site. Of secondary importance, it
appears that the no grazing treatment could be partially categorized by a
stronger dominance of Festu:a seabrella, the predominant cocl season grass
on the site, over Lupinus s2riceus, the predominant cool season forb on the

site, than on the grazed treatment.

Jornada
Analysis 1. The first component (Table 12), which accounts for 50% of
the total variability inherent in the system, is primarily influenced by

the total biomass of cool season shrubs. There appears to be a distinct
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separation of treatments along this axis due to a greater biomass of cool
season shrubs on the ungrazed than on the grazed treatment. The second
component, which accounts for 27% of the total variability, appears to be
a reflection of the difference in biomass between warm season grasses and
warm season forbs. There is a pronounced difference between treatments
along this axis. |t appears that the relation of the biomass of warm season
grasses to warm season forbs is almost a complete reversal between the two
treatments sampled. The forbs dominate the grasses on the grazed treatment,
and the grasses dominate the forbs on the ungrazed treatment. The third
component, which accounts for 18% of the total variability, is a reflection
of the total biomass of warm season grasses and warm season forbs. Again,
the two treatments appear to separate on this axis.

Analysis 2. The first component (Table 13), which accounts for L9y
of the total variability inherent in the system, is predominantly influenced
by the biomass of Yucca elata (YUEL), a cool season half shrub. It can be
seen that this component is almost identical to the first component of
Analysis 1. However, the separation between treatments is not as distinct
on this axis as it is on the first principal axis of Analysis 1. There
appears to be significant variability within treatments along this axis.
The second component, which accounts for 21% of the total variability, is
a reflection of the difference in biomass between Bouteloua eriopoda (BOER),
a warm season grass, and Gutierrezia sarothrae (GUSA), a warm season half-
shrub. A distinct separation of treatments occurs along this axis. Again,
this axis is almost identical to the second principal axis of Analysis 1,
both in total variance and in interpretation. The third component, which

accounts for 18% of the total variability, is a reflection of the total
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biomass of Bouteloua eriopoda and Gutierrezia sarothrae. Again, a distinct
separation between the two treatments sampled occurs along this axis.

In conclusion, ‘it appears that the grazing treatments on the Jornada
Site are distinguishable primarily in terms of the biomass of Bouteloua
eriopoda, a warm season grass and Gutierrezia sarothrae, a warm season hatf-
shrub. The no grazing treatment is distinguished by a relatively high
biomass of the two species, with the grass dominant over the shrub. The
grazed 1969-ungrazed 1970 treatment is characterized by a relatively low
biomass of the two species, with the shrub dominant over the grass. The
species demonstrating the greatest degree of variability in the system is
Yucea elata, a cool season half-shrub. However, it appears that substantial
variability of this species occurs both within and between the two treatments
sampled. In addition, warm season forbs dominate warm season grasses On
the grazed treatment, with the reverse occurring on the grazed 1969-ungrazed

1970 treatment.

Osage

Analysie 1. The first component (Table 14), which accounts for 94% of
the total variability inherent in the system, is primarily influenced by
the biomass of warm season grasses. Treatments appear to separate out
fairly distinctly along this axis. The other two components examined appear
to have very little information content. The second component is strongly
influenced by the ''other'' category, and the third component accounts for
less than 1% of the total variability in the system.

Analysis 2. The first component (Table 15), which accounts for 69%

of the total variability inherent in the system, is primarily influenced by
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the total biomass of Andropogon scoparius (ANSC) , a warm season grass. The
treatments appear to separate into distinguishable units along this axis.
The second component, which accounts for 17% of the total variability, is a
reflection of the biomass of Sporobolus asper (SPAS), another warm season
grass. The sampling plots within treatments order themse lves by treatment
on this axis; however, it is dpubtfui whether the treatment differences are
significant. The third component, which accounts for 5% of the total
variability, is primarily influenced by the biomass of Panicum virgatum
(PAV1}, another warm season grass. Again, it is doubtful whether any
treatment differences are significant on this axis. It is interesting to
note that the mean values of the two sampling plots within the ungrazed
treatment are virtually identical on the second principal axfs, whereas the
mean values of the two sampling plots within the grazed 1969-ungrazed 1970
plot are virtually identical on the third principal axis. This might indi-
cate that the ungrazed treatment is partially categorized by a relatively
low biomass of Sporobolus csper, whereas the grazed-ungrazed treatment is
partially categorized by a relatively high biomass of Panicum virgatum.
Note that the sign of the component coefficient associated with a particular
species must be taken into account in order to make the above inferences.
in conclusion, it is rather obvious that the aboveground plant biomass
dynamics on the Osage Site are dominated by warm season grasses, in particu-
lar by Andropogon scoparius . The no grazing treatment is characterized by
a relatively high biomass, and the grazed 1969-ungrazed 1970 treatment is
characterized by a relativaly low biomass of Andropogon scoparius. In
addition, it appears that two warm season grasses, Sporobolus asper and
Panicum virgatwn, have a secondary influence on the biomass dynamics of the

Osage Site.
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Pantex

Analysts 1. The first component (Table 16), which accounts for 96%
of the total variaﬁility, is solely a reflection of the biomass of warm
season succulents. |t appears that the three treatments do separate to
some degree on this axis with warm season succulent biomass increasing with
grazing level. The other two components examined appear to have very little
information content, The second component reflects the biomass of warm
season grasses. There is certainly no separation of treatments along this
axis. This component accounts for only 3% of the total variability inher-
ent in the system. The third component accounts for less than 1% of the
total variability.

Analysie 2. The results of this analysis (Table 17) are almost identi-
cal to those of Analysis 1 {(Table 16). The first component, which accounts
for 94% of the total variability, is almost entirely a reflection of the
biomass of Opuntia polyacantha (OPPO), a warm season succulent. As in the
case of Analysis l,rthe treatments appear to separate out along this axlis,
with an apparent trend of increasing Opuntia biomass with increased grazing
level. The second component, which accounts for 5% of the total variability,
appears to be influenced by the biomass of Bouteloua gracilis (BOGR), a
warm season grass. However, no treatment (or plot) separation is readily
apparent along this axis. It is of little use to try to garnish information
from the third component.

In conclusion, it is rather obvious that the aboveground plant biomass
dynamics on the Pantex Site are dominated by warm season succulents, in
particular Opuntia polyacantha, whose biomass is an increasing function of

grazing level. In addition, the biomass of Bouteloua gracilis, a warm
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season grass of equal overall biomass to Opuntia polyacantha, shows little

tendency to vary either within or between grazing treatments.

Hays

Analysis 1. Thé first component (Table 18), which accounts for 85%
of the total variability inherent in the system, is a reflection of the
total biomass of warm season grasses. The two treatments sampled appear
to distinguish themselves along this axis. As at previoqs sites, the
biomass of warm season grasses is lower on the grazed treatment than on the
ungrazed treatment. . The second component, which accounts for 11% of the
total variability, is a reflection of the biomass of warm season forbs. It
is quite evident that the treatments do not separate out on this axis. The
third component, which accounts for 4% of the total variability, is a
reflection of the biomass of cool season grasses. Again, treatments do not
appear to separate out on this axis.

Analysis 2. The first component (Table 19), which accounts for 43%
of the total variability inherent in the system, is a reflection of the
difference in biomass between Andropogon gerardi (ANGE) and Bouteloua
curtipendula (BOCU), both warm season grasses. There appears to be a
distinct separation of treatments along this axis, with the biomass of
Andropogon gerardi being relatively more dominant over Bouteloua curtipendula
on the ungrazed treatment than on the grazed treatment. The second compon-
ent, which accounts for 22% of the total variance, is é reflection of the
difference in biomass between Bouteloua curtipendula and Andropogon seoparius
{ANSC}, both warm season grasses. Again, treatments appear to separate

along this axis, with Bouteloua curtipendula being relatively more dominant
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over Andropogon scoparius on the grazed than on the ungrazed treatment.
The third component, which accounts for 14% of the total variance, is a
reflection of the biomass of the three dominant warm season grasses on the
site: Andropogon gerardi, Bouteloua curtipendula, and Andropogon scopariug.
It is rather doubtful whether treatments are significantly different along
this axis, although the sample plots do order themselves by treatment.
There appears to be a lower total biomass of these three species on the
grazed than on the ungrazed treatment.

tn conclusion, it is apparent that the aboveground herbage dynamics
on the Hays Site are dominated by warm season grasses, in particular by
three species: Andropogon gerardi, Bouteloua curtipendula, and Andropogon
scoparius. Treatments appear to be distinguishable by the differences in
biomass between these three species as well as by the total biomass of
warm season grasses. The grazed 1969-ungrazed 1970 treatment is characterized
in three ways relative to the ungrazed treatment.

i. A relatively low biomass of warm season grasses.
ii. Relatively less dominance of Andropogon gerardi over Bouteloua
surtipendula.
;1. Relatively more daminance of Bouteloua eurtipendula aver

Andropogon scoparius.

Cottonwood

Analysis 1. The first component (Table 20), which accounts for 83% of
the total variability inherent in the system, is a reflection of the |
diffei ence in biomass between cool season grasses and warm season grasses.

It is rather doubtful whether the treatments are significantly different
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along this axis; howéver, the sample plots do order themselves according
to treatment. THe second component, which accounts for 15% of the total
variability, is a refiection of the total biomass of grass, warm season
and cool season. In this case there is definitely no separétion of treat-
ments along this axis. The third component is not worth consideration
since it accounts for less than 1% of the total variation in the system.
Analysis 2. The first component (Table 21), which accounts for 79%
of the total variability, is primarily.controlled by the biomass of
Agropyron emithii (AGSM), a cool season grass. Secondarily, it refiects
the difference in biomass tetween Agropyron smithii and Buchloe dactyloides
(BUDA), a warm season grass. It should be noted that these two species are
the two dominant plant species on the site. It is quite obvious (part c¢)
that treatments separate out along this axis. The biomass of Agropyron
gnithii is larger relative to the biomass of Buchloe dactyloides in the
ungrazed treatment than fn the grazed treatment. The second component,
which accounts for 14% of the total variability in the system, is a reflec-
tion of the total'Eiomass of Agropyron smithii and Buchloe dactyloides.
Treatments do not separate along this axis. The third component, which
accounts for 4% of the total variability in the system, is a reflection of
the biomass of Bouteloua gracilie (BOGR), a warm season grass. Again,
treatments do not separate out along this axis.
In conclusion, it appears that the aboveground herbage dynamics on
the Cottonwood Site are characterized primarily by the difference in biomass
between Agropyron smithii, a cool season grass, and Buchloe dactyloides, a
warm season grass. Grazing treatments appear to separate according to

this difference, with Buchloe dactyloides being relatively more dominant
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over Agropyron emithii on the grazed 1969-ungrazed 1970 treatment than on

the ungrazed treatment.

Bridger

Analysie 1. There are only two functional groupings which were identi-
fiable on this site in 1970: cool season grasses and cool season forbs
(Table 22). The rest of the plant species, including standing dead, were
put into an ''other' category. The first component, which accounts for 67%
of the total variability, is a reflection of the total biomass of cool
season grasses and cool season forbs. Grazing treatments appear to separate
along this axis. The biomass of these two groups tends to bé lower on the
grazed than on the ungrazed plots. The second component reflects the
difference in biomass between cool season grasses and cool season forbs.
of the total variability, 25% is accounted for by this component. A
distinct separation of treatments is not evident aiong this axis. However,
there is a trend for the nc grazing treatment to have forbs domihant over
grasses and the moderate grazing treatment to have grasses dominant over
forbs. Of course, the interpretation is weak and relativistic in nature.
The third component, which accounts for the balance (8%) of the variability
inherent in the system, reflects the biomass of the "other'' category, and
thus defies interpretation.

One must be careful not to put too much weight on the results of the
above analysis due to the fact that there were only three original variables
to work with. tn this case, an analysis of variance on the original variables

might lend more information than the principal component analysis.
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Analysis 2. This is an analysis of the Bridger Site data by species
groups in which standing dead is included as a species group. The first
component (Table 23), which accounts for 28% of the total variability in
the system, is very hard to interpret. However, it appears to reflect the
biomass of three of the predominant plant species on the site--Festuca
idahoensis (FEID), a cool season grass, Lupinug argenteus (LUAR), a cool
season forb, Agropyron subsecundum (AGSU), a cool season grass--and their
abundance in relation to standing dead. Treatments appear to separate
along this axis. The ungrazed treatment has a higher biomass of the above
plant species relative to standing dead than the grazed treatment. The
second component, which accounts for 22% of the total variability, is, again,
quite incomprehensiblé to me. The third component, which accounts for 163
of the total variability, appears to reflect the difference in biomass
between two forb categories--Lupinus argenteus and a miscelianeous forb
category (MIFB)--and the combination of standing dead and the most prevalent
cool season grass species on the site--Festuca idahoensis. |t is quite
apparent that treatments do not separate along this axis.

Analysis 3. This is an analysis of the Bridger Site data by species
groups in which standing dead is excluded from the analysis. Due to the
relatively low mean biomass of the standing dead category, the results of
the analysis are quite similar to those obtained from Analeis 2. The first
component, which accounts for 31% of the total variability of the system
under study, is a reflection of the biomass of four predominant plant
species groups on the site: Festuca ‘tdahoensie (FEID), a cool season grass,
Lupinus argenteus (LUAR), a cocl season forb, Agropyron subsecundum (AGSU),

a cool season grass, and the miscellaneous forb (MIFB) category. As in the



-43-

case of Analysis 2, the two treatments appear to separate along this axis.
The second component, which accounts for 243 of the tota} variability,
appears to partially reflect the difference in biomass between Festuca
idahoensis and Agropyron subsecundum, the two predominant cool season
grasses on the site. 0f secondary importance appears to be the magnitude
of the biomass of Lupinus argenteus, & cool season forb, and Danthorra
intermedia, a cool season grass. The treatments do not appear to be signifi-
cantly different along this axis; however, the sampling plots do order
themselves by treatment. The third component, which accounts for 18% of
the total variability, is primarily a reflection of the difference in
biomass between Festuca idchoensis, the predominant cool season grass on
the site, and the combination of Lupinus argenteus, the predominant cool
season forb on the site, ard the miscel laneous forb category. Treatments

-

do not separate along this axis.

In conclusion, it appears lhat the standing dead compartment as a
whole plays a relatively minor role in the determination of variability
in the aboveground herbage dynamics on the Bridger Site. It appears that
the primary sources of variability in the system are two cool season grass
species--Festuca idahoensit and Agropyron subsecurdum. Grazing treatments
tend to distingulish themselves based upon these two species, along with the
biomass of Lupinus argentens, a cool season forb, and some other miscella-
neous forbs. There appears to be considerable variability within the grazing

treatments due to retative differences within the cool season grass compart-

ment and between the cool season grass and cool season forb compartment.
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Dickinson

Analysis 1. The first component (Table 25), which accounts for 73%
of the total variability in the system, is primarily a reflection of the
biomass in the 'other' category, which is predominantly made up of standing
dead. There appear to be significant differences between treatments along
this axis. The second component, which accounts for 13% of the total vari-
ability in the system, is primarily a reflection of the biomass of cool season
grasses and secondarily of warm season grasses and cool season forbs.
Treatments do not appear tc separate along this axis. The third component,
which accounts for 8% of the total variability, is a reflection of the
difference in biomass between cool season grasses and warm season grasses
and forbs. Again, the treatments do not separate along this axis.

Analysie 2. This analysis is performed on the Dickinson Site data by
species groups with standing dead included as a species group. Note that
(Table 26, Part a) the standing dead compartment accounts for a considerable
proportion of the total mean aboveground biomass on the site. The first
component (Table 26), which accounts for 73% of the variability in the
system, is primarily a reflection of the biomass of standing dead. The
treatments appear to separate distinctly along this axis, with the no
grazing treatment having a significantly higher biomass of standing dead
than the heavy graiing treatment. The second component, which accounts
for 9% of the variability in the system, is primarily a refiection of the
biomass of Stipa comata (sTCO), the predominant plant species on the site
and a cool season grass. Secondarily, the biomass of Bouteloua gracilie
(BOGR), the predominant warm season grass at Dickinson and Artemigia

ludoviciana (ARLU), the predominant warm season forb, are reflected in
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this component. Treatments do not appear to be significantly different
along this axis, although the sampling plots do order themselves by treat-
ment. The third component, which accounts for 5% of the total variability,
is primarily a reflection of the biomass of Bouteloua gracilis and Artemisia
ludoviceiana, a warm season grass and forb, respectively. Secondarily, it
is a reflection of the relative difference between the above two warm
season species and Stipa comata, a cool season grass. Again, treatments
do not appear to be significantly different along this axis, although the
sample plots do order themselves by treatment. The grazed plots tend to
have a higher biomass of the two warm season species relative to the cool
season species than the ungrazed plots.

Analysis 3. This analysis is performed on the Dickinson Site data by
species groups with standing dead excluded. The first component (Table 27),
which accounts for 34% of the total variability in the system, is primarily
a reflection of the biomass of Stipa comata (STCO), a cool season grass.
secondarily, it is a reflection of the biomass Artemisia ludovieiana (ARLU),
a warm season forb. Treatments appear to be significantly different along
this axis with a larger biomass of these species occurring in the ungrazed
treatment. The second component, which accounts for 18% of the total
variability in the system, is primarily a reflection of the biomass of
Bouteloua gracilis (BOGR), a warm season grass. Again, treatments appear
to be significantly different along this axis with a larger biomass of this
species appearing on the grazed treatment. The third component, which
accounts for 15% of the variability in the system, is a reflection of the

difference in biomass between Stipa comata, the predominant coel season
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grass on the site, and Artemisia Iudoviciana, the predominant warm season
forb on the site. Treatments do not distinguish themselves along this axis.
In conclusion, it appears that grazing treatments on the Dickinson
Site can be distinguished Independently by examining the biomass of ejther
standing dead, Stipa comata, a cool season grass, or Bouteloua gracilis, a
warm season grass. Overall, the interpretation is rather weak due to the
rather small amount of the total variability inherent in the system which

is accounted for by the first two or three components.

Conclusions

It is interesting to note that the pairs of sites which Grant (1971)
found most similar using Sharon and Weavers index of similarity, at one date
in the year, also appear to be similar as a result of ordination by principal
component analysis,

Hays and Osage had the highest similarity index in Granf's analysis.
Hays is a mixed grass site, whereas Osage 1s a tallgrass site. However,
both sites are dominated by the biomass of warm season grasses. In addition,
at both sites the warm season grasses have a higher biomass on the ungrazed
treatment than on the grazed treatment.

Bison and Bridger had practically as high a similarity index in Grant's
analysis as Hays and Osage. Bison is a Palouse site, whereas Bridger is a
mountain site. Grazing treatments on the two sites can be distinguished
based upon the relative biomass of cool season grasses and cool season forbs.
On both sites cool season grasses dominate cool season forbs. However, at
Bison the dominance is stronger oﬁ the no grazing treatment, and at Bridger

the dominance is stronger on the moderately grazed treatment. |[n addition,
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at Bridger the grazing treatments can be separated on the basis of the total
biomass of cool season grasses and cool season forbs, with the higher
biomass of the two occurring on the ungrazed treatment.

The third pair of sites with a high index of similarity in Grant's
analysis is Pawnee, a shortgrass site and Jornada, a desert grassland site.
From the analyses pfesented in this paper it appears that the similarity
between the two sites is keyéd to the shrub biomass and the way that it
relates to grazing treatments. At Pawnee, shrub biomass tends to decrease
with grazing. |In addition, it appears that the biomass of warm season
grasses decreases with grazing. At Jornada the biomass of both warm season
grasses and warm season shrubs Is relatively high on the Qngrazed treatment,
with the grasses dominant over the shrubs; and the biomass of both warm
season grasses and warm season shrubs is relatively low on the grazed treat-
ment, with the shrubs domirant over the grasses. Thus, on both sites a
decrease in shrub biomass is apparent with increased grazing pressure,

It is Interesting to rote that Grant inferred a lack of similarity
between the two shortgrass sites: Pawnee and Pantex. One would think
them to be quite similar die to the fact that both are dominated by Opuntia
polyacantha, a warm Qeason succulent and Bouteloua gracilis, a warm season
grass. However, at-Pawnee the biomass of Opuntia polyacantha does not
appear to vary in direct response to grazing, However, at Pantex it seems
to increase in biomass with grazing pressure, It is interesting to note
that at both sites the biomass of Bouteloua gracilis, the dominant warm
season grass, does not appear to vary in direct response to grazing,

Finally, some degree of similarity can be inferred between the two

northern mixed grass sites: Cottonwood and Dickinson. On the avetrage,
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Cottonwood is dominated by the biomass of warm season grasses and Dickinson
by cool season grasses. At Cottonwood the dominance of warm season grasses
over cool season grasses is more pronounced on the grazed treatment. At
Dickinson warm season grasses demonstrate a higher biomass on the grazed
treatment and cool season grasses a higher biomass on the ungrazed treatment.
Thus, it appears fhat the similarity between the two sites occurs in the

r

relative biomass of warm season and cool season grasses.



=49~

ACKNOWLEDGMENTS
This report is based on fieid data collected by the following investi-
gators: R. D. Pieper (Jornada), R. D. Pettit (Pantex), P. G. Risser (0Osage),
G. W. Tomanek (Hays), P. L. Sims (Pawnee), J. K. Lewis (Cottonwood), W. C.

Whitman (Dickinson}, D. D. Collins (Bridger), and M. S. Morris (Bison).



_50_

(d) SN SN {d)SN {d)sN xx¥x  (d)SN (3uswieaa)) sejes)|day x @93eg

(d)SN s (d)SN  (d)SN 2 # (d)SN ¥x {Juswiesu)) saied|jday x Asobaje)

(d)SN  (d)sN  (d)SN  (d)SN  xwx  wwx SN wxx 21eQ x judwIERU)

¥¥¥ ® wxx  (d)SN R ¥xx% v Ry juswiead] x Adobeje)

SN (€ Juswiead]) sajed)|day

SN SN SN SN SN SN SN SN (z uswieaa}) sajed)|day

e SN SN SN SN SN SN SN SN (1 3uswieasy) se3esy|doy

2y . ¥ s M EXF . . . a1eq

PRy SN RN SN SN w¥x P2 ¥ jusuizesd |

RX RHR R P K X3t Py P A1obale)

aavmz SN Aavmz ﬁavmz K ﬁnvmz (3uswiead|) sajeo! |dey x 31eQ

ﬁnvwz wEx Aavmz Aavmz SN . (d)sSN vy (Judwiead|) sajeal |day x Asobaje)

)SN  (d)SN  (d)sSN SN ¥ (d)SN s SN kot 91eQ x juswlead}

P e ¥ PP ¥ ¥ wR¥ wxy R ¥y Jjuswieals] x Ai1obaje)

P (4 3uswleas]) saled||day

[ejoj SN SN (£ juswieas}) sajedy|dsy

SN SN SN SN SN SN SN 3N o (z 1uawieau)) sajens)|dey

SN SN SN SN SN 33 SN SN SN (1 3uswies.u]) saies)|day

Fay % R ,« W F¥ FHF SN FRR aleq

SH FXF £33 REX ¥ ¥ RN 3% ¥ juawjead}

RHR R¥R FEF FRY R ERY PR s o3k Aiobaje)
: § ¢ § & <= g =T =

® x o m m e
2 Q

‘s9oueD1J1uBlS aoueLJdBA JO S|SA[BUE 3315 UIYIIM jo Asewwng

‘1 oBlqeL



-5]_

- e m =

L

(d)sN SN (d)SN (d)sn  (d)sN  (d)sN (3uswieas]) sajes)|day x aieq
(d)sN (d)sN * (d)SN (d)SN #v¥ (d)SN  (d)SN (Juswieaa)) saied)|day x Asobajej
{d)SN ¥R ¥ % P E¥¥ P gy ?1eQ x juawiead]
¥ ¥ * v ¥ e R v juawiealy x Auobaze)
SN (€ luswiead}) sajesy|day
peag SN SN #x SN SN SN SN SN (Z jusuness]) saieoj|day
U923 SN SN SN SN * s SN SN (1 3uswieasl) ssies)|doy
fravt” ey mz. T RP¥ ¥E¥ RER vy . ajeq
% L a3 SN %% wwx ¥ HRR i Jjuswiead )
TP 3 SN ¥ ¥ RN #R¥ % P AioBare)
(d)sw SN (d)sN (d)sN  (d)sN  (d)sN (Fuswiess|) sajeay|dey x 3leg
(d)SN ¥ ¥ (4)SN  (d)SN v¥x  (d)SN yxy (IUswiesu]) sajes||day x Auobeje)
(d)SN SN % e ¥y ¥y¥ B9 iy 93e8Q x judwlesd|
BRI BRK ¥ ¥ F st $ \««ﬁ juswieal) x Asofeye)
SN (¢ Juswiesd]) sajed||doy
SN SN #¥ SN SN SN SN ¥ (z 3uswieasy) saleos)|day
pesa SN SN SN SN SN ¥ SN SN (1 3uswiesas]) sajed)|day
R RA% SN ERET ¥ ¥R¥ R R a1eqg
SN B3R SN e Pre w3 ¥ 3 juaunesa]y
yry #3% SN #3438 $3% ¥ a5 s AtoBale)

") - o <. x o © o w@

: 5 & 3 % § = 3z 3

e ¢ ® g ) S b >

W m W. =

"panu)juo) ‘1 s|qel



-52-

(40442 oju; pajood saienbs jo ung)

97" = © 10) @d3ued | 1ubjsuoy

(d)sN
SN
01" =0 Joj asueaiiubig = 4

OL° = © 10} 3aduedytjub)suoy

G0° = © 40j ddued | JIubi§ = ygu

10" = © 404 @dURd|J1UBI§ = gy

- m e aw m w wm w wr wm m m a8 m s w m e

(d)sN 0 (d)sw (d)sN  (d)SN  (d)sSN (3uswieaa ) sozeay|dey x 33eq
(d)SN SN 0 (dYSN  (d)SN ¥x (d)SN (d)SN (Iuswiea.)]) sajed)|day x Asobeie)
(d)SN ¥ 0 e ™ ¥xx  (d)SN 2w ?leg x juawilead]
(d)sN X3 0 ¥k ¥ wxx  (dYSN ¥ juswlesd | x AsoBaje)
SN 0 (¢ juswiead]) saied)doy
peag SN SN 0 SN SN SN SN SN (z Juaunes.l) ssjes||doy
PLO SN SN 0 SN SN SN SN SN (1 1usuleai}) sajeoaday
P ¥HF 0 3y ¥YY PRy WYY R¥Y aleqQ
SN R 0 *¥ SN *¥ SN i jusulesd)
R ¥y 0 e *H¥ R¥¥ ¥ ¥ ¥ AtoBajen
o . o o~ =y Lo ) [+-] o
o n._ n Q a - o) - -
£ =] [ = ~ 0 - — n)
= ~ n 2 v ~ ~ Q. [+]
] o m 1) - [} w =1
1] x o =3 =) ®
7] M m -
b= |
Q.

‘panuijuo) 'y 8yqey



_53-

Table 2, Plant categories present on the U.S. IBP sites, 1970.

Site CsG WSG CSSH WSSH CSF WSF cssu Wwssu OTH
Bison x - X X x _ X
Bridger X ' X : x
Cottonwood X b3 X X X X X
Dickinson X X x x x x x
Hays X x X X b X X
Jornada | x X b x X X
Osage X X b X
Pantex x X X x X X x

Pawnee X X x x x X x
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Table 3. Sampling-date codes used in Fig. 1 to 13.

Jornada Bison
1. 14-7-70, 15-7-70 : 1, 2-5-70
2. 30-7-70, 31-7-70 2. 15-5-70
3. 10-8-70, 11—8;70 3. 30-5-70
4. 20-8-70, 21-8-70 h, 17-6-70
5. 1-9-70, 2-9-70 5. 2-7-70

6. 16-7-70

Pantex 7. 4-8-70
1. 15-6-70 8. 24-8-70
2. 29-6-70 9., 26-9-70
3. 13-7-70
b, 27-7-10 Hays
5. 10-8-70 - 1. 16~1-70
6. 24-8-70 2. 15-2-70, 16-2-70
7. 5-9-70 3. 20-3-70, 24-3-70, 15-3-70
8. 2-10-70 | 4., 15-4-70, 16-4-70
9. 31-10-70 5. 15-5-70

6. 16-6-70, 15-6-70

Bridger 7. 6-7-70, 1-7-70, 2-7-10
1. 30-6-70, 29-6-70 8. 21-7-70, 16-7-70
2. 8-7-70 | 9. 3-8-70, 4-8-70
3. 20-7-70, 21-7-70 10. (16-19)-8-70
4. 3-8-70 11. (15-28)-9-70
5. 17-8-70 | 12, (15-17)-10-70

6. 31-8-70 13. (15-18)-11-70

- wm e e e e w e w w wm e em = = = am am o s e e o o mm o W= w4 M W 4 M m om
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Osage

27-3-70, 11-4-70

2. 1-5-70, 2-5-70
3. 1-6-70, 2-6-70
k. 17-6-70, 18-6-70
5. 1-7-70, 2-7-70
6. 16-7-70
7. 3-8-70, L-8-70
8. 17-8-70
9. 26-3-70
10. 18-10-70
11, 14-11-70
Pawnee
1. 9-9-70, 14-4-70, 10-4-70, 11-4-70
2. 5-5-70, 7-5-70, 6-5-70
3. 19-5-70
4, 1-6-70
5. 16-6-70, 18-6-70, 17-6-70
6. 29-6-70, 1-7-70
7. 15-7-70, 16-7-70, 19-7-70
8. 29-7-70, 28-7-70
9. 11-8-70, 12-8-70
10. 24-8-70, 25-8-70

11.

8-9-70, 12-9-70

Cot tonwood
1. 6-5-70
2. 20-5-70
6-6-70
b, 20-6-70
5. 6-7-70
6. 20-7-70
6-8-70
8. 20-8-70
9. 6-9-70
10. 6-10-70
11, 6-11-70
12, 6-12-70
Dickinson
1. 25-5-70
2. (8-11}-6-70
3. (22-24)-6-70
4, (6-8)-7-70
5. {22-28)-7-70
6-. (3-6)-8-70
7. (17-18)-8-70
8. (15-17)-9-70
. 17-10-70
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Table 4. Calculated Q values for individual! comparisons.

- ._Date Treatment Treatment x Date

v Total Live Dead Total Live Dead Total Live Dead
Bison 5.87  4.36 3.90 9.34 6.9% 6.20
Bridger 7.67 8.07 0.90
Cottonwood 4,92  3.17  3.44 7.55 4.86 5.28
Dickinson 14,56 8.80 14.20 |
Hays 9.28 8.70 10.87 14.05 16.46
Jornada 5.62 5.62 0.37
Osage 18.66 12.98 13.24
Pantex 15.56 15.34 2.47 5.61 5.06 1.90
Pawnee 5.04
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Table 5. Mean biomass values for 1970 Pawnee Site aboveground sampling.

. Standard
Variable Mean Deviation
a. Species

1AGSM .136051 .883573
2ARLO 2.316619 5.701806
3BOGR 11.288040 6.381911
LBUDA .731804 2.691311
S5CAF | .063821 .486852
6CAHE .696136 944711
7FEOC .067656 .215665
8MUTO 1.017628 6.418283
9SCPA .019077 .390588
10S IHY .052926 403029
11SPCR .177017 ' .810501
12STCO .105511 1.196836
13ARIN .000028 .000754
14ALDR .006051 .055792
1GASTA .011108 _ . .078390
16ASTR .122287 .986254
17BAOP .23099%4 1.022336
18CHAL .000043 .001131
19CHLE .004560 .035940
20CHV | .091946 1.657825
21C1UN .041989 .516802
22CRYP .004560 _ .034325
23CYMO .003807 .062980
24EREF .268068 1.456261
25EUGL .000085 .001921
26EVNU .008139 .127631
27GACO .027656 : .134879
28GILA .009460 .066317
29HASP .012145 .134625
30HEPE .000114 .002664
31HYF) .024148 .373704
32LARE .002827 .019418
33LEDE .025540 .071290
J4LEMO .008494 .069773
35LI1IN .004375 ' .071719
36L1PU .011037 .186846
37L00R .007955 .041182
38LUPU .000455 .005776
39LYJU .006932 .066281
LOMAV ) .229602 1.835976
BIMiLt .012216 .101280

42MUD | 002344 .040369
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Table 5. Continued.

Variable Mean gtandafd
eviation
a. {Continued)
430ECO .138551 1.216046
LLoPPO 6.237628 15.543008
L50RLU .00721¢6 101444
LEPEAL .010298 . 149731
L7PLPY .017997 .060077
LBPSTE .126662 2.233024
L9SAKA .006477 .058051
COSCBR .018509 .180351
S1SETR .059176 .50154
52SPCO .327926 .596459
L3STPA . 004645 .123243
54TAPA .000199 .003410
S55THME .028835 .265764
G6THTR .051293 .267646
57TOGR - .02t1406 .170576
58TROC .009389 L068740
S9UNKF .000114 001765
60GRSQ .000270 .007161
61ARFR 1.098253 4.654369
62ATCA .155156 1.938022
63CHNA .652045 4.273627
64EULA .008068 .214073
65GUSA .281264 1.788593
GELITR 20.569020 18.196108
b. Functional Groups

1CSG 1,122102 1.898873
2WSG 15.550185 9.851070
3CACT 6.467230 15.622374
hesF 744105 1.271347
BWSF . 954602 3.580712
6SHRB 2.194787 7.006197
70TH .034972 .381880
8LITR 20.569020 18.196108
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Table 6. 1970 Pawnee Site--Principal Component Analysis 1--eight
aboveground functional groups.

a. Component Coefficients.

Component Coefficients

Variable
1 2 3

1cs6 -.00033 -.00131 -.00295
2WSG -.00196 -.01001 -.10133
3CACT -.02504 .06022 -.01084
4CSF -.00016 -.00011 -.00025
SWSF | -.00081 -.00168 00129
6SHRB -.00035 -.00332 .00819
70TH -.00002 .00001 -.0000k
8LITR - .0454Y -.03270 - .01028
Variance 370.80055 207.82987 94.62782
Percentage of 50.14 . 28.11 12.80

Total Variance
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Table 6. Continued.

b. ANOVA's on first three principal axes.

Source df 5§ ms F

Component 1

W 7 k6.76910 6.68130 7.19 Fdok
T 3 23.13812 7.7121 1.31 NS
w(T) ' 4 23.63098 5.90775 6.36  mx%

Date 10 18.70623 1.87062 2.01 L

Wx D 70 48.74229 .69639 .73 Ns(p)

Error 616 588.77760 .95581

Pooled Error 1 686 637.52489 .92934

Total 703.00025

Component 2

W 7 34.25196 4.89314 5.11 ik
T 3 14.05840 L 68613 .93 NS
w(T) 4 20.19356 5.04839 5.27 ek

Date 10 11,64503 1.16450 1.22 NS

WxD 70 70.93948 1.01342 1.07 Ns(p)

Error 616 586.16365 .95156

Pooled Error 1 686 657.10313 .95788

Total 703 703.00012

Component 3

W 7 80.10285 11.44326 13.55  okk
T 3 40.04838 13.34946 1.33 NS .
W(T) 4 40.05447 10.01362 11.86  #*%

Date 10 43 .52082 4.35208 5.15 k%

W x D 70 65.20371 .93148 1.12 NS{p)

Error 616 514.,17232 83470

Pooled Error 1 686 579.37603 .84457

Total 703 702.99970

#% = Significant for a = .05 NS = Nonsignificant for a = .10
#%% = Significant for a = .01 NS(p) = Nonsignificant for o = .25
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Tabie 7. 1970 Pawnee Site--Principal Component Analysis 2--66
aboveground species groups.

a.

Component Coefficie

nts.

Component Coefficients

Variable
1 2 3

1AGSM .00014 .00020 .00045
2ARLO .00097 .00448 .00760
3BOGR .00186 .00309 .10390
LBUDA -.00001 -.00048 .00860
5CAFI -.00003 .00008 .00048
6CAHE .00018 .00048 .00277
7FEOC .00000 .00003 .00023
8MUTO -.00153 .00027 .10660
9SCPA .00031 -.00082 .00040
10S1HY .00004 .00018 .00111
11SPCR -.00008 .00021 .00227
125TCO -.00002 .00023 00314
13ARIN -, 00000 .00000 . 00000
14ALDR .00000 -.00000 .00009
15ASTA .00000 ~, 00004 .00001
16ASTR .00003 -.00000 . 00004
17BAOP -.00003 .00035 .00240
18CHAL -.00000 -.00000 .00000
19CHLE .00000 -.00001 .00001
20CHV1 .00038 .00072 .00121
21CI1UN .00007 .00018 .00005
22CRYP .00001 .00001 .00002
23CYMO -.00000 -, 00000 .00001
24EREF -. 00004 .00002 .00115
25EUGL -.00000 -.00000 .00000
26EVNY -.0000t .00001 .00004
27GACO -. 00000 .00002 .00019
28GILA -. 00001 -.00002 .00003
29HASP -. 00000 .00002 .00002
30HEPE .00000 .00000 .00000
31HYFI .00002 -.00001 .00006
32LARE .00000 -.00000 .00003
33LEDE .00001 .00001 .00002
3LLEMO -.00001 .00000 .00000
35L1IN -. 00001 -.00000 .00001
36LIPU -.00001 -.00001 .00001
37L00R -.00001 -.00001 .00001
38LUPU -.00000 -. 00000 .00000
39LYJU .00000 .00001 . 00004
LOMAV | -.00012 .00002 .00062
LIMILI . 00002 .00002 .00013
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Table 7. Continued.

a. ({(Continued)
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Component Coefficients

Variable
1 2 3

42MUD | -.00000 .00000 00001
430ECC 00005 -.00001 .00162
L40PPO 02492 ~-.06132 -.00002
450RLU -. 00000 .00001 00000
LOPEAL -.00001 . 00001 00004
L7PLPU 00001 .00000 -.00004
L8PSTE 00034 .00071 00153
L9SAKA 00000 .00001 .00011
50SCBR -.00002 .00000 -.00019
S1SETR 00004 .00013 -.00034
525PCO .00015 -.00032 00022
53STPA -.00001 -.00000 -.00009
54TAPA 00000 -.00000 - -.00000
55THME -.00001 -. 00006 00001
56THIR -.00002 .00002 00008
57TOGR .00001 -. 00002 .00002
58TROC -.00000 .00002 -, 00009
SOUNKF : 00000 -.00000 -.00000
60GRSQ 00000 .00000 00001
61ARFR : 00036 .00101 .00206
62ATCA -.00001 .00022 -.00183
63CHNA -.00003 .00139 .00121
6UEULA -.00001 .00001 -.00005
65GUSA 00000 .00047 00097
66LITR oh5hy .03341 00763
Sample Variance 371.26751 203.58704 Ly 64735
Percentage of 48.61 26.65 5.85

Total Variance
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Table 7. Continued,
b. ANOVA's on first three principal axes.

Source df 55 ms F

Component 1

W 7 47 .61475 6.8021 7.33 Fokk
T 3 24 48759 8.16253 1.4 NS
w(T) ‘ 4 23.12716 5.78179 6.23  FAx

Date 10 18.89165 1.88917 2,04

WxD 70 50.68323 .71833 .75 NS(p)

Error 616 586.21009 .95164

Pooled Error 1 686 636.49332 92783

Total 703 702.99972

Component 2

W 7 30.08138 4,29734 4 .45 ki
T 3 11.11628 3.70543 .78 NS
Ww(T) k 18.96510 L .74128 4.91 Ak

Date 10 10.96467 1.09647 1.14 NS

WxD 70 71.80516 1.02579 1.07 NS{p)

Error 616 590. 14904 .95803

Pooled Error 1 686 661.95420 96495

Total 703 703.00025

Component 3

W 7 73.93499 10.56214 12.17  #¥*
T 3 35.14749 11,71583 1.21 NS
W(T) L 38.78750 - 9.69688 11,18 %%

Date ' 10 24 .09524 2.40952 . 2.78 ki

WxD 70 70.45832 1.00655 1.16 NS

Error 616 534.51152 86771

Total 703 703.00007

¥ = Significant for a = .05 NS = Nonsignificant for a = .10
#%% = Significant for a = .01 NS(p) = Nonsignificant for a = .25
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Table 8. 1970 Pawnee Site--Principal Component Analysis 3--six
aboveground functional groups.

a. Component Coefficients.

Component Coefficients

Variable

1 2 3
1C56G -.00348 .00034 ' ~.03146
2WSG -.10120 .00724 .00037
3CSF -.00033 .00002 .00072
LwsF .00018 -.00215 -.27622
LSHRB .00515 14270 -.00411
60TH -. 00004 .00019 .00032
Sample Variance 97.28063 48.97049 12.93544
Percentage of 59.20 29.80 7.88

Total Variance
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Table 8. Continued.
b. ANOVA's on first three principal axes.

Source df 55 ms F

Component 1

W 7 86.35151 12.33593 14,74 fwex
T 3 by 60181 14.86727 1.42 NS
w(T) 4 41.74970 10.43743 12.46  *&%

Date 10 42,38996 4.23900 .06  ®xx

WoxD 70 63.39330 90562  1.09 Ns(p)

Error 616 510.86505 .82933

Pooled Error 1 686 574.2583% 83711

Total 702.99982

Component &

W 7 53.92532 7.07362 7.95  dkx
T 3 42.50113 14, 16704 4 .96 *
W{T) 4 11.42419 2.85605 3.21 Fodk
Date 10 13.63507 1.36351 ~1.52 NS
WxD 70 87.26215 1.24660 1.%0 *H
Error 616 548.17738 88990
Total 703 702.39992
Component 3
W 7 22.10254 3.15751 3.28 s
T 3 15.79798 5.26599 3.34 NS
W(T) 4 6.30456 1.57614 1.64 NS
Date 10 19.59932 1.95993 2.02 *k
W ox D 70 66.17086 .94530 .98 Ns{p)
Error 616 595.12728 .96612
Pocled Error 1 686 661.29814 96399
Total 703 703.00000
= Significant for o« = .10 NS = Nonsignificant for a = .10
*% = Significant for a = .05 NS(p) = Nonsignificant for a = .25

Significant for «
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Table 9. 1970 Pawnee Site--Principal Component Analysis 4--63
aboveground species groups.
a. Component Coefficients.
Component Coefficlents
Variable
1 2 3

1AGSM .00023 -.00059 .00008
2ARLO .00087 -. 05842 .16367
3B0GR -. 10474 .10467 .04499

LBupA .00884 -.01287 .01532

SCAFI .00046 -.00118 .00041
6CAHE .00233 . 00007 .00211
JFEOC -.00022 . 00027 .00028
8MUTO .10453 .10672 .04519
9SCPA .00026 -.00036 .00039
10S1HY -.00124 .00040 .00330
11SPCR .00222 .00039 00125
12STCO -.00321 .00238 .00496
13ARIN -.00000 . 00000 .00000
14ALDR -.00009 .00010 .00000
15ASTA -.00000 -.00001 .00012
16ASTR .00005 -.00043 .00142
17BAOP -.00242 .00155 .00153
18CHAL .00000 -. 00000 . 00000
19CHLE . 00001 .00002 . 00003
20CHVI .00058 -.00121 .00022
21CIUN -.00015 .00008 .00039
22CRYP .00001 . 00007 .00003
23CYMO .00002 -.00003 . 00007
2LEREF -.00106 .00019 .00039
25EUGL .00000 -.00000 .00000
26EVNU .00004 -.00019 .00021
27GACO .00018 -.00001 .00022
28GILA -.00002 . 00000 .00006
29HASP -.00002 -.00002 .000t10
30HEPE -.00000 .00000 .00000
31HYF I .00002 -.00024 .00047
32LARE -.00003 . 00003 . 00002
33LEDE -.00003 .00005 .00012
34LEMO .00000 -. 00003 . 00000
35LIIN .00002 -.00004 .00005
36LIPU . 00000 -.00012 .00014
37L00R .00602 -.00006 .00005
38LUPV -.00000 -.00000 .00000
39LYJU .00003 -.00011 .00009
4OMIL) -.00016 .00010 .00011



Table 9. Continuéd.

a.  (Continued).

_70_

Component Coefficients

Variable
1 2 3

L1MUDI 00001 -.00003 -.00001
420ECO 00150 00095 -.00093
430RLY 00000 ~-.00010 -.00001
LYPEAL .00005 -.00009 00016
LEPLPU . -.00005 00003 00002
LEPSTE ' 00082 -.00100 -.00314
L7SAKA .D0010 00009 -.00014
48SCBR -.00017 00029 -.00008
L9SETR -. 00041 00020 -.00001
SOSPCO 00012 -.00078 -.00038
51STPA -.00008 00009 00002
S2TAPA -.00000 00000 00000
53THME 00004 -.00028 00009
SYTHTR 00008 -.00049 -.00033
55TOGR .00002 -.00008 00027
S56TROC -.00009 00005 -.00004
57 UNKF -.00000 ~. 00000 -.00000
58GRSQ 00001 -.00000 00001
L9ARFR 00071 -.01819 -.00991
60ATCA 00192 00083 -.00389
61CHNA 00087 00145 00681
62EULA ' -.00004 00004 00009
63GUSA coe82 -,00311 00176
Sample Variance 45.42659 38.04712 31.93672
Percentage of 24,20 20.26 17.02

Total Variance
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Table 9. Continued.

b. ANOVA's on first three principal axes.

Source df $S ms F

Component 1

W 7 B0.02143 11.43163 13.39 *ik
T 3 43.97551 14.65850 1.63 NS
W(T) 4 36.04592 9.01148 10.55 ket

Date 10 26.56344 2.65634 3.1 *h %

WxD 70 70.31174 1.00445 1.18 NS

Error 616 526.10356 85406

Total 686 703.00017

Component 2

W 7 57.22892 8.17556 9,28  &x%
T 3 28.23815 9.41272 1.30 NS
w(T) 4 28.99077 7.24769 B.23  #%%

Date 10 41 .68196 L.16820 4,73 A

WxD 70 52.57953 5114 .84  Ns{(p)

Error 616 551.50962 .89531

Pooled Error 1 686 604.08915 88060

Totatl 703 703.00003

Component &

W 7 102.69165 14,67024 16.96  #**
T 3 65 .86893 21.95631 2.39 NS
w(T) 4 36.82272 9.20568 10.64 kiek

Date 10 6.77139 67714 .78 NS

Wx D 70 I6.52743 .66468 .75 NS{p)

Error 616 547 .00855 .88800

Pooled Error 1 686 593.53698 86521

Total 703 703 .00002

#%% = Significant for o« = .01
N$ = Nonsignficant for a = .10
NS{p} = Nonsignficant for o = .25
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Table 10. 1970 Bison Site--Principal Component Analysis 1--
five aboveground functional groups.

a. Mean biomass values.

Variable Mean Standafd
eviation

1CSG , 61.370284 48.789740
2WSSH .009968 .126307
3CsF _ 33.895457 33.590105
LysF ' .732744 3.242160
50TH ' 62.971167 50.544271

b. Component coefficients.

Component Coefficients

Variable
1 2 3
1CsG .01205 -.01241 .03340
2WSSH -.00000 .00000 -. 00000
3CSF .00377 -.01024 -.06259
bywsF -.00012 -. 00004 -.00006
S50TH 01177 .01598 ~-.01417
Variance 3354.77613 1944, 49511 764 .36215
Percentage of 55.23 32.01 12.59

Total Variance
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Table 11. 1970 Bison Site--Principal Component Analysis 2--43
aboveground piant species.
a. Mean biomass values.
. Standard
Variable Mean Deviatlon
1IMISC 62.978076 50.545579
2FESC 40.333502 54,627021
3FEID 10.958580 10.230728
bACMI 4 446909 9.368101
5MISC1 4.652681 7.483114
6SARH .038801 .347656
7FRPU .021924 .188568
8ANRO .231136 1.716570
9D0C0 .036278 .293241
10ZPA 28360 1.403218
11AGO 1.55451 3.787571
12L1RU 2.058833 8.884003
13GETR .971104 4.355867
t4ARFU 1.526151 2.950571
15ER| .043817 .529595
16POPR .270032 1.918730
17HECY .062177 641366
18AGSP 9.017382 14.187212
19KOCR 453912 2.146880
20LUSE 11.423123 20.383717
21M18C2 4, 192240 7.823204
22CRAC .017508 .182352
23H1AL .168675 .976738
24ARFR .010032 .127094
25CASU .787855 4.147266
26ANMA .018801 . 254584
27BRTE .033785 .478630
28M INU .261609 1.462054
29M1SCA2 .666467 2.520526
30BASA 179211 2.375611
31ASFA 721577 3.238945
32AGGL .035331 .629055
33TRDU 133344 1.572841
34M15C3 .022713 .270469
35CRV | .011987 .213429
36CIAR .036593 .651521
37LUsSC .030284 .539190
38AGSP2 .025868 .460558
39GACO .011987 .213429
LOLAPU .011356 .202196
L1F{ED .107287 1.910192
h21 |RR .003785 .067399
L3ASSP .013281 .236457




Table 11. Continued.

-76

b. Component coefficients.

Component Coefficients

Variable
1 2 3
tMI1SC -.00963 .01867 00117
2FESC -.01257 -.01354 -.00810
3FEID 00094 .00105 00455
bACMI -.00009 .00004 00519
EMiSC1 -.00013 -.00093 00518
6SARH 00001 -.00001 -.00006
7FRPU 00001 -.00001 -.00003
8ANRO 00002 -.00008 00061
9D0CO 00001 -.00001 -.00006
10Z1PA 00008 -.00001 .00030
11AGO .00003 -.00013 00116
12LIRU -.00064 -.00139 -.00323
13GETR -.00030 -.00030 -.00042
14ARFU 00001 ~.00024 00128
15ER| 00001 .00001 00000
16POPR .00001 .00013 -.00022
17HECY -.00001 .00000 -.00004
18AGSP 00139 .00119 00921
19KOCR 00010 -.00003 00002
20LUSE -.00214 -.00283 05147
21M1SC2 00034 ~.00028 00395
22CRAC 00000 .00000 00001
23HIAL -.00004 -.00005 00010
24ARFR .00000 ~.00000 -.00001
25CASU ~.00001 .00003 00245
26ANMA 00000 -.00002 -.00003
27BRTE 00000 -.00003 00003
28MINU 00004 -.00016 00042
29MI15CA2 00006 .00004 00138
30BASA 00013 .00018 -.00047
31ASFA 00013 .0000t 00022
32AGGL 00000 00002 00002
33TRDU .00002 .00002 00014
34M1SC3 -.00001 -.00003 00008
35CRVI -.00000 .00002 00001
36C1AR .00000 -.00001 -.00006
37LUSC -.00000 -.00001 -.00008
38AGSP2 -.00000 .00000 00000
39GACO 00000 .00001 -.00000
40LAPU 00000 .00000 -.00000
MFIED .00003 -.00002 -.00011
42LIRR -.00000 .00000 -.00001
L3ASSP 00000 .00000 -.00002
Variance 3860.47167 1832.79114 343.29853
Percentage of 58.04 27.56 5.16

Total Variance
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Table 12. 1970 Jornada Site--Principal Component Analysis 1--six
aboveground functional groups.

a. Mean biomass values.

Variable Mean g::?::?in
1WSG 30.944099 36.202558
2CSSH 11.455198 52.538158
3WSSH : 2.366089 17.699731
LesF 1.151584 2.632043
SWSF 29.634604 34.978379
60TH .657129 1.887022

b. Componert coefficients.

Component Coefficients

Variable
1 2 3

1WSG 00266 ~.01913 02040

2CSSH 01865 .00417 -.00080

3WSSH -.00005 -.00260 00135

LeSF 00001 -.00038 -.00030

GwSF -.00163 .01650 02405

60TH ~-.00006 .00010 -.00023
Variance 2796.15858 1509.67098 1002.70243
Percentage of 49.77 26.87 17.85

Total Variance
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Table 13. 1970 Jornada Site--Principal Component Analysis 2--54
aboveground species.
a. Mean biomass values.
. Standard

Variable Mean Deviation
1YUEL 11,455594 52.539096
2BOER 22.094307 32.910967
3GUSA 15.978663 32.978125
LSPFL 8.325842 16.307504
SCRCR 1.116535 2.634607
6APRA .058317 .211065
7CABA .533762 1.056783
8CHIN 1.102772 2.018432
9PSTA .018020 .190302
10SAKA 8.235050 11.374139
11NAHI 215743 .783166
12ERAB .317525 1.001593
13D1WI .096040 .b84268
14EPTR 1.437970 14 .495942
15ERPU .636337 1.884246
16CRCO 1.438614 2.960998
17ASTA .008218 .068863
18LEFE .009604 .079356
19ARLO .038020 .279723
20ZIGR .078317 .677349
21KRSE .054851 .418965
22ALIN .093366 .306905
23L1AU .046535 - .507469
24HEL | .015446 .127209
25STEX .002475 .025778
26S0EL .070495 426156
27BAAB .005941 .084432
28APSP .061188 .396801
29PRJU .860545 10.283355
30KRSC .005644 .080210
316USP .012871 095327
32EUAL .014158 .116600
33CONI .212871 .513698
34PORT .433663 .862669
35M1ISC2 .038218 .153334
36TRTE .005743 .033064
37MiSCh .159802 419263
38COCR .000198 .002814
39ERI0 .003564 .050659
LOKAHI .131386 475421
41HODE .072376 .514529
42ARI1S .064455 .916084
L3AMAR .000297 .004222
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Table 13. Continued.
a. (Continued)
Variable Mean gta?dafd
eviation
L4HOJA .006040 .085839
45APGR .007129 .101318
LEPAH| .030594 .177906
LITILA .250396 .594868
LBMISCE .035050 .255244
49B0TO .059307 .283260
505PCO .026733 .379943
S1BOTA .005842 .083025
52M|ISC .014950 74197
53SPSC .021980 .312397
54MUPO .207475 2.948777
b. Component coefficients.
Component Coefficients
Variable
1 2 3
1YUEL .01895 .00147 .00072
2BOER .00043 02114 02114
3GUSA -.00096 .01960 .02317
4SPFL .00046 .00007 -.00197
S5CRCR -.00000 .00046 .00007
6APRA -.00000 .00001 -.00002
7JCABA -.00002 .00022 -.00007
8CHIN .00007 .00002 -.00019
9PSTA -.00000 .00002 .00001
10SAKA ~.00013 .00182 -.00315
11NAHI1 -.00001 .00001 -.00014
12ERAB -.00001 .00001 ~-.00013
130wl .00002 . 00000 ~. 00002
14EPTR -.00010 .00207 .00132
15ERPU -.00005 .00012 -.00018
16CRCO .Q0001 .00010 -.00018
17ASTA -.00000 .00000 -.00000
18LEFE -.00000 . 00000 ~.00001
19ARLO ~-.00000 . 00000 .00003
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Table 13. Continued.

b. (Continued)

Component Coefficients

Variable
1 2 3
20Z 1GR -.00001 .00001 -.00002
21KRSE -.00000 -.00003 -.00001
22ALIN 00000 -.00002 -.00002
23L1AU -,00000 00000 -.00003
24HFLI -.00000 00001 ©.00001
25STEX ' -.00000 .00000 -.00000
26SOEL .00000 -.00000 .00004
27BAAB -.00000 -.00000 -.00000
28APSP -.00001 -.00002 -.00001
29PPJU -.00006 .00013 -.00055
30KRSC -.00000 -.00000 - -.00000
31GUSP .00000 .00000 .00000
32EUAL -.00000 -.00001 .00000
33CONI -.00001 .00001 -.00005
34PORT -.00001 .00000 -.00008
35MI15C2 -.00000 .00001 .00001
36TRTE -.00000 .00000 .00000
37MISCA -. 00001 .00005 -.00002
38COCR -.00000 -.00000 -.00000
39ER10 -.00000 .00000 .00000
LOKAHI -.00001 -.00004 -.00004
41HoODE -.00001 -.00002 -.00006
L2ARIS -.00001 -.00005 .00005
43AMAR -.00000 -.00000 -.00000
bhHOJA .00000 -.00000 -.00001
4SAPGR -.,00000 -.00000 -.00001
L6PAHI , .00001 .00003 .00003
LITILA -.00000 -,00001 .00000
48MISCSH -.00000 .00003 .00001
49BOTO -.00000 .00000 -.00001
50SPCO -.00000 .00006 .00005
51BOTA _ -.00000 -.00001% .00001
52M1SC -.00000 -.00001 -.00000
53SPSU -.00000 .00005 .00005
S4MUPO .00067 -.00014 .00021
Variance 2770.51823 1188.84986 999.91252
Percentage of 48.76 20.92 17.60

Total Variance
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Tablie 14. 1970 Osage Site--Principal Component Analysis 1--four
aboveground functional groups.

a. Mean biomass values.

. Standard
Variable Mean Deviation
1C56 17.682238 20.019929
2WSG 294 468252 209.505857
3WSSH .014825 .250716
LoTH 48 .316923 55.621881

b. Component coefficients.

Component Coefficients

Variable
1 2 3

1CSG ) .00009 -.00081 .05115

2WSG -. 00472 -.00209 _ .00073

3WSSH .00000 .00001 -.00000

4OTH ,00050 -.01939 -.00221
Variance 54380.07737 2625.72302 381.49581
Percentage of 93.65 5.55 0.80

Total Variance
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Table 15. 1970 Osage Site--Principal Compcnent Analysis 2--29
aboveground species.
a. Mean biomass values.

Variable Mean gta?dafd
eviation
1ANGE 5.170210 22.358287
2ANSC 216.145035 187.738853
3S0NU 17.008112 37.420315
Lspas 34 . 484336 94 .788355
SM1SC 5.855524 21.486174
6PAV 21.679161 51.901618
7FORB 1.084755 L 477941
8SEDG .533706 2.297525
9POPR 1.858741 5.946589
10BRJA 13.928252 20.259030
11AMCO .014825 .250716
12AMPS 1.599441 6.663662
13M15CB 5.760420 13.179530
14MISCA 19.265315 35.167259
15M15CC 5.334126 19.464515
16POAN .014685 .241335
17FORBC 1.426294 7.448029
18FORBD .439021 4.711668
19FORBA 3.668531 10.4%30283
20ForbB .684615 4.128966
21M1SCD .h55804 3.396231
22SEDGA .911189 2.777094
23SEDGB .426294 2.061410
24FORBF 134406 .924501
25FORBE .217483 1.843070
26SEDGC .015385 .143885
27M15CG 2.393147 13.063361
28MISCF .002657 044940
29MISCE .006434 .108801
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Table 15. Continued.

b. Component coefficients.

Component Coefficients

Variable
1 2 3
1ANGE .00003 .00019 -.00064
2ANSC -.00526 -.00075 .00049
3SONU -.00014 .00029 -.00013
LspAs .00036 -.01055 -.00108
SMISC .00007 .00006 .00006
6PAV I .00018 -.00053 .01916
7FORB .00001 .00004 -.00010
BSEDG -.00000 .00002 -.00005
9POPR -.00001 .00003 .00029
10BRJA .00022 -.00029 .00100
11AMCO .00000 .00000 - -.00000
12AMPS .00004 -.00006 © ~.00030
13MisCB .00000 -.00002 ' .00033
1hM1SCA .00038 .00018 -.00198
15M1SCC .00007 -.00005 -.00040
16POAN .00000 .00000 -.00000
17FORBC -.00002 .00000 -.00012
18FORBD .00000 .00002 -.00006
19FORBA -.00001 .00007 -.00033
20FORBB -.00001 .00001 -.00005
21MISCD .00001 -.00001 -.00009
22SEDGA _ -.00001 .00000 ~.00006
23SEDGB -.00000 -.00000 - . 00004
2LFORBF -.00000 .00000 -.00001
25FORBE -.00000 -.00000 : .00001
26 SEDGC -.00000 ~-.00000 .00001
27M15CG .00003 -.00010 -.00000
28MISCF -.00000 .00000 -.00000
29MISCE -.00000 -.00000 00000
Variance 35685.70355 8898.15506 2670.92509
Percentage of 68.64 17.11 5. 14

Total Variance
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Table 16. 1970 Pantex Site--Principal Component Analysis 1--seven
aboveground functional groups.

a. Mean biomass values.

. Standard
Variable Mean Deviation
1CSG 10.508746 10.943566
2WsG 68.133823 36.024450
3CSF 10.021223 12.333778
LwsF 2848771 1.522527
5CSsU .299664 b 167446
6WsSu 60.821988 192.980549
70TH 1.046697 2.706485

b. Component coefficients.

Component Coefficients

Variable
1 2 3
1CSG -. 00005 -.00295 01399
2WSG 00002 ~-.02746 -.00139
3CSF 00001 -.00003 -.07915
LWSF -, 00001 .00002 00030
5Lssu 00000 .00000 00123
6WSSU -.00518 -.00007 -.00032
7JOTH -.00000 -.00016 -.00477
Variance | 37246.22341 1311,118028 164, 14345
Percentage of 95.90 3.38 0.39

Total Variance
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Table 17. 1970 Pantex Site--Principal Component Analysis 2--17
aboveground species.

a. Mean biomass values.

Variable Mean Standafd
Peviation

1LEPI 1.540245 9.305867
2BOBU+ 7 .466483 23.909047
3HOPU 10.511560 10.945115
4FORB2 .135260 1.022993
SLEP2 .018012 .212347
60PU 60.823394 192.981588
7FORB1 476911 1.971536
8LEP 7.402813 10.117220
9SPCO 244862 1.523261
10FORB3 .023945 .282373
T1RAT .104281 .930368
12PLPU .062355 .500098
13BOGR 59,382783 40.716185
14BUDA 1.292813 5.316764
15PUPL ‘ | .004465 .080738
16FORB .302202 1.442473
17MAM .299755 h 168125

b. Component coefficients.

Component Coefficients

Variable
1 p 3
1LEPI -.00001 -.00013 ~.00802
2BOBU+ -.00001 -.00779%9 -.04389
3HOPU .00005 .0015k9 -.00730
LFoRB2 .00000 -.00004 -.00018
SLEP2 -.00000 -.00002 -.00009
60PU .00518 -.00005 -.00003
JFORB1 -.00000 .00015 -.00034
8LEP -.00000 -.00034 .00534
9sSPCO .00001 -.00002 -.00003
10FORB3 -.00000 -.00000 .00002
11RAT _ -.00000 .00003 -.00012
12PLPU .00000 .00001 -.00001
13BOGR .00000 02201 -.01496
14BUDA -. 00001 -.00027 .00202
15PUPL -.00000 .00000 -.00001
16FORB -.00000 -.00001 .00036
1 7MAM -.00000 .00004 .00009
Variance 37246 . 42344 1825.29014 434 65439
Percentage of 93.50 4 .58 1.09

Total Variance
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Table 18. 1970 Hays Site--Principal Component Analysis 1--eight
aboveground categories,

a. Mean biomass values.

\ Standard
Variable Mean Deviation
1CSG 3.332901 17 .556093
2WSG 148.731870 79.482027
3CSSH .120916 .949603
LWSSH 1.990000 6.764728
5CSF .884847 1.980667
6WSF 21.113588 28.028321
7CSsU .011870 .192136
80TH .94 9466 3.856906

b. Component coefficients.

Component Coefficients

Variable

1 2 3
TCSF -.00011 -.00057 11397
ZWSG -.01258 .00031 -. 00099
3CSSH -.00000 .00002 -.00004
LwsSH 00002 . 00068 -.00145
5CSF -. 00000 ,00043 -.00102
6WSF 00011 .03566 00189
JCSSU 00000 .00000 -.00001
80TH 00004 .00038 -.00110
Variance 6318.34140 786.78616 307.72630

Percentage of 8k .51 10.51 4.11

Total Variance




-94-

,u
/
T B

£ ANINOIWNOD ~

L F o

001 o8 09 ov oz 0 oz - ob -
| f 1 | 1 ] {
4/ Y7
!
U
\ \ /
2 LIN3NOJWOD /
001 08 oo oy 0z ) oz - OF -
] 1 A1 { | | i |

|
| ININOWOD / i
]

2 doy Z dey ———

| G m—— | doy ———

0.6| pezobun ‘ §96) PEIDID = 2 JUBWDAIL BuIzoIH ON = | judwijDdi]

‘saxe |edioulud 334yl 2S4]) uo ajed|[dod ydes 10y SISUOASIL uely ‘D

"penuIILO) gl d|geg



-95_

Table 19. 1970 Hays Site--Principal Component Analysis--92
aboveground species.
a. Mean biomass values.

Variable Mean g::?::?in
1ANGE 57.006374 69.689647
2BOCU 41,072023 46.362473
350R 1 1.430992 5.776380
haNsC 21.832443 48 ,543423
5PAVI 2.777137 12.692180
6BOGR 11.558779 24 808782
7BUDA 4.573359 12.559663
8ARLO L 136069 12.113454
9SONU 5.668969 24 .683498

100ESE .719504 2.297693

11SPAS .108740 1.37611

12GUSA 1.041832 4,009062

13TEST .057214 .686056

14HOAN .311565 2.239032

15MOUN .098015 .685262

16ECAN . 752481 1.828556

17CIUN .604351 2.766061

18AMPS 1.602443 4 413438

19BRJA 2.414122 16.123973

20S0M| .520496 1.758709

21ASAR .189427 1.460892

220 |1PU 7112 1.074825

23SCRE .187786 .960655

24AMCA .949198 5.604295

25AS0B .273092 1.407570

26CAGR .003817 .061780

27RACO .350611 1.150357

28S0M0 .227634 1.619258

29AGSM .910687 5.336617

30ASMU .576145 1.694054

31PSTE 10.505305 . 22.209733

32STLI .188855 1.713249

33ASFE .008893 .126706

34PSES .000992 .016063

35THGR .279389 1.186600

36SCUN 1.998206 5.527791

37ASVI .006641 .093466

38SPPI .209580 1.536301

39GACO .019198 .145499

LOCHV .107481 1.383781

L1SIHY .008473 .096831

h2 EUMA .015153 . 149491

43GRSQ .297977 1.592765

LYARPU .005382 .087110

LEMEQF .042786 412228

LEPEPU .003626 .045882

L7SEPL .050649 .371167
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Table 19. Continued.

a. (Continued)

. Standard
Variable Mean Deviation
L8SEUN .031565 .510922
LoPAJA .008969 .127069
S0HOPU .000153 .002471
S1HEH) .000153 .002471
525PCR .007557 .080302
53ERRA .116527 1.016042
S4MACO .003779 .057508
LSPSCU .019542 .316315
56ASPU \ .000687 .008986
57EVP! .002061 .023948
58VEBI| .002366 .035908
SOMEOP .000076 .001236
60ASMO .000687 .011120
61AMSA .002786 .045100
62STLT : .000076 .001236
63AMEA .001718 .027801
6hsTCI .003893 .063016
65YUGL .116908 .949214
66TRRA .066260 .612813
67LYJU .007328 .118618
680NOC .007023 .113676
69CASP .016794 .243335
JOCAIN .013702 .156706
JIVEST .004427 .055821
J2MEAL .036947 .307090
73LEER .234695 1.552939
74BOHI .255229 2.475713
75S1SP .031565 .300349
76HEAN .034198 .320480
770EFR .003817 .061780
78c10C .001450 .023476
790XST .007252 L116149
80LECA .008855 . 142095
81KYGL .005420 .087728
82RHGL .001374 L0222
83SEPL .001069 .017298
84P0OAL .004656 075372
85sPs| .007405 .118620
860ELA .035534 .292973
87HEMA .107824 1.745291
880PMA .015458 .250210
89MESP .025573 .317134
90ARTE .011870 .192136
91LEOV .020534 .305176

92TRPR .006221 .100702

- Em m e m e m e e m e e m m m om o om W = & m = = = mwm = = =
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Table 19. Continued.

b. Component coefficients.
Component Coefficients
Variable
1 2 3

1ANGE .01305 .00408 -.00547
2BoCU -.00421 .00879 -.02038
3S0R| .00021 .00007 .00015
LANSC .00080 -.01662 ~-.01197
CPAV | .00024 -.00001 .00034
6BOGR -.00138 .00120 .00381
7BUDA -.00050 .00049 .00153
8ARLO -.00032 .00075 .00004
9SONU .00005 -.00182 .00052
100ESE .00003 -.00007 .00008
115PAS -.00002 .00003 -.00006
12GUSA -.00006 .00015 .00012
13TEST -.00000 -.00004 -.00000
14HOAN -.00001 -.00001 .00001
15MOUN .00000 -.00000 00004
16ECAN .00001 -.00012 -.00002
17CIUN .00001 -.00015 -.00002
18AMPS ~.00009 .00029 -.00010
19BRJA -. 00046 .00099 ~-.0021%
2050M | -.00000 .00002 00004
21ASAR ~.00002 .00002 .00003
22L|PU -. 00000 -.00003 .00Q00
23SCRE -.00000 -.00005 .00001
2hAMCA .Q0001 -.00052 -.00027
25A508B ~.00000 -.00004 .00005
26CAGR -.00000 .00000 .00000
27RACO -.00003 .00006 .00001
28s50M0 -.00001 .00000 .000Q9
29AGSM -.00009 .00013 .00014
30ASMU -. 00004 .00001 -.00002
31PSTE -.00016 .00050 00019
32STLI -.00000 -.00004 -.00001
33ASFE -.00000 ~-.00000 .00000
34PSES .00000 -.00000 .00000
35THGR .00000 ~.00006 .00001
36SCUN .00019 -.00033 -.00001
37ASVI -.00000 .00000 .00000
38sPP| -.00001 -.00011 -.00010
39GACO -.00000 -.00001 -.00000
LOCHVI -.00002 .00002 .00001
51SIHY -, 00000 .00000 ~.00000
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Table 19. Continued,

b. (Continued)

Component Coefficients

Variable
i 2 3

LZ2EUMA -.00000 .00000 ~.00001
43GRSO -.00001 .00005 ,00004
L4 ARPU =.00000 -.00000 .00000
LESMEOF .00001 -.00001 L0000
46PEPU .00000 -.00001 .00001
L7SEPL .00000 .00001 .00001
LESEUN .00000 -.00001 .00001
LaPAJA ~,00000 -.00001 -.00000
50HOPU 0.00000 0.00000 0.00000
STHEHI .00000 .00000 .00000
B2SPCR ~-.00000 .00000 .00000
53ERRA .00000 .00002 00000
S4MACO -,.00000 .00000 ~.00000
55PSCU -. 00000 .00000 -.00000
S6ASPU -.00000 .00000 .00000
L7EVPI .00000 .00000 .00000
S8VEBI -.00000 .00000 .00000
GIMEOQP .00000 -.00000 .00000
60ASHO 0.00000 0.00000 0.00000
61AMSA .00000 .000Q0 .00000
62STLT 0.00000 0.00000 0.00000
63AMEA .00000 .00000 .00000
64STC I .00000 -.00000 -.00000
65YUGL -.00001 -.00003 -.00004
66 TRRA -.00000 .00000 -.00000
67LYJU -.00000 .00000 .00000
680NOC -.00000 .00000 -.00000
69CASP -.00000 .00001 -.00001
JOCAIN -.00000 .00000 -.00000
JIVEST .00000 .00000 .00000
72MEAL .00000 -.00001 -.00000
73LEER .00001 .00003 .00003
74BOH| .00004 .00003 .00002
75515P .00000 .00000 .00001
JE6HEAN ' -.00000 -.00001 -.00001
770EFR .00000 -.00000 -.00000
78C10C .00000 .00000 .00000
790XsT .00000 .00000 .00000
8OLECA .00000 .00000 .00000
BiKYGL -.00000 .00000 .00000

82RHGL -.00000 .00000 .00000



Table 19. Continued.

b. (Continued)
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Component Coefficients

Variable
1 2 3
83SFPL 00000 .00000 00000
84POAL .00000 .00000 00000
855PS| -.00000 .00000 00000
860ELA 00000 -.00000 00000
87HEMA .0oo001 .00000 00005
880PMA -.00000 .00000 00000
89MESP .00001 .00000 -.00001
90ARTE -.00000 -.00000 00001
91LEOV -.00000 -.00000 00001
92 TRPR -.00000 .00000 -.00000
Variance 5226.,39892 2649.25605 1638.58932
Percentage of 43 . 4k 22.01 13.62

Total Variance
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Table 20. 1970 Cottonwood Site--Principal Component Analysis 1--
seven aboveground categories.

a. Mean biomass values.

Variable Mean Sta?dard

Deviation
1CS6 81.770888 84 .430271
2WSG 98.515306 6L 451054
3WSSH .380868 2.870299
hesF 2.514398 4.895417
SWSF .384576 3.666020
6CSSU 1.343136 8.403105
70TH .288383 6.187968

b. Component coefficients.

Component Coefficients

Variable

1 2 3
1CSG .00969 -.01123 .00047
256G -.00484 -.02248 .00303
3WSSH .00003 .00014 .00020
4CSF .00017 -.00031 .00020
GWSF .00002 -.00025 .00097
6CSSU -.00008 -.00062 -.12004
7JO0TH .00006 .00005 -.00032
Variance 8515.53443 1582.13985 69.28179

Percentage of 83.10 15.43 0.68

Total Variance
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Table 21. 1970 Cottonwood Site--Principal Component Analysis 2
--28 aboveground species.
a. Mean biomass values.
. Standard
Variable Mean Deviation
1AGSM 68.461736 75.530546
2BOGR 21.313215 18.707385
3BRJA 7.462722 11.009025
LBUDA 77.202327 52.583361
SCAEL 4.915582 £.107217
6LOO0R .043314 k19885
TMISC .009112 .205181
BTRBR ,067574 .602973
9TRPR .325937 1.844595
10S8PCO 1,709191 3.919905
T1VIAM .348284 1.568618
12GUSA .011578 .260696
13ACLA .222446 3.316885
14ERAS .021834 288885
15P0SE .1331566 2.364899
160PFR 1.084536 7.754849
170PPO .259172 3.324060
18FEOQC .003708 .083494
19ARFR .381026 2.871255
20FMUL .279290 6.185421
21GRSQ .060020 1.119652
22PSTE .027890 .627979"
235TV) .786075 6.061646
24L1PU .018205 .290580
25ARLU .019270 .308862
26PSCU .025306 . 569800
27BRJA 025030 438275
28SPCR .022110 .497854




Table 21. Continued.
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b. Component coefficients.

Component Coefficients

Variable
1 2 3
1AGSM 01013 -.01403 00062
2BOGR 00013 00130 05343
3BRJA .00081 -.00089 00059
LBUDA -.00589 -.02425 00235
SCAEL 00011 -, 00081 00231
6LOOR 00000 00001 -.00008
7MISC 00000 00000 -.00001
8TRBR 00000 -.00000 00010
9TRPR 00003 -.00008 -.00004
10SPCO 00018 -.00024 .00116
11VIAM -.00004 00012 00010
12GUSA -. 00000 -.00001 00002
13ACLA 00003 -.00020 -.00016
14ERAS 00000 00001 -.00001
15P0OSE -.00001 00014 -.00036
160PFR -.00011 -.00078 00130
170PPO 00002 00012 00064
18FEOC ' -.00000 00000 00001
19ARFR 00004 00009 -.00079
20FMUL 00007 -.00002 -.00050
21GRSQ -.00001 -.00015 00010
22PSTE 00000 -.00003 -.00008
23$TVI 00016 -.00052 00039
24LIPU 00000 -.00001 00001
25ARLU 00000 -.00000 -.00005
26PSCU 00000 00000 -.00004
27BRJA .00000 00002 -.00005
28SPCR -.00000 -.00000 -.00002
Variance 7248 54520 1266.99748 348.25038
Percentage of 79.11 13.83 3.80

Total Variance
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Table 22. 1970 Bridger Site--Principal Component Analysis 1--
three aboveground functional groups.

a. Mean biomass values.

. Standard
Variable Mean Deviation
1CSG 63.464939 32.791452
2CSF Lo.847247 26.00#23h
30TH 9.341984 13.512937

b. Component coefficients.

Component Coefficients

Variable
1 2 3
1CSG 04785 .02290 00743
2CSF 02753 -.03933 00781
30TH -.00734 00177 07769
Variance 1289.43852 582 .12947 162.53104
Percentage of 66.67 24.93 8.40

Total Variance
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Table 23. 1970 Bridger Site--Principal Component Analysls 2--
18 aboveground species--Standing dead included.
a. Mean biomass values.
. Standard
Variable Mean Deviation
1FEID 30.802915 17.002125
2MIGR 10.991093 10.520628
3LUAR 12.763401 15.621381
LERSP .921862 3.085951
SARCO 2.83344 3.266633
6AGSU 13.915830 18.406347
JACMI 2.456478 2.535782
BMIFB 18.410648 13.051404
9STDEAD 3.343563 13.514921
10KOCR .901700 1.889130
11DAIN 6.043360 6.873412
12AGGL .770040 2.027390
13CEAR 1.271660 2.964748
14GABO .990891 4.060147
15AGGR 422470 2.360060
16A6MI .013036 204884
175TR) .510405 2.187139
18CASE .309636 1.493731

- e e e e w m Em e e wm e Mmoo w = = m e a e M = = o= W m o= ==
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Table 23. Continued.

b. Component coefficients.
Component Coefficients
Variable
1 2 3
1FEID -.02489 -.02810 ok162
2MIGR -.00982 -.00693 -.00212
3LUAR -.01693 -.02070 -.04518
LERSP -.00190 00046 -.00050
SARCO -.00173 -.00266 -.00149
6AGSU -.03262 03902 00410
FACMI -.00227 -.000%1 00001
8MIFB -.01370 00572 -.01858
9STDEAD 01289 01529 01063
10K0OCR -.00131 -.00020 -.00011
11DAIN -.00318 -.01026 00059
12AGGL -.00031 -.00069 00012
13CEAR -.00125 -.00081 -.00223
14GABO -.00301 00077 00376
15AGGR -.00124 00094 00098
16A6EMI -.00000 ~.00003 00003
17STRI 00010 -.00062 .Q0010
18CASE 00052 00021 .00116
Variance ho7.10021 315.28218 233.82369
Percentage of 27.98 21.67 16.07

Total Variance
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Table 24.
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1970 Bridger Site--Principal Component Analysis 3--
17 aboveground species--Standing dead excluded.

a.

Mean biomass values.

Variable Mean Standafd
Deviation
1FEID 30.802915 17.002125
2M1IGR 10.991093 10.520628

3LUAR 12.763401 15.621381

LERSP .921862 3.085951
GARCO 2.833441 3.266633
6AGSU 13.915830 18.406347
FACMI 2.456478 2.535782
8MIFB 18.410648 13.051404
9KOCR .901700 1.889130

10DAIN 6.043360 6.873412
11AGGL .770040 2.027390
12CEAR 1.271660 2.964748
13GABO .990891 4,060147
14AGGR 422470 2.360060
15A6MI .013036 .204884
16STRI .510405 2.187139
17CASP .309636 1.493731

.._..__..._..__..___..____-_.._..._..__-_..__



Table 24, Continued.
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b. Component coefficients.

Component coefficients

Variable
1 2 3
1FEID -.02343 03810 03549
2MIGR -.00828 00690 -.00097
3LUAR -.01475 02386 -.05100
LERSP -.00199 -.00011 ~.00063
SARCO -.00146 00308 -.00196
6AGSU -.03830 -.03331 00568
FACMI -.00221 00140 00024
8MIFB -.01476 -.00341 02002
9KOCR -.00131 00045 -.00021
10DAN -.00166 01046 00024
11AGGL -.00027 00086 -.00005
12CEAR -.00104 00074 -.00220
13GABO -.00307 -.00032 00406
14AGGR -.00136 -,00075 00109
15A6MI 00001 00002 00004
16STRI 00015 00067 -, 00001
17CASP 00042 -.00010 00109
Variance 392.48034 301.86991 231.31022
Percentage of 30.85 23.72 18.18

Total Variance
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Table 25. 1970 Dickinson Site--Principal Component Analysis 1--
seven aboveground categories.
a. Mean biomass values.
. Standard
Variable Mean Deviation
1CSG 116.924337 . 63.935336
2W5G 41.907551 52.960906
3WSSH .609898 3.543125
Lesr 7.947449 14,987748
SWSF 32.258265 48.631259
6CSSU .022245 311429
70TH 186.221837 155.806397
b. Component coefficients.
Component Coefficients
Variable
1 2 3
1CSG -.00048 01380 00811
2WSG 00027 .00538 -.01579
3WSSH 00002 -.00001 -.00016
hesr -.00003 -.00015 00017
SWSF ~.00032 .00377 -.00741
6CSSU -.00000 -.00000 00001
70TH -.00636 -.00100 -.00092
Variance 24490.69218 4263.35165 2695. 44467
Percentage of 72.52 12.62 7.99

Total Variance
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Table 26. 1970 Dickinson Site--Principal Component Analysis 2--
63 aboveground species--Standing dead included.
a. Mean biomass values, ~
. Standard

Variable Mean Deviation

1STDEAD 168.256939 168.015290

2STCO 68.033265 57.714049

3ARLO .049388 .541309

LAGSM 18. 446327 32.597283

5TROU 2.675918 5.748550

6CAEL 9.935714 -10.961689

7JFORB E .103061 .709588
8BOGR 36. 436735 45.113591

9ARLU 19.543673 L5 198311
10CAMO 12.085918 22.999513
11SEDE 17.868571 28.902587
12KOCR 7.111429 13.447775
13FORB L .034082 .301282
TLALTE .069592 .390699
15C0L| .292653 1.997797
16LAFO 1.969796 11.765290
17EAFO 6 .103061 .4oks597
18EAFO 1.151837 9.451188
190ENU .041020 .305073
20V INU .130612 .739498
21CALO 5.430000 30.416392
22ASER 3.591429 16.208897
23P0SE .187755 1.336004
24CAF 1 .260000 3.376547
25CAPE 007347 .102857
26AGTR .836735 5.715330
27CIUN .057347 .663777
28spPC0O 1.038163 2.676427
29GACO .127551 .659734
30LAPU .012449 .174286
31LASE .184490 .977920
32AS851 .471837 6.605714
33L0AM .050000 .205858
34LIPU 1.833673 5.640366
35AF06 .239592 2.473371
36EAFOL .019592 .27h286
37FEID .045306 447815
38PASR .197959 1.361753
39CHLE .027143 .197891
hoLysu Lh74694 2.703356
L1ECAN .080000 .904961
LaMAV .022245 .311429
L3ROAR .438367 3.196256
LLYEAFD &4 1.000204 2.303540
LSLAFO 6 2.595306 5.665148
LEARFR .610000 3.543595
47ciPU .031837 b45714
LBsSOMO .143878 1.240325
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Table 26. Continued.

a.

(Continued)

Variable Mean Sta?dafd
Deviation

490X LA 471224 4.,119598
50CHVI .179388 1.744037
S1RACO .083061 1.162857
52ARCA 417755 5.609728
S53EAFQ 1 .003265 .0h5714
SLEAAN L4 020204 .200000
55P0CO .002653 .026892
S6ERCA .000204 .002857
57TAQF .000612 .008571
58LOFO 6 097959 1.371429
59PHHO .009388 L131429
60APSP .235918 2.479252
61S0M| .033469 468571
62PEPU .031224 437143
63CHAL .009184 .128571

b. Component coefficients.
Component Coefficients
Variable
1 2 3

1STDEAD .00573 .00237 .00146
258TCO .00066 .01483 -.00880
3ARLO .00000 .00002 -.00001
LAGSM .00033 .00208 .00090
STRDU 00007 .00010 -.00017
6CAEL -.00000 .00012 .00068
JFORB E -.00000 .00003 -.00002
8BOGR -.00038 . 00403 .01839
9ARLU .00044 .00611 .00960
10CAMQ -.00034 .00200 00100
11SEDE ~. 00051 .00193 -. 00041
12KOCR -.00018 .00080 .00021
13FQRB L -.00000 .00001 -. 00001
14ALTE .00000 .00002 .00000
15¢0L1 L0000 .00001 -.00009
16LAFO -.00005 .00022 -.00024
17EAFQ 6 -.00000 .00002 -.00002
18EAFO -.00003 .00007 -.00010
190ENU .00000 .00000 -.00001
20V INU .00001 .00002 .00000
21CALO .00019 . 00065 .00087
22ASER .00001 .00025 -.00046
23P0SE -. 00001 .00000 -.00002
24CAFI -.00000 .00001 -.00001



Table 26. Continued.
b. (Continued)
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Component Coefficients

Variable
1 2 3
25CAPE -.00000 .00000 -.00000
26AGTR 00001 -.00021 00004
27CIUN 00000 .00001 -.00000
28sPcCo -.00001 -.00002 00007
29GACO 00000 .00000 -.00003
30LAPU 00000 .00000 -.00000
31LASE 00000 -.00004 -.00003
32ASST 00000 .00008 -.00009
33L0AM 00000 -.00001 -.00000
34LIPY -.00002 .00002 -.00004
35EAF06 -.00001 .00005 -.00001
36EAFOL -, 00000 .00000 -.00000
37FEID -.00000 -.00000 00000
38PASR -.00000 -.00003 -.00004
39CHLE .00000 -.00001 -.00001
hoLyJu -.00000 -.00005 Q0005
L1ECAN 00000 .00001 -.00000
hamMavt 00000 -.00000 ~.00001
43ROAR .00001 -.00009 -.00002
LEEAFO 4 -.00003 .00006 00015
L5LAFO 6 -.00007 .00008 00013
46ARFR -.00002 -.00002 00025
47ctipu 00000 .00000 00002
48soMO -.00000 .00000 00000
LgoxLA -.00001 .00005 -.00009
SO0CHV | -.00000 -.00002 ~.00004
51RACO 00000 -.00000 -.00002
52ARCA -.00001 .00006 00007
S3EAFO 1 -.00000 .00000 00000
SLEAAN 4 -.00000 .00000 00001
B5P0OCO 00000 -.00000 -.00000
S6ERCA 00000 -.00000 -.00000
57TAOF 00000 -.00000 -.00000
58LOFO 6 -.00000 ~-.00001 -.00003
59PHHO .00000 0.00000 0.00000
60APSP -.00001 .00001 -.00003
61S0MI 00000 .00000 00000
62PEPU -.00000 .00000 00001
63CHAL 00000 -.00000 -.00001
Variance 29291.87194 3418.77841 1946.41956
Fercentage of 73.01 8.53 4 .85

Total Variance
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Table 27. 1970 Dickinson Site--Principal Component Analysis 3--
62 aboveground species--Standing dead exciuded.
a. Mean biomass values.
. Standard

Variable Mean Deviation

1STCO 68.033265 57.714049
2ARLO .049388 .541309

3AGSM 18.446327 32.597283
4TROU 2.675918 5.748550

SCAEL 9.935714 10.961689
6FORB E .103061 .709588

7BOGR 36.436735 45.1135%
8ARLU 19.543673 45.498311

9CAMO 12.085918 22.999513
10SEDE 17.86857 28.902587
11KOCR 7.111429 13.447775
12FORB L .034082 .301282
13ALTE .069592 .390699
T4coLd .292653 1.997797
15LAFO 1.969796 11.765290
16EAFO 6 .103061 494597
17EAFO 1.151837 9.451188
180ENU .041020 .305073
19VINU .130612 .739498
20CALO 5.430000 30.416392
21ASER 3.591429 16.208897
22P0SE .187755 -1.336004
23CAF I .260000 3.376547
24CAPE .007347 .102857
25AGTR .836735 5.715330
26CI1UN .057347 663777
27SPCO 1.038163 2.676427
28GACO .137551 .659734
29LAPU .012449 .174286
JOLASE .184490 .977920
31ASST 471837 6.605714
32L0AM .050000 .205858
33L1IPY 1.833673 5.640366
3LEAFO6 .239592 2.47331
35EAFOL .019592 .27h286
36FEID 045306 447815
37PASR .197959 1.361753
38CHLE .027143 .197891
39LYJU 74694 2,703356
LOECAN .080000 .904961
L1MAV .022245 .311429
42R0AR 438367 3.196256
L3EAFO 4 1.000204 2.303540
LULAFO 6 2.595306 5.665148
LSARFR .610000 3.543595
h6CiPU .031837 A45714
L7s0MO .143878 1.240325
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Table 27. Continued.
a. (Continued)}
Variable Mean g::?:i::n
480XLA A71224 4.,119598
L9CHV I 179388 1.744037
SORACO .083061 1.162857
51ARCA 417755 5.609728
G2EAFO 1 .003265 045714
S3EAAN 4 .020204 .200000
S54POCO .002653 .026892
G5ERCA .000204 .002857
S6TAQF .000612 .008571
57LOF0 6 .097959 1.371429
S8PHHO .009388 131429
59APSP .235918 2.479252
6050M | .033469 468571
61PEPU .031224 437143
62CHAL .009184 ,128571
b. Component coefficients.
Component Coefficients
Variable
1 2 3
18TCO .01338 .00216 .00902
2ARLO -.00001 .00002 .00001
3AGSM .00269 .0009% .00k
4LTROU .00033 .00034 .00014
5CAEL -.00012 .00056 . 00006
6FORB E -.00003 00003 .00002
7BOGR .00050 .02119 .00454
8ARLU .00618 .00433 .02031
9CAMO -.00277 .00143 .00059
10SEDE -.00333 .00140 00111
11KOCR -.00126 . 00066 00025
12FORB L -.0000 .00001 00001
13ALTE -.00001 .00002 .00002
14c0L | .00001 .00009 .00007
1ELAFO -.00037 . 00004 .00026
16EAF0 6 -.00002 .00003 .00000
17EAFQ -.00017 .00012 .00028
180ENU .00001 .00001 .00001
19VINU .00000 .00004 . 00005
20CALD .00127 .00101 .00508
21ASER -.00009 .00081 .00093
22POSE -. 00001 .00000 .00003
23CAF| .00002 .00005 .00016



Table 27. Continued.
b. (Continued)
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Component Coefficients

Variable
1 2 3
24CAPE -.00000 -.00000 00000
25AGTR 00022 00007 -.00050
26CIUN .00000 00002 -.00002
27sPCo -.00002 -.00015 00018
28GACO 00001 00003 00003
29LAPY -.00000 00000 00000
30LASE 00004 00004 -.00005
31ASST -. 00004 00013 00007
32L0AM .00001 00001 00000
33LIPY -.00010 -.00014 00051
34EAFO6 -.00006 00001 -.00002
35EAFOL -.00001 -.00000 ~-.00000
36FEID -.00000 -. 0000 00001
37PASR 00002 00002 00002
38CHLE 00001 .00001 00002
39LYJU 00002 -.00011 00017
LOECAN 00000 00002 00001
L1MAVI 00000 00001 00001
42R0OAR .00010 00007 -.00022
L43EAFO &4 -.00015 -.00024 00012
L AFO 6 -.00031 -.00040 00040
LSARFR -.00005 -.00033 00017
Lhecipy 00000 -. 00001 -.00002
4750M0 -.00001 -. 00001 00001
LBOXLA -.00006 00004 00008
L9CHV I 00000 00001 00003
SORACO 00001 00003 -.00001
S1ARCA -.00009 -.00007 -.00002
52EAFO 1 -.00000 -.00000 00000
53EAAN 4 -.00000 -.00001 00000
54POCO 00000 00000 00000
G5ERCA 00000 00000 00000
S6TAOF 00000 00000 00000
57LOFC 6 00000 00001 00003
S8PHHO 0.00000 0.00000 0.00000
B9APSP -.00003 00000 00002
60SOMI .00001 00000 00002
61PEPU -.00001 -.00001 00000
62CHAL 00000 00000 00000
Variance bLoys 86417 2082.80052 1775.58079
Percentage of 34.03 17.52 14.93

Total Variance
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