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SOIL DEPTH--VEGETATION RELATIONSHIPS ON NIOBRARA
SHALE IN COLORADO FOOTHILLS

Sultan Magsood Khan*

Abstract. The study was conducted on the Niobrara Shale hog-back in
the Colorado Foothills near Fort Collins, to determine the effect of soil depth on
composition, total cover, shrub cover and herbaceous cover of the vegetation.
The analysis of variance showed significant difference between the stands and
t test gave significant difference between the shrubby and non shrubby stands.
The herbaceous cover and total vegetation cover were found positively correlated
and shrub cover negatively correlated with the soil depth. The shrubs and her-
baceous vegetation occupied thin and deep soils respectively.

Introduction. It is generally believed that if all habitat characteristics are
constant, the kind and density of vegetation varies with the deptn of soil. To
verify this general idea, the present study was undertaken witn the specific
objectives to fina out:

1. Variation in composition and cover of stands on different soil
depths;

2. Variation in total vegetation cover of tne shrubby and non shrubby
stands;

3. Relationship between soil depth and total aerial cover, shrub cover
and herbaceous cover.

This study was also aimed at proving or disproving the contention, that
deptih of soil by erosion, caused as a result of faulty management practices results
in changing the good grass ranges to shrubby vegetation on the Colorado foot-
hills hog-backs.

Study Area. The study area is located about 6 kilometres northwest of
Colorado State University’s main campus in the relict true prairie-mountain
shrub and grassland communities on Niobrara Shale nog-back running south to
north from Engineering Research Centre lake to an abrupt ending just north of
the Beef Cattle research area of Colorado State University. It is situated at about
40%° N Latitude, 105°W Longitude and an elevation of about 1600 metres.

Located in the semi-arid climatic type described by Thornthwaite (1948),
the area was cool and temperate. The 88 year (1887-1975) averages of tempera-

*The author is Range Management Officer in Pakistan Forest Institute, Peshawar.
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tures and precipitation of Fort Collins Weather Station, situated about 6 kilo-
metres east of the study area, are given in Table 1 (Wirshoorn, 1977).

Table 1

Average of temperatures and precipitation of Fort Collins Weather Station

(1887-1975)
Maximum  Minimum Rainfall Snowfall

Month temp. (C) temp. (C) (mm) (cm)
January 4.7 --11.0 9 13.5
February 6.2 L 13 17.8
March 9.9 — 5.3 . 26 24.6
April 15.6 0.1 50 16.3
May 20.3 5.2 71 2.6
June 25.9 9.7 44 0

July 28.9 12.7 39 0

August 28.6 11.8 36 0.8
September 24.1 6.7 33 0.8
October 17.9 0.8 29 7.1
November 10.6 — 5.5 13 14.0
December 5.8 -- 94 12 14.5
Total for year 375 1119

The parent material is Niobrara Shale. The soil is alpha soil closely re-
sembling grey brown podzol. The soil mantle is generally thin. Soluble materials
are leached only to limited deptns and lime accumulates at depths 13-38 cm
below surface. Base saturation is high and increases with deptn. Clay is accumu-
lated in B horizon (Twilliger, 1977).

The general vegetation of foothill region is described in detail by Vestal
(1917). The main species occurring in the study area are listed below:

Shrubs: Artemisia glauca, Cactus spp., Cercocarpus montanus, Chryso-
thamnus spp., Yucca spp.

Grasses: Agropyron smithii, Andropogon gerardii, Andropogon scoparius,
Aristida longiseta, Bouteloua curtipendula, Bouteloua gracilis, Bromus tectorum,
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Stipa comata, Stipa robusta, Stipa viridula.
Herbs: Salsola hali, Senesio spartioides.

The area has been protected from grazing animals for a long time. A
large population of rabbits along with rodents and insects etc., are making the
only use of this vegetation.

Methiods: During October 1977, twelve vegetation stands on this appro-
ximately .3 Km long hog-back were delineated for analysis. These stands were
selected on the basis of their apparent nomogeneity as indicatea by the physi-
ognomy, kinds and distribution of prominent shrub or nerbaceous species and the
uniformity of the site.

To secure data 30 one-meter? open rod quadrats were systematically ais-
tributed within each stand along parallel lines, several metres apart, extended
along the contour of the slope. The quadrats were placed at definite intervals
depending upon the area of the stand. In eacn quadrat the percentages of the
vegetation cover, shrubs cover, herbaceous cover and bare soil were recorded
separately. The soil depth for each stand was measured with the help of a hand
soil auger at the mid-point of each line and the average worked out for the stand.
The boring stopped automatically when the shale was hit.

The analysis of variance for the total vegetation cover of 12 stands was
carried out to determine whether it differed significantly between stands. The t
test was used to find out whether there was significant difference between the
total vegetation cover of the non-shrubby stands and that of the shrubby stands.
Least significant difference for the total vegetation cover of these 12 stands was
worked out for the comparison of stand means. Indices of similarity between
stands were computed using the formula:

2w
Index of similarity =X 100
A+B

where A is the sum of shrub cover and herbaceous cover for one stand, B is the
sum of corresponding values for another stand and w is the sum of the lower
values for the cover that the two areas have in common. This procedure was
modified from the method used by Bray and Curtis (1957) wherein they used
the vegetation characteristics for all species (instead of life forms as has been used
in this study) in the stands.

The regression was used to find out the relationships between soil depth
and total vegetation cover, between soil depth and shrub cover, and between
soil depth and herbaceous cover and the best fit curves for each of these rela-
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tionships were plotted.

Results: Out of 12 sampled stands, five were without any shrub species
and seven had mixed shrubby and non-shrubby vegetation. From the recorded
data, average total cover, snrub cover, herbaceous cover and corresponding
frequency values were worked out. These are shown in Table 2. The siirubby
and non-shrubby stands were separated in Table 3 and Table 4 respectively.

Table 2

Cover and frequency percentages of different stands

(C=cover % F = Frequency %)

Total Shrub Herbaceous
Stand No. e e e e e s
C F C F C F

S, 66.6 100 18.2 70 48.4 100
S, 89.8 100 — s 89.8 100
S; 83.4 100 = = 83.4 100
S, 329 100 20.6 90 12.3 80
Ss 73.1 100 . 9.3 53 63.8 100
Se 60.2 100 50.2 100  10.0 97
S, 83.6 100 = = 83.5 100
Sg 21.6 100 13.4 83 8.2 100
So 64.2 100 = - 64.2 100
Sio 26.5 100 225 90 4.1 87
S 40.1 100 209 80 19.2 100
S:2 83.4 100 = = 83.4 100
Average

Cover % 60.4 129 47.5
Average

Frequency % 100 41.9 98.5
Average

Constancy % 100 58.3 100
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Table 3
Cover and frequency percentage of stands having shrubby vegetation

(C=Cover % F = Frequency %)

Total Shrub Herbaceous

Stand No. s < e

C ] c F C F
S, 66.6 100 18.2 70 48.4 100
S, 32.9 100 20.6 90 12.3 80
Ss 73.1 100 9.3 53 63.8 100
S¢ 60.2 100 50.2 100 10.0 97
Sg 21.6 100 134 83 8.2 100
Sio 26.5 100 22.5 90 4.1 87
S 40.1 100 20.9 80 19.2 100
Average 459 100 222 80.9 23.7 949

Table 4

Cover and frequency percentage of stands having no shrubby vegetation

(C=Cover % F = Frequency %)

Total Herbaceous
Stand No.
C F C F
S, - 89.8 100 89.8 100
S; 83.4 100 83.4 100
S, 83.5 100 83.5 100
S, 64.2 100 64.2 100
Sia 834 100 834 100
Average 80.9 100 80.9 100
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The analysis of variance for the total vegetation cover of 12 stands, each
having 30 observations is shown as under:

ANOVA TABLE
;J—urce of:'ariation a5 N Degree; l(;t—'—‘-é—l.vlm of : Mean T F
freedom squares square
Betweengrowps 11 194867 17715  95.11%
Within groups 348 64785 186.2
Total 80 Obgesz’®' 0+

The F value of 95.1 shows tinat the stands are highly significantly dif-
ferent as regards the total vegetation cover.

The t value of 23.99 showed that average total vegetation cover of non-
shrubby stands was highly significantly different from that of the shrubby stands.

The results of least Significant Difference test are shown below:
S S S& Su S¢ S S, S S8 S, 8, 8,

All non-shrubby stands except S, were not significantly different from
each other. The shrubby stand Sg was different from all others except S,4, S;o
was different from all others except Sg and S,, while S,, was different from all
other shrubby stands. S; was not different from S, and S; but S, and S; were
different from each other.

The indices of similarity are shown in Table 5. The similarity index
ranged from 7.1 per cent between S, and S, to 100% between S; and S,, with
an average of 50.8 per cent for all 66 pairs. The rows for each stand were aaded
up. The stands were then ordinated by starting with the least similar stand which
was Sg. The stand most similar to Sg, i.e., S;, was placed next to it. Similarly
other stands were placed next to these in the order of their similarity to S¢. Tne
cover and frequency data were then recorded against all these stands and are
given in Table 6.

* Highly significant
L. Stands joined by the same line are not significantly dillerent at .05 level.
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Table 6

Matrix after ordination

Soil Total Shrub Herbaceous
Stand No. depth

(cm) ¢ F C F ¢ F
Se 20 602 100 502 100 100 97
S4 24 329 100 206 90 123 80
Si 23 265 100 225 90 . 41 . 87
B 22 401 100 209 80 192 100
Sg et 216 100 134 83 82 100
S, 36 66.6 100 182 70 484 100
Ss 51 731 100 9.3 53 638 100
Se : 41 642 100 - — 642 100
S3 46 834 100 - — 834 100
8.4 44 83.4 100 — — 834 100
S, 53 835 100 —  — 835 100
S, 53 89.8 100 - — 898 100

The soil depth of the 12 stands ranged from 20 cm to 53 cm, the total
. vegetation cover from 21.6 to 89.8, the shrub cover from 9.3 to 50.2 and her-
baceous cover from 4.1 to 89.8.

There is general increase of soil depth, total vegetation cover and her-
baceous cover and the general decrease of shrub cover from S¢ to S, .

The co-efficients of correlation were calculated between soil depth and
cover percentages and are shown in Table 7. There is positive relationship between
soil depth and herbaceous cover while there is negative relationship between soil
depth and shrub cover. The relationship between soil depth and total vegetation
cover was then shown by curve in Fig. 1, between soil depth and shrub cover in
Fig. 2 and soil depth and herbaceous cover in Fig. 3. These curves were plotted
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according to the calculated equations of linear regression for each of these rela-
tionships shown on the respective figures. While Figs. 1 and 3 show a trend of
total vegetation cover and herbaceous cover increasing with the increase-in the
soil depth Fig. 2 shows a trend of shrub cover decreasing with increase in the soil
depth.

Table 7

Correlation between soil depth and cover percentage

Correlation between Correlation coefficient
Soil depth and total cover 7156
Soil depth and shrub cover —..68%7
Soﬂ depth and herbaceous cover 893

Discussion. All stands having soil depth less than 36 cm have total vegeta-
tion cover equal to or less than 60 per cent while all stands having soil depth
greater than 37 cm have total vegetation cover greater than 60 per cent. All
stands with soil depth less than 41 c¢cm have shrub vegetation while all stands
except S; with soil depth equal to or greater than 41 cm have no shrub vegeta-
tion. All stands having soil depth less than 40 cm except S; have herbaceous
cover less than 50 per cent and all stands having soil depth greater than 40 cm
have herbaceous cover greater than 50 per cent.

F for the analysis of variance for total vegetation cover of 12 stands is
highly significant at the 0.01 level. The stands, therefore, significantly differ from
one another in terms of total vegetation cover.

Calculated value of t in comparison of the group means is highly signi-
ficant. The total vegetation cover of the non-shrubby vegetation, therefore,
is highly significantly greater than that of the shrubby vegetation. All stands
without shrubby vegetation are significantly different from all stands having
shrubby vegetation except S; which is not significantly different from only two
stands S; and S; having shrubby vegetation. This stand is also significantly
different from all other stands having shrubby vegetation.

The herbaceous cover is strongly positively correlated with the soil depth
and has +.893 as the coefficient of correlation. Therefore, with the increase in
the soil depth, the herbaceous cover also increases and with the decrease of soil
depth it decreases. The shrub cover is negatively correlated with the soil depth
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with a coefficient of correlation of —.687. The shrub cover, therefore, decreases
with the increase of soil depth and increases with decrease in the soil depth. The
total vegetation cover is also positively correlated with the soil depth with the
coefficient of correlation of +.756. This correlation is not as strong as that bet-
ween herbaceous cover and soil depth because the shrub cover is also included in
the total vegetation cover which is negatively correlated and therefore reduces the
correlation coefficient. The total vegetation cover, however, also increases with
the increase in soil depth and decreases with decrease in it. The results of statisti-
cally calculated correlations are also confirmed by the curves between soil depth
and total vegetation cover, shrub cover and here baceous cover.

From the conclusions of this study, the general idea that the kind and
density of vegetation varies with the depth of soil is confirmed. On shallow soils
the vegetation consists predominantly of shrubby species and the total density of
vegetation is low. With the increasing depth of the soil the shrubby species dec-
rease and are ultimately completely replaced by herbaceous vegetation. The
density of total vegetation also increases.

Tt also follows that, if due to faulty land management practices in good
herbaceous ranges on the Colorado foothills, the soil erosion erodes away the
soil and makes it shallow, these ranges will be invaded by shrubby species. This
will decrease the carrying capacity and palatability of these rangelands and will
also necessitate a change in the kind of suitable livestock from grazers to
browsers.

The conclusions of this study have been borne out by the following
comments/results:

Thin soils in the Colorado foothill region are occupied by shrublands and
deep soils by grasslands (Dix, ). Retzer (1953) pointed out that thickness of
~ soil over the bedrock is one of the important features of soils in the foothills.
Gemborys (1974) found depth of litter and depth of “A” horizon to be corre-
lated with the structure of vegetation in the hardwood forests of Prince Edward
Country, Virginia. High level association was found, by Mueggler and Harris
(1969), between different levels of soil depths and various plant species in the
mountain grasslands of central Idaho. In the glade region of the Missouri Ozarks,
the soil depth was found greater in forest sites than in the glades (Kucera and
Martin, 1957).

However, West and Kamal (1968) found in the shadscale zone of south-
western Utah that the association between depth of profile average (soil) and four
plant communities was non-significant. Dyrness and Youngberg (1966), on the
other hand, ascribed the shallower depths of soil within the ponderosa pine type
in the central Oregon purhice region to lower density of vegetation.
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