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GRASSLAND COMMUNITIES IN THE WICHITA

MOUNTAINS WILDLIFE REFUGE
INTRODUCTION

Many studies describing the vegetation of the Wichita Mountains have
been reported (Eskew 1938, Blair and Hubbell 1938, Bruner 1931, Diehl 1953,
Larrance 1930, Koford 1958, Duck and Fletcher 1945). Such studies were pri-
marily qualitative and not quantitative, however, and made only cursory men-
tion of geology and soil types.

Many quantitative descriptions of herbaceous vegetation in differ-
ent parts of the world have been recently published (Box 1961, Billings and
Mark 1961, Houston 1961, Hurd 1961), but no reports of a quantitative nature
correlating herbaceous vegetation with geological formations and soll types
have been found by the author.

In this study, the grassland vegetation of the Wichita Mountains
Wildlife Refuge was analyzed, qualitatively and quantitatively, in an attempt
to correlate plant communities with the various soll types and geological out-
crops. Only relatively undisturbed sites, (i. e., those which might be con-
sidered climax), were sampled. The primary goal was to determine whether

geologic and soil types could be delineated on the basis of climax vegetation.



DESCRIPTION OF AREA

The Wichita Mountains Wildlife Refuge is a 59,099 acre area located
in Comanche County in Southwestern Oklahoma. It was set aside from the
Apache--Kiowa--Comanche Indian Reservation on July 4, 1901, and placed under
the Forest Service branch of the U. S. Department of the Interior. On Jan-
vary 24, 1905, it became a National Game Preserve. In 1935, it was placed
under the auspices of the current management, the Fish and Wildlife Service
branch of the U. S. Department of the Interior (Dana 1956).

The area has been protected from fire since its inception and there
has been no grazing by domestic livestock since 1937. Among the more impor-
tant fauna still maintained within the refuge are approximately 300 longhorn
cattle, 800 bison, 500 elk, 3,000 deer, and 400 wild turkeys (Halloran 1961).
Approximately two-thirds of the area 1s restricted from public use and is
thus well protected.

The topography is that of relatively small talus-sloped mountains
separated by rolling plains. The relief increases from northwest to south-
east. The dralnage is generally to the southeast and is controlled by
joints (Hoffmen 1930). The joints are the places of fastest rock disintegra-
tion. On many of the mountains, virtually the only soll accumulation is
along joints and in the velleys. The highest point is Mt. Pinchot, 2,479
feet; the lowest is at the base of Mt. Scott, 1,140 feet. Most of the peaks

are rounded, indicating a mature topography. There are few canyons.
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Within the refuge boundary, the geclogy is that of igneous rocks with
some sedimentary accumulations in the lowlande. The igneous rocks are pre-
Cambrian, but younger than the quartzite which they have intruded. The sedi-
mentary section is mostly Paleozoic with small patches of Pleistocene and
Recent material on the surface (Hoffman 1930). |

Several studies of the geology have been made, and there are some
disagreements (Hoffman 1930, Chase 195k, Chase, et. al. 1956, Schoonover
1948, Ham, et. al. 1957). Chase categorized the geologic formations in this
area as Gebbro, Lugert, Quansh, Carlton, Post Osk, and Alluvium. Herbace-
ous vegetation is found on all.

The Gabbroic rocks (Fig. 7) are mostly overlain by soil, but do out-
crop in certain areas. Approximately 3% of the area is under the influence
of Gabbro. Gabbroic rock varies from dark gray to black in color and the
soll formed from it 1s black and very rich, supporting excellent tall grass
prairies.

The Lugert Granite (Figs. 2, 3, 4) is found mostly on the mountains
and talus slopes of the north half of the refuge. It is different from the
originally described Lugert which occurs east of the refuge. According to
Merritt (1962), the name will be changed to Mt. Scott Granite in the near
future. It is pinkish in color and medium grained, forming reasonably good
soils supporting both grasslands and forests. Approximately 58% of the
refuge is under the influence of Lugert Granite.

The Carltor Granite occurs only in the southeastern part of the
refuge and is characterized by rounded eroded hills. Jnly about 2% of the
refuge is Carlton. This was disturbed and therefore not sampled.

The southwestern 14% of the refuge is Quanah Granite (Fig. 1) which

is course grained and shows heavy exfoliation. Little soil is formed from
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this granite and the vegetation 1s generally poor.

The Post Oak Conglomerate (Fig. 5) is characterized by cobblestones
up to 12 inches in dlameter. It is more recently derived than the other
granites. Post Oak is found on smwall hills scattered throughout the refuge.
The cobblestones occupy an average of about 16% of the surface area.

The Alluvium found in lowlands (Figs. ¢, 8, 9, 10), is a mixture of
various granites eroded from higher areas. It usually gives rise to im-
mature soils although some are sufficiently old to have deveioped some pro-
file character. Several soll types are found in the Alluvium.

A recently completed survey of soil types by the Soil Conservation
Service (1961) delineated eleven soil types within the refuge. They were
designated as 27, 27s, 7c, 3lr, 6-C, 1gB, 1gC, 1B, 16B, 4, and 9. They are
described briefly below.

Barren granite peaks or escarpments that have formed little or no
s0il and consequently support little or no vegetation were designated as
Type 27 (Fig. 1).

Type 27s designates soil formed on the granite outcrops and has
pockets of skeletal soil in the joints (Fig. 2, 3, 4). All 27s soils
sampled for this study were derived from the Lugert since no mature grass-
lands were found on the other 27s granites. Both grasslands and forests
are found on this soil, the best growth of vegetation being found in the
Joints.

Type Tc is a cobﬁly colluvial soil and is found only on the Post Oak
geological outcrop. It 1s moderately deep, supporting fair to good grass-
lands. The A horizon is a brown loam with moderate medium granular struc

ture, friable and non-calcareous, and a pH of T.O.
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Type 31r is an alluvial soil characteristic of drainage ways. The
soll is typically shallow and immature in profile. Few grasslands are
found on this soil type.

Iawton loam with a deep A horizon is designated as type 6-C. The
texture varies from very fine sandy loam to silt loam. Trees are generally
found on this soil type although a few small areas support grasslands.

Type 1lg soils (Fig. 7, 8) are derived from Gabbro, Alluvium, or
Post Oak and in general havé an excellent A horizon; however, a clay pan
occurs from 22 to 30 inches. Despite this, excellent grasslands are found
on this soil type. Type 1gB and 1gC are differentiated by the slope, 1-3%
in the former and 3-5% in the latter. The A horizon has a pH of about T7.0.

Type 1B (Fig. 9) varies from silty loam to silty clay and has good
surface dralnage but poor internal drainage. It is found only in the ex-
treme northwestern part of the refuge on what is referred to as Alluvium.
The profile is mature however. The pH of the A horizon varies from 7.5 to
8.0.

The 16B type (Fig. 10) is a foard-solenetz complex with little or
no A horizon and a very shallow clay pan. It is formed on both Post Oak
and Alluvium and supports only shallow-rooted species. It is character-
ized by poor drainage both on the surface and internally. The A horizon
has a pH of 6.0 contrasted with 8.0 for the B horizon.

Types 9 and 4 both occupy only small areas that have been disturbed
and were not sampled.

The 55-year average annual precipitation (1906 through 1960) is
30.38 inches (Table I). Of this, an average of 19.87 inches falls during
the six months period from April through September. The highest yearly

rainfall was 57.52 inches in 1908 and the lowest 15.07 inches in 1910, a
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Table I. Mean rainfall and tewperature data

55 Yr. Avg. .

Mean Rainfall Mean Temp.

Month in Inches

January 0.96 39.6
February 1.18 - 43.6
March 1.70 51.0
April 3.19 61.1
May k.49 68.1
June 3.60 T7.5
July 2.56 82.1
August 2.91 82.1
September 3.11 Th.2
October 3.30 63.1
November 1.88 k9.1
December 1.50 41.3

Avg. Total 30.38 61.1° F.

Data on this page taken from the summary by the U. S. Weather
Bureau of the Wichita Refuge Cooperative Station (1961) and the U. S. D. A.

Yearbook (194l).
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42.45 inch spread. In the last ten years (1951 through 1960); the average
is 28.31, with & high of 39.90 inches in 1957 &nd a low of 18.01 in 1954, a
spread of 21.89 inches.

The average mean annual temperature is 61.1° F. with a high of 82.1
in July and August and a low of 39.6o F. in January.

The prevailing winds are from the south in the spring, summer and
fall and from the northwest in the winter.

The vegetation 1s also quite variable. Short-grass, mixed-grass,
and tall-grass prairies abound. Forests, varying from scrub oak woodlands
to mature blackjack-post oak forests, can be found. Grasslands prevail

over most of the area. ‘égong the most abundant species are Andropogon

scoparius,¥* Andropogon gerardi, Sorghastrum nutans, Bouteloua hirsuta, and

Bouteloua gracilis. Forbs are also quite abundant and are useful as indi-

cators. Among the most common are Ambrosia psllostachya, Gaillardia pul-

chella, Coreopsis tinctoris, Thelesperma filifolium, and Helenium awarum.

Generally, the north facing slopes of 27s support a more mesic
vegetation than the south facing slopes (Figs. 2 and 4). The alluvial
solls also have mesic vegetation except for the 16B which supports only
shallow rooted species and many forbs. The Tc areas are typical of many
mixed grass prairies except for the cobblestones. A detailed description

is presented in the discussion.

*The botanical nomenclature throughout will follow that of

Waterfall, 1960, except that varietal names are not included.



Figure 1. Barren rock on Quanah
Granite.

Figure 2. North facing slope of

278 soil showing the banding effect
caused by Jjointing.



Figure 3. Flat 27s soil near the
top of Moko Mountain,

Figure 4. South facing 27s in
fore ground showing clumps of little
bluestem. Alternating bands of tall
and short grasses can be seen in the
distance.



10

Figure 5. Mature grassland dom-
inated by little bluestem and hairy
grame. on type Tc soll on Post Oak Con-
glomerate. Cobblestones which charac-
terize these slites can be seen in the
foreground.

Figure 6. Type 31r soil on Alluv-
ium showing robust tall grasses. Trees
growing in soll formed in Joints on 27s
Lugert in background.
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Fig. 7. Type lg soil on Gabbro.
The dark Gebbroic rock can be seen at
the right.

Figure 8. Type 1lg soil on Alluv-
ium. The eroded 27s Iugert can be seen
in the background.
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Figure 9. Type 1B Alluvium in
northwestern part of the refuge. This
area may be a successional stage rather
than an edaphic climax,

Flgure 10, Type 16B soll near
Cache Wye. Alkali spots can be seen
on this shallow soil type. It is domi-
nated by short grasses, annual plants,
and shallow rooted mesic species.



METHODS

Several week-ends were spent selecting areas to represent all
geological outcrops, soll types, and slope exposures on which grasslands
occur. Aerial photographs, soil maps, geological maps, and actual recon-
naissance were employed in the selection. Only sites which were rela-
tively free from disturbance were selected.

Two tools were utilized in the sampling of the grasslands. The
point contact method as described by Henson (1934) and Tinney, et. al.
(1937) was utilized to measure the basal area and per cent composition.
This tool was selected because of its mathematical and statistical relia-
bility (Clark and Evans 1954, Whitman anda Siggeirsson 1954, and Kemp and
Kewp 1956). Fifteen hundred points were utilized in each area. These
were taken at five-step intervals with the frame being placed down paral-
lel with the body and with the left corner of the frame at the right toe.
A speclies was recorded only when contact was made with a culm at ground
level. Basal area was determined by dividing the number of contacts for
each species by 1,500, the number of points. Per cent composition was
determined by dividing the number of contacts for each species by the
total number of contacts. Student's "t" test was used to determine the
level of significance of the difference of means (Snedecor 1956).

The 0.1 square meter quadrat was utilized in determining the fre-

quency of forbs. One hundred quadrats were sampled in each area. Each

13
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specles of forb present in each quadrat was recorded. From these data,
frequency and relative frequency could be determined. Relative frequency
was determined by dividing the number of occurrences of each species by
the total nuwmber of occurrences.

Fifty sites, representing the six edaphic types, showed some ap-
parent differences due to degree of slope and slope exposure. Because of
these differences, the number of types was increased. Type 27s was ex-
panded into three types: south facing, north facing, and flat. These will
be designated as 27s-SF, 27s-NF, and 27s-F, respectively. The lg type was
separated as previously mentioned into 1gB (1-3° slope) and 1gC (3-5°
slope).

The tabulated data are based on specles which are dominants in at
least some study areas and which have a high degree of frequency in the
majority of sites. The sum totals for less important species are put
under a miscellaneous category. The forbs (non-grassy herbs) were lumped

since no single species had an appreciable basal area.



RESULTS AND DISCUSSION

Edaphic Effects on Vegetation

Type 1gC. Of the prominent grasslands in the Wichitas, the vege-
tation on type 1gC is probably most nearly like that of the tall grass

prairie. Of the 36 species sampled, Andropogon gerardi (big bluestem) and

Andropogon scoparius (little bluestem) are the dominants comprising Th.5%

of the composition (Table III). No other species are of much importance
on this soil type. The dominant forbs, of the 62 species which occurred,

are Ambrosia psilostachya (western ragweed), Aster ericoides (heath aster),

Croton spp. (croton), and Psoralea tenuiflora (wild alfalfa) (Teble IV).

These four species have & combined relative frequency of T0%. The soil
with its relatively shallow clay pan (22-30 in.) is undoubtedly rich in
available minerals as evidenced by the excellent vegetation which it sup-
'ports. The dark soll color is reflected in the dark color of the vegeta-
tion.

The total basal area of 18.3% (Table II) is relatively high for a
tall grass area and is probably influenced by occasional mowing. Hay is
sometimes cut on these sites because they are relatively level and have
few rock outcrops. This helps to remove mulch that might otherwise col-
lect and retard the development of seedlings and also restrict the spresad
of clones.

Type 3lr. This lowland or drainageway area supports an abundance

15



Teble II. Average per cent basal area for the important species on each soil type

Soil
Type Age Snu Pvi Sas Asc Bcu Bgr Bhi Bda Aol Forbs Misc. Total
1gC 4.8 0.8 0.4 0.4 8.8 0.6 0.6 0.2 0.4 0.2 1.1 18.3
31lr T.4 2.1 1.8 1.1 1.6 0.6 t t 0.2 0.4 2.9 18.1
27s-NF k.1 0.4 0.3 0.3 4.1 0.2 0.6 1.5 t t 0.6 1.4 13.6
1gB 2.6 0.k 0.3 0.9 8.5 2.2 1.8 0.2 0.1 t 0.3 1.2 18.5
Tc 1.9 0.5 0.1 0.2 7.4 0.8 1.0 2.2 t 0.4 1.3 15.8
27s-Flat | 1.9 t 0.2 0.2 3.2 0.8 1.6 1.8 0.5 0.1 1.0 1.7 13.0
1B 2.4 0.3 0.3 6.5 0.9 2.1 0.4 1.6 0.3 h.7 19.5
168 0.3 t 0.1 1.k 0.2 0.3 3.6 1.0 | 10.4 2.9 1.2 5.6 - 27.0
27s-SF 1.6 0.1 t t 1.3 0.7 1.8 4.6 0.1 0.9 2.1 13.2

Age -~ Andropogon gerardi

Snu - Sorghastrum nutans

Pvi - Panicum virgatum

Sas - Sporobolus asper

Asc - Andropogen scoparius

Bcu - Bouteloua curtipendula

Bgr - Bouteloua gracilis

Bhi - Bouteloua hirsuta

Bda - Buchloe dactyloides

Aol - Aristida oligantha

Misc. - miscellaneous

t - trace

91



Teble III. Average per cent composition for the lmportant species on each soil type

Soil

Type Age Snu | Pvi Sas Asc Bcu Bgr Bhi Bda Alo | Forbs | Misc. Total
1gC 26.4 L4} 2.2 2.2 48.1 3.3 3.3 1.1 2.2 1.1 6.0 100.3
31lr 4.1 11.8] 9.9 | 6.1 8.8 3.3 0.2 0.2 1.1 2.2 16.0 100.0
27s-NF 30.1 2.9]| 2.2 | 2.2 | 30.1 1.5 L4 ] 11.0 0.2 0.2 L.b 10.3 99.5
1gB 14,1 2.2 1.6 | 4.9 | 45.9 | 11.9 9.7 1.1 0.5 0.2 1.6 6.5 100.2
Tc 12.0 3.2 0.6 | 1.3 | 46.8 5.1 6.3 | 13.9 0.2 2.5 8.2 100.1
27sFlat 14.6 0.2 1.5 | 1.5 { 24.6 6.2 | 12.3 | 13.8 3.8 0.8 7.7 13.1 100.1
1B 12.3 1.5 1.5 | 33.3 4.6 | 10.8 2.0 8.2 1.5 2h .1 99.8
16B 1.1 0.2 0.4 | 5.2 0.7 1.1 | 13.3 3.7 | 38.5 | 10.7 Lok 20.7 100.0
27s-SF 12.1 0.8} 0.2 | 0.2 9.8 5.3 | 13.6 | 34.8 0.8 6.8 15.9 100.3

L1
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Table IV. Fordb frequency on each soil type as determined witn the 0.1
" square meter quadrat

— F_—'—_.——“— —
’ Soil Type

27s 27s 27s
Species 1gC 3lr | NF 1gB Tc F 1B | 16B| SF
Ambrosia artemisiifolia Ly 7
Ambrosia psilostachya 58 1k 32 57 31 26 62 68 28
Artemisia ludoviciana 1 7 1 2 12 L
Aster ericoides 14 18 b 12 T 3 1 3 1
Arenaria stricta 2 6 1 1
Chaetopappa asteroides 3 3 10 1 12
Chrysopsis pilosa L 1 ; 11 6
Chrysopsis villosa 2 9 6 ~
Croton spp. 8 2 1 1 8 1
Coreopsis tinctoria 11 36
Daucus pusillus 2 1 8 5 8 1k L L 25
Eriogonum annuum 1 L 1 8 5 6
Evolvulus nuttallianus 1 5 5 1
Echinacea angustifolia 5
Erigeron strigosus 1 6 1
Gutierrezia sarothrae 2 2 5
Gaillardia pulchella 9 21 1 13
Grindelia squarrosa 2 6 2 2 6
Haplopappus ciliatus 1 1 T 1 L
Helenium amarum 1 10 L 1 18 L 27
Liatris punctata 12 1 1
Linum spp. 3 2 8 10 5
Lesquerella ovelifolia 5 1
Lepidium sp. 3 3 5 1 2 L
Lotus americanus 1 2 8
Plantago spp. 1 1 18 2 11 30 1 6 23
Paronychia Jjamesii 5 5 17 5
Polygonum aviculare 10 1 3
Psoralea tenuiflora 5 1 b 1 1 10
Ruellia spp. 1 12 3 13 1
Ratibide columnifera 2 2 5 2 T 1 b 9
Schrankia uncinata 1 5 1 4
Scutellaria resinossa 5 1
Sabatia campestris L 1 5 2
Tragia ramosa 1 2 1 21 8 15
Thelesperma filifolium i 1 6 9 L 1 5
Vernonia baldwinii 5 12 2 2 2 1
Xanthisma texanum 6 1
Miscellaneous A7 |2 | 31| a9 | w | 35 || 26| 37
Total Frequency 123 | 153 | 156 | 144 | 247 | 245 | 122 | 195 | 238
No. of Species 62 37 7L | 51 90 51 21 69 69
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of extremely robust tall grasses that are probably successional steps in
the formation of a bottomland forest since most 3lr areas are forested and
even the grasslands are béing encroached on by trees. The dominant speciles,
of some 35 sempled, is big bluestem which has 40.1% of the relafive compo-
sition (Table III). Important secondary species and relative compositions

are Sorghastrum nutans (Indian grass) 11.8%, Panicum virgatum (switch

grass) 9.9%, little bluestem 8.8%, and Sporobolus aspef (tall dropseed)

6.1%. Of little abundance, but important as indicators becausevof their

restriction to this soil type, are Tripsacum dactyloides (eastern gama

grass), Tridens flavus (purpletop), and Setaria geniculatus (knotroot

bristlegrass). The most prominent forbs are Ambrosia artemisiifolia (an-

nual ragweed), heath aster, western ragweed, Vernonia baldwinii (ironweed),

Ruellia spp. (wild petunia), and Coreopsis tinctoria (plains coreopsis)

(Teble IV). Only 37 species were found. The six listed above represent
73% of the relative frequency of forbs.

The basal area, 18.1%, is also somewhat high. A great deal of
mulch is not abundant in these areas, possibly because the extra moisture
collected causes a more rapid decay of dead plant material.

Type 27s-NF. The vegetation on this soil type is locaﬁed o north
facing slopes of the granite mountains. These slopes have alternating
bands of short grass and tall grass, the latter found in the deeper soils
formed in the joints. Fifty species were sampled by the point frame. The
vegetation is dominated by big bluestem which has a relative composition

of 30.1% and little bluestem also 30.1% and Bouteloua hirsuta (hairy grama)

11.0% (Table III). The forb composition of L.4$ is considerably higher

than that on 1gC and 31lr soils and is made up chiefly of weetern ragweed,

Platago spp. (plentain), Helenium amarum (bitter sneezeweed), Gaillardie
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pulchelle (Indian blanket), Daucus pusillus (wild carrot), and Artemisia

ludoviciana (soft-leaf sage) (Table IV). Seventy one species of forbs
were sampled by the quadrat method. The total relative frequency of the
top six is 54%.

The basal area of 13.6% is low because of the sbundance of rocks
(25.8% of the surface area) which outcrop. These vary from small granite
chips to huge boulders many feet in diameter. If the rocks were discounted,
the basal area would be 18.3%. 1In the tali grass areas on the deeper soil,
the mulch often builds up to layers 2-4 inches deep.

Type 1lgB. This area topographically different from 1gC, in that
the slope is less pronounced, seems to be less mesic than 1lgC. The vege-
tation is dominated by little bluestem with & relative composition of
45.9% (Table III). Twenty-eight species were sampled with the point frame.

Important secondary species are big bluestem 14.1%, Bouteloua curtipendula

(side oats grama) 11.9%.and Bouteloua gracilis (blue grame) 9.7%. This
indicated a trend toward a mixed grass prairie or at least an ecotone be-
tween tall and mixed grass prairies. The forb composition (51 species
present) is quite similar to that of the 1gC with western ragweed and heath

aster dominating and Erigeron strigosus (daisy fleabane), Grindelia squar-

rosa (gumweed), Thelesperma filifolium (plains greenthread) and Ratibida

columnifera (prairie coneflower) furnishing some aspect character (Table
IV). The relative frequency of these seven species totals 6T7%.

The basal area of 18.5% approximates that of the vegetation on
1lgC. Also like 1lgC sites, these areas are occasionally mowed for hay and
have a relatively light amount of mulch varying from 0-2 inches in depth.

Type Tc. Little bluestem furnishes 46.8% of the relative composi-

tion of Tc soils (Table III). Hairy grama 13.9%, big bluestem 12.0%, blue
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grame 6.3%, and side-oats grama 5.1% are other frequently encountered
grasses. Forty-one species were sampled on this soil type. The vegeta-
tion is representative cf many good mixed-grass prairie sites. Western

ragweed, Tragia ramosa (stinging spurge), Liatris punctata (blazing star),

" plantain, Polygonum aviculare (prostre.e knotweed), Chaetopappa asteroides

(cowmon leaétdaisy), Chrysopsis villosa (hairy gold aster), and plains

greenthread dominate the 90 species of forbs encountered with the 0.1 square
meter quadrat (Table IV). The total relative frequency of these 9 species
(10% of the species sampled) is 51%. Blazing star, doorstep knotweed, and
hairy gold aster abound only on this soil type.

The basal area of 15.8% is the same as the percentage of the area
covered with cobblestones. Discounting the rock, the average basal area
would be 18.8%. There is little mulch on this soil, the mulch layer sel-
dom exceeding 0.5 inch in thickness.

Type 27s-F. This topographic variation of 27s is, as might be ex-
pected, intermediate between 27s-NF and 27s-SF as far as moisture availa-
bility is concerned. These rocky flats are dominated by little bluestem
which furnishes 24.6% of the relative composition, big bluestem 14.6%,
hairy grema 13.8%, and blue grama 12.3%; with side-oats gramae 6.2%, being
the most important secondery species (Table III). Fifty-one species were
sampled with the point frame. Of the 51 forbs occurring in the quadrats,
the most frequently appearing were plantain, western ragweed, Paronychia
Jemesii (James' whitlow wort), bitter sneezeweed, Indian blanket, wild

carrot, Chrysopsis pilosa (soft goldaster), and Linum spp. (flax) (Table

IV). These 8 have a combined relative frequency of 60%.
As is the case with 27s-NF and 27s-SF soils, the outcropping stones

occupy a large part of the surface area, 17.6%. This is less than either
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slope but still contributes to the low average basal area of 13.0%, 1.0%
of which is forbs (Table II). Without the rocks, the basal area might be
15.8% which is considerably less than other 27s types. There is seldom
any accumulation of mulch on this soil type, despite the fact that the
heavy grazing animals (buffalo and longhorns) seldom frequent these areas
because of their inaccessibility.

Type 1B. is soil type, found only in two quarter sections in
the northwest part of the refuge, has as its major dominant 1ittle blue-
stem which furnishes 33.3% of the relative composition (Table III). Of
the other 24 species sampled, big bluestem 12.3%, blue grama 10.8%, and

Buchloe dactyloides (buffalo grass) 8.2%, are the important secondary

species. Western ragweed is by far the wmost abundant forb with soft-leaf
sage and wild alfalfa the only other species of importance.

The basal area of 19.5% is greatly influenced by the abundance of
short grasses. These sites were among the last removed from the influence
of grazing by domestic livestock. It is believed by the author and sup-
ported by the relatively constant and abundant amounts of diverse growth
forms, that these areas might be seral in the development of tall grass
prairie; however they have been protected for 25 years at the time of this
writing and could possibly have become stable. There are mulch accumula-
tions up to 2.5 inches in the tall grass zones.

Type 16B. This extremely poor soll type is unique in the refuge
in its vegetative composition. The dominant of the 51 species sampled
(including 31 species of grass) was buffalo grass with a relative compo-
sition of 38.5%. Other important species were blue grama 13.3%, Aristida
oligantha (annual three-awn) 10.7%, and tall dropseed 5.2%. Not abundant,

but important as indicators are Panicum obtusum (vine mesquite), Sporobolus
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airoides (alkali sacaton), and Sporobolus neglectus (poverty grass). Most

frequently occurring of the 69 species of forbs were western ragweed and

plains coreopsis. Others important as. indicators were Croton monanthogy-

nus (one-seeded croton), Lotus americanus (deervetch) and annual ragweed.

The plains coreopsis, during the period of anthesis, is an aspect dominant
making these sites quite noticeable even from far off. Coreopsis and west-
ern ragweed had a combined relative frequency of 53%.

The average basal area of 27.0% is by far the highest of any soil
type sampled. Also the basal area of forbs, 1.2% is the highest found on
any soil type. The basal area is influenced by the abundance of short
grasses (many stoloniferous) and annual plants. All species present are
necessarily shallow-rooted because of the shallow hard pan. This soil
type also has some alkaline areas that support only salt-toleranﬁ species.

Type 27s-SF. This most xeric of the 27s solls is dominated by
hairy grame with a relative composition of 34.8%. Important species and
relative compositions are blue grama 13.6%, big bluestem 12.1%, little
bluestem 9.8% and side-ocats grama 5.3%. In addition to these five species,
39 other species were sampled. From the forb frequency data, it can be
seen that western ragweed, bitter sneezeweed, wild carrot, plantain, sting-
ing spurge, Indian blanket, common leastdalsy, and prairie coneflower have
a combined relative frequency of 64% (Table IV). Sixty-nine species of
forbs were found on this site.

As 1s the case with the other 27s soils, rock outcrops provide a
substantial portion of the surface cover, 26.1%. This contributes to the
low basal area of 13.2%. By extrapolation, we see that without the rocks
the basal area might be 17.9%. The bands of tall grass have some mulch,

0.5-1.5 inches, but less than on the more mesic 27s-NF soils.
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Specific Differences Due to Soll Type

Despite the fact that certain grasses such as big bluestem serve
as major dominants in more than one area, there are often significant dif-
ferences in the relative importance of such species on the different soil
types (Tables VII-XIII).

Big bluestem 1s a dominant species on three soil types and an im-
portant species on all except the 16B soil type. The average basal ares,
however, as indicated by the mean number of point contacts on 3lr soils
is significantly higher than in any other soil type (Table V). Big blue-
stem is significantly more abundant on 1gC soils than on 7c, 27s8-F, or
18B. On the basis of this species alone, 31lr and 16B soils can be sepa-
rated from all other soil types. The basal area of big bluestem 1s sig-
nificantly higher on 27s-NF than on 27s-SF soil which shows the importance
of slcpn exposurw.

Little bluestem, the most abundant species on six soil types and
an luportant specles on two others, is another excellent indicator species
(Teble VI). This species attains its highest mean basal cover in 1gC, 1gB,
Tc, and 1B soils and the difference in basal aréa between any two of these
types 1is not significant. The mean basal area in each of these soll types
is significantly higher than in nearly all other soil types, however.

Hairy grama is the next most important delineating species with
Indian grass, tall dropseed, side-oats grama, and blue grama also showing
several significant differences between plots (Tables VII-XIII). It is
interesting to note that no soil types can be separated on the basis of
switch grass (Table VIII).

Forbs are generally not very abundant in the Wichita Wildlife

Refuge. The basal area of individual species is very low, so all forbs
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Table V. Effects of soll type on basal area of Andropogon gerardl as in-
dicated by the number of point contacts
Mean contacts * Significant at 5% level
Soil Type N with std. error / Significant at 1% level
1gC ( 68.0 + 13.1 r_lsC_
31r 3| 105.7¢ 6.9 |* ,—33———
27s-NF 6 61.5 4 11.0 * l——QE:NF—
1g8 3] 3974 3.b A ——
Tc 10 28.4 + 7.7 *[f]* [-——79——
27s-Flat | 3 28.3 4 10.5 Fl 4 Zle-Tlat
1B 2 35.0 ¢ 13.0 * l————lP——
16B 7 4.3 4 1.7 FLAVFIF| A=) f——i@-—
278-SF 5 k.2 4 2.4 FLATE f
Table VI. Effects of soll type on basal area of Andropogon scoparius as
indicated by the number of point contacts
. o Mean contacts * Significant at 5% level
Soil Type N with std. error # Significant at 1% level
1gC 7 | 147.3 $18.9 L
3ir 3 25.74+ 3.0 |f l——31r—
275 -NF 6 62.0 +13.6 |/ |* ‘__2]_@;'_
1gB 3 117.0 ¢ 30.7 * r—lL
Te 10 | 111.7 +12.2 Fle I____7£___
27s-Flat 3 46.7 +22.3 |/ x| 21s-Flat
1B 2 9.5 t 53.5 j———l—B——
168 7 o.h 4 1.8 |41 4|4)4 I—-l"B
2Ts-SF | .5 19.6 + 4.6 |7 ®| * f
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Table VII. Effects of soil type on basal area of Sorghastrum nutans as
indicated by the number of point contacts
Mean contacts * Significant at 5% level
Soil Type N with std. error { Significant at 1% level
1gC
1gC 7 9.9+ 3.9 [“—B—“‘
1r
3lr 3 29.3 + 9.1 r—j—
27s~NF
27s-NF 6 6.7+ 3.9 * ‘-—1———
1
1gB 3 6.3+ 5.8 l———@——
c
Tc 10 8.1+ 1.9 Jf——‘gl"—‘—
27s-Flat
27s-Flat 3 0.7+ 0.7 |*|* # [—7—
1B
1B 2 4.0+ k.o — —
16B
16B T 0.7+ O |*|x |
27s-SF 5 2.0+ 1.3 * *
Table VIII. Effects of soil type on basal area of Panicum virgatum &as
indicated by the number of point contacts
Mean contacts * Significant at 5% level
Soil Type | N with std. error { Significant at 1% level
1
1gC T 7.0 § k.1
1r
3lr 3 19.0 4 9.2 l——j———
27s-NF
27s-NF 6 5.0 4 4.8 r—ls———
1
1gB 3 L.3 & 2.4 r____&ﬁ____
_ Tc
Te 10 1.8 4 0.9
27s-Flat
27s~Flat 3 3.0 £ 3.0
1B
1B 2 0.0 + 0.0 I
16B
16B T 1.1 & 0.7 [ i
27s-SF 5 0.6 § 0.6 -




27

Table IX. Effects of soll type on basal area of Sporobolus asper as indi-
cated by the number of point contacts
Mean contacts * Significant at 5% level
Soil Type | N with std. error { Significant at 1% level
1
1gC 7 5.7+ 1.6 r____gg_
1lr
3lr 3 13.0 + L.7 [——3"—
27s-NF
27s-NF 6 k.34 3.9 J———Z-————-
1
1gB 3 13.T + 6.4 I—-EB———
Tc
Tc 10 3.04 2.0
27s-Flat 3 3.7+ 1.9 27s-Flat
1B 2 5.0 + 3.0 r___l_B____
16B 7 21.1 ¢ 4.9 x| x| |F]%]= l——193—-—
27s-SF 5 0.0+ 0.0 |fl« f

Table X. Effects of soil type on basal area of Bouteloua curtipendula as
indicated by the number of point contacts

Mean contacts * Significant at 5% level
Soil Type |N with std. error { Significant at 1% level
1gC 7 101 F 2.1 I___l_gC_
3ir 3 3.3t 2.8 r—i—h‘
278 -NF 6 3.2+ o |F 2IsAF
| 1
1gB 3 32.7t12.2 *
Tc 10 12.5 + 1.5 x |7 r——7£———
27s-Flat | 3 12.3 + 2.3 / 1—2—71‘11&
1B 2 13.0+ &.0 * r——lB———
168 T 5.1 4 2.2 * [——1—99———
27s-SF 5 10.0 ¢+ 2.7 *
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Table XI. Effects of soil type on basal area of Bouteloua gracilis as in-
dicated by the number of point contacts
Mean contacts * Significeant at 5% level
Soil Type N with std. error { Significant at 1% level
1aC 7 12.9 4 5.8 I__l_EQ__
3lr 3 0.3 4 0.3 I__llr_
275 -NF 6 8.7 4 4.5 i J——EJS—'NF—
1B 3 26.7 ¢ 12.5 r——]&@————
Te 10 15.6 4 7.8 r——7°———
27s-Flat | 3 23.7 4 15.7 r—azs—'F—lat—
1B 2 32.0 + 10.0 * [—L
16B 7 4.6 + 8.5 [Al4] 4] |4 28—
27s-SF 5 27.0 4 11.9
Teble XII. Effects of soll type on basal area of Bouteloua hirsuta as in-
dicated by the number of point contacts
Mean contacts * Significant at 5% level
Soil Type N with std. error { Significant at 1% level
1C 7 3.14 1.9 ]—150—
31r 3 0.3 4 0.3 I__L
278 -NF 6 22.2 4 6.4 |x|% J_gw
1gB 3- 3.0 ¢4 3.0 * | 1
Te 0 31y 57 [AA | ——
27s-Flat | 3 277+ 7.1 | #le]| |« I—M—
1B 2 60.5+ 5.5 |F|F|AA]#]x L
16B 7 5.1+ 4.2 || ||« ¢ '—19]3—
27s-SF 5 69.4 + T.T |#|# FlAl |4
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Table XIII, Effects of soil type on basal area of forbs as indicated by
the number of point contacts

Mean contacts * Significant at 5% level
Soil Type N with std. error : # Signiiicant at 1% level
1
1eC T 3.3+ 0.8
3lr 3 5.3+ 1.2 Lr
27s-NF 6 9.0 + 2.6 [—T{E'NL
1gB 3 4.0+ 0.0 [—1L
Te 10 5.7+ 1.1 F_L
o7s-Flat | 3 | 14.3 + 5.2 I—-Q-E'Fﬂ
18 2 4.0+ 2.0 2
16B
16B 7 19.0 + 4.6 Flax le| |*|
27s-SF 5 12.8 + 1.8 ALAL [#]F *

have been considered collectively (Table XIII). Forb cover is highest on
27s-Flat, 16B, and 27s-SF soils. Such cover is significantly higher on
16B and 27s-SF soils than on nearly all other soil types.

Of all soil types considered, 16B supportis the most distinctive
vegetation. It is the only solil which supports substantial amounts of
buffalo grass and annual three-awn. It can be delineated from all except
31r and 1gB solls on the basis of its high mean basal area of tall drop-
seed. A high basal area of blue grama and forbs is also characteristic of
this area. Conversely, 16B supports significantly less big bluestem than
any other area and less little bluestem than all except 1B and 27s-F solls.
Hairy grama occuples a significantly different basal area on this soil than
on all except 3lr, 27s-NF, and 27s-F soils. Type 16B soll is significantly
different in mean basal area of at least four species from all soils except

278-F from which it differs in three.
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Type 31lr soil has a significantly higher basal area of big blue-
stem than any other soil. It has significantly less little bluestem, how-
ever, than 27s-NF, 1gC, 1gB, and Tc soils. The abundance of Indian grass
and tall dropseed help to deliheate it from other soils. The 3lr soils
on Alluvium are drainage ways and hence have more available water. This
probably is the primary reason for the abundance of robust tall grasses.
Type 31lr soil also supports a lower mean basal area of hairy grama than
all other soils and based on this species is significantly different from
all soils except 16B, 1gB and 1lgC. It is significantly different in the
relative basal area of at least three specles from all soil types except
1gB and 1gC from which it differs in two.

Type 1lgC soil supports a very mesic vegetation having signifi-
cantly higher mean basal areas of big bluestem and little bluestem than
most other soils. The relatively small amount of haliry grama delineates
it from all soils excépt 31r, 1lgB, and 27s-F. Types 31lr and 1gB are vis-
ually most nearly like lgC from a vegetational standpointg however 3lr
goil has significantly more big bluestem than 1lgC. Type lgB is not sig-
nificantly different from 1gC soil in the mean basal areas of any of the
species considered. Type 1gC differs significantly from 16B in the mean
basal areas of seven of the species considered (Tables V-XIII).

The vegetation of 1gB soil, which is not significantly different
from that of 1gC soill, is different from Tc, 27s-F and 1B soils only in
that it has a significantly lower basal area of hairy grama. Type 1gB
soil can, however, be distinguisted from Tc and 27s-F soils by physio-
graphic differences. It also has significantly less hairy grama than
278-SF, 16B and 27s-NF soils. Big bluestem and little bluestem are

other falr indicators.
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Of the 27s solls, type 27s-NF is the most mesic. It supports a
high mean basal area of big bluestem, 1little bluestem and hairy grama.
Hairy grama is probably the best delineating species, with 27s-NF soil
supporting significantly more of thils grass than 1gC, 1lgB, and 31lr soils
and significantly less than 27s-SF and 1B soils. ' The small amount of
side-oats grama on this soil separates it from all others except 16B and
31lr. Both 27s-F and 27s-SF have significently more side-oats grama than
27s-NF. Type 27s-SF has significantly less big bluestem and little blue-
stem than its north-facing counterpart and significantly more halry grama
than either 27s~NF or 27s-F. Hairy grama 1is the best delineating species
for both 27s-F and 27s-SF solls. Type 27s-F is vegetationally distinct
from 1B and 1gB soils only on the basis of relative amounts of this spe-
cles, but is quite distinct from other soils. Only the higher mean basal
area of forbs on 27s-SF differentiates it from 1B.

Type Tc soil, wifh its cobblestoned surface, is best delineated by
the high relative frequency of little bluestem and hairy grama. The two
soils which are least vegetationally distinct from it on the basis of the
specles considered are 1gB and 1B. Type 1lgB soll has significantly less
hairy grama while 1B soil has significantly more.

As previously mentionecd, 1B soll seems to be in a seral state of
plant succession. It can be separated from five soll types, 1gC, 1lgB, Tc,
27s-F and 27s-SF by only one species, hairy grama. However, it i1s dis-
tinctly different from the other three soils from a vegetational stand- .
point.

In summary, all soil typeé in the Refuge except three support dis-
tinctive types of grassland when constituent specles are consgidered on a

quantitative basis. As previously indicated, the vegetation on 1lgB and
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1gC soils is similar and that on 1B soll is extremely variable.

Geological Effects

When the soil types were separated on the basis of their geologi-
cal origin, many significant differences in species composition and cover
were found to be due to differcaces in geological formations (Tables XIV-
XXII). Big bluestem, lijttle bluestem, hairy grama, blue grama, and forbs
all show many significant differences due to geology. Even switch grass,
which has no significant differences due to soil type, shows some differ-
ences due to geology.

The mature grasslands found on 27s soll are restricted to Lugert
Granite. The bands of tall grass, consisting mostly of big bluestem and
little bluestem, are separated by short grasses, mostly hairy grama. The
basal areas of these three specles and the forbs best delineate this type.
It is somewhat intermediate in the relative amounts of the two bluestems.
It has significantly less big bluestem than 31lr Alluvium, but signific-
antly more than 16B Alluvium and 16B Post Oak. Little bluestem serves to
delineate 27s Lugert from all except 1B Alluvium; however again the mean
basal area 1s Intermediate. Only 1B Alluvium has a higher mean basal area
of hairy grama. All other types, except 16B Alluvium and Tc Post Oek,
have significantly less halry grama than 27s Lugert.

Type lg soils are found on three geologic formations, Post Oak,
Gebbro, and Alluvium. Little bluestem is the most abundant speciés on all
three with big bluestem and side-oats grama being the second and third
most lmportant. The lg soils on Alluvium have significantly more big blue-
stem than the lg solls on other geological formations and significantly

more blue grama than lg soils on Gabbro. The lg gabbroic soils have =a
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Effects of geological formations on basal area of Andropogon

gerardi as indlcated by the number of point contacts

Geol. Form. Mean contacts * Significant at 5% level
and Soil Type N | with std. error f Significant at 1% level
27 s Lugert :
27s Lugert 13 2T+ 7.4 l
lg Post Oak
lg Post Oak 2 38.5 + 5.5 [E
1 bb
1g Gabbro 2 | 42.04 0.0 g Gabbro
lg Alluvium
1g Alluvium 6 72.3 +14.6 * | * }—-5-——‘5’———
1r Alluvium
31r Alluvium 3 105.7 + 6.9 FLALH Lj
16B Post Oek
16B Post Osk 4 6.0 + 2.k FLALAL A LA r
16B Alluvium
16B Alluvium 3 2.0 + 2.0 FALALALF [
1B Alluvium
1B Alluvium 2 35.0 +£13.0 * / * | * [
Tc Post Cak 10 28.% + 7.7 x| FLALFLS
Table XV. Effects of geological formations on basal area of Andropogon

scoparius as indicated by the number of point contacts

Geol. Form.

Mean contacts

* Significant at 5% level

and Soil Type N | with std. error / Significant at 1% level
27s Lugert 13 bh.7 4 8.2 i278 Lugert
lg Post Oak
1g Post Oak 2 | 130.0 t+11.0 Fl
1 bb
1g Gabbro 2 | 166.5 + 7.6 Aol g Gabbro
lg Alluvi
1lg Alluvium 6 136.5 + 25.7 / [ g uvium
1r Alluvi
31r Alluvium 3 25.7 + 3.0 A4 4L3 r uvium
16B Post Osk
16B Post Oak 4 3.5 + 3.2 FLALALAL AL T =
19B Alluvi
16B Alluvium 3 1.0 + 1.0 HALAL AL [ uvium
1B alluvium
1B Alluvium 2 96.5 + 53.5 I
Te Post Oak 10 | 111.7 +12.2 f ¢ FLALA




Table XVI.
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Effects of geological formations on basal area of Panicum vir-

gatum as indicated by the number of point contacts

Geol. Form.

Mean contacts

¥ Significant at 5% level
/ Significant at 1% level

and Soil Type N | with std. error
27s Lugert
2T7s Lugert 13 3.2 + 2.3
1l g Post Oak
lg Post Oak 2 15.0 + 13.0 |
: lg Gabbro

1g Gabbro 2 9.5 + 6.5 -

1 g Alluvium
1g Alluvium 6 2.3+ 1.b R

31r Alluvium
31r Alluvium 9.0t 9.2 [
16B Post Oak
16B Post Oek b 1.8+ 1.8
16B Alluvium
16B Alluvium 3 0.3+ 0.3 * [
1B Alluvium
1B Alluvium 2 0.0 + 0.0° I
Tc Post Oak 10 1.8 + 0.9 * *
14
Table XVII. Effects of geological formations on basal area of Sorghastrum

nutans as indicated by the number of point contacts

* Significant at 5% level

Geol. Form. Mean contacts
and Soil Type | N | with std. error # Significant at 1% level
27s Lugert
27s Lugert 13 3.8 + 2.2
lg Post Oak
lg Post Osk 2 5.0+ 5.0 IR
lg Gabbro
1g Gabbro 2 8.5+ 7.5 R
lg Alluvi
1g Alluvium 6 10.2 + k.9 & \ELL
- 1r Alluvium
31lr Alluvium 3 29.3 + 9.1 * * 4[3
16B Post Oak
16B Post Oak | b 1.2 + 0.8 x|/ =
- 16B Alluvium
16B Alluvium 3 0.0 + 0.0 * | * [
_ Alluvi
1B-Alluvium 2 4.0 + 4.0 * 113 a—
Tc Post Osk |10 8.1+ 1.9 x| F]F
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Effects of geological formations on basal area of Sporobolus
asper as indicated by the number of polnt contacts

Geol. Form. Mean contacts * Significant at 5% level
and Soil Type N| with std. error # Significant at 1% level
27s Lugert
27s Lugert 13 2.5+ 1.8
lg Post Osk
1lg Post Oak 2 6.5 + 3.5
1lg Gabbro
lg Gabbro 2 2.5+ ©
lg Alluvium
1lg Alluvium 6 7.2 + 3.7 r‘g
1r Alluvi
31r Alluvium 3 13.0 + 4.7 13 S
. 16B Post Oak
16B Post Oak 4 25.8 + 6.3 AERE: I
168 Alluvium
16B Alluvium 3 15.0 + 7.5 ® r ~.
1B Alluvium
1B Alluvium 2 5.0 + 3.0 ¢ *
Tc Post Oak 10 3.0 + 2.0 x|/
Table XIX. Effects of geological formations on basal area of Bouteloua cur-

tipendula as indicated by the number of point contacts

* Significant at 5% level

Geol. Form. Mean contacts 7
and Soil Type N | with std. error # Significent at i% level
27s Lugert
27s Lugert 13 6.8 + ~L.k &
lg Post Oak
1g Post Ok 2 31.5 + 25.5 I & :
1g Gabbro
1g Gebbro 2 15.5 + 4.5 I £ _Gabbr
lg Alluvium
1g Alluvium 6 12.5 + 2.9 [
~31r Alluvium
31r Alluvium 3.3+ 2.8 kil
16B Post Oak
16B Post Oak b 6.8 + 3.3 l £
16B Alluviuvm
16B Alluvium 3 3.0+ 3.0 * r
"1 1B Alluvi
1B Alluvium 2 13.0 + 1.0 SLELL
Tc Post Osk |10 | 12.5 + 1.5 P
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Taeble XX. Effects of geological formations on basal area of Bouteloua
gracilis as indicated by the number of point contacts

* Significant at 5% level

aﬁzoééiiogife N w?iinsig?tzgizr # Significant at 1% level
2T7s Lugert 13 15.6 + 5.4 27s Lugert

1g Post Oak 2 14.5 4+ 1k.5 lg Post Oak

lg Gabbro 2 3.0 + 1.0 * 1g Gabbro

lg Alluvium é 22.5 + 7.6 * !lﬂ Alluvium

31r Alluvium 3 0.3+ 0.3 ¢ x|/ 31r Alluvium

16B Post Oak L 49.2 + 15.0 * * / llGB Post Oak

16B Alluvium 3 6lﬂ7'i 2.3 Al x|y d]4 llGB Alluvium

1B Alluvium 2 32.0 + 10.0 ‘ % * * [lB Alluvium
Tc Post Oak 10 15.6 + 7.8 x| %/

Table XXI. Effects of geological formations on basal area of Bouteloua
hirsuta as indicated by the number of point contacts

* Significant at 5% level

Geol. Form. Mean contacts
and Soil Type N ( with std. error / Significant at 1% level
27s Lugert
27s Lugert 13 ho.k + 7.8
lg Post Oak
lg Post Oak 2 4.5 + L.5 / [ g =05
1 bb
1g Gabbro 2 0.5+ 0.b |f g Gabbro
lg Alluvi
lg Alluvium 6 3.5 + 2.2 4 I g uvium
1r Alluvi
31r Alluvilm 3 0.3 + 0.3 / I3 r Alluvium
1 t Oak
16B Post Oak b 7.8+ 1.8 |/ f g AR e
16B Alluvi
16B Alluvium 3 25.0 + 5.6 x| AAA]4 ] uvium
Alluvi
1B Alluvium 2 60.5 + 5.5 * / % % % % % 1B uvium
Tc Post Oak 10 33.1 + 5.7 FLALALAL A /
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Table XXII. Effects of geological formetlons on basal area of forbs as in-
dicated by the number of polnt contacts

* Significant at 5% level

Geol. Form. Mean contacts
and Soil Type N | with std. error % Significant at 1% level
27s Lugert
27s Lugert 13 11.0 + 1.6
lg Post Oak
1g Post Oak 2 2k.5 + 0.4 / [ g
lg Gabbro
lg Gatbro 2 5.5% 1.5 * f a
lg Alluvium
lg Alluvium 6 2.8+ 0.7 FIF =
1r Alluvium
31r Alluvium 3 5.3+ 1.2 FF l3
% 16B Post Oak
16B Post Oak L 23.5 + 6.7 * * * |
16B Alluvium
16B Alluvium 3 12.7 + k.0 * * [
1B Alluvium
1B Alluvium 2 k.0 + 2.0 £ * I
Tc Post sk |10 5.7+ 1.1 F * *

significantly higher mean basal area of little bluestem than the lg Post
Oek soils even though it is the major dominant in both types. The mean
basal area of forbs is significantly higher on 1lg Post Osk than on elther
of the other lg soils. All three types are significantly different from
other types iﬁ having éignificantly different mean basal areas of from two
to seven of the species considered.

All 31r soil sites are found on Alluvium. They are characterized
by their high basal area of big bluestem which delineates them from all
other types. Type 3lr Alluvium differs vegetationally from 1B Alluvium
only on this basis and in having significantly less hairy grama. From
four to seven species serve to delineate 3lr Alluvium from each of the
other geological types.

The 16B solls are found on two geological outcrops, Post Oak and

Alluvium. The vegetation is distinguishable only in that the 16B on

s
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Alluvium has significantly more hairy grama than the 16B on Post Osk. Of
the species considered, blue grama and tall dropseed are the most conspic-
uous indicators, although buffalo grass and annual three-awn are abundant
only on these sites. Type lg Post Oak is the only other edaphic-geologic
type related to 16B Post Oak and 1t is different in having a significantly
nigher mean tasal arca of teoth big hluastem ond little tluestem. From
three to seven specles occur in significantly different amounts on each of
the other geological types when compared with 16B Alluvium and 16B Post
Oak.

The vegetational relationship of the 1B Alluvium to 27s Lugert, 1lg
Post Oak and 31r Alluvium has already been mentioned. This diverse vegeta-
tional type is dominated by little bluestem and hairy grama and has moder-
ate amounts of big bluestem and blue grama. It has a significantly higher
amount of hairy grama than any other type. When the soil types are sepa-
rated on the basis of their geological parent material, this type becomes
distinctly different from all other types.

All Tc soil sites occur on Post Oak. They are characterized by a
large amount of little bluestem with hairy grama as another important spe-
cies. The lg soil on Post Oak differs from the 7c soil on Post Osk in hav-
ing a significantly higher basal area of forbs and a significantly lower
basal area of hairy grama. No less thaﬁ three of the specles considered
in detail serve to delineate Tc Post Oak from each of the other types.

The results described above indicate quite clearly that definite
correlations exist in the Refuge between the geological formstions and the
grassland vegetation. In fact, the vegetation on a given soil type varies

with the geological formation from which it was derived.



SUMMARY

The basal area and relative composition of the grassland communi-
ties of the Wichita Mountains Wildlife Refuge were measured by means of
the point-contact method. The basal area varies from 13 to 16% on com-
munities with a considerable amount of exposed rock, from 18 to 20% on
tall grass sites, and finally to a maximum of 27% on the shallow-soiled
short-grass communities.

It is concluded that within this area, based on the relative abun-
dance of the most frequently encountered specles, there are nine distinct
grassland communities on six soil types and four geological formations.
If topography is considered, further delineations can be made raising the
total to eleven.

The vegetation on 27s solls on Lugert Granite can be divided into
three topographic communities. The north facling slopes are dominated by
big bluestem and little bluestem with hairy grama an important secondary
species. The flat ridges are dominated by little bluestem with big blue-
stem, blue grama, and hairy grama being important. Hairy grama dominates
the south facing slopes with big bluestem, little bluestem, and blue grama
being of lesser importence.

Vegetationally the 1lg soils are delineated into three communities
on three geologic outcrops. Little bluestem 1s the dominant on all three
with big bluestem the most important secondary species. However, there
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are differences in relative composition on the different lg soil types.
The lg soil on Post Oak supports about as much side-oats grama as big blue-
stem and has the highest basal area of forbs. Blue grama is the third most
important species found on 1lg soil on Alluvium. The lg Gabbro-derived soil
has the highest basal area of little bluestem.

Type 16B soils are found on both Post Oak and Alluvium. Buffalc
grass and blue grama are dominants oﬁ both with annual three-awn and tall
dropseed being important secondary species. However, the third most impor-
tant species on the 16B on Alluvium is hairy grama while this species is
not important on 16B soll derived from Post Oak.

The cobblestone-covered Tc soils found on Post Oak are dominated
by littie oluestem witii Dig Dluestem and nalry grama belng important sec-
ondary species.

Big bluestem 1s the only really important species found on the 3lr
alluvial soils. Little bluestem and Indian grass are secondarily of some
importance.

Possibly a stable vegetational type has not become established on
the 1B solls on Alluvium due to disturbance in the past. Such solls sup-
port a large amount of little bluestem with big bluestem, blue grama, and
hairy grama all providing substantial basal cover.

Although several of the areas support the same major dominants,
there are often significant differences in the relative abundance of the
dominants on such areas. Little bluestem which furnishes from 24 to 48%
of the relative composition on elght of the eleven community types, big
bluestem which furnishes from 12 to 40% on ten types, and hairy grama

which makes up from 11 to 35% of the relative composition on four types,
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are the major dominants. A total of 50 species of grasses, 4 genera of
sedges, and 64 species of forbs were sampled with the point frame on all
sites combined.

Forbs play an important role as aspect indicators. One hundred-
forty species of forbs were sampled with a 0.1 square meter quadrat.
Twelve of these were legumes. Western ragweed 1s tne most abundant spe-
cles over-all, but is not very valuable as an indicator. Such species as
plains coreopsis, hairy goldaster, blazing star, Indian blanket, and iron-
weed are valuable seasonal indicators of specific soil types.

Definite correlations are found to exist between soil types and
vegetation and between geological formations and vegetation. The corre-
lation or vegetation with & compination of soil type and geological forma-

tion is better, however, than with the soil type alone.
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