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RELATIONSKHIPS OF THE WOOD5Y VEGETATION OF THE WICHITA
MOUNTAINS WILDLIFE REFUGE TO GEOLOGIC

FORMATIONS AND SOIL TYPES
INTRODUCTION

Ornly passirg refereﬁces are available in the litera-
ture concerning the effect of either geologic formations or
soil types o vegetatiora:. associations in the state of
Oklaroma (Brurer 1931, Luckhardt and Barclay 1938, Blair and
fiubbeil 1939, Duck and Fletcter 1945), The literature con-
tains few reports of work of this nature in areas outside of
the state (Cuyler 1931, Diebold 1935, Dyksterhuis 1948,
Salisbury 1954). The two factors are seldoﬁ considered to-
gether (Beilmann and Brenner 1951).

This work was concerned with possible relationships
between the woody vegetation of the Wichita Mountains Wild-
life Refuge and the geologic formations and soillfyﬁes, To
discover any such correlations both quantitative and quali-

tative analyses of the vegetation were necessary. Bruner
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(1931), Blair and Hubbell (1939), and Rice and Penfound
(1959) all reported briefly on the woody vegetation in the
area of the Wiidlife Refuge but no detailed phytosociologi-

cal studies were carried out.



DESCR1IPTION OF AREA

The Wichita Mountains Wildlife Refuge, composed of
29,099 acres, is located entirely within Comanche County in
southwestern Oklatoma. The refuge, established in 1901 as a
forest reserve was transferred in 1935 from the United States
Forest éervice to the United States Fish and Wildlife Service
under the auspices of the Department of the Interipr (Dana
1936). 1t has been protected from fire since its irnception
ard from grazing by domestic cattle since 1937. Since the
rémoval of domestic animals it has functioned as a big game
refuge and has been subjected to the grazing and browsing
pressures of a controlled population of antelope, buffalo,
deer, elk, and longhorn cattle (Halloran and Glass 1959).

Tﬁe Wichita Mountain System is approximately 60
miles long and 25 miles wide and the general trend of the
mountains'is N. 70° W. The portioﬁ of the‘system encompassed
by thé refuge is chiefly igneous material, but with'limited
patches of Permian Red Beds, and recent alluvium (Snider

1917 and Anderson 1946). The mountains are monadnocks, the
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igneous roots of an earlier mountain system which at one time
was covered by ar estimated 11,000 feet of.sedimentary mater -
ial which has since eroded away (Gould 1911).

The igreous rocks of the refuge are late Pre-Cambrian
and are chiefly gabbro and granite (Chase et al. 1956). An
estimated three per cent of the area is composed of gabbro, a
dark gray to black, medium to coarse grained, igneous rock.
These rocks weather into gentle slopes with only an occasional
low ridge. The granite has been separated into three types;
Caritorn, Quarah, and lugert (Chrase, no date). Schoonover
(1948) and Ham et al. (1957) have indicated that the Lugert
granite of the refuge area of the Wichita Mountain System is
unlike that originally reported near Lugert, Oklahoma.
Merritt (1962), concurring, suggests that in the neaf future
this formation may be called '"Mount Scott' granite.

The Carlton granite is limited o less thar two per
cent of the refuge and does not support trees. Quanaﬁ, which
covers about 14 per cent of the refuge, is a coarse grained,
light pink rock which is young;r than the Lugert maperial
(Hoffman 1930). The latter, a medium grained pink granite,
constitutes approximately 38 per cent‘of.the area.

During Permian time both gabbroic and granitic rocks

were eroded into large boulder fans (Chase 1954). This |
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matefial is present today as a coarse bed of conglomerate
containing unconsolidated round boulders. It has been named
Post Oak Conglomerate. Except for a small area of gabbroic
derived rock, this formation, whick covers about 17 per cent
of the refuge, is derived from granite. The alluvial areas
cover nearly ?6 per cent of the refuge and are composed of
the products of disintegratior and decomposition of the rocks
which have washed into the lower areas. The soils in these
regions range from dense, tight soils to coarse, loose ones.

Schoonover (1948) reports four sets of major verti-
cal joints in the rocks of the Wichita Mountain System. These
joints, an outcome of rq;k.emplacement during orogeric activ-
ity, have resulted in variations in the rate of rock decompo-
sition and water availability and consequently have an im-
portant bearing on vegetational distribution (Fig. 1).

An increase in elevation takes place from the eastern
edge of the refuge to the west. The highest elevation is
Mount Pinchot, 2,479 feet. Howevef, the greatest relief is
fourd at Mount Scott where the 2,464 foot peak is approxi-
mately 1,200 feet above the sufrounding plain.

The granitic mountains are rélatively high jagged
peaks of bare rock. The upper slopes are strewn with large

talus boulders and covered with little soil. The steep,
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even slopes of the mountains below the rock peaks are ¢ov-
ered with a coarse soil trapped between large rocks. Many
trees are found on these slopes. Some of the intermediate
hills have flattened tops covered with a shallow layér of
SOil which supports herbaceous vegetation. The almost con-
tinuous mountains are bisected by wide grassy valleys filled
with deep soils.

The vegetation of the refuge was reported by Duck
and Fletcher (1945) as a combination post oak - blackjack
oak forest and mixed grass eroded plains type. Blair and
Hubbell (1939) reported the grasslands to be suggestive of
the tall grass of the Cherokee Prairie in northeastern Okla-
homa. They stated also that the dry oak forests closely
parallel in character the xeric forests of the sandstone :
ridges of the Osage Savanna district.

The most common forest association in the refuge is
that of post oak - blackjack oak. However, along the streams
in the protected valleys and on the north facing slopes a
more mesic forest type is encountered. Common in these areas

are Shumard oak (Quercus shumardii*), bur oak (Q. macrocarpa),

chinquapin oak (Q. muhlenbergii), American elm (Ulmus

*The botanical nomenclature follows Waterfall (1960).
Varietal epithets were arbitrarily omitted.
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americana), western walnut (Juglans rupestris), chittamwood

(Bumelia lanugirosa), and other species which often have

eastern affiniries. The grasses are also variable with areas
répresentative of tall; mixed, and short grass prairies.

Tre Comarche Couﬁcy Unit of the Snil Conservatioﬁ
Service has recently finished a complete soil wapping of the
refuge. Eleven soil types were mapped during this work and
four of these suppdrt enough trees to be corsidered forests
or woodlands. Brief descriptions of the four types follow.
In future references to these soil types only the numerical
symbols will be utilized.

Lawton loam, Type 6. This is a deep (26 - 44 in.)

soil, noncalcareous, acidic (pH 6.5 to 6.0), and ranging from
a fine sandy loam to silt loam at the surface to a relatively
unweathered soil material below 40 ir. The 'A' horizon
ranges from 9 to 15 inches, and surface drainage is good
whereas internal drainage is slow,

Cobbly colluvial, Type 7. This soil type is inter-

mediaﬁe in depth (12 - 20 in.), ﬁoncalcareous, neutral in pH,
moderately granular at the surface, and grading to finer
granitic pebbles at lower levels. The 'A' horizon ranges
from 4 to 6'inches, and the surface drainage is moderate to

rapid while the internal drainage is moderate. From 20 to
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60 per cent of this type is composed of weathered cobbles
and boulders of gabbro ard grarite (Fig. 2).

Rough. story land, Type 27s. This type is composed

of scattered pockets of skeletal soil between boulders which
comprise the rough areas of outcropping granite. It is
variable in depth, is generally coarse, has no profile de-
velopment, and drainage is rapid. Many seeps from the gran-
itic masses are present.

Loawy drai-ageways, Type 31r. These consist of un-

difrerentiated alluvial soils wricn nave been massed in the
drairageways. The soil deptb anrd texture are variable due
to active erosior and deposition. For the same reason there
has been no profile development. This rype supports typical
bottomland vegetation,

The climate of southwestern Oklahoma is typically
contirental. Temperatures for Jjanuary average 38.3 F and
-for July 8i.3 F IZO year record). .In the same period tem-
peratures as high as 112 F and as low és -16 F were recorded
(U.S.D.A. Yearbook, 1941). A 32 year record of early ana
late killing frosts indicates a growing season of 203 days
(ibid.). The mean énnual precipitation is 30.72 inches (57
year record) (Wichita Mourtains Wildlife Refuge Records,

1961). Precipitation is greatest in the spring with a



Fig. 1. Bands of woody vegetation
following Jjoints in recks.

Fig. 2. Roadcut on refuge exposing

boulders of oobbly colluvial soil

tyre. An almost pure stand of scrubby

blackj)aock oak may be seen in the
background.,
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secondary peak in the fall. Prevailing winds are southerly;
however, nortnerly winds predominate during December, Janu-

ary, and February.



METHODS

The forest areas of the refuge were located with an
aerial photograph: mosaic or which the soil types were out-
lined. After subsequent examirations of these woody areas
by reconnaissa~ce, 32 stands were selected representing dif-
ferent soil types, slope exposures, and geologic formations.
It was ciear in eachk case tnat the domirnant vegetation was
woody. No stards were selected wnich were predominantly
grassiand with widely scattered trees. Care was taken to
select stands which kad not been disturbed excessively. Each
was examired for evidence of cutting, a perusal of the refuge
fire records was'made, and the Forest Service's complete
pianting program was examined. Areas subjected to severe
visitor or military use were also omitted. Chase's (no date)
geologic map was consulted to assure stands representative
of each geologic formaﬁion.

Aralyses of the woody vegetation were carried out by
an augmented variable-radius method. Basal area was obtained
by utilizing an angle gauge at 40 evenly spaced but randomly

Il
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located points ir each stand (Rice and Penfound 1955). Sev-
eral small stands were sampled witr fewer than 40 points,
The basal area daté were supplemerited by 40 arms length rec-
tangles of 0.0l acre each whick provided frequency and den-
sity data in addition to information or reproduction based
on numbers of saplings. Ary woody plant with a DBH (diameter
breast high) of 1.0 to 2.9 ir. was classed as a sapling
whereas those with a DBH of 3 in. or more were considered
trees.

Basal area and relative composition of the herb-
‘aceous vegetation and tree seedlings were determined by use
of the point quadrat method (Oosting 1956). A thousand

.
points were taken in each stand utilizing a point frame.
Notes were made conrcerning herbaceous species not hit with
the point frame or exceptionally common in the area. Den-
sity was not determined for these forms.

Forms were prepared allowing consolidation of such
field data as the number of saplings and trees, frequency
of trees, and basal érea of trees in eagh stand. These data‘
were éhen converted to the number of.saplings and trees per
acre, basal area per acre, relative density, relative fre-
quency, relative basal area, and the importance value. The

importance value is the sum of the relative frequency,
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relative density, and relative basal area (Curtis and
McIntosr 1931). This value is a good indicator of the rela-
Eive ecological éignificancé of each tree species in each
stand. Species having an importarce value of 75 or more
were considered domirarts.

Differences between the mwean vaiues were tested for
significance with Student's r-Test as outlined by Snedecor
(1956). Standard errors were computed and reported, where

applicable, in the tabilies.



RESULTS AND DISCUSSION

Vegetational Analyses

Of the 24 arborescent species encountered during
this investigatior the ten most important were analyzed
statisticaliy. The selectior was made orn the basis of mean
importance values for alil 32 stands. 1In each of the four
soil types and five geologic formations supporting forests

and woodlands, post oak (Quercus stellata) was the most im-

portant species. 1lts overall importance can be seen by
comparing ail mean imporrtance values (Tables I and XIX).

Blackjack oak (Quercus marilandica) and eastern red cedar

(Juniperus virginiana) were the second and third most im-
portant species respectively. The statistically significant
differences in density and basal area of species between
different soil types are shown in Tables VI - XVILI. Species‘
for which ro statistically significant differences were found
were not tabulated. Significant differences ir species due
to geologic formations are presented in Tables XXIII - XXX.

14
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TABLE I. Mean importance value of woody species according
to soil types.

Species 6 7 27s 31r
‘Quercus stellata 193.4  198.2  171.4  127.2
Quercﬁs marilandica 61.6 77.9 69.4 26.2
Juniperus virginiana 26.0 17.5 18.1 18.5
Juglans rupestris .5 1.8 2.2 39.2
Celtis reticulata 4.3 1.7 1.0 7.1
Bumelia lanuginosa 2.5 0.7 1.3 11.3
Morus rubra 2.2 - - 0.3 1.7
Prunus mexicana 1.8 0.02 2.8 2.0
Cercis canadensis 1.7 - - - - 0.1
Ulmus americana 0.6 0.9 1.5 16.2
Fraxinus americana 0.6 - - 0.1 3.6
Ulmus rubra 0.2 - - - - - -
Quercus muhlenbergii 0.1 - - 4.1 15.7
Acer saccharum - - - - 20.3 0.3
Quercus shumardii - - - - | 1.0 7.5
Sapindus drummondii - - - - . 0.3 0.6
Carya illinoeﬁsis' - - - - - - 7.6
Diospyros virginiana - - - - - - 4.6
Quercus macrocarpa - - - - - - - 1.0
Populus deltoides - - - - - - 0.2
Crataegus sp. - - - - - - - -

Viburnum rufidulum - - - - - - - -




16

Effects of Soil Type on the
Woody Vegetation

Tvpe 6. This séil, although limited within the
refuge, supports the greatest mean basal area, 121.8 fr? per
‘avre, and mean dersity, 389.6 trees per acre, of any Woody
vegetation, Basing dominance or an importance value of 753
or more (Rice and Penfound 1933), post oak was the only
&ominanc or. this soil type (Tahle 1). The important second-

ary species were blackjack oak and eastern red cedar. Chit-

tamwood, western walnut, netleaf tackberry (Celtis reticu-

lata), and Awmericarn elm were important at times.

Woody reproduction was virtually limited to post oak
ané blackjack oak (Table 11). These two accounted for 13.3
of the 16.8 saplirgs per acre reproductién.

Herbaceous vegetation withirn the forests on this
soil type was predomirantly little bluestem (Andropogon
scoparius) and big bluestem (A. gerardi): The basal area of
big bluestem was only a third of that of little bluestem
(Table 1II). No other herbaceous species were significant.

Type 7. Post and blackjack oaks were the dominant
species on this soil type (Table 1). Eastern red cedar was
the only species pf secondary importance. Netleaf hackberry

and western walnut were present but in limited quantities.
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TABLE 11. Reproductior of woody species. Number of saplings
per acre according to soil types.

Species 6 7 27s 31r
Quercus steliara 6.8 9.7 11.0 1.6
Quercus rariia~dica 6.3 45,3 41.0 0.7
Juniperus virginiana 2.0 1.6 9.2 4.7
Celtis reticuiata 0.7 1.2 1.1 0.9
Cercis canacensis 0.3 - - - - - -
Crataegus sp. 0.3 - - - - R
Bumelia lan~ugirosa- - - 0.3 0.6 1.1
Acer saccharum - - - - 13.0 - -
Jugiars rupestris - - - - 1.4 0.8
Prunus mexicara - - - - 0.6 - -
Sapindus arummordii - - - - 0.2 0.3
Fraxirus americara - - - - 0.1 - -
Morus rubra - - - - - - 0.1
Diospyros virginiara - - - - S 0.1
Vibur-um rufidulum - - - - - - 0.1

Ulmus americana - - - - - - - -
Quercus srumardii - - - - - - - -
Quercus macrocarpa - - - - - - = =
Carya iliinoersis o - - - - ' - - - -

Quercus muhlenbergii - - - - - - - -

Populus deltoides - - - . - - - -

Ulrus rubra ‘ - - - - - - - -
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WHile'projucing the lowest Qoody basal area and
density, this soil! rvpe supported the highest herbaceous
hasa!l area.'ult aiso contaired rre greatest total rumber,
39.5, of Ferbaceous species fourd ir ary particular soil
tvpe (Tahle 1V).

Biackjack oak had tte greatest amourt of reproduc-
tion wit~ 45.3 sapliirgs per acre. This was folloﬁed by poét
oak witt 9.7 sapiings per acre. Probably these are not
valid data as marvy of the blackjack 'saplings' were rot true
saplirgs but mature i~dividuals ir a mi~imal environment.

Tree dispersal varied widely ard was related to ex-
posure. ralf of the stands sampled o~ tris soil were on
topograp-icaily ievel areas wrile the remainder were on
siope exposures vafyifg from east through south to west.
Nore of the stands was -orth facirg. Those associations
subjected to a slope exposure had a much lower basal area
thar the ievel oves. 39.6 and 7%.0 ft2 per écre respectively.
Tiie lower density in the level stands (Tablie 1V) suggests
mature savannah-like associations. I'he tigher density and
lower basal area of the more xeric slopes indicate an asso-
ciation of swall crowded trees and this is the case (Fig. 3).

Type 27s. Topographically, this soil type was clas-

sified into tnree subdivisiorns; level, north facing, and
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TARLE 111. Disctribution of three most importart herbaceous
species accordirg to soil types.

(mea~ basal area, per cent cover.)

T‘drOpOgon‘ ~ i -
scoparius 0.72 - 1.8 1.00 0.63
Araropogo™ ) : : .
gerarai 0.20 0.:9 0.29 0.3%
Tride-s |
fiavus 0.00 0.04 0.05 0.41

soutﬁ, east, ard west facirg slopes witk tne latter three
1umpe§ as a group. Post oak wés the only domirart species
regarﬁiess of slope ekposure? Important secondary species
were blackjack oak, red cedar, ara sugar maple (éiéﬁ
sacc%aru¢)

The greatest reproductior of woody species, 41.0
sapiirgs per acre (Table 11), on this soil type was that of
blackjack oak. Sugar maple was second with 13.0 saplings
per acre, and reproductior of this species was not encoun-
rered or any otrer soil. The third species inr importance
was post oak whick tad 11.0 saplings per acre. Survival and
matvration of tie latter is the most probable. The low im-

portance value of blackjack oak on tnis soil type indicates
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rtat either litrie 2L rre reprodurrion reaches maturity or
hlackjack wan 12 he.dming more i—portant. The self thinning

of this species *as bee~ reported hy Liwming (1942).

i

Trie dormi-art kerh ir t-ese forests and on the refuge
(Tahle V) was litrie bivester with a basal aréa almost four;
fola trat of tne next wost important species, big bluestem
(Table 111). The most commo*ly ehcountéred forb was western

ragweed (A-hrosia psilostactya) which occurred on all ex-

posures. (oralberry (Syrphoricarpos orbicularus), a shrub,
was‘comfon or rxe rorth racing and level exposures but quite
limiten or tre soutr—east-west facing slopes. Sever;i green-
briers (Smilax spp.) ircluai~g saw greenbfier (S. bora-nox)
ext.ibited tre sare cype.distribution, all being restricted

to more mesic localiries.

Tre mea- tree hasal area of all stands bn this soil
was 86.9 fcz per acre. Ttre snutk, east, ard west facing ex-
posures hac a basal area of 79.2, lower due to the more
xeric cornditionsg typicaily encountered. North facing stands
nad a basal area of 89.3, and the level starnds 110.0 ft2 per
acre, |

The greatest density was found on the north facing
slopes where 388.6 trees per acre (Table 1IV) occurred (Fig.

4). Twe total rumber of woody species encourtered (16) was
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TABLE 1V. Average vaiuves of sampling data based. on soil
types ard exposures.

Woody 'Herb Woody No. No.
Soil Basail Basal Plant - Species Species
Type Area Area Density Trees’ Herbs
6 1218 2.3 389.6 7.2 - 33.4
- AlLL 66. 3 4.2 200.3 3.8 - 39.5
Exposures
SEW 39.6 2.4 217.5 4.0 28.0
Slope
Leve: 75.0 b7 192.0 3.6 43.3
27s
TALYL 86.9 2.3 338.9 5.3 35.6
Exposures '
SEW , _ §
Slope 79.2 2.7 233.4 4.0 35.6
Norc: 89.3 ¥ 388.6 6.4 34.8
Slope
Level 110.0 2.5 361.9 3.0 37.8
31ir . 102.0 3.0 . 277.2 9.3 - 35.0
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FPig. 3. South facing slope on 7 soil

. type. The small scrubby trees are

black Jack oak. The change from 7 to
27s soil type 1s evident 1n the back-
ground.

Fig. 4. North facing slope of 27s
s0ll type and exposed rock. The
tree in the foreground is post oak.
"Herbaceous vegetatlion is scattered.



23
second only to that rournd ovw the soil of the drairageways
where a tota: 0L 21 species were fourd. Smooth sumac (Rhus

glabra) ara roughleaf dogwood (Cornus drummondii) were two

commo~ -shruhs, rearing tree size, on this exposure.

rerbacenus hasal area was lowest on the nofth facing
slopes (Tahle IV), ard highest on the south, east, and west
facirg exposures wrere tre woody density was lowest.

Type 3ir. Post oak was che orly dbmiﬂant occurring
or this soil type! However, its imporcancé value averaged
60 poirts lower th:am on tte other soil types. Other impor-
tant trees were biackjack oak, red cedar, westert walnut,
chittamwood, American e.r, ard chinquapir oak.

Tre lower iﬁporcgnce vaives of woody species on this
soil were paralleied by similar decreases in the overall
importarce of tre ieadirg rerbaceouvs species. The trend
frorm a few higrly important species to many liess important
ores is due to the more mesic co-ditions. The Ferb with the

greatesr hasai area in the forests or this soil type was
littie biuvesrem (Table 111). No specific kerbaceous species
could be picked ovt as indicative of this soil type. The
great variety of soil formations, structures, arnd textures,
plus the increased avaiiable warer resulted in a wider range

of grasses and forbs.
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TABLE V. “erbaceous vegetratior with a mean basal area of
0.02 per cert or greater in the 52 sampled stands.

Number of stands ' Mean Basal

Species in which present Area
Ardropogo~ scoparius 49 0.99
Andropngo~ gerarci - 37 0.30
Triders fiavus 26 0.18
Koutelova hirsvta ’ 2 0.16
Sporoholus asper 29 0.15
Muhlerbergia racerosa 16 0.14
Carex sp. 19 0.10
Ardropogor saccraroides 14 0.07
(rloris vercriciilata 13 0.03
Boutelova curtipe~dula 12 0.05
Syrphoricarpos orbiculiatus 12 0.05
Muhlierhergia frondosa 9 0.05
Sporoholus cryptandrus 4 10.05
Sorghastru~ ~utars 11 0.04
Buchloe dactyloides 4 0.04
Cyperus sp. 9 0.03
Paricum larugirosur 9 0.03
Uniola latifolia 6 - 0.02
'~ Setaria viridis 5 0.02
Elyrus virgiricus. 4 0.02
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Woody basal area was higher here than ir the 7 or 27s
soils and tre uersity lower tha» on 6 and 27s types (Table
1V). The basal area of chirtawwood? netleaf hackberry, west-
erﬂ,wal*ut; and American elm or tris soil was significantly
greater tharm or orrer tvpes (Tablies VII, VIIL, IX, anrd XI).
Tnese vcata irdicate fewer but larger trees ir the drairvage-
ways. 1Ir. ore stand cortairirg a large number_of post oaks, a
specimer ‘was found reasuring 40 in. DBH. Ir a second stand a
number of crirquapir oaks wick a DBH of 30 in. were encoun-
tered, Marv less stabie drairageways support a less imﬁreSs
sive woody vegetatio~ (Fig. 3).

Easterr red cedar tad the greatest reproduction with
4.7 sapiings per acre. Post oak and chittamwood were next
with 1.6 and 1.1 saplirgs per acre respectively. The low
reproauctive rate is: probahlv due to tHe relatively dense
canopies, tre eroding powers of the heavy sprivg rains con-
centrated in these areas, ard the increased trampling and

browsing by rhe many deer.

Vegetation ard Soil Type Relationships

Specific variatiors in vegetational distribution by
soil types are generally due to moisture relationships. Of

" the eight stands sampled on type 7 soil, -five were on the
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Post Oak Corglomerate, a formation wirk little soil. The
most xeric forest corditions were féund on south facing
slopes of tvpe 7 soils, all of wrich were or the Post Oak:
Corglorerare formation. Tne ircreased irsolatior, on a soil
already poér in water toldi~g potentiai, is reflected ir the
low woody bhasal area ard ircreased importa~ce of scrubby
blackjack oak (Fig. 3). ‘Tnié is tre only type soil within-
the refuge o~ wricr bhiackjack oak becores a dominarnt. The
increase in woody basal area or tre level stands is probably
a result of two factors, t-e ratural ircrease of available
'Qatgr on level areas over slope exposures, and the fact that
two of tre level stards were or gabbro derived soil.

Tre nigrest basal area and‘censity vaiues for any
soil type occurred or type 6 soils, and agair this was prob-
ably a result of i~creasea moisture relationstips. Each
stard of type 6 soil was located at the base of a mountain
(Soil Conservatio~ Service 1961). As ﬁointea out by Evans
(1922) tre disirtegratior and decomposition of rocks in the
refuge is occurring more rapidly than their erosion and
cransportétion. Heavy rains wash soil particles down from
the bare rocky outcrops at'an increasing velocity until the
waters reach the bottom where they quickly spread out and

lose their competerce. The coarser materials are dropped
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first éna thg finer ones last. Consequently, a band of vary-
ing-width composed of coarse soil particles develops along
the bases of the mountains. Lighter rains moving more slowly
down.the mountdin sides add to the available water by forming
seeps at the base (Osborn and Allan 1949),

Woody vegetation does not occur uniformly on this
Soil type from the base of the mountain outward. As less
moisnure‘is avaiiable the trees drop out and grasses become
the domirarnt vegetation (Fig. 6). The blackjack oak of these
stands was located, for thte most part, around the perimeter
of the woody vegetation. Its occurreﬁce apparéntly cpincided
closely with a decrease in soil moisture, due variously to
shallow soiis, increased drainage, and distance from the
mountain.

| The basal area of post oak was found to be signifi-
cantly greater on type 6 soil than any other (Table X). The
central portions of stands on this soll type consisted vir-
. tually of pure post oak (Fig. 7).

The most distinctive characteristic of the 27s soil -
type was the presence of sugar maple on the more mesic slopes.
A small amount was found on the 31lr soils but the greater
basal area and density of sugar maple occurred on 27s soils

(Tables VI and XII).
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Fig. 5. Clusters of chinquapin oaks

in Hollls Canyon. This is an example

of an Alluvium geologic formation
and 31r soil type.

Fig. 6. Woody vegetation distributed
around the base of a 27s soll type
rocky outcrop. The trees ere limited
to the band of moist soil.
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As basal area data were gathered for herbaceous
vegetatior or. 27s soil type, point frame contacts with ex-
posed rocks were recorded. On the level stands, containing
the greatest herbaceous basal area, a total of 2.5 per cent
of t"e soil surface was fourd ro be exposed rock. The level
nature of the forest floor apparently restricted rapid run-
off, ana the large irregulariv shaped boulders, typical of
27s soiis, were huriea., The south, east, and west facing
slopes had 16.6 per cent of the surface as bare rock. The
greatest amount of exposed rock, 28.9 per cent, occurred on
the north faciﬁg slope (Fig. 8). The increased moisture of
the no;therr slopes resulrs i~ a looser soil more easily
'eroded, Tre increase in surface rock is reflected in a de-
crease in herbaceous basai éfea (Table IV) when coméared with
otner exposures on this soil. |

The greatest basal afea valves for chictamwood, net-
leaf nackberry, westerm wainut, qnd American elm occurred on
the Bir soil'typé. Significantly greater densities of chittam-
wood, westerr walnut, and American.elm occurred .on this'soil
(Tables X111, XIV, and XVIIT). These specieé have higher mois-
ture requirements anrd wére'e5sentially restricted to the wet
loamy drairageways. Other soiis support isolated patches of

these species under locally unique environmental conditions.
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Fig. 7T« A pure stand of post oak

on 6 s0ll type. The dense canopy

and heavy litter result in lower
herbaceous vegetation values.

Fig. 8. North facing slope of 27s
s0ll type on Iugert geologic form-
ation. Large rocks cover 28.9 per
cent of the surface thus reducing
herbaceous vegetation.
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Effects of soil types on basal area
of Acer saccharum.

" Soil # | Basal area
Type N (Mear: £ S.E.)
6
6 S 0.0‘ : 0.0 [j—f———;
7 8 0.0 * 0.0 ]
. 27s
27s 22 4,46 I 1.9 * * —
31r 17 0.3 & 0.03 &% |** *

*Significant at 5% level.
#wSignificant at 1% level.
#Number of stards.

TABLE‘VII. Effects of soil types on basal area

of Bumelia lanuginosa.

27s

Soil N# Basal area
Type ' (Mean ? S.E.)
: - 6 ‘
6 5 0.58 £ 0.16 r———————
7
7 8 0.09 + 0.09} = —
27s | 22 0.45 £ 0.02| * | %=« —
31r | 17 1.64 T 0.61] . #

*Significant at 5% level.
*#*Significant at 1% level.
#Number-of stands.



32

TABLE VIII. Effects of soil types on basal area
of Celtis reticulata. ’

Soil #| Basal area
Type N (Mean * S.E.)

6 5 0.38 7 0.24
' I 7

7 8 0.09 ¥ 0.06 ,["—"——'
27s

27s | 22 0.i5 Y 0.09 —

31r | 17 0.78 ¥ 0.21 Fk | Hk

**Significant at 1% level.
#Number of stands.

TABLE IX. Effects of soil types on basal area
of Juglans rupestris.

Soil i Basal area
Type (Mean t §.E.)

6 | 5| 2.4 ¥ 1.6 —
7

7 8 0.47 £ 0.46 r—‘-“‘

27s | 22 2.03 % 1.67 r—-f—-—-

3lr | 17 }11.2 T 2.54 | %% | %% | %%

*#*Significant at 1% level.
#Number of stands.
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TABLE X. Effects of soil types on basal area’
of Quercus stellata.

Soil N Basalvarea

Type "] (Mean f S.E.) .
6 5 192.5 * 9.56 reg-———;
7 8 | 533.1 *12.5 * r—-—--27s
27s |22 | 60.3 T 5,58 %% —
31r |17 | 52.9 & 8.74 | #x

*Significant at 5% level.
**Significant at 1% level.
#fNumber of stands.

TABLE XI Effects of soil types on basal area
: of Ulmus americana.

Soil i | Basal area
Type " | (Mean ¥ S.E.)

6 | 5 0.19 ¥ 0.10
- | 7
7 8 0.19 t 0.17 —
27s

27s | 22 0.27% o.17| ——
31r (17 | 6.33 ¢ 1.41 |#%x [ax |

#*Significant at 17 level.
#Number of stands.
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TABLE XI1. Effects of soil types on density
of Acer saccharum.

Soil N# Density
Type (Mean ¥ S.E.)
- 6
6 3 0.0 1 0.0 .

7 8 0.0. 1 0.0 r__'——‘
27s
27s 22 129.8 T 4.03 ek | wk ——

3ir | 17| 0.44 £ 0.43 Fk

#*Significant at 1% level.
#Number of stands.

TABLE XII1l. Effects of soil types on density
of Bumelia lanuginosa.

?oil N# ‘ Deniity
Type (Mean I S.E.)

+

6 5123 T 1.37 ——
7 8| 0.31 & 0.31 —

27s

27s | 22} 1.36 + 0.58 * % —

31r | 17 {10.1 * 366 | #* R

#Significant at 5% level.
*#*Significant at 1% level.
#Number of stands.
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- TABLE X1V. Effects of soil types on density

of Carya illinoensis.

Soil F Density
Type N (Mean * S.E.)
6
6 3 10.0 ¥ 0.0 -
+ 7 .
7 8 10.0 = 0.0 —
27s
27s 22 0.0 * 0.0 —
31r | 17 | 7.05 ¥ 3.26 %* % *
*Significant at 5% level.

#Number of stands.

#Number of stands.

TABLE XV. Effects of soil types on density
of Celtis reticulata.
Soil # Density
Type N"| (Mean % S.E.)
6
6 5 14.8 ¥ 2.33 —
. 7
7 8 10.71 1 0.67 |
27s
27s | 22 [ 1.02 %t 0.60 —
3ir |17 [ 7.2 + 3.0 x| |
*Significant at 5% level.
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TABLE XVI. Effects of soil types on density

of Juglans rupestris.

Soil N Density
Type " | (Mean * S.E.)
: 6
6 5 7.5 ¥ 6.33 r——————
; 7
7 8 0.94 t.0.93 |
27s
27s | 22 8.95 ¥ 6.77 S
31lr 17 24,5 1 9.18 *

*Significant at 5%
#Number of stands.

TABLE XVII.

level.

Effects of soil types on density

of Quercus marilandica.

Soil # Density
Type NP1 (Mean * S.E.)
' 6
6 5 |62.5 T 43.8 —
- 7
7 | 8]65.6 t26.1 —
27s
27s | 22 | 8.4 T 18.1 —
3lr | 17 {243 T 6.04

*%Significant at 1%
#Number of stands.

level.
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TABLE XVII1. Effects of soil types on density
of Ulmus americana.

Soil Nt Density
Type (Mean * S.E.)
6 "
6 5 1.0 ¥ 1.0
[ 7

7 8 ] 0.31 ¥ 0.31 r———‘_'

27s 22 1.5

. 27s
T 0.89 r—————-*

3ir 17 | 16.2 1 5,187 %% | %% | *%

L
+

r#*Significart at 1% level.

#Number of stands.

The relatively small areas encompassed by the sev-
eral soil types and the‘presence of the same general climatic
conditionrs do:not allow the development of distinctively dif-
ferernt vegetational associations. The vegetational varia-
tiors by soil typeé are a result of modified moisture rela-
tions. These relations, probably regulated by the moisture
retaining potentials of the soils and slope exposure, are
responsible for a series of vegetational associations differ-
ing chiefly in relativé abundance of the common dominant,
pést oak. Perhaps it would be best to describe the woody
vegetation of the refuge as a continuum. The edaphic and
topographic factors are combined in many areas in such a

manner that they produce microclimates responsible for the
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distributior orf tre several mirnor species indicative of dif-
ferenrt soil types.

Effects of Geologic Formations on
Woody Vegeration

Aliuvigi, The soils of tris formation are a COmpos -
ite of materials washed intn trne lower areas. Of tke ten
alluvial stards sampied six were or 31r soii type and the
rest orn type 6. Comseguer-tly, the vegetational associatiors
were quite similar to those described previously. Post oak
was the oniy dominant species. Secondary species were west-
ern walvut, blackjack oak, red cedar, chinquapin oak,.and
crictcamwood in descendirg order of their importance.

Trhe highest tree deasity and the second highest
basal area for any geoiogic formatior occurred here (Table
XX). The species with t~e second highest importancé value,
wester” walrut, was the most sigrificant statistically. Its
density was sigrificantly greater on this geologic formation
thhan o~ all others (TaBle XX1X), and its bhasal area was
significartiy greater here thar. on Gabbro, Quanah, and Post
Oak formations.(fabie XXV). The only orher Species on this
formatior which was sigrificantiy importént ir any respect

was chittarwood (Tables XXIV and XXVIT).
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P§st‘oak was reproducing at the rate o£'4,7'sap1ings
per acre and red cedar at 3.8 (Table XXII). Although chin;
quapin oak had a mear importance value of 19.9 (Table XIX),
po reproductior was e~countered. Virtvally all of the chin-
quapin trees mad a clustered growth form, several boles
developirg from a comwmor root (Fig. 5).

The most important herbaceous species was little
bluestem which mace up approximately 25 per cent of the
total herbaceous basal area (Table XX) Big bluestem and

purpletop (Tridens flavus) were the two secondary species and

together made up an additioral 2% per cent of the basal area.

Slender copperleaf (Acalypha gracilens) occurred irn all of
the aliuvial stands but could not be considered an indicator
species due to its commor occurrence in other geologic
formations.

Gabbro. The woody vegetation consistéd of almost
pure stands of post oak, blackjack oak, and red cedar. The
mean importance value of post oak, the only dominant on this
geologic formation, was 218.5 (Table X1X). Blackjack oak and
red cedar were the important secondary species and had impor-
tance values of 39.2 and 22.3 respectively. These three
species'had a total importarce value of 280.0 out of a pos-

sible 300. This formation had the greatest woody basal area
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Crataegus sp. - - . -

Viburnum rufidulum - - - - -

TABLE XIX. Mear importance value of woody species according
to geologic formation.
5. = & .
Species ; = g o H
=z, 3 &8 @
< 3] & ~ ~
Quercus stelliarta 140.5 218.% 144 3 180.3 155.9
- Jugliars rupestris 49.6 4.2 .6 6.3 6.8
Quercus rarilandica 26.3 39.2 29.1 7.7 65.8
Juniperus virgiriara 21.8 ‘22 3 30.0 13.9 17.4
Bumelia lanuginosa 10.6 6.05 14.2 2.0 1.7
Ulmus americara 8.7 9.1 10.9 3.2 4.9
Ceitis reticulata 8.3 0.8 7.8 .7 1.4
Prunus mexicara 2.6 0.9 3.4 2.7 1.1
Carva illinoensis 0.07 4.8 8.6 - - 3.5
Fraxirus americana 2.7 - - 6.6 0.01 0.1
Morus rubra 2.1 - - 0. .9 0.2
Sapindus drurmordii 0.8 - - 0. A .1
Acer saccarum 0.5 - - 26,5 - - 16.6
Quercus muhlerbergii 19.9 -~ - - - 9.9 6.0
Populus delcoides 0.3 - - - - - - 0.01
| Quercus macrbcarpa 1.8 - - - - - - - -
Cercis canadensis 1.0 - - - - - - - -
Diospyros virginiana 0. - - 0.1 - - 3.6
Ulmus rubra 0.08 - - - - - - - -
Quercus shumardii - - - - 1.5 - - 7.3
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and the smallest tree dernsity (Table XX).
Bott che basal area and dersity of post oak were
significartiy greater or the Gabbro thar on either the Post
Oak or Lugert formations (Tabhles XXV1 and XXX). The density

nf pecar (Carva illinoensis) was also significantly greater

trar: on tte Post Oak formatior (Table XXVIII).

Ovt of tre 9.3 sapiings per acre reproduction on
thhis formatior 6.4 were rea cedar and 2.5 post oak (Table
XX11). The rewaining 0.8 was cnittamwood. The forests on
this formatior were composed of mature trees either in the
form of savarrahs (Fig. 9) or in dense stands with closed
canopies ard essertially bare floors.

By far the most important herb in these forests was
lictie bluestem followed hy silver bluestem (Ardropogon

saccharoides) and tall dropseed (Sporobolus asper). The

least pumber of herbaceous species occurred on this forma-
tion ard it supported ore of the lowest herbaceous basal
areas (Tabhle XX).

Coralberrv, sedges, and flatsedges (Cyperus spp.)

occurred in 100 per cent of the stands but their presence in
other formarions rejected them as possible indicator spéEiés.
No herbaceous species was significantly distinctive to this

formatiom.
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TABLE XX Average values of sarpling data based on geologic

formations.

Woody Herb Woodv No. No.
GGolog%c npasal Basal PlaTt Speciei Speciei
Formation  Area Area Density Trees Herbs
Aiiuvium 107.4 3.2 322.2 9.0 '34.2
Gabbro 1i1.2 2.7 253.3 2.0 32.2
Quarar 92.5 3.3 301.4 9.0 : 39.1
Post Oak 79.6 3.0 280.3 3.6 38.1
fugert 91.1 2.3 318.5 >.8 36.0

w - .
Mean rumber of species encountered per stand.

Quarah. T[he only domirant woody species on this
granicic formarior was post oak (Table X1X) and again the
two most important secorndarv species were blackjack oak and
red cedar. The relatively high importance value of sugar
maple was a result of only one stard on 27s soil type located
or a steep north facirg slope.

Both the woody basal area and density of this forma-
tion were intermediate to the other formations. The Alluvium
and Gabbro formationrs had higher mean basal areas while the
Alluvium and lugert rad higher mean density values.

The single stand on 27s soil is refiected in the re-

production data also. Fourteen saplings per acre of sugar
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TABLE XX1. Distcributior of three most important herbaceous
species accordirg to geologic formation.

(Mean hasal area, per cent cover.)

Species Alluvium Gabbro Quanah Post Oak Lugert
Andropogon . . . ‘

scoparius 0.78 A 0.:8 1.31 0.86
Andropogon ] .
Triders

£lavus 0.41 0.02 0.30 0.06 0.11

maple were rfound. Red cedar, post oak, chittamwood, and
hlackjack oak had a rotai of 13.5 saplings per acre as a
group (Tabhle XX1I).

Ir might he well to poirt out that vegetation was
quife limitey on this formation. Of approximately 13 square
miles of Quamat geologic formation on the refuge almost all
was exposed bare rock with vegeration only in the crevices
or ravires (Fig. 10). Groups of trees large enough to be
considered forests or woodlands were very limited.

Of the four soil types and five geologic formations
or which trees.appeared, the Quanah was the oﬁly one on which -
little bluestem was rot the leading herb based on the herb-

aceous basal area. Big bluestem had three times the basal



44

TABLE XXT1. Reproduction of woody species. Number of saplings
per acre according to geologic formation,

Species S e < o b

CRN S R -

< S & & 3

Quercus steliata 4.7 5 3.0 15.7 4,7
Juniperus virgiriara 3.8 4 3.5 4.2 8.1
Celtis reticuiarta 1.4 - - 1.0 0.7 1.3
Jugla“s rupescris 0.4 - - - - - - 2.1
Bumelia larugirosa 0.2 0.8 3.0 0.4 0.5
Diospvros virgiriara 0.2 - - - - - - - -
Cercis caradersis. 0 2 - - - - - - - -
Quercus rariliaraica 0.1 - - 20 38.9 39.2
Acer saccnarum - - - - 14.0 - - 11.4
Sapirdus drummondii - - - - 1.0 - - 0.3
Prunué wexicara - - - - - - 0.4 0.4
Crataegus sp. o= - - - - 0.2 - -
Viburrum ruridulum - - - - - - 0.2 - -
Fraxinus americara - - - - - - - - 0.1
Morus rubra - - - - - - - - 0.1

Ulmus americanra - - - - - - - - - -
Querctus muhlerbergii - - - - - - - - - -
Quercus shumardii - - - - - - - - - -
Carya iilinoensis - - - - - - - - - -

Quercus macrocarpa - - - - - - - - - -

Populus deitoides - - - - - - - - - - -

Uimus rubra - - - - - - - - -
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area of littie hiuveste~ (Table XXI). Tre third herb was
purplerop w ich was approximately malf as imporrant as little
hluesten.

Westerr ragweed occurred in all of the stands on the
Quanah forratior. rowever, tris species was present in 44
of tre 52 tora! sra—~ds sarpled. It was the most common forb
ercountered in r*e¢ Iorests.

Post Dak, Tris formatior was, for the most part,
corposed of / and 27s soi! tvpes. Bot- of these soil types
have a very poor soii development ard limited available water.
As a resuvlt ;be woody vegetatin- was subjected to marginal
cordiriors and was ofter scrubbhy. These conditions are re-
flected ir tre hasal area ard dersirtv data (Table XX). The
dersity, aitkoug- mot the lowest, was rext to it and cﬁe
hasal area was the .owest for any geolbgic formation.

Post a~d hlackjack oaks were t-e two domirant woody
species. Red cerar and chinquapir oak were rext ir impor-
tarce. The 2e-sity of post oak was sigrificantly greater on
the Post Nak ﬁormation thar on the Quanah (Table XXX). Chit-
tarwood density was also greater o- this formation than on
bGahbro (Table XXV11).

The greatest reproduction was occurrirg ir blackjack

oak with 33.9 saplings per acre. Ninety-six per cent of the
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Fig. 9. Open savannah-like forests

of Gabbro derived 7 soil types. All

the trees shown are post oak and the
dominant herd is little bluestem.

B e
R

Fig. 10. General view of Quanah

geologic formation. The woody

vegetation 1s limited to ravines
and water courses.
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saplirgs fourd or t*is formatior were those of blackjack oak,
posr oak, ard red cedar (Tahie XX11).

rituie hluestew was the most importart herbaceous
species foliowed by big bluestem ard tall dropseed. As a
result or tre wide rarge of edapnic a~a topographic condi-
tiors e-courrersd on tris forratior lirtle hivestem was the
only rerhaceous species wric~ occurred i~ all stands sampled
or this formation. Very cleariv ~o grass nor forb could be
picked cut as ar irdicator species.

tugerc. Of thte 19 svards sampled on the Lugert for-
matior 13 were ov the 27s soil type arnd the remaining four
on 3lr or ioamy drai-ageways type Or the drainages the
lugert grarire may he partialiv buried by alluvial material
hut yet.he “ear.enough the sUrface to\he mapped as Lugert
and not Aliuvium. Nevertheless, the nurber of 27s soil type
stards or tris formatior resv.ted ir virtually the same data
as reportead on rﬂe‘soil typémiﬁself (Tables IV and-XX).

Tt.e orly woodv domirart was post oak Secondary
species were blackjack oak, red cedar, and sugar maple. Of
the 24 woodyv species ercounterec 18 showed some importance
value or this formation. TIte ircreased basal area of sugar
maple on this formation over thaé of the Alluvium, Gabbro,

ard Post Oak was statistically significart (Table XXIII).
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TABLE XX11i, Effects of geologic formations on basal
area of Acer saccharum,

p—

Geologic ) Basal area
Formatior N# (Mea~ I S.E.)
: Alluvium
Alluviur 10 0.0 2 0.01
Gabbro

Gabbro 4 0.0 ¥ 0.0 I

' _Quanah
Quarah 3 5.7 20 327 Post
Post Oak ib 0.0 I 0.0
B : . .
iugert 19 3.67 1 1.63) * % *

*Sigrificant at 5% level,
#Nurber of sta-ds.

TABLE XX1V Effects of geologic formations on basal
area.of Burelia lanuginosa.

Geologic " Basal area
Forratior N (Mean I S.E.)
Aliuvium
Aliuvium 10 1.28 ¥ 0.41]
' Gabbro
Gabbro 4 0.08 ¥ 0.07] =  —
Quanah
Quarat 5 2.55 1 2.06 ; [~ Post
Oak
Post Oak 14 0.29 1 0.10} = —
Lugert 19 0.13 + 0.13

#Significant at *% level.
#Number of stands.

Oak
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TABLE XXV. Eiffects of geologic formations on basal
area of Juglarns rupestris. '

Geologic | i | Basal area
Formation f (Mear ¥ §.E.)
Alluvium
Alluviuw 10 i2.8 ¥ 4,05
Gabbro
Gabbro 4 2,32 1 2.32]| = |
‘ Quanah

Quarat 3 2.0 £ 2.0 ~ " Post
: Oak

Post Oak 14 .91 2 0.92) . ‘

lugertc 19 L,04 T 222

*Sigriricart at *% level.
#Numnher of sta-ds.

TABLE XXV1. Effects of geologic formations on basal
area of Quercus stellata.

Geologic p Basal area
Formarion b (Mear. ¥ S.E.)
Alluvium
Alluvium 10 0.3 T 12.6 —
Gabbro
Gabbro 4 88&.4 1 12.8
- Quanah

Quanah 3 63.9 * 20.1 Post

_ Oak
Post QOak 14 35.3 1 8.2 ¥* ‘
Lugert 19 55.9 t 6.2 *

7"S].grlflca"t at 3% level.




TABLE XXVII. Effects of geologic formations on
dersity of Bumelia lanuginosa.

Geologic N Density”
Formation "~ (Mean I S.E.)
Alluvium
Ai:uvvium 10 0.5 T 4,08 =
Gabbro

Gabbro 4 0.0 Z 0.0 [ .= 1

. - Quanah
Qua-ah b 4.0 T 11.0 Post

Oak

Post Qak b 1.8 1 0.73 *
Lugert 19 1.4 = 0.60, o

*Sigrificart at 5% lievel.
#Number orf stands.

TABLE XXVII1. Effects of geologic formations on
dersity of Carya illinoensis.

Geologi: " ~ Density

Formation N (Mean I S.E.)

Alluvium
Alluvium 10 0.0 2 . 0.0 [

. Gabbro
Gahbro 4 4.93 T 1,56+ [
Quanah

Quanah > 13.0. ¥ 7.96 [ Post
_ , . . - Oak
Post Oak 14 0.0 % 0.0 *x —
Lugert 19 | 1.84 T 1.84

*#Sigrificart at 1% level.
#Nurher of stards.



TABLE XXIX.

Effects of geologic formations on
density of Juglans rupestris.

Geologic it Density
Formation " (Mean I S.E.)
‘ Alluvium
Ailuviur 10 47.3 X 13.8 r__'"—_"
Gabbro
Gabbro 4 3.30 ¢ 3.30| * —
: Quanah
Quarar: 5 4.0 2 4.0 * [T Post
Oak
Post 0Oak ib4 3,95 T 3,87 %* r————-—
Lugert 19 12.6 % 7.5 *

*Sigrnifica~t at 3% level.
*#*Significart at 1% level.
#Number of stands.

TABLE XXX. Effects of geologic formations on
dersity of Quercus stellata.
Geologic N Density
Formation ' (Mear. 2 S.E )
- Alluvium
Alluvium 10 | 161.4 T 38.2 [
; Gabbro
Gabbro 4 | 168.9 * 20.6 —
Quanah
Quarah S | 133.0 I 44.8 ' Post
: Oak
Post 0Oak 14 166.0 1 34.3 ¥ *k '
iugert 19 | 137.0 f 11.7 ¥ ok

*Sigrificart at 5% level.
#*Significant at 1% level.
#Number of stands.
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The greater dersity of critramwood over that on Gabbro was
also sigrirficart (Tabhle XXV11).

Reproductinr was taking place at the rate of 58.7
saplirgs per acre (Tahle XXI1). Eignty per cent of the sap-
tings were hlatkjack onak and suvgar mapie. These high repro-
ductior~ figures mear little. As pointed out earlier propor-
tionately rew hlackjacks react marurity, and in many rocky
areas mature sugar raples Jo rot attain large diameters.

Tne most ivportarrt rerbaceous species was little
blueste~, Thkis was foilowed by big bluestem, purpletop, and

green ouynly (Muklerbergia racerosa). The lowest herbaceous

basal area was found on tkis formation, another close corre-
lation with rre 27s soil type.

0f tre several most commoniy encountered forbs none
was present or ail lugert formatiom stands. Sedges and
western ragweed were present in about 80 per cent of the
stands but were rot resrricted sigrificartly to any partic-
ular formatior,

Tre primarv factor which regulated vegetational as-
sociations on the geologic'formations was probably moisture.
The variatio~s in this factor were a resﬁlt of the type
soils derived from each parent material.

The Alluviver formatior.,  composed of products of
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recer decorposition a~d iegradarion, supported a high woody
hasa! area. oot woody ard Yerbaceous associations were
rvpica: of horromiard forests. A few species common to
rtese stands a~d limiteo elsewrere were Indian grass

{Sorgtastrur »uta-s), wirester munly (Mublenbergia frordosa),

arda spargie grass (Lrniola latifo.ia).

Tve Quara™ ror~atio~, tre yourgest of the igneous
materials, nad ~nr decorposed ro rne point where adequate
soil was present for tre estahiisrrent of vegetation. The
few areas sa p.e¢ld were careftlly se.ected for their woody
vegerario® ard were rot i~dicative of tre formation in gen-
eral (Fig. 9).

Ire righest woody basal area was found on the Gabbro
formatior and tre lowesr o+ tre Post Oak Conglomerate. The
forratio~ of a deep u-iform soil o~ the former and a shallow
irregulariy coarse soii o~ r~e latter resuvlted in heavy
sta~ds or post oaw a~¢ hlackjack oak respectively.

T e ~erbhaceous species mertionea in discussing the
Alluviur formatior did .ot occur Fere but on the other hand
xeric rerbaceous species common to this formation were ab-
sert in tte Ailuvium. Examples were btuffalograss (Buchloe

dactyioides), blue grama (Bouteloua gracilis), ard hairy

grama (Bouteloua rirsuta).
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Te lugert formatior, covering 38 per cent of the
refuge, néd orly ore dorinant, post oak. Almost all of the
rvugert stands were or 27s soil types. As quickly as the
soil is was'ed off the rounrtair sides into the valleys it
hecores part of tre Ailuvium forrariorn. Consequently, the

vegeratio—al aescriptior of thke lugert forwatior was essen-

tiailv that of r-e 27s soil type.

Vegetatinr Reiated to Soil Type and

Geoningic Formariom

Soi: types wirkin rre refuge have a greater direct
hearirg on tre woody vegetational associations present than
do geologic formatiors. However, the soil types are closely
related to geoiogic formations a~d most sctarnds oécur on
closeiy relacéd torts. Tre lowest woody.hasal area was
found o~ 7 tvpe soii w-ic~ was, for the most part, on the
Post Oak Co—glorerarte. Tje iowest woody basal area on geo-
logic formatiors occurfed or tre Post Dak.

The fugert ard Quarah formations are similar in
structure, both bei~g granirtic, but diffe; in age. Boﬁh had
low woody hasal areas, r~e difference in mean basal area
being only 1.4 ffz per acre (Tahle XX). Most of the 27s

soil types were on graritic formations and consequently both
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.the herhaceous a~d woodv data for these soil types and geo-
logic formatiors were relatex,

Vris paraiielism is carried through the simiiér Al-
wwvium ror~atio~ a~d 3lv soil tvpe to the Gabbro and type 6
soii. Tve larter pair supporrted tne ~igrest woody basal
area on the reiuge,

Ar. ircreased woody basa: area very often resulted in
a genera: aecrease ir rerbaceous basal area. A trend in
tris directior was evidert rrroughout most of the refuge
(Fig. 1ii). Aparct from exceptional irstarces this relation-
stip was consistent. Trerefore one wight conceivably base a
determiratior of grazing pressure on the fluctuation of herb-
aceous basal area ir a stand of fixed, or at least known,
woody hasal area. Tre trend was less evident on the 27s
soil (Fig :2). This was probabiy a result of the generally
low basal area of herbs, a co-sequence of the high percent-
age of rock outcropping (Fig. 8).

Post oak was the dominant woody species‘on every
soil type and geologic formatior. Blackjack oak was the only
other dominant and orly on tre closely related 7 type soil
and Post Oak Corglomerate rormation. On the basis of im-
portarce values the third species of importance on the refuge

was eastern red cedar. The importance values (Tables 1 and
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XIX) a~d reproducrion data (Tables 11 and XXII) for this
species irzicate a uriversally distrihuted plant successfully
reprodugi“g. )
After making a survey of the originai 8,000.acre
huffalio rarge,_;orihg (1906) scated;."it is doubtful if more

' The same area

thar 2% cedar trees exist or ct-e preserve.’
today is spotted with red cedars and this is.typical of the
refuge. Or the basis or lLorirg's report one must infer that
fedﬁced grazing pressure and fire sUppressiQn has encouraged
the Spread ard muitiplication of cedar. The browsing pres-
stre or tnis species is light. Rouse (1941) reported that
a~relope utilize the Qoung tender tQigs during the winter.
The fact that it is impossible to clearly outline a
particular soil type or geoliogic formation on the basis of
the woonay vegetratior it supports is due to the relatively
srall urits whicrk have beer differentiated ard the uniform
climatic comdiriors. A rumber. of unique woody associations
are presert in the refuge. Examnples of these are the sugar
maples which are locally domirant, and the western walnut
ar< Arerican elm stands in the valleys; also locally domi-
nant. Trese formafions are not restricted entireiy to spe-

cific soil types or geologic formations but to modifications

of very local environmerntal conditions. Significant
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quantitative differences in cover and basal area of individ-
ual tree species occur in the refuge. These differences are

apparently due to soil type and geology.



SUMIARY

The woody vegetation of the Wichita Mountains Wild-
life Refuge in southwesterr Oklahoma occurs on four soil
types ard five geologic formations. Fifty—two.relatively
undiéturbed stands, representéuivé of combinations of these
soil typeé and formations, wexe located ahd sampled. Woody
basal area, density, frequency, and reproduction were deter-
mined by an augmented variable radius method. Basal area of
herbacéous vegetation wés obtained by a thousand point quad-
rats with a poirt frame in each stand.

Post oak (Quercus stellata) was the dominant woody

form on all soil types and geologic formations when dominance
was based on an importance valie of 75 or more. Blackjack

oak (Quercus marilandica) was domimant only on type 7 soil

and the Post Oak Conglomerate geologic formation, two very
closely related forms.

Little bluestem (Andropogon scoparius) was the most

prominent herbaceous speciés on all forms except the Quansah

60
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geologic formatrio~ wrere it was supplanted by big bluestem

(An2ropogon gerara2i).

/

Tre greatest reproduction, based on saplings (1.0 in.
2.9 in. OB} was occurrirg on 27s soil types .and Lugert
geologic rormatior, two closely related fprms. The high
reproagcnive value for blackjack oak suggested an increase
in importarce for thris spefies. However, this species
occurred in virtually pure stands in a scrubby growth form
or. xeric slopes.

Or séil types, other than 27s, aldefinite trend to-
ward a decrease in herbaceous hasal area with an increase in
tree hasal area was observed.

The deiineation of soil types and geologic formations
by vegetatioral associatibns is not poséible due to the lim-
ited areas.eﬂcompassed by each forest or woodland association.

Edaphic and topographic conditiorns are combined in
many areas pfoducing microclimates which suppoft small patches
of vegetational associations dominated by species of minor

overall importarce. An example is the locally dominant sugar

maple (Acer saccharum) on the north facing slopes.
Specific vegetational variations on soil types and
geologic formations are probably a result of moisture

relationships.
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