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THE WOODY VEGETATION OF BEAR'S GLEN,
A WASHINGTON IRVING STOPOVER·

IU.BBDT G. BARClAY, UDlYenlI7 01 Tala

•

A wooded ravine near the Jolnlng of the CUDarron and the ArkaDaaI Rlyen
baa been clef1D1tely ldenttf1ecl by James H. Gardner (1933) .. the ovemJaht
camp 8lte of the WashiDgton Irving party wblch croued Oklahoma In 1832•

•~ ftOte GPJW'ONd ". tluJ PubUcGtfou BOtIf'd. At tbe autbor'. UI'PIlt Ju1at
enee azul u a meuure Of praeucal espedleDcy. cenalD rulee 1D INDCtUaUoD. adbeNd
to here 1D tbs. wlume. baTe been au.peDdecl1D tbe I)I'eIeAt arttcle. TbU c1I'cum-
..... Ie DOt to CCID8UWte a precedent for 8I.m11al'~ 1D tbe tature.



PROODDIN08 0., TBB OKT,ABQlIA

ID JnIDI'I (1811) 'row oa tIN PrtJlrlM Wa location" deecribecl w1tb cue and
___ to u HtJJe W1ld roctJ de1L" .ADotbel" member of the part)', Charles
.JatePb J..-tIobe (18U), found good reuon to canlt"The Bean 0leD."

ParU7 becawse of the hiatortcal !Dterelt, bUt al80 as a unit of the woody
ftI.taUaIl of northea8tem oJrlaboma, Bear', Olen was aelected tor critical
.Rad1 u to composition, Itatl8t1cal anal1I1&, habltat comparisons, and 8UCCe8
IIaaal relatiON

. LOCATION AND PHYSIOGRAPHY

The ravine .aa located by Irv1.Dg as be1Dg half a Dille from the Arkansas
RiVer at a pomt ODe and a bal1 m1les above the mouth 01 the Cimarron Rlver.
GardDer JW'C*l the IjeD in the southeast corner 01 Pawnee County, mainJy in
8ecI.18 aDd~,T, 20 N., B.IO Eo (Fig, 1), It can be reached by gomg north trom
K.e1.tone on WChway 64 to the pomt Where a d1rt road contlDues DOrth as
tile !uIh.ay turns northwest.· Tb1s dirt road shortly turns east, cuts down
to the old floodplain level of the ArkaDaaa and veers northeast past the open
iDIa of leVer&! raVlDes wblch have cut back 1Dto the sandstone upland border
lDI the Arkansas RIver valley, nie second such ravme, approached 1n this
maDDer, .. the one Where, more than one hundred years ago, eighty men and
Uwr bor.. found proteet1on for a DJ.ght after a difficult crossmg 01 the
ArkaDlu.

Tb1a upland Is the so-called Wash.tD6rtoD Irving sandstone of Desjardins.
It belonp to the Wann formation 01 the Pennsylvan1an, as indicated by the
qmboJa of Malcolm oates on the Aerial GeoIOlY Map of Tulsa County used
ill PSI, 1, The raVine or canyon which 1& the location of the present study
OODI18ta of a U-ahaped break. in the sandstone bluff, with the wider and older
portion fac1Dl the east toward the Arkansas River, It 18 traversed by an inter
mittent .tream which was once a tributary of the Arkansas but now spreads
ita l8UC'laJ run-off over the cultivated floodplain east of the road which
IkirtI the opening. The raVine 18 flanked by vertical rock walls or undercut
1edIeI wh1ch are 102 meters <334,6 feet) apart at the entrance. The rock
walla are 12 feet hlgh, with the total reUef of the ravine approximately 50
feet at thla po1nt, From the base of the rock in this wider part of the glen.
lO1l-covered slopes meet the small Ooodp1a1n which has been bunt up in the
bottom. The ravine extends appromnate.ly 2'16 meters (902.0 teet) west, gradu
an, becom1nl narrower with the floodplaln disappearing and with the slopes
iDcreaa1nIl1 rocky. Here the erosion 18 seen to be cutting back into the upland
In two d1rect1ons, with the smaller branch heac:l1ng in a southwest c:Urect10D.
The main part becomes a narrow gorge With 1arIe boulders and it extends in a
nortbweet d1rection 30 meters (88,. feet) from the bend to Its head which 18
,a I-foot drop in the bedrock of the stream, Th18 forms the upper aect10n of
a lalla when there 18 .umc1ent water. The present studY was continued only
1'1.1 meter8 (&7•• feet) beyond the falla because here the slopes between the
rock 1edIes des1lDated as upland and the bedrock of the stream are narrow
aDd support vegetation qUite s1m1lar to the upland, There 1& sttll considerable
rJIe from tbl8 po1nt to the seneral level df the sandstone upland. The inter
mittent stream. which puses over the falla and courses through the ravine,
OOIDII from the hlgher upland through whlch It has ctB a second ravtne. It
18 intended to mate tb1a V-abaped ravine the subject of a aecond astudY In
UdI ana. .

IOfl'BODS

'!'be COJIlP(lI1ttOD of the woocb' veptatiOD of Bear', Glen .... atud1ed by
UIUDI the trees and abnIbB ill the enUre area after ldenUtlcatloua had been
made. aauatlca1 aDa1yaes were baaed OIl chart belt traDaecta aDd U8t quadrata.
A ccapuaUft atud1 of the up1aDd .... made bJ teD. to-meter quadrati. 1D
whkIb aD V. aDd abru.. one 1Dch 01' more ill' d1aIDet.er were U8ted and QIelr
.•' '.a ..... h1Ih (1nchea D. B. B.> were· nconlecL In tbe raYlne, Ids
:...... belt traDIec*. .. MIl ..... wide. .... spaced at the IDtaftII
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PROCBBDINOS OP TBB OKLAHOMA

are< pnIIDted in .... 3. Prequenq of occurrence W88 tabulated by species.
DeMIt)' 1DdJceI were computed for uplaDd, slope, aDd bottomJaDd, 88 well &8
tor tile m traDlYene tranIeets.

, '!'be m traDIectI across the ravine covered a total area of 3230 square
meten. 81Dce the area represented by the transects W88 18,998 square meters,
the ... traDlVene chart transects afford stattstica1 values of almost one-sixth
of the total area. In the lengthwise tranaect, 1310 of the entire 1610 square
meters covered portions of the ravine not touched by the transverse transects.
Thua • Il'&nd total of 4MO of the 18,998 square meters W88 charted and studied
atattaU.:ally, which gives a figure of 4.18 or one-fourth of the area. Because
of Penlound's study (1946) of quadrat size and number, the author consulted
with b1m personally and Is indebted for his assurance that the tranaects made
in tbJa ltudy afford an ample proportion of the whole area of the ravine. For
the upJand. on the other hand, no definite proportion can be given because
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of the large areas Involved. The few Ust quadrats are 1Dtended onl7 tor com
parison to the ravine and not as an adequate analysis of the upland vegetation.

Tht analyses of frequency and density were supplemented by a study of
the d1ameter measurements of the trees 1D the s1x transverse belt transects.
To this were added diameter measurements of all trees within the ravine with
a D. B. B. of ten 1Dches or more. This afforded a study of ale classes 5 and
6 as described by Lutz (1930). From the dlameter measurements a computa
tion of basal areas was made. The diameter study and the basal-area ana1y&1s
were used in comparlng the vegetation of the dlfferent habitats found within
and surroundlng the ravine and in an attempt to 1Dterpret the successional
relations.

COMPOSITION OP THE WOODY VEGETATION

Bruner (1931) designated the section of Oklahoma 1D which Bear's Olen ,
is located as oak-hickory savannah and related this vegetation to the under
lying sandstone. Luckhart and Barclay (1938) studled an oak-hickory com
munity which was situated on sandstone of the seminole formation of the
pennsylvanian, and was located near the southeastern llmlt of the c1ty of
Tulsa. Here the forest was shown by statistical study to be dominated by the
hickory, Carlla buckleyi, the POSt cak, QuerCfU steUata, and the blackjack
oak, Q. marUandica. At Bear's Glen, the sandstone upland which surrounds
the ravine on both sides and almost closes in on it at the head, supports these
same three species as the 1mportant members of the oak-hickory woodland.
The ravine, with its soU-covered and rocky slopes and with its lower flood
plains and upper rocky gorge, offers a variety of habitats and presents a more
varied vegetation than the upland.

The follOWing list of plants, arranged according to famtlles, includes all
the woody plants Which have been found to date in Bear's Olen. It represents
a total of 45 species occurring in 35 genera and 22 famtlles.
Pinaceae Leguminosae

Juniperus virgfnfana L. GlImnocladus dloica (L.) Koch.
Lillaceae Gledltsla trlacanthos L.

Smilax rotundijoUa L. Cercls canaden81a L.
Sallcaceae Anacardlaceae

Salix nigra Marsh. Rhus glabra L.
Populus deltoldu Marsh. Rhus copallina L.

Juglandaoeae Rhus toxlcodendron L.
Juglans nigra L. Rhus ca7U1dens18 Marsh.
CaT1/a buckleyl Our. celastraceae
Carya cordiformil (Wang.) K. Koch. EvonllmouB atropurpureus Jacq.

Fagaceae Cela8tnu Bcandens L.
QuerCfU Btellata Wang. 8apindaceae
QuerCfU muhlenbergU Engelm. Sapfndus drummondil H. and A.
Quercus boreal1.l Michx. f. Vltace8e
Quercus marUandica Muench. Psedera qutnquejolla (L.) Greene
QuerCfU velutina Lam. Vitia sp.

Urttcaceae Hyper1caceae
Ulmru /Ulva Michx. &CI/1'Um ,tam Mlchx.
Ulmru Clmerfcana L. comaceae
Celt,. occfdentCIlu L. Comus asperlfoUa M1chx.
CeltU mfuluif11)lens1.l Bo8c. 8apotace8e
Morua nWrCl L. BumellalClnugl1J08Cl 00Chx') Pen.

Artstoloch1aceae Ebenaceae
Ariatolochia tcnnento.CI 81mB. DfoIWrOl vIrgInfCl1UI L.

Afenlspermaceae Oleaceae
COCCUZua CClTolIn... (L.) DO. Frazlnru ClmerIccI1UI L.

Platanaceae Rubtaceae
PlCItaftua occIdentCIlU L. Cep1uJltJnthua occIdentCIlU L.

Rosaceae C&prftoUace8e
RoM ap. 8rmp~orblcul4tu.a Moench
Pnalu sp. SGmbuc1u CCI~ L.
AmeloftC1lfer~ (L,) MedIc.. V"""".m ru/fdUlvm Rat.
Rubu8P.
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Pna tbe fClnlo1Dl 1JIt, the larP .number of pnera (31) is notable wltb
NIaUGD to tbe M specleI. With the exception of two specles~ for the

. ..... Ulmu, Celtfl, and CfJ1'I/lI aDd four species each for the aenera Quercua
aDd Shu, each pDua is represented by Just ODe speeles. That· a atmUar rela
tion exIIteclin the Luckhal't and Barelay (1938) stud)' is lnc:Ucated In Table
L In the latter location one slope led down to a small fioodp1a1n but no bUl
aide ... part of a ravine. '!be larger number of apec1ea at Bear's Olen and
1ll)eCJaJ1)' the number found only there ta not I1Jl1)I'ia1ng in view of the greater
ftI1atIon of habitat. The only woody plants found at the Sem1nole-sandstone
Itat10D and not seen at Bear's Olen were CfJllIfJ fH!'ClUJ, UlmUl tJlata, and
~ ap. Probably the most outstanding dlfference to the observer would
be tile abundance of red cedar, Junlpenu WI1"UGntJ, on the bluff around Bears
0JeD and the laCk of it at the other location.

TABLE I

ComJHJ",Gn 01 BetS"" Glen fJM the Lu.ckluJrl-fJnd-BfJrcltJl/ 8tfJtUm

Wood)' vesetauon

No. of apec1es
No. of genera
No. of famWea
No. of apeeles l1Ited for

one statton only

Bear's Olen
(Wann sandstone)

45
35
22

16

Luckhart-Barclay Statton
<seminole sandstone)

31
21
14

3

STATISTIOAL ANALYSIS OP TRANSVERSE BELT TRANSECTS

8pedea occurrence or frequency in the s1x transverse belt transects 18 sUID
mar1zed In Table n. In the combined 3230 square meters. 360 woody plants
ODe Inch D. B. H. or over were charted. The trees and shrubs are l18ted for
thJa purpose as belonging to upland, slope, or bottomland. The Ust1ng of the
apec1ea 1n the order of their frequency of occurrence indicates that the white
lib, "'amUl fJfMricfJntJ, Is the most abundant tree over the area as a whole,
followed by the red cedar. Junlperv vfrglnltJntI, and the chlnaberry, SfJplndu.s
nmmondil. The variety of the woody vegetation of the ravine ap1D becomes
.ppumt. with many apecles mating up small percentages of the transect trees.

'!be ttaures of Table n aerve to show the fallacy of JUdg1ng domlnance in
veaetatlon by frequency alone. On tb1a b881a, the white ash would be consid
ered the dominant tree in the ravlne. but the aab does not impress the observer
II be1DI one-th1rd more important than any other tree, as the frequency figures

'would aeem to Indicate. These ftgures would mate either the chestnut oat.
quercum~ or the northern red oat, Q. borealfl, only baIt as impor
tant as the ash, but they are prominent on the a1opes, and the American elm.
m.u camericGntI, With a 8t11l lower frequency rating, is represented by very
IarIe trees. A better picture of domlnance is gained by a study of diameter
anracee .aDd of bua1 areas and wtU be c:Uacuased under babltat comparisons.

TbII conc1wdon recardlnI frequency ta in acreement with that of Pen
fCNDd <lM&> who reaards frequency as the most artlIlclal aDd least Important
IIleU'n of the J)l'QID1DeDce of • apecla

. 'ftle fJ'eque.1lCJ totala of Table D are of value, however, In obtalDiDa IC)IDe..... deDIt" COIIlparJaona. III f1ftl'1 traDaect more specles aDd more indivld
ua1a are located OIl the 8lopes tba.1l OIl 'be uplaDd aDd bott-omJaNt topU1er.
'1'tdI 4Ifterence could be a.pected to a decree IIDce the IP'fJ&ter part of Ule
~ 1leI OIl alope areu. ..if 'be Vusecta bad exteDded eomewlW fartber
... tile uP1aDd • IbDDar cUftereace would~ iIUl1 occur, clue to UI8...deDIt.., of the ftl*tUGt wWdD. tile raYlDe. 8taU1t1caJ fJt'IdeDce of UI8
...... cIeDIlt.J of WOOdJ ...-.ucm W1tbID tbe raYlDe .. oomared wBb UI8
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.... 18 .. III Table m, where tbe Dumber of square meters atudlecI by
V8.DIect aDd quadrat methods 11 divided by the Dumber of lDdl'f1duaJa to give

. tile denlttJ lDda of the dUferent areas. It w11l be noted that wblle both the
bottomland aDd the upland vegetation are thus 8bowD to be less dense, the
I10pes taken alone show the greatest density of woody growth.

TABLEm
Den8ltv mdIce, 01 uplcJnd, ,lope, and bottomlGnd

Area No. of square No. of 1D- DensltytDdex
meters dlv1duals

BOttOiiiI&iid=lD 10Dlitud1D&1
tranaect 1610 &2 30.96-

Bottomland-in transverse
b'aDlectl 86& 50 1'1.30

Slopes and bottomland-1D
336 9.28tranaverse transects 3110

Upland, slopes, and bottomland-
9.02in transverse transects 3230 358

Upland-In quadrats 1000 122 8.20
Slopes-1D transverse transects 22'5 286 '1.90

-one tree or shrub ot one inch D. B. B. or over to every 30.98 square meters.

Another comparison which can be made from the frequency totals of Table
n la the reduction in numbers of individUals from 108 1D Transect 1 to 32 in
Tran8ect & below the falls and to 18 1D Transect 6 above the falls. This reduc
tion la gradual throughout the length of the rav1De except 1D Transect 4 (Fig.
3), where the large number of oaks ra1ses the total. If the reduction were due
only to the decrease in the siZe of ~e transects, it would seem that there should
be no exception in Transect 4. The increasing amount of bare rock surface in
proportion to soU, in passing from the opening to the head of the rav1De, sug
gests a possible relation to the general reduction in number of species and
indiv1duala, but again, it seems as if there should be no exception in Transect
4. That the frequency picture is not rellable is indicated once more by obtain
iDa density indices for the six transverse transects. Table IV shows that Tran
sect 4 has the htihest density of vegetation in the rav1De, with ODe tree to
every 6.06 square meters. Surprls1ngly, Transects 6 and 5 follow as second
and third in density and Transect 2, which gives the appearance of having
many trees, has the least dense vegetation. The ranldng of Transect 6 might
be due to the small size of the transect, but the greater density of the entire
.upper half of the ravine in comparison to the lower half must be important,
&I the younpr UDshaded habitat allows invasion by more 1Ddiv1duals.

ANALYSIS OP VEGETATION BY BABrrAT COMPARISON

Variation 1D the vegetation of a ravine should be considered from two
atandpotnta. The chanp 1D phys1081't.phy !rom the entrance to its head is

TABLB IV
De1IIItv bIdIca 01 the tra,.,.,... tnJfII«:tI

No. of aquare No. of 1D- Denalty 1Ddex RaDk as to
meten dlvkluaJa c:lenslt1

-""':lir-----=-IQto' 108 8.63- 4~

2 'l3O '11 10.28 8th
3 830 83 10.00 Ith
.. toO 81 8.08 1st
a 280 II • .oe 3rd
8 ItO 18 '1.n 2Dd
iOiii tine 01' iiiiI'Uii of ODe mOil D. B. B. or onr to eft17 • .G 8QlaI'8 mewra.

==
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likely to be a basic factor In the development of plants throUIhout Ita JeD&th.
Also the changes encountered from the rock ledge on one I1de of the ravine.
down the adjacent slo~, across the bottomland if there is one. and up the
opposite slope, will offer other comparlsons. These phya10graphtc d1tferences
are evident In the proportions of bare rock and soU and In the variations of
slope and exposure, and they are related to moisture and temperature. At
Bear's Olen widely differing habitats have been produced both from the mouth
to the head of the ravlne and from side to side. A comparison of these habi
tats makes possible a better understanding of the vegetation assoc1atecl With
them.

The upland. The sandstone bluff represents a comparatively dry habitat
which Is characterized by exposure. As a ridge some fifty feet and more above
the Arkansas noodplaln to the east. It Is subject to greater wind velocity and
temperature changes than the ravine itself. It has not been possible to set up
instruments for continuous records. but from psychrometer and anemometer
readings at various times it is evident that the evaporating power of the air
Is greater on the upland than within the ravine. The sandstone rock is th1nly
soU-covered except for outcrops near the glen and for courses worn by the inter
mittent stream and its tributaries.

Since only a small portion of the transverse transects was upland and that
at the very edges of the ravine. ten llst quadrats were made. each ten meters
square. five on each side of the upland bordering the ravine. Quadrats 1 and
10 were made on the upland near the mouth of the glen. that is. near the edge
of the sandstone ridge. The quadrats were placed at random from there
toward the upland bordering the head of the ravine. with numbers 1 to a on
the north side and numbers 10 to 6 on the south side. The data from these
qUadrats Is summarized in Table V.

It has already been stated that the woody vegetation of the upland 18 leas
dense in appearance than that of most of the ravine. Th1s Is due to the open
nature of the oak-hickory savannah and it 18 verified by the occurrence of only
122 trees. one inch or more in diameter. in a total area of 1000 square meters.
ThIs gives a density figure of 8.2 (one tree to every 8.2 square meters). It
would undoubtedly be much higher if it were not for the large numbers of
small trees clustered so closely together that many of them wlll not survive.

It is not felt that 100 square meters is a sufficient measure of this larIe
upland community. but it may serve somewhat as a basis for comparison to the
ravine statistics. The variation from place to place is evident from the cUffer
ences in the composition of the quadrats. The dom1nant tree is the post oat,
QuerCUI .teUata, from the standpoint of both frequency aDd size. since the large
black oak, Q. velutina,is too scarce to be of significance. The quadrat aversces
do not indicate the very large size of many of the post oats. since these figures
are reduced by the many small trees also present. one old isolated tree not
in the quadrats was 32 inches D. B. H. The blackjack oat. Q. mri4n4lca, 18
well established in places; and the hickory. Ca17la buckley', usually a th1rd dom
inant in oak-hickory communities, is present but large Individuals are not
abundant. This agrees With the 1mportaDce ascr1bed to the post oak by Luck
hart and Barclay (1938)· 88 compared to the other two dom1nantl. Bruner's
(931) statement that the post oak and blackjack oak in the same stand
assume equal size would seem to be supported by the quadrat averages, but
not by the individual large post oaks which often do not come within qlWf..
ratl.

All species of woody vegetation which have been ob8erv~ on the uplaDd
have also been found 'lrith1n the ravine. ODe uplaDd tree, the black oat,
Quercu8 veluthuz, W88 not found in any of the tranJecta but wu 1Dfrequentb'
observed on the hJgber a10pea near the middle of the ravtne. The Jack of
abundance of this tree waa remarked early In the study because It had been
Ift8ent at the 8emiDole-aandatone atatlon mentioned above. The large blac~
Gab on the south s1de of the upland lDclIcate the more serle nature of tile
upIaDd sa~ to the slopes of the ravtDe. 'I11e writer believes tbat tbIn
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bas been lOme cross1Dg betWeen the red oat which Is very abundant·on the
slopes and the blact oat. The best means of ldent1f)1ng these two trees With
out acorns was found to be the winter buds. SOmetimes term1nal buds would
be smaller but almost as hoary and angular as those of the black oat and
would be assoc1ated with rounded lateral buds Ute those of the red oak. 81Dce
such trees from apparent crosses seemed to have the smooth upper bart of
the red Oak and grew on the slopes with red oaks of certain identification, they
were classed as red oaks. Some of the red oaks charted for the BOuth-faclnl
rocky slopes of Transect 4 were of this type.

The slopes. The slopes of the ravine present a mesic habitat, varying in
degree, in comparison with the upland. The substratum for plants changes
from slopes of sUght grade near the entrance, with good soU cover and only
occasional large rocks, to steeper slopes In the middle portion and near the
falls, with progressively less soU and more exposed rocks and boulders. Even
in the latter location there is less exposure to drying winds than on the upland.
During the spring the soU between the boulders 18 kept moist by seepap and
by prox1m1ty to the water In the stream bed.

The woody plants of the slopes which are characteristic of the soU-covered
areas below the middle of the ravine are bitternut hickory (Caf1/a cordf/ormfa),
American elm, Ulmus americana, sl1ppery elm, U. /ulva, black haw, Viburnum
rufidulum, grape, ViLis sp. (occurring also In Transect 4), black walnut, Jug14n.s
nigra, and bush dogwood, Comus aspen/olta. Those which have become estab
lished on the rocky slopes of the upper portion but are not found In any great
numbers on the soU-covered slopes are the post oak and the hickory, to which
may be added the blackjack oak and t.he black oak Which are not In any of the
transverse transects.

Less obvious than the variation from entrance to head of the ravine, but
of importance, is the difference between the slopes on the two sides. The south
facing slope tends to have less grade and to be longer than the north-fac'DI
slope. This is due to the more-rapid weathering of the rock ledge on the
south-facing side with greater temperature fluctuations. The sandstone rock,
some twelve feet thick near the entrance, 18 underlain by shale which wears
away and allows great blocks of sandstone to tilt and finally move down the
slope by creep. A few such detached blocks may be observed on the north
facing slope but happen not to have been in the transverse transects, whereas
they are prominent features of the south-facing slope In the lower half of the
ravine. They are shown In the profUes of Transects 1,2, and 3 In Plg. 3. This
displacement of blocks of sandstone, although gradual, 18 thought to have con
tributed to the overturning of three good-sized red cedars near the rim of the
ravine, observed at times when no wind breakage was apparent. There are
evidences of s1m11ar occurrences. in the past. The shallow root aystems of
these trees and their tendency to grow on the surfaces of the large blocks of
sandstone make them easier to dislodge than the oaks and other trees.

Temperature changes which are sufficiently different on the two slopes
to cause variation in physiography can be expected to have an effect upon
the development of vegetation. In walking through the glen, one Is not aware
of outstanding variations in the appearance of the woody plants of the two
slopes. A dlfference in undergrowth appears, however, with a dense thlctet
of greenbrier, SmUaz rotufl4f/oll4, on the south-facing alope and an a1moIt
complete lack of it on the opposite slope.

Table VI compares the woody vegetation of the8e opposite alopea, &I wen
as the other habitats, by means of summatlons of the transverse transect data.
The species are llated here in the order of their occurrence sa folloWl: On the
UPland slopes but not bottomland; on upland, 110pea, and bottomJan4;
on the alopes alone; and flnally chiefly on the bottomland. The D. B. B.
figures are included, with averages for each apec1es and each habitat. The
combined transect segmenta of the north-facing slope have a total number
Of 146 woody plants, one 1nch or more in cUameter, with the correspondlng
areaa on the south-tac1ng slope falllng only five trees abort of tbla. Prequency,
8Ia1n. therefore Is lDsuff1cJent to 1nd1cate the dltferenee between the two aIopeI,
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but a compal18on of deDllty fa more helpful. Por the _ equare meters cbarted
on the nOlth-fac1Dg slope by the tranaverae traDaecta, a dena1ty IDdez of 8.81
is obtained (one tree for every 8.81 square meters), whereas a a1m1lar lDdez
for the 1235 square meters on the south-facln8 slope is 8.75. Th1a denser veae
tatlon on the north-facing slope. denser than on either the IOUth-fac!DI elope
or the upland. Indicatea a more mesophyt1c community.

It would appear from the transects that some trees such u shadbush.
Amelanclder canadenlfl, and black walnut. Jug14m nigra, milht be llmlted to
the north-facing slope. but they More been observed on the lOuth-faclna slope
as well. Of possible sIgn1ficance is the second-largest diameter measurement
on the slopes, 26 inches D. B. H .• for a dead black walnut near the top of the
north-facing slope about midway in the ravine. The tree may have died from
old age since part of its trunk is stul standlnl. 12 feet or more in he1lht.
It clearly shows the mea1c conditions under which it grew on tb1a nort:h-faclDr
slope.

The diameter measurements of Table VI provide further evidence of the
greater degree of mesophyt1sm of the community on the north factng-a1oPe
as compared with that on the south-faclDi slope. It is felt that the aver
age of the individual species of the two slopes may be more important than
the total D. B. H. averages of the two slopes. beeause the latter for the north
facing slope is undoubtedly reduced by the large number of small aah trees.
In fact the only species which gave D. B. H. averages on the south-facina a10pe
higher by more than one inch than on the north-facing slope were American
elm. Ulmus amencaM. and bitternut hickory. Carya cord'formfB. These are
balanced by post oak. Quercus atelltlta, and hackberrY, Celtfl occtcIenttllfl, whJch
had averages higher by more than one inch on the north-facing slope.

It was thought that Table VI would show the one or more trees wbleb
could be saId to dominate the slopes. Since frequency alone has been mown
to be undependable In Indicating dominance, siZe in combination with fre
quency was considered. From these criteria it would seem that dominance 11
about equally divided between the northern red oak, QuerC'UI 'borealfl, and the
chestnut oak, Q. muhlenber¢f, with the same total number appearlng In the
transects. In each case there are more individuals on the south-facing sJope
but a larger average D. B. H. on the north-facing slope. The frequency at
these two trees is surpassed only by the ash, but the average D. B. H. of the
ash 18 very low, as considered previously. The average size of the two oab is
surpassed only by the American elm. especially on the south-facing alope, and
by the post oaks on the north-facing slope but the number of the latter 11 too
small to make them slglnlfcant and the number of elms on the two slopes is
approximately one third the number of the oaks. It would seem from the tran
sect data then, that the vegetation on the slopes should be called a nortbem
red. oak-chestnut oak community.

In order to cheek still further on dominance, the large trees of the enUre
glen were measured. Table vn gives the diameter averages of all trees 10
Inches D. B. H. or over. and also, computed from these, the basal area aver
aces. Lutz (1930) contended that h1a age cla88es 5 and 6, which include treeI
of 10 Inches D. B. H. and over, are the true indication of dominance. Table
vn shows at least a third more large red oaks than any other tree. and atDce
th1s Is a matter of selection, frequency Is here thOUlht to be of CODI1derab1e
importance. The second tree on the slopes from the standpoint of trequeDcJ
of large trees is the American elm and it far outranks the red oak 1D av..,e
D. B. H., espec1al1y on the 8Outh-fac1ng slope. Th1rd, by way of trequeDcJ of
large trees, fa tile chestnut oak, and it 11 Interesting to note itl larIer D. B. B.
average thaD the red oak on the soutb-tac1D8 slope.

A better checlt OIl dominance thaD diameter meuuremeDta Ibou14 be tbe
bua1 areu of the trees, especIaJly when large treeI alone are CODIIdered. It
wt1l be DOted (lee Table VII) that even thouIh the averace dlameter of t.be
larp elms aceeds tbat of the red oab 011 the north-fadDI J1ope, tbe averap
bua1 area of the red oab 11 1UlhU1 hIIber. The order of importance, u ahowD
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by bBsal area alone, would be ftrst, elm on the south-fac1Dg slope; second, ch8lt
nut oat on the south-facing slope; third, red oak on the north-faclDg slope; and
fourth, elm on the north-fac1Dg slope. Prom the conslderation of all the larp
trees in the glen, It would seem that the vegetation on the slopes would have
to be called a chestnut oat-northern red oak-American elm community. The
elm Is named last, beCause although largest of all, these trees are more
restricted to the lower parts of the slopes near the fioodplaln.

Table VU may also provide further evidence on the difference between the
two slopes as tree habitats. In this case smallindlvlduals cannot reduce aver
ages so the totals for the north- and south-facing slopes would seem s1gnWcant.
Almost a third more large trees were found on the north-fac1ng slope and thla
should be a good indication of mesophytlsm. The higher average diameters
and the higher average basal areas on the south-facing slope may indicate a
greater growth of the established trees where light strikes more directly for. a
longer period of the day and the resulting periods of high temperature are
longer, or it may indicate the earUer establlshment of these trees on the south
facing slope. It Is hoped that this study may be supplemented by a growth-ring
analysis but it Is doubtfUl whether an Increment borer will reach to the centers
of the large elms.

The bottomland. The bottom of the ravine presents a more hydric habitat
than the slopes or the upland. It varies from the floodplain near the mouth
of the ravine to the rocky stream bed and finally to the saUd sandstone bed
rock above the falls (Fig. 3). It also differs With the seasonal appearance of
the intermittent stream or at least of seepage water if there Is not sufficient
water to flow as a stream through the lower floodplaln.

The vegetation on the bottomland varies With the change from fioodplaln
to rocky stream bed. Table VUI summarizes the 52 trees occurring within the
longitudinal belt transect, 5 meters wide. laid out from the mouth of the ravtne
to the head (Fig. 2). Frequency alone indicates the importance of soapberry,
Sapindus drummondii, and American elm, but size and frequency together show
the dominance of elm and cottonwood. Popu.lw deltolde8. Th18 same relation
ship is shown in the bottomland portions of transverse Transects 1 and :II (PIg.
3) . As the floodplain soU gives way. up the ravine. to a narrower rocky
stream bed, persimmon, DWsP1/T08 virgintana, occurs frequently but the
trees are small. whereas ash, Frazinus americana, is less frequent but
larger in siZe. and the tree which combines numbers and size 18 sycamore,
Platanus occidentalt8. In the last portion of the stream bed which Is almost
unbroken sandstone bedrock. covered now very seldom by water, red cedar,
Juniperus virgintana, seems to be the only tree which is able to establJah ttself,
and that Infrequently. In fact, this portion of the stream bed resembles upland.
more than it does bottomland, both In character and in vegetation. It would
appear, then, that the vegetation of the lower bottomland or floodpla1n could
be called a cottonwood-elm-soapberry community, that the rocky bottomland
supports a sycamore-ash community, and the uppermost stream bed. ahoUld be
classed With the upland.

The Importance of the cottonwood and the bottomland elm amona the
large trees of the entire glen may be seen in Table vn. The domlnan~ of
these two trees on bottomland Is obvious but It must be rememberd that th18
appUes to the lower part of the ravine where there Is a floodp1a1n. The syca
more of the rocky portion runs the baaal-area figure of the bottomland elm a
close second. Although the largest tree in the ravine Is an AmerIcan elm on
the lower part of the 8Outh-fac1ng slope (37.'1& Inches D. B. B.), the aV8rale
of the five large cottonwoods near the mouth of the ravine Is greater thaD
the average of all the large elms. The average basal area of theIe cotton
woods Is much larger than any other total average bua1 area, th18 ftIure beiDa
IUI'J)888ed only by the average baaal area of I1x large elms on the IOUth-fac1DI
slope.

SUCCIf88IONAL RBLATIONSHlP8
Bear'8 Olen Is a ravine cut into a I&Dd8toDe r1dge covered by oak..blctorJ

WOOdland savaDDah. 'l'bi8 Is tbe c1lJDU vecetatfon of the 8&DdItoae bIl1t nPm
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It 18 Datura! that Urls lDvuton 18 at the upper portion of the mopel, whUe the
elmS are found on the lower portions where it 18 more mesic and leu ute the
upland. It Is thought that the woody succeu10n on the upland and the ezpoeed
upper parts of the mopes may go through a shrub stage composed of such
plants as sumac, lUlUl I1kibrtJ, and Ascrrum ,tau, wbleh are found In these
areas. to a tree stage composed of red cedar, Janfpenu wgmf4ncJ, and on to
the oak-hickory community, or directly to the latter with an omJaalon at the
red cedar. There are many large cut stumps of the red cedar along the edge
of the ravine, as well as much reproduction in places, indicating its prevalence
in the past as well as In the future, but there 18 nothing to show that it 18 a
necessary precedent to estabUshment of the oak-hickory community.

The lower portions of the slopes must necessarlly take a longer time to
becOme vegetated with post oaka, blackjack oats, and ozark hickories alnce
the habitat is less llte that of the sandstone ridge. As large sandstone blocb
creep down the slopes, local habltata are established which are more Ute the
substratum above than the broken rocks and soU surrounding them. Often
red cedar and blackjack oat grow on these blocks When exposed ln the upper
half of the ravine. Excellent Uchen and moss stages precede the eatabUshment
of other vegetation on the rock surfaces and could well be the subject of a
separate study. Where soU has developed between the large blocks, elm, hack
berry, and black walnut become established, the first two in great numberl.
Ash trees, now so abundant on these slopes, may either have been coming 1n
for a long time and not reaching the maturity of the elms or they may have
come in more recently. It would seem to the author that an early stage of
development on these lower soll-covered slopes 18 s1mllar to a late floodplain
stage dominated by elm, hackberry, and ash. Under the shade of these trees,
especially the large elms, the red oaks and chestnut oaks have come ln, 10
that the latter three together now dominate the slopes. The elms are larger
and apparently older and they are certainly doomed to lose out as the habitat
of the slopes becomes less mesic and the members of the oak-hickory com
munity extend their invasion downward from above. It would seem that the
isolated sandstone blocks with their local xeric habitats would become more
mesic as they are shaded by the trees growing up around them, and their
lichen and moss stages would give way to terns and mesophytlc herbs, and
eventually they would be broken Into smaller rocks. Such rocts have been
observed under the cover of the dense growth of the mesophytic red oak
chestnut oak-elm community, on the more mature slopes near the mouth 01
the ravine. If they do not break down completely to soU by the time of the
Invasion of the oak-hickory community one could picture their return to the
xeric habitat they once presented as isolated fragments separated from the
upland.

The bottomland of the ravine should be the last to be invaded by the
oats and hickories from the ridge above. Here the woody stages of the suc
cession are more clearly marked, beg1nn1ng with such hydrophytlc ahrubl u
buttonbush, Cep1uJlanthUl occfdentalU, or omitting them and beg1nn1ng with
the 8)'C8D1ore, PlatanUl occfdentaUa, wherever the streambed la broken up into
rocks and where coDS1derable water 18 present at least for part of the year.
The large .sycamore Just west of Transect 4 (Fig. 3) groW8 near a rock beJJeved
to have been described by Waahlngton Irvlng (1832) as having a aprlng below
it. There is at present water, at least seepage water, at thla polDt much 01
the Je&I'. The sycamore stage might well have wWow, sauz nJ,grG, wttb It,
but only one small specimen was observed in the glen. The sycamore staae,
supplemented by pendmmon and ash, Ie apparently prolonged until a f1oocl
Pla1n aoU is deposited on wbleb cottonwood seeds can germlnate. In Bear'.
Glen there II no intermediate stage of JOUDr cottonwoods. The tnterm1ttent
atream must have stopped its floodJDg and 1011 bulld1ng rather abruWl, tar
the bottomland grades quite rapldly from an alluvtal deposit four teet tb1ck
to rocky bottom with UttJe 8OU. On the fioodplaln are the five very 1arge c0t
tonwoods menUoned prev1ouIl, which are apparently J'eUca of a pnmoua eat- .
toDWOOCl 8taIe and DO'Ir can be 0DJy the oJd pan of the cottonWOOd-eJm-eoap
berry community. The IOapberry II the J'OUD8 member of thIa de'felopmeatal
atace, aDd III~ wkkQ' near the mouth of the ravfDe. '1'he "bu",-
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.., of tbU tree In such numbers (PItr. 3) In this aDd adjacent ravines Ss
• paint of 1Dtere8t to the author since no other specimens are known for some
dlRance and this location sa near the eastern l1m1t of its range. The cotton
woocI-elm-eoapberry stage sa the most-mature community now present on the
OoodpJatn of the ravine. It 1a expected that it w1ll eventually be invaded by
the northern red and chestnut oaks with their accompanying species from the
a1opeI, and eventually by the oak-hickory woodland.

Tbe writer w1Ihes to express acknowledgment for the assistance rendered
by bel' husband, B. D. Barclay. in the preparation of the complete lSst of species
coUected in the lien.

SUMMARY

A wooded ravine near Keystone, historically establlshed as a one-night
camp of Waahington Irving's party in 1832, was stat1st1cally studied by means
of belt transects. The ravine is cut into a sandstone ridge covered by oak
hickory savannah woodland, characteristic of the sandstone h1lls of Oklahoma.
'I'heIe trees grow in a comparatively xeric habitat and are openly spaced,
with a dena1ty figure of 8.2. The dOminants of the Woodland were determined
by quadrats to be post oak, QuerctU 6teUata, blackjack oak, Q. marU4ndfca,
and hickory, Cart/a bUcklqf.

Porty-five species of woody plants were identified in the ravine. The sta
ttattca1 data from six belt transects across the ravine and one transect
running the length of the ravine, totalling one-fourth of the entire area,
abowed that frequency 18 not an indication of dominance, but that diameter
measurements plus frequency can indicate dominance. Dominance was further
eatabllahed by. diameter measurements and basal-area computations of all
trees in the ravine ten inches or more in diameter. The slopes of the ravine
are dominated by chestnut oak, QuerctU muhlenbergti, northern red oak, Q.
borec&lll. and on the lower parts by very large elm, Ulmus americana. The
north-lacing slope Is more mesic as a habitat. as shown by fewer blocks of
upland becoming detached and moving down the slope by creep. It supports
a more meaophytic community as shown by a density figure of 6.81 for the
north-facina slope as compared to 8.75 for the BOuth-facing slope, by the
woody species of the two slopes, and by a greater frequency of large trees on
the north-facing slope. The south-facing slope has allowed greater growth
of such trees as the elms, or they became estabUshed on that slope at an earlier
date. The soU-covered slopes near the mouth of the ravine have some dif
ferent apec1es than the steeper rocky slopes near the head.

The bottomland of the ravine varies from rich floodplain near the mouth,
on which a mature floodplain forest of old cottonwood. Populus delt0ide8. elm.
and young soapberry, SapindtU drummondii.· exists, to a rocky streambed
with sycamore, Plataftw occUlentalu. elm. and persimmon, Dfo3phr08 vir
IIfftftmG, and finally to solid sandstone bedrock resembling the upland and
aupport1ng only a few red cedars, Junfperul wgfnl4na..

The entire ravine should eventually become oak-b1ckory woodland, as phys
lotP'aphlc chanles el1m1nate the raVine characters. The successlon toward
the oat-hickory WOOdland is on xeric upland rock through woody shrubs
and red cedar; on comparatively mesic slopes through elm, hackberry (Cel
ttl~). and ash (Frazmus 4merfcantJ). to a community of chest
nut oat, northern red oak, and large e1In, dominant now in the ravine; and on
Qdr1c bottomland Ulrough sycamore to cottoDwood and to a community of old
ooUonwooel. elm. and young soapberry DOW pnsent near the mouth of tbe...w.e. .
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