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PREFACE

Distribuéibn pattéfﬁs'of Vege£ati6nfvon the sand hills
df;north—centrai andfndrphwéstern,Oklahdma are investigated
in this study} qu‘rélatively distinét pbysiognomic groups
are ehcountered*aldng-thefénvirﬁnmenﬁal gfadient, deciduous
forest to the east; and gfass/shrub, to the west. The
boundary.betweenvthgse two_§ioups1c6rfésponds with a change
from sandy soils haﬁihq higher::organic‘ matter content in
the east'to very sandy soil - with little ofganic matter to
the weét.‘ The.objectives of this study are to describe the
pattern of vegetatioﬁal chgnge,¢idehtify_vdistiﬁct commun-
ities if theyiexist,‘énd reiatefcommunity boundaries to'the
enVironmental'gradiéﬁt; ‘ |

| -The,authér wishesv to ekpféés his appreciationltobhis
major advisef, Dr. Jerry‘d,‘fcrodkett,  for his guidancé;
aSéistanCeTand patience thfoughbﬁt this study. Also great-
ly appreciated is the assistance provided‘by the committee
members;*Dr.'Glen W. Todd éhd:ﬁr. Rdnald‘J; Tyrl.
| Spéciai .thanks bié giﬁén‘to‘br.‘P. L.Jsimé, and the
numerous land owners whdrprOVidedvinformatidh and access to
the study _siteé. My aeepest ,thaﬁks go to my wife,
Margaret, and daﬁghter, Amanda;i without whose support this

would not have been possible.
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'LIST OF SYMBOLS
FOUR LETTER CODES FOR SPECIES NAMES

AMHY - Amaranthus hybridus L. - annual

AMPS - Ambrosia psilostachya DC. - perennial

ANHA - Andropogon hallii Hack. = perennial

‘APSK - Aphahostephus’skirrhobasis (DC.) Trel. - ahnual
ARFI - Artemisia filifolia forr. - perenniai |

ARPU - Aristida purpurea Nutt. - pérennial

BIBI - Bidens bipinnata L. - annual

BLVS - Scleranthus annuus? was not collected flowering -

annual

BULA -‘Bumelia lanuginosa (Michx.) Pers. - perennial

CATO =~ CarYa tomentoéa'(Poif.) Nutt. - perennial

CAGI - Calamovilfa gigantea (Nutt.) Scribn. and Merr. -
perennial ‘ : ‘

CECA - Cercis canadensis L. - pefennial

CHAL - Chenopodium album L. - annual

CHHY - Chenopodium hybridum L. - annual

CHLE -’Chenopodium leptophyllum Nutt. - annual

CHVI - Chrysopis villosa (Pursh) Nutt. - perennial

CLTS - Celtis laevigata Willd, C. occidentalis Pursh, and
C. reticulata Torr. - perennial

CODR - Cornus drummondii Meyer - perennial

COMM - Commelina erecta L. - perennial

CRGL - Croton'glandulosus L. - annual




CRTX -

ELVI

 ERAN
ERBE
ERTR
| EUMI
FEOC

GAAP

GILO.

GYDI
"HEPE
JUNI

- JUVI

. LEDE

MEST

MORU
MOPU

MSDG

OPMA

PAPE -

PAQU
PASP
PHYS
PLPU
" oUMA

QUMR

Croton téxensis'(Klotzsch) Muell. Arg

Elymus Virginicus L. - perénnial

_Eriogonum annum Nutt. = annual

Erigeron bellidiastrumvNutt. - annual

Euphorbla mlssurlca Raf.¢f;annual

'Festuca octoflora Walt. = annual

~Ga11um_apar1ne L.,- annual

:Gilia lqhgiflora (Torr.) Don - annual

Helianthus'petiolarié Nutt. - annual

Juglans nigra L. - perennlal

Juniperus virginlana L. - perennial

Lamlum amplex1caule L. -'énndal’

Lepldlum den51florum Schrad.y- annual

Morus rubra L. - perennial' -

‘Monarda punctata‘L;w-,pérennial-

Cyperus schwe1n1t211 Torr. - perénniali

’Opuntla macrorhlza Engelm. 4'perennial

Parletarla pensylvanlca Muhl. - annual

Parthen001ssus qulnquefolla (L ) Planch

Paspalum seta01um Michx. - perennlal

Physalis virginiana Miller, and others -

Plantago Pufshii R. & S. - annual

Quercus macrocarpa MiChX..f perennial

Quercus marilandica Muenchh. - perennial-

oxi

. = annual

' Erégrdétis trichodeé (Nutt,)-Nash’— perennial
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Quercus muehlenbergii Englem. - perennial

Quercus stellata Wang. - perennial
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Schizadhyrium scoparium (Michx.) Nash =
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Smilax bona-nox L. = perennial

Smilax tamnoides L. - perennial
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total frequency

three leaved seedling, was not céllected flowering

Triplasis purpurea (Walt.) Chapm. - annual
Ulmus americana L. - perennial
Ulmus rubra Muhl. - perennial

Viola rafinesquii Greene - annual

Nomenclature from Waterfall (1972).
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CHAPTER I
: INTRODUCTION‘

The class1f1catlon of vegetatlonal communltles and the
understandlng aof the processes of the1r development has
| been the subjeot of :oonslderable»,d;scusslon and research

(Clements, 1916, ‘ciegsoﬁ, 19;?;t.whittaker, 1956) . * The
boomplexity of.the envlronménts;vandathe varied‘responses‘of"
dlfferent spe01es tovenvironmental oonditions‘and competi-
tion, has compllcated the elu01datlon of the ‘mechanisms
involved and 1dentlflcatlon of the'stages of vegetational
suocession, and the resulting'stable‘climax communities.'

Across northFcentfaljand~northWestern dklahoma there
exists a series of‘sand dunes’associated with'the Cimarron
'and, North'ycanadianiriversw‘ These.duhes‘ occur along an
: environmental ofadient(of.steadily:‘chanéing climatic and
physlographlc factors. Along’othls gradient’ fron east to
west, there 1s a steady decllne in annual prec1p1tatlon, a
's1m11argtnend,;n length ofvgrowlng;season,“and: a - gradual
increase in elevation.

These sandy soils .snpbOrt _tvof‘readily’,identifiable
physiognomic commun1t1es, dec1duous forestband grass/shrub
lands. ' The adjacent non-sandy s01ls (loams and clay loanms)

support,.from east to west respectively, de01duous forest,



tall grass, mixed grass and ’shbrt 'gfaés prairie (Bfuner;
193i);. In 'theieaStern part of theiaréé included in this
study, sandy'éoilé,typically’ aré‘ inhabited by more xéric
species, while in the west they support the domparatively
mofé mesic speciés; This is,dué‘primarily ﬁo the low,water
holding vcapaéitieé, _butihigh infiltrafion rates and low
eVapofative» 1b§séé' bf sandy' soils compared to finer
textured soils (Aiiéai anthﬁlbért;’1970: Taylor, 1960) .
Thevpreseﬁce of éimilar iSOilé and the elimihation of
| pre-existing'Vegetationr by lthé’~depo§iti6n of"the sand,
present an opportunity ES,.study5 the effects of other
factors on the development 6f‘ ﬁegetatibﬁal cOmmunitiés.
The objectiVeSZOf this study were tokdeSCribef the pattern
of vegetatibnél chaﬁge across.thé »environméntal gradient,
to _idéntify ‘distinct ébﬁmunitiés if’théy exiét, "and to
reléteicommﬁhity béuhaaries to the changing'envirbnment, if

possible.



' CHAPTER IT
LITERATURE REVIEW

Two main theories have'i beén ppétuléted explaining the
nature and *deVelopment of distributional ’patterns of
vegetation."é;ements' (1916) ﬁiéw Waé to thSider-é'stable
aésembiage of plants as‘an '6rganism; This organism was
thought to developvthrough é“series 6f distinct stages, the
- sere, and ‘resultéq ~in a final condition, the climax.
Climax vegetatioh’was‘postUIéféd as beiﬁg determined by the
regionai climate, and vbeing‘ capable. of sﬁstaining itself‘
~ indefinitely. In édntraSt, ;Gleasbn's' (1917) individuél—
istic theory proposed that the.Vegétation of an area was
determined by the séiedtiﬁe action ofrthe‘environment for
adapted species, aﬁd :ﬁﬁe aispersal of vseeds from
surrounding pdpulétions and . accidental introductions.
SﬁCcesSion.in'the'indiVidualistic 'théory,‘was'the respohse
 df thef'végefation to changing éﬁ§ironmental'”conditions
and/or the introducﬁion of hew, adapted species;

Tansley '(1935) modified the 6rganismal theory of
Clements, rejécting the conCeptr of ﬁhé plant community as
an organism, “but retaining the idea of distinct identities
to the stages of vegetational- dévelopment‘ and ciimax.

Morrison and Yarranton (1974) investigated the succession



4

of vegetation on the sand dunes associated with Lake
Huron. They concluded that the stages they observed
supported the organismal concept presented by Tansley
(1935). Chadwick and Dalke' (1965) described = five
successional stages on sand deposits left behind active
dunes in Idaho. | |

Curtis and McIntosh (1951) investigated the upland
forests of Wisconsin. They did hot identify distinct
species groups, but rather ‘described a vcentinuum of
vegetation, _changing in response . to: the environmental
gradients. Whittaker (1956)’vobserved the same type of
vegetational change in the Great Smoky Mountains. = Curtis
(1955) studied the prairies of southern Wisconsin on wet to
xeric sites and found no groups of species with similar
patterns of occurrence. Adams and Anderson (1930, p. 384)
found ... a cohtinuOus and gradual change in species
composition along the delineated Qradient" in forests of
Illinois. Rice and-Penfound (1959) investigated the upland
forests ef Oklahoma. They found no groups of species which
achieved their optimum development in the same stands, and-
thus no distinct communities ﬁere identified oh the basis
of combinations of leading dominants.

One of the first studies done specifically on sand
dune vegetation in the United States was by Cowles (1899).
He recognized the opportunity presented by the dunes in
simplifying the problems of pre-existing vegetation and

edaphic conditions for the study of Vegetational



development. Several subsequent studies have been made of
the vegetation on dunes across North America; Great Lakes
(Van Denack, 1961; Morrison and Yarranton, 1974; Yarranton
and Morrison, 1974), coastal (Kumler,l969), and inland
(Chadwick and Dalke, 1965; Daley, 1972; Pool, 1914;
Sherwood, 1980).

Bruner (1931) recognized the effect of edaphic
conditions on the distribution of vegetation in Oklahoma.

He described a postclimax prairie of Andropogon associes

. progressing east to west across central Oklahoma. These
were located on sand debosits found adjacent to the

rivers. The Andropogon associes crossed the tall grass

prairie in the east, the mixed. grasses of west central
Oklahoma, and continued into the short grass prairie of the
panhandle.

Recently ' Sherwood (l980)iinvestigated the vegetation
of sand dunes in Woods County of northwestern Oklahoma. He
compiled a species list for dunes in the area, attempted to
identify separate communities in relation to dune
topography, and investigated mineral relationships of some
of the species. He concluded that‘the vegetation could not
be divided iﬁto distinct communities based on the
topographical positions of dune crest, mid-dune slope and

slack.



CHAPTER III
STUDY SITES

Nine geographic locations were selected for this
study. Theyv.were located along an east-west transect
across north-central and northwestern Oklahoma (Figure 1).
Each of the sites was within a few miles of the Cimarron or
North Canadian rivers. Table I lists the general location,
soil, and elevation of each site. The specific location of
each sitekis presented in Tabie II.

The soil at all sites was sandy. = The western sites
were located on Tivoli fine'sand, which was deposited
during the Pleistocene Epoch of the Quaternary Period (Soil
Survey, Beaver Co., 1959), The Tivoli Series are deep,
loose, structureless,sahdy soils of the sand hills (Soil
Survey, Beaver Co., 1959). Site 3 was ~iocated on Eufaula
fine sand ' (Soil Survey, Kingfisher Co., 1959). The Eufaula
series, like the Tivoli, are deep sandy soils, but unlike
the Tivoli, they have a thick A2 horizon. Site 2 was on
Defby loamy fine sand which contains more organic matter in
the surface layer than Tivoli or Eufaula and was thus more
fertile and less droughty (Soil Survey, Logan Co., 1960).
Site 1 was on Pulaski fine sandy loam. Unlike the other

sites, the Pulaski soils have not been subject to extensive
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PHYSTIOGRAPHY OF STUDY SITES

TABLE I

' TSITE

NEAREST

" RIVER

SOTL,

"ELEVATION

NUMBER ~TOWN DRAINAGE ‘TYPE (FEET) -
1 Perkins cimarron  Pulaski fine- 900
s‘  sandy loam
2 'Guthrie Cimarron - Derby loamy 1015
L . ) - fine sand
3 Crescent Cimarron. - Eufaula fine 1170
T ' - sand
4 Ames Cimarron Tivoli fine 1213
‘sand
5 Waynoka Cimarron  Tiveoli fine 1500
1 : sand :
6  Ft. Supply - North ~Tivoli fine 2075
: Canadian sand
7 Gate - North ‘Tivoli fine 2220
: Canadian sand
8 Beaver North Tivoli fine 2475
‘ " Canadian sand
9 Adams North =  Tivoli fine 2710
' ‘Canadian ’

sand




TABLE II

LOCATION OF STUDY SITES

SITE COUNTY  RANGE TOWNSHIP SECTION

DIRECTIONS

1A  Payne

1B Payne - R3E -

2A&B ILogan  R2W.

- 3A&B Kingfisher RSW

4A&B = Major

5A&B Woods  R16W

"R2E

R10W

T17N

T17N

T17N

"T16N -

| T20N

T24N

10

16

12

10

1 mi. S of Hwy 177-
‘Hwy 33 intersection;

1/2 mi., W to end of
dirt road; 1/2 mi. W
along fencerow; site
S of fence.

6 mi. E of Hwy 177~
Hwy 33 intersection;
3/4 mi. S; walk 1/4
mi, E along sandy
ridge. .

6 mi. W of Langston
Univ. exiting off Hwy
33 after 3/4 mi. when
Hwy 33 turns south-
ward; 1.5 mi. N.;
Imi. W; 1/2 mi. S to
small bridge; sites
immediately to E.

2 mi. N of Hwy 33-Hwy

74 intersection; 4.5
mi. W; 1.5 mi. S;

site A about 500 yds.
W of road; site B
50 yds. W of road.

4,5 mi. W of Ames .
leaving paved road as

it furns S.; 1.5 mi.
S along dirt road to
dead end at Cimarron

River; site A large

"~ dune about 1/4 mi.

26&27

ENE; site B adjacent
dune to the E.

1/2 mi. W of Hwy 281
along fence forming S
boundary of Little
Sahara State Park:;
site A first large
dune to N; site B

200 yds. to the ENE.
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TABLE II (Continued)

SITE

COUNTY

6A&B

7A&B

8A&B

" 9A&B

‘Harper

Beaver

Beaver

Texas

RANGE TOWNSHID SECTION

- R22W

 R28E

R23E

'RIOE

T25N

T4N - 20&21

‘T4N

T3N

30

35 ¢

DIRECTIONS

small turn-out about
1/2 mi. N of W
entrance of U. S.
Southern Great Plains
Field station along
Hwy 183 N of Fort
Supply; site A
immediately E of
hwy.; site B adjacent

- dune to the E.

4 mi. S of Hwy 64
- along paved road S

out of Gate; site A

1/4 mi W on first

dirt road N of river
bridge, ‘site to the

N; site B about 1/2

mi. E of paved road,
site N of road after
gas well.

about 3 mi. S of
Floris, past T Bar T
Ranch buildings to
last road N of river;
about 3 mi. E staying
parallel to river to
dead end at gas well;
site A, N past first
low dunes; site B
adjacent dune to E.

2,5 mi. S of Ames;

5 mi. E on dirt road;
about 3 mi. S to last
E road; about 3/4 mi
E to cattle-guard;

" gite A immediately to

N; site B about 200

- yds. to the SW of

Site A.
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movement by'wind action after fdeposition by AWater (Soil
‘Survey, Logan’Co., 1960) The sandy soils at sites 1l and 2
did not appear to be as deep as. those of the other sites.
Also, Site 1 appeared to be the closest, in elevation, to
the river,_and thus probably had the shaliowest depth to
the water table of any of the sites.

The climate,changes conslderably along the transect.
The climatichdata'for the study area,is;summarized in Table
III. The normal annual precipitation, ~and 'precipitation
effectiveness index (Thornthwaite, 19315 decreases from -
east to west across the stﬁdy area. Thornthwaite (1931)
classified 32-64 aslsubhumidi and i6—32 as semiarid. Sites
1 through’Gnare in thecsubhumid range and 7 through 9 are
semiarid. The normal pan evaporation for May through
vSeptember increases from east to west. The average length
of the growing season, defined as thevtime-between the last
occurrence of 0 degrees C (32 degrees F) in the spring to
the first freeze ofithe fall increases from site 1 to site
4, and then generally decreases to the west

Bruner (1931),' Blair and Hubbell (1938), and Duck and
Fletcher (1945) each‘described the vegetation of Oklahoma
and divided the state into general vegetational areas.
Table IV summarizes the vegetational types they identified

and the corresponding study sites of this study.
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TABLE IIT

" CLIMATIC DATA

a b ¢ _d

szt PEI®  PAN NAP® AP Nes® ast
1 50;60*i' 43.74% 35.35 ;34;55f  202.5% 2323

2 50.60 31.40  27.94  205.4 214

3  20.36 27.97 217
4 4715+ 28.12  28.92  209.9+ 221+
5 4l.40  24.81  34.00  198.7 205

6 33.35  54.49  21.97 = 25.27  194.9 214
7 20.53  28.99  196.4 166

8 28.75 8 20.32 i9~7§}; 185.2 166

27.60~ 60,91~  16.86 - 16.50 177.6~ 167~

>+ *HhO QOO
i

Prec1p1tatlon Effectlveness Index o

Normal Pan Evaporatlon (in. ) (May-Sept., 10 yr. ave.)
Normal Annual Precipitation (in.)

1981 Annual Precipitation (in.)

Normal Growing Season (1970 =~ 1980 average)

1981 Growing Season (days between dates of 32 degrees)
data from Stillwater weather station

data from Enid weather station ‘

data from Goodwell Research Station

Data from 1981 annual summaries of U.S. Dept. of Commerce

cl

imatological Data, and Hourly Precipitation.
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TABLE IV

SUMMARIZATION OF VEGETATIONAL TYPES

BITE T BRUNER BLAIR & HUBBELL DUCK & FLETCHER
 (1831) - (1938) (1945)
1 Oak-Hickory‘ _ Oségé Sa&ahnah - Post Oak-Blaékjack
Association AR - Forest Type
2 mixing with '
Oak-Hickory -
3 Saavannah -
4 Andropogon sand areas . Stabilized Dune
Associes =~ - o : C - Type
5 T - ‘ ‘
6 | o Sand-Sagé
‘ v Grassland
7 v _ : : - Type
. _




CHAPTER IV
 METHODS

Nine sitesj eaeh_awith Vtwo replicates, were selected
for this study. Each replicate,'eXGept‘for one - at site 2,
was located on a generaliy’ south faeing ‘slope of an
arrested and nearly stabilized‘dune;: The one exception'was
a west facing slepe, which'ﬁasbselected since there were no
other suitable SOuthern expOSures’in the immediate vicin-
ity. A cons1stent slope exposure insured that differences
between sites were due to macro- and not m1croenv1ronmenta1
changes. Also;vthe southifac1ng_slopes are characteristi-
cally more xeric (Barbeur, et al., 1980), and thus changes :
due to water relations should be more pronounced. The dune
faces sampled were approx1mate1y equal in area, but
differed somewhat in height and width. In general; the
three-easternemest"sitesltended to be iower. and broader
than the mere conieal western_sites. |

The sites 'Were'_selected“,byv' visual  inspection.
Initiaily, a ‘large nnmber of | potential- sites were
identified via reView of eounty;’soil surveys. ’After
visiting the potential sites, nine pair were selected. The
:’sites selected appeared to be in equilibriun with the 1long

term environment. This was concluded after 1looking for

14
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signs of disturbénce and early seral vegetation. An
attempt was made to keep the topography of the selected
dunes as similar as possible. Also the sites were spaced
so that thefe was approximatelybé two inch (five cm) change
in average annual precipitation between adjacent sites.
'Thé fwo inch interval was selected because of site
availability'and»obserﬁed'changes in vegetation.

Sampling was conducted usiné an approximately one
square meter rectangular quadrat, 141 cm by 71 cm, and an
approximately five:square metér‘érm's length rectangle, 185
cm by 270 cm, The one square meter quadrat was used on all
sites. The five square meter»qﬁadrat was used to sample
trees only on. siﬁes‘ 1 through 3. No assessment of appro-
priate quadrat size was made. The one square meter area
was selected because it had been successfully utilized by
Adams and Anderson (1980), Cﬁrtis (1955), Dix and Butler
(1960) , and Sherwood (1980). A single size quadrat was not
equally effective on all sites or for all species (Hyder,
et al., 1963). Frequency as a nonabsolute measure 1is in
part a. function of £he size and shape of the quadrat
(Mueiler—Dombdis and Ellenberg, 1974). Thereforé, if
frequency values are to be compared directly, they must
have been determined using the same sized quadrat (Kershaw,
1973).

The five square méter quadrat was considerably smaller
than those normally used for forest sampling. For the

upland forests of Oklahoma, Rice and Penfound (1959)
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utilized, and © arms length rectangle of‘ ' 0.01 acre
' (approximately 40.5 square meters). Five square meters was
‘selected primarily to keep sampling within the approximate
boundariesfused'when sampling Withk the one ksquare meter
quadrat. 'It mas added because samples obtained‘using the
one square meter quadrat 1nc1uded very few mature trees.

| Sampllng_ Was‘,accompllshed by pac1ng a series of
horizontal transects across the south»face of the dune at a
relatiVely constant»elevation;”wTheftransects were equally
spaced,along the slope‘fromrfimmediatelyb»below the crest
.domn to where the‘dune began leueling off at the base. The
numpber and length of the transects‘varied accordingly with
the'dimensions of each dune. 'Each one square meter quadrat
was allgned with the longer s1de, parallel to the slope.
Exact placement was determlned by plac1ng the frame down
w1th the m1dpolnt of the longer side 1mmed1ate1y ahead of
“the lead1ng foot. The sample size at each location was 100
quadrats. The surface area of each dune face sampled was
' approx1mately 0.04 hectare (0 1 acre)
| Sampl;ng‘ w1th_ the arm’ s length rectangle was
accomplished inlessentially the same manner. The long side
of the rectangle was or1ented parallel to the transects
rather than perpend1cu1ar.-‘ Because the“arm's lengthh
rectangles covered a larger area than the one square meter
quadrats, a sample‘size of 100 was obtained by traversing
the dune face twice. The transects were}vstaggered to

prevent identical:replicates.
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-Oonly frequency was recorded in order to'savébtime and
permit the sampling of all sites within the shortest period
possible. . Curtis (1955, p. ;,562) - suggested quadrat
frequency 1asf "...  perhaps ‘the bést method of gaining
information ‘on quantitatiﬁé relations of the prairie
plants."; FfeQuéﬁcy.-déta"havev"beeﬁ"uSed in describing
sand~sage vegetaticn of,Coiorado:(baléy} 1972), _sagebrush-
',buhchgrassnvéqeﬁafion' in Orégon (Hydér, et gl.; 1963), and
“herbs, shrubs .ahd tree seedlings in Wisconsin forests
(Curtis and Méintosh, 1951).1f‘ |

| Frequency data'were oﬁféinéd by recording the species
present in.eéch quédrat;' The numbers of individuals per
quadrat were not fécérded and thus no estimates,of density
Were-obtained. with thévone square meter quadrat, a plant
was recorded as présent if'at'3least"ha1f of its ' rooted
“shoot at gréund ievél was wifhinv the‘ inner édge of the
frame. In the«case.of'bunchgréSSes, half of the cfownﬂhad
to be included for>the plant td be. recorded; Woody plants
at least one metér tall were considered vpresent in the
arm's length recténgle if the main rooted shodt Was touched
by outstretched afms as the transect was paced.

'In order to méasuréHC6mpoéitional changes though the
gfowingv SéaSOn;,défa wére collectéd.during thfeé sampling
periods. : These ’bégan‘on‘April 1, Juné 3, and August 2,
11981. In each case, 'sampling was initiated lat the
eastern-most site andvprogreséed westward. This was done

in an attempt to compensate for the spring 1lag in the
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initiation of the grbwing season that occurs from east to
west. Each site was visited approximately once every two
weeks to note phen61ogical differences.

Statistical analysis of the data was accdmplished by
first identifying the more impo;tant species. Initial

inspection of the data indicated that a relative frequency

of five ©percent generally provided a consistent break ‘

between the ten to fifteen highest' frequency species and
those remaining. An analysiS'of variance (ANOVA) was then

run on the observed frequency values for each sampling

period of those species which had a relative frequency of

five percent or greater for any site or vsampling period.
Duncan's Multiplé Range (DMR) was run on those species
which were identified by the ANOVA to have significantly
different (PR>F 1less than or equai to 0.10) frequency
values at the various sites. This identified for each
species, groups of sites which were significantly diffefent
- from one another. Frequency distributions of individual
species were also investigated by plotting mean frequencies
versus sampling period and site. |

Comparisons of species composition between sites was
accomplished using Jaccard's Community Coefficient. It was
calculated by the formula, [C/(A+B-d)]100, in which A was
‘the number of Species encountered at the first site, B was
the number of species from the second site, and C was the
number of épecies that the two sites had in common

(Jaccard, 1902).
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Several comparisons were made usihg' community
coefficients.“eUsed in the traditional manner of including
all »speciee present at Vthe_:selectedi sites, community
coefficieﬁtsxwere calculated"for 'adjacent sites and also
for all peesible eite pairkcombinations;: Finally community
coefficients were 'calculated}]using‘ 6le epecies with a
reletiveefrequency-df'five percent er greater at any one
site. - o | :

Continuiﬁg to ﬁreat each site:as a unit, sites were
compared on fhe‘ basis 'of‘meanrtetal frequencies, mean
species richnese, and mean frequeney‘per species. Relating
total frequency to enﬁironmeﬁt;emeanttotal frequencies were
plotted against norﬁal’annuelvprecipitatioﬁ. . Correlation
'coefficients'were,calculatedyon various subgroﬁps of sites

within this comparison to'teet for linear relationships.



CHAPTER V

RESULTS
_Community Coefficients

It was obvious  from  eveh.easuel observation that the
- vegetation present on the etebilized sand dunes of north-
central and northWestern‘-Oklehoma ~changes across the
'envirOnmental'gradient.~ One wayktov cdﬁfirﬁ this was to
.quantify the exteht of IChange inispeeies composition from
site to site along the' gradient. | This can be dohe by
directly comparing s1tes speCies by speCies, or. through the.
use of a similarity index., Figure ‘2‘ was constructed by
plotting Jaccardfs Community‘Ceefficient'versusvconeecutive.»
pairs of sites;ve g. ‘1-2; 2-3; etc;. Jaccard's-Community
Coefficient (JCC) gives the fraction of ‘the species encoun-
tered at any two sites which were shared in common.
Thevresults given‘in Figure 2 indicate a sudden change
in species cempoeitibnybetween sites 3uend 4., Theeeommunity
’COefficieht’for these two sitesiwas»ﬁuch loﬁer'thén for any
of . the other coneecutive site pairs.k Another observation
from Figure 2 was :that the values for‘site pairs 4-5
through 8-9 wereirether cOnstent. |
To get a better idea of hdw‘each eite differed from

the others, the same method of :calculating similarity

20
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Figure 2.

-2 23 34 45 56 67 78 89
: ~ SITE ‘PAIRS :

Jaccard's Communlty Coeff1c1ents for Consecutlve
‘Site-Pairs Based on Combined Spe01es LlStS for
‘All Three Sampllng Periods = .
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indices was used to compare all possible site pairs. Each
site was compared directly to every other site. Table V
‘gives the resulting values for all the possible site-pair
combinations. |

The = results given in Table V vSubstantiaﬁe the
potential community' boundary Sﬁggested in Figure 2. Two
regions of higher community coefficient values were
evident. One was compésed of all the possible combinations
of sites 1, 2 and 3, and the othef, sites 4 through 9. None
of the values obtained'in the comparison of sites between
these two groups approached the magnitude of the within
group compariéons. Although there were exceptions, there
was a trend of decreasing éimilarity with increasing
distance between site pairs within the group of sites 4
through 9. |

_Oﬁe> last comparison was made using the community
coefficient. The hypothesis investigated was that lower
frequency species were 1largely respohsible for the site-~
to-site differences observed between sites‘4 through 9.
© Community coefficients were éqain calculated, but only
those species which had a relative frequency of five
percent or greater at any site or sampling . period werev
included. The results are given in Figure 3. These results
did not correspond with the trends observed in Table V.
Except when Site 5 was compared to the others, there was no
consistent trend between similarity and distance between

‘sites.
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TABLE V

JACCARD'S COMMUNITY COEFFICIENTS
FOR ALL SITE PAIR COMBINATIONS -

SITE 1. 2 3. 4, 5 6 7 8 9
1 | 41.7 36.0 4.2 3.4 3.7 3.2 1.3 0.6
2 41.7 33.0 7.1 6.3 5.9 5.2 4.0 3.0
3 36.0 33.0 \ 9.7 9.0 10.2 7.0 4.7 5.2
4 4.2 7.1 9.7 47.0 39.8 39.5 31.5 34.2
5 3.4 6.3 9.0 47.0 ' - 46.9 44.0 40.0 37.3
6 3.7 5.9 10.2 39.8. 46.9 50.0 50.5 44.2
7 3.2 5.2 7.0 39.5 44.0 .50.0 '53.2 46.6
8 1.3 4.0 4.7 31.5 40.0 50.5 53.2 48.1
9 0.6 3.0 5.2 34.2 37.3 44.2 46.6 48.1

Values,Were calculated from the formula, [C/(A+B-C)]100,
where A = no. of species at site X, B = no. of species
at site Y, and C = no. of species shared by both sites.
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Species Distribution

Frequency; was the  only indicator‘ ‘of  dominance
available because‘ density and biomass data were not
collected. An arb1trary value of five percent relatlve
frequency at any one 51te durlng any 'one sampling period
was again selected to dlstlngulsh between ‘more and less
-1mportant specles. Table VI llsts the specles, indicatesu
at‘which sitesfetheyv were found, " and g;vesv a relative
frequency class, based on data;obtained from'the one square
.‘meter quadrats. The relatiyeq frequency <classes given‘in
Table«VI were'calculated from thebhsummed‘frequenciesyfor ;
all three sampllng per1ods. .

What resulted Was essentlally two exclu51ve groups of
specles, those foundvat sltes l' through 3 and those of
51tes 4 through 9. Only nine of the 52 spec1es listed were
found on both 51des of the boundary between between sites 3
and 4. Nine were at,all three of:sltes 1 through 3, and
none of thebothers; Sixteen.wereepresent at  all six sites
from 4‘-through ‘9, kand:-not athsitesﬂl through 3. Five
species which foundxonly at sites-4”"through 9, but not all
six, were-present‘at consecutiveusiteslon’the east or west
end of the group._.Five;species were found at only one
 site. | | ?
| Table VII listsrthe tree,speciesnthat were present‘ in
the fivevsduare meter quadrats at sites 1 through 3. As in

Table VI a relative frequency class is indicated, but



TABLE VI

DISTRIBUTION OF SPECIES WITH RELATIVE FREQUENCY
GREATER THAN OR EQUAL TO FIVE PERCENT. DURING
AT LEAST ONE SAMPLING PERIOD

SITE
SPECTES

[
N
w

4 5 6 7 8

GYDI
LAAM
CECA
QUVE
ELVI
SMBO
GAAP
BIBI
TLVS
CHAL
SEDG
PAQU
SYOB
PAPE
SMTA
ULAM
VIRA
CLTS
SADR
CRGL
APSK
BLVS
CHVI
RHAR o)
MOPU ‘

ERTR

CHLE 0 0
scsc | o)

AMPS S
EUMI -

ANHA

PLPU

MEST

SPCR

PASP

ARFI

ERAN

ERBE

FEOC

ARPU

CAGI

MSDG

COMM

TRPU

+ O

[ | 1 X * #0001 b
-1

IN+N+CN O O XX

]
1 ¥+ + 1 X

o+ + 1
QO %O |
1 ++ 1

o+
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+
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I XOXM+ 1 X

1 OXOlI I%NINONONO*ONNI
XXX XX *0 I

MM+ O000 I X+ %% 10XO1 +X0O
O1+X000+ %X *+00000 %00

XX I XOO0O0 1 001
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TABLE VI (Continued) -

. SITE

&~
(§)]

'SPECIES ‘1 2 . 3

()]
~)
[e2]
[le]

SAKA

HEPE
PHYS

GILO

CRTX

LEDE , | ,
STSY R -
AMHY »

XOOoOXO

o

00O0O0

e
Ol % I |

x O
I

o
'O 010000

o =

X

O - Species present but relative frequency'less than 1%

- = Relative frequency gréater than

less than 3% f
X - Relative frequency greater than
less than 6% :

+ - Relative frequency greater,than,

" less than 9% ,
* - Relative frequency greater than

Based on frequencies obtained from

or

or

or:

9%

‘equal to 1% bﬁt
‘equal to 3% but

equal to 6% but

one square meter

quadrats. Relative frequencies calculated from summed
frequencies of all three sampling periods. See List of

Symbols for species codes.



TABLE VII

' DISTRIBUTION OF TREE SPECIES

SITE |
2 3

=

SPECIES

. CATO
QUMU
. GYDI.-
QUMA
~ CODR
. MORU"
. JUNI

. CECA
- QUVE -
ULRU
QUST
-SADR
CLTS
JUVI
ULAM
BULA
QUMR

OOX % %X 0O0O0O00O0XOO
OX%*%0 O%*%*00000

Mo% k% k& X

O ~ Relative frequency was
less than 5% - ,

X - Relative frequency was
greater than 5% but
less than 10% o

* - Relative frequency was

' greater than 10%

Based on frequencies obtained
- from five square meter
‘ : quadrats. - ‘
See List of Symbols
for species codes.

28
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because the trees were sampled only once with the five
square meter quadrats, it is not based on summed
frequencies. Five species' were found at all three sites,

and three‘species were present at only one site.
Total Frequency and Species Richness

Another mode of‘cemparing‘ sites is te utilize total
frequency,»thevdsum of all tneeindividual species' frequen-
cies at a given site. Figure 4 is a histogram of the mean
total freduencies_for each of the three sampling periods at:
the nine sites. Again there was a sharp delineation
between sites 3 and 4. There was' a trend of decreasing
total frequency, within the group of sites 4 throughb8, as
the distance west along the transect‘increased..

Figure 5 is a.histogram ofvthe mean species richness,
the number of'species present, for each site and vsampling
period. The general trend’was similar to that seen for the
total frequencies, but the ;magnitudes were reduced. One
distinct difference between Figures 4 and 5 1is that the
differences in the number of sbecies present at sites 1
through 3 versus 4 through 9 is not of the same magnitude
as the‘ observed differences in)totalrfrequeneies. Also‘in
two of the three sampling periods, June and August, the
increase in total frequency at Site 9 compared to Site 8
was not‘reflected'inla corresponding increase in number of

species present.
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The ‘mean frequency fof all speciés,vtétal frequency/
number'ofv’épeciés, for each site iSVShown in Figure 6. As
expectéd from_7comparih§ Figurés'4;éndi5, Sites i,‘z and 3
_had'the lowest»mean fféquenéies, and Site 4 éonsistently
had the gréatéét_ méahi‘frequencyQ ‘ When variation’between
breplicates W&s,,takéh into:account;'thévtrend of decreasing
total_frequendiéé and'speCiesfriéthSS_ObserVed‘for sites 4
through 8 was not readily appérént fér mean-fréqﬁencies.

Figure 7 wasr'obtéined"by‘plotting the mean total
; frequenciés  fof'ftheisampling periodsi‘April “and Aﬁgust,l
Versus”ithe ‘avefége “ annﬁéi predipitation.’ Correlation
coefficiehtsﬂ were,fdaiCﬁlated - for  éites 1 through' 9, 4
. through 9,‘and 4 throﬁgh'S. Sites 4‘through 8vWeré fOund'to,
have‘linear: relatidﬁships"with” cohfidence’ levels_”of 90
'»perceﬁt or»Qreatervfor'ail three sampiing periods; Sites 4
thrOugh‘Q_Wefe founditéQ haVek‘é,iihear reiationéhip with a
confidénce]kieVel 1bfz“§5¥”bé:6eht fof the June sampling
period. The remaining éompariéonstweré not found to be
.linear;' The daShed‘linés'ﬁéréfhand fitted and  only 'serve_

“to emphasize the linear relationship of sites 4 through 8.
,Analysis_ofiindiﬁiduél:Spe¢ies

‘The mean 'frequenciés for each sampiingv?period for
,.,thoée Spédies fwith'rélatiéé freédenéies of five percent or
vbgreéter at:any site gﬁd during Vany':sampling ‘period ' were
plottéd.; Hiétograms_fbr fhose"-spécies‘which had the five

highest frequencies at each site are givenvintAppendix A.
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An analysis of variance (ANOVA) was then run oh the
species identified as having a relative frequency of five
percent or greater. In the analysis, the null hypothesis
testedlwas that the mean frequencies of a given species
from the two replicates at each site ~were equal at all the
sites where the species was found.  The fesults are given
in Table VIII. The frequency distributions of those
species not identified as being significantly different
were visually ‘inspécted to determine’if they were rejected
because of high vwithih site  variabi1ity, or consistent
frequency values across the tfansecf,

The next step iﬁ examihing'_the distribution of the
individual species was to perfdfm Dﬁncan's Multiple Range
(DMR) on those species identified by the ANOVA as having
significantly different mean frequencies. This statistical
test was used to idehtify the sites which were signifi-
- cantly different from the others. The results are given in
TablekIX.

Both the plots of méan frequéﬁcies and DMR substan-
tiated the community bdﬁndary between sites 3 and 4, as was
seen with the community coefficients. In all cases where a
species was found on both sides 6ffthé boﬁndary, there were
substantial frequency values for that Species in sites
belonging to one group or the other;\but not both. Within
‘the groups of sites, there existed>considerab1e variations
in patterns‘ of frequency distribution. Except in very

general terms, there did not appear to be any identifiable
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RESULTS OF ANOVA FOR SPECIES WITH A RELATIVE FREQUENCY

‘GREATER THAN OR EQUAL TO FIVE PERCENT

“SAMPLING PERIOD

SAMPLING PERIOD

SPECIES “APR JUN AUG SPECIES - APR JUN AUG
AMHY NS NS. NS . HEPE * %k * % * %
AMPS - X %% cdkekd o kK% LEDE ek *

ANHA *ek Ty % % MEST kkk | Kk dedk
APSK NS ~ NS . MOPU *dk *kk
ARFI kekk kkk - kkk MSDG NS NS NS
ARPU NS NS NS OPMA *xk *kk *kk
BIBI . NS - Ns NS PAPE * NS
CAGI - NS - NS NS PAQU NS NS NS
CECA NS NS NS PASP. NS NS NS
CHAL *k NS *% PHYS NS NS ‘NS
CHLE *% NS - NS QUVE NS NS . NS
CHHY NS NS:~ NS RHAR * % *kk *kk
CLTS % % % % k% % k% SADR NS k% * %
COMM *% * * SAKA *k%k NS NS
C_RGL‘ NS *kk * SCSC *kk kkk kkk
CRTX %%k ‘NS % SEDG NS NS NS -
ELVI *% : ‘ SMBO NS NS NS
ERAN * NS NS SMTA NS NS NS
ERBE NS NS NS - SPCR - * 'k % *kk ok k
ERTR %%k NS NS STSY * * *
EUMI NS NS - % SYOB NS NS *
FEOC NS - ' TOTL * %%k k%% *kk
PLPU NS NS TRPU *% NS *
GAAP . k% ) R ULAM NS kkk kk*k
GILO NS NS ‘NS VIRA * %
LEGEND
* - significant at 0.10 level
i -~ significant at 0.05 level
Rkk - significant at 0.01 level
- NS - not significant above 0.10 level
no symbol - species was not present

Null hYpothesis tested was that there was nd‘difference
-~ between sites.

Data from one square meter samples only.

See List of 8ymbols for four letter species codes.
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THE RESULTS OF DUNCAN'S MULTIPLE RANGE

SAMPLING PERIOD

__BAPRIL

SPECIES JUNE  AUGUST
AMPS 9 4 85 6 7 945867 9'48'5637
ANHA 476985 41768095 479586
ARFI 7586 409 785 6 4.9 7856409
CHAL 312 312+ 3112
CHLE 6 98475 6 8.9 7 4 5% 8 6 7 4 9%
ctrs 3T 253 13254 13254
COMM 4691___?_‘8 6 47958 967458
CRGL 4 E B+ 4653 4563
CRTX 45 Lﬁ* 4578
ELVI 123

ERAN 859>674 '8 6 5 7 4 9% 854729 6*
ERTR 7 6458 7 % 6 5* 7 6 4 5%
EUMT 49675 8% 45769 8+ 4750968
GAAP 132 o

HEPE 98467 4891786 49876
LEDE 895867 68"597

MEST 68395 7 4 6845097 68 45097
MOPU 54768 5476 |
'OPMA 45896 4598 45896
 PAPE 32 31 2%

RHAR 4576 47563 45763
SADR 3 .15 7% 1352 3152
SAKA 8 9. 6 9 8 7 5 6% 8 9 4 5 7%
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SAMPLING PERIOD

SPECIES APRIL __JUNE ___AUGUST _
scsc 24___'—6'_9_2 54__“8 '9_.273 547869
SBCR 689754 8837154 869754
sTsYy 5% 0 958 956

SYOB 3.2 1% 33is . 371
TREU 4.6 9 758 49657 g% _..‘4 9 6578
ULAM 32 1 4% 132 4. 31 2

VIRA 31436

This table - contains only those species which had a
relative frequency of five percent or greater at any
one site, were present at more than one site and were
found by ANOVA to have one or more sites significantly
different from the rest. Sites are arranged in
descending order of frequency. - Adjacent sites which

have a line over or under them are not significantly.

different at the 90% confidence level.

* - Sampling-peridds Which had,novsignificant“differenée
between sites as determined by ANOVA, where p = 0.10

See List of Symbols for‘four'letter‘species codes.
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sets of species which could be‘vconsidered . as - having the

same pattern of frequency distribution.)



CHAPTER VI
DISCUSSION
Community Coefficients

Figure 2v was constructed ’by plotting ‘Jaccard's
Community Coefficient (JCC) versus . consecutive pairs of
sites, e.g. 1-2, 2-3, etc. . Jaccsrd's Community = Coeffi-
cient provides the fractioﬁ of.the'species shared in common
by any two sites. For example,'suppose that species A, B,
C snd D were found at site X, aﬁd C,’D, E and F at site Y.
They would have é Jcc  of [2/(4+4-2)]100 or 33.3. Iﬁ other
words, sites X and Y share 1/3 df their combined species in
common.

The values of the community coefficient can range from
0 to 100. Zero indicates that the sites being compared had
no species in common and 100 indicating that all the
species found at one site were present at the other. 1In
reality a value of 100 for va community -csefficient is
unlikely bééause in the sampling of two stands from a
homogeneous community, or even sampling the same stand
twice, there is the probability of rare species occurring
in one sample and'hbt the other. >Evén if the community
coefficient‘for two sites was approximately 100, it does

not mean that the two are necessarily very similar in other

40
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aspects. Two sites may be identical in species composition
but differ gfeatly in density, distribution, or biomass.
Two phenomena were evident in Figure 2. The community
coefficient for site pair 3-4 was much lower than that for
ahy of the others, and the values for sites 4-5 through 8-9
were approximately equal{ The low»vaiue'for the site 3-4
comparison indicates that there was a sudden change in
épecies‘composition fromvsite 3 to 4, as WOuld be éxpected
- when changing from one physiognomic community type tb
another. This dhange was very apparent when the sites were
visually compared. Site 3 was forested with Quercus

marilandica, Q. stellata and Sapindus drummondii appearing

to be the major species. Site 4, on the other hand, was
predominantly prairie with scattered trees of Celtis

reticulata, Ulmus americana and Bumelia 1lanuginosa, found

primarily in the dune hollows."It is not inferred that the
only potential community boundary is bétween sites 3 and 4,
but rather that it is an obvious one.

The sudden drop in the Qalué-of the community coeffi-
cient can be due to a number of vegetational differences
between the two sites. A simple explénation is an
essentially ohé—to-one substitution of species ’frém one
site to the other. Another explanation is that one site
has most of the species present at‘the‘éther\site, plus a
large number of additional species. While possible, the
above explanations would not be expected. A more likely

explanation is a combination of species additions and
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deletions, not'on a one-to-one basis, which- resuit. in a
change in the community coefficient due to differences in
species composition” andv species» richness{ ‘The data of
Table VI and F1gure 5 indicate that 51tes 3 and 4 share few
species @ in common and dlffer d1st1nct1y in spec1es'
richness. |
| The nearly~ equal 'community"coefficient values for
palrs 4= 5 through 8-9 can be due to ‘several different types
of vegetatlonal change: (1) a'steadyvdlrect;onal changexln
composition as would be eXpected- along a continuous
environmental ‘gradient if the pattern‘ of vegetational
change Was a continuUm (Whlttaker, 1956), (2) a 'steady‘
nondlrectlonal change 1n wh1ch species are sporadically
,present or absent along the grad1ent, 'or (3) a core of
specles sharedv;n common,,bnt d;fferlng in the.presence of
relatively rare'species.T,Ali.ofvthe above could result in
a rather constant value'for‘the community.coefficients.
~ Knowing that‘:two;bsites‘fhavei approximately equal
community bcoefficients ‘when compared to a xthird reveals
»nothing 'aboutr how theyvhcompare to one another. For
example,‘suppose site X had theuspecies.A,lB, ¢, D and E,
site Y had C, D, E, F'and G; and:site Z had E, F; G, H and
I. Site-pairs X-Y and ¥-z would have communlty coefficients
of 43, [3/(5+5- 3)]100 “but the communlty coeff1c1ent of .
site-pair X-Z would be only 1l.. - |
| To better understand how all the sites differ from one

another, the ' same method of calculating community.



43

coefficients was used to compare all possible‘site_pairs.
Table V 1listed all the possible csite-pair ccﬁbinations.
The two regions of higher community coefficient values,
sites 1 through 3 and 4 through 9, support the hypothesis
of a community boundary between them.

| A closef examination of . the ’calculated values for
sites 4 through 9, reveals a trend of decreasing community
coefficients es the distancef between sifes increases.
However, the individual decreases did not appfoech the
magnitude of the change from site 3 to 4. Wwhile the
differences are probably not statistically significant by
themselves, the cOnsistency of the trend tends to add to
its credibility.

The change in community coefficients, as seen from
site 4 to 9, would be expected if the pattern of vegeta- -
tional change was a continuﬁm, .With no evident community
boundaries along a steedily changing environmental
gradient, but as mentioned abcve, other factors may be
influencing the observed values; It should be emphasized
that communities are largely described on the basis of
their major dominants. Dominance in turn is dependent on a
species having sufficient huﬁbers, biomass and distribution
in order to exert a controlling effect on the community.
The community coefficient does nct directly take into
accountvany of these factors.

It was somewhat unexpected to observe a maximum

community coefficient of only 53.2 (site-pair 7-8) and only
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two other»cqmparisons éf 56 or greater (site ,pairs~6e7 and
6-8). Many of the highér.frequency species are present at
adjacent sites giving the appéarancev of greater similar-
ity. | Possib}e ‘contributing factors to the lower than
expected cOmmﬁhity :coefficients ate; (i) two dﬁne faces do
not give a  fepreéentati?e' éémpié of thé variation p?esent
on the duhes;jof a:'regiOn; .(2)‘the siﬁes were too widely
spaced; (3) thé éités ,seleéted  were:'n§£ COnéistently the
fully stabilizéd vegetéfion typé}‘for :the"givén area; (4)
‘the differéhces   in surrouhdihg' ,papulations produced
different potehtial'immigranfs;,dr Z(S)ierrors in identifi-
cation of plants. o |

Frequency, a_-measurejqf‘diStribution, was the only
,indicatorlof‘dominance.available;'sinceAdensity»ahdbbiomass
data Wére  not colleéfed;ﬁ Ah_ érbitrary value of five
perdent'_relative }frequenqy waé,seLedted.as the dividing
line between more and ;lesé "iﬁportan£“'species. In ofder
to see if the highef ffeqﬁeﬁcy‘épecies gave similar results
as those 'seen  in Table V for siteé 4 fhroﬁgh 9, community
.coefficienfs Wefe calcuiated:ﬁsing OnlykthOSe species which_
héd a,relative frequency of - five percent: or ‘greater at
least once dﬁtiﬁg the three samp1ing»peridd§'at any one of
' the inc1uded sites.' The resﬁlts argi seen in Figﬁfe 3.
There was no conéistent trend of deéreasing similarity with
increasing distance, exceptlwhen‘siteLS wasicompared to the

others.
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One reason for the discrepancy between figures 2 and 3
is that Site 4 consistently had a higher community coeffi-
cient than Site 5 when compared to sites 6 through 9.
Considering that: (1) most comparisons with Site 5 résulted
in the lowest observed values for the community coefficient
within the group of siteé: and (2) only when Site 5 was
compared to the other sites was there seen én inverse trend
between similarity and distance; seems to ihdicate that the
observed discrépaﬁcy was largely the >resu1t of the lower
than expected similarity of Site 5, and not the greater
than expected similarity of Site 4. The high similarity
between sitesj 4 and 6, and 6 and 9 also disrupts the
- expected trend between similarity and distance.

These results Were not expeéted. It seemed reasonable
that if the vegetation was slowly changing in a directional
manner, comparisons of speciés> COmpoéition based on poten-
tially dominant, widéspread,v dune adapted plants should
give a smoother, morevvconsistent change thanvcomparisons
based on all species present, and thus potentially
containing several uncommoﬁ plénts thaf would not be
expected to be present consistently in a series of
samples. There are several 'possiblé reésons for  the
results seen. In addition to the potential problems listed
above in the discussion of the lower than expected
community coefficient values, they includé: (1) the
vegetation was not changing in a consistent directional

manner; (2) identifying important species on the basis of
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high frequency values alone was not valid; (3) a sample of
two replicates per site was not 1large enough to give
results representative of the community at a given geo-
graphic location. |

It is suspected that: (1) the sample size of only two
replicates per‘site; and (2) poSsibiy the.failure to select
sites which were representatiVe of fuliy stabilized dunes;
are the major contributing factore for the inconsistent
results. The number‘of replicates is a probable source of
error because of the high degree of variability in fre-
quency values for eome species betweeh'vreplicates at a
geographic location; The failure to identify fully
stabilized dunes is suspected because of the high
frequencies of what afe generally considered seral species
found at some sites.

If the vegetatiqn is not changing in a directional
manner, 1in contradiction to the results of Curtis and
McIntosh (1951), Whittaker (1956) and others, then some
factor other than the expected environmental Qradient of
water relationships must be controlling the success and
distribution of vegetation. Elevation and 1length of
growing'seeson change in a directional manner similar to
precipitation. The soils at sites 4 through 9 -are all
Tivoli fine sand, so edaphic conditions should be similar,
except possibly in the depth of the sand and underlying

strata.
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Competition, ‘or a ,,species failing to . react
- consistently to the‘environmént might result in deviations
from the‘expected bell—shaped curve of success. versus the
environmental gradient.} Combetition between a stenoecious
énd an éurYeciéﬁéiSpecies with simiiarvénvironmental optima
may reéult iﬁiafbiﬁddél sucéess“— enviroﬁment éurve for the
»eurYecious -species; éméng,dthér possiﬁilities (Whittaker,

'1956). Ecotypic =yariatibn‘ dffvaridus vgrasses has been

described by McMillan' (1956a,» 1956b) and of Sporobolus

cryptandrus by Quinn and fWafd (1968)."1The possibility
eXists'forvgeoéraphically ééparaté‘bbpuiatioﬁs of a species
to exist vwhich differ génetidéil&‘resﬁiting in separateb
environmental optimab v McMillah (i956a; 1956b) ‘observed
Z'shifts_in initiation of growﬁh ahd'fiowéring in relation to

photoperiod in separéte popuiations of Schizachyrium

scoparium and othefbbgraSSéSVfrom various locations in
Nebraska.. Quinn and [Wardil(1968) observed differences in

ihitiation‘iof"growth; rate  of ‘growth, initiation of

- flowering, andfmorpholdgy 7f6r populations of Sporobolus'

‘cryptandrus from'~0010rédo, Kansas, Oklahoma  and New

Mexico.
’Total»Frequency and Species Richness
Another means ofk_COmpéfing sites is to examine total
frequency, the.sum.of_the‘frequéncies of‘allfthe‘individual |

species at 'a given site. Total frequency is' dependent on

several combined factors including; species . richness,
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I

densities and distributions. As seen in Figure 4, there
was a distinct difference between sites 3 and 4, as was
also the case when the community coefficients were
compared.

The low total frequencies of sites 1 through 3 vwere
probably due to several factors.' Visually it appeared that
the low frequencies were ‘prinCipallyv reflecting: (1) low
densities due to the nearly clesed canopies of these sites;
and (2) uneuen distributions due tq clumping of species in
areas receiving more sunlight.

Figure 4 also shows that, with the obvious exception
of Site 9, there was a definitevinverse trend between total
frequency and the distance westward along the transect.
Visually it appeared that decreasing total vegetative
density‘as well as SpeCies'riChness may have been important
factors in the decline in total frequencies. ‘At Site 4,
little bare sand could be seen ‘between plants, but it
appeared to increase further west.

The general trend of the number of species included in
each sampling period for each site, Figure 5, was similar
to that seen‘in_the total frequency histogram, but the
magnitude of the change was reduced. A major deviation in
the similarity of the trends‘between the two figures was
the species richness of Site 1 in June and August. It was
approximately equal te that of Site 4, which consistently
had the highest total frequency and wes among the highest

in species richness. The low freguencies but high species
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richness at Site 1 probably indicate low average individual
species abundance and/or uneven distributions. |

There was also a sharp rise in species richness at
Site 1 between the April and June sampling periods Which
was not seen at sites 2 or 3.‘The’diserepancy between the
sites and sempiing periods may have been the result of a
distinct lag in the initiation of growth in the spring at
Site l‘due to low soil temperature. Cemparisons of the
average monthly temperatures for 1981 at the Stillwater and
Guthrie weather stations, near sites 1 and 2.resnective1y,
revealed above average monthiy‘meens during January through
April (Figures 41 end 42, Appendix‘B). Gnthrie however was
2.3 to 2.5 degrees F. warmer than Stillwater for February
through April.

The considerable difference in total frequency observ-
ed for sites 3 and 4 was partly.the result of differences
in species richnese ‘and not»entirely density related. It
is evident that the changesn in species richness were
responsible in part for some’ofnthe observed trends in the
community coefficients, and may have been a major factor in
the observed decrease in total,frequency observed for sites
4 through 9. | |

The mean frequency fer'all speeies given in Figure 6
indieates that density and/or distribution factors, and not
simply species richness, influenced the observed  total
frequency. As a general rule the lowest mean frequencies

were those of sites 1 through 3, and the highest were from
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sites 4 and 9. Site 7 consistently had the lowest mean
frequency of the prairie sites, but had essentially the
same species richness as Site 6. When compared to Site 8
however, Site 7 had distinctiﬁely higher species richness,
but very similar mean frequénciés. This seems to indicate
a change in species' responses to the environment from Site
6 to 8. Comparing sites 6 and 7, vspeéies richness remained
very similar; but thé_ avérage frequency per spedies
decreased. ‘This may‘have been the fésult of a drop in the
abundance 6f individual specieé; Comparing Site 7 to 8
however, .the‘ aVerage frequenéy bper species increased
slightly, but the species richnéss dropped bconsiderably.
This seems to indicate that instead of species' fregeuncies
continuing to . drop, somev_speciesv were competitively
excluded. Densities rare probably being affected by the
climatic gradient and competition. Additionally, species'
distribution on the dune may be changing. The observed
frequencies may bevindicating:.(l) a.change in the number
of individuals present with little change in distribution;
(2) the number if individualé 'remaining relatively
constant, but changes in their distribution (ie. a species
being widespread on a dune at one end of the gradient and
restricted to lafgely the lower pdrtion of the slope at the
other end of the gradienf); or (3) a combination of the
above. Also, assuming that species richness‘increases as
the climax condition is approadhed, Site 8 may have

represented an earlier seral condition than Site 7.
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Analysis of Individual Species

Species which had a relative frequency value of five
percent or greater at one or mdre sites for any sampling
period were selected for furﬁher examination. Initially,
for each spebies, an ANOVA was run on the observed frequen-
cy value at each site. for ‘each of the three sampling
periods. This test determined if a significant difference
existed betWeen the observed frequenéy values, and thus
identified species which might  be insfrumental in defining
pétential species‘ groups. If fhe fréqﬁency 'vélues were
detérmined to be significantly different, Duncan's Multiple
Range (DMR) was used to identify similar groups of sites
for each species. |

When the results = of the DMR were compared, no
discernable pattern(s)'between groups of several species
were obvious, except for’thefdiétinct break between sites 1
through 3 and sites 4 through 9. Essentially, each species
had its own pattern of‘similafity for frequency values from
site to site. No similaf.groups of species could be iden-
tified as would be expected if the vegetation was changing
in a series of distinct_communities. Rather, the changes
in species frequency apbéafed to be individualiétic in
nature. |

Problems arise when the individua1 patterns of species
frequency distribution aré characterized as supporting

Gleason's individualistic theory of vegetational change.
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If the sites are: (1) comparable in soil types; (2) in
equilibrium with the long term environment; (3) exposed to
a gradually changing climate across the gradient; and (4)
‘indicating the vegetation is not capablevof significantly
altering the physical environment; then what would be
expected isba number of bell-shaped curves, one for each
species, each of which differs in location, breadth, and/or
magnitude when plotted‘aloﬁg the gradient of a determinant
factor. Bell-shapedf.frequency»disﬁribution curves were
seen for a few species. More common were Very general
trends of increasing, decreasing, or irregular curves. An
increasing orbdecreasing trend may have been the result of
intercepting the épeciés >in the mid-range of its environ-
mental limits.

Particularly in the case of annuals, these irregqular
freqﬁency distributions may have been the diréctvresult of
between-site weather variatidns. Typically in western
Oklahoma, a iarge precentage of the precipitétion comes
from thunderstorms which 'bcharactéristically result in
extremely variable distributions and amounts of rainfall, a
high percentage of runoff, and long dry periods. It 1is
tempting to explain the observed irfegular frequency
distributions on between-site variation; and the higher
than expected total frequehcy and species richness values
at Site 9, on the basis of an abnormally wet or otherwise
climatically favorable year. Irregular curves may also

result from an inadegquate number of replicates at each
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geographic location and/or the selection of sites that are
not equal in stability with the environment.

If within site'variatien, differences between repli-
cates, was a major problem effecting the results of the
- statistical analysis, then :Visually inspecting the mean
frequency distributidns‘for general‘vtrends identified as
not significantly different by the statistical analysis may
give some insight to how species are »reacting across the.
environmental gradient. The distributions of some of the
higner frequeney' species are described in the following
paragraphs.

Celtis speCies were an important component of the
understory in all of the ‘first‘ three sites.  Their
distribution continued out into the‘eastern prairie sites,

but with drastically lower frequencies. Smilax bona-nox

also was common at the first three sites, with a very high
frequency at Site 2. Sites 1 and 3 differed from 2 in a

number of other ways. Sapindus drummondii had frequencies

equivalent to Celtis species at sites 1 and 3, but was
almost nonexistent at 2. Similar distributions were seen

for Chenopodium album, Galium aparine and Viola

rafinesquii. Site 2 differed in having a higher frequency

of Cercis canadensis, and to a lesser extent Juniperus

virginiana. Both of these were present only in the August

one square meter sample indicating potentially low seedling
survival from one growing season to the next. Celtis

species and Sapindus drummondii had correspondingly Ilower
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frequencies in April than June or August. Site 1 differed

frem the other two in having'Elymus'virginicus present with

high frequency. There was a trend of decreasing frequency

from Site 1 to 3 for Cyperus species, and Symphoricarpos

orbiculatus. Parthenecissus - gquinquefolia. Paretaria

pennsylvatidadQenerally increaSed'ih frequency from Site 1
to'3.
The overstory of Site 1, sampled with the five square

meter quadrats, contained high frequehcies of small Celtis

species and Sapindus "drummondii trees, accompanied by

Cornus drummondii;-}Juniperus_virginiana and Gymnocladus

dioica. Large trees with low frequencies included, Quercus

stellata, Q. macroCarpa, Q. muehlenbergii, Ulmus americana,

Sapindus . drummondii, 'Gymnocladus dioica and Bumelia

lanuginosa. At Site 2, Celtis speeies continued to be an

important small tree, but Sapindus drummondii and

Gymnocladus diocica were replaced by Cercis canadensis,

Ulmus rubra, and Quercus velutina. Large trees included,

Quercus macrocarpa, Q. velutina, J. virginiana, U.

americana,.,g. lanuginosa, and Juglans nigra. Celtis

species continued to have the highest frequency for small

trees at site 3. Sapindus drummohdii was present again, but
at a lower frequency than at Site 1, and Juniperus

‘virginiana was present at a lower frequency than Site 2.

: Large trees were primarily Quercus stellata, Q.

marilandica, B. lanuginosa, and S. drummondii.
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Sites 1 ﬁhrough 3 weré far from being a homogeneous
group. site 3 was ‘fairly characteristic of Duck and
Fletcher's '(1945)-;Poét oék-Blackjack 'végetation' type.
sitésvll’ and‘ 2 appeared to be some typélof._intergrade
_bétween the Post oak-Blackjackvand Oak-Hickory -Vegétation
types . of ‘DﬁCk and Fletcher.:. They included species
describedrby Bruner (l931) as abminaﬁtskof _ﬁpland and of
floodplain‘ siteS’ of the 'oék-hickOryb.aSSQGiation. The
primary cause fbr the dicrepahéies_~in'vthé species compo-
sitions of sités l;through 3 was probably différencés in
the soils and physiogféphy.- sité 1 Wés the most mesic site
beéause of its’sandykloam:soil and p?o#imity; in elevation,
to the river, in a&diﬁion to the climatic factors. Site 2
had a less xeric soil than‘sité‘s;bécauselofvits~physical
composition-and the,’apparently-ksha116Wer sandy soii. if
thé siﬁes’wére edaphically more similar, it is suspected
~ that they would have been leés distinct, and morellike.that
expected of a contihuuﬁ;. In a study of 208,up1ahd'forest
sténds throughout.‘dklahOma,‘:kicé_ and Pehfound (1959)
deséribed a VegetatiOna1  contihuum with no identified
dominant species achieving their maximum development in the
samevstand as another. -
The pattérn of vegetational change forksités 4 through
9 was composed largely of. widéspread vspecies with varied
frequency distributiéns. In order to simplify classifi-~
cation of each bsite “and to pléce mOré emphasis on

perennials and long-lived annuals, the top 12-15 species at
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each site were ranked according to their summed frequencies
for all three sampling periods.
Based on this comparison, the five highest frequency

species at Site 4  were; Euphorbia missurica, Croton

glandulosa, AmbrOSia psilostachya, Triplasis purpurea, and

Helianthus pétiblaris. of thése, only A. psilostachya is

a perennial. The ten highest ranked species contain three

more perennials; Rhus aromatica (sixth),‘Andropogon hallii

(eighth), and Opuntia macrorhiza (ninth). Site 4 did not

appear to have been heavily grazed or otherwise'disturbed,

as indicated ‘by the.presehce of Schizachyrium scoparium

with frequencies of over 30 percent, theylow frequency of

Artemisia filifolia, and no sizeable areas of bare sand.

However, ‘the highffrequencies of the above annuals and

Opuntia macrorhiza could be considered as indicating recent

disturbance. The high frequencies of the annuals may also
have been the result of a favorable growing season.
The first five species at Ssite 5 consisted of:

SchizaChytium scoparium, Croton ~glandulosa, Artemisia

filifolia, Monarda punctata, = and Euphorbia missurica.

Three of the five highest frequency species at Site 4
dropped dramatically in importance at Site 5. Triplasis

purpurea dropped to twelfth. Ambrosia psilostachya's

frequency fell to less than ten percént, and Helianthus

petiolaris was not present at Site 5. Schizachyrium

scoparium and Monarda punctata were present at Site 4 with

reiatively high® frequencies, ranked thirteenth and
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fourteenth respectively. Artemisia filifolia had a
frequency of 1less than ten percent at Site 4. Site‘5 also
differed from the others in that it was the only site which

Chrysopsis wvillosa, Gilia longiflora and Aphanostephus

skirrhobasis were present in abundance.

Sporobolus cryptandrus, Mentzelia stricta,' Paspalum

setacéum, Croton glandulosa and Chenopodium leptophyllum

had the five highest ranked frequencies at Site 6.

Sporobolus cryptandrus was sixth overall at Site 5, and had
a frequency of approximately 20 percent at Site 4.

Mentzelia stricta and Paspalum setaceum were also at sites

4 and 5,‘ but with much lower frequencies, Artenmisia
'filifoliavwas ranked eleventh at Site 6. This reduction was
at 1east partly due to periodic herbicide spraying at Site
6 which is directed primarily as a control on Artemisia
filifolia. Prior to the June, 1981 sampling, adjacent

areas to Site 6 were Sprayed.’ Artemisia filifolia on the

site had some wilting and die-baék on the branch ends, but
did not appear seriously affected. Forbs also did not seenm

to be seriously affected. With the exception of

Chenopodium leptophyllum, the higher ' frequency forbs did

not have a substantial drop in frequency for the August

sampling‘period.‘ Chenopodium leptophyllum also had a large
drop in frequency from April to June, and June to August at
Site 9, and smailer drops in frequency from June to August

at the other sites. Therefore, the spraying at Site 6 was
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probably not entirely responsible for the observed drop in
frequency.
The species with the five highest summed frequencies

at Site 7 . were; Artemisia filifolia, Sporobolus

cryptandrus, Eragrostis trichodes, Aristida purpurea and

Euphorbia missurica. Eragrostis trichodes was present with

frequencies of 30 percent br greater at sites 4 through 6.

‘Aristida purpurea was also found on sites 4 through 6, but

at very low frequencies.

Sporobolus cryptandrus and Artemisia filifolia are

again the two highest ranked species at Site 8. They were

joined by Chenopodium leptophyllum, Eriogonum annuum and

Helianthus petiolaris. Chenopodium leptophyllum had been

present at sites 4 through 8, but its frequency had

oscillated greatly. Helianthus petiolaris had a very

distinctly bimodal frequency distribution. It was ranked
fifth at Site 4 and then was absent or had very Ilow

frequencies for sites 5, 6 and 7. Eriogonum annuum was

common on sites 4 through 7, with frequencies between

approximatelyvzo and 50 percent.

Ambrosia psilostachya, Sporobolus cryptandrus,

Helianthus petiolaris, Triplasis purpurea and Cyperus

schweinitzii were the first five species at Site 9, ranked

by summed frequencies. Ambrosia psilostachya, 1like

Helianthus petiolaris, was distinctly bimodal, also having

a high frequency value at Site 4. It differs from H.

petiolaris in that it had a 1low frequency at Site 8.




59

Triplasis purpurea had been steadily decreasing in

fréquency from a maximum at Site 4 to a very low frequency

at Site 8. Cyperus schweinitzii was alsovpresent on: sites
4, 6, 7, and 8, where its ,frequéncy osciilaﬁed between
approximately 15 and 60 percent.

Based .dnvkthese ¢Qmparispns; it seems reasonable ‘to
place sites 4f£hrough 9 inbfouf’broad vegetatibnal groups,
described by ’the hiéhést bfrequenéy  perénnia1’ grass’and

woody perennial,'exCept‘for site 9. These are: (1) Site ¢4,

Andropdgonvhallii-Rhus aromatica; (2) site 5, Schizachyrium

scoparium-Artemisiaffilifolié; (3) - Sitesv 6-8, Sporobolus

cryptandrus-Artemisia filifolia;'and (4) site 9, Sporobolus

cryptandrus-Ambroéia psilostachya.» "-These groups répresent

the sites with maximumrnfrequency values of the mentioned
species, and not kdistinct communities. The frequency
~distributions of the’other'Species do .not support these

boundaries, and are instead individualistic in nature.
Environmental Factors

The high frequenciés‘of annuals, eSpecially at Site 4,
were unexpected for sites ’supposedly in eqﬁilibfium»With
the long tefm:enVirdnmént. However, if soil moisture is a
limiﬁing factor then the dominahtsv may be distributed in
such a way that there appears :to exiét "open space" above
groﬁnd between individuals. Pound and. Cleménts (1898)
reported one to three meters between individuals in the

 ’open communities of the stabilized sand hills of Nebraska

\
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in the blue-stem formation. Spacing of this extent was not
observed in the sites selected for this study. Densities
did appear to be much less than wquld be expected in
prairie sites on more mesic soils. ‘Thié wide Spacing may
be necessary for iﬁdividuals to obtain sufficient moisture
| during dry years. Thus even though there appears to be
"oﬁen spacé" aboﬁe ground, the firmly _ established
perennials  may be very effectively controlling the
availability of soil moisture in these areas by the action
of their‘roots- As fhé soil moisture declines the annuals
and newly established perenhials would . be expectedyto be
the least successful.

During periods of higher'Soil moisture, the area
required to meet the physioldgical demands of the indivi-
duals would be reduced and so in effect the area controlled
by the dominants would decrease. This in turn would resﬁlt
in newly availablelspace within the Community. Earlier
seral species might then be expected to be the best adapted
to initially take advantdge of'sudh a situation. The wide
spacing of the dominants would reduce their effectiveness
in cohtrolling the envirqnment of the community through
alternative factors, such.as'shading,of’the soil surface.

If the wet cycle continues, then ’the seral species
would be grddually replaced by the dominants, with the
result of an increase in their - density. It is probable
that before a new equilibrium is established, the climate

would swing back towards a dry year, or series of years,
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thus perpetuating the wide‘spacing of the dominants. Seral
" and dominant; propagu1¢s,wou1d»continué to germinate in the
"open areés" but genérally would hot be eXpedted'to become
»'establiShed. |

| This'éontinuai-fluctuation  may explain why species

such as CalamOVilfa .gigantia, generally considered a

‘pioneer} wouldvcontinue”to be én impértant kcomponent of
sand'hill veéeiation; The "open.areaS"Lof :Wet  years may
also - explain why it isapossib1e fofftherevto be literal
explosidn of ahnﬁals on the Sand hills  during’vyears of,
| optimal growth 1c6ﬁditionsQ‘ ﬁulett, et »gl; (1966)
described erratic dévelopmehtyof annuals as charactefistic
of the sandvdunes Qf Saékaﬁéhéﬁén. ‘The openness ~of the
community, in additidh'to the physical nature of sand,
would also explain'-why‘Iéven‘stabilizéd duneé are ‘very
1sus¢eptib1e to bloﬁéouts;‘ The death or”reduced success of
a single individual dominant COuld‘ potentially 6pen up a
relatively large area that"would ﬁhen bé-morevsuceptibie to
erosion. ,

The high:frequéncy of the serél:species, épecifically
_atlsite 4,vis_‘not easily ekplainéd ,simply by precipi-
tation. Based 'oh‘mbnth1y precipitatioh; 1981 did not seem .
to be a highly faVoﬁable yeaf;‘for' annuéls F(Figure 50,
Appendix_C);}The‘precipitation'fof'MarCh was slightly above
normal, but April]and‘Méy were approximateiyvi,s inches per
month below average.:‘June was above avérage}by‘ about one

‘inch, and July was S1ightly‘below. 'Whether orqrnOt, these
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variations were significant enough to cause noticeable
changes in "average" species abundances is debatable.

The precipitation distributions for 1980 near Site 4
were drastically different from normal (Figure 51, Appendix
'C). April and May received more than twice the average
monthly precipitation while June‘through September received
less than half the norm. It is pOssible that the high
frequency of annuals et Site 4 duriﬁg an "aVerage" year,
1981, may be 'more of a response to a potehtially good
reproductive year for spring anpuals, and a poor year for
the warm season grasses durihg 1980. It is not immediately

evident why Ambrosia psilostachya had such high frequencies

based simply on precipitation. Annuals, such as Helianthus

petiolaris which was observed flowering in May, may have
avoided the potential moisture stress during’the summer in
1980. Site 5 had a similarly dry summer in 1980 (Figure 53,
Appendix C), but receiveav approximately half as‘ much
precipitation in May. Whether or not this difference is
sufficient to explain the 1lower frequencies of annuals in
1981 at Site 5 whenk compared to Site 4 is debatable,
especially since Site 5 had significantly more precipi-
tation in May of 1981 than Site 4 (Figures ‘50 and 52,
Appendix C);

The monthly precipitation received during 1981 at
Renge, near Site 9, by itself does not explain the higher
total frequencies observed at Site 9 when compared to sites

6 through 8. Depending on the month and sites compared,
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Site 9 may have been somewhat more favorable in terms of
~the amount of precipitation received compared to the norm
(Figures 60 and 61, Appendix C). In general ﬁerms however,
sites 6 through ° all had a wet Mardh_followed by an
average to slightly dry April and May; a distinctly’~dry
June,‘and a slightly above average to'normal, July. -  There
were also nokdistinct_differences between 'sites in the
pattern or extént of monthly temperature»departures from
the norm (Figure 43, Appendix B).

An interesting shift Was noticed in,the normal monthly
precipitati0n~p&tternsv‘for sites 4 through 9 (Appendix C).
At sites 4 through 7 the monthly precipitation amounts are
distributed ‘over'the year in an approximately béll-shaped
curve with the\highestimonthly'precipitation occurring in
May. The curVe remains bell-shaped for sites 8 and 9, but
the month receiving the greatest amount of rainfall
chénges. June is just slightly higher than May'and July at
Beaver, near Site 8.v Aﬁ;Gobdwell, near Site 9, the month
with the maximum amount of rainfall isvclearly July. With
July being normally the hottest month  at all the sites,
this differehcé in precipitation'distributiOn’may be an
importént- factor in ‘determinihg the distribution and
success of several species, particularly those that bloom
during the summer months. Thus‘ it may be paftially
responsible for the higher observed total frequencies and‘

species richness observed at Site 9.
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There appears to be a linear',relationship fgr the
total frequencies (Figﬁre 4) of sifes 4 through 8. When the
total frequency for a site Was plotted against ;he average
annual precipitation for that site, the relationship
becomes moreIObvieus‘(Figure 7). Sites‘ 1 ﬁhrough 3 and
~ probably 9 show no 1linear relatiohship’with the other
sites. Correlation ceefficienfs were calculated for sites
1 fhrough 9, 4 through 9, and »4r‘through' 8 using total
frequencies for‘each saﬁpling period and also mean total
frequency for all three sampling periods. 'There was found
a linearvrelationship,with a cbnfidence level of 90% or
greater for sites 4 through 8 for the all three sampling
periods. There was a linear relationship with a confidence
level of 95% for sites 4 through 8 for the June sampling
period. The other comparisons were found not to be ‘linear
at confidence levels of 90% or greater.

Similar; but not ‘neCessarily statistically
significant, results were obtained when-’precipitation
effectiveness indiees, end length of growing season were
plotted against total frequency, and also for pan evapo-
ration, elevation - and wind movement, but with opposite
slopes. vaheﬁ the ndmber of species h'per site was
substituted for total freguency again similar results were
obtained. The sites were not selecfed with the objective .
of Xkeeping any one of these facfors constanﬁ while
investigating . the chers. Therefore it cannot Dbe

determined if any one was a limiting  factor along the
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1ength of the»transect, or if one or more factors replacedv

another as the position along the transect chahged.



CHAPTER VII
SUMMARY

The objecfive‘ofvthis etudy was a description of the
patterns of vegetational ;change on. sand dunes along a
climatic and physiographic environmental gradient in
north-central and northwestern Oklahoma as determined by
single factor; frequency, data. Potential community
boundaries, if present; were to be identified and related
to environmental changes.

The nine sites kcan be divided into two general
phyeiognomic groups, deciduous forest band grass/shrub.
This was readily evident when visiting the sites and was
supported by the 1low commuhity coefficients of sites from
opposite sides of the community boundary. This apparently
distinct community boundary between sites 3 and 4 may be
the‘reSult of a edaphic conditione. Site 3 is on Eufaula
fine sand, which ie higher in organic matter than the
Tivoli fine sand foﬁnd at sites 4 through 9. |

Within the grass/shrub veites, there was a general
inverse trend between'similarit§ of species composition and
distance between _sites. However, this trend does not
remain when oniy species with a relative frequency Qf five

percent or dgreater at any one site are used to calculate

66
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community coefficients. If there is a vegetational
continuum across the grass/shrub section of the study area,
as indicated. by individual species distributions, then
frequency alone‘ may not give an accurate representation‘of
species importance.

The potentially interrelated community attributes,
‘total ifrequency and species richness, have similar trends
across the study area. Total vfrequencies were lowest in
- the forested sites, as would be expected because of the
size and spacing of the dominant trees in relation to the
gquadrat size, and the appatent low understory densities.
Total frequency was greatest at Site 4, the eastern-most
grass/shrub site, generally . decreased to Site 8, and then
increased at Site 9. The same general trend was observed
for species richness, but tne magnitudes of the differences
were reduced. Species richness‘declined slightly from Site
4 to Site 7, while.the totalbfrequency decreased markedly,
resulting in a'decreasing.mean frequency per species. The
mean frequency per species increased from Site 7 to Site 9
as- the resultv of decreased species richness = and/or
increased total frequency.' A linear relationship was found
between mean total‘frequency and precipitation for sites 4
‘through 8. This relationship does not prove precipitation
was the major factor influencing total frequency because
other environmental factors are changing simultaneously.
Also competition is changing‘as species frequencies and

composition change.
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frequency distributions of individﬁal species revealed
wide variation in patterns of species' success, as measured
by frequency, across the environmental>gradient. With the
exception of the community boundary between sites 3 and 4,
| Duncan's Multiple Range test in conjuhction with analysis
of variance, and inspection of frequehdy histograms failed
to identify othef definite .community' boundaries on the
hasis of several -species sharing similar distributional
. patterns. |

The deciduous foreSt sites, 1 through 3, formed a
heterogeneous group. Quercus spp., Celtis  spp., Sapindus

drummondii, Bumelia lanuginosa and Ulmus .americana in

various combinations were the major dominants. Celtis

spp. and Ulmus americana seedlings, Smilax bona-nox,

Parthencissus quinquefolia and  Symphoricarpos orbiculatus

- were important woody species in the “understory.
Differences in edaphic conditions were probably a major
factor in making these sitésirelatively distinct from one
another. |

" The grasé/shrub sites,;4 through 9, can‘be‘pléced into

four groups based ‘on two perennial speciés with high

frequencies and their physiognomies: (site 4) Andropogon

hallii - Rhus aromatica; (site 5) S¢hizachyrium scoparium -

Artemisia filifolia:; (Sites 6-8) Sporobolus cryptandrus -

Artemisia filifolia; and (site 9) Sporobolus cryptandrus -

Ambrosia psilostachya. The other species generally did not

exhibit frequency distribution patterns which support these
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potehtial ccﬁmunity boundaries. Site 5, located at Little

Sahara State Park, was uniqﬁe»win being the only site with

the specigs ‘Chrysopsis villosa, Gilia"longiflora;- and

Aphanostephus'skirrhObasis‘present in abundance.
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APPENDIX A

FREQUENCY DISTRIBUTIONS
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 ‘TEMPERATURE DEVIATIONS
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MONTHLY PRECIPITATIONS
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Figure 44. 1981 Monthly Precipitation at Perkins (Site 1)
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Monthly Normal Precipitation at Perkins (site 1)
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Figure 46. 1981 Monthly Precipitation at Guthrie (Site 2)
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Figure 47. Monthly Normal Precipitation at Guthrie (Site 2)
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Figure 49. Monthly Normal Precipitation at Hennessey (Site 3)
(20 year average not available from Ames, Site 4.
Hennessey next closest station.)
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Figure 51. 1980 Monthly Precipitation at Ames (Site 4)
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Figure 52. 1981 Monthly Precipitation at Waynoka (Site 5)
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Figure 58. 1981 Monthly Precipitation at Beaver (Site 8)
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Figure 60. 1981 Monthly Precipitation at Range (S‘ite~.9f‘)v
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~ APPENDIX D

LIST OF 'IDENTIFIED SPECIES



AMHY

AMPS

AMTR

APSK
- ARFT
ARPU

ARLU

BIBI .

BLVS

BOCU

BOGR -

BOHI

BRTE
BRUN
BULA
CAFA

CAGI

CATO

CECA

APPENDIX D
LIST OF IDENTIFIED’SPECIES

Amaranthus hybridus L. ?Vannual

Ambrosia-psilostachyaﬁDC}o- perennial

Ambrosia trifida L. - anh@al

Andropogon haliii Hack. - pérennial

Aphanostephus sklrrhoba51s (DC ) Trel

- annual

Artemlsla flllfolla Torr. = perennlal

Aristida purpurea Nutt.'- perennlal

Bidens b1p1nnata L. - annual

Scleranthus annuus° was not collected
annual ’

. Bouteloua curtlpendula (MlChX ) Torr.

Artemisia ludoViciana Nutt. - perennial

flowerlng -

- perennial

Bouteloua gra01lls (Wllld ex H. B. K.) lLag. ex

‘Griffiths - perennial .

Bouteloua hirsuta Lag. - perennial

Bromus techtorum L. - ahnual

Bromus un10101des HBK., - ‘_annual

Bumel;a lanuginosa (Michx.) Pers. - perennial

Cassia fasciculata Michx. - annual

Calamovilfa glgantea (Nutt.) Scrlbn. and Merr. -

perennial -

CarYa'tomentosa (Poir.) Nutt. - perennial

Cercis canadensis L. - perennial
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'CESC =~ Celastrus scandens L. % perennial

CHAL - Chenopodium album L. - annual

CHCO - Chamaesaracha coniodes (Moric.) Britt. - perennial

CHHY - Chenopodium.hybridum L. - annual

CHLE - Chenopqdiﬁm leptgphyllum Nﬁtt. = annual

CHPR - Chaerophyllum prd¢umbensf(L.)‘Créntz - annual

CHVI - Chrysopis villdsa (Pursh) Nutt. - perennial

CHVE - ChlorisaVerti¢illata Nutt. -~ perennial’

CLTS - Celtis laevigata Willd, C. occidentalis Pursh, and
C. reticulata Torr. - perennial - ' ' :

COAU ~ Corydalis aurea Willd. -vanhu51ébiennia1

CODR - Cornus drummondii Meyer - perennial -

CcCOMM - Commelina erecta L. - perennial

CRGL - Croton glanduldsus L. = annual

CRJA - Cristatella jamesii;T, & G. - annual

CRTX - Crdton texenéis'(Klotzsch) Muéll.‘Arg.b—‘annuaL»

CYAT - Cycloloma-atriplicifoliUmf(Spréng.) Coult. - annual

DEPI - Descurainia pinnata (Walt.);Britt. - annual-biennial

DIWI - Dithyrea Wislizéniilﬁhgelm;Vf biennial

ELCA - Elymus canadensis L. - pérennial

ELVI -.Elymus-virginicus L. - perennial

ERAN - Eriogonum annum Nutt.'r,ahnual’

ERBE -‘Efigéron bellidiastrﬁm‘Nutt. - annual

EROX - Eragrostis oxylepis (Torr.) Torr.

ERRE - Erysimum repandum L. - annual

ERTR - Eragrostis trichodes (Nutt.) Nash - perennial

EUMI - Euphorbia_missurica Raf. - annual

FEOC - Festuca octofldra Walt. - annualv




. FRGR

GAAPD -

‘GAPU
. GILO
GACO

GAPI

| GECA

 GLTR
GYDI
HEPE
JUNI

JUVI

LARE -

LECO

LEDE -

- MEST

MIAL
MORU
MOPU
MSDG
MUSQ

OELA

OEHE -
OESE
OPMA -

OXST
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Froelichia gracilis (Hook.) Mog. - annual

Galium aparine L. =- annual

Gaillardia pulchella Foug. - annual

Gilia longiflora (Torr.) Don - annual

Garu coccinea Pursh - perennial

»Galium pi1o$um Ait. - perennial

Geum canadense Jacq. - annual

Gleditsia triacanthds'L. - perennlal e

Gymnocladus dlolca (L ) K. Koch - perennlal

Hellanthus~petlolarls_Nutt. - annual

 Jug1ans nlgra L. - perennial'

Junlperus v1rg1n1ana L. - perennlal

' ,Lam1um,amp1ex1cau1e‘L. - annual

,Lappulé rédoWskii (Hornem;),Greene - annual

Leptbloma cognétum (Schultes) Chase —'pefennial

Lepidiﬁm“densiflbrum»Schrad - annual

Mentzelia strlcta (Osterhout) Stevens ex Jeffs &

»thtle - perennlal

erabllls alblda (Walt ) He1mer1 - annual

v Morus rubra L. - perennlal

Monarda,punctata’L. - perennial

‘cyperus schweinitzii Torr. - perennial

'Muﬁroavsquarrosa (Nuttall) Torrey - annual

‘Oenothera lanciniata Hill - annual'

Oenbthefa heterophylla Spach - biennial

Oenothera serrulata Nutt. - perénniall

Opuntia macrorhiza Engelm. - perennial

Oxalis stricta L. - perennial




PACA

PAOL  1Pan1cum ollgosanthes Schult. f1perennial
PAPE"

" PAQU

PASP
PATE

PAVI

PEBU.

PEVI

PHAM
PHLE
PHYS
PLPU

PODO

POOL

PRAN

PSDI
PYSC
. QUMA
QUMR

QUMU

QUST -

QUVE
REAR

“REFL

SACA
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,_Panlcum caplllare L. - annual

Parletarla pensylvanlca»Muhl. - annual

.Parthen001ssus qulnquefolla (L ) Planch. <—~perennial

Paspalum seta01um Michx. - perennlal

Palafox1a texana DC. —'annual

Panlcum v1rgatum L. - perennlal

v‘Penstemon buckley11 Pennell - perenn1a1

Petalostemon v1llosum Nuttall - perenn1a1 o

Phytolacca amerlcana L.‘-;perennlal

Phryma 1eptostachya L. = perénnial,

Physalls v1rg1n1ana Mlller, and"others

Plantago pursh11 R. & S.;rvannua1 

‘Polan151a dodecandra’L.

- Portulaca oleracea L. - annual

Prunus angustifolia Mafsh; - perennial

- Psoralea digitata - perennial

Pyrrhopappus scaposus DC; - perennial

‘Quercus macrocarpa Michx. - perennial

Quercus marilandica Muenchh. - perennial

Quercus muehlenbergii Englem. - perennial

quéfcuS'StellataiWang; —“perenﬁial,

Quercus velutina Lam. - perennial

nReverchonla arenarla Gray -1annua1

Redfleldla_flexuosa_(Tpurber) Vaseym-”perennial

"Rhus aromatica Ait. - perennial

Sanicula canadensis L. - perennial



SADR

~ SAKA

SCscC

SEDG

SELO

SERI -

SELU

- SMBO

SMTA
‘SONU
SPCR
SPGI
STSY

‘SYOB

TRPU

ULAM

' ULRU

UNLA

" VEBA -

VEUR

VIAC

VIRA

YUGL
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. Sapindue drummondii H. and A. - perennial

salsola kali L. - annual

Schizachyrium scoparium (Michx.) Nash

(Andropogon scoparius Michx.) - perennial

xperus spp.;‘possibly'4 species

Senec1o longllobus Bentham

Senec1o r1dd11111 T & G.}- perennlal

‘Setarla lutescens (Wlegel) F T. Hubb - annual

Smilax- bona-nox L - perennlal_'

Smilax tamn01des‘L. - perenﬁielf

Sorghastrum‘nutans (L.):NaSh_—‘perennial‘

Sporobolusfcryptendrﬁs CTorrm) Gray - perennial

Sporobolus giganteus NaSh»—?perenhial

stillingia sylvatica L. - perennial

: Symphoriearpbs orbiculatﬁs Moench - perennial

Tr1p1a51s purpurea (Walt ) Chapm.,—annual

Ulmus amerlcana L. - perennlal

,-Ulmus rubra Muhl‘ -fperennlalv'

Unlola latlfolla Mlchx.eé perennial

Vernonla baldw1n11 Torr. - perennlal

Verbena urthlfolla L. - annual

‘VitisfacerifeliavRaf. - perennial

Viola rafinesquii Greene - annual

Yucca §lauca Nutt. —vperennial
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