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PREFACE 

Distributi9n patterns of veg~:~aticm· -- on tll.e sand hills 

Of north;..central-- and northwestern .. Oklahoma -·are investigated 

in this study. Two· relatively distinct physiogn9mic groups 
. - . 

are encount:erecr along the_ envir«:lnmental gradient, deciduous 

fo·rest to the east, a.nd grass/shrlib to -the west. The 

boundary -b~tween '.these two ~;toups · corl:'esponds· with a. change . . ·;. . . ,. . . . ' 

't' 

. . . . . . ~ 

from sandy soils hav~nqc hi'.gher . or9anic matter content in 

the east to.very sandy soil with little organic matter to 

the west. . .. The . obj ectiV:.es Of t:his st:udy are to describe the . 

pattern of veg.f;ltattoria.·i·cha,.n9e;. :identify distinct commun-
, ':: 

ities if they :exist,--_ and .rEiiat:e 'community '.boundaries to the 
. . 

__ environmental gradient. 

The ,auth6r wishes -. to expr;ef;S his appreciation -to his 

- --- m~jqr adviser 1 Dr. Jerry_ ::r~ · cr0¢k~tt, fo-r his guidance, 

assistance' and patience.throughout this study. '.Also· great

ly appreciated ·is.the ass:l.-stance provided, by the committee 

members, ; D,~. · G:Len l'l • To.dd ~nd: J;)r. :Ronald': J. Tyr:t. 

Sp~ciai thanks is given to Dr. p. L. '.sim~i and the 

numerous land_ owners who prc>vided info~atiori and access to 

the stµdy ---- _ sites . MY deepest . th_anks go - to my. wife, 

Margaret, and daughter; An\'anda'.~ .· witbout who:se support this_ 

would not_- h·ave ·been possible. 
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CHAPTER I 

INTRO PU CTI ON 

The classoification of vegetational communities and the 

understanding ·of the proc:;:esses of their development has 

been.the subject of considerable discussion and research 

(Clements, 1916; Gleason, 1917; Whittaker, 1956). The 

complexity of the environ111Ea:tH:s,. and the varied responses of 

different species to environmental conditions and competi

tion, has complicated the elucidat:.ion ·of the mechanisms 

involved and identification of the st.ages of vegetational 

succession, and the resulting st~ble climax communities. 
. ; . -

Across north-central and northwestern Oklahoma there 

exists a series of sand dunes associated wit.hthe Cimarron 

and North Canadianriyers. These dunes occur along an 

environmental gradient of st:e£tdily changing climatic and 

physiographic f13.ctors. Along this gradient from east to 

west, there is a steady decline in annual precipitation, a 

similar. trend in length of growing season, and a gradual 

increase in elevation. 

These sandy soils suppOrt two readily identifiable 

physiognomic communities, deciduous forest .and grass/shrub 

lands. The adjacent non-sandy soils (lpams and clay loams) 

support, from east to west respectively, deciduous forest, 

1 



2 

tall grass, mixed grass and short grass prairie (Bruner, 

1931) . In the eastern part of the area included in this 

study, sandy soils typically are inhabited by more xeric 

species, while in the west they support the comparatively 

more mesic species. This is due primarily to the low water 

holding capacities, but high .infiltration rates and low 

evaporative losses · of sanO.y soils compared to finer 

textured soils (Alizai and Hulbert, 1970; Taylor, 1960). 

The preserice of similar soils and the elimination of 

pre-existing vegetatiop 

present an opportunity 

by ·the deposition of the sand,· 

t6. study the effects of other 

factors on·the development of vegetatiohal communities. 

The objectives of this study were to describe the pattern 

of vegetational change across the environmental gradient, 

to identify distinct communities if they exist, and to 

relate community bound.aries to the changing environment, if 

possible. 



CHAPTER II 
·; .. ' 

LITERATU.RE REVIEW 

Two main.· theories ·have ··.• been postulated explaining the 

nature 
. ' . . ' . 

and ·d.eyelo~ment of a,,tstributional · patterns of 
·. .,·· . ·. :·. 

.. . . 

vegetation.···· c%.emel'lts 1 '(1916) -view .was to consider i;l ·stable 

assemblage· of plants as an C)rganism. This organism was 
-'i' 

thought to develop .through cf series of distinct stages, the 

sere, and · resulte~ in a. ::final condition., the climax. 

Climax vegetation w:a.s PC)Stulated as being determined by the 

regional climate, and being capable of sustaining itself 

indefinitely. In contras.1:..1 .Gleason's (19i7) individual

istic· theory proposed '·that :the vegetation o.f an· area was 
... ·. : ... : 

determined by the 

adapted. species, 

selective · astion of· the environment for 

and . the· ·disp~rsal o.f seeds from 

surrounding pc:>p.ulations and . accidental introductions~ 

succession·· in 1:.he · individuaii'stic ·· tfiEe(:)ry, wa.s the response 
:_._.· . : ·. . 

of the ' 'vegetation to . changing ~hvironmental conditions 

a.nd/or the introduction of new, adapted spec;::ies .. 

Tansley . (193~) modified the organismal theory of 

Clements, rej ectincf th~ : con<;::~pt . of the plant community as 

an organism, but r:e.t;aining the idea of. distinct identities 

to the · stages of vegetational dejvelopment · and .climax. 

M:orrison and .Y·arrailton {1974) investigated the suocession 

3 
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of vegetation on the sand dunes associated with Lake 

Huron. They concluded that the stages they obser'7ed 

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 

forest~ of Wisconsin. They. did. not identify distinct 

species· groups, but rather described a·. continuum of 

vegetation, changing in response to the environmental 

gradients. Whittaker (1956) observed 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 (1980, p. 384) 

found " a continuous and gradual change in species 

composition along the delineated gradient" in forests of 

Illinois. Rice and Penfound (1959) investigated the upland 

forests of Oklahoma. They found no groups of species which 

achieved their· optimum development in the same stands, and· 

thus no distinct communities were.identified on 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 
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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,1969), 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 Andropoqon associes 

progressing east to west across central Oklahoma. These 

were located on sand 
+· ... 

deposits 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 Sherw.ood (1980) investigated 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 into dist in.ct 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. They 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 site is presented in Table 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 sandy soils of the sand hills (Soil 

Survey, Beaver Co., 1959). Site 3 was located 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 

Derby 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 

6 
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TABLE I 

PHYSIOGRAPHY OF STUDY SITES 

SITE NEAREST RIVER SOIL ELEVATION 
NUMBER TOWN DRAINAGE TYPE {FEET) 

1 P~rkins Cimarron Pulaski fine 900 
sandy loam 

2 Guthrie Cimarron Derby loawy 1015 
fine sand 

3 Crescent Cimarron Eufaula fine 1170 
sand 

4 Ames Cimarron Tivoli fine 1213 
sand 

5 Waynoka ·Cimarron Tivoli fine 1500 
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 
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TABLE II 

LOCATION OF STUDY SITES 

SITE COUNTY RANGE TOWNSHIP SECTION DIRECTIONS 

lA Pay11e R2E 

lB Payne R3E 

2A&B Logan· R2W 

3A&B !<ingf isher R5W 

4A&B Major RlOW 

5A&B Woods Rl6W 

Tl7N 

Tl7N 

Tl7N 

Tl6N 

T20N 

T24N 

10 

l 

16 

12 

l 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 
3 3 after 3/ 4 mi. when 
Hwy 33 turns south
ward; l. 5 mi. N.; 
lmi. W; 1/2 mi. s to 
small :Prl.dge; sites 
immediately to E. 

2 mi. N of Hwy 33-Hwy 
74 intersection; 4.5 
mi • w; l. 5 mi. s ; 
site A about 500 yds. 
w of road; site B 
50 yds. W of road. 

10 4.5 mi. W of Ames 
leaving paved road as 
it turns s.; l~ 5 mi. 
s along dirt road to 
dead end at Cimarron 
River; site A large 
dune about 1/4 mi. 
ENE; site B adjacent 
dune.to the E. 

26&27 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 RANGE TOWNSHIP SECTION DIRECTIONS 

6A&B Harper R22W T25N 

7A&B Beaver R28E T4N 

SA&B Beaver R23E T4N 

9A&B Texas Rl9E T3N 

30 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. 

20&21 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 a.fter 
gas we.11. 

6 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 
gead end.at gas.well; 
site A, N past first 
low dunes; site B 
adjacent. dune to E. 

3 5 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; 
site A immediately to 
N; site B about 200 
yds. to the SW of 
site A. 
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movement by wind action after .··deposition by water (Soil 

survey, Lo9an co., .1960). The sandy soils at sites 1 and 2 

did not appear to be as deep as. those of the other sites. 

·Also, site· 1 a,ppeated to be·· the clof11est, in elevation, to 

the' river/. and thus probably had ·th~· shallowest depth to 
. . . ' . 

the w·ater tabie of any of the sites.~ 

The climate . changes co.neddera}:)ly. along .• the transect. 

The climatic d~ta f·or the study area. is' summarized in Table 

. III. The· norm~l .annual precipitation, ·.and . precipitation 

effectiveness ··index (Thornthwaite, 19~1) decreases from 

east to west across the sl\idy area. Thornthwaite (1931) 
. . . 

clasedfied 32-64 ·.as Subhumid1 arid 16-32 as semiarid. Sites 

1 through_6 are in t:he subhumid range and 7 through 9 are 

semiarid. Th~ .normal panevaporation .for May through 

September increases. ·.from e'ast to west. The average length 
.. .. . . 

of the growing season, de.fineci as the time between the last 

occurrence of ·o degrees c (32degrees F) in the spring to 

the. first frecaze of the. fall; increases from site · 1 to site 

4 1 and then generally decreases to the·w:est. 

Brune:i;.-. (1~31), ·· Blair .and Hubbell , (19JS), and Duck and 
·: .'· . . 

r1.$tcher (194$) each described the vegetation of OklahOina 

·and divided the state into gen~r.al vegetational · areas. 

Table IV summarizes the vegetational t,ypes they identified 

and the corre~:ponding study sites of this study .. 



TABLE III 

CLIMATIC DATA 

SI.TE PEia· PANb NAPe A Pd \NGS e GSf 
:.Y· 

1 50. 60*. 43.74* 35.35 34.55 202.5* 232* 

2 50.60 31.40 27. 94 205.4 214 

3 29.;36 27.97 217 

4 47.15+ 28.12 28.92 209.9+ 221+ 

5 41 .. 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 20.32 19.79 185.2 166 

9 27. 60"' 60.91" 16.86 16.50 177.6" 167"' 

a·- Precipitation Effectiveness Index 
b - Normal Pan Evaporati()n (in.). (May-sept., 10 yr. ave.) 
c - Normal Anpual Precipitation (in.) 
d - 1981 Annual Precipitaticm fin.) 
e - No:tma,1 Growing Season (1970 - 1980 average) 

12 

f - 1981 Growing season (da}'s between dates of 32 degrees) 
* - data from Stillwater we~ther station 
+ - data from Enid weather station 
"' - data from Goodwell Research Station 

Data from 1981 annual summaries.of U.S. Dept. of Commerce 
Climatological Data, and Hourly Precipitation. 



13 

TABLE IV 

SUMMARIZATION OF VEGETA'J:'IONAL TYPES 

SITE. B:E(UNER 
(i931) .· 

l Oak-Hickory · 
. Ass.ocdation· 

2 llli:~cing with 
Oak,;,.Hickory 

3 saavannah 

4 Androp·ogori 
Associes 

5 

6 

7 

8 

9 

BLAIR·& HUBBELL 
( 15)38) , , 

osa(Je Sayannah 
,I ,·': 

sand areas. 

DUCK & FLE.TCHER 
( 1945). ,• .· 

Post Oak-Blackjack 
.·. Forest Type 

Stabili,zed Dune 
Type 

. Sarid~sage 
G.rassland 
·.Type 



CHAPTER IV-

. METHODS 

- -

Nine sites, e~ch 'w'ith two replicates, were selected 

for this study. Each replic~te, eJ{oept 'for one .·at site 2, 

was located . on a generally south. facing. slope of an 

arrested .and nearly stabilized. d:une~, ·.The one exception was· 

a west facing sldpe, which was selected since there were no 

other suitable southern exposures in the imlnediate· vicin

ity. A consistent E?lope exposure insured that differences 

between sites were due to macro- and not mi¢roenvironmental 
. . 

changes. ·Al$o, the south.-facing slopes are characteristi-

cally more xer!c (B~rbour, et al., 198.0) , and thus changes 
. . ., ·. - .. -. - . 

due to water relations should.: be more pronounced. The· dune - ' .·· .... ''·,_·., " 

faces sampled ·· were ·· approxim~tely equal in area, but 

differed somewhat in height and width. In general, the 

.threee~st~rn:It\~st'.sites tended to be.lower and broader 
--~ .. ; .. 

than the more conical western sites. 
'~- ·.~ -. 

The sites -were .. selected - .. by · visual inspection. 

Initially, a _:targe number of potential ·. sites - were 

identified via review of county -... soil surveys. After 

visitinq the. potential sites, nine pair were selected. The 

sites selected appeared to be in eqUilibrium with the long 

term environment. This was concltiQ.ed after looking for 

14 



signs of disturbance and 

attempt was made to keep the 

early seral 

topography 

15 

vegetation. An 

of the selected 

dunes as similar as P.ossible. Also the sites were spaced 

so that there was approximat~ly a two inch (five cm) change 

in average annual precipitation between adjacent sites. 

The two inch interval was selected ;because of site 

availability and qbserved changes in.vegetation. 

Sampling was conducted· using·· an approx.:Lmately one 

square meter rectangular quadrat, 1:41 cm by 71 cm, and an 

approximately five.: square meter arm's length rectangle, 185 

cm by 21o·cm. The one square meteJ:' quadrat was used on all 

sites. The five square meter qtiadrat was us.ed to sample 

trees only . on. sites 1 through 3. No assessment of appro

priate qua.drat size was made.· The one square meter area 

was selected because it had been successfully utilized by 

Adams and Anderson (1980)i· Curtis (1955), Dix and Butler 

(1960), and Sherwood (1980). · A single s.ize quadrat was not 

equally effective on all sites or for all species (Hyder, 

et al., 1963). Frequency as a nonabsolute. measure is in 

part a. function of the. size and shape of the quadrat 

(Mueller-Dombois and Ellenberg, 1974). Therefore, if 

frequency values are to be compared directly, they must 

have been determined using the same sized quadrat (Kershaw, 

1973). 

The five square meter 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 

boundaries used when sampling with the one square meter 

quadrat. ·rt was c;idded because samples obtained using the 

one square meter q\ladrat included very few mature trees. 

Sampling was accomplished by pacing a series of 

horizontal transects across the south face of the dune at a 

relatively constant elevation .. The transects were equally 

spaced along the slope from immediately below the crest 

down to where the dune began leveling off at the base. The 

number and length of the transects varied accordingly with 

the dimensions of each dune. Each one square meter quadrat 

was aligned with the longer side parallel to the slope. 

Exact placement was de't;:ermined by placing the frame down 

with the midpoint of the longer side immediately ahead of 

the leading foot. The sample size at each location was 100 

quadrats. The surface area of each dune face sampled was 

approximately 0.04 hectare (O.l acre). 

Sampling with the arm's length· rectangle was 

accomplished in .essentially the same manner. 

of the rectangle was oriented parallel to 

rather than perpendicular. Because the 

The long side 

the transects 

arm's length 

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 staggered to 

prevent identical .replicates. 
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Only frequency was recorded in order to save time and 

permit the sampling o.f all sites within the shortest period 

possible. Curtis (1955, p. 562) suggested quadrat 

frequency · as II perhaps the best method of gaining 

information on quantitative relations of the prairie 

plants.". Frequency data have been used in describing 

sand-sage vegetation of Colorado .(Daley, 1972), sagebrush

bunchgrass vegetation in Oregon (Hyder, et. al., 1963), and 

herbs, shrubs and tree seedlings in Wisconsin forests 

(Curtis and Mcintosh, 1951). 

Frequency data were ob'l:.Ained by recording the species 

present in each quadrat. The numbers of individuals per 

quadrat were not recorded and.thus no estimates of 

were obtained. wfth the one square meter quadrat, a 

was recorded as present if at least half of its 

density 

plant 

rooted 

shoot at ground level was within the inner edge of the· 

frame. In the case of bunchgrasses, half of the crown had 

to be included for the plant to be recorded. Woody plants 

at least one meter tall were considered present in the 

arm's length rectangle if the main rooted shoot was touched 

by outstretched arms as the transect was paced. 

In order to measure compositional changes though the 

growing season, data were collected during three sampling 

periods. These began on April 1, June 3, and August 2, 

1981. In each case, sampling was initiated at the 

eastern-most site and progressed westward. This was done 

in an attempt to compensate for the spring lag in the 
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initiation of the growing season that occurs from east to 

west. Each site was visited approximately once every two 

weeks to note phenological differences. 

Statistical analysis of the data was accomplished by 

first identifying the· more important 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 sampling period. 

Duncan's Multiple Range (DMR) was run on those species 

which were identified by the ANOVA to have significantly 

different (PR>F less than or equal to 0.10) frequency 

values . at the various site$,. This identified for each 

species, groups of sites which ~ere significantly different ' 

from one another. Frequency distributions of individual 

species were also investigate(i by plotting mean frequencies 

versus sampling period al)d si~e. 

Comparisons of· species composition between sites was 

accomplished using Jaccard's Community Coefficient. It was 

calculated by the formula; [C/(A+B-C)]lOO, 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. species that the two· sites had in common 

( J accard , 19 o 2 ) • 
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Several comparisons were made using community 

coefficients. Used in the traditional manner of including 

all species present at the selected sites, community 

coeff,icients .were calculated · for adjacent sites and also 

for all possible site pair combinations. Finally community 

coefficients were calculated using only species with a 

relative frequency of five percent or greater at any one 

site. 

Continuing to treat each site as a unit, sites were 

compared on the. basis of mean total frequencies, mean 

species :richness, and mean frequency per species. Relating 

total frequency to environment, mean total frequencies were 

plotted against normal annual precipitation. Correlation 

coefficients were calculated on various subgroups of sites 

within this comparison to test for linear relationships. 



CHAPTER ·v. · 

RESULTS .. 

.. ' 

.Community coeffic:ierits 

. It was .·obvious · froni. · even, 'bastial observation that the 

vegetation present on the. · sb.1p:iliz~d · sarid dunes . of· north

ceptral and northwestern· Okl~homa .changes across the 

·environmental gradient ••.. · one way to confirm this was to 

quantify the exterit .of change irispepiee; composition from 

site to site · along the : ··:;· gradie,nt •.. ·. This can be done by 

directly comparing- s:ites 'species. by. spe¢ies, .or. through the 

use of a similarity in~ex·~ Figure .2 ·. was constructed by 

plotting Jaccard's co:mniunit:Y coefficient versus consecutive 

pair·s of sites, e.g. . · i-2., 2 ~3·; : etc.~ • Jaccard 1 s conununi ty · 

Coefficient (JCC) gives'thefr~~tidn of the ~pecies encoun-
·". '.• ' 

tered at any two sites which were shared in common. 

The results given in Figure 2 ind;icate a sudden change 
. . . . 

in spe9ies obmpdsition betwe.en s:i.tes 3 ~nd 4·. T:he community 
. ... . ., 

coefficient for these two sites was·inuc;:.h lower than for any 

of the other consecutive site pairs. . Another observation 

from· figure 2 was .that the values for~itepairs 4-5 

through s-9 were. rather constant~ 

To g'et a better· idea o.f how each site differed from 

the others, the same method of -calculating similarity 

20 
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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 substantiate the 

potential community boundary suggested in Figure 2. Two 

regions of higher community .coefficient values were 

evident. one was composed.of all the possible combinations 

of sites 1, 2 and,3, and the other, 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 comparisons. Although there were exceptions, there 

was a trend .of decreasing similarity with increasing 

distance between site pairs within the group of sites 4 

through 9 • 

. Ot).e last comparison was made using the community 

coefficient. The hypothesis investigated was that lower 

frequency species were largely responsible fcp~r the site

to-site differences observed between sites 4 through 9. 

Community coefficients were again calculated, but only 

those species which had a ·relative• frequency· of. five 

percent or greater at any site or sampling . ·period were 

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. 



TABLE V 

JACCARD'S COMMUNITY COEFFICIENTS 
FOR ALL SITE PAIR COMBINATIONS 
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SITE 1 2 3 4 5 6 7 8 9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

41. 7 
36.0 
4.2 
3.4 
3.7 
3;, 2 
1. 3 
0.6 

41.7 

33.0 
7.1 
6.3 
5.9 
5.2 
4.0 
3.0 

36.0 
33.0 

9.7 
9.0 

10.2 
7.0 
4.7 
5.2 

4. 2. 
7.1 
9.7 

47.0 

3.4 
6.3 
9.0 

47.0 

39. 8 .. 46. 9 
39.5 44.0 
31.5 40.0 
34.2 37.3 

3.7 
5.9 

10.2 
39.8 
46.9 

50.0 
50.5 
44·. 2 

3 .2 
5.2 
7.0 

39.5 
44.0 
50.0 

53.2 
46.6 

1.3 
4.0 
4.7 

31.5 
40.0 
50.5 
53.2 

48.1 

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)]lOO, 
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 .indic;:ator of 
\ 

dominance 

available· because·· density and biomass data were not 

collected. 

frequency at any 'C>,ne site durinc;r any·. one sampling Eeriod 

. was again seiei·ctect ~() disting'1iSh .between . i mpre arid less 

.·important. s~ecies. · Table VI J..ists. the species, indicates ·· 
< ' • • ~, • • 

at which sites they were found,·· and gives· a relative 

frequency class~<basedon dataobtai~edfrom the one square . 

. meter quadl::"ats. 'l!lle . relatiye'. frequency classes given. in 
., . .\-

Table VI were calc~l~ted. ·:e.rom > the summed. frequencies for 

all three sampling:periods. 

What resulted.~asessentially. two exclusi:ve groups of 
.. : .. 

species, ·those found~at'sites 1 through 3 a:1,1d 'those of 

sites_4 tnrougl'i 9. O~ly nine of .the.52 speC:ies listed were· 

·· found on both sides of the bound.c;iry ]:)etween :o4:!tween sites ,3 · 

and 4. Nine were at all three Of:sites. l throtigh 3, and 

none .of the.others. sixteen were'preserit at all six sites 
.:·.' .. 

from 4 . · through .9 ~ and ·. not at sites 1 through 3 • . Five 
. . . 

species which found onl.y at ·sites 4· · through 9 1 but not all 

six, were: present. ~t :co~s~cutive: sites··on tlte east or west 

end. -of· the group. Five ·species · · were . found at only one 

site. 

Table VII lis~s tne tree. species .t.hat were present in 

the :five_square inet~r quadrats at sites 1 through 3 •. As in 

. Table VI.. a relattve .. frequency_ class is indicated, but 
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TABLE VI 

DISTRIBUTION OF SPECIES WITH RELATIVE FREQUENCY 
GREATER THAN OR EQUAL TO FIVE PERCENT DURING 

AT·LEAST ONE SAMPLING PERIOD 

SITE .. 
SPECIES 1 .. 2 .3 4 5 6 7 8 9 

GYDI 
LAAM 0 
CECA 0 x· 
QUVE 0 x 
ELVI * 0 0 
SMBO * * + 
GAAP x ·O -
BIBI 
TLVS x 
CHAL 0 ·X 
SEDG x + 
PAQU x x + 
SYOB + + 
PAPE x * SMTA x 
ULAM o· 
VIRA 0 0 0 
CLTS + * + 0 0 
SADR +. 0 + 0 0 
CRGL ·O 0 '\ +·, + + 
APSK 0 . x 
BLVS 
CHVI 
RHAR 0 x 0 x 
MOPU x x 0 0 
ERTR. x x x + 0 
CHLE 0 0 0 + x * x 
scsc 0 x * x 0 
AMPS· 0 x 0 0 .· 0 0 * 
EU'MI + X' x x 0 x 
ANHA x 0 0 0 
PLPU 0 x 0 0 
MEST 0 •* 0 + 
SPCR x * * * * ' PASP 0 + x X- x 
ARFI 0 x ·x * * 0 
ERAN x,, x + 
·ERBE 0 0 0 0 
FEOC 0 0 0 
ARPU 0 0 0 x 0 x 
CAGI x x 0 x x,_, 
MSDG 0 + +j x 
COMM x x x ... x 
TRPU x x 0 x 
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TABLE VI (Continued) 

SITE 
SPECIES 1 2 3 4 5 6 7 8 9 

SAKA 0 0 0 0 x 
HEPE x 0 0 + * PHYS 0. 0 0 
GILO 0 0 0 0 
CRTX x 0 0 
LEDE 0 x 
STSY - 0 x 
AMHY 0 x 0 

0 - Species present but relative frequency ·1ess than 1% 

Relative frequency grea't,er than or equal to 1% but 
less than 3% 
Relative 

(' - ,··; \ 

3% x - frequency greater than or equal to but 
less than (5% 

+ - Relative frequency greater ·than or equal to 6% but 
less than 9% 

* - Relative frequency greater than 9% 

Based on frequencies obtained from one sqtia:re meter 
qliadrats. . Relative frequencies calculated from summed 
frequencies of all thre~ sa~pling periods. See List of· 
Symbols for species codes. 



TABLE VII 

DISTRIBUTION OF TREE SPECIES 

SITE. 
SPECIES 1 2 3 

CATO 0 
QUMU. 0 
GYDI x .0 
QUMA 0 0 
COOR 0 0 
MORU 0 0 
JUNI 0 0 
CECA 0 * 
QUVE 0 * ULRU 0 
QUST x x 
SADR * 0 '* 
CLTS * * * 
JUVI x * * 
ULAM 0 x * 
BULA 0 0 * 
QUMR x 

o - Relative frequency was 
less than 5% · · . 

x - Relative frequency was 
greater than .... 5% but 
less than 10% 

* - Relative frequency was 
greater than 10% 

Based on frequencies obtained 
from five square meter 

quadrats. 
see List of symbols 

f br 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 comparing sites is to utilize total 

frequency, the ·sum of all the individual species' frequen

cies at a given site. Figure 4 is a histogram of the mean 

total frequencies 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 through a, as 

the distance west along the transect increased .. 

Figure 5 is a histogram of the mean species richness, 

the number of species present, for each site and sampling 

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 is that the 

differences in the number of species present at sites 1 

through 3 versus 4 through 9 is not of the same magnitude 

as the observed differences in,tota1 frequencies. 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 in a corresponding increase in number of 

species present. 
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The mean frequency for all species, total frequency/ 

number of species, for each siteis shown in P'.igure 6. As 

expected from comparing Figures 4 and 5, sites i,·2 and 3 

had the lowest mean frequencies, and Site 4 consistently 

had the greatest :mean frequency.· When variation between 

replicates was taken into account, .the trend of decreasing 

total . frequencies and species· ric.hness observed 'for sites 4 

through 8 was not re(ldi+y apparent for mean frequencies. 

Figure 7 was obtained by plotting the mean total 

frequencies for. the sampling periods, April and August, 
;.. 

versus the average annual precipitation. Correlation 

coefficients· were calculated for sites 1 through 9, 4 

through 9, and 4 through 8. Site.s 4 through 8 were found to 

have linear relatic;:>nsh:i,ps with confidence levels of 90 

. percent or greater for all three sampling periods.. Sites 4 

through 9 were found to have a linear relationship with a 

confidence level of 9.5 per'cent for the June sampling 

period. The remaining comparis.ons were not found to be 

linear. The dashed lines were hand fitted and only serve 

to.emphasize the linear rela'.tionship of sites 4 through a. 

; ,. . ' 

~nalysis of JndividUal species 

The mean frequencies for each sampling .period for 

those species with J:;elative frequencies of five percent or 

greater at any site and during any sampling period were 
.. 

plotted. Histograms for those species which bad the five 

highest frequencies at each site are give11. in Appendix A. 
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An analysis of variance (ANOVA) was then run on the 

species identified as having a relative frequency of five 

percent or greater. In the analysis, the null hypothesis 

tested was 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 results are given 

in Table VIII. The frequency distributions of those 

species not identified as being significantly different 

were visually inspected to determine if they were rejected 

because of high within site variability, or consistent 

frequency values across the transect .. 

The next step in examining the distribution of the 

individual species was to perform Duncan's Multiple Range 

(DMR) on those species identified by the ANOVA as having 

significantly different mean frequencies. This statistical 

test was used to identify the sites which were signifi

cantly different from the others. The results are given in 

Table IX. 

Both the plots of mean frequencies and DMR substan

tiated the community boundary between sites 3 and 4, as was 

seen with the community coefficients. In all cases where a 

species was found on both sides of the boundary, 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 considerable variations 

in patterns of frequency distribution. Except in very 

general terms, there did not appear to be any identifiable 
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TABLE VIII 

RESU.tTS OF ANOVA FOR SPECIES WITH A RELATivE FREQUENCY 
... GREATER THAN OR EQUAL TO FJ~VE. PERCENT. 

;SAMPLING PERIOD 
SPECIES . 'APR . JUN . AUG 

SAMPLING PERIOD 

AMHY 
'AMPS 
ANHA 
APSK 
ARFI 
ARPU 
BIBI 
CAGI 
CECA 
CHAL 
CHLE 
CHHY 
CLTS 
COMM 
CRGL 
CRTX 
ELVI 
EAAN° 
ERBE 
ERTR 
E;:tlMI 
FEOC 
PLPU 
GAAP 
GILO 

LEGEND 

* ', ** 
***'' 

NS 
n·o symbol 

'Ns NS ,. 
*~* ·,. '' *** 
····* ** 
NS. NS 

***' *** 
NS NS 
NS NS 
NS :Ns 
NS NS . 
** NS 
** NS 
NS NS> 

*** ***'' 
** * 
NS ~** 
** 'NS 
** 
* ?>JS, 
NS NS 
** Ns··. 
NS NS 
NS 
NS N$. 

" 

** 
NS NS. 

NS 
'*** 
'** 

'*** 
NS. 
NS 

. NS 
NS 
** 
NS 
NS 

*** 
* 
* 
* 

·NS 
NS. 
NS 

''!c· 

SPECIES· 

HEPE .. 
LEDE. 
MEST: 
MOPU 
MSDG 
QPMA 
i?~PE 

·•PAQU 
PASP 
PHYS.· . 
QUVE 
RHAR 
SADR. 
SAKA 
scsc 
SEDG 
SMBQ 
SMTA 
SPCR 
S'l1SY 
SYOB 
TOTL 
TRPU 
ULAM 
·VIRA 

· - s:i-<Jn_if.i.:Q.~n~. at'· o .• 1-0 ·1eve·1· 
..,. signiffqant . at ·O. 05. leve]. 
- significant at 0. or leve:t 

APR 

*** 
.;'·** 
***·· 
*** 

NS 
*** 
* 
NS 

.NS 
NS 
NS 
** 
NS 

*** 
*** 

:NS 
Ns· 
NS 

*'** 
* 
NS 

*** 
** 
NS 
** 

- not.significant apove o.10 level 
- species was no.t present 

JUN AUG 

** ** 
* 

*** *** 
*** 

NS NS 
*** *** 

NS 
NS NS 
NS . NS 
NS NS 
NS. NS 

*** *** 
** ** 
?>JS NS 

*** *** 
NS NS 
NS NS 
NS NS 

*** *** 
* * 
NS * 

*** *** 
NS * 

*** *** 

Null hypothesis tested was that there was no ctifferel)ce ·. 
between sites. :Data from one sqliare meter samples only. 

. :" •. . . ' . . :. 

See List of S~bols for four letter species codes. 
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TABLE IX 

TlrE RESULTS OF DuNCAN'S MULTIPLE RANGE 

SJ?ECIES . . . ·APRIL 

AMPS 

ANHA 

9 

.i. 

!. '8 

7 6 

5 6 7 

9 8 5 

AR.FI 7 5 8& 4 9 

CHAL 3 1 ~ 

CHLE 6 9 8.4 7·5 

CLTS . 3 1 2 5 4 . 
-, .. -' 

COMM 4. 6. 9 7 ··s.S 
CRGL 4 6 5* 

CRTX. i .2. 

· ELVI · 

ERAN 
ERTR. 

EUMI· 

GAAP 

HEPE 

!. 2 3 

8 5 9 6 7 4 

7 6 4 5 8 

4 9 6 7. 5 8*. 

1 3 2 -----. 

LEDE . . 8 9 5 6 7 

MEST 

MOPU 

OPMA 

PAPE 

.· RHAR 

SADR 

SAKA 

§.~57,4 

5 4 7 6 8 

4 5 89 6 

1~ 

.!,.5 7 §_ 

3 1 5 7* 

SAMPLING PERIOD 
,, JQ:NE, 

~ s a a 1 

! 7 .6 8 9·5 

. 7 8 ·5 6 4! 9 
·----·~·-

. 3 l ,!*. 

6 8 ;9. 7 4 5* .. · 

13.25 4 
·-·:,;·--· 

4 6 5 l. 

4 7 5* 

s 6 5 7 

7 4 6 5* 

·4 ,5 7 6 

4 

9 

, ·.• 4 9··-9, 1 6 ---. 
6 8 59 7 ---·---

9* 

8* 

6 ! 4 5 9 7 

5 4 7 6 ' -.--. -.-: 
4 598 

3 t 2.* 

4.7 5.•·6 3 

_132.....1. 

9 8 7 5 6* 

AUGUST 

_9 4 8 5 6 3 7 

.!_79586 

7. 8 5-.§. Ll 

2 1.£ 

8 6 7 4 9_*. 

1 3 2 5 4 
-~--

967458 

4 5. 6 1. 

!. 5 7 8 

8 5 4 7 9 6* 

7 6 4 5* 

4 7 5 9 6 8. 

4·9 8 7 6 

6 8 4 5 9 7. 

45 .. 896 

-45 7 ~ 

3 l 5 2 

8 9 4 5 7* 
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TA~LE·rx (Continued) 

SAMPLING PERIOD 
SPECIES APRIL JUNE AUGUST 

scsc .2. 4 7 6 9 2 .[ .4 7 6 9 2 8 2.47§..2, 

SPCR 6 8 9 7 .§. 4 86 9 7 5 4 - ·- 8 6 9 7 5 4 --
STSY 9 5 6 9 5 6 

SYOB 3 2 l* 3 2 l* 

TRPU 4 6 9 7 5 8 4 9 6 5 7 8* 4 9 6 5 7 8 

ULAM 3 2 l 4* l 3 2 4 

VIRA .LI 4 2 6 

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 periods whichha!i no significant difference 
between sites as determined by ANOVA, where p = 0.10 

See List of Symbols for .four letter species codes. 
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set$ of spf!'cies which coul4 be ·.·considered as having the 

sam:e pattern of :freqttency distr.ibut.:i..on. 

·-·1- . 

. . 



CHAPTER VI 

·DISCUSS.ION 

Community Coefficients 

Figure 2 was construct~d •by plotting Jaccard's 

community Coefficient (JCC) versus consecutive pairs of 

sites, e.g. 1-2, 2-3, etc11.~. Jaccard's Community Coeffi

cient provides the fraction of the species shared in common 

by any two sites. For example, suppose that species A, B, 

c and D were found· at site X, and c, D, E and Fat site Y. 

They would have a JCC of [2/(4+4-2)]100 or 33.3. In other 

words,. sites X and Y Share 1/3 of their combined species in 

co1nnton. 

The values of the community.coefficient can range from 

o 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 otber. In 

reality a value of .100 for a·. community coefficient is 

unlikely because 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 arid.not the other. Even if .the community 

coefficient for two sites was approximately ·100, it does 

not mean that the two are ne(;:essarily very similar in other 

40 
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aspects. Two site.s .may be identical in species composition 

but differ greatly 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 

a~y of the.others, and the values for sites 4-5 thropgh a-9 

were approxima't,ely equal. The low value for the site 3-4 

comparison indicates that there was a sudden change in 

species composition from Site 3 to 4, as would be expected 

when changing from one physiognomic community type to 

another. This change was very apparent when the· sites were 

visually compared. Site j was ·forested with Quercus 

marilandica, g_. 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 lariuginosa, found 

primarily in the dune hollows. It is not. inferred that the 

only potential community boundary is between sites 3 and 4, 

but rather that it is· an obvious one .. 

The sudden drop in the value of the community coeffi

cient can be due to a number of vegetational differences 

between the two sites. · A simple .. explanation is an 

essentially one-to_;one substitution o.f species from one 

site to the ot:her. Another explanation is that one site 

has most of the species present at the other~site, plus a 

large number of additional species. Whi·le possible, the 

above explanations would not be expected. A more likely 

explanation is a combination of spec:ies additions and 
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deletions, not on a one-to-one basis, which result in a 

change in the community coefficient due to differences in 

species composition and species · richness. The data of 

Table VI and Figure 5 indicate that sites 3 and 4 share few 

species in common and differ distinctly in species 

richness. 

The nearly equal community coefficient values for 

pairs 4-5 thrd:µgh 8-9 can be due to several different types 

of vegetational change: (1) a steady direct~onal change in 

composition as would be expected along a continuous 

environmental gradient if the patte~n of vegetational 

change was a continuum (Whittaker, 1956); (2) a· steady 

nondirectional change in which species are sporadically 

present or absent along the gradient; or (3) a core of 

species shared in common, but differing in the presence of 

relatively rare speci~s. All·of the above could result in 

a rather constant value for the community coefficients. 

Knowing that two sites have approximately equal 

community coefficients when compared to a third reveals 

nothing about how they compare to one another. For 

example, suppose site X had the species A,. B, c, D and E, 

site Y. had C, O, E, F and G, and site Z had E, F1 G, H and 

I. Site-pairs X•Y and Y-Z wol,lld have community coefficients 

of 43, [3/(5+5-3)]100,·but the community coefficient of 

site-pair X-Z would be only 11. 

To better understand how all the sites differ from one 

another, the same method of calculating community_ 
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coefficients 'was used to compare all possible site pairs. 

Table V listed all the possible site-pair combinations. 

The two regions of higher community coefficient values, 

sites l through 3 and 4 through 9, support the hypothesis 

of a community boundary between them. 

A closer examination of the calculated values for 

sites 4 through 9, .reveals a trend of decreasing community 

coefficients as the distance between sites increases. 

However, the individual decreases did not approach the 

magnitude of the change from site 3 to 4. While 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 continuum, with no evident community 

boundaries· along a steadily changing environmental 

gradient, but as mentioned above, 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 numbers, biomass and distribution 

in order to exert a controlling effect on the community. 

The community coefficient does not directly take into 

account any 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 c01nparisons of 50or greater (site pairs 6-7 and 

6-8). Many of the higher.frequency species are present at 

adjacent si te.s giving the appearance of greater similar

ity. Possible contributing factors to the lower than 

expected community coefficients are:. (l) two dune faces do 

not give a representative sample of the variation present 

on the dunes of a region; (2) tl'l.e sites were too widely 

not consistently the 

the given area; (4) 

spaced; (3) the sites selected were 

fully stabilized vegetation type for 

the differences in surrounding populations p:):'oduced 

(.5). errors in identifi-different poteI1tia1·immigraI'lts; or 

cation of plants. 

Frequency, a ·measure of distribution, was the only 

indicator of dominance available since dens .. i ty and biolllass 

data were not collected. An arbitrary value of five 

percent relative frequency was selected as the dividing 

line between more· and less "important" species. In order 

to see if the higher frequency species gave similar results 

as those seen in Table v for sites 4 through 9, community 

coefficients were calculated using only those species which 

had a relative fre.quency of five percent or greater at 

least onced.ur.:Lng the three sampling periods at any one of 

the included sites. The results are seen in Figure 3. 

There was no consistent trend of decreasing similarity with 

increasing distance, except when Site 5 was compared to the 

others. 
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One reason for the di$crepancy between figures 2 and 3 

is that Site 4 consistently had a higher collllllunity coeffi

cient than Site 5 when compared to sites 6 through 9. 

Considering that: (1) most comparisons with Site 5 resulted 

in the lowest observed values for the community·coeff:i.cient 

within the group of sites; and (2) only when Site 5 was 

compared to the other sites was there seen an inverse trend 

between similarity and distance;.seems to indicate that the 

observed discrepancy was largely the result of the lower 

than expec:ted sim:l.larity of Site 5, and not the greater 

than expected similarity of site 4. The hi h ..·g similarity 

between sites 4 and 6, and• 6 and 9 also disrupts the 

expected trend· between s.imilari ty. and distance. 

These results were not expected. ·rt seemed reasonable 

that if the vegetation was slowly changing in a directional 

manner, comparisons of species composition '.based on poten

tially dominant, widespread; dune adapted plants should 

give a smoother, more consistent change than comparisons 

based on all species present, and thus potentially 

containing several uncommon ·plants that .would not be 

expected to be present consistently in a series of 

samples. There are several possible reasons for the 

results seen. In addition to the potent:l.al problems listed 

above in the discussion of ·the· ·lower than expected 

community coefficient value~, ·· they include: (1) the 

vegetation wa.s not changing in a consistent directional 

manner; (2) identifying importa·nt species on the basis of 
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high frequency values alone was not valid; 

two replicates per site was not large 

(3) a sample of 

enough to give 

at a given geo-results representative of the community 

graphic location. 

It is suspected that: (1) the sample size of only two 

replicates per site; and (2) possibly the failure to select 

sites which were representative of fully stabilized dunes; 

are the major contributing factors 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 some sp~cies between· replicates at a 

geographic location. The failure to identify fully 

stabilized dunes is suspected because of the high 

frequencies of what are generally considered seral species 

found at some sites. 

If the vegetation is not changing in a directional 

manner, in contradiction to the results of Curtis and 

Mcintosh (1951), Whittaker (1956) and others, then some 

factor other than the expected environmental gradient of 

water relationships must be controlling the success and 

distribution of vegetation. Elevation and length of 

growing season 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 environment might t-esult in deviations 

from the expected .bell ... shaped curve of success. versus the 

enyironmental .gradient. Competition. :between a·stenoecious 

and an euryec~()\lssp~cieswith siJ;liilar environmental optima 

may r·esult. irf a'.bimbdal' success····-- env:1-.;6runent curve for the 

euryecious .. sp~cies; among other poS$ibilitie~ (Whittaker, 
. . . '·.' ·, 

1956). Ecotyp;Lc;: . variatiC::;n of various. gras~es has·· been· 

described by McMillan . (1956a,· · ;195.6b) < and of Sporobolus 

ccyptandrus by QuinJ;'l and· Ward (1968). 'l'he possibility 

exists : for geographical:ly ~~pa~ate' p6pulati~~s of a .. species 

to · exist which differ gtanetica.11y· .resul,t.ing in separate 
~ .. : . . . . 

environmental optima. Mcl.fi~:i,a.n {l956a, ·. 1956'.bJ observed 
.,.:_ ... · .. · . . : .. : . 

shifts in ini1d,ation of growth abd flowering in relation to 

photoperiod Schizachyrium 

. sdoparium .·and .·· other ... gras:s~s;from various locations in 
.. · ~ . 

Nebraska.• Quinn and '.Wa~d·· .·{~~~:8) observed differences ;in 
' ' 

initiation. o;f · .. g:rowth~ rate 6£ . · ~r():W~h, initiation of 
. ,1: 

flQweJ:'.ing, .· anct.mo~pholqgy · ·. ~or poptll.cations ... .of . Sporo·bolus · 

cryptaridrus · f:r:om · . Colorado, · ·Kansas, .. o.klahoma · and New 

Mexico; 

' ' 

Total Frequency and species Ric::hn~ss · 

Another means of . comparing· sites· is ~o f!:Xa:ntin.e tqtal 
. . . . . 

. · fre.q'll.ency, the .slim .C?f .tb.e ·freqUe,:l:tcie.s ()f a::t_l.{the·d;.:ndiv:ld.ual 

SP,ecies at. a g;iven site: ·Total frequ,ency is dependent on. 

several combined ·. f.acto:rs includ;il'lg; species richness, 
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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 were 

probably due to several factors. Visually it appeared that 

the low frequencies were principally reflecting: (1) low 

densities due to the nearly closed canopies of these sites; 

and (2) uneven distributions due to clumping of species in 

areas receiving more sunlight. 

Figure 4 also .shows that, with the obvious exception 

of Site 9, there was a definite inverse 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 01: 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 to that of Site 4, which consistently 

had the highest total frequency and was among the highest 

in species richness. The low ~requencies but high species 
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richnes.s at Site l probably indicate low average individual 

species abundance and/or uneven distributions. 

There was also a sharp rise in species richness ·at 

Site l between the April and June sampling periods which 

was not seen at sites 2 or 3. 'The discrepancy between the 

sites and sampling periods may have been the result of a 

distinct lag.in the initiation of growth in the spring at 

Site l due to l,0w soil temperature. Comparisons of the 

average monthly temperatures for 1981 at the Stillwater and 

Guthrie weather stations, near site.s 1. and 2 rei:;pectively, 

revealed above ave;rage monthly.· means during January through 

April (Figures 41 and 42, Appendix B). Guthrie 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 .richness and not.entirely density related. It 

is evident that tbe · changes• .·in species richness were 

responsible in part fo;i:- some of the 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 for 'all specie·s given in Fig'llre 6 

indicates that density and/or distribution factors, and not 

simply species richness, . influence(i .. th.e .. observed total 

frequency. As a general rule the lowest mean frequencies 

were those of sites l 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 distinctively higher species richness, 

but very similar mean frequencies. This seems to indicate 

a change in species' responses to.the environment from Site 

6 to 8. Comparing sites 6 and 7, species richness remained 

very similar, but the average frequency per species 

decreased. This may have been the result of a drop in the 

abundance of individual species. Comparing Site 7 to 8 

however, the average frequency per species increased 

slightly, but the species richness dropped considerably. 

This seems to indicate that instead of species' freqeuncies 

continuing to drop, some .. species were competitively 

excluded. Densities are probably being affected by the 

climatic gradient and competition. Additionally, species' 

distribution on the dune may be changing. The observed 

frequencies may be indicating: (1) a change in the number 

of individuals present with little change in distribution; 

(2) the number if individuals remaining relatively 

constant, but changes in their d~stribution (ie. a species 

being widespread on a dune at one end of the gradient and 

restricted to largely the lower portion of the slope at the 

other end of the gradient); or (3) a combination of the 

above. Also, assuming that species richness increases as 

the climax condition is approached, 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 more sites for any sampling 

period were sele.cted for further examination. Initially, 

for each species, an ANOVA was run on the observed frequen

cy ·value ··at each site. for each o.f the three sampling 

periods. This test determined ·if a signifiC;:ant difference 

existed between the o:Qserved freqtl.ency yalues, and thus 

identified species which might .be instrumental in defining 

potential .species groups. lf the frequency values were 

deterniined 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 spe.cies 

were obvious, except for the .. distinct break between sites 1 

through· 3 and sites 4 throu9h 9. Essentially; each species 

had its own pattern of simi.larity, ;for frequency values from 

site to site. No similar groups of species could be iden..;, 

tif ied as would be expected if the vegetation was changing 

in a series of distinct communities. ~ather, .the changes 

in species·. frequency ap:peared to be individualistic in 

nature. 

Problems arise when the individual :Peitterns o.f species 

frequency distribution are characteriz,ed as supporting 

Gleason's i.ndividualistic. theory o.f 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 capable of significantly 

altering the physical . environment; then what would be 

expected is a: number of bell-shaped curves, one for each 

species, each of which differs in locatiC::m; breadth, and/or 

magnitude when · plotted along the. gradient of, a determinant 

factor. Bell-shaped ·. frequency distribution . curves were 

seen for a few species. More .common were very general 

trends of increasing, decreasing, or irregular curves. An 

increasing or decreasing trend may have been the result of 

intercepting the sp~cies iri the mid-range of its environ-

mental limits. 

Particularly in the case of annuals,. these irregular 

frequency distributions· may have be.en the direct result of 

between-site weather variations. Typically in western 

Oklahoma, a large precentage o.f the precipitation comes 
. . . . 

from th'1nderstorms which · ·· cnaracteristically result in 

extremely variable distributionE\J and amounts of rainfall, a 

high percentage of runoff, and long dry periods. It is 

tempting to explain .the observed irregular frequency 

distributions on between-site variation; and the higher 
. . 

than expected total frequenpy and species richness values 

at Site 9, on the basi~·of an abnormally wet or otherwise 

climatically favorable year. Irregular curves may also 

result from an inadequate 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 variation, differences between repli-

cates, was a major problem affecting the results of the 

statistical analysis, then visually inspecting the mean 

frequency distributions for general trends 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 

higher frequency 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 l and 3 differed from 2 in a 

number of other ways. Sapindus drummondii had frequencies 

equivalent to Celtis species at sites l and 3, but was 

almost nonexistent at 2. Similar distributions were seen 

for Chenopodium album, Gali um aparine and Viola 

rafinesguii. 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 lower 
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frequencies in April th~n June or August. Site 1 differed 
. . 

from tb.e otheu:• two in having Elytnus · virginicU.s pres.ant with 

There.:was a trend of decreasing frequency 

froiil Site l to 3 for Cyperu'.$ species, and SV!phoricarpos 
·" 

orbiculatus. Parthetiocissus (Jl!iPqy~.fol fa. Paretaria 
. . . 

pe:rinsylvat;:ida;generally increased in fr:~quency from Site 1 

to 3. 

The overstoryof Site l, sampled with.the five square 

meter quadrats} cont~ined high freqilencies of small Celtis 

species an<i Sapindus ·· drummoP.dii trees, · acc:o:mpanied by 

cornu·s . drumxnond.i.t, ·•· · . Junipei-u~ . virginiana and Gypmoclad,us 

dioica. ·Large tree.s with low frequencies iricluded, Ql;lercus 
. . 

stellat!!, g. macroca+Pa, g. mueb.lembergii, U].mus americana, 

Sapindus . drumnondi";t., GYll\noclaQ.us_ dioica and Bumelia 

. la:nuginosa. At Site 2, >eel.tis spe.cies con:t;inued to be an 

important small tree,.· but ··sapindus cirunnnondii and 

Gymriocladus dioica ~ere rep].aced by Cercis canadensis, 

Ulmus rubra, .and Quercus velutina. Large trees .. included, 

Quercus . ma.crocarpa, g. · velu.tina ,._.. ;J. . virginlana, u . 
. · ..... 

ame!ricana; B• 'lanuginosa,. and :J\lglans :n,igra. Celtis 

species co:ntinue.d to have tl:).e highest frequency £9r small 
- . . . 

trees. at Site 3 .•. sap.indus drtiimn.ondll was present .aga,in, but 

at a lower frequency than at site. 1, .·and Jun-iperus 

vi,rginiana was· present at a lower frequency .than Site 2. 

Large trees wer~ . . 'l pr1mar1y Querc;:us. stellata,. g. 

ma.ri].andica, ~· ].anug:inosa1 and s. druinmondii. 
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sites l through 3 were far from being a homogeneous 

group. Site 3 was fairly characteristic of Duck and 

Fletcher's ·(1945) Post oak-Blackjack vegetation type. 

Sites l and 2 appeared to be some type of intergrade 

between the Post oak-Blackjack and Oak-Hickory vegetation 

types of Duck and Fletcher. They included species 

described by :Bruner (1931) as dominants of upland and of 

floodplain sites of the oak-hickory association. The 

primary cause for the dicrepancies in the species compo

sitions of sites l through 3 was probably differences in 

the soils and physiography. Site l was the most mesic site 

because of its sandy loam soil and proximity, in elevation, 

to the river, in addition to the climatic factors. Site 2 

had a less xeric soil than.site 3 because of its physical 

composition and the apparently . shallower sandy soil. If 

the sites were edaphically ·more similar, it is suspected 

that they would have been less disti.nct, and more like that 

expected of a continuum. In a . study of 20~.upland forest 

stands throughout Oklahoma, Rice and Penfound (1959) 

described a vegetational continuum with no identified 

dominant species achieving their maximum development in the 

same stand as another. 

The pattern of vegetational change for sites 4 through 

9 was composed largely of. widespread species with.varied 

frequency distributions. In order to simplify classifi

cation of each site ·and to place more emphasis on 

perennials and long-lived a:nnuals, the top 12-15 species at 



56 

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 petiolaris. Of these, only ~· 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 other'Wise disturbed, 

as indicated by the presence of Schizachyrium scoparium 

with frequencies of over 30 percent, the low frequency of 

Artemisia filifolia, and no sizeable areas of bare sand. 

However, the high frequencies 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 Site 5 consisted of: 

Schizadhyrium 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 percent, and Helianthus 

petiolaris was not present at Site 5. Schizachyrium 

scoparium and Monarda punctata were present at Site 4 with 

relatively high ;frequencies, ranked thirteenth and 
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fourteenth respectively. Artemisia filifolia had a 

frequency of less than ten percent at Site 4. Site 5 also 

differed from the others in that it was the only site which 

Chrysopsis villosa, Gilia longiflora and Aphanostephus 

skirrhobasis were present in abundance. 

Sporobolus cryptandrus, Mentzelia stricta, Paspalum 

setaceum, Croton glandulosa and Chenopodium leptophyllum 

had the five hiqhest ranked frequencies at Site 6. 

Sporobolus cryptandrus was sixth overall at site 5, and had 

a frequency of approximately 20 percent at Site 4. 

Mentze1ia stricta and Paspaium setaceum were also at sites 

4 and 5, but with much lower frequencies. Artemisia 

filifolia was ranked eleventh at Site 6. This reduction was 

at least 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 filifo1ia on. the 

site had some wilting and die-back on the branch ends, but 

did not appear seriously affected. Forbs also did not seem 

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 smaller drops in frequency from June to August 

at the other sites. Therefore, the spraying at Site 6 was 
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probably n:ot entirely responsible for the observed drop in 

frequency. 

The species with the five higheS?t sumnied frequencies 

at Site 7 were; Artemisia f ilifolia, Sporobolus 

cryptandrus, Eragrostis trichodes, Aristida purpurea and 

Euphorbia missurica. Eragrostis trichodes was present with 

frequencies of 30 percent or greater at sit.es 4 through 6. 

Aristid,a ptirpurea was also found, on sites 4 through 6, but 

at very low frequencies. 

Sporobolus . cryptandrus a:nd Artemisia f ilifolia are 

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

joined by Chenopodium leptophy~lum, Eriogonuni 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 low 

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

common on sites 4 through.7, with frequencies between 

approximately 20 and 50 percent. 

Ambrosia psilostachya, Sporobolus cryptandrus, 

Helianthus pet!olaris, Triplasis purpurea anGi cyperus 

schweinitzii were the first five species at Site 9, ranked 

by• summed frequencies. Aml::>rosia psilostachya, like 

Helianthus petiolaris, was distinctly bimodal, also having 

a high frequency value at site 4. It differs from ·a. 

petiolaris in that it had a low frequency at Site 8. 
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Triplasis purpurea had been steadily decreasing ·.in 

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

at S·ite s. Cyperus schweinit.zii was also present on· sites 

4; 6, 7, an~ a; where its frequency oscillated between 

approximately ···15 and.'·· 60 percent. 
. ' 

Based on these ccjmp~r.iE:lons, it seems · reasonable to 

place sites 4'through 9 in ;four broad. vegetational groups, 
., . . . . . . . ' . 

described by ·t):le highest·· frequency perennial,·· grass and 

woody perennial,·e)Cqept for Site 9. Tll.ese are: (1) Site 4, 
: . . 

Andropogon.nallii-Rnus~ 'aromatica; (2) s:Lte 51 Schizachyrium 

scoparium-Artemlsia;filifol:i.:a; (31 si'tes 6•8, spor.o:Polus 
.· . •'' ..... ,. . . .. . . . . 

· cryptandrus-..Artemisia filifolia; ·and (4) Site 9, sporo;bolus 
' ' ' 

c:tyPtandrus-Ambrosiapsil,()stachxa. These groups re)?resept 

the sites with max;mlll'4. frequengy values of the mentioned 

species,. and not·' ciistinc-t ;communities. The frequency 

distributio·ns of 'the ot~er species do .not support these 

boundaries 1 and are· instea;CI, .· indi vidua;I. is:t'ic in .·nature. 

Environmental Factors 

. ' 

The high frequencies· ot antiuals,. especially at site 4., 

were unexpected for sites supposedly in equilibrium with 
:; 

the long te:rln environment. However, 1f soil.moisture is a 

limiting factor then the domin~nts may b~ distributed in 

such a way that there appears ·'to exist "open ·.·space" above 

ground between individual$> Pound a:nd. ¢1emerits (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. Spacinq of this extent was not 

observed in the 

did appear to 

sites selected for this study. Densities 

be much less than would be.expected in 

prairie sites on more mesic soils. This wide spacing may 

be necessary for individuals to. obtain sufficient moisture 

durinq dry years. Thus even though there appears to be 

"open space'' above 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 the soil moisture declines the annuals 

. and newly established perennials would .. be expected to be 

the least successful. 

During periods of. higher soil moisture, the area 

required to meet the physiological demands of the indivi

duals would be reduced and so in effect the area controlled 

by the dominants would decrease. This in turn would result 

in newly available space withi.n the community. Earlier 

seral species might then be expected to be tl:l.e best adapted 

to initially ta~e advantage of ·such a situation. The wide 

spacing of the dominants would reduce their effectiveness 

in controlling the environment of the commun_ity through 

alternative factors, such as shading of 't;:he soil surface. 

If the wet cycle continues, then the seral species 

would be gradually 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 y~ar, or series of years, 
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thus perpetuating the wide spacing of the dominants. Seral 

and dominant pro:i;>agules would continue to germinate in the 

"open areas" but generally would notbe expected to become 

established. 

This continual fluctuation. may explain why species 

such as Calamovilfa gigantia, generally considered a 

pioneer, would continue to be an important component of 

sand hill vegetation. The ''open areas" .of wet years may 

also explain why it is po.ssible for there to be literal 

explosion .of annuals on the sand hill$· during years of 

optimal growth conditions. HU:lett, et al. ( 19 66) 

described erratic development of annuals as characteristic 

of the sand dunes of Saskatchewan. The openness of the 

community, in addition to the physical nature of sand, 

would also explain why even stabilized dunes are very 

susceptible to blow-outs. The death or reduced success of 

a single individual do:mi,nant could potentially open up a 

relatively large area that would then be moresuceptible to 

erosion. 

The high frequency of the seral species, specifically 

at Site 4, is not easily explained simply by precipi

tation. Based on monthly precipitation; 1981 did not seem. 

to be a highly favorable year. for annuals (Figure so, 

Appendix C). The precipitation for March was slightly above 

normal, but April and May we:i:,-e approximately 1.5 inches per 

:month below average. June was above average by about one 

inch, and July was slightly below. Wll.ether or not these 
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variations were significant enough to cause noticeable 

chanqes 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 pre.cipitation while June through, September received 

less than half .the norm~ It is possible.· tha't the high 

frequency of annuals at Site 4during an "average"· year, 

1981, may be more of a response to a potentially go(>d 

reproductive y~ar for spring annuals, and a poor year for 
' . 

the warm season grasses during 1980 .• It is not immediately 

evident why Ambrosia psilostachya had such high frequencies 

based simply on preqipitation. Annuals, such as Helianthus 

petiolaris which was observed flowering in May, may have 

avoided the potential moistur~.stress during the summer in 

1980. Site 5 had a similarly dry summer in 1980 (Figure 53, 

Appendix C), but received approximately half as much 

precipitation in May. .Whether or not this difference is 

sufficient .to explain the lower frequencies of annuals in 

1981 at Site 5 when compared to Site 4 is debatable, 

especially since Site 5.had significantly more precipi

tatio.n in May of 1981 than site 4 (Figu~es · so and 52, 

Appendix c) • · 

The monthly precipitation received during 1981 at 

Range, near Site 9, by itself does not explain the higher 

total frequencies observed at Site 9 whe;n 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 terms however, 

sites 6 through 9 all had a wet March followed by an 

average to slightly dry April and May, a 

June, and a slightly above average to normal 

were also no distinct differences between 

distinctly 

July. 

sites in 

dry 

There 

the 

pattern or extent of monthly temperature departures from 

the norm (Figure 43, Appendix B). 

An interesting shift was noticed in the normal monthly 

precipitation patterns for sites 4 through 9 (Appendix C). 

At sites 4 through 7 the monthly precipitation amounts are 

distributed over the year in an approximately bell-shaped 

curve with the highest monthly precipitation occurring in 

May. The curve remains bell-shaped for sites 8 and 9, but 

the month receiving the greatest amount of rainfall 

changes. June is just slightly higher than May and July at 

Beaver, near Site s. At Goodwell, near Site 9, the month 

with the maximum amount of rainfall is clearly July. With 

July being normally the hottest month at all the sites, 

this difference 

important factor 

in precipitation distribution may be 

in determining the distribution 

an 

and 

success of several species, particularly those that bloom 

during the summer months. Thus it may be partially 

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 for the 

total frequencies (Figure 4) of sites 4 through 8. When the 

total frequency for. a site was plotted against the average 

annual precipitation for that site, the relationship 

becomes more obvious (Figure 7). Sites 1 through 3 and 

probably 9 show no linear relationship with the other 

sites. Correlation coefficients were calculated for sites 

1 through 9, 4 through 9, and 4 through 8 using total 

frequencies for each sampling period and also mean total 

frequency for all three sampling periods. There was found 

a linear relationship with a confidence 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 9 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 indices, and length of growing season were 

plotted against total frequency, and also for pan evapo

ration, elevation and wind movement, but with opposite 

slopes. When the number of species per site was 

substituted for total frequency again similar results were 

obtained. The sites were not selected with the objective 

of keeping any one of these factors constant while 

investigating the others. Therefore it: cannot be 

determined if any one was a limiting factor along the 
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length of the transect, or if one or .more factors replaced 

another as the position along the transect changed. 



CHAPTER VII 

SUMMARY 

The objective of this study 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, 

boundaries, if present, were 

to environmental changes. 

data. Potential community 

to be identified and related 

The nine sites can be divided into two general 

physiognomic groups, deciduous forest and grass/shrub. 

This was readily evident when visiting the sites and was 

supported by the low community 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 conditions. site 3 is on Eufaula 

fine sand, which is higher in organic matter than the 

Tivoli fine sand found at sites 4 through 9. 

Within the grass/shrub sites, there was a general 

inverse trend between.similarity of species composition and 

distance between sites. However, this trend does not 

remain when only species with a relative frequency of five 

percent or greater at any one site are used to calculate 

66 
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community coefficients. If there is a vegetational 

cbntinuum across the grass/shrub section of the study area, 

as indicated by ind.ividual species distributions, then 

frequency alone may not give an.accurate representation of 

species importance. 

The potentially interrelated .community attributes, 

total frequency and species ·.richness i have . similar trends 

across the study area. Total· frequencies were lowest in 

the _f crested ·sites, as would be expected because of the 

size and spacing of .the dominant trees in relation to the 

quadrat size, and the apparent 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 the magnitl.ldes of the differences 

were reduced. Species richness declined slightly from Site 

4 to Site 7, .while the total frequency decreased markedly, 

resulting in a decreasing.inean frequency per species. The 

mean frequency per species.increased from Site 7 to Site 9 

as. the result of decreased sp~cies richness and/or 

increa.sed 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 s.imul taneously • 

. Also competition is changing as species frequencies and 

composition change. 
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Frequency distributions of individual 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 conjunction with analysis 

of variance, and inspection of frequency histograms failed 

to identify other definite community boundaries on the 

basis 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 

various combinations 

lanugin9sa 

were the 

and 

major 

Ulmus .americana in 

dominants. Celtis 

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

Parthencissus quinguefolia and· Symphoricarpos orbiculatus 

were important woody species in the ·understory. 

Differences in edaphic conditions were probably a major 

factor in making these sites relatively distinct from one 

another. 

The grass/shrub sites, 4 through 9, can be placed into 

four groups based on two perennial species with high 

frequencies and their physiognomies: (site 4) Andropogon 

hallii - Rhus aromatica; (site 5) Schizachyrium 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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potential community boundaries. Site 5, located at Little 

Sahara state Park, was unique in being the only site with 

the species Chrysopsis villosa, Gilia longiflora and 

Aphanostephus skirrhobasis present in abundance. 
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Figure 37. Mean Frequency Distributions forSymphoricarpos 
orbiculatus forAll Sites and sampling Periods 
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Figure 44. 1981 Monthly Precipitation at Perkins (Site 1) 
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Figure 45. Monthly Normal Precipitation at Perkins (Site 1) ... ... 
c.> 



........ 
(/) 
w ::c 
u z 
,:::, 

z 
0 

~ 
I-
c: 
u 
w 
0: 
c. 

10 

5 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTH 

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 48. 1981 Monthly Precipitation at Hennessey (Site 3) 
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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 so. 1981 Monthly Precipitation at Ames (Site 4) 
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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 53. 1980 Monthly Precipitation at Waynoka (Site 5) 
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Figure 54. Monthly Normal Precipitation at Waynoka (Site 5) 
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Fi gure 55. 1981 Monthly Precipitation at Fort Supply (Site 6) 
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Figure 57. 1981 Monthly Precipitation at Gate (Site 7) 
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Figure 58. 1~81 Monthl}'.'. PrecipJtation at Beaver (Site 8) 
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Figure 59. · :Monthly Norm.al Precipitation at BE!~ver (Site 8) 
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Figure 60. 1981 Monthly Precipitation at Range (Sit~.· 9) 
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APPENDIX D 

LIST OF ·· IDENTIFI;EO ' SPECIES 
' . ·. . : 
•, '·. .· .·. . . .· .. ·.. .· 

MmY - Amaran~hus·hybridu~·L •. ;;..;annual 

AMPS - Ambrosi~ -psilostachya oc·~ .. - perennial 

AMTR - · Ainbrosia trif:ida t. ... annual. 
,. ·:: . 

.ANHA ·... .Andropogon hall ii._ Hack. · -~- per~nnial 
./. . ,· ,:· 

APSK - .Aphanostephus sk:i..rrhobasis (oc~1 i;r:rei .• - annual 

ARFI - Art~misia filifolia Torr-~•-~·· p~r~nnial 
ARPU - Ari~ti.da •.. pu~~rea Nutt. ~ · pere11?li~1 
ARLU - Artemisia lll.doviciana Nutt.· ..:. perennial · 

. :. ·., 

BIBI - Bid.ens bipinnata L .... annual 

BLV'S • S.c;leranthus ann:U;us? 'W,'as . not oollected flowering -
annual 

BOCU -, Bouteloua curtipenduia (M.ichx. ) Torr. - perennial 

BOGR ... Bouteloua g:racil~s(~illd~ ex H.B. K.) Lag. ex 
Grit£itl:is - pe:i;-enniaJ, : . · 

. BOHI - · Bou,teloua hirsuta Lag. ·• - perennial 

BR.TE·- 1'romus.techtorumL. - annual 
•.. ·; 

BRuN .;. Broinus; µnioloides H'.B~.· .... an~;u,ar 

BULA ... Bunielia lariuginosa (Michx.) Pers, - perennial 

CAFA - cassic:t fasciculata Michx •. ~ a.rinual 
. . 

CAGI ... Cala.mo'Vi.lfc;t :qigantea ·(Nutt.) scri~m •. and Merr. -
J;>erenl'l.ial · 

CATO - . Capya · tc;>mentpsa (Pair. ) Nutt. ..... perennial 

CECA - Cerc:i,s canad,en$iS L. ~ perennial 
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. - . . 

CESC - Celastrus scandens L •. · .. - perennial 

· CHAL - Chenopodium ail:mm L. >_ annual 

CHCO - Chatnae$aracha coniodes (Morie.) Britt. - perennial 

CHHY - Chen9pociiumhybridum L. - annual 
' ' ' 

CHLE .... Chen<:>p¢di\lm ~eptophy~luin Nutt~· . ..;;. .annual 
-~:- . ~- ; ,. 

caP'.R - Chaerophyllu~ .prqcumbens ::CL .• ) ci:-antz - annual 
.. . . .. . - ,•• •, - - . - - ' ·.,: 

CHV-I - Chryso;eis · vi).los:a (Pursh) _ !futt •. - pe·rennial 
. . .. . - . 

CHvE ..;;. Chloris ve:rticillata. Nutt.. - p·ere~nial 

CLTS ..;;. Celtis. laevig~ta }W.illd, c~. occldental:iE? Pursh, and 
c. .reticulata Torr. - perennial · ··· · · · - . ... . . ·' · .. 

' . 
COAU ... Cory(i_alj.:s aurea Willd. - anriusl.,.biennial .·· .. 

COOR - cornu.s ·arumniondii Meyer - . perennial 
. . -··:··:. . 

COMM - commelina etecta L. · - ~e.rennial 

: .-·. . : .. - .. · . , . . 

. CRJA ... Cristatella ja~esii T. & ~. - annual 

CRTX - C~oton. texensis .·.•.· (Kl~·t·zschf .· Mu~Il •. Arg. - annuaL 

CYAT- cycloloma ~tr.i.plicif.olium·fSpreng.f Coult. - annual 
- . . . . . . , - ' ·,. -· ;·.. . .. ' . 

. . '. 

DEPI - Descu·t"~inia ·. Pinri~ta iCwait •. ) : Britt. - annual ;mbiennial 

DtWI - Dithyrea wislizenii··~!lgelm. "." bie11nial · 

ELCA - Elpus canadensi:s L, ....... perennial 

ELVI -.Elymtisvirgj,.nicus L. - perennial 

ERAN ... 'Erl.og<:>num arinum Nutt~ .- :.i!innual 

ERBE - E~iqer~11 bellidlastrum Nutt~ ·· - annual 
. . : . '. .· : · ..... · ' 

E:ROX '"" Era·q~ostis o?'Yl~pis J'l'orr. ) ,Torr. 

ERRE ... Ery$imu:m :tepandum L. - annual 

ERTR - Eragrostis trichodes · (Nutt. ) Nash .... ~ perennial 

EUMI - Eupho:tbia.inissurica Raf. - annual 

FEOC - Fes.tuca optqflora Walt. - annual 



FRGR - ·Froelichia g~acilis (Hook.) Moq •. - a:rmual · 
... ·.' · .. :· ... · 

GAAP ... Gali~ aparine L. ~ annual 

GAPU - Gaillar:dj,.a pulchelia Foug ~ - annual 

GILO - Gilia l.ongiflora (Torr.) Don ·- annual 

GAco - Garu .. c:b~cillea Pursh - perennial . 
. -.. ·::··- ... _... .· : .. . · .. 

GAPI - · Ga1iunt' ··pilosum Ai t. , - perE!nnia~ .· 
. - -~ . -

. . . 

GEC~ - Getill\ . oanaderi:se Jacq. · - . annual . 

GLTR - Gledit~ia tr:iacanth~~· L~· .- peremnl_a1. 
. . 

GY:DI - GymnoclaQ.us dioica· (L.) K •.. :Koch '7, p~rennial 

·. HEPE - Helianthus '. pE!t1olaris Nutt. - a.n;nllal 
··.· ' . ·,.·· .. 

.... ,_-, 

. JUVI - Junipe.p.i~ viiginiana .L~ :"' pe.rennial 

LA.AM - Lamium. amplexi'caule .L. - 'annual· 

. . ...... ·- ..... - . - ·-.. - .. ·_ ' - .· ., : ..... -· - . - ·. 

LEco - Leptoloma cognatl;lm (Schultes,) Chase -·perennial 

LE.DE -. ·• LepidiWa ddens,if lo rum S'chrad.. - annual· 
.. ,· .. - . . . . . . - ' - . : -- ·. . 

MEST - Ment~e1i.a _stricta . (Os:terkol.lt) Stevens· ex Jeffs & 
J:Jittle ;.._ :r;!>erennial · · ·. · 

MIAL .- MirabiJ.j,s albida (Wait .• ) Heimerl - annual 

MORU -Morus rubra t.,. .... perenni~l 

Mol?u - Monarda punctataL. - perennial 

MSDG ;,,.·:c¥:Perus schweinitzii. Torr .... per~nniaJ,· .. 

MUSQ ... :Munroa·squarrosa (Nuttall) Torrey - an:hual 

OELA - oenothera lanciniata Hill - .. annual _......__.....,,_._,.,.,_ ..... ...___ __ ....,..,...._. . . . .., .. ' 

·6E'.HE·- Oenotnera heter.ophylla Spach.:.. biennial 
. . ' . 

OESE .... oenotne±'.a ·· ser-rulata Nutt~ - perennial 

OPMA - opuntia mac:rorhiza Engelm. - perennial, 

OXS'l' ... Oxalis $1;:ricta L. .. perennial 
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PACA - Panicum capil1are L. - annual 

PAOL - Panicum oligosanthes Schult. - perennial 

PAPE - Parietaria pensylvanica Muhl. - annual 

134 

PAQU - Parthenoc:::issus quinqu,efolia (L.) Planch ..... • perennial 

PASP - Paspa1um setacium Michx. - perennial 

PATE - Palatoxia texana. DC. -annual 

PAV! - panicum>virgatum L • ..,;'.perennial 

PEBU - Penstemc:m bUckleyii Pennell. - perennial 

PEVI - Petalostemon.villosum Nuttall - perennial 

PHAM - Phytolacca a.mericana L. ·. - perennial 

PHLE - PhrYI!la lepte>stachya L. _. perennia.l 

PHYS - Physalie; virginiana Miller, and others 

PLPU - Plantago pursJ;lii R. & S. ~ .. • annual 

PODO - Polanisia dpdec:::andra. L. 

POOL - Portulaca oleraoea L. - annual 

PRAN - Prun'Us angustifolia Mar.sh. - perennial 

PSDI - Psoralea digitata· "'.' perennial· 

PYSC - Pyrrhopappus scapoe;us. DC. - perennial 

QUMA - Quercus macrocarpaMJchx. - perennial 

QUMR - Q:uercue; marilandica Muenchh. - perennial 

QUMU·- Qµercus muehlenbergii Eng-lem.- perennial 

QUST -.Quercus stel1atawang. - perennial 

QUVE - Quercus velutina Lam. - perennial 

REAR - Reverchonia arenaria Gray .;..annual 

·REFL - Redfieldiaf1exuosa (Thurber) Vasey -perennial 

:rutAR - Rhus aromat:i.caA:it ... perennial 

SACA - Sanicula canadensis L. - perennial 



SADR ... Sapindus drummondii H. and A. - perennial 

SAKA - Salsola kali L. - annual 

scsc - Schiza.chyrium scoparium .(Michx. ) .Nash 
. (Andropo9on scoparius Michx. ) ... perennial 

SEDG - Cyp~rus spp., possibly 4 species 

SELO - Senecio longilobus Bentham 

SERI - Senecio riddillii T. & G. - perennial 

SELU - Setaria lute.scens (Wiegel) F• T· Hubb - annual 

SMBO - Smilax bona-nox L. - perennial 

SMTA - Smilax tamnoides L. - per~nnial· 

SONU - Sorghastrum nutans (L.) Nash - perennial 

SPCR - Sporobolus cryptandrus (Torr.) Gray - perennial 

SPGI - Sporobolus gi<lanteus Nash .., perennial 

STSY - f;tillingia sylvatica L. - perennial 

SYOB - Symphoricarpos orbiculatus Moench - perennial 

TRPU - Triplasis purpurea (Walt.) Chapm. -annual 

ULAM - Ulm.us americana L. - perennial 

ULRU -.u1mus rubraMuhl. - perennial 

UNLA - Uniola latifolia Micnx. ...;. perennial 

VEBA - Vernonia baldwinii Torr. ;;,.., perennial 

VEUR - verbena urticifolia L. - annual 

VIAC - Vitis acerifolia Raf. - perennia:J.. 

VIRA - Viola raf inesquii Greene - annual 

YUGL - Yucc;:a glauca Nutt .... perennic;il• 
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