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IRTREDUCTION

Althouph Vichipan t2 not espocially rnoted for its prairie voge-
tation, praanland was an important vegetation type at the timo the
2tatea wan sattlad, Feporting on Michipan dry prairies, Veatch (1028)
stated that they occurred as small, gseparate bodios of about 8C acres
to a maxirum of about 25 squaro miloes and were rostricted to the
southwestern part of the state; collectively, they occupied about
an,nn0 acres, Veateh (1928) listed about 40 prairies, the locations
of which he determined mainly by soil characteristics., This list was
axpanded by tho use of historical records to 53 (Butler 19&7,!19ﬂ3,
1949), Counties containing prairie were lewaygo, Barry, Eaton, Kala-
mazoo, Calhoun, Berrien, Cass, St. Joseph, Van Buren and Branch,

There have been few actual studies done on the vegetation of
Yichigan prairies (Gleason 1917, Transeau 1935, Butler‘1947, 1948,
1949, Hauser 1953, Benninghoff 1964, Brewer 1965). Michigan settlers
quickly recognized the potential of the prairie lands for agriculture,
and so the prairie disappeared before any extensive study could be
made, Little, if any, virgin prairie now exists,

The purpose of this investigation was to study the composition of
vegetation in a sandy area dominated by prairie plants in Van Buren
County, Michigan, and also to detect the presence of pattern and inter-
specific association in the more common species. Species lists of

other regions in Michigan and other states were compared with lists of

the study area.
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STUDY AREA

The study area lies about two miles southwest of Mattawan, Van
Buren County, Michigan, in the SE % of Sect., 22, R 13 W, T 3 S, It
consists of a narrow strip lying southeast of the Penn-Central Rail-
road, between Drape Ave, and West Robinson Ave. (Fig. 1), Total
length of the area is about 4,000 feet and the width is about 150
feet, Elevation is mostly 820-840 feet above mean sea level, The
area can be subdivided into two smaller areas based on soil differen-
ces, One section (A) consists of a sand base covered with cinders;
the other section (B) is sand that may have been exposed in construc-
tion of the levee on which the railroad is located. The study area is
bounded for 2,112 feet along the southwest by a forest of black and
white oak (Quercus velutina and Quercus alba) and along the remaining
1,118 ft, to the south by cultivated fields. (Plant names follow

Gleason, 1952.)
An area about 0,2 mile long where the forest and prairie meet

has been made into a fire lane; however, no major disturbance has oc-
curred in the sampled area during the three-year period that the area
was studied. Southeast of the study area there are char markings on
an old wooden railroad éost and in the forest adjscent to the south-
west part of the prairie there is a burned oak stump., But residents
of the area cannot remember when a fire occurred or if it had any ef-
fect on the study area itself, It should be noted, however, that in

past times many areas along z;a.ilroad rights-of-way were subjected to
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Figure 1 Sketeh showing location of prairie in relation to
‘roads of the area, Scale: 1.3 cm. equals ,1 mile,
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frequent fires set by sparks from locomotives and other sources,
Bordering the north side of the study area is the Penn-Central Rail-
road Line. On the other side of the railroad is another forest,
Sometime between three to ten years ago this forest was burned over
but it is not known if this fire passed over the railroad bed and

disturbed the area,
METHODS

In the sumer of 1965 16 permanent plots (four meters on a
side) were placed randomly in the study area. Each plot was divided
into 16 one-square-meter quadrats, thus giving a total of 256 one-
square-meter quadrats. For the density studies half of the plots
were picked randomly from the above sixteen. Eight square-meter
quadrats were then selected from each of these eight plots giving a
total of 64 square-meter quadrats. The eight quadrats from each
plot to be used were determined by alternating three arrangements:
in every arrangement the four middle quadrats were used; in arrange-
ment A the two north quadrats and the two south quadrats were added,
in arrangement B the two east quadrats and the two west quadrats
were added, and in arrangement C the four corner guadrats were added.
For the pattern studies, the same four middle quadrats of the eight
random plots picked in the density study were used, Each of these
four was divided into 100 10-square-cm. plots, in which stems of all
vascular plants except bunch-grasses were counted, The results were
then compared with random expectations as indicated by a Poisson se-
ries having the same mean. The variance mean ratio test (Greig-

5
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dmith 1964 alao wnouwr ap Une coeffictent of disporaton {(ilacknman

19:2) or relative variaree (Clapham 15%6) wan unod to test for pat-
torn, Thin tagt makies use of tho oguality of mean ard variance of
the Folnnon dintritution, I7 the ratio of vartiance to moan s losa

than one, a tendency toward a unifom diatritution ia indicated; i

acrreratod diatritution ia indicated, The difference may then bo
comparod with its standard arror by means of a t test., For tho va-
rianco/mean ratio tost each neter quadrat was broken up into four
2500-square-cm, quadrats, thus piving a total of $6 2500-square-cm.
quadrats for section A and 32 2500-square-cm. quadrals for sectiion
B,

The area sampled wasg placed into the prairie vegetational con-
tirmuum (series of corrmunities whose floristic composition gradually
chanpes along an envirormental pradient)developed by Curtis (1959).
In his study on the vepetation of /isconsin he divided the Wisconsin

prairies into five units based mainly on soil moisture content, The

five units were wet, wet-mesaic, mesic, dry-mesic, and dry. In addi-
tion Curtis made a 1list of ten characteristic species in each sec-
tion of the continuum and called them indicator species, The posi-
tion of a given stand of vegetation on the continuum can be deter-
mined by taking one's data and expressing the number of indicator
species as a percentage of the total mumber of indicators present
and then weighting the values by multiplying the percentage of wet
indicators by one, by multiplying the percentage of wet-mesic indi-
cators by two, ete., By adding the resulting values an index value
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is obtained and thus the given stand of vegetation can be classified
as to its position on the continuum, Curtis' continuum ranged from
100 to 500, 100 egqualling wet prairie and 500 equalling dry;prairie.

The vegetation was analyzed according to Raunkiaer's life form
system, Assignment of species to life forms was based on the lists
of Ennis (1928) and McDonald (1937).

The species area relation, often expressed as the speciesiarea
curve was next considered. Kilburn (1963) describes the species area
relations for plant species with the following equation: y=kx%, 1In
this aquation y represents the mmber of specles, x represents the
area, k is a constant selected as the mean number of species in one
square meter, and z is an exponent relating the increase of mumber

of species to increase in area, The same plots and quadrats used in

the frequency and pattern studies were used to construct the species
area curves., This resulted in the following areas being used: for
section A 2,400 .01-square-meter quadrats, 96 .25-square-meter quad-
rats, 144 one-square-meter quadrats, and one 144;square-meter quadrat;
for section B 800 ,01-square-meter quadrats, 32 .25-square-meter
quadrats, 112 one-square-meter quadrats, and one 112-square-meter
quadrat. The data were fitted to the equation given above using a
linear regression and correlation program developed by Zar (1968).
Greig-Smith (1964) states that if species in a community exhibit
pattern this would indicate a control by influencing factors and the
study of interspecific association between species would provide evi-
dence of any grouping of species or competitive relations from a like

response., Interspecific association was studied using two different
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sized quadrats to assess the effects of scale, The quadrat sizes
used were one square meter (144 for section A and 112 for section B)
and .01 square meters, For the ,01 square meter quadrat two plots
from each section were randomly chosen to see if any associations
could be detected. The plots chosen were plot one and plot six for
section A and plots 11 and 12 for section B, This gave a total of
800 ,0l-square-meter plots for each section. Species with an 11 per
cent or higher frequency were tested from section A and species with
a 14 per cent or higher frequency were tested from section B, The
data were tested to see if the species occurred together more or less
frequently than would be expected on the basis of chance by the use
of chi-square calculated from a 2 x 2 contingency table, (For a more

complete description of the method used, see Greig-Smith, 1964.)

RESULTS
Composition of Vegetation

Section A

Of the 43 species of plants found in the section, Andropogon

scoparius, Helianthus occidentalis, Poa compressa, Panieum oligosan-

thes, Rumex acetosella, and Rubus sp. had a frequency of 50 per cent

or higher (Table 1), (Frequencies were determined from 144 one-
square-meter quadrats.,) Three species had a frequency between 40 per

cent and 50 per cent, They were Euphorbia corollata, Tradescantia

ohiensis, and Poa pratensis,

Density was the next quantitative aspect of the area to be con-

sidered, Of the 29 species of plants used in the density study Heli-

8
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Table 1

Porcentage frequency (based on 144 one-square-meter quadrats) and den-
sity (based on 48 one-square-meter quadrats) of vascular plants occur-
ring in quadrats of section A of a sand area dominated by prairie
plants in Van Buren County, Michigan,

Species Per cent per onesze$2re meter
p frequency quagrat
Helianthus occidentalis 95,0 32,6
Andropogon scoparius 92,0
Rumex acetosella 82,0 30,9
Panicum oligosanthes 71.0 6.1
Poa compressa 61,0 21.4
Rubus sp. 50,0 1.3
Euphorbia corollata 46,0 1,7
Tradeseantia ohiensis 43,0 1.1
Poa pratensis 40,0 2.3
Rosa carolina 39.0 53
Hypericum perforatum 35.0 1.85
Oenothera rhombipetala 23,0 .62
Aster azureus 18,0 1.6
Andropogon Gerardi 13,0
Solidago nemoralis 11,0
Artemisia caudata 11.0 1.1
Cyperus Schweinitzii 10,4 8.1
Fragaria virginiana 7.0 1.2
Erigeron strigosus 6.9 .06
SOlidagO 5P 6 . 9 . 22
Rudbeckia hirta 6.2 «20
Krigia virginica 5.5 .27
Liatris aspera 4,8 .08
Rhus Copallinum 4,8 .08
Hieracium longipilum 4,8 .04
Ambrosia artemisiifolia b,1 04
Physalis grandiflora b,1 Ol
Potentilla recta b,1 «29
Sisymbrium altissimum L,1
Helianthemm canadense 3.4
Antennaria neglecta 3.4 «39
Violas pedats 2,0
Quercus velutina 2,0
Phlox pilosa 1.3
Anemone cylindrica 1.3
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Table 1--Continued

Stens

Species ?:: c:nt per one square meter

quency quadrat
Coreopsis tripteris 1.3
Cyperus filiculmis 1.3 11
Carex sp. 1.3
Aster sp. 1.3
Melilotus officinalis 1.3
Aster conecinnus 6 06
Tragopogon pratensis 6
Iaactuca SPe 06 002
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anthys oseotdortalia, Jos covpprosss, and fumex acelopella had denpie

RS - M

tien above 20 individualps jer cne zquare =eler quadrat, {Lato that

althourh the ate—z of Androrezon “erapdi ard Andproropon acarariug

wore not counted, they had deraities of at leant A0 individuala per
one square meter auadrat.,) Fewr apecies had dengitien botueen two
and 20 individuala per aro meler Auadrat, They wero Cvreorn

-

Schwainit=43, Tanteum aligonanthes, Hosa caralina, and Foa rraten-

ia, Tho other 27 apectes and their denaitiea can bo found in Ta-

——

3

ble 1,

Althourh the Jiseonain contimiun for prairtes {Curtis 1957
clearly cannot b8 Fimplv transferrod to Michigpan, caleulation of a
contimun index value should pive a rough idea of the relative rmo-
sicness of the prairie, CTut of the total 43 species found in section

A, nine were indicator speciles: Fraparia virginiana, Fhlax pilosa,

and Rudbeckia hirta for wet mosic (30 x 2); Liatris aspera for mesic

(10 x 3); Anemone cvlindrica, Helianthus occidentalis, and Panicum

oligosanthes for dry mesic (30 x 4) and Andropogon scoparius, Artemi-

sia caudata, and Solidago nemoralis for dry (30 x 5). Calculation

indicated an index value of 360, suggesting a mesic or dry-mesic
prairie,

A floristic analysis of the total flora showed that the Compo-
sitae comprised 41,8 per cent of all species followed next by Gra-
mineae with 11,6 per cent and Rosaceae with 9,3 per cent. A list of
the 14 other families and their percentages can be found in Table 2,

wWhen the vegetation sampled was analyzed using Raunkiaer's life

forms, it was found that the area was dominated by hemicryptophytes

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2

Sections A and B: 1list of families, number of species found in each
family, and total percentage of flora family composes.,

Family Section A Section B

No., of No, of
Species Percentage Species Percentage

\d
WWWLWWWW o

Gramineae
Compositae
Rosaceae
Polygonaceae
Commelinaceae
Euphorbiaceae
Hypericaceae
Onagraceas
Leguriinosae
Cyperaceae
Polemoniaceae
Cruciferae
Anacardiaceae
Solanaceae
Violaceae
Fagaceae
Ramuinculaceae
Cistacese
Companulaceae
Polypodiaceae
Rhamnaceae
Santalaceae
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13

(67.4 per cent) followed by cryptophytes (13.9 per cent), phanero-

phytes (9.3 per cent), therophytes (4.8 per cent), chamaephytes and

geophytes (2.3 per cent),

Section B

Of the 32 species of plants found in section B, Panieum perlon-

gum, Andropogon scoparius, Rosa carolina, and Poa compressa had a
frequency of 50 per cent or higher (Table 3). (Frequencies were de-
termined from 112 one-square-meter quadrats.) Four species had a
frequency between 30 per cent and 50 per cent. They were Tradescan-

tia ohiensis, Buphorbia corollata, Specularia perfoliata, and Heli-

anthus occidentalis, All other species had a per cent frequency be-

tween 0,8 and 30, Only four species out of 15 in this section had a
density of two individuals per quadrat or higher (Table 3), They

were Poa compressa, Rosa carolina, Melilotus alba, and Specularia

perfoliata,

Out of the 32 species found in section B, nine were indicator

species: Phlox pilosa for wet mesic (10 x 2): Ceanothus americanus

and Liatris aspera for mesic (20 x 3); Helianthus occidentalis and

Panicum oligosanthes for dry mesic (20 x 4); and Andropogon scoparius,

Artemisia caudata, Panicum perlongum and Solidago nemoralis for dry

(40 x 5), Caleulation indicated an index value of 360, suggesting a
mesic prairie, This is the same index value caleculated for section A
even though some of the indicator species were different,

Analysis of the total flora of section B shows that there was a

total of 13 families present (Table 2), The family Compositae had the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3

Percentage frequency (based on 112 one-square-meter quadrats) and den-
sity (based on 16 one-square-meter quadrats) of vascular plants occur-
ring in quadrats of section B of a sand area dominated by prairie
plants in Van Buren County, Michigan.

Species ier cent per oneszzﬁZre meter
requency quadrat

Panicum perlongum 92.0

Andropogon scoparius 82,0

Rosa earolina 65.0 3.06

Poa compressa 54,0 17.1

Tradescantia ohiensis 39.0 43

Specularia perfoliata 33.0 2.8

Helianthus occidentalis 31.0 1.94

Euphorbia corollata 30,0 .81

Andropogon Gerardi 20,5

Melilotus alba 19.0 2.4

Hypericum perforatum 16,0 10

Panicum oligosanthes 15,0 .18

Erigeron strigosus 14.0 .50

Pteridium aquilinum 14,0

Solidago nemoralis 9.9

Lupinus perennis 8.9 .06

Artemisia caudata 8.9 37

Phlox pilosa 8.0

Ceanothus americanus 8,0

Arabis lyrata 6.2

Vicia americana 6.2

Poa pratensis 5¢3

Rubus sp. 3¢5

Tragopogon pratensis 3.5

Ambrosia artemisiifolia 2.6

Comandra Richardsiana 2.6

Aster concinnus 1.7

Antennaria neglecta 1.7 .06

Aster azureus .8

Krigia virginica .8

Liatris aspera .8

Lactuca sp. .8 .18

SOlidago SP. . 8 . 18
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highest percentage with 37,5 per cent followed by the Gramineae with
18.7 per cent.

When the vegetation sampled for section B was analyzed using
Raunkiaer's life forms, it was found that the area was dominated by
hemicryptophytes (68.7 per cent), followed by cryptophytes (9,3 per
cent), therophytes (9.3 per cent), phanerophytes (6,2 per cent),

chamaephytes and geophytes (3.1 per cent).
Distribution of Species: Pattern

Aggregation predominated in most species which were well enough
represented to test, except at the smallest quadrat size. Of 13 spe-
cies tested for the largest quadrat size (one square meter), all were
significantly aggregated (Table 4). For the middle quadrat size
(2500 square cm.) in 35 tests involving 10 species, only four cases
of random distribution were detected (Table 5). These were Trade-

scantia ohiensis in plot six (the same species was aggregated in

plot three); Hypericum perforatum in plot six (testing was not possi-

ble in other plots); and Helianthus occidentalis in plots seven and

11 (this species was aggregated in four other plots). At the small-

est scale (10 square cm. quadrats), only four species could be tes-

ted. Of these, Rumex acetosella was significantly aggregated in all

of four tests; Poa compressa was significantly aggregated in four of

five tests; Helianthus occidentalis was significantly aggregated in

only one of five tests; and Rosa carolina was randomly distributed

in the single test possible (Table 6).

Based on these four species which were testable at all three
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bty preirio plants in Van Buren County, Niehirar, ¢t values marked
with an asterisk are asignificant at the 70§ per cent level, based
on plotr 1, 3, 4, 6, 7, and 5. ltandard error 3a L2060,

5 ian Yarias AT yariance

Spocian Yariance Voan T L
Cenothera rhiombipotala 1,267 LGR 3,202 10,674
Astar azurous ,269 1. 16 3.650 13.00¢
Hypericus parforatun 21,738 1.81 11,812 52,48
zﬂphOrbn COX‘OIl&u ,OO“O i. Sl“ 10("?1‘ L{.?zﬁ
Tradescantia ohiensisa 1,986 595 2.213 5.612*
Rosa carolina 78,371 5.39 14,540 65.72*
Pos compressa 1774,56 22,15 80,07 383,8*
Helianthus occidontalis 446,48 32,64 13.67 61,50*
Rumex acetosella 826,67 31,08 26,59 124,224
Foa pratensis 85,02 2.71 36,80 169,90¢
Rubus 8Pe. 6036 1-31 4085 1R, bR
Fragaria virginiana 10,79 1.22 8,84 38.05*
Artemisia caudata 26,90 1,10 2L k5 108,98*
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Table 5

Calculatod data (based on 16 2500 cm. quadrats) showing the variance,
mean, variance/mean, t values, and probabilities for fit to a Poisson
distritaition of vascular plants on a sand area dominated by prairie
plants in Van Buren County, Michigan. t values marked with a single
asterisk are significant at the one per cont level and those marked
with two asterisks are significant at the .1 per cent level, Stand-

ard orror is .365.

~ y Variance
Species Plot  Variance Hean ~Moan — t
Rosa carolina 1 17.47 6.0 2.912 5.238%*
6 1.19 562 2.11 3.04*
7 182,2 3.37 54,06 145,37+
9 1,98 875 2.65 3.5%
12 5.16 1,81 2.85 5.13**
Tradoscantia 3 1.85 625 2.96 5y *
ohiensis 6 400 «500 .8 .55
E\Imorbi& 1 7-75 0875 8085 21.8**
corollata 4 1.69 687 2,45 4,02%
12 2,362 687 3.438 6,77%*
Hypericum 6 «929 . 562 1.653 1,813
perforatum 9 15.729 3.43 4, 585 9 958**
Rums SP. 6 1. 06 0500 2,120 3011*
9 4,516 1.375 3.824 6,257**
Fr&g&ri& 1 20783 1.87 1.488 1035
virginiana
Helianthus 1 5,165 2.31 2,235 3.430%*
occidentalis 3 17.57 7.1 2,474 L, 09L**
4 377 .44 9.312 40,53 109,8**
6 31.45 11.1 2.833 5.009%*
7 29,45 16,2 1.817 2.269
9 12,22 3.6 3.39 6,63**
11 1.06 0562 1,886 2.46
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Table 5-~-Continued

18

. Variance
Species Plot Variance Mean ~oan t
Rumex acetosella 1 22,46 5,000 4,492 G,700%*
3 156,51 18.12 8,637 21,21%*
6 44,60 12.25 3.640 7 o 33%%
7 18,60 4,70 34957 8,213%*
9 66,132 10,00 6.613 18,36%x*
Poa pratensis 3 67,05 5.625 11,92 30.33%*
Poa compressa 1 33.86 8,937 3.788 V&Y lan el
3 441,09 38,187 11,55 29,3**
L 143,89 17.1 8.41 20, 58%*
6 2.39 562 4,25 9.027%*
7 17.31 5.87 2,948 SJl11%*
11 13,76 5.18 2,65 L, 60%*
12 64,36 13,00 4,950 10, 97**
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Table 6

Calculated data (based on 400 10-square.cm, quadrats) showing the
variance, mean, variance/mean, % values, and probabilities for fit
to a Poisson distribution of vascular plants on a sand area dominated
by prairie plants in Van Buren County, Michigan, t values marked
with a single asterisk are significant at the one per cent level and
those marked with two asterisks are significant at the .1 per cent
level, Standard error is .005,

Species Plot  Variance Mean Yariamce ¢
Mean -
Helianﬂlus 3 3 273 . 272 1 . 022 ° 3 11
occidentalis
L »328 372 W12 1,695
6 .588 45 1,321 b, 530*
7 612 670  ,913 1.229
Rumex acetosella 1 367 202 1,816 11,52%*
3 « 964 (717 1,344 L4 ,859%*
6 .601 A90 1,226 3,192%*
9 662 L05 1,634 8.95%*
Rosa carolina 1 243 240 1,012 169
Poa compressa 1 .636 »357 1,781 11,031**
3 4,439 1,285 3.516 35.537**
L 1.899 687 2,764 24, 92k
7 «195 235 .829 2.42
11 1,176 0520 2,261 17,81**
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scales, there appears to be a trend for reduced pattern at thoe low-
est scale, No speciss tested showed uniform distribution.

Analysis of the Species-Area Relation

The species area-relation or species area curve was next calcu-
lated, The calculated number per unit area of each section is shown
in Table 7 along with the expected data which was determined through
a linear regression and correlation program. The expected data and
calculated data were then plotted on semi-_og paper (Figs., 2 and 3).
The exponential equation or power function as described by the formula
y=lx? was next calculated, The equation forming the best fit for the
data is y=9,38x*¥21 (section A) and y=6.22x*352 (section B)., Kilburn
(1966) found for a hill prairie in I1linois that the equation was
7=12x0+26; therefore, k, the mmber of species in one square meter
quadrat, was 12, whereas in the Mattawan study area it was 9.38 and
6.22, Also his exponent--z--was lower--,26 as compared to ,421 and
«352. It is plain to see from the data that as additional increments
of area are sampled, additional species are found, but at a decreas-
ing rate., Kilburm (1966) found that the number of species in his
prairie plot was fewer than that expected from the exponential equa-
tion, This is also true for the Mattawan study area except in both
sections at the .25 square meter quadrat size the calculated data was
higher than the expected data (Figs. 2 and 3)., Therefore it can be
seen that if one were, for example, to combine the flora of a total
county and see how its numbers would compare to the expected number

from the exponential equation it would be found that the total number
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Tatle 7

Expoctod and caleulated data for mean sunter of speeclies for varioue
Yattaswar sand sres, Van Burer Couns

quadrat siges on tvo sand aresam

Ly, Michipan and Wiseconsin hill prairiec {gfter Villmes 10964,

Quadrat Hattavan nand ares Wiacoraldt 43111 prairie
sizo
Seotisn A Seation b

Cal, X, Cal, X, Cal.
FT 6.l
+Oln® 1,48 1.3 1,23 1.22 2.1
«25m< 7.27 5.23 4,17 3.41
(n/2)2 7.2
1m2 R.93 9.38 6.33 6,22 11.9
L2 15,1
16m2 20,19 30,16 15.71 16,5
25me 2E.0
100m2 15,2
112m° 32.0  32.7%
144m2 -
900m2 53,0 76.1L 78.0
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Tipuype Trecieselcr ares dala from a sandy area domsinated by
rrairie gpectea (mection i) eonpared with oquation
¥, 273 e 02 ghowm by solid line curvea, Note: for
area ,Olm® and 1m" the data for expected and calculatoed
are 20 ¢leme that their points are almont on top of
eack olher. () repregents Tield data,
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Figure 3 Species-log area data from a sandy area dominated by
prairie EB?CieS (section A) compared with equation
y=9.38x" shown by solid line curve., @ represents
field data,
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of spocioes in the county would be fewer than that oxpected by the

uso of the exponential equation,
Interspecific Association

Interspecific assoclation among tho froquent spocies in both
areas was next studied. Two differont quadrat sizes were used (°00
+0l-square-meter--sections A and B; 144 one-square-meter--section A;
112 one-square-meter--section B), Any species that did not occur in
at least five quadrats was not used, A total of 111 tests was possi-
ble, To test if the species occurred together in quadrats by chance,
chi-square was calculated from a 2 x 2 contingency table (Greig-
Smith, 1964). Unadjusted values and those values uging Yatss' cor-
rection for continuity were both calculated (see Simpson, Roe, and
Lewontin, 1960), Of the 111 associations tested 21 showed signifi-
cance at the .05 level in both adjusted and unadjiusted values (Tables
8 and 9)., There were 11 more that showed significance at the ,05
level only in the unadjusted value, The number of associations
found in section A was 17; the remaining four associations were in
section B, Of the 21 associations showing significance only 13 spe-

cies were involved with Poa compressa showing association with six

different species and Helianthus occidentalis and Andropogon scopari-

us showing associations with five different species each, Two asso-
ciations of the 21 were positive; the remaining 19 showed negative
associations. The two associations showing positive association are

Poa compressa-Panicum oligosanthes and Tradescantia ohiensis-Rubus

SPe.
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Table 8

Species showing positivo or negative association, and chi-square for
pection A of a sand aroa dominated by prairie plants, Van Buren Coun-
ty, Kichipan, lNote: * indicates the corrected chi-square values,

Spocies Association Chi-square Association
.01m? 12

Poa compressa 6.37 +
Panicum oligosanthes 5.48%
Poa pratensis 4,66 )
Panicum oligosanthes 3.90
Poa compressa 7.48 _
Rubus sp. 6.57*
Poa compressa 15,48 .
Poa pratensis 14,13
Rubus sp. 4,80 +
Tradescantia ochiensis 4,09*
Euphorbia corollata 4,72

4,00* -

Poa pratensis
Helianthus occidentalis 16,38 _

Andropegon scoparius 15,68*

Helianthus occidentalis 7.41

Rumex acetosella 7.1 -
Hellanthus oceidentalis 8.13 _
Poa compressa 7.38%

Helianthus occidentalis 9.2k _
Rosa carolina 8.43*

Andropogon scoparius 8.08 -
Rumex acetosella 7.62*%

Andropogon scoparius 12,36

Rosa carolina 11.60* -
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Table 8-~=Continued

Species Association

Rumex acetosella
Rosa carolina

Panicum oligosanthes
Tradescantia ohiensis

Panicum oligosanthes
Solidago nemoralis

Poa compressa
Rosa carolina

Poa compressa
Artemisia caudata

Chi-square

Association

.01m2

1m?

13.66
12,75*%

9.93
b, G*

9.93
b ol

15,68
14,37%

5.66
4,30*
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Table 9

Species showing positive or negative association, and chi-square for
gection B of a sand area dominated by prairie plants, Van Buren Coun-
ty, Michigan. UNote: * indicates the corrected chi-square values,

—

Ie

Species Association

R

Poa compressa
Rosa carolina

Panicum perlongum
Andropogon scoparius

Panicum perlongum
Helianthus occidentalis

Andropogon scoparius
Euphorbia corollata

Chi-square Association
.01n? tn?
23.25
21,37* -
103, -
101,26*
6.86
L ,86* -
18,027
14,34 B
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DISCUSSION

The area studied in this presentation is not believed to be a
relict prairie, According to Kenoyer (1934) at the time of the ori-
ginal land survey (1826-1832) the area was probably an oak-hickory
forest, There probably existed in these oak forests small isolated
open areas that contained prairie species, Local inclusions of
prairie within forests were found in Illinois by Vestal (1918a) and
in Colorado by Livingston (1952). Also, according to Cole (1901)
and Livingston (1902) many of the species present in prairie were
also present in oak forests, at least in the driest, most open parts,
Thus when the forest was cleared for cultivation or the laying down
of a railroad bed these prairie species could migrate into the open
areas and become established. Such areas sometimes proved to be fa-
vorable for the development of prairie. Vestal (1918b) gives four
factors that would favor the growth of prairie in a new area, They
are first, coarse, well-drained soil; second, considerable exposure
to wind and sun; third, deficiency of rainfall during one eritical
or several successive growing seasons; and fourth, the destructive
effects of burning or mowing, both of which are common on railroad
rights-of-way. Possibly the most important factors involved in main-
taining the area under study is the destructive effects on woody ve-
getation of burning or mowing, and, in modern times, -the use of her-
bicides to control the growth of trees and shrubs that may seed in
the community. Because of this, the study area is an open sandy area

that is dominated by prairie species that presumably migrated into

30
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the region from oak forest oponings.
Comparisons with Prairies of Cthar Hepgions

Many authors (Gleason 1923, Transeau 1935, Hraun 1950, benning-
hoff 1964) had discussed the prairie peninsula as a moans of sxplain-
ing the occurrence of prairie in Illinotls, Indiana, acuthern Michigan

and southern Wisconsin, The term prairie pepinsula was originated by

C, C, Adams (1905) because of the occurrence of prairie plants in a
peninsula-like projection from the !'ississippi valley through Ili-
nois, western Indiana, central Ohio, and southern lMichipan., It is
difficult to make quantitative comparisons between difforent areas
because of differences in objectives of the investigators. But it
might be beneficial to compare species list of the area under study
with other areas in the state and other states. The most northern
extension of Michigan prairie is that in Newaygo County which lies in
the west-central part of the lower peninsula of Michigan. The prai-
ries are located within four adjoining townships of Newaygo County:
Everett, Big Prairie, Brooks and Croton (Hauser 1953)., The Newaygo
prairies are about 85 to 99 miles north of the Mattawan study area.
Hauser describes the Newaygo prairie as dry prairie or sand prairie
because of the excessive drainage and sandy nature of the soil. Fol-
lowing this description the Mattawan area would also be considered as
dry prairie or sand nrairie, Of the 144 species found on the Neway-
go prairies 29, or 24 per cent, were found on the Mattawan study area
(Table 10), That is to say that 55 per cent of the total plants that
compose the vegetation of the Mattawan sand area are also found in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

Table 17

112% of vaseular rlants* found on the Newavreo, Mighil’!ﬂﬁ dry pratrie,
1ireis s+ trairie, Jlsecwain drv prairie and Nobraska sand hills
et are alec found an 5 asnd area dominated bv prairie plants in

Matlawse, Mietiege,

Rewaygo, 111inois aisconsin lebraska
¥ichizan sand dry sand
dry prairie prairie hills

rratrie

Lpeelag

Androperon Gerardt
Andropager sncrarius
Poa comprosea

Foa pratensis

Cyperua filiculmis
A=bronts artemisiifolia
Anenone cvlindrica
Artenisia csudats
Agclepias tuboerosa
Astor azureun
“riperon atricomsys
Buphorbia corollata
Fraparia vireinians
Helianthus oceidantalin
Hioracium longipilun
Hypertcum parforatus
Fripia virgintca
Liatris aspors
Lupinus perennis
Mslilotus altm
Genothera rhombipetala
Quercus velutina

Rosa carolina

Rumex acetosella
Saponaris officinalis
Solidago nemoralis
Specularia perfoliata
Viola pedata
Pteridium aquilinum
Panicum perlongum
Cyperus Schweinitzii
Tradescantia ohiensis
Arabis lyrata
Ceanothus americanus
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Table 10~-Continued

—
Newaygo, Illinois Wisconsin Nebraska

Species Michigan sand dry sand

dry prairie prairie hills

prairie

Phlox pilosa b4

Rudbeckia hirta b4

Antennaria neglecta X

Comandra Richardsiana b'e

Helianthemum canadense X

*Sources for plant lists:

Newaygo, Michigan dry prairie (Hauser 1910: 159-161)

I1linois sand prairie (Gleason 1910: 146-170; Vestal 1911: 55-56)
Wisconsin dry prairie (Curtis 1959: 553-554)

Nebraska sand hills (Weaver and Albertson 19563 163-192)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

33



the Newaygo prairie, Of the 47 species listed as prevalent species
of dry Wisconsin prairie by Curtis (1959) 13, or 27 per cent, were
found on the Mattawan study area (Table 10), The major dominant spe-

cies of the Wisconsin prairie were Andropogon scoparius, Andropogon

Gerardi, Panicum perlongum, Euphorbia:éofbllata, and Solidago nemo-

ralis, In 1917 Gleason studied a prairie in Ann Arbor, Michigan.
Curtis compared the species list from this Ann Arbor prairie with
the species list of a Wisconsin prairie and found that the Ann Arbor
prairie contained 26 épecies of which 92.3 per cent were found in
the Wisconsin stands,

Gleason (1910) and Vestal (1911), writing on the inland sand de-
posits of Illinois and the Illinois sand prairie, state that the sand
of the Illinois prairie is fine grained, yellowish-brown in color and
free from organic matter except in the upper layer. This fits the de-
seription of the sand area in Mattawan,

Gleason describes four distinet formations or types of vegeta-
tion which consist of several associations characterized by distinet
groups of plants, a distinet habitat, or both. It would seem that
the Mattawan sand area would particularly fall closely to the Pani-
cum pseudopubescens association and the bunch-grass association as
deseribed by him, In the Hanover area Gleason found the greatest
portion of the sand prairie was originally occupied by a mixed commu-
nity in which several species of bunch-grasses were well represented.
Gleason states that two-thirds of the surface area of sand prairies

in I1linois was occupied by the mixed community. The more prominent

I

bunch grasses were Andropogon scoparius, Andropogon Gerardi; Panicum
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perlongum, Poa pratensis and Cyperus Schweinitzii; more prominent

perennials were Anemone cylindrica, Euphorbia corollata, Ceanothus

\
\

americanus, Viola pedata, Solidago nemoralis, Helianthus occidenta-

lis and Artemisia caudata; more prominent interstitials wers Cyper-

us filiculmis, Arabis lyrata, Oenothera rhombipetala, Specularia

rfoliata, and Erigeron strigosus. Altogether Gleason found 89

species in the mixed community of which 31 species, or 35 per cent,
were found on the Mattawan sand area,

Other states such as Nebraska (Weaver and Albertson 1956), Kan-
sas, South Dakota, Colorado and Missouri (Weaver and Fitzpatrick
1934, Albertson 1937, Livingston 1952, Weaver and Albertson 1956,
Weaver 1954) contain large expanses of prairie or grasslands, Some
of the species found in these areas are also found on the Hattawan

study area. They are Andropogon scoparius, Andropogon Gerardi, Poa

pratensis, Erigeron strigosus, Euphorbia corollata, Liatris aspera,

Anemone cylindrica, Hieracium longipilum, Aster azureus, Solidago

nemoralis, Fragaria virginiana, Phlox pilosa and Comandra Richardsi-

ana, Curtis (1959) found that when he compared Wisconsin prairies
with those of other areas there was a decreasing similarity with in-
creasing distance. He found that the prairies of Illinois, Iowa,

and Minnesota had 75 per cent or more of their species in common with
those on the Wisconsin lists, whereas these values drop to 30 or 40
per cent in the true prairie states and below 20 per cent in the high
plains and the Palouse region of Washington and Idaho, This same
trend can be observed as one goes south from Michigan toward the Mis-

sissippl Valley, A small number of the species that are found in the
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aroas closor to tho true prairie repions are Tound alse in Viehlgzas,

Section A and Section 5 Compared

P

In soctions A ard B combined there occur 42 epecies, (7 ihe

52 species Androvoron seocariua (87 per coent), Heliarihus mentdarty.

1is (67 per cent), Foa compreass (50 per cent), and Hopa carclina

(51 per coent) had frequencies of 52 per cent or hisher {based on 255

one-square-meter quadrats), Five spoclios had a frequency botwesn 10

per cent and 50 por cent. They were Fanicum oliposanthes (L€ per

cent), Rumex acetosella (46 por cent), Tradascantia ohionsis {4l per

cont), Panieum perlonjum (40 per cent), and Zuphorbia corollata {37

per cent).

Of the 43 species found in section A 20 species, or 46 per cent,
were not found in section B, Of the 32 species which were present in
section B, nine species, or 28 per cent, were not found in section A,

The predominant species in section B is Panicum perlonsum whoreas in

section A the predominant species is Helianthus oceidentalis (Fig.

L), One obvious difference between the two areas is that althourh
there are more species in section A there are more areas of tare
ground, Section B is more densely covered even though it has fower

species because of the mats of Andropogon scoparius and Panicum per-

longum (Fig. 5).

Several other comparisons can be made between the two areas.
First, there is a more mature soil profile in section B than in sec-
tion A, This would seem to follow because of the more dense clumps

of Andropogon scoparius and Panicum perlongum which would tend to
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Figure « flelianthus occidentalis (section A) showing predominance
of epecies,

-

Figure 5 Densely covered mats of Andropogon scoparius (section B),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



hold the 301l togethor and prevent leaching and the loss of decaying
vopotation, With the holding of decaying vegetation and the accumu-
lation of tho prasses vear after year, the soil tends to build up,
bacoming more mature, Second, the vegetaticn of section B, although
containing fower aspocies, seems to be more stable than section A, In
othor words the invasion of new species into section B would be much
more difficult than an invasion into section A because of the lack of
area opon to new plants. It is difficult for a new species to be-
come established with the ground covered with bunches of Andropogon

scoparius, Panicum perlongum and Andropogon Gerardi (Fig. 6). No two

species can occupy the area at the same time, In section A bare

ground exists where new species (weeds) can become established.
Therefore, section A is not as advanced as section B, Of the two
areas, it is obvious (although it has not been tested) that there is
a larger biomass per area in section B than in section A. This shows
that there is greater total utilization of sunlight in section B than
in section A, and thus it is probably a more mature area. The dense-
ness of vegetation in section B would also maske it difficult for in-
vading plants not only because of their utilization of space but also
because of their use of other physical factors such as water, miner-
als, and sunlight, Third, the closer an area comes to being a climax
association the fewer negative associations there should be among its
species (Greig-Smith 1964, Brewer 1965). Section B shows only four
negative associations, whereas section A shows 17 negative associa-

tions among its species, Therefore, on the basis of negative associ-

ations, section B would tend to be a more mature area than section A,
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Figure 6 Ground cover in section B showing bunches of Andropogon
Gerardi,
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Fourth, the closeness of the calculated data and the expected data in
the species area curve (Figs, 2 and 3) would tend to indicate a more
stable area, whereas the deviation of the calculated and expected
data in section A would tend to indicate an area that fluctuates in
numbers per area. Therefore, for the reasons given above, section B
seems to be more stable than section A,

Section B is sand and section A consists of a sand base covered
with cinders, Cinders are an important factor in vegetation. They
tend to increase the intensity of the yerophytic conditions (Gleason
1910). Due to their dark color there is greater heat absorption and
Gleason feels that this factor favors perennials while it reduces an-
nuals. Gleason also states that the general effect of both fire and
cinders increases the amount of open space and restricts vegetation
in an area. Although not tested, section A would tend to be more xe-
rophytic than section B because of the cinders and also because there
would be more water loss from open areas., The large percentage of
Rumex acetosella (which grows in a highly acidic soil) in section A
and the lack of it in section B would tend to indicate that the pH
of section A is more acidic than that of section B (Smith 1961, Glea-

son 1952).
Pattern

A number of authors have tested data from randomly thrown quad-
rats for fit to the Poisson expectation., Blackman (1942, 1935), in
examining various grasslands, has found some of its species to have

a random distribution, However, Ashby (1948), representing the more
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popular view, found species to be ganerally overdisporsed or aggreca-
ted, In 1936 Clapham examined data for prairie vegetation compiled

by Steiger and pointed out that of 25 s;;ocioa in low prairie only
four were randomly distributed and of the 19 species in high prairie
none was rarlomly distributed (Greig-Smith 1952). In 1948 Ashby
showed that in large areas where thore is a unifomity of seil and
microclimate the tendency of the species would be toward non-random
distribution btut he also noted that in smaller areas that seem to be
uniform the plants tend to be distributed non-randomly also. Curtis
(1959) also showed extreme aggregation of some mesic prairie plants

in Wisconsin, Thus the {ield work dome in the area of distribution
indicates that species, in general, will tend to show aggregation or
non-randormess., In 1966 Kershaw stated that most authors conclude
that vegetative spread and heavy seeds were the two most likely fac-
tors which cause aggregation, Curtis (1959), in writing about the
aggregated species of the Wisconsin prairie, stated "It is of interest
that all but one of the extremely aggregated species are characterized
by the possession of active vegetative reproduction by means of short

rhizomes, The exception ig Phlox pilosa which has no known means of

vegetative increase. On the other hand, the nearly random species

are annuals, biennials, or non-spreading taprooted perennials."” Thus
the evidence would lead one to believe that aggregation is the result
of vegetative reproduction and seed dispersal. Of the species in the
study that indicate aggregation the following reproduce vegetatively

by means of rhizomes: Helianthus occidentalis, Rosa carolina, Euphor-

bia corollata, Rubus sp., Fragaria virginiana, Poa pratensis, and Poa
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gomprogas, Humax acatosells, bomcause of ita seed habit, tends to

fopm clumpa or ageregations. It has also teen discovered that aomo
planta that ghow apprepation are known or miapected to produce anti-
biotic chemicaln which reproaz prowth of other species, For exanm-

rle, Holianthun occidontalis has beaen shown to produce autotoxic

mybatancen (Curtis 1999}, iow many of the other plants produce sub-
stances that can reproas the prowth of other species is not known,
Thin would =a%e an interasting top‘e for a furthor study. Also if
the phvaical factors of an environment are aggregated bocause of spe-
cific reasons, the plants that depend on these physical factors will
also be distrituted in an apgregated or non-random manner. There-
fore, a more detailed study of the physical factors that affect the
area 1s nceded before a totul examination of pattern in the area can

m mﬂde .
All species tested tended to show aggregation with only slight

differences with quadrat size., The exceptions were Helianthus occi-
dentalis which showed randomness in one plot at the 10-square-cm,
quadrat size but aggregation in the one square meter and 2500 square

em. quadrat sizes, Poa compressa which showed randomness in one plot

at the 10-square-cm. quadrat size with all the rest showing aggrega-

tion and Tradescantia ohiensis which showed randomness at the 2500

square cm, quadrat size, It seems possible that these three scales
are measuring three things, First, the one square meter quadrats
measure distribution due to physical factors and the existence of
large clumps. Second, the 2500 square cm, quadrat size measures

the existence of smaller clumps. And, third, the 10 square cm., quad-
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rats measure the spacing of individuals in clumps, It should be kept
in mind that differences will exist among species due to their size,
For example, Ceanothus clumps might be larger than one square meter

and thus one square meter for that species might correspond with

2500 square cn, for another species, It is interesting to note that

Poa and Rumex, both very small plants, tended to be clumped at the

10 square cm, level, suggesting small clumps in a& small plant whereas
two larger species, llelianthus and Rosa, tended to be random at the
10 square cm, size, suggesting that at the 10 square cm. quadrat size

the detection of the distribution of individual stems of clumps is

indicated.

Species Area Relation

Kilburn (1966) found that the exponential equation of the spe-

cies-area-relation would tend to overestimate species number in areas

larger than those he sampled (Table 7)., This is also true of the

Mattawan study area., For example, the area of Kalamazoo County is

576 square miles or 1.48 x 109 square meters, If this area is put
into the equation for sections A and B it is discovered that the num-
ber of species that should be present in that large an area is much
larger than that found in 1947 by Hanes and Hanes for Kalamazoo Coun-
ty. The calculated number of species using the exponential equation
for section A shows that in an area of 1.48 x 109 square meters there

should be 71,326 species and for the same area using an exponential

equation for section B there should be 10,372 species. In reality

there are about 1,555 species in Kalamazoo County.
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It is hoped that through further study of the species-area-rela-
tion it may be possible to compare communities by the use of the equa~
tion y=kx?, For example, it appears that in a given area as the
amount of stress increases in the area the exponent becomes smaller,
The exponent is the measure of a community's species richness which
is affected by several factors. This view appears to contrast with
that of MacArthur and Wilson (1967). Once the exponent z can be cal-
culated the stress on the community and factors involved can be stu-
died, There is need for work in this area especially from other
prairie areas so that comparisons can be made, Kilburn (1966) in his
paper suggests other aspects of the species-area-relation such as a
means for understanding and unravelling past floristic histories.
Greig-Smith (1964) states that if observed species curves can be fit
to equation constants the equations will represent characteristic fea-
tures of the stands investigated and it might be possible to use the
values to group stands into classes characterized by similarities of

structurs, regardless of difference in composition.
Interspecific Association

Association between species is an important aspect of the organi-
zation of communities, If the presence of an individual means the ab-
sence or presence of another species the distribution of plants in the
community will be affected by that individual, If there is an influ-
encing factor working in an envirorment it may affect not one species
but several, Therefore, if several species are shown to be associated

it may be because they are responding to the same influencing factors
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and thus this factor can be isolated (Greig-Smith 1964),

Associations between species can result from similar responses
of two or more species to the physical enviromment, producing posi-
tive association, and differing responses of two or more species to
the physical enviromment, producing negative association. They may
also result from interspecific effects, Of these, compstition, which
would tend to produce negative associations among the competing spe-
cies is probably most important., Positive associations could result
from relationships in which the presence of one species enhanced the
growth or survival of another, Extreme cases of this sort of rela-
tionship would be parasitism and mutualism. Nearly all of the asso-
ciations detected here were negative, suggesting either competitive
interactions or an organization in which each species was responding
individually to the physical factors of the area,

Another reason may exist for the large number of negative asso-
clations which were detected using the smallest quadrats., Greig-
Smith (1964) and Kershaw (1966) show that small quadrats on the order
oi the size of individual plants may tend to produce results indica-
ting negative associations simply because of the impossibility of two
individuals occupying the same space,

It is peculiar, and unaccountable without further study, that
almost no species showed significant associations on both scales stu-
died,

Thus it can be seen from the study of pattern, species area-
curve, and association between species a better understanding of com-

munity organization can be found with a better understanding of the
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physical factors and individual interactions that take place in a com-
munity., Through further study communities may be better compared with

a more thorough understanding of community dynamics,
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