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ABSTRACT

Statistical methods werc used to evaluate the relative abundance of 277 angio-
sperm species growing in 15 sample plots on nine natural habitats of Miller-
Anderson Woods Nature Preserve in Illinois. An ordinal log-linear model was
selected to explain the data. Habitat affected the number of observed species and
their relative abundance. Predictions of the ordinal model in regard to plant taxa
relative abundance were the best for the wooded Jowlunds, northeast facing slopes,
and dry aold (icld succession habitats.

INTRODUCTTON

Miller-Anderson Woods Nature Preserve contains 320 acres located west of

Nlinois Route 29 between the junction of Putnam and Bureau Counties (SW 1/4,
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Sec. 36, T15N, ROE, 4th P .M. and part of W 1/4, Sec. 6, 114N, RI0E, 4th P.M.). The
original land parcel was acquired by the Illinois Department of Conservation
(HOCY in 1969 and consisted of 239 acres. Subsequent land purchases by the
IDOC have resulted in the current Nature Preserve acreagoe.

The Nature Preserve was surveyed as part of the [llinois Natural Areas Inven-
tory (unpublished excerpt} by the IDOC in 1977, The survey team identified and
described five natural habitats within the Nature Preserve: dry mesic upland forest;
mesic upland forest; sedge meadow; successional field; and glacial hill prairie. The
survey team described the Nature Preserve as containing old growth uplands,
ravines, and valley torests of the Grand Prairie $Scction of the Grand Prairie Natural
Division of Illinois {Schwegman, 1973).

Monoson and Schertz (1983} divided Miller-Anderson Woods into ten natural
habitats on the basis of topographic features (Fig. 1). The ten habitats consisted of
dry mesic upland forest, south- and southeast Tacing wooded slopes. wooded
lowlands, north-, northeast, and east-facing wooded slopes, dry old field sncces-
sion, mesic regrowth forest along stream banks, wet old field succession, sedge
meadow, regrowth arca along new Iliinois Route 29, and back water bog area. Ahill
prairielocated in the dry mesic upland forest was given hubitat status because of its
unigque vegetational composition. Fifteen permanent square 100 m? plots were
placed randowmly on the first eight habitat designations and the hill prairie for
sampling purposes; the regrowth area along new Mlinois Route 29 and the back
water bog area were not sampled. The parking lot was included in the 1985 study
and represented a recently disturbed area. Several physical factors contributed to
the small number of sample plots that were used in the study such as differences in
ureu size of the various habitats, variable flowering times of the taxa, steep topo-
graphical features, and other abiotic factors.

Monoson and Schertz (1983) reported that a total of 72 families, 185 genera,
and 277 species of angiosperms occurred within the fifteen sample plots. Species of
the Compositae, Craminae, and Leguminosae families were the hest represented. A
possible correlation between the relative abundance of these flowering taxa and
certain habitats was suggested by the data.

The objective of the present study was to determine if a relationship existed
hetweenthe relative abundance of plants found within a samiple plot and a specific
habitat. This relationship would be ecologically important because plant distribu-
tion is regulated by topography, water drainage patterns, light duration and inten-
sity, and nutrient availability within any defined land area.

METHQODS AND MATERIALS

The habitats examined in this study were dry mesic npland forest (DMUF),
south- and southeast facing slopes (SEFSY, wooded lowlands (WL), north-, north-
east, and ecast-facing wooded slopes (NEFS), dry old field succession (DOFS),
mesic regrowth along stream banks (MR}, wet old field succession (WOTS), sedge
meadow (SM}, and hill prairie (1TP}. Sample plots were distributed randomly on a
grid of these nine habitats that traversed the Nature Preserve. Numerical distribu-
tion was six plots in the DM UF, two in the adjucent SEFS, and one each in the W1,
NEFS, DOFS, MR, WOFS, SM, und HP habitats.



For each of the plant tuxa [ound in the initial study (Monoson and Schertz.,
1985) the habitat, plot number. relative abundance, and flowering date(s) if ob-
served were recorded. Relative abundance values were determined using a modifi-
cation of the Hanson (1934) procedure. Relative ahundance values were rare=<12,
occasional = 12-25, and abumdant = 295 plants/plot. The relative abundance data
(Table 1) are species numbers found in the sample plots and were not representa-
tive of the total abundance for the different habitats.

Initiaily, the Pearson chi-square test for independence {Bhattacharyva and
Johnson, 1977) was used to determine if a relationship between sample plot and
plantrelative abundance existed. The relationship of habitat to relative abundance
was exaniined by a second application of the chi-square test, The second test nsed
an abbreviated table of data formed by adding abundance numbers for plots
within the same habitat, e.g. southeast facing slopes (SEFS) total 12 taxa in rare, 21
taxa in occasional, and 17 taxa in abundant categories. Dry mesic upland forest
(DMUF) plots were combined within either the northern or southern plateau areas
to allow for possible geographic effects. This separation of DMUF plots resulted in
ten habitat designations for the statistical analysis.

Several statistical models were considered in the assessment of the variahility
of the data. These were the log-linear models of Fienberg (1977) adapted to use
habitat as the row variable. This method allowed the logarithm of the expected
number ina coll of Table 1 to depend upon (at least) the hubitat and the overall
[requency in “rare”. “oceasional” and “abudlant” categories. All of the data con-
tained in Table 1 was used because the sample plot was considered to be the basic
experimental unit.

The structure of Table 1 included the order of the relative abundance catego-
ries — “rare” is less than “oceasional” is less than “abundant”. Therefore, a log-linear
type of model (Agresti, 1984} that had ordinal column categories was considered.
This ordinal model was selected tor further study.,

The ordinal model is deseribed by the eguation

Iog 111,- i = “u + )\i + (.\‘fj + Ti \"'i
where the variables are defined as tollows:

ny ;= espected number in a ccll in column j with habita? i
j I ]
p= overall average of log wy
A= the direct effect of the ith habitat on the log expected number
a;= the direct effeet of the b colummn {abundance category) on the
i 1 gory
log expected number
7;= the interaction effect between habitat i and relative abundance
v

i
;= relative abundance score {predetermined) reflecting the order-

ing of the columns: vy = -1, vy = 0, vy =1
The equation is subject to the conditions TA, = 0, 2a;= 0, und X7, =0. The DMUT
plots on the northern and southern plateaus were considered to be different habitats
tfor this analysis.

With a minimum number of additional pararncters (the r,'s), the ordinal model
allowed a statistical consideration of the concept that the habitat influenced both
the number of species per plot and the allocation of these species in each relative
abundance category. Habitat would affect only total numbers of species per plot
and not relative abundance if the 7,'s were all zero.
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We also cxamined the null hypothesis that 7= 0 for all i’s in the ordinal model.
The likelihood-ratio chi-square test of the null hypothesis yielded a G of 26.44
based on 9 degrees of freedom. The null hypothesis was rejected because G
excecded the 0.005 critical value of 23.59. Therefore, the inclusion of habitat-ver-
sus-relative-abundance interaction contributed significantly towards an adequate
iterpretation of the data.

Maintenance of separate parameters for northern and southern DMUF pla-
teaus aided in the model-fitting process. Associating all of the DMUT plots with a
single set of parameters would have added one to the degrees of freedom and more
than six to the ordinal model’s G2

The ordinal model predicted relative abundance for some habitat sample plots
better than for others (Table 2). Ohserved and expected values were very similar
for the WI,, NEFS, and DOFS hahitat plots. Conversely, the observed and ex-
pected values in the MR habitat plot were quite different. The MR plot with only
one degree of freedom, out of 24 degrees of freedom in the ordinal model,
contributed roughly 25 percent to the chi-square statistics. Exclusion of the MR plot
would result in a more acceptable fit of the data to the model. The similarity or
dissimilarity of the observed and cxpected plant relative abundance values were
probably linked to ecological considerations in the different habitats. The validity
of the different statistical parameters used in this investigation can be tested by their
repeatability, At the present time, one can only speculate as to which of the abiotic
factors was the main contributor to plant relative abundance in a particular habitat.

In summary, we believe that the ordinal model best explained the data. [labitat
affected the number of observed species and their relative abundance tendencies,
We think that future studies idcally should include two or mare plots per habitat in
the experimental design. Having multiple plots per hahitat would assist in the
evaluation of distribution patterns of species abundance within habitats.
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Table 1. Sample Plot by Trequency Category of Observed Species

Abundance

TTabitats Rarch  Occasionals Abundantd Total
DMUF-North

Plot 1 0 5 13 21

Plot 2 4 5 6 18

Plot & 1 G 13 23
DMUF-South

Plot 12 2 3 5 10

Plot 13 4 §] 9 19

Plot 14 0 3 6 G
SEFS

Plot 3 T 11 6 24

Plot 5 3 10 I1 26
Wl - Plot 4 17 43 19 79
NEFS - Plot 11 6 18 12 36
DOYS-Plot 7 3 19 17 39
MR - Plot 8 4 45 18 67
WOFS - Plot 9 1 17 5 26
SM - Plot 10 7 12 7 26
HP - Plat 15 o} 14 a 33
Totul 69 231 156 436

sDMUFE = Dry mesic upland forest; SEFS = Southeast lacing slopes; W= Wooded
lowlands; NIEFS = Northeast fucing slopes: DOFS = Dry old field sucecssion; MR =
Mesicregrowth along stream banks; WOFS = Wet old field succession: SM = Sedge
meadow; HP = 1Tl prairie.

b< 12 plants

«12-15 plants

d223 plants



Tuble 2. Observed and Expected Relative Abundance Numbers Under the Or-
dinal Model

[abitats Rareb Occasionalt  Abundantd
DMUFEF - North
Flot 1 observed 0 5 13
expected 1.36 5.94 1¢.36
Plot 2 4 8 4]
1.36 8.94 10.36
Plot 6 1 9 13
1.36 5.94 10.36
DMUT - Sputh
Plot 12 2 3 3
1.06 5.87 3.73
Plot 13 4 6 9
1.06 5.87 5.73
Plot 14 0 3 6
1.06 n.87 5.73
SKEFS
Plot 3 i 11 b
4.534 13.43 7.04
Plot 5 3 10 11
4.54 1.3.43 7.04
Wl - Plot 4 17 43 19
17.06 42 .88 19.06
NEFS - Plot 11 6 18 12
5.52 15,96 11.52
DOFS - Plot 7 3 19 17
3.8 15.23 17.34
MR - Plot & 4 45 15
9.17 34.66 23.17
WOFS - Plot 9 1 17 5
3.00 13.01 10.00
SN - Plot 10 7 L2 7
5.94 14.12 5.94
TTP - Plot 15 5 19 6
8.57 17.85 6.57

sPDMUFE = Dry mesic upland forest; SEFS =5Southeast tacing slopes; WL = Wooded
lowlands; NEFS = Northeast facing slopes; IDXOFS = Dry old field succession; MR =
Mesicregrowth along stream banks; WOFS = Wet old field succession; SM =Sedge
meadow; HI? = Hill prairie.

h<712 plants

<[ 2-25 plants

d>>25 plants



Figure 1. Habitats and plot numbers of Miller-Anderson Wouoeds Nature Preserve. A. Dry mesic upland
forest-1, 2, 6, 12, 13, 14. B. Southeast facing wooded slopes-3, 5. C. Wooded Towlands-4, 1.
Northeast facing wooded slopes-11. K. Dry old ficld succession-7. F. Mesic regrowth [orest
along stream banks-8. G. Wet old tield succession 9. H. Sedge meadaw-10. . Begrowth arca
along new Illinois Route 29. |. Back water bog area. TTil} prairie-15.
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