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RAthourh ozl uilend fareat ocountas rore o~ o cio ecren~o Llan
exy o*her potural exzaurliy in sovthern (Hchiren (Tyvel ard frenc 134357,
tilds elorant eoronily r:s:-.‘é es the lerot mom pisnt cor unity of v
region, Accordliyly, a priuary oblective of tiis sluly tos bion to
record YWy plwtosocloloricsl mothods the vesculor eoponcnts of e
resional gories of sirnds rerrenentative ol tle ookt uricnd tre, iIn
8ll, cualrat deta £or trecs, shrubs cud horbts Sran 30 stands diztrllwitad
t'mouch 17 eountion are prescnted,

The extrasely clverce srecios rergweonielion indlesled by ¢ e
data suprested that the contimiuwzs concemt ar elaiwrotcsd ty Curilis end
¥elntorh (1751) would provico the moot reelistic orizmintion of storis
for purroses of corparicon end ewmtrast, Inyortcnco vrines vere thoro.
fore computod far ocach tree species erd theze veluors were wolit .ad YWy
elinrx edaptation mxbors to yicld contimam index muders romging froo
751 to 179,

Data rerresenting irdividual conrotents of the varlous gymusise
of each gtend vere charted in a poequence detorminod ty these cortinwm
index mrbers, The resuliing curves were Interrroied s grashical
exrressions of tolerance ran;es, i'o tondauney for euch rangaes to cecur
in patterns sugzosting diserete oombinetiors of speclos wup evidlert
in eny syrusile, < Rather, the chrrts baced en trece drta indleated th:=t
even the most eonirasting stands differed less by kind of douincnis
than ty pronortion of danimmte.\f Toe pejority of glavdb and herd
specios vore found to ghow definite corrclation with contimnm iniox
secuence, Anong thoze which do not are ecriain of tie rore ulicuiims
sutdminents and toce wvhilch occur g0 srorcclicelly t'ot trends aro

inomclusive, Snecies of cithor of these ccterorice aere hold to heove
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no utility as Incicators of cite,

Ths loading rcirs end trios of douirsnis in each sirrd were eor-
rolated with continunm index socuencee In order to deternine the valllity
of each ag bases for emrirical clessification of ock uplend stands, For
this purnose two lecdiny domirmnis sre Lold Lo bo suorior to three
becruse of the fouver rumber of undunllierted ecabinstiorns and the noare-
rower overlapping in gcale pooition of the stand grounirse charscter-
i1s0d By the same lesding dominants, The scaie sector between index
veluae of 1320 end 100 vas tuntatively recornized es & boundary hegvar-
eting sirnds having Ylack ock &3 one of the tvo lealing dorinents fron
those in which red ook has a elmilar nositlon.

Fov "patural leboratorica® of the tyme envisloned ty Malor (1761),
in vhich tls inflummee of one-lactor enviroraertsl variztion on con-
timam index mmbor could ve rotod, were found, OCtands devolored on
slones of pouthern exposure had signillcertly lower continuuas 4ndox
metberg than those devveloned an slones of northom ssnect, Ixcert on
north slooes, severe disturbmnes wrs 1li-ovire refllecied hy a sirnifie
ecant lowmring in contlirmnes Index manber. Dosnito effactive vurisiion
of otler enviramental factors, & gerorsl eorrelatlion w2a noted bBetuecn
continmm index mzrbher end poll taxture.

Dunta ottaiped in this study were comblned with infommation fyom
othor sources in an ¢™lart %0 tost the valility of the warious clinex
hysotheses se e-1lad to the osk urland contimrm 4n southera Miekirnrn,
The climx patiorn hypothesis of Lhittever {1243) vas found to ecree
nost clocely with odervetle facts,
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“INTRODUCTION

Oak upland forest was an extensive and distinctive element of the
primary vegetation of southern Michigan. Todey, though probably more
nearly oblitersted than any other forest community, this type still
occupies a greater aggregate acreage than any other netural plant com-
munity. Despite its obvious importance in the original and present
vegetation mosaic, the osk uplaend element currently rsnks es the least
known plant community of the region. No phytosociological papers dealing
spgcifically with the oak upland community of southern Michigen have been
published and the only maps in which the element has been segregated are
that of Veatch (1928b) based on soil meps and those of Kenoyer (1930,
1934, 1940, 1943) based on land survey notes for eleven southwestern
counties,

The study reported herein was undertaken to obtain data that might
be used in describing the oak upland comwunity., The objectives, scope
and procedure were in large measure determined by the relationship
between available information and the great areal extent of this cormun-
ity. Thus, in concordance with the views of Yapp (1922), it was felt
that the greatest initial contribution would accrue from emphasis on
extensive, rather than locally intensive investigation., 1If, for example,
extensive phytosociological investigation should reveal the existence of
repetitive aggregations of species, then subsequent autecological and
environnental studies would obviously be facilitated, as emphasized by

Curtis and McIntosh (1951: 476). Moreover, though detailed attempts to
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demonstrate community interrelationships would obviously be precluded
by the time factor, advantage could be taken of such fortuitous oppor-
tunities for pointing out coincidences and correlations as chanced to
occur, Such observations might be expected to serve as suggestions for
future intensive investigation,

Specifically, the primary objectives of this study were twofold:
first, to record by phytosociological technigues the vascular components
of a regional series of oak upland stands; and second, to organize the
data thus obtained to demonstrste or refute the exlstence of discrete
arrays of dominant as well as subdominant components. Secondary objec-
tives were (1) to make such inferences relative to oak upland community
dynamics as were possible within the limits of a short period of study;
and (2) to note, wherever evident, coincidences and correlations involving

stand composition and environmental factors or factor complexes.



LITERATURE REVIEW

Derlington (1946) has supnlemented a review of the history of
botanical exploration in Michigan with an extensive bibliography of
well over 300 citations concerning texonomic or ecological studies on
the higher plants of the state,

The first reference to plant commnunities in southern Michigan was
made by Lanman (1839). He mentioned (p. 251) heavily timbered land,
barrens, white oak openings, bur osk plains and prairies. The heavily
timbered land was described as composed of a variety of species, includ-
ing the combination of sugar maple and beech. The barrens were depicted
as "but thinly covered with stunted osks." The white osk openings com-
prised a great proportion of the area of the state and were described
(p. 323) es composed of "™white osks interspersed with black and yellow
oaks as well as hickory." They were repeatedly referred to as park-like
in aspect, and lacking undergrowth except where they adjoined heavily
timbered land. Lamnman also provided generalized descriptions (pp. 282--
291) of the natural vegetation of 22 southern counties, Numerous refer-
ences to oak openings, bur oak plains and prairies occur in these descrip-
tions., Such emphasis doubtless reflects the tendency of the early road
builders to establish routes through these types which were at once
easiest to traverse and which occupied types of lsnd most in demand by
the settlers.,

In the preface to their catalog of the Michigan flora, Wheeler and

Smith (1281) depicted the upland forests of southern Michizan as consisting
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of beech-maple and oak commmunities, with one type locally shading into
the other in response to textural variations of the glacial drift.

Other early references to forest communities were based on rela-
tively localized observations. In his classical report on the dune
vegetation along the southern Leke Michigan shore, Cowles (1889: 384--385)
recognised three types of dune forest. These were held to be determined
primarily bty slope aspect and distance from the shore. In a study of
the forests of Kent County, Livingston (190331 39) recognized five upland
cammunities which he regarded as comprising a gradational series deter-
mined primarily bty moisture relationships. These cammunities in order
from most mesic to most ;:erie were: beech-maple, maple-elm-agrimony,
oak-hickory, oak-hazel and oak-pine-sassafras. Concerning the problems
of delimiting these types Livingston (p. 39) states that they "often
merge gradually into one another so that in some localities it appears
that there is a mixture of several of them."™ His report also includes
a list of accessory species which are classified as to relative abundance
in the different communities. Additional early observations were pub-
lished concerning the upland forests of the Huron River valley (Brown
1905; Transeau 1905) end Wayne County (Brown 1917). More recent observa-
tional accounts concerning the forests of the general regiom are included
in the contributions of Binghsm (1945), Braun (1950) and Veatch (1953).

A mmber of workers have mapped pre-settlement vegetation for all
or parts of Michigan., Utilizing soil-vegetation correlations, Veatch

(1928p) delimited generalized types of vegetation for the state as a whole.
The maps of others were based on field notes compiled during the original
land survey. These reconstructions include (1) small scale maps of the
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Lower Peninsula which show the distribution of originsl swamp areas (Davis
1907) and gross vegetation types (Marshner 1946), and (2) large scale maps
showing the pre-settlement vegetation in considerable detail for 11 south-
western counties (Xemoyer 1930, 1934, 1940, 1943).

Wheeler and Smith (1881) regarded the flora of the Lower Peninsula
as relatively homogeneous, stating that "probably three-fourths of our
species are cammon to all sectors.” Soon after, however, two areas com-
parable to the tension zones of Griggs (191l4: 47) were recognized and
species reaching northern or southern limits in them were listed. These
comprised the Grand Haven area along the Lake Michigan shore (Bailey 1882)
and the valley of the Grand River (Beal and Wheeler 1892)., Veatch (1932)
recognized a transition sone, based on pedologic evidence but character-
ized also bty transitional vegetation, centered to the north of these areas
along a line from Saginaw Bay in the east, to Muskegon in the west. The -
northern boundary of the oak hickory forest was depicted as being reached
in this zone, as were the southern limits of white spruce, and jack, red
and wvhite pines. This zone would thus seem to constitute an ecotone separ-
ating natural regions of a scope camparable to the biotic provinces of
Dice (1931, 1943), the natural arees of Cain (1947), the floristic areas
of Raup (1947) and Egler (1947) and the floristic provinces of Curtis and
McIntosh (1951). The boundary between the Alleghenian snd Carolinian
biotic provinces (Dice 1931) falls entirely within the transition zone,
as does the boundary between the beech-maple and hemlock-white pine-
northern hardwood regions recognized by Braun (1950).

The first report incorporating quantitative data on actual campo-
sition of upland forest in southern Michigan was that of Quick (1924) who
presented frequency data for 10 stands of the beech-maple type. Quick
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regarded the beech-maple community as an "ecological species" of "defin-
ite biotic camposition." Moreover, he was evidently determined to depict
®{ypical® camposition as indicated by his statement (p. 221) that some
species "were so typical of a preceding association as to warrant their
exclusion" fraom the data. The tree specles accepted by him as components
of the beech-maple association were:

Acer saccharum Carya ovata

Fagus grandifolia Prunus serotina

Tilia smericana Carya cordiformis

Ulmus emericana Juglans cinerea

Fraxinus americana Quercus alba

Ostrya virginiana Tsuga canadensis

Quercus rubra Liriodendron tulipifera
Betula lutea

Concerning the 15 species included in this list Quick stated (p. 221)
that "a few such as the white oak were scarcely typical, but occur so
often that they were included as indices of the forest type."

The first quantitative account concerned specifically with oak upland
gtands was that of Wood (1930) who studied five grazed woodlots on the W. K.
i(ellogg tract in Kalamazoo County. Black and white osks and pignut hickory
vere the leading dominants of these stands but were poorly represented in
the reproduction classes, comprising only 10 per cent of the total. In an
inventory of 45 oak stands in Livingston and Genesee Counties, Monroe
(1943) found the proportion of trees over 15 inches at d.b.h. so low that
the basal area of this class was exceeded by that of the 2- to 6-inch
group. Young and Sholsz (1949) found reproduction of the predominant oesks
and hickories in a Washtenaw County stand to be "almost negligible in
amount.” The most recent and comprehensive paper on the oak upland is
by Gysel and Arend (1953), who obtained tree deta from a total of 118
sample plots in 61 oek stands. The plots were grouped into five site
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classes based on varying cambinations of soil texture, position of moist
layers in the substrata, general topography and position on slope. The
proportion of oak in the reproduction class (less than 0.6 inch at d.b.h.)
was found to decrease with improving site quality from a maximum of 50
percent on very poor sites to only 4 percent on very good sites. In
general, reproduction of black and white osks was most abundant on both
"very poor" and "poor" sites while that of red oak was confined mainly to
®medium® to "very good" sites.

Studies of upland forests in contiguous regions indicate the occur-
rence of oak upland types similar in composition and site characteristics
to those of southern Michigan. Kittredge and Chittenden (1929) recog-
nized a gradational sequence of oak types on the sandy scrub oak lands
north of the tension zone across lower Michigan. These appear to be
correlated primarily with edaphic influences. They range from the jack
oak type, on the most xeric and sterile soils, through jack oak-white
oek and white oak-black oak mixtures on intermediate sites, to the red
oak type on the most mesic and fertile sandy soils. In a study of 98
woodlots in Missaukee County, likewise north of the tension zone, Elliott
(1952) found stands dominated by red and white oaks to be restricted to
xeric sands of the Roselawn series.

In the glaciated region of northern Ohio, the general descriptions
of Sears (1925), Sampson (1927, 1930) and Shanks (1942) indicate a
gradational series of upland oak types determined primarily by available
moisture. Of the species daminating these types, post and bur oaks occur
on the most xeric forest sites, with a sequence from black to white to

red oaks indicative of progressively more mesic conditions. The two
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charts included in Sempson's second paper (1930: 360, 362) are most use-
ful in indicating the ranges in site tolerance and abundance of the var-
ious tree components. A similar chart of site range for the trees of
southern Ontario has been provided by Hills (1952).

Gordon (1936) recognizes four types of upland oak forest in Indiana.
Although he does not attempt to arrange these in a series as regards site
requirements, from his descriptions the white oak-black oak type would
definitely appear to be the more xeric and the oak-maple type the more
mesic. Oak and oak-hickory comprise the intermediate types.

Potzger (1935, 1939) and Potzger and Friesner (1940b) present
quantitative data which indicate that topographic climate exerts sharp
control on forest types in central Indiana. All three sets of quadrat
data included with these papers seem inherently consistent except
Potzger's data of 1935 which indicate that Quercug boreglis maximg
(= Q. rubra) is restricted to a south slope and Q. yelutina to a north
slope. Such results are at such marked variance with the other two sets
of data, as well as with observational experience in general, as to sug-
gest that the two names may have been interchanged in setting up the
table.

Potzger and Friesner (1940a) and Jones (1952) have compared the herb
synusiase of oak upland stands in central Indiana with those of more mesic
types in the same reglon. With one exception, their data indicate oak
upland forest to be richer in species than other types.

Comprehensive phytosociological reports on the forests of southern
Wisconsin have been presented by Whitford (1951) amnd Curtis and McIntosh
(1951). Whitford classified the 26 stands included in his study on the
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basis of shade tolerance of the tree components. He arbitrarily assigned

each tree species to one of three tolerance classes and then determined
the proportion of all trees in a stand which belonged to each class.
This permitted the ranking of stands in accordance with the percentage
of intolerant components. The importance of black oek, bur oek, shag-
bark hickory and black cherry were found to decline sharply in stands
camposed of less than 75 percent intolerant species. White oak remained
high in importance in the intermediate stands composed of 25 to 45 per-
cent intolerant species, while red oak reached its pesk importance in
such stands.

Curtis and McIntosh (1951) presented data from 96 uplend stands
which were ranked according to the more inclusive concept of "climax
adaptation,” encampassing the entire assemblage of attributes which
collectively determine the range of envirommental tolerance of a given
species. Their method of stand analysis represents an admirable example
of the inductive approach. First, relative meesures of density, fre-
quency and daminance (all expressed as percentages) were added to yield
a sumnation index termed importance yalue. Next, the import.ance value
for each species of a stand was recorded to scale, and in color code,
on a strip of celluloid. Similar strips were prepared for all 96
stands after which the strips were arranged in such order as to ylield
the smoothest possible trends in importance value for four key species.l
Such a sequence of strips was found to indicate independent, although
broadly overlapping, curves of importance value for the various stand

components. It was possible, therefore, to rank each specles as to

lgnercus yelutina, Q. alba, Q. rubrs and Acer gaccherun.
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climax adaptation by assigning it a mmber ranging from 1 to 10 depend-
ing upon the position of its importance value-maximum relative to the
other species. These glimax adaptation pumbers were used to weight the
importance values. The resulting weighted importance values were then
sumed to obtain the continuum index number for each stand. For any
given stand this number has a possible range fram 300 to 3,000,2 80 a
vegetational contipuum index of 2700 scale divisions is available for
classifying upland forest vegetation. Beginning at the xeric (low)
end of the scale, the importance value-maxima of the principal oak

upland specles of southern Wisconsin occurred in the following order:
Suercys macrocarpa, Q. yelutina, Caxrva ovata, Q. alba, Q. rubra.

23ince the importance value index has a constant total value of 300
units per stand.



THE REGION AND ITS HISTORY

Fhygiography

Except for a few extremely local outcroppings of bedrock, the
whole of southern Michigan is mantled with glacial drift of Wisconsin
age. The genetic types of this drift —— morainal, fluvial, lacustrine —-

have been differentiated and mapped in considerable detail by Leverett
(1924).

Primary Configuration Features

The brief interval of geologic time during which the unconsoli-
dated deposition in southern Michigan has been subjected to gradational

forces 1s nearly everywhere reflected in the constructional character

of the land surface. Gross constructional variations in the drift

mantle permit the recognition of major physiographic and land divisions
(Veatch 1953: Fig. A). In a general way these divisions are correlated
with the genetic types of drift which comprise the primary configuration
features of the region.

In the southern half of the Lower Peninsula, the prevailingly flat
lacustrine plains adjoining Lakes Michigan, Huron and Erie are delimited
tovard the interior by old shorelines marking the highest stages of
glacial lakes. Such shoreline traces are located at elevations ranging
fram about 150 to 200 feet above present Great Lake levels. The interior

highland reaches elevations of approximately 400 to 600 feet above present
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Great Lake waters and includes three major land types: (1) rolling clay

plains; (2) dry sandy plains; (3) sandy hills.

The rolling clay plains, consisting of scarcely undulating to gently
rolling terrain are closely correlated in distribution with clay till
plaing; because of the relatively low perviousness of the drift, surface
runoff is of common occurrence and, in consequence, even very slight
local relief msy strongly influence moisture relationships., The dry
sandy plains are most typical of outwash plains, but also include some
valley train and terrace deposits; because of the pervious sandy drift,
surface runoff is of restricted occurrence and dry depressions, often of
a pit nature, are a camon feature. The sandy hills conform closely in
distribution to the belts of recessional and interlobate moraines.
Although an abundance of lakes .1s a characteristic feature of this land
type, the presence of innumerable dry hollows which lack surface drainage,
implies a prevailingly pervious substratum.

Secondary Configuration Features

The secondary configuration features, which collectively determine
the local landscape aspect, are largely an expression of minor construc-
tional variations in the drift mantle. Though varying greatly in abun-
dance, size and shape in the different landscapes, depressions which lack

swrface drainage are perhaps the most characteristic secondary configura-

tion features of the region as a whole. Such depressions are, of course,

a corollary of the youthful drainage pattern; these range from mere sags

or pits, dry or only intermittently containing water, to permanent swamps,
marshes and lakes, often of considerable extent.
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Though likewise having a multitude of variant forms, the elevated
configuration features of secondary rank are in nearly all instances
characterized by rounded contours and a complexity of slopes. In cambina-
tion such land forms result in a landscape of typically softened aspect.

Slope gradient varies through wide limits. Occasionally, a prom-
inence will be found with an abrupt incline approaching the angle of
repose; more cammonly, however, gradients are of much lower order and
frequently are scarcely perceptible. Local relief tends to be of rela-
tively low megnitude; generally, it does not exceed 50 or 75 feet, and
even in the more rugged morainal belts is very seldom more than 150 or
200 feet., A map of generalized slope and relief is provided by Veatch
(1953: Fig. 13).

In the light of the above generalizations it would appear that
influences correlated with aspect or exposure may be considered minor
sourceé of vegetational diversity in southern Michigan. However, in
company with variations in the lithologic composition of the drift,
secondary configuration features are of primary significance in deter-
nining moisture relationships on a local basis, and, accordingly, may
be expected to play an important role in determining the local patterns
vhich collectively comprise the regional mosaic of natural vegetation.

Although the multiplicity of detail evident in a given landscape
defies complete cartographic expression, Veatch (1953), by recognizing
pattern contimuity as regards minor variations in configuration and
lithologic composition of the drift, has succeeded in delineating minor
dland divisions which are most helpful in visualizing the more or less
Ccharacteristic landscape aspects prevalling over extensive aggregate

ATreag,



! Climate

The regional climate of southern Michigan alternates between con-
tinental and semimarine. The intervals of the latter type coincide with
periods of strong onshore winds during which the equalizing effects of
the windward Great Lakes waters are manifested far inland. Because of
prevailing westerly winds, the waters of Leke Michigan are more influ-
ential in this regard than those of Lakes Huron and Erie. Continental
climate, with its characteristic pronounced fluctuation in temperature,
prevails during periods of atmospheric calm, as well as during those
rare intervals when the Lakes are entirely frozen over.

A narrow belt extending along the Lake Michigan shore is character-
ized by relatively continuous semimarine climate. The transition from
this zone of more equable climate to that of the interior is not well
defined and, over the interior, differences in topographic climate are
even less marked, as may be inferred from the rather narrow range in
elevation and local relief characterizing the area. Spatially, there-
fore, the climate of southern Michigan may be regarded as essentially
uniform. Such effective variations as occur appear to be of a regional
nature, and thus not correlated with the rather abrupt transitions in
natural vegetation that characterize the area.

The mean anmual precipitation ranges from less than 28 inches in
the Thumb Area to more than 36 inches in the extreme south-central por-
tion. Precipitation is fairly well distributed through the year, though
the monthly totals in winter average about one inch less than in summer.
An gverage of 16 to 20 inches falls during the warm season between April
1 and September 30. The number of days with snow cover of one inch or
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more in depth ranges fram about 70 in the south to around 110 in the
north. The average annual temperature ranges between 45 and 50 degrees,
vith a July averasge of about 72 degrees as opposed to a January average
of around 24 degrees. The growing season ranges from more than 180 days
in the extreme southwest to about 140 dasys in the Thumb region.

According to the Koppen classification of climates as modified by
Ackerman (1941), the area lies well within the Df boundary, which delimits
a cold forest climate with humid, snowy winters. The a/b boundary between
the subdivisions marked by hot and cool summers passes through the south-
ern tier of counties. A more genetic classification by Borchert (1950)
indicates the area to lie largely in the transition zone between his
climatic regions I and IV, Its climate is thus held to be intermediate
between that of the northeastern forest region of deep winter snows and
reliable summer rains and that of the prairies with relatively dry winters
and occasional low summer rainfsll. The inclusion of the southern tier of
counties in region IV is not well supported by the natural vegetation,
although some restricted areas of prairie do occur in the southwestern

counties (see subsequent section, General Vegetation).

Soils

Authoritative treatments of the soils and land of Michigan are pro-
vided by Veatch (1941, 1953). His latest monograph largely furnishes
the basis for the resume below.

The mineral soils of the southern half of the Lower Peninsula are
derived from gray and yellowish drifts showing a strong influence of shsales
and limestone from the local geologic formations. In the highland
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physiographic division of the region there is an additional strong
influence of local sandstones. The zonal soils of the region — those
associated with upland forest vegetation -~ are representative of the
gray-brown podzolic group and probebly comprise about half the totel
area.

Profiles from southern Michigan referable to this great soil group
show certain features in cammon. The organic accumulation on the sur-
face is relatively thin, varying mostly within the limits of one to
three inches; calcium and magnesium carbonates have been slmost com-
pletely leached from the solum; sesquioxides have been removed from the
sola, or upper gray horizon immediately below the mull humus layer.

Depending primarily upon the proportions of the different soil
separates, three principal variants of the idealized zonal profile may
be recognized. These are: (1) profiles characterized by predaminant
influence of clay; (2) profiles developed from drift of intermediate
texture; (3) profiles developed on prevailingly ssnd drift.

The zonal soils of southern Michigan strongly reflect the extreme
diversity in surface configuration and lithologic composition of the
parent materials fram which they were developed. Accordingly, it is
most difficult to generalize concerning the landscape aspects and prin-
cipal soil types of such areas as are characterized by predominance of
any one of these profile variants. Nevertheless, catenary sequences
involving principal soil types and showing a gross correlation with
configuration features may be recognized. Such gradational sequences
are determined primarily by variations in moisture and texture (see
Veatch 1953: Fig. 10). Thus, clay profiles prevail on the rolling clay
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plains of ground moraine origin where the St. Clair and Napanee types
are representative of the less pervious soils of the relatively flat
land, and the more pervious Miami type characterizes much of the elevated
terrain. As the topography becomes more rolling, end the clay influence
less predominant, the Hillsdale type becames increasingly important and
forms a transition to the intermediate profile variant. This soil also
plays a transitional role as regards topogrephy, occurring typicelly on
the more rolling terrain of both till plains and recessionsl moraines.

On the higher, complex ridges of recessional and interlobate mor-
aines the Hillsdale soils are largely replaced by the Bellefontaine and
Coloma types. The Bellefontaine and Hillsdale types are roughly equiv-
alent texturally, but the former tends to be somewhat more xeric because
of configuration characteristics. Coloma soils are representative of
the sand profile variant and thus constitute the most xeric type of the
sequence.

A more abbreviated catena is characteristically developed on drift
of glacio-fluvial origin, such as outwash plains, valley trains and ter-
races. In this gradational sequence the Oshtemo type, characterized by
a very weak clay B-horizon, is transitionsl from the Fox soil, representa-
tive of the profile variant of intermediate texture, to the xeric sand
profile of the Plainfield type.

It must be emphﬁaized that the above soils, comprising the princi-
pal upland types of southern Michigan, do not occur in extensive con-
tinuous bodies btut, on the contrary, are to be found in intimate associa-
tion with one another and with a large number of other types as well.

Moreover, such soil associations in turn comprise a pattern of marked



18,
complexity, as is strikingly shown by the detailed map of soil associa~
tions campiled by Veatch (1953) to accompany his monograph. Finally,
even the soil within the boundaries of a single type must be envisioned
as of a gradational nature, for as Veatch states (1953: 27) "no unit
small or largﬁ, possesses absolute uniformity or homogeneity throughout
the space given to it on a map. It usually happens that the divisioms
shown on a soil map are more often an association of units rather than

a single unit.”

Geperal Vegetation

Postglacial History

Gleason (1923) has presented a detailed, end in meany respects
speculative, account of the vegetational history of the general region,
Subsequent reports have been based on, or at least tempered by, the
evidence of pollen analysis.

Sears (1942b) has charted the migration routes of five important
tree genera. In general terms, Quercus and Fagus advanced from the south;
Carya and Tilia entered from the west; Tsuga migrated from the northeast.
Pollen profiles depicting the postglacial clisere in southern Michigan
have been presented by Potzger and Wilson (1941), Sears (1942a), Parmelee
(1947) and Potzger (1948). In general, these profiles support the regional
sequences recognized by Sears (1948) and Flint and Deevey (1951), which
involve five main phases from deglaciation to the present:

1. Spruce-fir

2. Pine

3. Mesophytic deciduous

4. Xerophytic deciduous
5. Mesophytic deciduous
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A1l three deciduous phases of this clisere were evidently characterized
bty a predaminance of oaks, with beech assuming increasing importance in
the last two stages.

The method of radiocarbon dating devised by Libby, Anderson and
Arnold (1949) has provided evidence that the Mankato maximum, which marks
the approximate time of initiation of this clisere, occurred only 11,000
years ago. (Flint and Deevey 1951: 261--263). Additionsl radiocarbon
datings indicate further that, depending on latitude, the pine phase of
North American profiles occurred from 6,000 to 9,000 years ago (ibid.:
272). No consistent chronology for the deciduous phases of the regional
sequences is yet available. The latest estimate regarding the dating of
the thermal maximum (phase 4, above) in North America is fram 3,000 to
6,000 years ago (ibid.: 258).

There is increasing support for the view that once locel climates
determined by proximity to vast continental ice sheets ceased to exist,
subsequent major climatic shifts were contemporaneous throughout the
world (Raup 1937; Deevey 1939; Willett 1949, 1951). In his two papers
Willett presents a great amount of evidence in support of the theory that
geological, postglacial and secular trends in climate are all determined
by the same astronomic control.> In the northern hemisphere he regards
such control as reflected by long period expansion and contraction of the
pattern of gzonal circumpolar weather. According to this theory, phase
five of the above sequence, indicative of increased moisture, could be

correlated with the sub-Atlantic period of Europe initiated about 2,800

3Most probably ultraviolet radiation of the sort correlated with
sunspot activity (see Willett 1949: 46).
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years ago.

On the basis of widespread and well documented evidence in the
northern hemisphere, Willett (1949: 49) notes the occurrence of a
second thermal maximum during the period from 400 to 1,000 A.D. He
states that "this period was similar in nearly all respects to the Cli-
matic Optimm except that it did not develop quite as far, nor last nearly
8o long.® Evidently this thermal maximum corresponds to the retreat phase
of the Cochrane episode of post-Mankato time reported by Sears (1948), and
the late thermal maximum postulated by Transeau (1935). Sears describes
this period as "marked by the northermmost advance of deciduous trees,
notably oak, and by the prevalence of osk-hickory and prairie in Ohio."

It would seem likely that the pre-settlement prairies in southern Michi-
gan represented relics dating from this period.

Willett (1949) describes the last 950 years as a period of climatic
stress, reaching peak severity during the 13th and 14th centuries when
the thriving Viking colonies in Greenland were exterminated. Subsequent
to that time he states (pp. 49—-50) that "only minor climatic changes
have occurred although conditions have remained definitely on the cool
and stormy side compared with the milder periods, in both Europe and North
America. The 17th and 18th centuries were rather mild, the 19th samewhat
colder and stormier... but the recent oscillations of climate have been
relatively amall.® Judging from this general characterization, recent
cliseral shifts of vegetation might be safely considered of very small

moment,



Pre-gettlement Vegetational Pattern

Prior to the period of intensive settlement beginning about 1820--
1830, Veatch (1953: 196) estimates that forests covered probably no less
than 95 percent‘ of the area of the state. The vegetation map compiled
from land office field notes by Marshner (1946) indicates dry prairies
and marshes were concentrated mainly in southern Michigan. However, the
aggregate area of such dominant vegetation would seem scarcely sufficient
to be reflected in a proportion of forested area in southerm Michigan
significantly less than that for the state as a whole.

Marshner's map shows the original forests to have consisted largely
of hardwoods, with areas of swamp conifers scattered throughout, and with
conifers® codominant with hardwoods over extensive areas in the Thumb
Region, in the interior north of the southern four tiers of counties and
in Ottawa, Allegan and Van Buren counties bordering Lake Michigan.
Veatch's (1928b) reconstruction of the original forests, based on soil-
vegetation correlations, is in essential agreement with Marshner's maps
as regards the areas of hardwood-conifer daminance and, in additionm,
delimits tentative, generalized types of hardwood forest.

In general, the more local variations in forest composition appear
to be strongly correlated with moisture relations, which in turn are con-
ditioned mainly by surface configuration and 1ithologic composition of
the weathered glacial drift. Veatch (1953: 39) estimates that possibly

as much as 40 percent of the area included in the gray-brown soil region

4The remaining five percent 1s described by Veatch as comprised of
"lakes, marshes, bogs, natural prairies, lake beaches, shifting dunes
and garden sized clearings made by Indian tribes."
sumably white pine and hemlock.
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of southern Michigan is characterized by azonal or intrazonal soils. Of
these, wet types == hydromorphic, organie, recent alluvium -- comprise
all but a minor fraction of the aggregate area. As a group, such wet soils
originally supported some expression of swamp or bottomland forest.

of ‘t;he organic soils, peats were characterized by swamp con:i_fers6
with an admixture of hardwoods such as aspen, red maple, elm and black
ash, Muck soils, representing an advanced stage of decomposition and
alteration of the organic parent material, supported a hardwood swamp
forest in which american and rock elms, red and silver maples, black ash,
swamp white oak and cottonwood were cammon components.

Swamp forests of hardwoods also were characteristic of hydramorphie
soils. For the most part these were similar to the types developed on
muck, In forests developed on heavy textured hydromorphics such as the
Brookston type, bitternut and shagbark hickories, white ash, sycamore and
basswood were additional common components; likewise, the diversity of
the swamp forests developed on wet sandy soils were increased by pin and
bur oaks, black gum and aspen.

Not all the zonal soils supported typical upland forests. On the
less undulating portions of the interior clay plains what might be re-
garded as types transitional fram swamp to upland forest occurred on the
less pervious Napanee and St. Clair types. Except for the occurrence of
sugar maple, beech and white and red oaks — usually in slightly elevated
sites -~ these forests were reminiscent of the swamp type developed on
Brookston soils.

6’1‘ypica11.y tamarack but occasionally black spruce or northern white
cedar.
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On the more rolling portions of the interior clay plains, as typified
by the Mismi-Hillsdale-Conover Association (Veatch 19533 61) the forest
assumed a more definite upland character. Regarding this soil association,
Veatch writes (p. 62)3:

The original forest cover on the upland probably contained

more sugar maple and beech than elsewhere in Michigan, but it

is doubtful whether these species were universally present on

all the upland, or in greater numbers than white, red, and

black oaks, elms, white ash, hickories and basswood.

With increasing local relief and soil perviousness, as typified by
the catenary sequence of soil types from Miami through Hillsdale to Belle-
fontaine, the original forests increasingly assumed the character of oak-
hickory uplands with red, white and black oaks and pignut hickory com-
prising the major dominants.

On the soils developed from drift of glaclo-fluvial origin, oak-
hickory forests of camposition similar to the above, or forests dom-
inated largely by oaks alone, were of widespread occurrence. The latter
type was composed largely of black and white oaks, except in the enviroms
of prairies where bur oak was the leading dominant. The latter areas
occur as relatively amall tracts aggregating some 85,000 acres in the
southwestern part of the state, where they lie in close proximity to the
central prairie region. The absence of any indications of local edaphic,
topographic, or climatic compensation (Veatch 1953: 44) suggests that
these areas represented relics of a once more extensive prairie region
and that they persisted up to the time of settlement through the influence
of fire coupled with the capacity of grass vegetation to compete with tree

reproduction,



Post-gsettlement History

The pre-settlement pattern of natural vegetation in southern Mich-
igan has been profoundly modified by the activities of Caucasian man,

It msy be assumed that a very small proportion of the change dates back
more than 150 years since as late as 1817 there were no roads leading to
the interior (Tuttle 1873). By 1830, however, heavy immigration was in
progress and during the brief interval from 1830 to 1838 the population
of the territory increased from 32,000 to 175,000 (Lanman 1839). Hotch-
kiss (1898) states that by 1837 at least 433 sammills were in operation
in the southern part of the state. The product of these mills was pre-
dominantly whitewood and basswood lumber which seemed to meet best the
needs of the settlers.

From the accounts of Lanman (1839), Hotchkiss (1898) and Watkins
(1900) it is evident, however, that only a emall part of the old growth
timber was converted into lumber. Much oask and black walnut was used for
rail fencing and great quantities of timber of all species was burned to
provide ashes for glass and soap manufacture. To make way for agricul-
ture, girdling or "windrowing" preparatory to burning was practiced on
an extensive scale. Watkins observed that:

One of the worst obstacles in clearing off the timber
preparatory to opening up the land for egricultural pur-

poses was the great whitewood trees ... These trees when

fsllen and green positively refused to burn ... Other trees

were felled across then and a fire started and kept burning

sometimes for weeks until the great logs finally yielded.

Clearing for egricultural purposes in southern Michigen has pro-
gressed to the point where in 1950 woodlands were estimated to comprise

only about 10 percent of the farm lend (Cunningham 1950). In addition
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approximately two-thirds of these remnant woodlands were reported to be
grazed (Anonymous 1950).

The pattern of forests and cropland in southern Michigan has been
and continues to be strongly influenced by the pattern of natural drain-
ege. In the early period of settlement the well-drsined osk uplands were
particularly sought out because of the ease with which roads could be
constructed and the land prepared for egriculture (Veatch 1928b, 1953).
In consequence, there is little doubt that the proportion of cleared land
is greater in the oak upland aress than in any other forest type in the
state.

In addition to being greatly reduced in area, the oak uplapd type
in southern Michigan has been greatly modified by past utilization. Many
tracts are perhaps better classed as wooded pastures than woodlots; stands
containing any large proportion of old growth are uncommon, Gysel and
Arend (1953: 14) have called attention to the selective cutting of white
oak in the last half of the nineteenth century. They further express the
belief that heavy cutting on moist sites where oak was originally associ-
ated with other hardwoods has increased the present proportion of oak.

Further modification of the oak type in southern Michigan may be
expected to result from the raveges of oak wilt., In Michigan this dis-
ease was first discovered in 1951 in seven southern counties (Strong
1951). In some locetions the initial infection was judged to have occurred
about five years earlier. The disease has since been found in additional
counties (Foster 1953). A sanitation program designed to comtrol oak wilt
by voluntary destruction of infected trees was initiated in 1952 (Smith
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1953), It is at present too early to evaluate the effectiveness of the
measure, though Foster (1953) does express cautious ootimism that the

disease can be suppressed in lightly infected areas such as southern

Michigan.



METHODS

Reconpaiggance

General reconnaissance, to attain working familiarity with the vas-
cular camponents of the oak upland cammunity and to locate representative
stands sultable for sociological analysis, occupied most of the summers
of 1948 and 1949. Exploratory field trips were made to districts con-
sidered promising on the basis of vegetation maps prepared by Kenoyer
(1930, 1934, 1940, 1943) and Veatch (1928b). In addition information
regarding the location of specific stands was sought from local sources
including farm foresters, lumbermen, district conservation personnel and
local botanists. In all, well over 300 stands, distributed through thirty-

Tfive counties, were critically appraised as to suitability for sociological

analysis.,

Stard Selection

As originally conceived, the criteria of stand acceptability for this
8tudy closely approximated those of the relic method expounded by Weaver
and Clements (1938: 48). It was hoped that ungrazed stands, essentislly
DPXimary in character, or at least of advanced second growth, could be

Located in replicate on each of the major soil types and natural land
QAi-visions (Veatch 1931) which were found to support the oek upland com-
TXuamity in southern Michigan. However, as extensive reconnaissance re-
V" ®aled the full magnitude of disturbance and fragmentation of the osk up-
lahd coomunity, it became evident that a drastic lowering of the initial



.

-
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criteria of acceptability would be mandatory. Thus, at the end of the
second season of reconnaissance, an oek upland stand, wherever its loca-
tion, was regarded as suitable if (a) it showed no evidence of recent
pasturing, (b) was reagonably well stocked with class 5 dominants, end
(¢) occupied enough area, either in a single block or in fragments, to
permit the establishment of ten quadrats within the zones of border effect.

On the basis of these revised standards a total of 36 stands were
selected for sociological analysis. The approximate location of each
stand is shown in Fig. 1, and a detailed description of location -- by
township, range and section —- is included in the captions of Appendix
Tables I to XXXVI, Of the nearly 300 stands rejected, the most common
defect was evidence of recent pasturing. In view of the urgent need for
& large and representative set of stands, no ungrazed stand was rejected
without thorough appraisal of its minimum possibilities. Obviously, no
clear cut boundary separated stands rejected as too small from those
finally selected for detailed study. In several borderline cases tracts
consisting of two or more apparently homogeneous fragments of older
growth, interspersed in a matrix of younger timber, were included in the
study with the aggregate area of the older growth considered as a single
stand.

Of the stands selected, only three contained any large proportion of
©l14 growth individuals, and only one —- since logged -~ was regarded as a

Txue primary remnant.

While it is clearly evident that the shift in emphasis from primary
o secondary stands in this study was a practical expedient, this shift
X s not difficult to defend. Today, an overwhelming and constantly
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increasing majority of stands representing the oak upland community in
southern Michigan are secondary. From the practical viewpoint such stands
comprise our oak forests of the present end future. As Tansley (1935: 304)
emphasizes, we cannot afford to "ignore the processes snd expressions of

vegetation now so abundantly provided us by the activities of man."

Quadrat Location

The task of obtaining quantitative data in this study was almost con-
stantly complicated by situations which necessitated the maintenance of a
clear distinction between the terms "tract" and "stand."” Attention has
already been directed to fragmented stands., Other tracts, appearing well
stocked from a distance, were found on closer inspection to display frag-
mentation of a more covert type, characterized by abundant small openings
clearly the result of past cutting practices. A further complication,
especially prevalent in the more rolling tracts, was the occurrence of
"internal edge effect™ in consequence of poorly drained depressions. The
peripheral vegetation of such sites constituted a clear departure from
the prevailing type, and often extended radially for a considerable dis-
tance from the source. Finally, vigilance had to be maintained at all
times to detect possible vegetation changes correlated with macro-
Wariations in relief or soil, or even with line fences in tracts which
Shanced to straddle property lines (see Fig. 36).

Under such circumstances, the usual methods for assuring regular or

X andom dispersion of quadrats within a tract could only becloud the com-
P ositional picture by combining data from two or more adjacent stand

1 eanents. Therefore, after much deliberation, the added subjective
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burden of arbitrarily locating quadrats was undertasken as the only feasible
alternative.

Accordingly, once intensive reconnaissance revealed & stand to be
apparently homogeneous, quadrats were laid out along lines approximately
paralleling the long axis of the area, with the interval between succes-
sive quadrats so adjusted that each fell within a site reasonably well
stocked with class 5 individuals. In the interest of uniformity this
method was followed in lsying out 350 of the four hundred quadrats tem-
porarily established. The remaining fifty quadrats were located within a
single forty-acre tract, according to a grid pattern established by a pre-

vious survey.
Collection of Field Dat
Qualitative Data

Though primary emphasis throughout the study was on the assembling
of quantitative date, qualitative observations were recorded throughout
all phases of field activity. During reconnaissance, records as to major
camponents of each synusia, stocking of each synusia, and degree of past
disturbance from the standpoints of grazing and cutting were made for each

Stand visited. In those stands finally selected for detailed studies,
Antensive efforts to obtain a complete presence list were made at the time
<Quadrat data were collected.

Other qualitative data included (a) estimates of herb coverage in

Fadrats, (b) observations concerning the herb and shrub flora of openings
|2 their contiguous border zones, (c) observations of the tree reproduc-

EXanof openings and adjacent abandoned fields, and (d) tolerance data as
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indicated by ability of advanced reproduction to withstand suppression.

Quantitative Data

Data in this category were based on a minimum of ten sets of "nested"
quadrats per stand, a number considered adequate by Oosting (1942: 4) to
portray the camposition of a forest community.

Density-list counts for tree representatives above 0.9 ft. tall were
obtained from 10 x 10 m. quadrats and recorded according to the arbitrary
size-class designations of Weaver and Clements (1938: 35),

Density-list counts for seedlings 0.9 ft. tall or less and for shrubs
vere based on 2 x 2 m, quadrats. In addition, shrub species-lists were
campiled for the 10 x 10 m., quadrats.

Requisite to a really adequate quantitative representation of forest
herbs is the establishment of permanent quadrats which could be visited
at least twice in the course of a season. The impracticability of such -
a program as part of the present study, however, was evident from the time
and distance aspects involved., It was therefore decided that the maximum
Yield in herb data, cammensurate with expenditure of time, could be obtained
by quadrat species-lists.

Initially, herb species-lists were compiled for both the 2 x 2 m, and

10 x 10 m. quadrats., However, as early compilations showed that only a
T ev species attained frequencies of 100 percent even in the 10 x 10 m,
Quadrats, listing for the smaller size was abandoned. This policy was

XL ater reversed, and a third list (for 1 x 1 m. quadrats) added, in conse-
Y aence of the clear demonstration by Curtis and McIntosh (1950: 452) of

thea importance of correlating quadrat size with mean area, even when
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frequency is the only index sought. Of the 670 species lists compiled,
400 were based on the 10 x 10 m., size, 150 on the 2 x 2 m, size, and 120
on the 1 x 1 m, size. In all cases the smaller size quadrats were nested

in the same corner of each 10 x 10 m, quadrat.
Voucher Plant Collections

During the course of this investigation, somewhat in excess of 2,500
plant vouchers were collected, of which a large proportion were taken
vithin stands selected for socliological analysis. A minor fraction of the
specimens consist of immature herbs which could not be assigned to species
categories at the time they were recorded in quadrats. Wherever later
eritical study of such individuals revealed the existence of distinctive
vegetative characters, they have been arranged in developmental sequences
and thereby correlated with identifiable specimens. All specimens have
been deposited in the Beal-Darlington Herbarium of Michigan State College.
Such documentation would seem adequate to satisfy the requirements advanced
by Fosberg (1950), and perhaps even to echo the more rigorous challenge of
Davidson (1952: 229): "This is the particular plant studied in this work,
call it what you will,"

With the exception of the subfamily Panicoideae and the genus Vao-
Lliniym, the nomenclature used in this study follows that of Gray's Manual
©F Botany, 8th edition (Fernald 1950). Representatives of the Panicoideae
#:xe named in accordance with Hitchcock's Marual of the Grasses (Hitchcock

#&|araq Chase 1950). The nomenclature used in the genus Vaccinium follows
Camp (1945).
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Ireatment of Datg

The contimuum concept, as elaborated by Curtis and McIntosh (1951),
would appear to be of such sweeping scope as to be wholly independent of
the sampling methods used to obtain the necessary supporting data. Accord-
ingly, it seems incumbent upon the investigator desirous of employing this
classification device to maintain the original conceptual terminology,
even though his data might have different origin or limits. Such a view
has been adhered to in the present investigation.

Further, employment of the continuum concept demands tacit acceptance
of the obsolescence, except for restricted purposes, of synthetic methods
of vegetational analysis. Required also is a full recognition of the
greatly increased significance of analytical indices. In this study,
the major ei;for'l:s supplemental to establishment of a continuum index
sequence have therefore been directed toward the campilation of analyti-
cal indices whereby the various vascular components of the oak upland
community may be viewed against the perspective provided by the continuum
index scale.

Analytical Indices

Importance value. This summation index expressing the relative
Importance of the stand dominants has been considered in the Literature

Review. The quadrat data used in compilation of importance values in this
8<tudy differ in three respects from the random pairs data used by Curtis
&ang McIntosh (1951: 482): (1) relative frequency is based on quadrat

rl‘equency as opposed to random pairs frequency; (2) density is compiled
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on a unit area basis instead of through use of a statistical concept based
on average distance between trees; (3) purely for reasons of conveniencs,
the lower limit of trees used for computation of importance value is set
at 3.6 inches at d.b.h. rather than 4.0 inches.

The significance of such differences in origin and limits of data
vwould appear to be small. Quadrat frequencies tend somewhat to reduce
the weighting toward density as opposed to dominance, since frequency val-
ues smaller than half the density values are possible in the case of quad-
rat -- but not of random pair —— frequency numbers. However, such a shift
could not be of very great magnitude and, in any event, would tend to be
counter-balanced by the lower size limits here employed.

Significance value. Compiled in the same manner as importance value,
the summation index herein referred to as gignificence yalue provides a
measure of class 3 reproduction. It thus differs fram importance value
in that it is based on a "closed" class interval from 1.0 to 3.5 in, at

d.b.h., as opposed to an 'iOpen-end" class of 3,6 in, and over at d.b.h.

DFy_value. Density and frequency data for tree reproduction of
classes 1 and 2, as well as of shrub representation, may be combined to
Yield a sumnation index herein termed DFp yalue. Like importance value
&and significance value, this index is determinate inasmuch as simple fre-
<guency is converted to relative frequency. However, for a given DFy
“alue, the absence of a measure of basal area results in a constant sum
Toxr all species of only 200 index points per stand instead of 300.
DFy. values for class 2 reproduction are based on data from 10 x 10 m.
AT2mmdrats. For both class 1 reproduction and shrub representation they
S X"« based on data from 2 x 2 m. quadrats.
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Simple frequency. In view of the obvious subjectivity involved in
assigning coverage values, the frequency data and optical estimates of
coverage class campiled for herb and shrub representation in 10 x 10 m.
quadrats may not legitimately be combined to yield & summation index.
Accordingly, for such representation no need exists for conversion of

simple frequency values to relative frequency.
Synthetic Indices

In the 1light of the continuum concept, synthetic indices are re-
vealed to be of limited applicability and utility. It would seem neces-
sary to restrict their use in this study to those vegetational components,
the representation of which shows no obwvious correlation with progressive
change in continuum index number. For such components four indices

involving syntheses of stand data have been used.

Pregence. This index in the present study is based on presence
lists compiled in the course of at least two reconnaissance surveys of
each stand. Regardless of stand size, all species recorded within stand
boundaries except those correlated with peripheral or internal edge effect

are included.

Aggregate constance. To eliminate discrepencies in representation
&attributable to size of stand the index herein termed gggregate constance
has been used. It differs from presence in that only data from quadrats

aare admissable., It differs from true constance in that the total sample

X ea of 1000 square meters is an aggregate of ten 10 x 10 m, areas rather
Chusn a single plot.
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Relative to the latter index, aggregate constance is thus weighted
in favor of contagious species, since occurrence in one guadrat is accorded
the same significance as occurrence in all ten., Moreover, because a sample
area of 100 square meters is patently less than the minimal area of a for-
est cammunity, it does not permit expression of all possible plant inter-
actions as pointed out by Claphem (1936) and re-emphasized by Curtis and
MeIntosh (1950t 450).

Sumgtion frecuency. Providing a means for integrating inter- and
intra-stand dispersion, the index referred to herein as gummgtion fre-
guency expresses the totael number of quadrats in which a given species
was recorded as a percentage of the total number of quadrats established
in a1l stands. It is based on the premise that the species concerned is
as likely to occur in one stand as another, snd thus may be expected to
show greatest accuracy in representing the more ubiquitous species not
correlated with continuum sequence. Used in conjunction with presence
and aggregate constance, it provides a more detailed measure of disper-

sion for such species.

Relative DF.,, value. Devised to provide a means for ranking the
wvegetational importance of the shrub species not correlated with con-
tinuum sequence is the index referred to herein as relative DFr yalue.
For a given species this index value represents the sum of stand DFy
“Walues, expressed as a percentage of the total stand DF, values for all

Shrub species in the non-correlated group.



G c ntation

Whenever warranted by a sufficient number of index values to permit
recognition of trends, graphical means of presentation of data have been
employed. In evaluating such trends, for reasons elaborated in the Dis-
cussion, considerably greater significance has been accorded high index
values than total absence of representation. Such interpretation may be
regarded as controversial, and has necessitated dispensing with statisti-
cal methods for smoothing curves on the premise that the full range of
index variation should be retained for the reader's personal evaluation.

It has been found impractical, however, to chart the dsta for each
stand in exact continuum index position. As shown in Fig. 4, several of
the contimuum index intervals are so narrow as to preclude adequate separ-
ation of graph elements. To obviate this difficulty, each stand has been
assigned a rumber determined by its relative position on the continuum
index scale; this number has then been used instead of the actual con-
tinuum index number for identifying the stand data in all graphical and —-
in the interest of uniformity —- tabular presentations.

The reader must be cautioned that the regular positioning of graph
elements fails to indicate magnitude of the scale intervals separating
Points on the curve and, more importantly, actually tends to impart the
mm isleading impression that the Intervals are constant. This fact is

Obvious from a glance at Fig. 4. |
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RESULTS AND OBSERVATIONS

As the study of the oak upland community progressed, observational
and quantitative deta contributed constant and cunulative evidence attest-
ing to the great diversity of plant aggregations refersble to this broad
and loosely delimited category. Highlighted, as a consequence, was the
prime necessity for an orderly and inherently natural classification of
stands to essure the most efficient presentation of results and the most
productive evaluation of their significance. Of the various possible
means to this end, the principle of the vegetative continuum index appeared
to be based on the most realistic premises, and hence most likely to yield
the desired natural orientation of data.

vigional Climax tation Numbers

for Southern Michigan

In general, few serious difficulties were experienced in performing
the operations necessary to establish a continuum index for the osk up-
lands of southern Michigan, Most of these were encountered in the process
of getting up the scale of climax adaptation numbers shown in Table I.
The key role played by this scale in establishing the sequence of stands

<demanded that every effort be made to assure its accuracy. In the case of
Emfrequently encountered species such as Carya cordiformis, Juglans nigra,
L clperea and Ulmus rubra, tentative estimates pending more extensive
= twudies in southern Michigan were based on the climax adaptation numbers

T Wiscansin and the charts of tolerance ranges for the trees of Ohio



TABIE I. Provisional climex adaptation numbers for tree specles occurring
on upland sites in southern Michigan

Scientific Name

Populus tremuloides Michx,
Populus grandidentata Michx,
Quercus velutina Lam,
Sassafras albidum (Nutt.) Nees
Carya ovalis (Wang.) Sarg.
Prunus avium L.

Common Name

Trembling aspen
Large-tooth aspen
Black osgk
Sassafras

Pignut hickory
Sweet cherry

Climax
Adaptation
Number

Prunus nigra Ait. Canada plum .
Prumus serotina Ehrh. Wild black cherry .
Amelanchier sp. Service-berry .

Cornus florida L.
Quercus macrocarpa Michx.

Flowering dogwood
Bur oak

Quercus alba L, White oak .
Quercus bicolor Willd. Swemp white oak .
Liriodendron tulipifera L. Tulip-tree .
Pinus strobus L. White pine .
Juglans nigra L. Black walmut .
Fraxinus nigra Marsh. Black ash

Fraxinus americana L. White ash .

Quercus rubra L.
Carya ovata (Mill.) K. Koch

Northern red oak
Shagbark hickory

OOO\Dmmmmm\l\]\?QO‘O‘O&RU\U‘\N\R\R\R#‘#\\»\D\»\»\»M'—-‘l—'
OO0 O0oOVNMVMMOOONOOOVMUNOOO0OO0OO0COO0OOVMOUMIUNMIUNNIO OOWNO

Juglans cinerea L. Butternut .
Ulmus emericana L. American elm .
Ulmus thomasii Sarg. Rock elm .
Acer rubrum L. Red maple .
Nyssa sylvatica Marsh. Black gum

Celtis occidentalis L. : Hackberry .
Ostrya virginiana (Mill.) K. Koch Hop hornbeam .
Carya cordiformis (Wang.) K. Koch Bitternut hickory .
Carpinus caroliniana Walt. American hornbeam .
Tilia smericana L. Basswood .
Fagus grandifolia Ehrh, Beech 10.
Tsuga canadensis (L.) Carr. Hemlock 10.
Acer saccharum Marsh., Sugar maple 10.



(Sampson 1930) and Ontario (Hills 1952).

The adaptation numbers for most species, however, were determined
according to the procedure proposed by Curtis and McIntosh (1951), with
the result that seversl departures from the Wiscorsin values —- some of
minor, others of major, import —- were indicated. In the former cate-
gory are higher positions on the scale for Carpinug carolinisna, Carys
ovata and Tilis gmericana, as well as lower rank for Fraxinug smericana
and Ogtrys yirginiang. Of greater significance, in consequence of the

higher range in importance values of the species involved are the higher

positions on the scale for Quercus alba, Q. rubra and Acer rubrum.
Carya ovata end Quercus macrocarpa each definitely appear to be

represented in southern Michigan by two ecotypes. The less common up-
lend form of shagbark hickory, evidently comparable to the shagbark of
the prairie-forest border, was occasionally encountered in stands visited
during the reconnaissance phase of the study. All shagbark hickories
recorded in quadrats, however, were of the more common lowland form which
is associated typically with heavier textured soils (see Fig. 2). The
climax adaptation number for shagbark hickory is thus based on this form.
Similarly, the adaptation number for bur oak is based on the form which
for the most part is confined to lowlands where it is associated with red
naple, american elm, swamp white oak and other moderately tolerant trees.
The highly intolerant form, which once formed park-like stands on xeric
outwash plains in the southern counties, now occurs chiefly as isolated

individuals in cultivated fields (see Fig. 3).
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FIG. 3, 01d growth bur oak of the type which, in open stands, once
characterized the bur osk plains and prairie environs in southern Michigan,



Ubo
The Continuum Index Scale

Included as the final element of Appendix Tables XXIXVIII through
IXXIV are weighted importance values, whose sum for each stand camprises
its continuum index number and thus determines its position on the con-
tinuum index scale. The resulting overell pattern of scale representa-
tion is indicated in Fig. 4, in which the stand symbols are spotted in
actual continuum index position. In general, the low index numbers on
the scale, to the left in this and subsequent figures, reflect xeric
conditions; high index numbers, to the right, indicate more mesic con-
ditions. The magnitude of scale interval between contiguous symbols
ranges from a maximum of 121 points (between stands 35 and 36) to a
minimm of two points (between stands 31 and 32). Moreover, the latter
interval is part of an especially heavily represented segment of the
index scale in which the indices for five stands (28 through 32) fall
within a 20-point range.

The overall representation of the oak upland comnunity as measured
by the vegetative continuum index is thus shown to have zones of com-
parative weakness and strength. Nevertheless, the gaps would appear
sufficiently narrow and few to justify the frequent allusions made here
that the data are, as a whole, representative of the oak upland commun-

ity of southern Michigan.

Components_of the Oak Uvland Community

While rightly emphasizing the role of closely spaced individuals of
large stature»in characterizing and dominating the multistratal plant

community, the continuum concept does not necessarily deny recognition
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to the lesser strata. Rather, as Curtis and McIntosh (1951: 493--4)
have implied, it may be regarded as a detailed background against which
the significance of any phenomenon known or suspected to be mutually
related to the daminant vegetation may be evaluated. The only limit to
the number of such correlations which might be made would appear to be
the amount of significant data obtainable.

In this study, the collection of quantitative data was restricted
to the vascular components of the oek upland community. For convenience
in presentation of results these camponents have been segregated in habit

categories.

Tree Components

In consideration of the preeminent importance of trees in a forest
cammunity, not only in characterizing stands, but also in providing bases
for deductions concerning future trends in their development, an attempt
has been maintained consistently to assemble and preserve for possible
future use the largest feasible amount of data concerning this habit cate-
gory. Toward attaimment of this end, free use has been made of appendix
tables. Thus, complete summaries of data on species of trees for classes
2 through 5 for the thirty-six stands included in this study are to be
found in Appendix Tables I to XXXVII inclusive., Likewise, camplete data
for size class 1 are included in Appendix Tables XXXVIII through LXXIV,
in which are also found summation indices for classes 2 and 3 and com-
posite summation indices (importance values) for class 4~-5. Tree fre-
quency on a species basis 1s shown in Appendix Table LXXV. It has seemed
inadvisable to average, or otherwise group, stand data which show definite
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correlation with the continuum sequence. As evidenced by curves obtained
and, where indicated, by camputation of correlation coefficients, most
tree data obtained in this study clearly exhibit such correlation., Notable
exceptions appear to be the mean areas occupied in a given stand by the
total representation in each size class, as well as the mean area occupied
by the one most numerous species in each size class. For these data, the
only correlation coefficient exceeding 0.2 is the 0,37 figure for total
size class 1 representation, a value obviously over-enlarged due to the
anomalous totals of size class 1 for stands 25 and 33 (Appendix Tables
IXII and ILXX). It is evident, therefore, that averages based on such
data have meaning within their limits of variability irrespective of the

species or specles complements involved.
Mean Area Relationships

Because of the distinct value of mean area relationships in evalu-
ating sampling efficiency (see below) as well as in elucidating certain
patterns of species representation (see below in sections devoted to class
1 and 2 DFy values) mean area data are sumarized in Tebles II and III.

Despite the omissions of extreme values indicated in footnotes to
both tables, these data are observed to be highly variable, and, there-
fore of limited utility. Moreover, as might be expected, the mean area
measures summarizing data of single species (Table III) are shown without
exception to exhibit such variability in considerably greater degree than
those summarizing data for total species.

Even 8o, in the light of findings by Curtis and MeIntosh (1950: 453),

a case of obvious maladjustment in sample area is disclosed by the



TABLE II, Mean area relationships by size class for total tree

representation
Size Mean area in square meters Quadrat-mean Coefgicient
class Range Average® area ratio variation
1 0.2 e 207 lol t 0.2 3.6 t 007 1802
2 007 —— 700 203 k3 101 4305 k4 20.8 4—7.8
3 5.9 — 34.5°  15.1 4 6.5 6.6 3 2.7 43.1
4-5 8.5 - 19,2 12.8 & 2.5 7.9 2: 105 19.5

8For classes 1, 2, and 4~5 based on individusl mean area computa-
tions for 36 stands; for class 3 based on 34 stands.

bClgss 3 mean area values for stand 2 (125.0 m?) and stand 25
(167.0 m=) were omitted as anomalous.
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TABLE III. Mean area relationships by size class for the single most
numerous species in each stand

Size Mean area in square meters Quadrat-mean Coefi‘%cient
class Range Average® area ratio variation
1 0.8 — 8.0° 313 1.7 1.3 & 0.7 54.8
2 1.7 = 14.9¢ 5.4 4 2.9 18.5 & 9.9 53.7
3 8.1 — 83.3¢ 32,5 22,5 3.1s 2.1 69.2
4=5 15.9 — 50.0° 29.6+ 9.6 3.4+ 1.1 32.4

8For class 1 and class 4-5 based on 35 stands; for class 2 based
on 3, stands; for class 3 based on 33 stands.

brhe class 1 mean area value for stand 25 (0.3) was omitted as
anomalous,

CClass 2 mean area values for stand 26 (23.3) and stand 28 (22.7)
were amitted as anamalous.

dClass 3 mean area values for stands 4 (250.0), 16 (125.0), and
25 (250.0) were omitted as anomalous.

©The class /-5 mean area value for stand 33 (77.0) wes omitted
as anomalous.
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quadrat-mean-area-ratio7 for size class 2 in Table III. This ratio is
sbout nine times the value proposed by the above mentioned investigators
end, in view of the strong positive correlation between Q/MA ratio and
frequency, a significantly greater proportion of high frequencies could
be expected than where other ratios were involved in this study. Although
Curtis and McIntosh's specific criticism (1950: 452) of frequency values
in the 80 to 100 percent class is not applicable here, inssmuch as dens-
ity velues were determined by actual count, it would nevertheless appear
undeniable that the occurrence of more than a few 100 percent frequency
values would tend to diminish the intrinsic acuity of frequency as an
index. As shown in Table IV, the incidence of such values reaches a
striking maximm in class 2.

Table V provides a basis for evaluating ratios of size class occur-
rences on a species basis. While it is obvious that these ratios are
correlated with many other factors to be considered later, the overall
impress of Q/MA ratio on frequency is evident, especislly in the 3 repro-
duction classes.

Importance Value

The necessary condensation of data for graphical portrayal of tree
répresentation over 3.5 inches at d.b.h. was achieved through use of the
Importence value index. Integrated from quantitative measures of fre-
quency, density and dominance, this index would appear to provide the
W08t concise and balanced means yet devised for depicting the overall
Participation of a given species in the control of a given stand. As

7Hereafter referred to as Q/MA ratio.
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TABLE IV. Stand occurrences of 100 percent frequencies by size classes

— e — = ]
Number of 100 percent freguencies per stand

Size class
0o 1 2 3 4
1 34 2 - — —
2 9 9 12 5 1
3 28 8 -— - —

4=5 19 13 4 -— -—




TABLE V. Stand occurrencel for tree components? of the oak uplend
community by size class

Spect Size class
cies

pe 45 3 2 1
Acer rubrum 26 32 35 26
Acer saccharum 11 12 19 7
Amelanchier sp. 3 25 32 10
Carpinus caroliniana -— 7 10 1
Carya cordiformis 3 3 6 3
Carya ovalis 30 24 35 28
Carya ovata 8 5 8 5
Cornus florida 17 26 29 15
Crataegus sp. - 5 20 6
Fagus grandifolia 9 n 9 1
Fraxinus emericana 14 15 2/ 16
Juglens cinerea 1l 1 1 1
Juglans nigra 1 1 4 -
Ostrya virginiana 9 15 18 8
Prunus serotina 27 29 35 33
Quercus alba 35 19 26 20
Quercus rubra 28 12 28 26
Quercus velutina 31 1 14 19
Sassafras albidum 17 21 32 19
Tilia americana 9 9 16 5
8 americana 4 1 27 9
rubra 3 4 14 5
o Totals 286 291 442 263

1For classes 2 through 4-5 based on representetion in one or more
of ten 10 x 10 m, quadrats; for class 1 based on representation in
One or more of ten 2 x 2 m. quadrats.

2Includes only those specles represented in the data by 3 or more
8ize classes.
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such, its potential contribution to the success of any objective scheme
for stand classification needs no further emphasis.

As indicated by data in Table VI, relatively few species are
endowed with the Mal potentiel to attain high importance values

e —

in the oak upland enviromment of southern Nlchigan. In this character-

istie, “the oak upland of southern hichlgan resembles the environment of

e SRR B PSS

the Prairie-Forest Province of Wisconsin, as indicated by a comparable
tab16"6F importance values compiled by Curtis and McIntosh (1951: 483).

A

For reasons‘ to be considered later, however, Table VI sheds little add-
itional light on matters of vegetative or floristic significance in the

oak upland community.
Yet when, as in Fig. 5, importance values for the four leading dam-

insnts indicated in Table VI are charted on a stand basis a.nd 1n contin-

U,

—_—

um index order, an overall pattern of _va.stly._venhanced aigni:_tfiggpce

e ————— et e st T
°m°1‘808. Furthermore, when this pattern is compared with the oak dan-

inated portion of the Wisconain ‘sequence (Curtis and McIntosh 1951'

Plgs. 4 and 5), the three oak species cammon._to both regions show the

—————~ vy s

[ o s

8ame rise and ebb in representation, the seme reciprocity of trend, the
same divergence of ‘maxima and, as a consequence, the same progressive
pemtatic:f: The curves for Quercug alba and Carya ovalis are seen to
be\a;:;y less definite than those for the other two leading daminants.
Nevertheless, poorly defined mexima for these species are indicated in
the median range of the index scale with the maximum for Q. albe in a
Somewhat higher sector than that for C. ovalis.

Curves for species of lesser rank, but nevertheless sufficiently

well represented to permit recognition of trends, are shown in Fig, 6.



54e

TABLE VI. Tree species most frequently sharing in control of the oak
upland community of southern Michigan

e  — ———— —

No. of Average Maximum
Species stands of importance importance

occurrence value value
Quercus wvelutina 31 79.4 218
Quercus rubra - 28 66,7 179
Quercus alba 35 56.5 133
Carya ovalis 30 32.2 93
Acer rubrum 26 14.8 72
Prumus serotina 27 13.4 80
Sassafras albidum 22 7.2 27
Cornus floride 17 45 32
Acer saccharum 11 IANA 34
us americana 14 3.8 25
Ostrya virginiana 10 2.8 30
Fagus grandifolia 9 2.4 23
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Importance values in this group are seen to be generslly of low megni-
tude. Moreover, the highest values are concentrated in the curves for
Acer rubrum and Prunug serotina. For these two species only seven values
exceed 40, and only two are over 70. For all of these curves, such rela-
tively high importance values as occur are of sporadic distribution;
hence, they generally fail to display definite maxima, Illustrative of
this tendency eare the curves for Sasssfras albidum, Acer rubrum, Prunug

gerotipng, Fraxinus gmericang and Cornus florida. However, the above

species, in common with most of the others charted in Fig. 6, do exhibit

trends toward greater overall magnitude of representation in one part of
the scale than in enother. Sassafras albidum end Fraxinusg americana, in
cammon with Acer saccharum, Carya ovata, Tilia emericana, Ulmug ameri-
cana, and Pinug gtrobus are absent -- except for sporadic occurrences --
from one or both ends of the scale and hence manifest this tendency to a
naximm degree., Of the three species which range throughout the scale,
Cornus £lorida and Prunus serotina appear more important toward the xeric
end, vhile Acer rubrun shows an opposing trend. A puzzling suggestion of
trend discontinuity characterizes the curves for Fagus grandifolis and
Lﬁ_im;d& tulipifera. These and other trend irregularities are con-
sidered further in a section of the Discussion devoted to the concept of

clinax edaptation number.
Sumation Indices for Tree Reproduction

In the present study, summetion indices were compiled for reproduc-
tion up to the arbitrary limit of 3.5 inches at d.b.h. Curtis and
MeIntosh (1951: 490) have indicated the possible utility of such indices
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in further weighting stand position on the continuum index scale. How-
ever, no attempt to so employ them was made in this study for the follow-
ing reasons: (1) The index range for class 1 and 2 reproduction is only
two-thirds as wide as that for the larger size classes and thus could
not readily be combined with the latter; (2) the QAA ratio for class 2
representation is in decided disharmony with the ratios for all other
size classes; (3) great temporal variation in class 1 reproduction is to
be anticipated, and thus a single season's data for this size class would
seem to have much less significance than similar data for the larger size

classes. As a consequence, the three classes of tree reproduction here
recognized fall in the general category of community comnonents which
may be correlated with the framework established by weighted imnortance
values, To facilitate such correlation, swmation index values for each
reproduction class were charted in the ssme manner as were the importance

values,

Significance values. Curves for species sufficiently well repre-
sented by class 3 reproduction to establish trends are shown in Figs, 7,
8 and 9, As might be anticipated, comparison of these curves with those
of Figs, 5 and 6 reveal for most species a general correspondence in
trend between importance value and significance value. WNotable exceptions
to this generalization, however, are the significance value curves for
the three leading dominants of the oak upland community. Actually, be-
Cause class 3 reproduction of Quercus velutina was recorded in only one
stand, no curve of significance value could even be established for this,
the Principal dominant., Although the class 3 occurrences of Q. alba and

8. rubra were also considerably reduced in relation to occurrences for
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the larger size classes of these species, significance value curves were
established and appear to be valid indicators of trend. It is therefore
worthy of note that the curve of significance value for Q. rubra, in
contrast with the curve of importance value for this species, shows little
evidence of a peak in any part of the scale. More remarkable, in view of
the poorly defined and centrally located importance value "plateau" for
Q. alba, is the decisive maximum in the xeric portion of the significance
value curve for this species.

But even more striking than such anomalies is the restricted occur-
rence and magnitude of the class 3 representation of these leading dom-
inants, Of all the species listed in Table V, only Carya ovalig and C.

. gvata join the oaks in showing lower stand occurrence in class 3 than in
class 4-5. This decrease, moreover, is decisive only in the data for the
oaks, Furthermore, only in the latter group is there an equally decisive
restriction in magnitude of class 3 representation. Reference to Fig. 7
reveals that in thirteen of the nineteen stands in which Q. glba was
recorded the significance values attained did not exceed 50. The restric-
tion was much more marked in the case of class 3 representation of Q.

Iubra where only one of twelve significance values exceeded 20. Represen-

tation of class 3 Q. yeluting was recorded only in stand twenty where its

8ignificance value was 6.9.

Taken as a group, one or more of these oak species were recorded as
Class 3 reproduction in 21 of the 36 stands. In but seven of these did
their combined significance values exceed 50; such values in no stand sur-
pasgsed 80. As a result of the low representation of the dominant oaks,
the greater proportion of the significance value index (varying fram 223
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to 300 units per stand) is distributed among the other species present.

The resulting overall pattern is in striking contrast to that observed
for importance values, wherein the ozks collectively comprised so large
a portion of the importance value index.

In this overall pattern of significance value, a large proportion
of the species attain high rank in one or more stands. Thus, examina-
tion of Figs. 7, 8 and 9 reveals that significance values in excess of
130 are reached by nine species., However, for any given species, such
high significance values are rarely in scale juxtaposition; as a result,
no single species clearly predominates in any sector of the continuum
index scale. Nevertheless, sector predominance may be shared by rela-
tively few specles, especially at the scale extremes. Thus, with one
exception, Prunug gerotina or Cornus floridg attains the highest signif-
icance value in each of the 7 stands at the xeric end of the continuum
index scale. Again, in six of the seven stands at the mesic end of the
continuum index scale, the peak significance value is distributed among
Ostrya virginiena, Acer saccharum and Fagus grandifolia.

As manifested particularly by the curves for Cornus florida,
Prunus serotina, Carva ovalis, Acer saccherum and Ogtrya yirginiens,
8ignificance values may fluctuate enormously, even over narrow ranges
Oof the continuum index scale. Moreover, in the majority of such curves,
the conspicuously high values tend to be too inherently consistent to
be considered mere chance "irruptions." For example, in the curves for
Cornug floridg and Carys ovalig, the widely dispersed high values show
a quite consistent trend toward a meximum in the xeric half of the con-

tinnm index scale. Again, a converse trend is exhibited by the curves
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for Acer saccharum and Ostrys virginisna. The reader attempting to
envision trends in the unsmoothed data is thus confronted with the neces-
sity for considering two general magnitudes of importance values. For-
tunately, in most cases, the high and low values tend to reinforce each
other in indicating a common trend. However, in the curve for Cornug
florida there is at least a suggestion of two trends with considerably
displaced maxima, This puzzling phenomenon will receive further atten-
tion in the Discussion.

The prime utility of the significance value index would appear to
reside in the basis 1t provides for deductions concerning future stand
camposition, However, in the present study, failure to segregate class
3 data for those species genetically limited as to stature, considerably
lowers its efficiency for this purpose. As might be anticipated, class
3 representation of such species tends to be heavy, as illustrated by
the curves for Cornug florida, Ogtrva virginiana, Sassefras albidum,

Carpipus caroliniana and Amelanchier spp. Although from the standpoints
of coaction and reaction the significance of this group is obviously of

& high magnitude, it is equally manifest that the curves for its member
8pecies camnot be considered as &irectly indicative of future stand com-
Position. Thus, their inclusion as components of the index introduces a
Variable element into the data which hinders inter-stand evaluation of
the representation for those species capable of regularly attaining and
Participating in the overstory. Even though thus deprived of its fullest
meaning and efficiency, the overall pattern of significance value never-
theless seems clearly to prophecy changes in the oak upland community.

As measured by the significance value index, Acer rubrum, Prunug gerotina
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and Carya ovalig would appear to be the chief instruments of such change.
The validity of this, and other evidence bearing on the dynamics of the

oak upland community will be considered in the Discussion.

DFy_indices for class 2 reproduction. Curves for class 2 reproduc-
tion sufficiently well represented to establish trends are shown in Figs.
10 and 11. Only seven indices exceed 70, and the highest, a value of 109
for Cormus florida in stand nine, falls far below the peak values aftained
in the other three size groupings.

In part, such reduction in msgnitude is a consequence of the DFn
Index range, which is narrower by one-third than the importance value and
significance value scales. FHowever, even when commensation is msde for
this reduction in available scele units, the trend toward sameness in
index values is still spperent, The conclusion inevitably follows that,
quadrat by quadrat, a greater number of species are more frequently represen-
ted in the data by this class than by any other. The same relationship
obtains on a stand basis, as shown by Table V, where, for a given species,
clags 2 stand occurrence is seen to be exceeded by that of another size
clags in only 2 instances. There seems little reason to doubt that such

high frequency of representation is primarily a manifestation of the
high Q/MA ratio used for class 2 (see Table III). Moreover, the numerous
8imilar DF, values for class 2 would appear to bear out the forecast of
diminished utility of the relative frequency of class 2 as a measure of
dispersion,

Yet, most surprisingly, the curves for class 2 representation do not
appear to be less clearly marked than those for the other classes. On

the contrary, the curves of size class 2 for such species as Acer gaccharum,
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Fraxipug americena, Carpinug caroliniang, end Tilia smericsna, in rela-
tion to the curves for other size classes, display peak definiteness in
cansequence of the combination of a greater number of stand indices and
their prevailingly less erratic fluctuation.

Though in many respects unique, the overall pattern of class 2
representation bears closest resemblance to the pattern of significance
value, Particularly, the class 2 curves for Quercus glba and Q. rubra,
by their similarity in trend and magnitude of representation, add to
the credibility of the significance value curves for those leading dom-

inants, Moreover, the class 2 curve for Cornug florida continues to

emphasize strongly the tendency, strikingly exhibited in the signifi-
cence value curve, for heavy representation of this species to be con-
fined ts a relatively few stands., Furthermore, comparison of Figs. 8
and 10 reveals the peak values are reached in the same stands.

In tallying class 2 representation of flowering dogwood, separate
lists for seedling and vegetative reproduction were not maintained, and
hence no ratio as to type of reproduction can be presented here. FHow-
ever, observetional data indicate there can be little doubt that the
latter cetegory was in the great majority. This was particularly true
in those stands supporting heavy representstion of flowering dogwood,
vhere this species was disposed in typical clonal fashion with the var-
ious size classes cammingling and often forming thickets of considerable
extent., Although the origin of the large individuals of course could not
be determined, there seems little reason to challenge the obvious infer-
ence that they too were in large part of vegetative origin.

The limits of significence to be accorded class 2 representation
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are difficult to fix., The enormous disparity in mean area between
classes 2 and 3 (see Table II) provides a clear indication of the fate
of most class 2 individuals. Moreover, the very high Q/MA ratio used
for this class, while evidently not seriously affecting the capacity of
the class 2 DF, Index to indicate dispersion, nevertheless is in decided
unbalance with the ratios for the other classes. The distinct possibil-
ity thus arises that certain of the unique features of the class 2 curves
mgy be attributable less to ecological phenomena than to disparity in
sample area., In view of the many intangibles involved, there would thus
appear to be every reason to exercise considerable caution in interpret-
ing the class 2 curves.

Yet, however temporary the status of most individual class 2 ele-
ments, it must be acknowledged that those of seed origin have survived
one of the most critical stages of ecesis. Moreover, irrespective of
mean area relationships for the several classes, the class 2 records
after all were obtained from the identical areas used for sempling the
larger size classes. That data so obtained should, when oriented in a
sequence determined by weighted importance values, form intelligible and
relatively consistent trends, adds valuable support to the sequence.
That such trends do not in all cases parallel the importance value trends,
in no way detracts from such support, but rather heightens it by empha-

s8izing the intrinsic significance of the class 2 data.

Class 1 DFr valueg. Curves for species represented in three or more
stands by class 1 reproduction ere shown in Figs. 12 and 13. From the

general pattern of these curves it is evident that, in trend and magnitude
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of index values, class 1 reproduction corresponds much more closely to
representation of class 4~5 than do the other two classes of reproduction.
That such correlation is far short of a cause and effect relationship,
however, is evident from a stand by stand comparison of importance values
and class 1 DF,. values. High values on the respective curves seldom co-
incide; with few exceptions neither do gaps in representation. Most of
the latter exceptions are concentrated in the curves for the oaks and
hickories which display only three instances of class 1 reproduction
unaccompanied by records of class 4~5 reproduction.

Tables IV end V indicate a low overall freguency of class 1 reproduc-
tion. For those specles shown in Table VI to most frequently share in
control of the stands studied, such low frequency is reflected in the
curves primarily bty a tendency toward reduction in the number and index
range of stand occurrences.

Thus, compared to the class 4~5 representation of the 12 species in
the above category, class 1 individuals of only Fraxinus americana, Prunug
gerotipa and Sagsafrag albidum were recorded in more stands, and only the
first two species were recorded over a wider sequence range. Moreover,
as manifested by the curves for Acer gaccharum, Fagug grandifolig and
Tilia gmericana, the reduction in both number and range of stand occur-
rences is most pronounced in those species identified with extreme climax
adaptation numbers.

Any observations as to the ecological significance of the campara-
tively abbreviated curves for class 1 representation must be weighed
against the unique Q/MA ratio used for this cless. Of the ratios shown

in Table III, it alone is of lower magnitude than the theoretical optimum
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of 2,0 set by Curtis and McIntosh (1950: 453). Although this deficiency
of the class 1 ratio would appear to be small, there is no assurance that
its effect on the data should be correspondingly small, particularly with
reference to data for the less commonly represented species. Moreover,
one must be cognizant of the fact that the differential in ratio between
class 1 and each of the other size classes is considerably greater. The
mgximum such differential is between classes 1 end 2, the ratio of the
latter exceeding that of class 1 by about 14 times. In view of so great
a disparity, the utility of any detailed comparison of the DFp curves
for these 2 classes is patently subject to serious question.

There is a need also to appraise critically the significance to be
accorded the magnitude of class 1 representation. As a class, this is
shown by the ratio of mean areas in Table II to be ebout twice as abun-
dant as the class 2 representation. However, in view of the sensitivity
of class 1 reproduction to the various influences affecting seed produc-
tion and establishment of seedlings, comparisons of even so general a
character would seem to have little justification., Just as a single
year of weather observations cannot adequately characterize a clinmate,

a single season's data from temporary quadrats cannot yield a dependable

index of class 1 reproduction,
Shrub 00 e

The stand by stand occurrence of the 53 shrubby species encountered
in the course of this study is indicated in Appendix Table LXXVI, The
large number of species involved and the wide range in their stand occur-

rence indicated the desirability of restricting detailed consideration to
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those entities which, on the basis of quantitative data and field obser-
vations could be considered as more or less typical of the oak upland
community, A critical appraisal was therefore made to determine which
of those species listed in Appendix Teble LXXVI should be regarded only
as strangers or accldental species in the oak upland community. The
decisions in this regard were based primarily on number of stand occur-
rences and supplemented by consideretions-as to prevalence in other habit-

ats.
Shrub Species Accidental in the Oak Upland Community

Inspection of Appendix Table LXXVI reveals that a total of 13
species, comprising approximately 25 percent of the total, were recorded
in not more than two stands each, These species, together with their

stands of occurrence, are listed below:

Species Stand No.
Asimina triloba 36
Berberis vulgaris 13, 1,
Eplgaea repens 17, 30
Euonymus atropurpureus 3
Ilex verticillata 27
Lonicera canadensis 36
Lonicera sp. 23
Pyrus melanocarpa 11
Rhus aromatica 21
Rubus idaeus 6, 13
Salix humilis 8
Viburnum cassinoides 11
Vitis sestivalis 12, 13

The accidental status of the members of this group, as suggested by
their sporadic occurrence, is confirmed by a consideration of their

usual habitats (Deam 19403 Bingham 1945). Among the more incongruous of
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these elements in the oak upland community are Ilex verticillata, Pyrus

melano a, Viburnum cassinoideg, Euonymug atropurpureus and Salix
humilisg.

Nevertheless, the occurrences of each of the species in this group
were in sites representative of the stends involved; each species must
thus be regarded as a legitimate, though obviously atypical, element con-

tributing to the great diversity of the oak upland community.
The More Common Shrub Camponents

The remaining 40 species were recorded in more than ten percent of
the stands studied. Their representation, as measured by three indices —
DF,. values based on data from 2 x 2 m. quadrats, frequency values based
on the same 10 x 10 m. quadrats from which treeldata were obtained, and
presence in the stand at large — 18 graphically shown in Figs, 14 through
21, A realistic declsion as to the relative degree of significance to be
accorded the first two of these indices would seem to demand the perspec-

tive gained fram a consideration of mean area relationships.

Mean - u orrelationg. As was previously found true of
tree densities, no significant correlation linking density of the most
abundant shrub species with position on the continuum index scale could
be demonstrated. Accordingly, there appeared to be no valid objection
to the use of measures of central tendency in an attempt to express mean
area relationships for shrubs on a community wide basis. However, in
apparent consequence of the clonal character and corollary contagious
distribution of almost all shrub elements recorded, the total density of

the most abundant single species was found to vary enormously from stand
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to stand. The range in such values was fram 4 to 227, with only seven
densities exceeding a value of 94, Obviously, no meaningful averages
could be based on such variable data. However, total density for the
most abundant species in twenty-nine stands was found to fall within a
fairly continuous range from 4 to 69, with ten such densities in the 31--
40 class. Converted to mean area, these twenty-nine values yield an
averaged mean area of 1.2 & 0.6 m%., Expressed as a Q/MA ratio this
value becomes 3.3 & 1.7. The distribution of frequency magnitudes cor-
related with this ratio is shown in the first line of Table VII, The

90 and 100 percent frequency magnitudes were recorded for species with

TABLE VII, Relation of quadrat size to number and magnitude of
frequency records

Quadrat Frequency (percent) Total
frequency
size 100 90 8 70 60 50 40 30 2 10 records
2x2mn, 1 1l 2 5 5 22 24, 35 62 153 310

10x10m. 23 23 27 37 41 33 37 6L 78 172 532

QUMA ratios of 17.8 and 18.3 respectively —— values which, it should be
noted, are far above the averaged Q/MA ratio of 3.3. The second line of
Teble VII shows the pattern of frequency magnitudes correlated with the
unknown, but manifestly very high, Q/MA ratio for 10 x 10 m. quadrats.
The frequency distributions shown in Table VII are graphed in Fig. 22,
The orientation of the two curves reveal that, for frequency magnitudes

above 30 percent, the increment in number of quadrat occurrences
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correlated with the 96 square meter increase in sample area appears to

be relatively constant.

Relative gignificance of the indices of shrub representation. High-
lighting the need for an objective appraisal of the frequency and DFy,

values charted in Figs. 14~-21 are the 222 instances where the representa-
tion of a given species in a given stand is based solely on frequency
data. Such unilateral representation is clearly attributable to an in-
crease in sample area fram 4 to 100 square meters. The significance to

be accorded these 222 frequency records must therefore be governed by a
congsideration of which of these two quadrat sizes can more often be
expected to yield the most relisble measure of synusial composition and
specles dispersion.

It must be acknowledged at the outset that the enormous variation
from stand to stand in mean area for the most abundant shrub species pre-
cludes high sampling efficiency when inflexible sample areas of any size
are used in all stands. Under such circumstances, the most that can
confidently be expected of such uniform sample areas is that they yield
reasonably accurate and representative data for a maximum number of
stands.

The evidence as to whether the sample area of 4 square meters meets
these limited requirements is subject to question. The average QUMA ratio
based on data from 29 stands considerably exceeds the value considered
optimum by Curtis and McIntosh (1950: 453) and would thus indicate that
a sample area of such size is even larger than necessary to assure rep-
resentation of all the ecologically important shrub components. Never-

theless, the occurrence of only four frequency values above 70 percent,
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out of the total of 310 frequencies of all magnitudes recorded in Table
VII, would indicate that the quadrat area could be increased substantially
without impairing the efficiency of the frequency index. Added support
for this contention is supplied by the previously mentioned occurrence of
only two frequencies exceeding 70 percent in the seven stands in which
the Q/MA ratio for the single leading species varied fram 9.5 to 22.7.
Finally, Curtis and McIntosh (1950: 453), recognizing the need for stand-
ardized sample sizes, have suggested a compromise sample area of 16 square
meters for shrubs of the eastern deciduous forest. Applied to the present
mean-area data, such a size would yield an average Q/MA ratio in excess
of 13 for the single leading shrub species., In the light of these var-
ious indications, it would appear reasonable to consider that a signifi-
cant proportion of the shrub representation based only on frequency data
may in fact reflect under-representation of DF,. values rather than over-
representation of frequency values (F).

Over-representation of frequency values from 10 x 10 m., quadrats is
suggested by the data in Table VII., That such a tendency is greatly re-
moved from the point where relative frequencies begin to converge toward
a common value,8 however, is clearly demonstrated by the absence of any
marked divergence of the high-frequency sectors of the curves shown in
Fig, 22. Nevertheless, the 23 records of 100 percent frequency each
indicate the potentiality of a disproportionate increase of lesser fre-
quency values., This follows because once a quadrat size is reached which
yields a 100 percent frequency for a given species, any further increase

in sample area obviously can elevate only lesser frequency magnitudes.

See Curtis and McIntosh 1950: Fig. 8.
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The shrub data for stands 15 and 21, listed below, illustrate this effect

with particular clarity.

Stand 15 Stand 21

Quadrat sizs Quadrat size

100 m% 4 m 100 m< 4 m2
Corylus smericena 10 ~- Celastrus scandens 2 ==
Parthenocissus quinquef. 100 100 Cornus racemosa 60 50
Rhus radicans 70 20 Corylus americana 20 ==
Ribes cynosbati 90 40 Parthenocissus quinquef. 100 90
Ribes sativum 10 ~- Prunus virginiana 100 50
Rosa carolina 70 -- FRhus aromatica 10 -
Rutus occidentalis 50 = Rhus radicens 40 10
Rubus sp. 60 - Ribes cynosbati : 100 30
Smilax tamnoides 10 ~- Rubus allegheniensis L0 -
Viburnum acerifolium 30 == Rubus occidentalis 30 -
Viburnum prunifolium 10 -- Samrbucus pubens 20 -
Vitis aestivalis 10 =- Smilax temnoides 10 =
Viburnum lentago 10 -

Vitis riparia 70 30

In gtand 15, the total increesse in representation, amounting to 9
species and 36 quadrat occurrences, is refersble in its entirety to the
increase of 96 square meters in sample area. In stand 21, the multiple
occurrence of 100 percent frequencies for species with quite different
degree of dispersion on the basis of data obtained from 4 square meters
indicates even greater over-representation. It would thus seem clear
that in the above stands the smaller area, though yielding records of 73
fewer quadrat occurrences, and only about a third as many species, never-
theless provides a quantitatively more accurate picture of the ecologi-
cally most significant elements.

The evidence is much less conclusive, however, for the 20 stands in
which even the 10 x 10 m., sample sree yielded no 100 percent frequencies.

Nevertheless, even in these stands the larger quadrat size, in consequence
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of its greater disparity in area from the mean for the most abundant shrub
species, would seem likely to display the greater potential for exsggera-
tion of frequency megnitudes.

The preceding observations indicate the desirability of placing pri-
mary emphasis on DF, values in the interpretation of shrub representation.
However, as inspection of Figs. 1l4--21 will show, DF, reference points
are frequently so widely separasted for eny given curve, or sector thereof,
a8 to render recognition of trends difficult, if not impossible, In such
instances data based on 10 x 10 m, quadrats sre of decided value in indicat-
ing whether the gap reflects actual absence, or only sperse dispersion of
the species concerned. Moreover, presence records contribute in similar
fashion to trend clarification, as illustrated by the curves for Cegnothusg
americanus (Fig. 19, B) and Gaultheria procumbens (Fig. 20, C). In criti-
cally appraising a given curve it has therefore been found frequently
necegssary to use all three measures together.

Such analyses of the curves of each of the 40 less infrequent oak
upland shrubs has led to their classification in two arbitrary categories

based on the degree to which they correlate with the continuum index scale.

Specleg exhibiting po obwious correlation with stand seguence. Graphs
of representation for the 25 species placed in this category are shown in

Figs. 14 through 18, As evidenced particularly by the numerous gaps in
representation —- even by data from 10 x 10 m. quadrats -- for ell but a
very few of these curves, lack of evident correlation with stand sequence
brings no diminution in the tendency for changes in grouping so character-

istic of the tree camponents of the oak upland cammunity. Rather, such
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permutations in the shrub synusia appear even more pronounced and varied
in consequence of the larger complement of species and their evident
ability to substitute for one another over the whole range of the stand
sequence,

In the resulting intricate pattern of overall group representation,

the role of the individual specles is relatively obscure. The possibility

s o o 3Ty~

must be acknowledged that the representation of selected small groups of
species with closely similar hsbitat requirements mey show similar pat-
terns of representation, as shown in Fig. 23. However, the demonstration
or refutation of all such relationships would require the use of elaborate
computing equipment and other resources not available for the present
study. By necessity, therefore, consideration of individual species rep-
resentation in this group is restricted to the inter-stand viewpoint.
Regarded thus, the individual species representation would appear
adaptable to, and more efficiently summarized by, methods of synthetic
analysis, Accordingly, in Table VIII relative DFr values and indices of
sumation frequency, eggregate constance and presence are provided for
each of the species in this category. It should be pointed out that
relative DFr values are influenced to a certain extent by shrub represen-
tation correlated with the continuum sequence. This follows because
relative DFr values are based on stand DFr values which have a percentage
basis and are thus influenced by all shrub elements recorded. However,
in view of the rather low total magnitude of such correlated represen-
tation, and the compensatory effect of the xeric and mesic elements, the
residual error from this source would not appear to be serious. It would
be unlikely, therefore, to disrupt seriously the order of species in Table

VIII based on relative DFy values,
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TABLE VIII. Synthetic indices for those shrub species showing no clearly
evident correlation with continuum index sequence

Relative Surmation Aggregate

Species DF, valuel frequency? constance3 Presence
% ? %

Parthenocissus quinquef. 22.0 40.5 89.0 9%.5
Ribes cynosbati 10.5 61.7 86.2 6.2 ¥
Rosa carolina 10.5 43.1 £6.2 86.2 ¢
Prunus virginiana 10.1 INAYA €9.0 89.0 -
Cornus racemosa 9.4 244 66.7 72.3 ¢
Rhu.s radicans 805 2704 72.3 80.6 2
Rubus sp.4 6.2 18.9 66.7 72.3 °
Rubus allegheniensis 4.9 13.9 50.0 52,8 ¢
Corylus americana 3.1 16.7 61.2 61.2 4
Smilax rotundifolia 3.1 10.6 16.7 16.7
Rubus occidentalis 2.4 21.9 66.7 69.5 .
Celastrus scandens 2.3 12.8 L5 58.4
Chimaphila umbellata 1.7 6.1 33.3 36.1
Lonicera dioica 1.5 9.4 36.1 445
Vaccinium lamarckii 1.5 3.1 8.3 10.1
Juniperus communis 1.0 10.1 25.0 27.8
Xanthoxylum emericanum 0.8 1.4 10.1 13,9
Vitis riparia 0.4 7.8 38.9 47.2
Cornus alternifolia 0.1 2.5 10.1 13.9
Diervilla lonicera 0.1 0.8 5.6 10.1
Sembucus pubens 0.1 2.8 16.7 19.4
Vaccinium corymbosun 0.1 1.7 8.3 10.1
Sambucus canadensis - 2.5 13.9 19.4
Vaccinium myrtilloides - 1.4 8.3 13.9
Viburnpum prunifolium - 1.1 10.1 13.9

1The total of all stand DF,, values for a given species expressed as a
percentege of the sum of stand DF, values for all species included in
this list.

2Total quadrat occurrences in all stands expressed as a percentege of
the 360 possible quadrat occurrences.

3Total stand occurrences based on representation in one or more 10 x 10 m.
quadrats per stand and expressed as a percentage of the 36 possible stand
occurrences.,

4Section Flagellares.
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Inspection of Table VIII reveals a general correlation in the index

values for any given species, Such lack of correlation as occurs appears
readily attributable to the type of distribution of the speciles involved.
Thus, the high sumnation-frequency value for Ribes cymosgbatl emphasizes
the non-contaglous pattern of distribution for this species. In contrast,
the comparatively high relative DFr value for Smilax rotundifolig attests
to a strongly contagious distribution correlated with the vigorous vegeta-
tive r eproduction noted for this species in four of its six stations. The

comparatively low relative DF., value for Vitis rinaria substantiates field

observations indicating this species to be of scattered occurrence and
apparently relic status under closed canopy conditions.

With the exception of Vitls riparia and possibly Juniperus comunig,

the last 11 species listed in Table VIII can scarcely be regarded as

normal components of oak upland stands. All attain considerably greater
importance in other habitats in which greater insolation is a prevailing
characteristic, Their inclusion here, therefore, rests on the arbitrary

eriterion of presence in more than 10 percent of the stands.

Shrub representation disnlaying correlation with stand sequence.
Graphs of representation for the 15 species held to exhibit linear or

curvilinear correlation with stand sequence are shown in Figs., 19--21.

As might be anticipated of a habit category which in such large part dis-
plays no obvious correlation with stand sequence, the degree of correla-
tion exhibited by members of this minority group is of variable magnitude
and is never clearly defined. The greatest correlation is exhibited by
the surprisingly parallel trends in DF., and frequency values for the more

frequently recurring species such as Hamamelis virginiana, Viburnum acer-

ifoliwm, V. recognitum and Vitis aestivalis var. argentifolia. The decree
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of agreement in DFr and frequency trends for the ahbove species sugzests

that Lindera benzoin, Ceanothug americanug, Gaultherig procumbeng and
Smilax tamnoideg var. hispida also belong in this category, although the
data do not permit wholly adequate evaluation by DF, values.

In certain curves, presence records have been regarded as contri-
buting to the evidence for correlation, Thus, in the curves for Ceano-
Yhug americenug and Quercus prinoides the concentration of presence records
at the xeric end of the scale reinforce the otherwise meager evidence for
a maxim&m in that sector. An entirely different interpretation would
appear justifiable with respect to the two presence records at the xeric
end of the curve for Gaultheria procumbeng. The magnitude and number of
DF,, values for this species suggest such sporadic distribution as to raise
the question of whether or not chance played a determinative role in the
absence of DF,, records from the xeric portion of the sequence. However,
the two presence records and the intervening pair of frecuency values
lend credence to the view that the environment toward the xeric end of the
sequence may become progressively more rigorous for this species. A sim-
ilar use of presence records for qualifying absence of DF. and frequency
values was made in interpreting the curve for Gaylugsacig baccata. Here,
the two pairs of presence values flanking the definite maxima of DFp and
frequency values are of aid in delimiting the sector of the index scale
seemingly most favorable for this species.

Of the six species with representation confined wholly or meinly to
the xeric half of the continuum index scale (Fig. 19) none display a

definite maximum at the extreme xeric end. The representation of Quercus

prinoides and Yiburpum lentago is of too sporadic occurrence to permit
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designation of a maximum in any sector; that of Vitis segtivalig is
perhaps best interpreted as indicative of a maximum extending over the
whole xeric half of the sequence. The curves for Ceanothus americanus,
Vaccinium vacillans and Gaylussacia baccata, however, appear to manifest
distinct curvilinear correlation with maxima for all three in approximately
the same sector of the index scale.

Of the nine species with representation by DF. values confined to,
or reaching a peak in the mesic half of the sequence (Fig. 20, B--E,
and Fig. 21), only the curves for Smilax tamnoideg var. hispida, Lindera
benzoin and possibly Hemamelig yirginians suggest trends toward maxima at

or beyond the arbitrary limits recognized here for the oak upland community.
Nevertheless, with the exception of the curve for Viburnum recognitum and
possibly that of V. acerifolium, thére are few indications of curvilinear
correlation to be seen in the curves for these mesic species. In part

such lack of definiteness results from a representation too sporadic to
reveal the true pattern of representation, as typified by the curves for

Gaultheria procumbens, Vaccinium angustifolium, Cornug rugogs and Ribeg
sativum. In part it is also a consequence of the lack of continuum data
for such species as Hamamelis virginiang and Viburnuy acerifolium from
stands still more mesic in character.

As the general tone of the above observations suggest, many of the
interpretations relative to the 15 species whose representation is held
to exhibit correlation with stand sequence must be regarded as provisional;
their validation and refinement must await more intensive and extensive
application of the continuum principle to the upland forests of southern
Michigan.
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Herbs

As previously mentioned, the herb data consist of species lists
canpiled from varying numbers of three different sample sizes. The
10 x 10 m. quadrat size was universally employed and thus data yielded
by this quadrat area comprise the standard of comparison for all stands.
Data obtained from such quadrats established in the 36 stands selected

for intensive study are recorded in Apnendix Taeble LXXVII,
Comparison of Data from Different Sizes of Quadrats

Some conception of the reliability of the three quadrat sizes used
in yielding information relative to the floristic and vegetational compo-
sition of the herb synusia is provided by data from a complex of seven
stands located in northeastern Jackson County (see Fig. 1). These stands
are developed on a single soil type and are so nearly contiguous ss vir-
tually to nullify distance and isolation influences on community composi-
tion. In consequence, as measured by 10 x 10 m, quadrats, the comple-
ment of herbaceous species for the complex appears to exhibit scarcely
less uniformity from stand to stand than one would expect to find among
the several sectors of a single stand (Table IX). That such uniformity
is unique for the complex, and not merely a manifestation of the pre-
dominance of certain herb elements throughout the oak upland cammunity,
nay be readily demonstrated by comparing the herb records for the seven
stands as a group with those of the other 29 stands included in the study.
Such comparison reveals that the seven stands of this complex possess a

group individuality equivalent to that of a single stand. Thus, there



ocorded in sets of 10 quadrats of three different sises established in each of seven

wvithin a circle of one-half mile radius.

Frequency data for the 42 most
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would seem to be considerable Justification for regarding the averaged
data yielded by each of the cquadrat sets used in the camplex as rep-

resentative of a single large stand.

Species-area relationshipg. Table X was prepared to demonstrate the
relation of quadrat size to number of species, and to supply a basis for
some estimate of the number of smaller quadrats needed to match the species
total obtained by a single set of 10 x 10 m. quadrats. The seventy 1 x 1
m, quadrats established in the complex, as shown in Table X, contained a
total of 44 species, only 2 more than the average for each of the seven
sets of ten 10 x 10 m. quadrats, and only slightly more than one-half the
cunulative total found in the latter size., Although Table X indicates
that 2 x 2 m. quadrats contain about half as many species per set of ten
as do the 10 x 10 m., quadrats, the declining trend of the species-area
curve would indicate that considerably more than twenty 2 x 2 m. quadrats
would be required to equal the species total provided by ten quadrats of

the largest size,

Freguency-area relationships. The approximately 7:3:1 ratio of
average species densities indiceted in Table XI provides a basis for

interpreting the frequency pattern correlated with each quadret size.
Because of the intermediate size of the 2 x 2 m, quadrast, frequency
totels obtained from such sample areas would seem to provide a logical
point of reference for messuring the relative degree of deviation from
the 7:3:1 ratio, Thus, for the first 24 species listed in Table IX,
two-thirds of the frequency totels obtained from 2 x 2 m, semple arees

show closer asgreement with totels from the 10 x 10 m. quadrats than with



TABLE X. Relation of quadrat size to number of herdb species recorced
in seven stands encompassed by a radius of one-half mile,

Ave, Cunulati
Quadrat Stend number spe2§es spezge:e
size 8 16 22 24 28 31 32 o, total
10m® 51 46 58 31 33 41 35 421 g5
Lm? 24 2, 22 12 18 21 13 21.7 53
1m® 12 16 18 7 g 1 Vi 11.3 L

TABLE XI. Relation of quadrat size to averege species density of
herbs recorded in seven stands encompassed by a radius

of one-=half mile

Quadrat Stand number Aveée:§§§;95
size g 16 22 24 28 31 32 all stands
100 m® 18.1 4.2 21.9 10.3 10.3 13.9 13.7  14.6
tu? 5.8 5.7 7.4 23 42 5.0 2.5 47
1m? 2.6 3.1 3.8 09 1.6 1.8 1.2 2.1
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those from the 1 x 1 m., size. The frequency pattern associated with the
smallest sample asrea is thus revealed to be relatively unique. The
question therefore arises as to whether the sample area of 1 square meter
provides a more or a less reliable messure of overall herb frequency than
do the other two quadrat sizes.

Only one-third of the deviations from the 7:3:1 ratio by frequency
totels from 1 x 1 m, quadrats are positive, FHowever, those positive
values for the first three species listed in Table IX reach extreme mag-
nitudes. The concentration represented by the 60 frecuency records for
these three species comprises 40 percent of the frequency total obtained
from 211 1 x 1 m. quadrats.

Negative deviation from the 7:3:1 retio by freguency records from

1 x 1 m. quadrats are particularly evident in the totals for Galium cir-

caezang, Thallctrum dioicum, Smilacing racemosa, Aster cordifoliug,
Uvularia grendiflora, Saniculg marilandica, Gersnium maculatum and Feg-

tuca obtusa. As shown in Table IX, no member of this group wes recorded
in less than six of the seven stands; five of these species were
recorded in all stands. Thus, the fallure of any species of this group
to be registered in more than four of the 70 quadrats of 1 square meter
size would appear strongly suggestive of a Q/MA ratio too low to sllow
its regular representetion.

In providing a measure of the degree of regularity of dispersion,
the sample area of one square meter is evidently unrelisble, With an
aversge species density seven times greater, the 10 x 10 m, quadrst pat-
ently is much more effective in supplying such a messure, Moreover, that

the latter size of sample area performs this function without an excessive
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upward shift in frequency magnitude39 of less abundant species, may be
confirmed through a species by species comparison of the freguency totals
in Table IX for the two larger quadrat sizes. Finally, use of the seme
quadrat area to obtain quantitative data for sll vascular components of
the community would seem to assure maximum opporturity for detection of
such inter-synusial relationships as may exist. In view of these consid-
erations the sample erea of 100 square meters was regarded as the most
suitable size for use in a regional study where primary emphasis was
directed toward the disclosure of inter-stand end inter-synusial correla-

tions .
Ecologically Significant Ferb Species

Of the some 250 herb species listed in Appendix Table LXXVII, only
74 species were recorded in more than twenty percent of the stands studied.
The remainder, except for a group of 26 species whose occurrence records
are restricted to relatively narrow segments of the continuum index scale,
would appear to have little ecologicel significance in the osk upland com-
munity of southern Michigan., Their representation is regarded, therefore,
to be adequately treated by Appendix Table IXXVII,

The frequency curves for the 74 herb species recorded in eight or
more stands were criticelly studied to determine the degree to which they
correlate with stand sequence. Unless the evidences of correlation in
the frequency trend for a given species were definite and reasonsbly con-
sistent, such a species was not included in the correlated group. There-

fore, additional data, including index values of density and coverasge,

%see p. 88 for an example of such shift in frequency representation
of shrubs.,
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would probably increase the number of species in the correlated group.

In the absence of such density and coversge data, it would seem
necessary to qualify, as provisional, the status of those species inter-
preted here as correlated with stand sequence. Nevertheless, the fre-
quency trends for these species seem sufficiently definite and consistent
with field observations as to merit considerable confidence in their

relisbility.

quency graphs for the 40 species included in this category are shown in
Figs, 24~=27. The order in which the graphs are arranged in these figures
is determined by the total number of frequency records for each species.
This number constitutes a gross messure of community-wide frequency, here
termed gummation frequency; it is given numerical expression in Table XII,
wherein are listed two other synthetic indices for this group.

With three exceptionslo this category includes all herbs recorded in
more than 70 percent of the stands studied. With a single exceptionll
it includes all species attaining summetion frequencies in excess of 30
percent, This group is thus seen to include a very great proportion of
the leading herb species occurring in the oak upland community. However,
such leading species, together with most of the other herbs, should in
no case be regarded as exclusives of the oak upland comnunity. Rather,

with few exceptions, the members of this group will be recognized as wide

ranging species of upland forests in general.

10Desmodium nudiflorum, Helienthus divaricatus, Festuca obtusa.

11Desmodium nudiflorum,
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TABLE XII, Synthetic indices for the more common herb species showing
no clearly evident correlation with stand sequence

Surmiation grecate
Species frequencyl constance? Presence
% Z
Smilacina racemosa 69.8 100.0 100.0
Carex pensylvanica €7.8 91.7 94.5
Gelium circaezans 56.1 94.5 97.2
Polygonatum sp. 55.6 9.5 9.5
Geranium maculatum 48.1 91.7 100.0
Aster macrophyllus 46.7 77.8 83.3
SOlid&go ca.eSia 4309 6309 7202
Osmorhiza claytonii 34.7 69.5 88.9
Desmodium glutinosum 32.0 75.0 20.6
Hepatica americana 30.8 50.0 52.8
Amphicarpa bracteata 30.3 86.1 97.2
Aster cordifolius 25.3 83.3 88.9
Circaea quadrisulcata 23.9 61.1 77.8
Potentilla simplex 2,1 63.9 75.0
Smilex ecirrhata 13.3 47.2 58.4
Viola sororia 1.1 33.3 38.9
Botrychium virginianum 10.6 52,8 69.5
Phryma leptostachya 10.3 30.6 30.6
Agrimonia gryposepala 9.4 44,5 58.4
Galium aparine 8.6 16.7 22,2
Dioscorea villosa 7.8 41.7 52.8
Pyrola elliptica 7.2 36.1 44,5
Aster laevj-s 604 25.0 3303
Maianthemum canadense 6.1 25.0 30.6
Anemone quinquefolia 6.1 22,2 22,2
Asclepias exaltata 5.6 38.9 58.4
Fragaria virginiana 5.8 36.1 56.8
Panicun latifolium 5.3 30.6 58.4
Sanicula canadensis 5.3 19.4 22,2
Podophyllum peltatum 3.9 25.0 33.3
Prunella vulgaris 3.6 22,2 25.0
Smilax herbacea 3.6 11.1 25.0
Mitchella repens 3.6 11.1 22,2
Lathyrus venosus 3.3 19.4 33.3
Luzula multiflora 3.3 11.1 36.1
Heuchera richardsonii 3.1 22,2 25.0
Taenidia integerrima 3.1 13.9 25.0
Angelica venenosa 2.8 16.7 22,2
Desmodium paniculatum 2.2 11.1 27.8
Veronicastrum virginicum 2.2 13.9 25.0

1Total quadrat occurrences in all stands expressed as a percentage of
the 360 possible occurrences.

2Total stand occurrences based on at least one quadrat tally per stand
and expressed as a percentage of the 36 possible occurrences.
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Most of the species with relatively high presence values (Table XII)
also attain high quadrat, and summation frequencies, Notable exceptions
to this generalization, however, are seen in the data for Botrychium
virginianum, Agrimonis gryposepala, Dioscorea willosa, Asclepiag exaltats,
Fragarig virginiang and Panicum latifolium. All of these species were
recorded in at least half of the stands studied, but none attained a
quadrat frequency of more than 50 percent, or a summation frequency
greater than 11 percent., In consequence, the synthetic data for these
six species show a relatively high ratio of presence to summation fre-
quency of from more than 6:1, to more than 10:1,

A contrasting value of less than 3:1 for the sbove ratio is evident
from the synthetic data for Jepatica emericana, Phryma leptostachys and
Galium aparine. Reference to Figs. 25 and 26 reveal these species to
attain higher quadrat frequencies than other species of comparable pres-
ence,

The apparent low presence value of G. gparine is attributable
probably in an Important degree to completion of the life cycle and
disappearance of this annual by the time many of the stands were studied.
On the other hand, the low presence value of H. gmericana relative to the
prevailingly high level of quadrat frequencies for this species, attests
to some decisive environmental control. Deam (1940: 462) has noted a
similar puzzling absence of this species in evidently suitable habitats,
and has suggested a possible correlation of such absence with low soil
acidity.

With decreasing presence, interpretation of frequency curves based

on records distributed over much of the continuum index scale become
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increasingly subject to error. Moreover, despite such broad scale
distribution, species of low presence would seem less likely to be
adapted to the full range of habitat conditions existing in the oak
uplands than would more regularly recurring species. It is probsble,
therefore, that frequency curves based on a very large number of stands
would reveal some of the species charted in Figs, 26 and 27 to be cor-
related with stand sequence. On the basis of present suggestive, but
inconclusive, frequency trends, species most likely to exhibit such cor-
relation include Aster lsevis, Maisnthemum cangdenge, Sanicula canadensis,
Lathyrus yen , Angelica venenosa and Teenidig integerrimg.

Inadequate data also prevent conclusive evaluation of the frequency
trends for Polygonatum biflorum and P. pubescengs. Prior to the publica-
tion of edition eight of Gray's Manual (Fernald 1950), both of these
entities were recorded as P. biflorum. Subsequent records suggest that
P. bifloyum may be more xeric than P. pubescens (see Appendix Table LXXVII),

Eerb specles correlated with stand seguence. Curves for the 60
species indicated by stand occurrence and/or quadrat frequency to be cor-

related with stand sequence are charted in Figs. 28 through 32. The
graphs are arranged in an order which approximates, insofar as the often
restricted data permit, a progression from species recorded only in xeric
stends, through those most prominent in intermediate sectors of the scale,
to those evidently restricted to the mesic extreme of the oak upland com-
munity.

As was found true of the non-correlated group of herbs, low frequency
values tend to be concentrated among the species of limited stand occur-

rences. Thus, of the 32 species for which no frequency values in excess
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of 50 percent were obtained, only Monotropa uniflora and Corallorhiza mac-
ulata were recorded in more than one-third of the stands,

The only member of the group of 26 species recorded in less than eight
of the stands to exceed a 50 percent frequency value is Prenanthes gltiggima,
The stand occurrence indicated for this species, however, is doubtless far
too restricted, since at the time data were collected in 15 stands, the
stage of development of Prenanthes did not permit specific determination
(see Appendix Table LXXVII).

Most of the other 25 species recorded in less than 20 percent of the
stands attain much greater importance in other comnunities. Of the ten

species restricted to the xeric portion of the stand sequence, Solidago

hispida, Cacglia atriplicifolis, Phlox pilosa, Euphorbia corollata, Rud-
beckia geroting, Achillea lanuloga and Antepnaria plantaginifolias are

recognized as plants of old fields, woodland borders or prairies. Although
the remaining members of this restricted xeric group, consisting of Deg-
modium rotupdifolium, Legpedezg intermedia, Lysimachia lanceolata and
Hackelig virginiana are to be regarded as woodland forms, D. rotundifolium
and L. lptermedis appear to be markedly intolerant, in that they are
restricted almost wholly to well insolated openings. The relstively high
frequency for both these species in stand 22, and for D. rotundifolium in
stand 16, in all probability 1s correlated with the rather abrupt south
slopes on which both these stands were developed (see Table XIII).

The remaining 16 species occurring in less than eight of the stands,
are included among the curves charted in Figs. 30, 31 and 32. With the

exception of Conopholig gmericana and Cinna grundinaceg, all the members
of this group exhibit far greater ecological importance in the beech-maple



116,
camnunity . A root parasite, Copopholilgs gmericana is described by Deam
(19403 860) as occurring typically in oak woods with a deep leaf litter.
It was observed in such surroundings in stands 34, 35 and 36. Cinna
arundinacea attains greatest importance in poorly drained, heavy textured
soils supporting a bottomland, or even swamp type of forest.

Of the group of 34 species occurring in more than 20 percent of the
stands, a total of 26 species included in the portion of the graph sequence
beginning with Aster gegittifolius (Fig. 29, F) and ending with Adiantum
pedatum (Fig. 32, D) attain maximum frequency values in the mesic portion
of the index scale. Moreover, with the excentions of Aster sagittifoliug,
Galium boreale and Corallorhiza maculata, this group is identified with
the beech-maple community in scarcely less degree than the more restricted
group toward the mesic end of the graph progression (Billington 1925;

Deam 19403 Bingham 1945).

Frequency curves for the remaining eight members of the group of 34
species occurring in more than 20 percent of the stands are included in
the portion of the graph sequence beginning with Lysimachia guadrifolis
(Fig. 28, I) and ending with Helianthug divericatus (Fig. 29, E). These
curves are seen Lo be marked by relstively low magnitude —- or absence —-
of frequency records over most of the mesic sector of the sequence. Only
Degmodium pudiflorum and Helianthus divericatus appear well represented
over the whole range of the stand sequence.

Considering all 60 species included in Figs. 28 through 32, 41
species, or almost 70 percent of the totel, are shown to reach meximum
stand occurrence and frequency megnitudes toward the mesic end of the

Index scale, This group tendency is responsible in lerge part for the
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rising trends shown in the curves for total species camplement and everage

species density of the herb synusia (see Fig. 36).

Correlation hetween Ieading Domipapts end

—

Continvum Index Seouvence
p—— =

Abundant evidence emphasizing the greet heterogeniety of the oak
upland community has been presented in preceding sections. The inclusion
of so many and widely dissimilar vegetational elements under this single
cammunity neme suggests the practicel desirability of some empirical means
for designating stends in terms of leading dominants., The importance value
index has previously been described ss the most comprehensive measure of
dominance available, Accordingly, designation of stands by the two or
three leading dominents as determined by importasnce values would seem to
provide a convenient means of reference wiich could supplement, or sub-
stitute, for continuum index number.

Bearing upon the significance and utility of such an empirical system
of classification 1s a consideration of: (1) What combinations of leading
dominants recur with greatest regularity? (2) What relation do the various
cambinstions beer to the continuum index sequence? (3) How harmonious,
from the standpoint of the concept of climax adaptation, do such caombina-
tions appear to be?

In an attempt to provide answers for these questions, Figs. 33 and 34,
showing scale positions of stands designsted by two, and three leading dom-
inants, respectively, have been prepared. As indiceted in Fig. 33 only
four leading dominant pairs are not duplicated; yet only five such pairs

recur more than twice. Of the latter, the combinstions of black oak-pignut
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hickory and black oek-black cherry are restricted to surprisingly narrow
segments of the index scale. Moreover, the black oek-red osk combination
is responsible for the only overlap exceeding 75 scale divisions.

Considering all pairs, only those of black oak-red oak, black oak-
red maple, snd red oek-pignut hickory appeer not in accord with the
principle of climax adaptation., The black oek-red ogk combinstion seems
particularly anomalous in view of the very wide range of the continuum
index scale over which stands with this pair of leading dominants are
distributed. Evidence is svailable suggesting that all three of these
seamingly incongruous combinations may reflect modifications resulting
fram heavy disturbance in the past. Indicetions that stends 8, 16, 31
and 32, prior to modification, may have been domineted by red and white
oek will be presented later. The owner of stand 25 revealed in conversa-
tion that selective removal of white oak occurred in 1889, and that the
hickory was taken out about twenty yeers ago.

Evidence thet black oak may comprise an abnormel leading dominant
in stands 18, 20, 23 and 35 is provided by other tree components, par-
ticularly Caryas cordiformig end Fagus grandifolis which occur in ell four
stands, and Tilia gmericana which was recorded in sll except stand 20.
Such evidence is strongest in stand 35, where the combined importance
values of Acer saccharum, Fagus grandifolia and Tilia gmericapa reach a
total almost double that of black oek, It is weakest in stand 20, where
the importance value of black osk is doutle that of any other species.
Nevertheless, that disturbance might conceivably result in such a great
preponderance of black oak is demonstrsted by the composition of stand 8

as campared to other stands of the camplex of which it is s part.
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Interpretation of the combinstions of black oak-red osk and black oak-

red maple as anomelies correlated with unusual past disturbance, permits

recognition of a continuum index boundsry in the scale sector between 1350

and 1400 which serves to separate stands characterized by black osk as one

of the two leading dominants from those similsrly distinguished by red oak.

distinct, it would obviously prove useful as a basis for delimiting two

relstively homogeneous subdivisionswgg;fﬁf oak upland ccmmunity. );?Gﬁi’,v

Fig. 3/ shows 16 combinstions of three dominsnts of which nine are fy*”

unduplicated, and five are repeated more thaen twice., Moreover, a con-
spicuous overlapping in index position is cheracteristic of all recurring
combinations. With the single exception of stand 18, all stands with
leading pairs of dominsnts (see Fig. 33) interpreted as anomalous show
similarly sbnormal combinations of three leading dominsnts.

From the standpoint of suitability as a basis for empirical classifi-
cation, combinations of three leading dominants would appear to have few
advantages to compensaste for the greater number of combinstions, the many
unrepeated cambinations, and the broad overlapping in scale position of

stands representing recurring groupings of dominants,

Continuum Index Numbers as Messures of
Environmental Influences

In providing a quentitative means for representing the dominant
elements of an entire stand by a single number, the concept of the vege-
tational continuum index would seem notably complementary to the func-

tional, factorial approach to enviromment-vegetation relationship advanced

/
Should further investigation demonstrate this boundary to remain reasonably/f
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by Major (1951). It must be aclmowledged that the imperfect correlation
indicated in previous sections between the represenietion of tree dam-
Inants and lesser synusiae necessitates that the continuum index numbter
be regarded as only an approximate representation of the ent.ire stand.
Nevertheless, such an approximstion would appear comparable in accuracy
to any value which could be assigned to any one of the five gross vari-
ables recognized by Major (1951: 393). Therefore, once comparable stands
have been located which effectively differ as to environment by only one
of the five factors, the fleld investigator needs only to establish con-
tinuum index numbers for each stand in order to obtain a gross evalua-
tion of the influence of that envirommental factor in terms of vegeta-
tion response. While such evaluation is comparative and obviously only
approximgte, it nevertheless would seem to provide a worthwhile standard
of camparison against which the vegetationel response to effective vari-
ation of other envirommental influences mey be weighed. By such comparison
some estimate may be made as to the relative degree to which the various
environmental factors, or factor camplexes, influence stend composition
within a natural area.

In southern Michigan the scarcity of suitable "natural leboratories®
markedly restrict the joint ugse of these two procedures to measure the
influence of single environmental variables on the composition of oak
upland stands. In part such scercity is a function of micro-diversity
in the surface configuration and composition of the drift mentle, which
still is strongly reflected in local land forms and soil profiles., Slopes
seldom are of sufficient length to allow evaluation of topographic influ-
ence, On a stand basis, edaphic influence is rendered difficult to inter-

pret by the common occurrence, even within a few feet, of marked variations
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in soil profile.

By far the most important reason for the rare occurrence of suitable
experimental areas, however, is the pronounced fragmentation and modifica-
tion of the oak upland comaunity resulting from the activities of man.
Mention has previously been made (in the section on post-settlement
history) that in southern lichigan only about ten percent of the land
remains in forest. Moreover, an overwhelming proportion of the remaining
forest in all areas has been profoundly modified by psst utilization
practices.

The major share of modifications induced by such practices appear
to be of long standing, or at least tend to antedate the periods of resi-
dence of the local populace. As a result, relatively little relisble
information concerning past history can be gained from local residents.

In advanced second growth stands, contrasts coinciding with property lines
usually comprise the only tangible evidence of compositional changes in-
duced by past utilization (see Fig. 36). Such evidence, however, merely
reflects the influence of two differing patterns of utilization on a
common prototype. In no way does it provide a measure of the absolute
nature and degree of modification of that prototype. It is thus evident
that the influence of past utilization may not be expressed quantitatively
in a menner comparable to that of soil type or slope class, which may be
assigned a definite value on the basis of intrinsic properties of the
factor Iinvolved.

In the absence of a relisble means to measure the influence of past
utilization, it would appear necessary to restrict any attempts to eval-

uate topographic or edaphic influences to single tracts wherein careful
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reconnaigsance reveals no pattern of differential past disturbance to
exist. In the various sectors of such tracts it would then seem just-
ifiable to regard the influence of past utilization as constant, or vary-
ing ineffectively, even though the actual magnitude of such influence be
unknown, As might be anticipated, relatively few tracts were found which,
in their various portions, provided opportunity to evaluate influence of
soil or topography, while showing, at the same time, no evldence of dif-

ferential past utilization.

Influence of Slope

In Table XIII ere shown the past land use and topographic contrasts
which serve to distinguish seven individual stands in an otherwise closely
similar complex made up of four contiguous tracts. Pairs of these stands
occurring in each of three different tracts provide an opportunity for
evaluating the influence of: (1) slope exposure in a tract containing some
old growth remnants (stands 22 and 28); (2) slope exposure in a completely
second growth tract (stands 16 and 32); (3) relative position on a slope
of northern exposure (stands 24 and 31). The first two pairs of stands
mentioned above occur on slopes of comparable length and incline, rang-
ing from 200 to 400 feet in length, and averaging close to 20 percent in
gradient. The third pair of stands is located on a longer and more abrupt

slope exceeding 500 feet in length and approaching a 30 percent gradient.
Influence of Slope on Tree Dominants

The differentials in continuum index number evidently referable to

slope influence are indicated in the bottom column of Table XIV. The
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TABLE XIV. Net positive differences in weighted importance values

between indicated stand pairsl contrasted to
illustrate influence of slope

Contrasting stand pairs

Species

22 vs, 28 16 vs, 32 2% vs. 31
Acer rubrum -— 203 - 284 - 137
Acer saccharun -— - -— -— - 56
Amelanchier sp. -— - -— -— -— 18
Carya ovalis 85 - 1 — 108 —
Cornus florida -_— - - 22 - 22
Fagus grandifolia -— -— - - 47 -—
Fraxinus americana - 31 - - 13 -—
Ostrya virginiana —_— - - - -—_ 21
Prunus serotina 37 -— 51 - - -—
Quercus alba T4 - 130 - 221 —
Quercus rubra -— 278 - 553 - 167
Quercus velutina 43 - 159 — 2 -
Sassafras albidum - -— 22 -— - -
Tilia emericana -— L8 - - -— -
Ulnus americana 32 - - -— —-— —

Total net positive
difference 271 560 363 859 391 641

Differential in continuum

index number 289 496 250

1See Table XIII for stand characteristics.
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differences in weighted importance values which collectively produce these
differentials in continuum index number are shown in the upper rows of

this same table, These latter data indicate without exception that Acer

rubrum and Quercus rubrg are most important in the more mesic member of

each stand pair, while Carya ovalis, §. alba and §. veluting are more

impogfﬁgf in the less mesic membgrz

: A note of interest, and an indication of the reliability of the con-
tinuum index values campiled for stands 24 and 31, is provided by data
from 10 quadrats oriented on a diagonal line from crest to base of the
north-facing slope on which these two stands are located (Appendix Tables
XXXVII and LXXIV), The continuum index number of 1653 computed from the
data obtained by this sampling pattern might thus be regarded as represen-
tative of the entire tract. That such a number should be only 12 points

from the mean of the continuum index values for stands 24 and 31 would

therefore seem to constitute a favorable reliability check.
Influence of Slope on Other Community Components

Tree reproduction. The three classes of tree reproduction tend to
show the same general response to slope influence as do the dominent
elements. Correlation involving any given species, however, is less
predictable, as evidenced psrticularly by Quercug ruvbra, which in all
three reproduction classes was recorded in grester smount in stand 16

than in stand 32 (see Apperdix Tables).

Shrubs, With the exception of three species, the shrubs recorded

in two or more stands of this complex show no definite correlation with
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slope. The exceptions involve Cearothus sarericerug which was not recorded

on any north slope, Vitis gestivelis var. grgentifolias which wes not
recorded in stands 28, 31 and 32, and Yiburnum acerifolium which appears

cleerly most abundent on north slores.

Herbs. Totals of species per stand (see Table X) and aversge species
densities (see Table XI) agree in indiceting restricted herb representa-
tion on north slopes of this complex, On a species basis, such restric-
tion is explained by the relatively few herbs more abundantly represented
on north slopes, as contrasted with the group evidently restricted in
occurrence or gbsent on such sites. Of the 42 species listed in Table IX,
only Uvularia grandiflora, Cerex albursina and Adiantum pedstum appear
clearly most abundant on north slopes. A much larger group, notably
Helignthug divaricatus, Pteridium aquilinum var. latiusculum, Vicig

carolinieng, Desmodium rotundifolium, Lespedeza Intermedia and Anermone
virginjana is evidently much restricted on such slopes.

The evident sperseness of the herb synusia on north slopes of this
stand complex runs directly counter to the tendency for herb representa-
tion to increese in both species and species density with increasing con-
tinuum index number (see Fig. 37). The implications of this departure
from the general synusial trend will be considered later in connection

with other deviations from thet trend.
Influence of Soil

Primarily becsuse of differential patterns of past utilization, the
influence of soil in contributing to the diversity of the oak upland cam-

murnity is peculiarly difficult to essess with any precision, Attention
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has previously been called to the need for basing each attempt at such
evaluation upon data obtained from a single tract which appears to have

had uniform treatment in the past.
Soil Variation within Single Tracts

Variations in soil profile of differing magnitude may usually be
readily demonstrated in any oak upland tract in southern Michigan. Where
such variation does not exceed the relatively narrow limits established
for a given soil type, the associated vegetation might likewise be ex-
pected to vary relatively little. Most surprising, therefore, is the 649
point difference in contimuum index number between stands EE and %zz located
in a 40 acre tract mapped entirely as Miami loam. Slope in this tract is
to the west and aversges less than 2 percent. There is no evidence that
the pattern of past utilization of the two stands has been different.
There is, however, evidence of greater moisture retentivity in stand 27
in the form of frequent wet depressions occupied by Quercus bicolor and
Caryg ovata (see Fig. 2). It would seem, therefore, that soil influence
must be considered the prime variable correlated with the differential
in continmuum index number between these two stands.

In view of such a large differential evidently attributable to
variation within a single soil type, it would seem likely that many
replicate continuum index numbers would be necessary in order to provide
a reliable estimate of the influence of soil variation greater than the

limits of a single soil type. The likelihood that the remnants of the

oak upland community in southern Michigan would prove too fragmental to
v__—"—-———-—»‘ . e e . . —_— e

NS W A B kO e m S

permit such estimation seems very great. Only a few oak upland tracts

e i e
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developed on more than one soil type were encountered in the course of
this study. None were considered suitable for measuring differences
between soil types in terms of vegetational response. Usually only one
of the represented types occupied sufficient area to permit sampling of
the assoclated vegetation by the usual pattern of dispersed quadrats;
often variation in soil type was found to be correlated with some ob-
viously effective variation in topography; occasionally the included
soil types were found to be so intricately distributed es to form a
camplex supporting vegetation representative of no soil type in particu-
lar. The latter condition is well exemplified in the 40 acre tract in
which stand 36 is located. Over considerable portions of this tract
small, alternating bodies of Brookston loam and Napanee silt loam form
a mosaic with which is correlated a stand camplex composed of elements of
osk upland, beech-maple, and bottamland forest.

Correlation between Soil Type and
Continuun Index Number
The contrast in continuum index value between stands 10 and 27
suggests that soil variation may profoundly influence the continuum index
sequence. Fig, 35 was prepared in an effort to determine whether or not
soil influence is of such magnitude as to permit recognition of a pattern
of correlation between soil type and continuum index number despite the
effective variation of the other envirommental factors. Inépection of
this figure reveals two facts of considerable significance: (1) with
the exception of stands 24, 28, 31 and 32, developed on Bellefontaine

sandy loam, no continuum index values compiled for stends associated
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with soil types designated as sands, loamy sands or sandy loams exceeded
a value of 1500 points; (2) with the single exception of stand 10,
developed on Miami loam, no continuum index values compiled for stands
assoclated with soil types designated as loams or silt loams failed to
exceed 1500 points.

It will be recalled that the four exceptional stands developed on
Bellefontaine sandy loam are all located on slopes of northern exposure
(Table XIII). Moreover, in comparison to the index positions of the four
other stands developed on Miami loam, the index position of stand 10
appears clearly anomalous (Fig. 35). The general observation would

therefore seem permissible that, in terms of vegetatlonal response, index

position 1500 serves to delimit two broad textural groupings of soils on

~

which oak upland stands are developed in southern Michigan.

The sequence of soil types in Fig. 35 is not to be interpreted as
representing an attempt to arrange the types in accordance with their
moisture relationships as suggested by the data obtained in this study.
Such data are far too scanty, and the influence of other envirommental
factors far too efective, to Justify such an attempt. Nevertheless, the
sequence, determined merely by the lowest continuum index mumber associated
with each type, seems in reasonable accord with existing views (Veatch
1953) as to moisture relationships of the types represented. Thus, there
is considerable support for the view that the gdaphiclfactor may be con-
sidered the prime variable in the oak upland eﬁvironment of southern
Michigan,

Influence of Past Utilization

The full degree to which past patterns of utilization modify vegeta-

tional expression of other envirommental influences camnot, of course, be
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determined by comparison of second growth stands. However, a well stocked,

uneven-aged stand including a considerable proportion of old growth and
showing no evidence of heavy pasturing might, with some justification,

be considered a reasonable approximation of the primary condition. In
any event such a stand should be expected to diverge from that condition
in far less degree than one totally lacking old growth elements and show-
ing a tendency toward even-aged second growth. Of the stands compared
and contrasted in Table XIII, numbers 22 and 28 agree with the former
characterization, while numbers 8, 16 and 32 fit the latter. A suggestion
of these differences is shown in Fig. 36.

As previously indicated (Table XIII), the differential past treat-
ment appears to be the only effective envirommental variable correlated
with compositional differences between stands 22 and 16, located on south
slopes. The same observation applies likewise to stands 28 and 32, lo-
cated on north slopes. Accordingly, Table XV was prepared to highlight
contrasts in weighted importance value involving the members of these
two stand pairs.

The 187 point difference in index position between stands 22 and 16
would seem definitely indicative for severe disturbance, urder the con-
ditions extant in these two stands, to be reflected in a more xeric
assemblage of dominahts. The 20 point difference in the contimnm index
mmbers compiled for stands 28 and 32 appears of too low magnitude to be
definitely indicative of an opposed trend under the envirommental con-
ditions common to these stands. It does, however, demonstrate that
disturbance does not necessarily favor species of more xeric affinities.

The differences in weighted importance values, comprising the body
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showing older

including some of coppice origin,

FIG, 36. View along the line fence between stands 16 and 22
timber at the right and younger growth,

at the left,
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TABLE XV, Net positive differences in weighted importance values between
indicated stand pairsl contrasted to illustrate influence

of past utilization

Contrasting stand pairs

Species

2 wvs. 16 28 wvs., 32
Acer rubrum -_ 17 -— 98
Carya ovalis 50 - — 34
Cornus florida -_— - - 22
Fraxinus emericana -— -— 31 -—
Prunus serotina 4 - 18 -—
Quercus alba 206 - 262 -
Quercus rubra 60 - — 215
Quercus velutina - 126 -— 10
Sassafras albidum -— 22 -_— -—
Tilia americana — — P4 -—
Ulmus americana 32 -— -— -—
T ot Dositive 32 165 339 Im
Differential in continuum 187 20

index mumber

1gee Table XIII for stand characteristics.
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of Table XV, reveal the detailed pattern of changes correlated with both
contrasts of differential stand disturbance. These changes are seen to
be of a much higher order of magnitude than might be expected from the
size of the differentials in continuum index number, especially the 20
point difference between stands 28 and 32. The marked decresse in importance

of Quercus alba in the wholly second gi'owth stands is the most conspicuous

feature common to both contrasted pairs. Acer rubrum and Q. yeluting are
indicated to be more important in the wholly second growth stands. How-
ever, the increase in weighted importance value of A. rubrum in stand 16
is seen to be scarcely significant, as is true of that for Q. yelutina in
stand 32,

The great relative increase in importance value of Q. rubra in stand
32 together with that of A. rubrum in the same stand, end of Q. yelutina
in stand 16, is strongly suggestive of the possibility that slope influence
may be augmented by stand disturbance. This suggestion is further sup-
ported by the data in Table XIV which show the total net positive differ-
ences in weighted importance values between stands 16 and 32 to reach con-
siderably higher values than those between stands 22 and 28, Thus, even
though evidence supplied by contimuum index numbers does not appear deci-
sive, significant differences in weighted importance values would seem to
permit the tentative observation that, in reference to slope influence,
second growth stands tend to show greater contrasts in composition than
do primery stands.

Some conception of the degree to which stand disturbance may modify
contimum index number is provided by stand 8 (Table XIII). Because of

the absence of effective slope influence stand & is not comparable with
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any of the other stands of this complex. However, it would seem unlikely
that the primary assemblage on this site should have been more xeric than
stand 22, located on a south slope. The possibility must be acknowledged
that the 305 point difference in continuum index number between stands 22
and 8 mgy in part be attributable to effective soil variation within the
limits of a single type.l2 However, the likelihood of such influence in
any important degree would appear smell in view of the high importance
value of Quercus rubrg in stand 8.

In a classification based upon the two leading dominants as deter-
mined by the importance value index, stand 8, in company with stand 16,
would necessarily be regarded as a black oak-red oak type; likewise,
stands 31 and 32 would be designated as pignmut hickory-red oak (see Fig.
33). Such combinations of leading dominants have previously been inter-
preted as anomalous and probably indicative of stand disturbance. This
interpretation would appear valid in the case of these 4 stands. Numbers
22 and 28, representing the least disturbed members of a complex including
these 4 stands, are clearly to be classified as white oak-red oak types
on the basis of the two leading dominants (Appendix Tables XXII and XXVIII),
The low importance of white osk in stands 16, 31 and 32, and its near
absence in stand 8, would thus seem strongly suggestive of differential

disturbance which evidently reached peak intensity in stand 8.

By permitting establishment of a sequence of stands based upon

125imilar to that evidenced by stands 10 and 27, considered previously
(see Fig. 35).
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variations in the dominent synusia, the continuum concept provides a
convenient means for determining the degree to which such variation is
reflected in the lesser synusiae. Should correlation of this nature be
found to exist, it would edd, in proportion to the degree displayed, to
the significance of the stand sequence as an expression of a parallel
sequence of integrated envirommental influences. Accordingly, the
measures of total herb end shrub representation obtained in this study
have been graphed below in a sequence based on continmuum index mumbers

in an effort to determine the degree to which such correlation exists.
e Herb ia

Based on herb data from 10 x 10 m. quadrats, total species records
per stand and average species densities, are graphed in Fig. 37. Though
both curves are revealed to be extremely erratic, with increasing con-
timmum index number, rising trends in herb representation may be recog-
nized whether measured by species occurrence or by average species den-
sity. Yet, unless some valid explanation for the enormous fluctuations ‘
between certain adjacent curve points can be offered, such fluctuations
must inevitably diminish the significance of the overall rising trends.
Accordingly, qualitative data have been surveyed in a search for evidence
of anomaious envirommental influences which might be correlated with such
extremes in herb representation.

With’regard to positive deviations from the trend of total species
occurrence, the values for stands 10 and 25 are revealed by Fig. 37, 4,
to be particularly extreme. Both of these stands are located in a single

40-acre tract characterized by many local areas of imperfect surface
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drainage. Associated with these areas are a number of herbaceous species
of high water requirement13 which serve to increase the variety and size
of the species complements for these two stands. Somewhat less extreme
is the species total recorded in stand 22, located on & slope of southern
aspect. Evidently correlated with the consequent greater amount of soler
radiation reaching the forest floor in this stand is a species increment
made up of intolerant herbs such as Desmodium rotundifolium, Lespedeza
intermedig, Monards figtulosa, Gerardig flava, G. pedicularia and G.
yirginica. '

Negative deviations from the trend in size of species complement
reach extreme values in stands 9 and 34. In both these stands abnormally
dense understory layers result in particularly heavy interception of
solar radiation. The second layer in stand 9 is composed primarily of
Corpus florida (see Appendix Table IX), and where heaviest is correlated
with a virtual absence of herbaceous vegetation (see Figs. 37 and 47).

In stand 34, a dense understory of suppressed Acer rubrum, A. gaccharum
and Fagug grandifolia grades into the closed canopy of old growth Quercus
alba and Q. rubra. The result is an intensity of shade comparable to that
cast by a full beech-maple canopy. In addition to being thus heavily
shaded, the forest floor of this, the only truly primery stand included

in the study, is characterized by an extremely thick accumulation of litter
and duff, which may further act to restrict mechanically the representation
of herbaceous species.

Probably correlated also with decreased solar radiation is the

restricted herb complement of stands 24, 28, 31 and 32, located on slopes

13see especially the representation of Carex spp. in Appendix Table
LXXVII.
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of north aspect (see Table XIII). Although the species totals recorded

in these stands are shown in Fig 37, A, to fall well within the normal
range of deviation from the general trend, the totals are all low for the
scale sector in which they occur and thus tend to depress the slope of the
trend.

The general similarity in outline between graphs A and B of Fig. 37
suggests that the average species density of herbs in a given stand, as
measured by 10 x 10 m, quadrats, is primarily a function of the number of
species of herbs for that stand. Moreover, the approximate equivalence
in slope of the two trends suggests further that the relationship is inde-
pendent of sequence position of the stand. Confirmation of both indications
is provided by computation of ratios between total species complement and
average species density. Such ratios have a mean of 3.0 & 0.5 and a range
fram 2.4 to 4.3, with 26 values clustered within the limits of 2.6 and 3.2.
The only deviations in ratio to exceed one standard deviation are all posi-
tive, and comprise those for stands 2, 6, 15, 17, 27, 34 and 36.

Inspection of the values charted for these stands in Fig. 37, B,
reveals‘that the low herb frequencies responsible for such high ratios
result in improved correlation with the general trend of average species
density in the case of stands 2 and 27, and contributes to serious devia-
tion from that trend only in stands 34 and 36. The high ratio (4.0) of
total species complement to average species density for stand 34 further
attests to the sparseness of herbaceous vegetation in this primary stand.
Observational data supply no explanation, however, for the relatively very
low herd frequency implied by the peak ratio of 4.3 for stand 36.

Nevertheless, when previously qualified deviations from the related
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trend of total species complement are taken into account, the trend of
average species density would seem to supply even stronger evidence of
general correlation with stand sequence than does the former trend. More-
over, the significance of the trend in average species density is further
enhanced by provision for the expression of frequency variations, which
results in an ecologically more sound measure of herb representation than

a trend based on species camplement alone,

The Shrub Synusig
Based on shrub records from 10 x 10 m. quadrats, total species per

stand, average species density, and the ratio between these two values are
charted in continuum index sequence in Fig. 38, Although species comple-
ment and average species density of shrubs are indicated by graphs A and
B of this figure to be correlated with continuum index number, the trend
of such correlation is seen to be counter to that for the corresponding
measures of herbdb representation.

Further comparisons reveal additional significant differences between
the two sets of curves. Even though graphed on a larger scale, the values
for species camplement and average species density of shrubs show con-
siderably less fluctuation than do the corresponding values for herb
representation., Doubtless contributing in large measure to such modera-
tion is the much smaller community complement of shrub species. That
other influences are involved, however, is strongly suggested by the
lack of coincidence, except in stand 34, of peak fluctuations in herb and
shrub representation. Moreover, as indicated by the ratios charted in
Fig. 38, C, the relationship between species camplement and average

species density is considerably less precise for shrubs than for herbs.
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Furthermore, where there was obviously no correlation between stand se-
quence and such ratios for herb representation, in Fig. 38, C, there is
at least a suggestion of a rising trend with increasing continuum index
number. As suggested by these ratio differences, Fig. 38, A and B, show
fewer points of similarity than do the corresponding graphs of herb rep-
resentation.

A third measure of shrudb revresentation is provided by density totals
obtained from 2 x 2 m. quadrats (Fig. 39). Except for svoradic extreme
deviations, the trend of this curve is seen to corroborate those of
species complement and averace svecles density in indicating negative
correlation between shrub revresentation and increasing contimuum index
mumber. The extreme positive deviations from the trend of total density
are attributadble in all instances to exceptional clomal development,
usually of a single species., Thus, in stands 2, 9, 15, 21 and 36
Parthenocissus quinquefolia makes up the greater portion of the density

total; similarly predominant is Viburnum acerifolium in stand 20, and

Geultheria procumbens in stand 30. In stand 27 Rhus radicans and Cornus
racemosa together comprise most of the shrub represemntation.

Far more difficult to interpret are the fluctuations in svecies
complement and average species density of shrubs (Fig. 38, A and B).
Except in stand 34 where both shrub and herd representation is markedly
restricted, evidently by influences correlated with the prirery condition
of this stand, the shrub symusia apvarently responds to a given integrated
set of environmental influences in quite different fashion than the herd
symusia. This is evidenced not only in contrary trends of correlation

with continuum index sequence, but more particularly in the failure of
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conspicuous deviations in representation of one synusia to be clearly
reflected in that of the other.

The quantitative and qualitative data obtained in this study provide
little more than suggestions as to what influences mgy be correlated with
the more marked fluctuations in shrub species complement and aversge species
density. That the low average species densities for stands 2, 9, and 15
may perhaps reflect the influence of unusually heavy competition, is sug-
gested by the high total density values reached in these stands (see Fig.
39). The failure of the remaining extreme density values to coincide with
abnormally low average species densities of course detracts from the credi-
bility of this suggestion; such failure, however, might be found attribui-
able to the more favorable moisture relationsl4 prevailing in the other
stands where exceptionally high densities occur.

A possible correlation of unusual edaphic influence with the high
species total in stand 17 is suggested by the unconmonly large mmber of
calcifugous speciesl5 recorded in this stand.

Although the collection of quantitative data in this study was
restricted to stands which bore no evidence of recent pasturing, allow-
ance in almost all cases should be made for residual influence of pastur-
ing in the more distant past.

That grazing may not only profoundly alter the total mass of the
shrub symusia but also effect marked changes in its species complement,
was repeatedly demonstrated by property line contrasts encountered during

the reconnaissance phase of this study. One of the most frequently

14As implied by higher contimmm index mmbers.

15Epigaea re ns, Gaultheris procumbeng, Gaylussacia baccata, Vaccinium
tifolium, V. lamarckii, V. vacillans.
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observed indications of differential intensity of grazing was a marked
increase in the importance of "armed"™ species, such as Juniperus communis
or Xanthoxylum gmericanum, as well as of unpalatable species, such as
Gaylugsacla baccata, Gaultheria procumbens or Prunus virginisna, at the

expense of most other synusial elements. An extreme example of this
phenomenon is illustrated in Fig. 40.

Because the influence of grazing might be expected to persist longer
in shrub than in herb representation (see Fig. 41), such influence might
at least in part account for the erratic ratios between shrub species

canplement and average species density (Fig. 38, C).



View of an oak woodlot pasture showing effects of prolonged

FIG. 40.
overgrazing.
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DISCUSS ION
Ihe Vegetational Continuum Tndex as & Basis for Classification

The last three decades have witnessed the conflict of two widely
divergent philosophies as to the organizational nature of concrete plant
cammnities. The first holds these groupings to be highly integrated,
functional units composed largely of inter-dependent individuels, Dis-
tinctive aggregations of such individuals are regarded to be segregated
with such regularity and fidelity as to justify the recognition of ab-
stract communities. A voluminous literature in support of, and based
on this view, has accumulated. Egler (195l: 682) expresses surprise
that so baslic a concept as the abstract community should have been the
subject of so much emphasis, Perhaps this emphasis reflects not un-
familiarity with classical precepts of inferential reasoning (as Egler
suggests) but rather attempts to establish the validity of such reasson-
ing as applied to units of vegetation. Suggestive of such an inter-
pretation are the many and veried analogies identifying the concrete
camunity with the individual plant, and the abstract community with the
species (Clements 1916, 1936; Warming 1925; Nichols 1929; Phillips 1934,
1935; Tansley 1935; McDougall 1949).

The second view, embodied in the individualistic concept of Gleason
(1926), denies that stand integration exists to a cegree which can be
determinative of stand composition. Rather, stand camponents are regarded

as determined primarily by enviromnmental selection from such available
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floristic elements as have compatible tolerance ranges. The concept of
the abstract community is held to be untenable becesuse, outside of very
restricted areas, a given combination of environmental influences and
floristic elements is seldom even approximately duplicated. Even the
hamogeniety of concrete communities has been considered subject to statis-
tical verification (Curtis and McIntosh 1951: 481).

Proponents of the individualistic concept have long been handicapped
by lack of a classification scheme to support and illustrate their
conception of vegetational organization. They could effectively chal-
lenge the characterization of the concrete community as a complex, or quasi-
organism, or as an element of an ecological "species" (Gleason 1926, 1929,
1939; Braun-Blanquet 1932; Mason 1947; Cain 1947; Whittaker 1951, 1953);
they could point to biased selection of stands to support the existence
of such "species" (Cain 1947; Ashby 1948). They could not, however, effec-
tively counter arguments such as that of Conard (1939s 110) that "there
has been nothing in ecological inquiry which has been so fertile and
productive of results as the idea of the association. It is therefore so
useful that whether logical or not, I am for it." Now, in the vegetational
continuum index, an efficient means for orienting, and depicting the individ-
ualistic nature of concrete communities of a given physiognomic type, is at
last available.

Orientation of compositional data according to continuum index
sequence reveals that the bulk of upland forest stands in southern Vis-
consin and of oak upland stands in southern Michigan are distinguished not
so much by different kinds of dominants as by different proportions of dom-

inants., The explanation of this phenomenon lies in the fact that the
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dominants of high importance potential have wide tolerance ranges which,
while not coinciding, nevertheless broadly overlap. Thus, of the 15
species recognized by Quick (1924) as typical of the beech-maple com-
munity in southern Michigan, not less than eight species are frequently
found in stands dominated by upland species of oak. Of these, four
species attain relatively high importance values in oak upland stands;
two are leading dominants of oak uplands. It is obwvious, therefore, that
recognition of beech-meple or osk upland communities in southern Michigan
is justifiable onl&v;;»pragmatic grounds.

The continuum concept accords significance to dominant stand com-
ponents in proportion to their representation. However, because of the
wide overlap in tolersnce ranges of ecologically important tree species,
the mmber of different cambinations of weighted importance values which
might approximate a given continuum index mumber appears almost limitless.
Accordingly, such a number can provide only a gross indication of the
importance of a given species in a given stand. For this reason, con-
tinuum index numbers, or even segments of the continuum index scale,
must not be regarded as comparable to cover types such as those recog-
nized by the Society of American Foresters (Anonymous 1940) where diag-
nostic significance is attached to the leading dominants only. Rather,

a given continuum index number is an expression of the total dominant

vegetation of a given site.

e Vegetational Continuum Index Index of Site
and a Measure of Tolersnce Renge

Indirectly the vegetational continuum index mey be regarded as an

index of site since dominant vegetation is theoretically the best measure
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of environment. The value of the continuum index as a measure of site is
enhanced by the fact that it is based only on positive evidence., As Billings
(1952: 263) has pointed out, the gbgence of species is not a valid basis for
site evaluation. This follows beceuse environmental control is only one of
many possible reasons for such absence.

If, as 1s contended here, the vegetational continuum index established
for the oek upland community in southern Michigan represents a valid index
of environment, as well as of vegetation, certain implications are at once
evident. The data charted in continuum index sequence become graphical
representations of tolerance ranges of the sort envisioned by Good (1931)
in his Theory of Tolerance. Such charts likewise support Billings' (1952:
262) statement that "each species in a vegetation is distributed according
to its own environmental tolerances." Charts, included herein, representing
tree species show further that the pfincipal dominants are seldam absent
from sites indicated by index values to be well within their respective
tolerance ranges.

It i1s more difficult to generalize concerning the charts based on
data compiled for species of lesser stature. As a whole, they appear less
convincing as graphical representations of tolerance ranges than those
based on tree data. A sizeable group of shrub and herd species show no
evident correlation with the contimuum index sequence established in this
study. This might be attributed to a capacity of accessory species to
respond to minor envirommental variations not reflected by the canopy
layer, as Potzger and Friesner (1940a: 168) believe. Such a view does
not appear to be tenable in the present case, however, Rather, a reverse

relationship is indicated, at least for the more ubiquitous and widely
ranging members of this group such as Ribeg cynosbati, Parthenocissug
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quinquefolia, Smilacina racemosa and Geranium maculatum. These species
are evidently capable of thriving under a great diversity of edaphic and
microclimatic conditions and as such might be considered characteristic
species of unistratal communities or unions (Lippmaa 1939). Such evident
adaptability would likewise appear to support Cain's (1944: 22) contention
that as a rule a specles "consists of thousands of biotypes . . . sorted
out on a cambined habitat-tolerance basis." However, the majority of non-
correlated accessory species are of sporadic occurrence., While the fre-
quency and DF,, curves for such species are in consequence scarcely sugges-
tive of a multiplicity of adaptive biotypes, neither are they indicative
of narrow tolerance range, since most of them range over the greater por-
tion of the continuum index scale.

It may thus be observed that while the non-correlative species of
either ubiquitous or sporadic occurrence do not directly support the con-
tinuum concept, neither do they in any way refute it. They emphasize the
futility of attempting to recognize discrete types of oak upland on the
basis of phytosociological indices such as presence, constance, or fidelity.

A further contention, supported here, is that the absence of a given
species from a given stand may be considered attributable to reasons other
than envirommentael control when the index position of that stand lies well
within the limits of the frequency and/or DF, curve for that species.

This view permits the majority of accessory species of the oak upland
community to be regarded as correlated with continuum index sequence;
likewise the frequency and/or DFy. curves of such specles may be considered
expressions of tolerance range. Such ranges form typically an overlapping

gradational sequence similar to that of the tree dominants.
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The lower synusiae of a forest community exist in an environment greatly

modified by influences attributable primarily to the canopy layer. There-
fore, the fact that the tolerance ranges of most of the components of the
lower synusiae should occur in a sequence paralleling that of the tree dom-
inents constitutes support from a different quarter for Kittredge's (1948)
repeatedly emphasized view that site, overstory-composition, and forest
influences are strongly interrelated. Such a parallel, of course, supplies
further evidence of the validity and value of the continuum concept. It
likewise reaffirms the utility of accessory species as indicators of physi-
cal enviromment, though there appears no reason to suppose they are in any
way superior to the tree dominants in this regard. On the contrary, the
most widespread and abundant accessory species are evidently of no value
as indicators., Moreover, many species correlated with index sequence :are

of limited utility because of their restricted occurrence.

The Concept of Climgx Adaptation Number

Perhaps the most controversial assumption involved in the continuum
concept is that all the adaptive functions which collectively determine the
relative degree of "climaxness" of a given species may be expressed by a
single number. The‘climax adaptation number of a species reflects the
relative position of its sector of optimum development in a subjectively
determined order of stands. Such a sector does not necessarily reflect
optimum physical enviromment for the species concerned. In the case of a
leading dominant it could, and probably more often does, represent a range
more or less removed from the sector of optimum physical environment by

the influence of campetition from other leading dominants. In consequence,
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the sector of optimum development for some species is located near one
end of the tolerance range. In view of the biotypic and ecotypic richness
of species in general, it would seem scarcely credible that the whole popu-
lation of such species could be represented by a single climax adaptation
number.

Camp (1950) has indicated that the wide distribution of Fagus grand-
ifolig and Acer saccharum is not a reflection of uniform climate, but
rather is a manifestation of the great ecotypic d%ygggity of these two
species. Each of the three ecotypes of F. grandifolisg recognized by Camp
appear so distinctive in their ecological requirements as to merit a separ-
ate climgx adaptatiop number. Note has previously been made of apparent
ecotypic variants of Carya ovgta and Quercus macrocarpa in southern Mich-
igan, Similar habitat forms of these species evidently occur in Indiana
(Deam 1940), while in neighboring Ontario only the moist site variants
are found (Anonymous 1949). The strong correlation between site and type
of root system developed by Acer rubrum has been emphasized by Toumey (1929)
and Kramer (1949). Such adaptation doubtless contributes to the unusuelly
wide tolerance range of this species, one of two species which occurs in
all the forest types recognized by Sampson (1930: 362) for northeastern
Ohio. The capacity of red maple to develop well over a wide range of light
intensities (Billings 1938) further complicates the task of designating a
climax adaptation number for this species. A suggestion of two trends with
considerably displaced maxima has been noted previously in the curve of
significance value for Cornmus florida. The possibility must be considered
that these are indicative of the existence of two blotypes having differ-

ential potentialities for vegetative reproduction., The interruptions in
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the curves of importance value for Fggus grandifolias and Liriodendron
tulipifers are of obscure significance. Camp (1950) has indicated that
the population of beech north of the glacial boundary is genetically
highly complex, a condition not conducive to the isolation of beech eco-
types noted elsewhere. Tulip poplar in the oak upland community is appar-
ently at the xeric edge of its tolerance range (Sampson 1930) and could
therefore be expected to occur sporadicelly. Moreover, as previously
noted, its absence in some stands may be attributable directly to the sel-
ective cutting which occurred on en extensive scale in pioneer dsys. Never-
theless, the possibility that the curves for these two species may reflect
ecotypic isolation remains.

From the above examples it is obvious that if climax adaptation num-

~ BN

bers are to have maximum significance, studies directed toward determina-
—r o - . O wvona:

tion of the physiological and morphological characteristics of ecotypes and
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ecads must be made for each species. Camp's (1950) analysis of the american

beech could well serve as a pattern for such studies.

S —

Succession tatugs of the Upland unit

Data and observations bearing on the successional status of the oak
upland community in southern Michigan have been presented in previous sec-
tions of this report. It is the purpose of the present section to integrate
and complement these data and observations with pertinent information from
other sources.

As Curtis and McIntosh (1951) have said, the word "climax" has a
plethora of meanings. This ambiguity, together with interpretational dif-

ficulties of other nature, has prompted some workers to abandon the term
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and sometimes even the concept. Such a negative approach, however, seems
scarcely justified. Certainly succession is not a universal process;
vherever it has culminated in a vegetation in essential equilibrium
with the other components of the ecosystem, a descriptive term to desig-
nate that condition of near-stability is meaningful and necessary. No
term seems more appropriate than climax to denote such a condition., An
obvious need exists, however, to isolate the term and the concept from
deductive theory of the sort which Egler (1951) has referred to variously
as speculative philosophy, ecologicel dogma, and one-factor ecology.
Accordingly, an attempt has been made below to assemble a background of
pertinent data by which the oek upland community in southern Michigan
may serve as a measure of the objective reality of the various climax

hypotheses currently used in interpreting vegetation.
The Ogk Upland Community as a Test of Climax Hypotheses

Braun (1950), a proponent of the monoclimax hypothesis, indicates
almost all of southern Michigan to lie within the boundaries of the beech-
maple climax., This is to be interpreted as indicating that on well-
drained, but moisture-retentive soils of intermediate texture and mixed
mineralogic camposition the primery forest is usually of the beech-
maple type. As Cain (1941: 193) has so aptly said, the climatic climex
is indeed "merely the edaphic climex of non-extreme sites." Implicit
in the monoclimax hypothesis, however, is the added proposition that the
natural vegetation of all other sites in southern lMichigan represent
successional stages trending toward the beech-maple type. According to
this assumption, the osk upland community represents the subclimax stage

of the xerosere. The question naturally follows: through the action of
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what influence or influences is the oak upland community in southern Mich-
igan supposedly destined to be replaced by a beech-maple climax? Granting
stability of climate and tolerance ranges of the dominents concerned (as
the monoclimax hypothesis requires) plant reactions might conceivably
effect such a change. Within what intervel of time might one reasonably
expect the potentialities of plant reactions to be fully expressed? Major
(1951: 398) believes that successions of the type attributable to plant
reactions are capable of stabilizing "most vegetation in less than 1000
years." In a study of succession initiated on abandoned upland fields in
North Carolina, Billings (19382) found that reproduction of climax hardwood
species was well established in little more than a century and in position
to replace members of the pioneer overstory whenever a natural opening
should occur. Moreover, correlated observations of soil profile develop-
ment revesled that in as little as 30 years all evidence of a plow layer
had diseppeered, a typical forest floor had accumulated and a humus-rich
4, horizon had developed to a thickness of three inches. Concerning the
recent Intrusion of forests in the Ozarks, Beilman and Bremner (1951a:
261) write: "This time-elapse study of only 12 yeers revealed a speeding
succession of.plant cspecies not at all approaching the accepted trial- '
and-error elimination which is supposed to set the pattern for our forest
areas." Of course, a primary succession nearing the point of approximate
stability must be expected to progress at a slower rate. Nevertheless,
if the potentiality of a given oak uplesnd site could be raised through
plant reaction to a level such that it could support a beech-maple type,
there is no reason to believe that such change in potentiality would re-
quire the cumulative reactions of repested generations of oak upland dom-

inants.
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Dominants of the oak upland type do not produce reactions directly
inimical to repeated occupancy of a site by others of their kind (Braun
1947: 216). Accordingly, the only influences conducive to possible in-
vasion by beech-maple elements would appear to be those which tend to
better the physicel, biologicel, and chemicel condition of the soil. Such
smelioration is effected primerily througch the medium of the forest floor.
The amount of forest floor under hardwoods does not increase indefinitely
(Rittredge 1948; Ovington 1953). Kittredge (1948: 171, 174) indicates
that in a given stand a balance between accumulation and decomposition
may occur at about the time of culmination of growth. After that period
the amount of forest floor may actually decrease. The forest floor serves
as the principal source of the humus which becomes incorporated in the
upper mineral soil. It would seem, therefore, that any tendency toward
stabilization of the forest floor would be reflected in a tendency toward
equilibrium in the A horizon between melanization on the one hand, and
eluviation and decomposition of organic matter on the other. This con-
tention would seem borne out by thé fact that in upland forest sites in
southern Michigan the melanized Aj horizon very rarely ever attains a
thickness of more than two or three inches (Veatch, et al. 1941: 36).
Thus, the view of Quick (1924) that the beech-maple association is e g
"capable of occupying ell the soils of theI%EEEE:EEZEEEE}.‘; . [?ecauséﬂ-
« « o the water retaining qualities of the soil may be increased or
decreased by the addition of humus . . ." ﬁf&lﬂ_ﬁfﬁgﬁjg_}gck a factuel
§E§i§° |

Concerning chemical influences of the forest floor, it may be said

in general that, except for potassium, the leaf litter from oak uplend
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dominants return relatively low amounts of the major pleant nutrients to

T et e ara

the soil (McHargue and Roy 1932; Alway, Kittredge and Methley 1933;
Alvay, Maki and Methley 1934; Coile 1937; Broadfoot and Pierre 1939;
Chandler 1941; Kittredge 1948). It follows, therefore, that occupancy

of a site by such dominants, no metter how long, could hardly be expected

to increase soil fertility to the level required by beech and sugar maple.
e ——— e g—— e 52 00 e et =g h/,_.,,,....\.,,_. - A g .

On the contrary, the findings of Gorham (1953: 148) would seem to indi-

cate that plant "pumping" and flushing from above does not even keep pace
with the acid production and leaching promoted by litter from osks, Ad-
mittedly, however, certain understory species, notably Cornus florida and

Ostrya virginiana, tend to produce litter rich in minerals (McHargue and

R )
—

Roy 1932; Broadfoot and Pierre 1939; Kittredge 1948). Yet, the yield of
litter derived fram such species must be small compared to that of the
overstory species. As Billings (1952: 261) has said, cumulative influences
are attributable in the main to the principal dominants. Furthermore,
Kittredge (1948: 176) emphasizes that species yielding litter high in
calcium, nitrogen, and phosphorus "are those which are associated natur-
ally with fertile soils usually well supplied with celcium.” It would
seem necessary, therefore, to regard such species as tending to maintain
fertility rather than to build it.

The above considerations, viewed in the light of the pollen record
for southern Michigan (see section on postglacial history), clearly indi-

cate that the past has provided more than an smple test of the capacity

—— PUSIBRSIRSSE e ah TS

of plant reactions to effect succession from oek upland to beech-maple
forest. The fact that in southern Michigan oak uplands remain todsy the

most widespread forest type, and beech-maple the least (Gysel and Arend
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1953), supports the contention held here that such capacity is in general
IB.Cking .

A second possible means by which the theoretical monoclimax in

P

southern Michigan might be attained is through the cumulative effects
of weathering and podsolization on ogk upland sites. Lutz and Chandler
(1946: 85) state thet soils developed on Wisconsin till are frequently
immature. However, there is no reason to believe that soils supporting
ogk upland forest are further from that theoretical condition of near
stability than are those of beech-maple sites. On the contrary, in view
of the prevailingly greater perviousness of oak upland soils and resulting
greater leaching, the reverse should be true. Such a contention is sup-
ported by the findings of Gorham (1953). Nevertheless, the processes of
weathering and podsolization continue, and according to Wilde (1946: 63),
both tend to increase water holding capacity. That the influence of pod-
solization in this regard may be less than generally supposed, however, is
suggested by chemical analyses of Michigan §oils which indicate that most
of the clasy in the water-retentive B-horizon is either inherited from the
parent material or is the result of weathering in place (Veatch 1953: 27).
Moreover, even weathering has failed to produce any semblance of a clay
horizon in certain widespread soils of the region. These include the
Qg;ggg;ggguf}ainfield types formed from highly siliceous parent materials.
It seems inconceivable that any process short of removal of the present
surface throuéh geological erosion could raise the potentialities of the
areas _on which these soils.are developed to the beech-maple leval.
Furthermore, even geological base-leveling does not necessarily pro-
duce vegetational uniformity. Cain (1947: 193) emphasizes that "even on a

peneplain there are site differences and corresponding vegetational
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differences." Thus, even within the dimension of geologic time there is

BT L —

no reason to suppose that the influence of climate will be _expressed over

e, a5 e AT ACALT S0 b otV

all the local hebitats of the reOion in the form of a 51ncle vece+ational

- A e sy . ol o P

5223. Moreover, the monoclimax hypothesis 1gnores the simple truth that
climate is clearly the least stable of all the major envirommental vari-
ables. Veatch (1938) has noted the occurrence in southern Michigan of
relic podzol soils dating back at least to the pine period, as well as
relic hydromorphic soils antedating the thermal maximum. Leverett (1909),
in consldering the effectiveness of geological erosion and stream dissec-
tion on Cary drift, estimated that "scarcely one-tenth of the surface has
been reduced below the original level as a result of drainage."” In con-
trast to these indications of edaphic and topographic stability, Sears
(1948: 331) has listed a total of six general climatic shifts since
recession of the Mankato substage of Wisconsin glaciation. Surely Cain
(1947: 193) is justified in his belief that "the monoclimax hypothesis

has been not so much an ecological touchstone as a millstone.®

e ——

If the monoclimax 1is untenable, what of the one-factor climaxes
recognized by the polyclimax school? The lack of any great physiographic
contrast in southern Michigan precludes any possibility of the differentia-

tion of physiographic climaxes in this part of the state. Here, local

e -

relief features, insofar as they influence soil moisture, are far more
~ important than physiography as a determinant of natural vegetation.

A
In genersl, the osak upland type _in southern Michigan 1s developed '(: 7

S el 3
‘.-n '

on more pervious and less fertile soils than those supporting beech-maple.

e &
e v p

gy

Yet, certain soils, such as the Miami and Hillsdale series, are pivotal

—

e e e v ey

in that they may support either oak upland or beecn-maple types. Moreover,

e = et e s iy £ ST T
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the lee slopes of sand dunes along Lake Michigan support vigorous sugar
maple-basswood stands (Cowles 1299). Whether or not such phenomena are
attributable even primarily to physical or chemical influences of the
soil has not es yet been estsblished. Thus, any reference to the oak
upland type as an edaphic climax must be made with reservetions.

The role of fire in maintaining the oak unland tyne in southern
e e s e st 7 S T s - -

I e s s ot

Michigan is obscure. Lanman (1839), Hubbard (1€87) end Beal (1904)
speak casually of the occurrence of early fires as though they were
established facts and without need of confirmation. The first two
authors imply that they were annual events during the period of Indian
occupancy and had the effect of keeping underbrush in check in the oak
openings. Lanman (1837: 324) states:

Each kind of opening is subject to what are called grubs.

These are formed by the fires which annually run through the

woods, and burn the tops of the vegetation, leaving a root

gometimes three feet square, and is firmly imbedded in the

soil, Six yoke of cattle are frequently reguired to tear

up these grubs, which is done by the plough.

Certain inferential evidence still extant provides additional support
for the belief that recurring fires may have been at least locally
effective in modifying forest composition and structure (see Fig., 42
and further in the next section).

On the other hand, the land survey notes for Ingham County, com-
piled during the period of Indian occupancy in the years 1825 to 1827,
include frequent reference to dense underbrush in the oak upland areas
and meke no reference to fires. Moreover, the occasional occurrence of

witness trees of such fire-sensitive species as Prunus gerotina, Ostrya
yirginiana, and Acer rubrum in the oek upland areas suggest further that






FIG. 42, 01d growth white ozk with enormous lower
branches forming a wide-spreeding crown, This tree,
52 in, at d.b.h, and probtebly more then 300 yesrs old,
evidently reached maturity before the present closed
canopy developed. (Photo by the suthor.)
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fires were not important in determining forest composition in this par-
ticular county. It seems necessary to conclude, therefore, that the

- influence of recurring fire was not universally manifested in the oak

S e e s e

uplands, but rather was probably confined mainly to the more xeric areas

N t——

as determined by topographyA§p§H§o§}3 The intervening areas, by serving

as barriers to fire, doubtless tended to prevent regional conflagrations
of the sort which evidently occurred regularly in the prairie-forest
border to the west (Marks 1942; Cottem 1949; Braun 1950; Beilmenn and
Bremner 195la). It is evident, therefore, that no general reference to
the oak upland type in southern Michigan as a fire climax.is permissibtle.
Fram the discussion above, the general conclusion follows that the

~ogk upland community is not subject to interpretation as a single-factor

P

climax of any type. To attempt such interpretation would reflect disre-
gard for the basic truth expressed by Billings (1952: 263) that "vegeta-
tion is an indicator of the whole environment and not just of climate,
or parent material, or fire, or any other single factor."

Camprehending this fundamental truth, while at the same time pro-
viding for the "local relation of community gradients to envirommental
gradients,™ as well as recognizing the relativity of the concepts of suc-
cession and climax, the climax pattern hypothesis recently advanced by
Whittaker (1953) would seem to fit best the facts as revealed by this
study. Moreover, it has the necessary conceptual breadth to relate the
oak upland continuum to other elements of the vegetational mosaic both
in time and space. It has therefore been adopted as the working hypothesis

for interpreting the inferential evidence assembled in the course of this

study.
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Past and Present Reproduction Trends in the Osk Upland Comunity

Rejection of the monoclimax hypothesis in favor of the climax pat-
tern hypothesis permits consideration of the possibility thet the oak
upland continuum ggz’ggpxgggn;ﬁglﬁmaxkyegetationhfom;thehrangg of sites

on which 1t is developed. The fact that oak upland forest is today the

most widespread forest type in southern Michigan, together with evidence
that this ranking has been maintained continuously since phe‘g}qge of the
pine period, cleerly attests to the capacity of this type to maintain

itself indefinitely. It would thus seem to satisfy the qualifications

—

of a climax. Yet, the results of this study as well as those of others

A

(Wood 1930; Young and Scholz 1949; Arend, et gl. 1950; Gysel and Arend
1953) indicate that reproduction of the principal dominants is in general
strikingly low compared to that of the accessory dominants and understory
trees. Nevertheless, in the light of the obvious success of the oak up-
land type in persisting up to the present time, it would seem exceedingly
presumptuous to infer from these results any marked decline in the capacity
of oak upland forest to maintain itself on present sites. On the other
hand, any serious attempt to support the contention that reproduction of
the leading oak upland species is adequate to ensure continuation of the

B . I,
present level of dominance of these species can readily degenerate to

special pleading., It is evident, therefore, that inferences concerning
future composition based on present reproduction trends are subject to
severe limitations. There is no intent here to disparage inferential
reasoning as such., The point is that to be really effective as an ecolog-
ical tool it rmust be used against a background of ecological fundamentels

of the type outlined by Pelton (1951). As yet, little autecological
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information of this sort is available concerning the components of the
oak upland community in southern Michigan. Without it, only tentative
conclusions may be reached.

In part, the dearth of oak reproduction may be attributed to rela-
tively low seed production compared with that of other trees (Korstian
1927: 105). In more important part, it is due to extremely heavy utili-
zation of acorns by insects, rodents, and birds. Insect infestation is
a prime source of acorn destruction in southern Michigan (Allen 1943;
Gysel 1953). Gysel's data, obtained from two Clinton County woodlots,
show the following incidence of damaged acorns: white oak 84 percent,
black oak 62 percent, red oak 43 percent. Of the damaged acorns, 81, 78,
and 67 percent, respectively, were insect infested. To the toll of insects
must be added the consumption of viable seeds by rodents and birds.
Experiments conducted in a Washtenaw County woodlot by Cahalane (1942)
indicate that by spring, squirrels may recover as much as 99 percent of
the nuts buried the previous fall, Evidently only a small proportion of
acorns survive to produce seedlings.

Yet, the results of this study, though based on too short a period
of observation to be really conclusive, suggest thet oask reproduction is
limited not so much by small yield, or great destruction of acorns as by
failure of most seedlings to survive beyond the class 1 stege. Actually,
class 1 seedlings of the three leading species of oak compare favorably in
number with those of other species (see Appendix Tables XXXVIII to IXXIV).
Under especially fevorable circumstances, seedlings of this class may
even be abundant (see Fig. 43). In size classes 2 and 3, however, there

is a progressive and marked decresse in osk reproduction relestive to that



FIG. 43. Seedlings »f Quercus rubra developed from acorns concentrated
by gravity on the floor of a moist ravine,
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of other species. The latter class which, theoretically at least,
should be most likely to presage future stand composition, includes far
less oak reproduction than any other class., There is also a marked ten-
dency for oak reproduction of clessses 2 and 3 to be of low vigor. Indeed,
much of the class 2 reproduction of Guercug glba represents seedling sprouts,
including some of the second or evén third order (see Fig. 44).

The decline in number and vigor of osk seedlings in the more advanced
reproduction classes is not a universal phenomenon., In larger clearings
within stands; or in abandoned fields bordering oek upland stands, reproduc-
tion of all three size classes is usuelly ample end vigorous (see Figs. 45
and 46). White and, especially, black oak is sble to invade such areas
even in the absence of litter which Korstian (1927) holds to be so
important for survivel of oak seedlings (see Fig. 46). The conclusion
would seem to follow that oak reproduction in general has a low survival
capacity under the conditions of %QWMEE%Pt,f FEE?itYwandw§EE9PE_£92ﬁﬁgfm-
petition prevailing under closed can;pies. Thé'fécf‘éﬁaffSO mé#} claés 1
seedlings of oek are to be found would appear to be explained by Baker's
(1950: 140) observation that seedlings derived from large trees are com-
paratively tolerant for the first few years because of the initial advan-
tage of a large food reserve,

Such a conclusion raises the question of how closed canopy dominance
by upland ogks is attained and maintained. There is ample evidence to
support the view that the canopy of the primary oak forests in southern
Michigan was, in general, of more open character than that of present
secondary stends. Such evidence is to be found in historical accounts

(see Literature Review), in the original land survey notes, and in the



FIG. 44. Sprouts develored at the crown of a class 2 individusl of
Quercus alba which evidently died back in conseguerce of inebility to
compete under closed cenory conditions,



FIG. 45. Reproduction of yvelutina under a seed tree growing in
a clearing. (Photo by author.
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FIG, 46. Reproduction of Quercus velutins established on bare mineral soil
in an abandoned field adjoining a black osk stend.
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general observation that with advancing age a canopy intercepts less
solar radiation (Shirley 1943, Kittredge 1948). Acorn production under
such conditions must have been far heavier than now, since trees having
ample crown space fruit much more regularly and far more abundantly than
those growing in close stands (Toumey and Korstian 1937; Baker 1950).
Beilmann and Brenner (195la: 273) report that even in woodland rated as
"understocked” many oeks have produced no fruit in ten years, while iso-
lated individuals may bear heavy crops in alternate years. It seems very
likely, however, that then (as now) production and utilization of fruit
were in close balance. Well-documented reports of enormous squirrel
populations in pioneer days (Allen 1943) suggest that, even when the
great reduction in forest area is taken into account, squirrel pressure
on the acorn supply wes no less in presettlement times than at present.
Any advantage to oak reproduction through more open growth would seem to
be restricted, therefore, to better survivel conditions for seedlings.
Conditions for survival of reproduction in the oek openings were evidently
far from optimum in the light of the accounts (Lamman 1839; Hubbard 1888)
indicating that these areas were swept by periodic fires which kept down
the undergrowth and favored formation of sod. On the other hand, the
relatively sparse crowns of old growth oak cenopies may have admitted
sufficient light for effective development of dispersed oak reproduction.
That decreased interception of solar radiation with advancing age of stand
mgy effectively influence reproduction of same species, at least, is indi-
cated by Shirley (1943: 341), who speaks of the vigorous growth of repro-
duction possible in aspen and pine forests "after they have passed their

prime and begun to open up naturally." Kittredge (1948: 51) indicates
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that the maximum interception of solsr radiation in well stocked stands
coincides approximately with the culmination of annual increment and
thereafter decreases. The greatest annual increment for most species
occurs within 60 years after establishment (ibid: 32).

While, in general, the stands included in this study are older than
60 years, the overstories remain relatively dense, and especially where
associated with well developed understories of Cornus florida and Ostryas
virginiana, the amount of intercepted radiation is great (see Fig. 47).
In these second growth stands occasional evidence of sprout regeneration
of canopy individuals is to be observed (see Fig. 48). However, the
great bulk of the dominant individuals seem to be of seedling origin.
This fact suggests that such individuals represent elements of the first
regeneration following removal of the old growth, since recutting of
second growth could be expected to result in a preponderance of sprout
reproduction (Westveld 1939). The added fact that in a given stand so
many of these individuals appear even-aged suggests further that reproduc-
tion of oaks was well distributed and established at the time of the
original timber harvest. Such reproduction need not necessarily have
been of high vigor. Beal (1888: 76) has called attention to the extreme
tenacity of seedling sprouts of black and white oak, and Baker (1950: 6)
has stated that such sprouts may develop into trees comparable in stature
to those originating directly from seeds.

As Gysel and Arend (1953: 14) have suggested, heavy cutting could be
expected to result in comvositional differences between old and second
growth stands on a given site. The net effect of such cutting would seem
most likely to be reflected in a lowering of the continuum index number for

the site, owing to the initial advantage provided less tolerant species.



FIG. 47. Hesvy shade cast by a second canopy of mature Cornus florida.
Where such a cenopy layer is developed under sn overstory of osks, herb
end shrub representation is scanty or ebsent altogether.



gin as indiceted by multiple bole

Trees of obvious sprout ori,

FIG. 428,
development,
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Evidence in support of this contention is to be found in Table XV, where
the proportion of black oek in an entirely second growth stand is seen to
be considerably greater than in an adjacent stand containing considerable
old growth,

It must not be inferred, however, that black oak was an uncommon
tree in old-growth oak uplands. A check of the records of the original
land survey for Ingham County reveals that, in the oak upland areas in
the southern part of the county, black oak was second in importance to
white oak. Significantly, however, in almost all cases where all witness
trees for a corner were black oaks, the distance from stake to trees were
considerably greater than at those corners where white or red oaks served
as witness trees. Many of the distances from corner stakes to black oak=-
witness trees exceeded two chains (132 ft.). It seems obvious, there-
fore, that the density of black osks in present stands 1s much greater
than it was in old growth stands. The resulting greater interception of
radiation in such second growth stands doubtless accounts for the almost
complete failure of the reproduction of this species to attain class 3
size in well-stocked sites.

Advanced reproduction of certain accessory dominants of the oak
upland continuum tends to be as conspicuous by its sbundance as that of
the oaks is by its scarcity. In the majority of stands Carya ovalis,
Acer rubrum, Prunug serotina, and Fraxinus americana collectively camprise
the bulk of such reproduction., All four of these species are capable of
developing deep and extensive root systems in the characteristically per-
vious soils supporting the oak upland type (Van Dersal 1938; Harlow and

Harrar 1950). Supposedly, therefore, they should be able to compete
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effectively with the dominant osks for nutrients and water. Yet, the
results of this study reveal the importance potentials of these species
to be decidedly low compared to those of the oaks (see Table VI). Data
provided by Curtis and McIntosh (1951: Table 1) indicate that these species
are also to be regarded as minor dominants in the upland forests of south-
ern Wisconsin,

The failure of Prunus serotina and Fraxinug americsna to attain
high importance values despite abundant reproduction of all three size
classes may be attributed to inability of these species to withstand sup-
pression, except when young (Harlow and Farrar 1950; Gunther 1950). Indi-
viduals of these specles which had attained class 3 and even class 4,
size before dying were repeatedly encountered in the course of this study.

The low importance potentials of Caryas ovalis and Acer rubrum cannot
be explained so simply. Both species are frequently well represented by
vigorous individuals of size class 4. Evidence of this sort, as Billings
(1938) has pointed out, seems strongly suggestive of high survival capac-
ity leading to greater importance in the future. Evidence concerning the
status of pignut hickory and red maple in the primary forests of southern
Michigan is inconclusive. Witness trees of these specles were recorded
only sporadically in the original land survey of Ingham County. On the
other hand, Beal (1904) described a virgin oak woods in this county in
which red maples up to 24 inches in dismeter formed a conspicuous elenent.
The possibility must be considered, therefore, that red maple, at least,
may be in the process of returning to a former level of importance in the
oak upland continuum. Although Steyermark (1940) has described a white

oak-red maple association for the Ozarks, it is doubtful, however, whether
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red maple will ever merit recognition as a major upland dominant in south-
ern Michigan, Otis (1931) describes this species as a tree not exceeding
50 feet on upland sites in Michigan, This limit is well below the upper
canopy formed by its upland associates. It would seem more logicel,
therefore, to regard it as a secondary tree component of the oak uplend
type, a view previously expressed by Cain (1936), Billings (1938), and
Oosting (1942).

To the uncertainties involved in inferential evidence attributable
to lack of information concerning the ultimate fate of trangressives must
be added those arising out of the relativity of the concepts of succes-
sion and climax., Cowles (1901: £1) has referred to succession leading
toward a climax as "a variable approaching another variable." This com-
parison highlights with particular clarity the difficulty experienced in
attempting to interpret a given inferential trend of reproduction as
evidence of succession or simply as "fluctuation about an average" that
represents the climax condition (Whiftaker 1953: 61). The opinion is
expressed here that for the most part reproduction trends for tree com-
ponents of the oak upland continuum are best interpreted as of the latter
type. With few exceptions they appear to involve conserving or consolidat-
ing species in the sense of Braun-Blanquet (1932: 316). This would appear
true of the trends for Carya ovalig and Acer rubrum considered above.

Similarly the xeric maximum in the curve of significance value for
Quercus alba (see Fig. 7) probably merely reflects a trend toward the
campositional pattern which presumably prevailed in the primary stands
on sites that now support stands largely dominated by Q. velutina.

Definite evidence of succession involving dominants potentially
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destructive of present compositional patterns was obtained in a few
ingtances, however, The most striking examples are provided by the
class 3 and 4 representation of Acer gaccharum and Fagus grandifolia
in stands 30, 34 and 36, All three stands are developed on soils which
most frequently support the beech-meple type. Since stands 30 and 36
are secondary, the possibility may logicelly be considered, therefore,
that present reproduction trends may, in these two instances, merely
reflect secondary succession toward the type which prevailed before
timber removal. Stand 34, however, was in essentially primary condition
at the time quadrat data were obtained. It has since been cut over and
whether or not beech and sugar maple would have assumed dominance in the
course of natural events will, of course, never be known. The evidence,
however, particularly the suppressed but vigorous understory of sugar
maple, strongly supports the view held here that such a change would have
ultimately occurred. Braun (1950: 319) has interpreted a strikingly
similar canopy condition in oak-dominated parts of the Russ Forest in
Cass County as evidence of succession toward beech-maple. Like stand 34,
the oak-dominated portion of the Russ tract has been little disturbed by
cutting and is deweloped on soils typically associated with beech-maple
cover. That both sites concerned have the capacity to support beech-maple
as dominants would seem adequately established by the vigorous understory
of these species which seem in position to assume dominance whenever a
canopy opening should occur. The most puzzling aspect of these stands,
wtherefore, is not that they should be trending so strongly toward beech-
maple at present, but rather that dominance by these species should have

been deferred so long. The action of some retarding factor or factors
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seems indicated. The occurrence of fire-scarred, old growth individuals
of Liriodendron tulipiferg within stand 34 end in a tract adjacent to
the Russ Forest suggests the hypothesis that fire may have been instru-
mental in retarding the development of beech-maple on these sites, Sup-
port for this hypothesis is provided by Beal (1904), who attributed the
evidently similar invasion by sugar maple of an ogk woods in Ingham
County to cessation of fires.

In sumation, the inferentiel evidence considered in this study
suggests that reproduction trends in the oak upland continuum prevailingly
reflect the sort of variation around an average associated with the climax
state. In those few instances where definite evidence of succession
exists, the forces involved seem to be traceable to the activities of

man and to have been set in motion by events of the recent past,
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SUMIJARY AND CONCLUSIONS

1. Examples of oak upland forests in 17 counties of southern Michigan
were studied by the quadrat method of sampling, Data on tree, shrub and
herb representation were obtained from nested quadrats located in 36

—

stands.

2. Importance values were computed for each tree species in each
stand. These values were weighted by climax adaptation numbers to yield

continuum index values ranging from 751 to 1999.

3. Data representing tree, shrub and herb composition of each stand
were charted in a sequence determined by continuum index numbers. The
resulting curves were regarded as graphical expressions of tolerance
ranges for the species concerned. No tendency for such ranges to occur
in patterns suggesting discrete cambinations of species was observed in

any habit category.

4. The charts based on tree data reveal that stands of the oak up-
land community in southern Michigan form a continuous cline differing,
even at the extremes, less by kind of dominants than by proportions of
dominants. This was regarded as a result of the broad overlapping of

tolerance ranges of most tree species.

5. Trends in representation of the majority of shrub and herb
Species show definite correlation with continuum index sequence if

indicator significance is accorded only to the presence of species in
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a given site. Among those species which show no evident correlation with
continuum index sequence are certain of the more ubiquitous species, as
well as those of too sporadic occurrence to yield conclusive trends. Such

species are held to be of no utility as indicators of site.

6. A gross correlation was observed between continuum index sequence
end the number and frequency of species in both the shrub and herb synusise.
Within the limits of the continuum index scale established for the oak
uplend community in southern Michigan, the number and freguency of com-
ponents of the herb synusia varies directly with continuum index sequence;

an inverse relationship is indiceted for the shrub synusia.

7. The leasding pairs snd trios of dominants in each stand were cor-
related with continuum index sequence in order to determine the validity
of each.as beses for empiricael clessification of osk upland stands. For
this purpose two leading dominsnts are held to be superior to three
beczuse of the fewer number of unduplicated combinetions end the narrower
overlapping in scale position of the stand groupings characterized by the
same leading dominants. The scale sector between index values of 1350
and 1400 was tentatively recognized as a boundary sevarating stands
having black ok as one of the two lesding dominants from those in which

red oak has a similar position.

8. The influence of certain envirommentsl variables on continuum
index nurber has been noted as follows:
a. In those few instances where other envirommental influences

could be judged to be constant or to vary ineffectively, stands
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developed on slopes of southern aspect had significantly lower con-
tinuum index numbers than those developed on slopes of northern
exposure,

b. Under similer cornditions of l-factor variation, and except
on north slopes, severe disturbance was likewise reflected by a
significant lowering in continuum index numbers.

c. Despite effective variation of other environmentsl influences,
a general correlation between continuum index number and<§253~3?§§9re
was noted. Such gross correlation permitted the designation of index
position 1,500 as an approximate boundary, in terms of vegetational
response, between §§p§§_gq§'§gndy loams on the one hand and loams

—

and silt loams on the other.

9. The results of this study were supplemented snd complemented with
data from other sources in an effort to test the validity of the various
climax hypotheses as applied to the oak upland continuum in southern Mich-
igan. The climax-pattern hypothesis of Whittaker was found to agree most

closely with observable facts as opposed to speculative theory.

10. Few reproduction trends indicative of importent changes in stand
camposition are evident from the results of this study. Such as occur seem
attributable to events of the recent past and not to developmental trends

produced by plant reactions.
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TABIX II., Summary of tree data based on ten 100 m?
Cass County, Howard Twp., T. 7 8., R. 16 W., NW
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Sumary of tree data based on ten 100 m? quadrats from stand 3,

Barry County, Thornapple Twp., T. 4 N., R, 10 W., NE 4 section 15.

TABLE III.
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T. 7 S., R. 12 W., NE* section 7.

TABIE IV, Swummary of tree data based an ten 100 m? quadrats from stand 4,
St. Joseph County, Constantine Twp.,
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TABLE V., Summary of tree data based on tem 100 m? quadrats from stand 5,
Jackson County, Leoni Twp., T. 2 8.,
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quadrats from stand 6

2
Cass County, La Grange Twp., T. 6 S., R. 15 W., E % NE 4 section 33.

TABLE VI, Summary of tree data based on ten 100 m
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T. 1 S., R. 2 E,, SW £ MW £ section 17.

Summary of tree data based on ten 100 m? quadrats fram stand 7,

Jackson County, Waterloo Twp.,
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Oskland County, Springfield Twp., T..4 N., R, 7 E., SE 4 section 1.

TABLE XI. Summary of tree data based on ten 100 n? quadrats from stand 12,
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SE 4 section 5.

&nmydtneuhumdmtmlwdhmmusﬁmiwm%,

Hillsdale County, Cemden Twp., T. 8 S., R. 4 W.,
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NW 4 section 20.

Washtenaw County, Dexter Twp., T. 1 S., R. 4 E.,

TABLE XIV. wdtuohumodmtmlmmzquadrat.frmatandu,
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R. 15 W,, §W 4 section 8.

Cass County, Jefferson Twp., T, 7 S.,

TABLE XV. Summary of tree data based on ten 100 m? quadrats from stand 15,
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Summary of tree data based on ten 100 m? quadrats from stand 16,

Jackson County, Waterloo Twp., T. 2 S., R, 2 E,, NE } section 11.

TABLE XVI,
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Summary of tree data based on ten 100 m? quadrats from stand 17,

Allegan County, Heath Twp., T, 3 N., R. 1 W., S % section 22.

TABLE XVII,
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Kent County, Courtland Twp., T. 9 N,, R..10 W., NW 4 section 24.

TABLE XIX. Summary of tree date based on ten 100 m? quadrate from stand 19,

Acer saceharum

Acer rubrum
Amelanchier sp.
Carya ovalis
Pinus strobus
Prunus serotina
Quercus alba
Quercus rubra
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Sumnary of tree data based on ten 100 m? quadrats fram stand 21,

8t. Joseph County, Lockport Twp., T. 6 S., R. 11 W., NE 4 section 3.

TABLE XXI.
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TABLE XXIII. Summary of tree data based on ten 100 mn? quadrats from stand 23,
Oakland County, Addison Twp., T. 5 N,, R. 11.E,, section 28.
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4 section 1

TABLE XXIV. Summary of tree data based on ten 100 n? quadrats from stand 24,

Jackson County, Waterloo Twp., T. 2 S., R.,.2 E,, SW
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Summary of tree data based on ten 100 2 quadrats fram stand 25,

Livingston County, Oceola Twp., T. 3 N., R. 5 E., NE 4 section 22,

TABLE XXV,
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Summery of tree data besed on ten 100 m2 quadrats from stand 26,

Berrien County, New Buffalo Twp., T. 8 8., R. 21 W., SW 3 SW 4 section 2.

TABLE XXVI,
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TABLE XXVII., Summary of tree date based on ten 100 n? quadrats from stand 27,
Clinton County, Essex Twp., T. 8 N., R. 3 W,, NW 1 8W ¢ section 10.

Prunus serotina

Pyrus ioensis
Ulmus americana

Ulmus rubra

Acer rubrum
Quercus alba
Quercus bicolor
Quercus rubra
Tilia americana

Amelanchier

Prunus avium
Prunus sp.
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NW 4 section 12.

TABLE XXIX. Summary of tree data based on ten 100 m? quadrats from stand 29,
Lenawee County, Adrian Twp., T. 6 8., R, 3 E,,
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Summary of tree data based on tem 100 m? quadrats from stand 30,

8t. Clair County, Clyde Twp., T. 7 N., R. 16 E,, SW # section 4.

TABLE XXX,
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Jackson County, Waterloo Twp., T. 2 S., R. 2 E., SW 4 section 1.

TABLE XXXI, Summary of tree data based on ten 100 m? quadrats from stand 31,
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quadrats fram stand 33,

2
Sciota Twp., T. 6 No, R. 1 E,, SW 4 section 11.

Sumnary of tree data based on ten 100 m

Shiawassee County,

TABLE XXXIII,
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TABLE XXXV, Summary of tree data based on ten 100 m? quadrats from stand 35,
Ingham County, Bunker Hill Twp., T. 1 N., R. 1 E., NW 4 section 29.
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quadrats from stand 36,
T, 7 8., R, 20 W., E 4 BW # section 22.

2

Sumary of tree data based on ten 100
Berrien County, Chikeming Twp.,

TABLE XXXVI,

Acer rubrum
Acer saccharum
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Carya ovata
Cormus florida
Quercus albe
Quercus rubra
Tilia americana
Ulmus americana
Ulmus rubra
Ulmus thomasii
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TABLE LXXV. Mumber of occurrences of tree species recorded in sets of ter 10 x 10 m. quadrats established in all stands.

Stard

17 17 19 20 21 22 23 24 25 26 27 2 29 30 31 32 33 34 35 3

9 10 11 12 13 12 15 16

e i@ LI 23T VLS I LERISE LN L5199
i TR ol T K it Rl K
LR Rt B 8 Kl B Tl Ll )
LT Bt 8 et A Y Kl |
RN R Yol 1 21 - ot ol T )
B RS P RS L

addeliolals 8l K Rtoh C Lol B IS LN Rl o
= Elol Dol T Bl oot R Tkt G B Yt B )
- F el Lot M R B B BB - X B
b G ot B Bl e W I B8 D I
e s niginiiist
(SRR Rk
tirrnisa

!

|

"

cgoerd e | e R R R R il el kaalel]

Avcwnoo | 1gv g [1eme | |omjome |
b Lol B Rt W e )
*ig e 11181

wommcan | | gane

|

i

'

'

|

!

l

|

{3 e T e o - B Tl el i B

TR it Bl ol o taatall Y Sohalt Y ecl o]
(B O Rt ol 1 5 - Rl Rl ot |
H
l
i
{
H
|

NN e e oo jeag

(I P
i
i

PR e

BRI IHHE
ANo g enng RN RR N
Lig e gee pena gy

11io~e

g ey gty
ERRNNERRREENE

e igenn

{J- Rt UG B 1 |

IR R N
IRR RN
ol Sl BB MY
g}

R LA e
SiRiresee pepue (R Bl 11 Lot (o M B
] FjRRs g )
e 2R A

[Ealatatal Lo B U I |

- Rl B |

SRy

R4

coenis LEges jepad)

e
st 0 B Sl B et b LA, )
L s N g8 i bl R Jod o |
it 1 Sl 6 | H 151 & e tad fo B B Y |
gt £ £ AaE H 1S IR 191 g
stieasd H 151 Fregssibrd
a3 Rl £ L H 121 e g eey
SN i H Ll | ([ Fab b 1o 18 okt |
Lo b t] B =) o 0 Lo KoY o Bl Bt | H =% L B L el A
Latatoal 8- 18 U5 Vol ¢ 8 0 8 B o P~ = O L= e
LRl TR ol b e B A8 N G T 6 18 B0 1 = Todat T B U8 Rl Rl Ko i |
L Bt P I T 10 It 28 0 5 8 I8 T ot o I K= T = I Br B Sl A
ENEPASTTISN YN E IS L PSS LT LSS 11
R o b N Rt I Baiallobadn Rkl I 80150 S0 J6F 3 TR I8 Rt~ o TR TR - W I L |
L Pt 21 o I I a6 61 B TR T 20 O 6 = O Kol el el
""“lI"I"IS"HI"'*lllIIHHHSlS:"I"S"HI"II
g
2 a3 Eg : éi g 53
CEREI PP O | s=§ 343431 .
iy Bl de A
g8z, ":a§%3*e~‘i==§51°""s§i i
i, ahhiiem
eI T e

*The symbol 'X' indicates presence in stand.

27,



Stand
16 17 12 19 20 21 22 23 24 25 26 27 22 29 30 31 32 33 3% 35 3¢

——

9 10 11 12 13 1L 1s

€

7

Ihmber of ocourrences of shrub species recorded in sets of ten 10 x 10 n, juadrats estahlished in all stands.

TABLE LXXVI.

R RN N R NN N NN N NN NN
R NN R NN A NN AL N NN NN
RN RN N A RN NN LA N NN
RN el NN NN B A N N N N L L N RN NN
N e A RN N R R A NN N NN NN NN
NN Rl B R N N N Aol N N AN N N Relata b N L N N R N E N RN
RN el i e A R N L NN L N R A NN ]
[ Raadl BN I I R R A B I bl D I I e I O I e
U I I I R R R A N N I B R R NN R N
U A I Il

!
!
|
U Rl I Rl I I O
|
!

A el RN RN NN

e R RN NN NN
U T A A A Al - R Al A I N B B I Bl |
RN E R NN R A N e R N R RN

U BRI I N B O B N Bl Robdal I A
e A e A R
=T T A I B B Rl I I N

HRRCTRR T I =8 IR IRkt B I i I I I B

-— .-

!

|

N AR I I Rl Rl

N IR AN Ral el Al
N N e I I !

U Rl I Rl I

"ib‘-—cl Iu'\-dy.I’NN|m= ’ Ievm-—cm,

I I I I I I B I R

‘iH\lt

H
it err i titss
U A A A N AR R

O I A e T i T T T B B A U B A T B o I N A IR Rl B o

N R R N el S RN Nl R el B N LA LRI L RN NN
N el R e e e e L e R R LR R N N N R AL L L
BN RN e A R R R LA N RN

NN N NN NN R L L R N N R RN RN
ERERNE
ENRSN

H’Hﬂl\ll-l P : [] :v1-—1| :v" e . 'x D RN l :PJN :l

r-<‘|4"\'1v—|lllllll:f"llv<|h-h

1

X
1

I\O'IHHI!

! A I Rl

{
lw'(‘!IHH('\I""

i

U IR I A I
|

:%ﬁI:JII|II‘-Z [ :'_‘::\:::{.:I'F‘Il
kI(LHIQ(‘\:"

=i~

‘l'llllllll-'llll|I;,I(-'\'=I=K\~l="‘--—l|=|=(‘-’|w!|"|0~

!

!

|

'llr"\le‘\:" [ R B I I A
!

l:N(’\II('I'~.’|IIIII lll.l-—ln-I"
!

:0—4:—4:-«4:": | : |-c|'...'|l|l:-:--l(‘<=><(\:~0=:mgx"‘w'!l"

IQ(‘H:(\‘HII‘IJI«"J,II:<I“-"“II¥-||(\F'\“¥\!|Hl||l!|~°

:."""(‘\If’\lllllll ll|ll-v"I:N\O:L‘v—‘ﬂqﬂ"l:ﬂ'll"

T N RN RN
N NN RN RN LR N A NN LN NN LY
R RN RN L N NN RN NN RN

ppmeee e e

I R R I I e
L]

|

|

|
'IN'::(&:\'II=><'~':P4:—‘.I=|||'\L'l|
!

!

|

[ Ralkall N Rl AN BN I o

U T I e Rkl I Al I R I I Aol I Y

1. % L
PTY AT R PR
3§i§§§§a§3§.§i§§3'5§§§é%g?%é%zsg § siHi
BT R B
T A R i

#The synbol 'X' indicates presence in stand.






273.

N R
R B e
R I R A el
R RE RN R
ER R A

en A dged T Sl 2y TR e

— oo e - WnUeo TIeWe anTAXCYIURY

R T R e R S ¢
= = = -1 - -1 -1 L = - - -- 1T 1T 1 7 =X £ = 1 == 1 == 1 VIJRTL STITA
—- X T = == I % T T % == == 1 1 1 Yooe= 2§ € L T L ¥ T 5 A $116ATISOR STATL
e T e S G ST1¥ATISE6 &]13TA
== L 7 0T ¢ = == == = . == 3 == == 7 L T Tt "= 5 == 3 == == == == 5 == == W TUJOO8 TMUIMQT A
aatiea i S el S el e S S S LNFTOJIUNLL WrLMQTA
i T S S S SR R e G ST SRR PSS oJejueT unuUITqf;
m= mm mm mm e me e s ee me me e me me ee M= me me ce ee } ee mm ee ee e e = e e -= SOPTUUTSSEd LMUMYTA
L L 0T OT — 3 T T § L == 02T = 90U & £ £ 1 3 == == 3 1 == == _ g ¢ == == M} T0JFI008 NI,

2
[a)
[
Y
~
«
[
[
[

-~
~
™M
~
LAY
o~
(o)

T€ 0f o @ ST e £ ¥ W’ W o1 ST LT 9T ST YU U T IT Ol 6 3

&
&

SUPUEIS 1TV U| POS, TYWIE® $ywapunb W QT X U UsY JO T;08 U} PYPIOd.d 99L00US TJYS JO S0IUmIINDIIC JO lequm (PeNUTIUGd) IAXXT TIEVL






Stand

9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 2 25 26 27 28 29 30 31 32 33 34 35 36

Fumber of occurrences of herb species recorded in sets of ten 10 x 10 m, quadrats established in all stands.
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(contimued) Mumber of ooourrences af herb speciss recorded in sets of ten 10 x 10 m. quadrats establisbed in all stends.
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TABLE LXXVII, Musber of oceurrences of herb spscies recorded in sets of ten 10 x 10 m, quadrate established in all stands.
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(contimed) Mmber of ooourrences of herb speciss recorded in sets of ten 10 x 10 m. quadrats established in all stands.
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Number of occurrences of herb species recorded in sets of ten 10 x 10 m. quadrats established in ell stands.
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(contimed) Mumber of occurrences of herb species recorded in sets of ven 10 x 10 &, quadrats a-tehlished in a1l stends.
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TABLE LIXVII, (contimed) Mmber of occurrences of herd species recorded in sets of ten 10 x 10 m, quadrats established in all stands.
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