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ArSTRACT

Toi TOWLALD-HARDWAOD FORESTS CF TNGHAM COUNTY, MICHLIGAN;
THe TR SYRUECTSRE AND ZC0LOCY

by Rubert iouls dryant

A considerable acredge occupled by lowiand-hardwood torests in
srutticrn Michigan is considered to have a sLor;ge and stabilizicyg influence
o1 zroucd water supplies., Since little is known about the composition,
ground water bydroiogy, successional relationships, and general ecology of
tuese forests the present study is an attempt to provide prelimicary infor=-
mALlun on these subjects.

Measurement ot the number, size, and distribution of tree species in
tae Jowland-hardwood stands was accomplisned using four sampling methods.
A plot method was used as a standard for the study against which data were
compated from the otiher methods. Non=~areal methouds included random pairs,
the point-centered quarter, and the variable plot-radius methods,

In order to determine the relative reliability of the various samp-
Tiug methods, simple correlations (r), were calculated between three
parametecs (basal area, frequency, and density), as determined from each
of the methods. The relationships indicated by tihe use of coefficients
«{ determination (r¢) showed that any ot the four samnpling methods gave
aluost as much infornation about the three parameters as did the best
metiiod,

Tae same measures (basal area, frequeacy, and density) were used.in
deseribing tie composition of the stands selected for the study. Con-
tinuum. indices were calculated for all lowland-hardwood stands. These

iundices indicated & rather complete coverage for the spectrum of lowt!and

es. fupsrtance values calculated trom the tlree parameters proved to



give Lhe best measure ol species domivance,

The erteces of fire and pathogenic iotluences, windthrow and root-
L sysStoms on community structure of lowland-hardwood stands were dis-
cussed, Windtarow and rooting habits of certain lowland tree species
served to influence the eventual stand-age-structure of lacustrine
torests.,

Aun eramination of the soil protiles showed that the majority of soil
types were alpha-gleys which were poorly drained.

Soiis were analysed for total sand, silt, and clay content, Other
analyses included moisture equivalent, loss on ignition, and pH. Diff-
erences in soil characteristics between the stands were evaluated stat=-
istically.

Simple correlations were calculated between the importance values
and basal areas of the ten most abundant species and soil physical prop-
erties. Two species shiwcda tendency to be tound on soils with certain
physical characteristics--black cherry and slippery elm. Because tue
oresence of non-significant correlations between soil characteristics
in different horizons was great, it was supgested that future vegetation
studies in the lowland~hardwood land type snould ignore the measurement
of physical soil paraneters.

weekly measurements of water table levels during the 1961 growing
season were recorded for 72 ground water wells. Differences in water
table depths between the stands were evaluated statistically. Tae yreat-
est chaopges in true water levels occurred in beta-gley and certain alpha-~
gley soils. Actual water table variation was least in poorly-drained
mucks.

“impie correlations which were calculiated between the importauce

va.ues and basal arveas of the ten most abundant species and ground water



depths during tae growing season invoived two species--sugar mapie aund
smerican basswood. Additional statistical analyses were perrormed between
witter table depths and the date of measurement. It was suggested taiat a
subsequent series of ground water measurements to give maximum intormation
on water table depth could be substantially reduced.

As a meaus of depicting the beliavioral pattern ot lowland-tardwood
forests the stand to stand relationships based on vegetation similar=
itivs aud environwental measures were included in a series of grapns.
Lsing the continuum as an index of similarity was not unlike the figures
derived from a formula method. Succession in lowland-nardwood stands
irplied by the must significvant environmental measurements was repre-

sented in a diwensional tipure.
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introcuction

In recent years the uvse ol guantitative measurements in phytcsociologi-
cal stucies has been devoted largely to upland forest communities (130, 2!,
157,132,60,28,53). Fewer phyiosociological studies have been carried out
exclusively in lowland hirawood {orests probably because of the numerous
discomforts which aré‘always present, including bogyy terrain, irrituting
insects and obnorious plants, which usually impede progress in the col-
lection of quantitative informuatioo, Those studies carried out in spite of
these difficulties, include the efforts of'ChrisLensen, Clausen and Curtis
(+0), Ware (150), Lindsey (102), and Wistendahl (167),

The lowland hardwood forests of southern Michigan are of considerable
importance, Altuough they occupy only six to ten percent of the com-
mercial forest land throughout the region, this amounts to about 750,000
acres in the lower peninsula of the state.l The considerable acerage
occuplied by lovliand hardwoods nuikes it one of tiue major forest.types
in Michigan, whose future economic potential as a source of forest products
may be great, Such a large forested area, occupying sites which are so
poorly drained, serves as a catchment basin for precipitation and runoff
and acts as a storage aud stabilizing influence on the ground water sup-
plies in this section of the state,

The present condition of the majority of stands in this type consists

or overmature, defective and cull specimens left after cutting and utillza-

tion practices which removed only the most valuable trees, Lowland hard-

woods$ usually have been bypasscd as an area of research in southern

lUnpublished information, Lake States Forest Experiment &tatioa,
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Michigan and most ol the researcn cftort requiring detailed iuvestigat-
ions has been devotvd to the more valuanle ouk, oak-hickory, and sugar
maple-beech torests on upland soils,

lhe lowlands in hardwood forests are primarily of glacio-lacustrine
or fluvial origin, occupying such depressional features as elongated
glacial drainageways, swales and basins of till plains, ground moraines,
and shallow muck swamps. [n addition, these forests are often found along
the borders of many lakes and streams, small tributaries, and enclosed
upland depressions aund bogs,

The major tree species of these forests in the northern part of the
lower peninsula consists of pure conifers to mixed conifers and hardwoods,
while the southern part consists of nearly pure hardwoods,

The primdry objective of the present study was to describe and compare
the structure and several enviroumental characteristics of a series of
stands in this poorly known lowland forest type. The enrvironmental
parameters were mechanical analyses of soils and the changes occurring
in water table levels. PRasic information on the ground water hydioio,y
for this section of the state consists orly of information on represcate-
ative wells intluenced by pumping., A second objective was to construct
estimates of the successionigl relationships amonyg the lowland forest types.

Pecause the coilection of hydrolopic data reyguires a definite
schecule of ohservations in wells, the area within which the stands were
chosen was kept small,  JIngham County, ia which the study was wmace, is
considered reasonadbly representative of the 13 other countics iv soutoorn

Lower ltichigan, [t contzins 13,7290 acres (112) of lowland hardwoods,

4 rather liarye portion of the typs occurring in the L3 couuly area.
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beseription uspd ravly llistory ¢
logham county, the arvea in witich this study w2s made, is located in toe
soutn=ceatral part of the lower peuinsula of Micnizan, The counly 1s
roughly square in outline, composed of four tiers of townships, and includes
¢n area of approximately 550 square miles within its limits,

Several hundred [ndians were the first koown humaa inhabitants of
Ingham County (b3). Since they relied heavily on water as their principal
means of transportation, it is ounly natural that the first dwellings were
established along the few waterways that exist in the county, The largesé
Indian villuye in the county was established at Okemos, beside a clear shal-
low river called the Red Cedar, FEarly surveyor's notes also indicated the
presence of two smaller villages. One was located beside a small lake in
the northern part of Stockbridge township'and the other along the Grand
River in Onondaga towrship (639,

Overland trails used by tbhe Indians usually followed established
water routes,  Away from the rivers, trails were established on higher
ground, usually along the tops of winding eskers and ridyes of the larger
moraines, Two large eskers, running from the northeastern to the south-
westera part oif the country, were used rather extensively as travel routes,

According to Fuller (63), the tribes depended heavily upon upland
beeche-maple and oak-hickory forests, as well as floodplain forests for food,
shelter, and clothing, No mention was made, however, of the extensive low=
Lund hardwood forests, in old glacial drainageways and lowland basins, being
used {or auy purpose, It is possible that these areas were avoided because
of fear of sickness, fever and pestilence, bred by tne hordes of mosquitoes
which inhabit such places. S$mall open areas ot wet marshes were mentioned

as being extensively used for trapping purposes,
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it the time that permancnt settlement by white men began, duriung the
1830's, the entire county was covered by dense hardwood forests., Little
pine was present, except for the area around Lake Lansing, Tamarack, how-
ever, was prevalent in the swamps and drains of the watersheds. The early
scttlers immigrating into the southeastern part of the county, in Stock-
bridge townuship, testified to the fact that dense forests ranged to the
west and north,

Initial purchases of land for timber and minerals were made in the
northern part of the county. It was here, and in the western sections of
the county, that the greatest viriety of timber species was found (63), The
principal species found on the well drained mesic sites were beech and sugar
maple, which are considered climux for this region., Originally, the heavi-
est timbered sugar maple stands were found in Vevay township. Maple trees
were tapped in these early days for the sap, which was made into syrup and
together with venison served as items of trade between the Indians and pion-
ecr settlers, It was reportec by Fuller (b3), that the most heavily stocked
lowland hardwood stands were found in Meridiaa, leslie, “heatfield, Alaie-
don, Unonduaga, Stockbridge acd Vevay towaships,

Towsxrd the south and east, homesteads were established on the weil
draincd and intermediate textured soils, 0Oak stands were found on the
decper saads and sowmewhat drier upiand soils, 1t appears from the early
records that oak timber was very ibuadant on these soils, and was the most
viluable forest asset in the country, According to the early lumbermen,
Lagham County produced the prectest quantity and some ol the finest qualily
oax timber found in the stute (63). Refore the 130C's, over 21 small saw-
milis hed been established throw wout the county, The largest mills were

M . . . . - . v .
LoCutled jo “heatfield, Ouondrca, und Stockbridye towaships.






.-

During this time, millious of feet of oak timber were cut to supply lo-
cal and regional markets to the west, Oak was used for practically every=-
thing, including shingles and flooring, staves for barrels and casks, wheel-
barrows and hand trucks, bridges, corduroy roads, and railroad ties. After
the railroads were built, oak lumber was sent to the shipyards of the east-
ern markets, Waste slabs and cull lumber were made into charcoal, shipped
to the northern part of the state and used for smelting iron,

In these early days the timber on upland areas was also cleared for
agriculture, Flowing and planting these lands to various crops reduced the
natural fertility of the soil, and more land was cleared as yields became
progressively lower, little was dore by the landowners to protect the soil
from erosion or to increase its fertility., As a result of this treatment,
a great amount of s0il material washed into and filled the natural drains,
In a very few years competition for finer textured soils increased as mar-
ginal droughty uplands were abandoned and eventually some of the poorly
drained mineral soils and mucks were placed under cultivation,

In earlier times, these poorly drained areas were considered unf{avor-
able tor the production of crops and continued to support lowland hardwood
forests., Since the cost of druinage is high many areas have remained rela-
tively undisturbed until the present time, It appears from the early
records, that lowland hardwood farescs were not generally exploited for
toeir tinbers, at least to the extent which occurred in the oak forests of
the county, Oue cxception to this situation occurred ia lowland floodplain
forests, which favored the development of sycamore, cottonwood, yellowpaplar,
black cherry, butternut and black walout, It appears that the walnuts,
Prized for their use in furniture and cabinet making, and black cherry, a
fine wood used in the manufacture of coffins, were subjected to such des-

ltuctive cutting that they were practically obliterated on floodplain soils,



Tn the early days of pioncer seltlement, tamarack was cut rather extensively
on the wet orgdnic s0ils and hewn iuto ship timbers (H3),

The agricultural potential of the lowland soils was found to be high
under conditionrs of proper drainage and in recent ycars some of the bhetter
lowland huardwood stands have been cut., Oviginal forest growth on fine tex-
tured soils of impertfect and poov draivage, including the wet org3n}c peats
and mucks, favored a devclopment of large individual trees., LElms, ashes, soft
maples, basswood, and swamp white oak were the principal species ac-
cording to Veatch, et al. (147), Tamarack, quaking and bigtooth aspen,
white and paper birch, willows and an occasional black spruce were élso
present,

The neutral to basic organic soils also supported a lush growth of
shrubs, sedges, and grasses, in addition to the previously mentioned species
of trees, On highly acid bogs, the vegetation was shrublike consisting
mostly of leatherleaf, dogwoods, and winterberries,

At the present time about 80 percent of the total land area in Ingham
County has been c¢leared for agricultural purposes, leaving about L5 percent
1n forests, Aaltbough the greater portion of the forested terrain is
characterized by rather good naturul drainage, about 30 percent of the
forested area has soils which are imperfectly or poorly drained, Alluvial and
organic soils comprise about 17 percent of the lands classified as wet or
In a permanently swampy condition, The mineral soils are rather dark in
color and have developed on glacial till from calcareous gray and yellow
loam to clay loam, Where drainage is feasible, most of the organic soils

at the present time are very valuable for agricultural purposes,



tinersily tue climate ot Iaghan County nray be characterized as contiu-
cittal 1n naturc, with extrenes in temperature, nunidity aad precrpitation
tetaer macommon.  Owing to the anterior location of gne county in tne soutin-
crn openinscla, considerable variairon may be fouad in wmetearolegical condi-
t1ous. At times, molsture-iaden winds carried i1nland from the surctovunding
(reat Lakes produce a semi-surine intluence, witu accowpanving wwederately
Ligh humidiricos,

Jow wind velocities and evaporation rates are the norm for this section
of Michigan. Prevailing wind moverment in the county is from the southwest,
averaging 8.2 miles per hour, c¢xcept for the month of March, when wind di-
rection from the northwest has an average velocity of 10.2 miles per hour.
The highest wind velocities have been recorded from the northwest compared
to other directions (iW5}Y.

he average annual precipitation in the county amounts to about 31.1
incies. The driest year for 60 years of weather records occurred in 1958
witn an annual raintall of 21.3 inches, while the wettest year, with an aa-
neal rainfall of 39.7 inches occurred in 1947. Most orf the precipitation
is from storns which are cyclonic in origin, producing less than .25 inches
ol rainfall per storm.(4%),

A faivly recent classification of raiufall patterns for the East
Lansing arca shows that mwost of these storms are of low intensity, and that
rost of them oceur during tne month of November every year (!37). The major
PAT t ol the annual precipitation falls during the wid-part of the growing
feason, from May until August, a product of high intensity convectional

sStorms.






Larter losaes due to runeft from storms are vauaily low, except
when the soil surface is frorzen or not proutected by a cover of vegetation,
Meverthe less, through percoiation, infiltration, and subtervanean transier
of uncontined ground water, about 3! percent of the annuai precipitation ap-
prars as strean {low n the creeks and rivers oi tae local wurcrsheés (1377,

o addition, melting vt accumulated snow cover contributes to runof{f during
the late spring months. The heaviest blanket of snow cover on record oc-
curred during the winter of 19%1-1952, with a mean depth of 88.8 incues.

The average length of the growing season for the county varies from 1954
to 158 days (16%). Although the state of Michigan is noted fur some of the
greatest extrenes in temperature within the con;inental limits of tihe coun-~
try, such is not the case for Ingham County. The 60-year record indicates a
mean annual average temperature of 46.7°F, with a mean deviation of 19.8°F,
between maximum and minimum means. The highest temperatures usually occur
during the montﬁ of July and the lowest during the month of February. Aver-
age dates of the last killing frost in spring and first killing frost in
autumn occur in early Yay and late October, respectiveiy.

A brief resuine of normal clinatological data by months of the year is
compared to the values for the 1961 growing sea-on in Uable T. It nay be
observed trom the tabular values that mean wonth!y temperatures for the pre-
sent ycar were approximatcly norawl,

The rainfall pattern, bhowever, was defingrely abaormal. As shown, Lhe
toral annual accumulation was far telow the norswl trend, miaking 1961 one of tiw
dricst years on record. Althouun ot indicated in ihe toble, the accumulated
departure from normal for each succeeding montn was negative for the entire

year, primarily becsuse the initial deficit during the early winter months

was 1;,1-“8.
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TABLE.~ 1. Mean monthly temperature precipitation data for a 6U-year
record and th: 1961 growing season for Ingham County,
Michigan
Month Temperature Precipitation
60-year 60-year beparture
mean 1961 _mean 1961 from normal

°F, il inches inches inches

January 23.8 19.9 1.87 0.45 -1.42
February 24,2 27.8 1.81 1.60 -0.21
March 33.2 37.0 2.57 2.87 0. 30
April 45.3 41.8 2.83 3.45 0.62
May 56,5 52.9 3.75 1.00 =2,75
June 67.4 64.8 3.37 2,97 =0, 40
July 71.1 69.8 2.28 2.28 6.00
August 69.0 8.7 2.08 3.33 U.6b5
September 6l.38 66,4 3.05 4.61 1.0
Cctober 50.5 52.2 2,45 1.58 -0,87
November 37.9 39.0 2.30 1.77 -U,93
December 27.1 26,3 2.12 1.44 -U.68
Average 47.3 41,2 31.0u8 27.35 -3.13

or

Total
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Ly epraphy, olls and eolopy

The major pertica of tuce couwaly 13 pact of a bread glaciated plaia
known as the ""ilmeh dotlanc.'  Tois elevated plain is typical of an area hav-

been recently glacrated, whose tupographic features have been asfected

1ag ;
by advances and subsequent retreats ol tae lce {frovts, during Fleistoccue

time. [o Inbgam county the plaia rises from 200 to 600 feet above the ievel

O! the Greet Lakes and is bordered on the north by a flat lowland piain,

wnich crosses the state frow Saginaw Bay to Lake Michigaun. ‘The lowland

plain lies 200 to 400 fcet beloew the "Thuuwb Upland" (99).

The higest elevations in [nhgam county are tound in the four soutneast-
ern townships, where the first permanent settlement of the county took place.
The average elevation in this area 1s about 990 feet above sea level. The
surrounding countryside gradually slopes away from this area in the four
cardinal directions. Difierences in elevation between the high and low
points in the county are not great, averaging about 300 feet. Between low-
¥and swamps and adjacent higher ground, differences average about 100 feet (1a7).

During the late Wisconsin Age, the ice sheet of the Cary substage cov-
¢red carlier Pleistocene teatures, by depositing an unstratified dvift asantle
of varying thickness over the county. The soils of Inghain county have de-
veloped from this drift and belong to the Gray-iirown lodzolic and Hunic-Gley
sreat soil proups. Ulnweatiicied glacial materials ol these suil groups aie
usudlly strong calcarcous mixtures of sorted and unassorted deposits, Tuis
nistory of glaciai activity in Ingham county has becu described in detail by
Leveretr and Taylor (99, 100). The physiograpiy of the county nmay best be
described as one of smoothly or gently undulating ground moraines and nearliv

level ¢layey and sandy outwash plains, which are interrupted by old glacial
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drainageways and closed basin depressions. A map illustrating the basic geo-
logic formations of the county is shown in Figure 1.

In the northern part of the county, a low upland called the '"Lansing
Moraine , travels eastward from Lansing township into Wheatfield township.
The topography along this moraine varies from flat to undulating, and tends
to become less pronounced in the northeastern part of the county. South of
this area, the Kalamazoo and Charlotte till plains are found, which gradu-
ally slope southward at the rate of six to ten feet to the mile. Along the
southern part of the Charlotte moraine, the topography again becomes rather
hilly. These two roraines, averaging 40 to 75 feet in depth, form a rather
thin drift layer in Ingham County, compared to adjoining counties, where the
drift mantle averages from 300 to 400 feet in depth (99, 100).

Although a svstem of slender sub-moraines oriented in an east-west di-
rection are apparent on the surface of the larger till plains, the most
striking surface features are the numerous eskers. The majority of these
glacial features are oriented in a north-south direction and appedar to be
strongly associated with elongated glacio-tluvial basins. An examination of
the difterentiation of materials in these formations indicatced that
they were probably produced by streams under the glacier, sweeping from side
to side in a serpentine manncr as the stratified deposits were laid down,
Thus, confined and elongated fowlands would have evertually resulted trom
this tyvpe of activity under a rapidlyv retreating ice frout,

e Moson esker system, one of the largest jn the state, and referred
Lo previously as an ancient Tadian trail, does not show as strong a rela-
tiouship to the vloapated basin depressions, as the Dansville aad Villiams-
ton esker systews in the edstern part of the county. At the present tiowe,
these esker systems are discontinuous, witihh several smail creeks winding

UTOuLh openings created by strean dissection,
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Accompanying natural land divisions, produced by the retreating ice
masses of the Cary subdstage, include shallow potholes and swales, shaliow
and deep muck swamps and bogs widely distributed throughout the county.
Additional depressional fecatures include irregularly shaped shallow basins,
variable in size and created by sheet flow from glacial melt-waters. 1t ap-
pears that lowland hardwood forests were predominant in the remains of these
glacial drainageways at the time of settlement of the county by the white
man (63).

All of the features previously described are strongly related to con=-
formations of glacial origin rather than erosion or stream dissection. Ero-
sion since the last glacial retreat has produced a modified dentritic drain-
aye pattern. Since stream dissection is not prevalent, water tables remain
close to the ground surface in lowlands for the major part of the vear, and

flocding occurs rather frequently during the spring season.






l.Literature Review

t:colopy in Ceneral -- Pre-history

In the field of ecology concerned with the organization and sociologi-
cal relationships of plants, probably no question has been more argued than
""What constitutes climax?" Although early workers in the field recognized
and described patterns of easily discernable changes in vegetation, Clements
(44) coﬁtributéd most to the concepts of climax and succession. The prin-
cipal concept in his writings was expressed in the unity of the climax and
climate., The two were considered inseparable and all successional stages in
the developuent of vegetation puinted toward a single climax.

Thus, the monclimax theory evolved, a concept long accepted by many
workers in the field. According to this theory, all vegetation, regardless
of its starting point in development, would eventually reach theoretical
equilibrium under the general control of cliwate. The visible unity of the
climax was expressed in the "formation,'" a urnit having similarities between
the life forms of the dominant species. In this sense, it would be expected
that all vegetation within a given region, given a sufficient period of time,
would be uviform regardless of habitat,

if the cffects of climate were eventually made manifest in producing
stabilization of the vegetation, then a true climax would prevail. In this
respect, climate, climax, and geologic time would be inscparable., The prob-
anility for either of the forcegoing siuvations taking place, however, would
be quite low in the natural sequence of events. The specialized often com-
Piex terminolopy used by Clements (44) in his descriptions of vegetatioa
obscured the tiwe element, which was largely ighored as an associational

leentity with the cliitax.
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daile wost coologists bave, at cne time or gnotner, stressed tne spe-
vial concept in plant successtion, time as an indispeonsable element in inter -
preting successional patterns of change nas been emphasized by Gleason (63).
Cionson (67) stressee tne diiliculties of attempting to detine variation in
plant communities. While the writings of other ecologists at this time were
coacerned with the use of suitable terms to describe communities, Cleason's
(A7) main purnose was to understand the causes bringing about the complex-
ity 1n the expression of vegetation,

I't was during this period that Clements (44} proposed the use of many
terms to describe the various developmental stages in plant succession,

Phillips (118) was a devoted advocate of tne theses and nomenclature pos-
tulated by Clements. His analyées of concepts regarding succession and the
climax were succinctly presented in several papers. Tansley (143,144) and
Phillips (118,119) clarified some of the principles and modified some of the
terminology set forth in the Clementsian system.

Tansley (l44), recognizing that certain biotic and edaphic influences
would limit changes in vegetation often for an indefinite periced of tire,
sugrested that a series of stable climaxes would be produced. Thus, the
polyclinax tlicory suggests that succession progresses to a stage of develop-
nent where a series of terminal communities are produced and controlled by
factors other than climate. 7The regional control of climate, of course, is
not completely divorced from this theory but is simply not given exclusive
control., The polyclinax tneory stresses the termination of succession by
local factors of the enviromment, such as topography, drainage, and soil
conditions. FPhillips (118,119), however, suapggcsted that such factors may de-
.

tect, accelerate, or retard succession ouly on a temporary basis, and believe.
lhese so-called climaxes could be explained in terms of tne '"climatic

Clivax, " ur monoelinax theory.
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The principal difficulty of accepting monoclimax lies in its applica-
tion on a regional basis. Recently, Whittaker (158), in a consideration of
climax concepts, stressed the complexity of species-environment relation-
ships and emphasized the acceptance of 'gradient analysis.' The distribu-
tion and organization of plant conmunities is obviously influenced by a nul-
tiplicity of factors, inherent and environmental. Under natural and undis-
turbed conditions, the ranges of plants are limited by toleraunces which are
genetically controlled,

Lach species population, subject to ramifications within the eaviron-
ment, has a particular genetic endowment which more or less restricts the
population to the particular site on which it is found. This, of course,
depends upon the ecological amplitude within the species population --{ts
adjustment to climatic, edaphic, aund physiographic variation. Micro-
variation occurs over relatively short distances which eventually produces
physiological arnd ecological differences in species populations. Differen-
ces in tewmperature, precipitation, light, humidity, soil chemical and tex-
tural constituents, amount of organic matter present, depth and fluctuation
of water tables, aspect, slope, etc., bring about physiological responses
witich show up as morphological variation (148).

Considering tne passaype of time there must be a genetic adiustwent of
the species complenent to the etfects of the environuent., In other words,
the {ntroduction of enviroamental extremes results in & change of seloctive
pressures whtich increases the mechanisa by which surviving individuals per-

petuiate the species. JTheretfore, the expression of vevetation is a result ot

40 ahnost infinite series of interdctions between tiue inherent potenrial or the

Species and the biotic petential of the environwent. In this sense, Clea-
r ' ~ K . . - - . . - N -
bon's (67) individualistic concept that each plavt conmunity differs rrom

GVl . . AR §)
cvery oyher plant cowvnunity becomes terable,
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The use of gradicent analysis techniques advocated by wiittaker (153)
for describing thne veg;tation as a whole has rfound wide acceptance in the
continuum approach developed by Curtis (53,54). Although the continuum re-
flects the un~-interrupted development of the vegetation, representing pion-
eer and the present terminal stages of succession, it does not describe the
vegetation in terms of environmental parameters. The continuum expresses
the progression of vegetation change toward a type of climax, as the expan-
sion of a point into a sphere having a diameter which pulsates. At the
same time it rejects the recognition of the absolute unit in vegetation.

Whittaker (158) has defined 'climax'" as, 'the average population of
mature selfi-sustaining stands on a4 type of site as defined aud limited." In
this respect, old, mature, seli-sustaining lowland hardwood stands can be
considered climax for those areas in which they are found. Since recurrent
high ground water produces the most conspicuous influences on the cowposition of
forest stands occupying such sites, the c¢linax condition is dependent upon main-

taining this physiographically controlled condition.
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are the silver maple-Americdan elr type (Type 62), extending throughout tue
central forest region northward into Canada, and the pin oak-sweetgum type
(Type 65) , in the Ohio Valley area. The sugarberry=-American elm-green a§h
type (Type 93), sycamore-pecan-imerican elm type (Type 94), and sweetbay-
swanp tupelo-red maple type (Type 104) , are found in the southern forest re-
s.ion.

In these lowland forest types the major canopy species are shown in
Table 2.

It is common knowledge that floristic dissimilarities exist in northern
versus southern lowland forests, The difficulty of defining distinct and
separable units of vegetation within lowland forests of the major streams
and tributaries has been stressed by Curtis (54). Some variation in spe-
cies complement, however, is found from stand to stand within any continuous
forest type whether it be located on a floodplain or farther inland. One
stand at a particular point along the major streams, tributaries, and ad-
jacent lowlands may be characterized as being homojpenous. iowever, pro-
gressive floristic differences may be observed as an increase in both woody
and herbaceous specics occurs toward southerly latitudes. This becomes es-
pecially noticeable in the lowland forests.

South ot Michigan through the forests of landiana and Ohio, an increase
in the nuuwber of tree species on lowland sites may be noted. The rich com-
plex of southern bottomland hardweod species provides a forest rescrve,
from waich lowland species wust nave advanced along rivers, streans and swaller
tributaries toward more northerly latitudes in post-Wisconsin time.

The tree coupusition of river f{ronts, battures, ridges, and terraces of
the complex bottomland hardwood region of the southern United States has been

descrihed by Putnam aad Bull (123) end Sternitzke and Putovawn(lal),
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Mijor canopy species in the lowland-hardwood types of the

castern United States (Types 19, 62, 63, 93, 94, and 104).°

Specles

Common name

Scientific name

Lowland type

Black ash
Green ash

American basswood

Blackgum
Cottonwood
American elm
Slippery elm
Hackberry

Water hickory

Honeylocust
Red maple
Bur oak
Over cup oak

Swamp white oak

Water oak
Willow ouk
Bitter pecan
Sugar berry
Sweetbay
Sycemore
Swamp tupelo
Silver maple

Fraxinus nigra
Fraxinus pennsylvanica

Tilia americana

Nyssa sylvatica
Populus deltoides
Ulmus americana

U'lmus rubra

Celtis occidentalis
Carya agquatica
Gledits:a trfacanthos

Acer rubrum

Quercus macrocarpa
yuercus lyrata
uercus bicolor

( . - Sy
Quercus nigra
wuercus phellos
Carya illinoensis
Celtis laevigata
H’puoli¢ vi:&}nidqfu
Flatinus occident.lis

Nvssa sylvatica var, biflora
e -

ACeY saccharinum

cesmceniumbelee==

39
62,93,94
39
39,104
63,94
39,62,93,94,104
39,62
93
93
93
39,62,93,104
39
93
39,62
93,94
93
94
94
33,94
62,94
104
39,62,94

4 Report of the committee on forest types (129),



inoontrist to tae tew Jowland Yorest tvpes of the central and uortaern

Rargwooa torest regtons

"~

, dutiagn £102) deseribed ¢ gnt fanortant rorest
tyoe cowbinations, contialoing cver 795 tree specics of waich 55 were oo
comnncrcial vietue.

Lecond borrons and nigh terrace flats in toe bottowlsud hardwood
sociog permit the lavasion and ecesis of certai. o.ks and hickories.
‘nercasing topographic gradation, the denressian of the water table and
reselting hetter dralrage, allow the establishuert of other oaks, which
cvertus lly give way to southern magnolia (Magne (!a grandifiora L.), bass-
woud, and American beech (Fagus grandifolia), (9%5,135).

Conducting a survey of stands found on cos=*al and alluvial floodplains
thiroughout the southeastern United States, Penfound and Hall (78,79,115%),

included comprehensive lists of lowland tree species. Amung the dominants

were bald-cypress (Taxodium distichum), swamp black gum, red maple, tupelo

pum (Nys-a at

preen ash and sweetbav,

Wioile climate is often cunsidered as the prifary iniluence controlling
regional floristic composition, auxiliary factors sucn as physiography,
coils, and ground water are considered to be the prinﬁry factors, which Jimit

tie local ranges of plants (35,30,69,70).

dvdroworplic Soils and Cround water,--Basically, the sites occupied by
lowland hardwood forests i1a the ecastevn United States nay be classified
into two origins: floodplain and lacustrine. since characteristic differ-
ences exist in the forest vegetation occupyliong such s{tes it is iwportant
to consider the conditions causing these diiferences.

Alluvial soils of streamside forests are frequently subjected to periods
ot overflow. Sediments in the overflow are usually deposited within a spec-

trum of fanlike patterns. The coarsest sandy materials, owing to toeir

k—__
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greater specific gravity, are deposited near the origin of over{low, while
fine-textured silts and clays are carried further inland. The latter mat-
erials are deposited as the turbulence of flowing water decreases. With
periodic innundations, subsequent deposition of additional sediments results
in a series of laminations of varying width, Thus, soils of floodplains are
stratified azonal deposits.

It may be recognized by the most casual observer that the effect of
stream overflow in floodplain forests is one of extreme disturbance to the
ecesis of most lowland tree species. Not only does a disturbance to the
edaphic medium take place, but the depth and duration of surface water on
the site has a detrimental effect on seed, young seedlings, and low plants.
The effect is complex, probably involving low oxygen levels as well as silt
deposition on plant surfaces.

Lacustrine forests in eanclosed depressions, on the other hand, are
not equally subject to the honogénizing influence of deposition by flowing
water, since these aveas are commonly innundated by rising ground water
tables. Ground water movement, although affected by infiltration and
percolation of soil water, is principally controlled by the hydro-geologic
characteristics of the watersheds in which these forests are found. Direct
water efltects are also present here, but tine sedimentation and silt deposition

on plant surfaces as well as evosive forces are minor,




Lowland Hardwood Types in the Luke States and Central States
Distribution.-- Studies assocjated with the classification of lowland com-
munities in the Lake States and Central States have been numerous (33,27,
17,57,159,19,79,80,44,93,94).

In describing the lowland forests of the 1lllinoian till plains in south-
western Ohio, Braun (19) observed certain forest groups, which she termed
"association segregates', These forests were composed of varying combinations
of pin oak, fed maple, American elm and sweetgur. Using graphic methods,
Sampson (128,129) presented a scquence of patterhc in the swamp forests of
northern Ohio, Three phases of tie widespread c¢lim-ash-maple communities on
lowland soils were désignated as transitional, throughout which American elm
white ash, and red maple were dominant.

A study of the floodplain forcsts along the iihite River system in In-
diana, snowed that the most characteristic riveriront species were silver
wiple, red maple, and elms (J7). !n New Jersey, the most prevalent species
found on the Raritan River floodplain were red maple and American elm (167).
Along the outer floodplains an increase in the ahuadance of sugar naple,
awerican beech, yellowpoplar (Liviudendron tulinjitera), slippery elm, and
basswood were recorded.

Speaking of river-swamp comuunities in southern Michigan, Braun (20)
noted that Americaun elm, silver napie, and black ash dominaoted along the
borders of streams.

In soutirern Wisconsin, Wilde et al. (163) suguested tnat the principal
sub-climax species on floodplains were American elm, slippery elm, black ash,
and red muple. In the northern part of the state, white spruce (Picea glauca
Var, plauca), black spruce (Picea wariaana), tamarack, and nortiern white
Ceddr are tue most important constituents of lowland stands as the hardwoods

be . s . . : .
2{n to diminish. In the lowlands of Wisconsin, Clausen (43) determined

-22-



Uhe rola species i trausition hetween northerun and soutnera conlierous swamps

to be tamarack, northern white cedar, paper bireh (Fetuga iotpyf

:_‘.\. , duakiliyg

asnen (Yot vy ved maple, Amertcan elm, and hYiik asi,

While estimating the averape tree composition o1 100 lowland stands ia
southern Wisconsia, Curtis (54) rejsorted the dominant species to be silvex
uaple, American elw, green ash, ovasswood, swamp white i, red maple, and
biack ash, Silver naple and Jurerican elm were the firvst ivvaders of wiliow
and cottonwood stands.  Tn saurhern Wisconsin floodplain and lacustrine forests,
Ware (1»0) found that awmericaa elir, green ash, and red maple were the lead-
ing dominants, Swanp white oak and silver meple were concentrated alony strear
bottoms, rather than deep swaaps.

In many cases certain dominants of lowland forests have forwmed a consis-
tent component of upland forest communities. A study of upland coniter-hard-
wood forests in northeastern Wisconsin showed that lowland dominants such as
American elm and basswood were cormon in climax stands dominated by sugar
maple and American beech (3rown and Curtis 28). A study of a virgin stand
in Michigan by donabue (59) supports this evidence as well as other studies
by Gratam (71), aad Stearns (140).

Vorking in 98 stands of upland second-growth hardwoods in Missaukee
County, Michigan, Flliot (64) found that Amevican elm and basswood were
consistent!y represented {n all size classes. Examining tne speciecs com-
Position of 110 stands in tite Take States region and soutibern Canada, Mavceock
and Curtis (119), found American el attained a leading dominant position
in only one stand but was present to some degree in 22 stands. Studyiug the
Species-soils relationships of hadwxds in nurthern Michigao, Westveld (153)
found that wost of the basal arca for several upland stands was devoted to
Suyar maple, where American beech was aiso an important stand compounent. [t

AT (5 : .
®Tican el or basswsod was preseut, the proportion of basal area tor

A‘



Sundr rmaple wia roedeced even though the density of the 1atter surcics o=

maitied guite high,

1o solds-lake Srates and Central States.-- The nydrorwipaic

suils developed under haravood forest vegetation in this region iaciave the

Leperfectly-draived members o0 the iight colored Grev-srown Puodzoiic suils (iHuh.

liese are soils usduerlafin by a true or peatic water table and are iound in
nearly level to slightiy undulating landscapes. Poorly-drained or very
poorly~drained saoils found in depressiués and swampy areas are dark colored
soils and are commonly referred to as Humic-Gleys. These solls are period-
itcally flouded by ground water especially throuphout the winter season until
late spring. Alluvial zoils are tiose found in buttowlands which are con-
stantly subject to periodic ianundation from nearby streamsa.

Previous Studies=--Hydry

irenic Sofls and Lowland Hardwoods.-- The Lm-

portance of soils to the growth aud development of forest vegetation has been
kxnown for mauy years. In the past few decades, however, significant ad-
vances in understanding the processes by which sails intluence forest growth
aud development have been added to our store of hnowledge (1067,82,86,91,
199,193,141,162,163). 1n wrany of these studies relacionships between soil
Charasteristics and corta’in lowland hardwood species have been suyyested.
Relating certain soil charvacieristics to forest conposition in north-
€urn Mjcadyan, westveld (153) found that American els and basswood were pres-
¢t o sone extent on 15 of 2% suil types while rod maple was present on 11

t¥ies. Aa abseoce of American ¢lm on loany sands and fine sandy loam sofls

N : S ;
2 Ve cenentations in the subeail horizons was reported.
Aostudy io Illinois <howed that American elw was widely distributed
R ERNN

cuirse textured floodpiain, underlain by fine textured clavs, This

A .
S Cies, however, was not presscnt on a sandy leam upland 100 tect away and







20 tecet arove toe floodplidin,  ihe domipant species on the upland were
bhazswoud, woaite, and nocthern red orks (96). Another study io Minnesotd by
Kell (SB)Y, showed tnat American elm was second in lnportance an peats.

Flack ash and baisam lir were the first and third in importaonce, vespectiveliy,

Using tne noisture equivalent as a measure of soil preferences for sev-
eral species of upiand trees, Daubennire (53) fousd that Americau elm pre-
ferved fine textured soils havieg moisture retentive capacities from 8 to 28
percent., Several species of oaks in this study were characteristic of soils
which were coarser in texture,

On the floodplain ard organic soils, Including wood peats of the north-
ern podzol region in Wisconsin, Wilde, Wilson, and White (163) showed that
red maple forms a definite part of communities containing American elm, slip-
pery elm, black ash, willows, speckled alder (Alnus rugosa), and several
coniferous species. Although this species occurs as one of the principal
invaders on sandy podzols, gley-podzolic sands, and melanized loams, along
with such species as quaking aspen, bigtooth aspen (Populus grandidentata)
paper birch, mountain maple (Acer spicatum), and wountain ash (Sorbus
americana), it was not reported on lacustrive clay and clay loam nmucks in
Wisconsin, The dominant species on these soills were irerican elm, slippery
elm, black ash, bur oak, Airerican hornbeam (9§£§X§.erﬂiﬂi?“?)'

The ubiquity of red maple as a species abie to survive throughout a

Wide range of soil texture and moisture conditious has been reported by
SeVeral authors (54,59,84,111,154,163). The bimodal distributton of red
Mp le has been demonstrated by Curtls (94), while studying the species-
Sfa@and-gtructure of lowland and upland vegetation tvpes., Tae importaoce
il ue. of this species actually increases along the cuvironmwental gradient,

at - R . . . . . .
Vwo definite ordinates withia the range of the continuum. Donanue (59)

y -
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found red maple and paper birch co-existent with spruce in swanps and
flats in the state of New York., Qf) 30

Working in Miunesota, Buell and Cantlon (29) and Kittredge (91) sug-
gested that green ash was a common species on soils of alluvial origin in
the northern part of its range. The occurence of this species appears to
be correlated with those soils having a consistently high moisture content
(Shear and Stewart (134) ).

Swamp white oak has been described, however, as one of the major asso-
ciate species on shallow wet mucks and peats in swamps and ponded flats of
the lowland hardwood types (38,154). It has also been reported by Aldrich
(3), Sampson (129), and Braun (19) as a typical specles on poorly drained
soils in Indiana and Ohio which are normally subject to flooding. The
affinity of this species for soils of fluvial origin in southern Wisconsin
has been coufirned by Ware (150).

American basswood is another species reported able to exist throughout
a wide range of soil textural classes in situniions similar to those for Amer -
can ¢ln, red maple, and Awerican beech. The occurreuce of basswood on ex-
tremely coarse textured sands and sandy sites has been described by Harlow
and Harrar (81) and Betts (l1). In Minnesota, Kell (86) sugpested that
basswood was more restricted to fine textured soils tihan sugar maple, while
Pausenire (53) found the opposite conditlon in the same state. Although

thris wpecies may be tound ic.gssociation with sugar naple on coarse textured
S0 ils, iacluding sandy iocams anua loams, it is usually found in smaller
Mambers, The presence of basswood being closely associated with tnose
SOils possessing a high depgrce ol woisture retentiveness, especially silt
lo;i"WS, ras been suggested by Westveld (153). The prescnce of this species

or . . -
' <oarse textured soils, therefore, may actually be due to the presence of

line. . . . o . .
1€* textured bands of silty or clayey materials in the subsoils. Sucii soils






25 toese wouild Le caponle o retaining additioval wmolsture Quring periods

of drought.

Sevvra} investipgators nave Jgttempted to map the distribution of swamp
forest tyopes, uscing 8s a vasis oviginal survey notes, and soil waps (12%,
ey, 87,38, Lhay.

kecently “liiot (»0), using up-to-date soil survey uweps aad early sur-
vey recoerds, rapoed tioe original vegetation of nortn~central Michigan.
Shanks (1372), studyiug tie percentage composition of original torests and
forest remnants of Snelly County, Cunio, snowed tnat Arerican beech, elus,
white oak (DQuercus alba )., and hickories were the dominant species on the
poorly drainred soils,

Cround water-lake States and Central States-- At the present time information

on ground water and its effects on lowland-hardwood forest development is
inadaquate for this region. No really detailed studies, other than simple
recuonaissance, related to the cdevelopment and distribution of lowland hard-
wood species with respect to ground water changes have been made. References
to tihe basic hyvdroluogy of ground water, however, are numerous (120,104,85, 166
he),

Yrevious Studies--tround Water and Lowlaad Hardwoods-- A review of the lit-

€rature shows that severai studies have established stand and trec distrio-
Ution relationships bascd on inference or genvral conclusions regarding
aVerage water table depths (3,17,27,50,65,102,129,160,164).,
In the Lake States region, Wilde (159) establisbhed certain relationsnips

be - . ) . : . .

"CCween the types of forest species associated with soils having poor and
ad, . . . . e ..

d *luare internal drainage aud aeration. In nortiern Michigan, Westveld
15- . .
3) piaced less emphasis on soil texture than the soil moisture reyine

we . . oo . . . .
ne of the major factors in!lluencing the growth and survival of American

y -
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elm.

Describing the origianal vegetation on seasonally pouded soils in seven
Indiana counties, Lindsey (102) found that American beech, swamp white oak,
and Amevican elm were the three leading species in the early 19th century.
Tn a study of lowland hardwood types in central Indiana, Potzger (122) de-
termined that American beech enters lowlands as soon as the water table
drops a few inches below the soil surface. Similar evidence has been re-
ported by other investigators (80,20),

In another study, Potzger (122) pointed out that red maple, American
elm, and sweetgum, were the dominant species in Indiana on wet soils.

A study of bogs and swamps in Ohio by Aldrich (3) ehowed that red
maple, silver maple, American elm, black ash, white ash, swamp white oak,
and pin oak were the leading dominants. Conducting successional studies
in Cheboygan County, Michigan, CGates (b4) sugpested that lowland forests
of eims, ashes, and maples were tne typical vegetation phase on drier

sites not subject to spring flooding.



lowland Hardwood Tvpes in Southern Michigan
Distribution--The lowland hardwood forests of southern Michigan and Ingham
County closely correspond to the black ash-American elm-red maple type (Iype
39), described by the report of the committee on forest types (139). The
indicator species for this type is black ash since it is not as common as
the other two species. Black ash, however, has been recorded as a common
to abundant tree in bogs, swamps, and river valleys in Minresota, Ohio, and
Wisconsin (3,86,129,150). In Ingham County, it is found rather irfrequently
and occurs most often in small openings created by the windthrow of other
species.,

A comparative study of the climax association on mesic sites was made
by Guick (126) in southern Michigan, where the leading dominants of the south-
eastern lake-plain torests were also described. The most avundant dominants
in these stands, which lie eastward of Ingham Ccunty, were American elm,
supar maple, Amevican beech, Anerican basswood, and white ash. 1In additian,
red maple, silver maple, hackberry, green ash, blackgum, aud yellowpoplar
were characteristic of lowland areas. Black ash was not mentioned as a
dominant species in these lowland 1orests.

O the lowland soils to tie notvth of Ingham County, tne leadinyg dominants
Wére esrentialiyv the same species with the addition of swamp wihite oak, and

Slinpery eim., #slack walnut, butternut (Juglans cinerea), yellowpoplar, sweet

.
Plich (Setuna lentr), aad chinkapin ecak (UQuercus muebhlenbereii) were also

Tentioned (125).
Tne swamp lorests to the west of Inghan County were characterized as

Ccy s i . . .
*Caining 'arge anounts of tamarack, yellow birch (hetula alieghariencis:,

e ¢ : . . . .
4 nuaple, black ash, swamp oaks, American elm, silver maple, sycamore, and
N r ., .
*Cwvlocust (Yenover 86).

.

.-
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Pydroworphic Soils in Southern Michigan.--Relief and drainage conditions

dominate the development of hydromorphic soils. Tmperfectly drained mineral

soils occupy an intermediate position between well-drained and poorly drain-

ed mineral soils. High water tables, fluctuating throughout the profiles,

hawve caused strongly mottled subsoils. Wilde (160), in a discussion of
hydromorphic soils refers to this condition, typical of soils which are

Periodically wet or insufficiently drained, as the mid-gley or beta-gley

type of development. The gley layers in these soils are superimposed on

the profiles at depths of two to three feet. The most common soil series

wWith imperfect drainage in Ingham County are the Blount, Conover, Locke,

Matherton and Brady series.

Poorly drained mineral soils were formed in low areas of glaciofluvial
OUutwash and lacustrine plains which were swampy or permanently wet with the
Water tables remaining continuously at or near the surface. Wilde (160)
€a11s these soils aipha-gleys, owing to the presence of high water tables
Producing intense gleization of the profiles, except for the immediate sur-
tace horizous.

In Ingham County the most common soil series with poor drainage

A e the Brookston, Sebewa, and Cilford series.

&lluvial soils, or those found on the fioodplains of streams, consist
of Tecently deposited sediments and may be classified as either beta or

alphdqgleys depending on the intensity of gleization in the profiles. Since

al . - . - : <o .
lovium is coniposed mainly ot stvatified deposits, which continue to be

di g . . L . Lo -
S Turhed by seasonal flooding and deposition, clear differentiation of the

ro i . i
PPOfiles is difficult.
Orpanic soils consisting of peats and mucks were developed from accumu-

lae y i
1Ons of vegetation in shallow lakes, marsnes, swamps, or old glacial

dra
ing geways. The thickness of the organic deposits overlying the mineral

bas
Varies according to the duration of suitable accumrulation coaditions,

.‘..II-___
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O s t-daccunulatton, draiaage and natuce of the plart vaterial deposited.
i.iuvowood and Cavlisle mucikis are the most common oryanic solls in {ogham
County.

PProevious studice==hydronorpaic soils and lowtand Hardwoods-- While attespt-

Lt1 to establisi area covrelations boetween closely related groups of soil

ts pes and pre-setticrient vepetation, Veatch (149,146) described several

o

»ed types of swanp forest in [ogham County. Oun acld peats tamarack was
dominmts This species gave way to silver maple, ashes, and elns on the
dueser rucks.  Shallow mucks underiain by mineral materials were not differ-
¢ntiated during the study, hence differences in tiie forest vegetation on
these soils compared to that found on deep mucks were not discussed. The
Studies of Veatch also showed that American elm was well distributed, not only
SN mucks, but also on alpha and beta-gley soils.

o Sarveying lowland hardwood forests in 13 southern Micliigan counties,
fowrgz-finer (15), fouud American elm, red maple, silver maple, and black ash
Wer«r  the species most often encountered on organic soils. Other species in-

‘lucted slippery elm, swamp white oak, willow, and river birch (Setula nigra).



vardowater L0 soartheyn ichis pale- sfoce toe lovland harduood stands in

socthcern Michigan occany denresiional areas in ratural drainageways, this
rarest type Survo; tn store, t.oarspire, and otherwise regulate ground water
supplies within the mantle of slacial drift, Tae la stands selected for
tne ground water study in Ingham County lie in tue basins of the »s'oan,
Deer, and Sycamore Creek watersheds,  alpha, butu-gley, and organic soils,
with scasonally high water tables and poor drainage, are the principal
anils of these watersheds.

The aquifers enclosed by tiie shales and sanditone of the Saginaw form-
atjon, lying at a depth of 200 to 300 fect over consolidated bedrock provide
w0t of the commercial and doruestic water used irn this country, while only a
fow wells obtafn water {rom the glacial mantle (€6). The overlyirg sorted
a. ) uwiassorted glacial drift is relatively thin in the basin areas and does
not provide an adequate supply of water for the rceds of the populace (66,100).
with the ever-increasing demands being made on our water resources, {t is
likely that additional numbers of shallow wells will be placed in the glacial
drift mantle to serve local domestic needs in the future. 1In this sense, un-
disturbed lowland hardwood stacds may ameliorate losses due to runoff by re-
taiding the flow of rainwater to natural and artificial drainage chaunels,

r and Levlard Hardwoods,--  Contrasting

rrevious studies - Cround wate
the plant societies of dralnred and undrained swamps in Keant County, Michipasx,
Livingsten (i106) sugyested that the lack of oxyzen in orpanic soils caused
by Riph waiter tables was the p: ‘ucipal factor pre~luding the invasion of
srecies from mesophytic areas.

It has also been suggested by Kenoyer (87) from a comparison of early
surveyors notcs with prescnt vegetation, that the swamp forest composticon
in Kalamazoo Couwnty, Michigan, has remained essentially the same over the
Past ceutury, even though the drainage of lowland areas has been rather

vxtensive,
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Studying the growth rates of lowland-hardwood species in southern Micn-
igan, Boughner (15) suggested that the effect of water table depth was more
important than soil texture. On the better lowland sites where water tables
during the summer season dropped eight to ten feet below the surtace of the
soil, American elm and red maple were the dominant species, Sunmer water
tables within four to eight feet of the soil surface were classified as
medium sites. Here, American elm, red maple, white ash, silver maple,
swamp white oak, and American basswood became important components of the

stands. On the poorest sites, having water tables at or near the soil

surface, black ash and silver maple increased in importance although the other

species listed were dominant with the exception of basswood.



Sampling Methocs

Plots.--1n past ecological studies, considerable variation in numper, size,
and location of plots has been employed (14,26,103,114,133), Many ecologists
in this country have preferred using a standard 10 x 10 meter quadrat for
sampling trees, a & x 4 meter quadrat for sampling shrubs, and a 1 x 1 meter _
quadrat for sampling lesser vegetation, Foresters have, for many years,
used circular plots of various sizes in their Inventories of coniferous and
hardwood stands. The 1/10 or 1/5 acre circular plot is the standard size
used for most estimates of timber volume,

The use of some form of rectangular plot to increase the sampling pre-
cision in natural plant populations was recommended by Bormann (14). The
use of square plots rather than circular plots has been suggested by Cain
(37), since one cannot rotate with a tape about plot centers in forests.
In most studies plots are located in a systematic maonner. The use of random
rather than sys-ematic sampling in ecological studies has been suggested by
Rordeau (16) and Borman (l4). Random rather than systematic placement of
sample plots has also been advocated by Cain (37), and Greig=-Smith (72,73)
where the investigator is concerred with establishing confidence limits for
quantitative statements concerning the various species, Although random samp-
lirg may require more field time, the gain in being able to use a number of
statistical tools for evaluating confidence limits of mean values, signifi-
cance of differences, etc., justifies its use.

Since the use of plots regardless of their size is laborious and time
consuming, new methods of sampling forest vegetation have recently received
wide recoguition., One of the most widely used is the technique developed by

Bitterlich (13), called pnint-sampli.np,.1 The expansion of this method

TA1T trees are selected through the use of a 3 diopter prism.
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iato a usetul system for the inventory o1 stands and volume estimatiors can
be attributed to Crosenbaugh (74,79,76). Several other investigators have
used this method for similar purposes (1,5,9,24,51,83).

Other "plotless' methods, which have been rccently developed for rapid
sampling in forest ecological studies, are the nearest-neighbor method of
Clark and Evans (42), and the random pairs and quarter metnods of Cottom
and Curtis (46,/47,108).1 Tnese methods have been tested in various forest
types against complete forest inventories, using standard plot methods
(101,103,127,133,142), The majority of these studies, however, were per-~
formed in individual woodlots or stands rather srall in size,

Sampling Efficiency-Time--[n recent years, a cousiderable amount of attention

has been devoted to ascertaining differences in field efficiencies of vege-
tation saupling. It has been suppested that the random pairs method is the
most rapid procedure in making forest surveys (Cottom and Curtis (47) ). A
iater study (Cottom and Curtis (49) ), sthowed that the point-centered quarter
sevhod resulted in a saviags of tine over otiher noint methods which required
more samples to yield equivalent information.

The variable plot-radius wetnod was cnosen by Snanks (133) in pre-
tereace to other methods for yielding more information with the least
investment of time in field and oifice computaticas, lhe field efficiencies
of several forest sampling methods, including squarcy plots, circular plots,
strips, the quarter method, and two modifications ot the variable plot-radius
method were compared by Lindsey, Barton, and Miles (103). Although the range-

tinder Bitterlich method was the fastest in terms of tield time, tnis

Tiandom pair nethod-arter chwosiay tne first tree, a second tree is
chosen which lies outside of a 130 sector.

Quarter method-the nearest tree in each of four quadrants is chosen.



Lo iy QiiAel L0 some wvrre Ly omabeeguer ! cirice ¢triculations.,
Sampling Efficrency=Tntormiticu--although efticiency studies such as those
made by the above investijgators are significant to the tields of terestry
and plant ecology, it must be understood that information contributed by
each me(hod is of greater inportance.

One of tne first ecologists to study variance 1n plant populations when
the data wece gatihered by different methods was Clapham (41)., The need to
increase sampliucg size to estirate accurately the amount of variaoility
inlerent in jlant commmunities has been repeatedly stressed by Cottom, Curtis,
and Hale (40)., ln a comparison of metnods, using five different sized
quadrats and two point metuods, tiwe variavility of density was reduced by
increasing the number of sampliag units. txclusive ot tne method used, Cottom
¢te al, recommended that 4t leust U dadividuals ot any species nest be
preseat in the sample 1n order to estixate witic reasonable accuracy species
density. A sampie range ot 75 to 100 quadrats (10 x 10 meters) was con-
sidered sutticient to determine averaye tree composition in novthern deciduous
forests(aion.

{0 secure gdaquate sample size, Curtis (54) ana ware (150) used the €=
square test of comizencity for simawiing lowland mardwoond stands 10 wrscon-
Si.

Seweral oithetr studies 1a the e ld of quantilative ecaiuly, iie -
cericd with lagoraation than efricieocies ia terss of tac avount ol tine
invested, are worthv of nention.  Using coloved Card &2 Te,dtioas 1a v -

irg canbinations, Pentound (Mlo) sanp ed frequerey, ety s coter



relationships with three qnadrat sizes.l Working in twocupiand forest com=-
nunities in New .Jersey, Buell aud Cantion (29) compared frequency, density,
and basal area, usiug transects and quadrats. They found that transects re-
sulted {u better estimates of cover for large crowned species. Tue vaiue ot
cover in characfcriziug comunity dominance has also been empnasized by
Bauer (8) and other authors (44,107),

Line strips and quadrat methoas in coniferous and hardwood stands were
compared by Lindsey (101), He found that eignt line-strip sampling units
24 feet wide and 600 {eét long were adequate to estimate the major tree
species, with an acceptable sampling error. Using four distance methods,
Cottom and Curtis (49) mapped artificial populations and compared the results
with a quadrat method. With know population parameters, extreme variapdili-
ty was found between the methods with inadequate sample sizes. The random
pairs method was iound to be less variable than the other methods. The
quarter metnod was recommended as superior to other methods because of sev=-
eral advantages including the use of fewer sampling points, more data per
point, and less computation to determine relative quantitative valuas,

Vorking with two plot sizes, random pairs, and variable plot-radius
sauples, in the coniferous and hardwood forest types of Teunessee, Shauks
(133) described several important dif{ferences between the methods. Iniorma-
tion derived from relative frequency calculations was comparable between the
variable plot-radius and coaventional plot methods. Relative frequency data

for raudom pairs was lower than the other methods, and a skewed distributioun

TFrequem:y -- a measure of dispersion expressed as tiue percentage of
quadrats in which a given species occurs.

ensity =- a aquantitative measure of the number of individuals per unit
ol area.

Cover =-=- tne use of crown area rather than basal area as the measure of
doriinance,
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of asal o darea cata was aprarent.  loe skewed tesults were attributed to the
eirect or seall sawple size in tie use of ramdom pairs,

In Shank's study (i33%:, calculations of density and basal area for tae
st oimportant specics woere comparable betweea plots and point samples, ex-
cept ror random pairs. This latter method, under-represented density and
over-represented basal area for species which sprout prolifically. Awerican
nasswoud, a species wideiy known as a sprout producer, was one of the lead-
ing dominants in the study. 7Thus botn it and assoéiated species were sub=-
ject to error as the data were expressed on a relative bpasis.

Relative frequency as determined by random pairs was affected by tree
size in a southern oak forest (Rice and Penfound (127) ). Differences were
also apparent in the determination of basal area by this method and others.

In Oklahoma, an arms length rectangle method was tested against a com-
plete census of a floodplaln forest and discrepancies were found for fre-
quency, but not density and basal area for the majority of species (Penfound
and Rice (117) ). 1In a comparison of variable radius and plot sampling es-
timates by Grosenbaugh and Stover (76) in southeastern Texas differences in
mean basal area values by the two methods were .ot statistically significant.
This was true even though the variable plot-radius method sampled trees of
one inch d.b.h., and larger, and the plot method excluded trees smailer than

five inches d.b.n.



Lelan Lomgbar,tres

A ovonsideratle arount of 1orormation is availavle 1o Lite literature r1e-
pATCIn, pattern aad iuteraal spatial arraupeneat of the speciles, wien the
stand is takea as an individual unit (0,26,07,72,73,39,90,113,118,119,143,
l4a,150).  Poore (LlZ1) supggested tnat with large quantities of data, a
statistical torwe ot wulti-variauce analyses migat be used in tne study
o1 phytosociolorical methods. Recognizing the wiltitude of variables pre-
sent in toe envitoameut, Cain (56) supgests that interaction would produce
some problems that are unanswerable. Astuby (5) contended tnat the value
of statistical procedures lies in analysing tne gisrribuLion of individual
species within the conmunity,

Using abundance-frequency ratios Whitford (156) studied the relative
dispersion of species tound in quadrats, which were randomly located in 26
stands. To determine pattern in plant communities of several types, Kershaw
(39) used cover and frequency and Greig~Smith (72,73) used differences in
abundauce.

Tue occurrence of a particular species on a particular site, whether
it be upland or lowland, 18 not necessarily due to any single cause but
rather is a complex interaction of many factors, including all the eaviron-
rental changes that have acted on the species during its life history. That
each species iu various plant commuuities possesses specific amplitudes of
tolerance, which are reflected in its abundance along an environmental grad-
lent w&s;nnurdlout hy Curtis (54) and Whittaker (158). The species wnich
Make up these commuuities form a continuous series of_mosaics with an array
of ecotopic overlap taking place on the slope of changing efvironment.

There is definite oryganization to communities expressed as departures

{rom randomness which at least in tha2 initial stages become more and more

¢vident with iucreasing amounts of time for community development (Kersnaw ()

-39«
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Muﬁeover, interactions between speciles further iacrease Lbhe complexities
ot comuunity patterns (Margalef (luy), Hairston (77), Kersnaw (99)),
Discoutinuities in the environment generally result in changlng rates of
vegetational develovment, as well as dilterences in composition, and
tne series of mosalics along the pradient of environmeut appears to oe
continous ratiier than aorvupt (54).

Recently, various methods have been used by ecologists to show the var-
iapility which occurs in the distribution of both woody and h:rbaceous ve-
getation along environmental gradients (21,22,53,54,67,11,153). The syn-
ecological requirements of a numver of trees, shrubs, and herbs in the
forests of Minnesota was outlined by Bakuzis and Hansen (b). In a later
study a frequency-countour scheme was used to show the edaphic and climatic
complexes affecting the distribution of forest communities in the state (7).

A dimensional approach can also be used in conjunction with community
coefficients to sihiow not only stand to stand relationships, but the species
arrangement and reaction to vicissitudes of eunvironment withnin the community
complex (23,43,110). A gradient analysis of the conifer-swamps of Wiscousin
based on the similarities of ground flora was constructed by Clausen (43).
Bray aud Curtis (23) described a method of multi-dimensional treatment in
tie ordination of forests in southern Wisconsin. Dimensional reiationships
were also used to pictorialize the ecotopic spiaere of infiluence for a number
of tree species in soutinern Outario, Minnesota, Wisconsin, and northern
Michigan (Maycock and Curtis (1l1U0) ). The use of tiuis type of representation
shows the over-all influence of interaction-complexity within the environ-

.nuuut upon the species, If the ecotopic sphere encompassing certain important
tiniber species could be delimited, the management problems ot foresters
would become less complicated. In addition, ecoloygists are interested in

defining the ecotopic amplitudes or tolerances tnat each species possesses,



METHODS

‘tand furvey

A general receonnaissance of the lowland hardwood stands in Tnghuam
County was started during the summer of 1960, The vegetation in representa=
tive portions of many of these stands was sampled hetween tne sunmer of 1960
and the f£all of 1961, The selrction »f stands for the study was made with
the criteria that the stands wove of aatural orijin, relatively undisrurbed
and representative of lowland-hardwoods, The location of the stands sampled
is shown in Figure |,

Stands which had been recently subject to disturbance {from fire, graz-
ing or extensive cutting were rejocted, and only [¥ of 37 stands visited met
the criteria set torth for selection, Eight stards varied in size irorm 129
to 3U2 acres. The remaining !l stands included in the survey were smallcer,
vanging from 22 to 98 acres, while the total ar<a of all stands chesen for
sampl ing was 1,300 acres,

Plot Selection

A starting point for samplinyg each stand was randomly chnsen from a
~1it of coordirates, Depending upon the starting voint chocen, a cor-
rnsbnnding random plot pattern was then selected ivom a group of deLcrﬁs.
which nad been previously constructed. In the fie'd the Jocationn of the plots
was predetermined by the selected grid pattern, however, distances oetween
rlots were adjusted according to the size of cacn stard, The pattern was
expanded tor large stands and coutracted for smali stance, providing for an
cquzl number of randomly located plots regardle~s of stiand size.  Tn addition.
the  sum of the sample arcas was the same for each stand,

Since one of the major intercsts of the study concerned girantlilauive
descriptions of lowland-hardwoods, it was decided tnat for such purposcs,

ten plots (5 x 20 rmeters) per stand would be sutlicievt, C(wing to the extri-.

~. 1=
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1 . Map of Ingham county showing the surface geology
after Leverett (1915) and location of the lowland
hardwood stands selected for the vegetation study.
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variaoility in tne sizes ot selected stands, any type of partial cruising
would have resulted in varying numbers of plots per stand, and the resultant
use of unwieldy conversion facﬁpréffor the treatment of quantitative data,

All stands were assigned a letter-number designation referring to its
location and predominant soil scries, For example: W4B refers to Wheatfield
township, Section 4, Brookston series,

Sampling Methods

Measurement of the number, size, and distribution of each tree species
to determine the present composition of lowland-hardwood stands was accom-
plished using four sampling methods. The first of these was a standard 5 x
20 meter plot for recording tree data for the calculation of frequency, den-
sity, and dominance., For sampling shrub and herb data, nested 2x8 meter
and .5 x 2 meter plots were placed in the southeast corncer of the larger
plot, In the field, plots were oriented alternately in two directions,

The three other methods used in the present study (Figure 2) were non-
areal point samples and included the random pairs and point-centered quarter
metiods (47, 48, 49) and the variable plot-radius method (13, 74),

The point methods are briefly described as follows:

. Random pair method, Afrer choosing the first tree a second tree is

chasen which lies outside of a 1307 sector.

2, warter method, The nearest tree in each of four quadriats s

chosen,

3. Full Bitterlicn method, All trees are selected throuph the use of

a 3 diopter prism,

The latter method was modified by actual measuremeut of the tree diam-
cters within the sample avea (103), The plot metind was used as a standard
for tihe study, and point samples were obtained concentrically from points

lacated in the geometric center of each plot., &!) four methods were uscd

in only 15 of the !9 stands investigated, 1In the remaining stands, only e
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Fig. 2 . Sampling methods used in lowland hardwood forest sbrvey.

Random pairs method.

Second tree is chosen outside of
180° sector,

Quarter method, Nearest tree in each of four quadrants.
is chosen,

Full Bitterlich method, Trees are selected with a prism,



olot retnod was used,
stand Characterigation .

Tne field data for all tree species were calculated in terms of rel-
tive: frequency, density, and dominance., All three of these indices ex-
pressed on a relative basis have been described in the litefaturc (34, 52),
For the plat aeLhod, the lower diameter limit for trees was one incn d.b.h.
n a comparison of methods, four inches d,.b.h, was selected as the lower
digmeter iimit. Density per.].9 hectares and onr-rcent frequency determinations
were made for seedlings and saplings less than an inch in diameter, ‘ercent
frequency on .5 by 2 meter‘nCSCed plots was determined for herbs, The sum
of the relative values, having a single total of 300 is referred to as the
importance value,

The "impartunce value' denotes a specics' importance in a pra-ticular
stand, high wvilues being assigned to the dominant species (53). Importance
value {s defincd mathmatically as the sum of rclative basal area, relative
density, and relative: frequency, Or, stated in algebraic terms.

I= B4¢DEF

where I = importance value
B = relative basal area
D = relative densitys perea e of 1ndividuals/staud in
which specics occurs,
F 2z relative frequencys percontage of stands in waich

sPeCies occurs

Since a !ew species having high importance values usually ciaaracterize
stand composition, and since differences in the importance valucs of two ot

€ ven three dorinant species may be slight, it uprars appropriaie to charac-

terize a stand on the basis of more than a single species., [n describing



Loe srtands selected tor stude, rooleast three spocies wlth tae highest lm-
poctance vatues were usad (o indicate dominance within each stand.

Irportance values of the tree species in each stand were multinlied by
climay adaptation numpers anpronriate tor soutnern Michigan nardwoods. A
climax-acaptation number is a sabjectively deternined numrer which indicartes
toe relative position o:r a species in succession. The coetticients are
usually dctincd on a scale ot 0 to 10, the lowest numpbers being assigned to
species wuich occur earliest in succession and often on the more extreme sites.
Iia this paper, the Michigan wodification of the climax-adaptation coetficients
recommended by Curtis aund Mcintosh for Wiscousin are used (52). They arve
givea in Tavle 3,

A continuum indexX is a pumber which shows relative position of a plot
or stand to tue average species composition of an ;1d forest ou a mesic
site in the same region. 1t is computed from the data for all tree specieé

by summing the products of climax-adaptation numbers X importance values.

lie relation can be expressed uathematically as follows:

Y (e (D

¢

continuum index for a stand

wiere CI

CA and [ = cliiax-adanta2tion number and inportance values,
respective 5, for the species ia tiie stand.

Coatinuum inaices miy vary 1 -a 0 for stauds ¢n severe sites {in very
ciariy successional srapes o less than 3000 for old stands on mesic sites.
Tire coutinuum indices were calculated for all lowland Lardwood stands in the
survey.(Table 10 and 1l1).

5011 Meacurements

An intensive survey of the soils found in 13 oil the 19 stands revealed

tie preseuce of 1l mineral aad tivee organic soil serles.



Thadilk «=3  Climax adaptaticn numbers used for lowland hardwocd tree

species tound in Iagham County, Michigan.
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Species

Acer saccharum

Fagus grandifclia
Tilia americana
Hamamelis virginiana
Ostrya virginiana
Carpinus caroliniana
Carya cordiformia
Ulmus americana

Acer rubrum

Quercus rubra

Nyssa sylvatica
Fraxinus americana
Quercus alba

Ulmus rubra

Carya ovata

Carya ovalis
Fraxinus pennsylvanica
Guercus bicolor
Prunus serotina

Acer saccharinum
Celtis occidentalis
Crataegus spp.
Platanus occidentalis
Sassairas albidum
fraxinus nigra
Populus deltoides
lLarix laricina

Salix nigrva

Setula X purpusii
Fopulus tremloides

limax adaptation nunbers

10
10

QO = NN RNWWSEEITTUVVINOTOCOCTNNNT®OWO OO

—
~

Avodifled after Curtis (52),






Loll droiiles were crpored by digging shallow pits with a spade, and
csauples from eacih hor;znn were extracted with a buckcet auger. A soil series
may contalu wore tuan oue type depending on the texture of tie suridce soil,
and anarg  the l4 series exawniacd, 15 soil types were identiried. Sarmples
were taken {rom horizon midnoints of each soil type wituin a series, regard-
Jees oL Lue deptin at wnich the tor:zon was locatoe. a4 tortal of 32U samples,
consisting ot tour sample replicates from five norizons in eacn soil type
were collected. All paysical determinations followed the proaceedures out-
lined in the standard methods of analysis tor forest soils by tne Forest
Soils Committee of tihe hDouglas-Fir region (b2). Only mineral soils in the
stands where water tables were to be observed were completely analyzed for
paysical characteristics. One soil, an alpha-glcy Brookston series, was ex-
cluded from the analysis because of its small areal extent and marginalposi-
tion in one of the stands.

Horizon samples of the mineral soils and the mineral materials under-
lying the organic soils were anaiyzed for total sand, silt, and clay content
by tie Bouyoucos hLydrometer metiod. Samples were screened througn a 2 mm,
sieve prior to analysis. The determination of moisture equivalent was ac-
conplished with an International centrifuge, equipped with an automatic con-
trolling rheostat., Soil orgacic matter content was approximated with a py-
rometer controlled Tewco ruaf#le farnace and is reported as loss on ignition,
Finallyv, soil pH was deternined Ly the glass electrode method, using a Beck-

wan (Zeromatic), pH meter,

Crourdwiter and Precipitation Measurement
A preliminary traverse of a proposed route siiowed that 12 hours was the
mininum time needed to maike a complete circuit of several tentatively se-
lected stands. It was suspected tihat some difficulty might be encouutered

in excavating to the true water table, due to perching ot tables in tne






ST
finer textuved sofls, In addition, it was desirable to record water table
depths within a reasorable Lime period to minimize observational errors in
well drawdown, Owing to these factors, and because of excessive distance
from Lansing, Michigan, five stands were eliminated from the ground water
study.

During the month of March, 1961, bé}ore the start of the growing season,
72 ground water wells were installed in 14 of the 19 stands selected for the
vegetation study. Four wells, located at random, were drillgd on each of 14
soil series using a five-fool bucket auger equipped with a 3% inch barrel,

A vesultant drop in water tables, as the growing seeson progressed, required
the addition of five-font extensions on the auger, This was necessary in
order to reach the true water tables on beta-gley solls during the summer
and fall of 1961,

If a perched water table was suspected in a particular well, additional
excavations were made with the auger until no further drop could be detected
and the water level stabilized. 1t 1is obvious that confounding of the
records on true well levels would have occurred, if the possibility of
perching had not been taken into account. Many times sloughing and caving
of the excavations between sucessive reading occurred, superimposing a
false water level within the wells, However, the possibility of reading
false well levels was minimized by re-drilling each well, each week,.

The detection of perched water tables was also accomplished by observ-
ing whether or not lateral seepage occurred from the profile into the well
excavatlon, as drilling proceeded to the phreatic surface, The depth at
which notable seepage occurred was defined as a perched table.

The largest number of wells was installed on alpha-gley sofls and the
organic mucks, These soils contained the greatest segment of the study area

in lowland hardwoods. The location and number of wells in the stands selectcec



for prouad water studies are indicated in Figure 3.

lieekly measurements of the water levels, begiluning two weeks before and

ending three weeks after the 1961 growing season, were recorded for all wells,

(Figures 19-24) The fluctuatiouns of the water tables were measured with a
nylon line, marked at one-ifoot intervals and attached to a 12-ounce plumbing
weight (Figure 4). A flashligiht was used as an aid in determining when the
weight reached the water table. !''eadings between the marks designated for
feet were taken to the nearest inch with a ruler., Although the wells were
not capped, the probability of precipitation or surface runoff influencing
the water levels in the wells was slight, owing to the small diameter of the
aperture and the level topography surrounding well locations. In addition,
the wells were further protected trom surface water influences, by elevating
the soil around the aperture after each measurement.

Statistics
MISTIC. All statistical analyses were performed oun Michigan State's
tape input digital electronic computer, MISTIC.

Analysis of Variance. Analyses of variance were pertormed to determine

the significance of ditferences for soils and water table measurements
(Appendix and Tables 15-19). All statistical determinations followed the
standard methods and procedures described by Snedecor (138).

Correlation Analyses., Correlation analyses were performed to show the

degree of association between plot versus point samples for use in forest
surveyr (Tarle 8,9). Additonal analyses were performed to determine correla-
tions between species distribution and soil characteristics, and species

distrioution and depth of ground water (Yable 13,20,21),
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Fig. 3 . Map of Ingham county showing the drainage system,
location and number of ground-water wells in
stands selected for the ground water study,
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Traas Ty ol tress ax a o means of scowiny the tsehavioral prttern of tae
gonLaant species of the study area in relation to tne envivonmental para-=
meters investigated, a table of community coetticients wis constracted
(Taovte 25). Tie importance values of all tree species, calcuiated for
each stand, were used in place of frequency or frequeacy percent advo-
cated by uleason (038) and Kulczynski (95).

Tue basic rformula used by these authors may be expressed in algebraic
terws as:

2W/a+b

O
"

wilere C = the coumunity coeificient

the sum of the lower importance values for each species
in tne stands being compared.1

W

a = the sum of the importance values of the first stand
selected.

o
1]

the sum of the importance values for the second stand
selected to be compared to the first stand.

A common early teciinique for representing similarities between forest
standsis the use of a herbaceous indicator species (Cajander (38) ).
fferbaceous plants are also used in ordination techniques because of their
greater numbers and sensitivity to differences in environmental conditions.
llowever, tiueir use in the present study was undesiraole from two points of
view. First of all, many areas in which the quadrats were located were
devoid of, or éontained only a partial herbaceous cover. Sccondly, ner=
baceous vegpetation is often reflective of temporal changes in lowland
stands and nay e indicative only of a particular year or time or year in
wiicn tie study is made.

Trees, on the otner hand, reflect relatively long term changes in the

edaphic environment; the individual having weathered the vicissitudes of

“importance values used in place of frequency or trequency percent.



environmental pressures for wmany years., The similarity techniques in the
present study were based on stand composition of the major and minor tree
species present in 19 lowland-hardwood stands.

Since three measures rather than one measure are included in the im-
portance value, it was selected as the most wortiwhile indicator of communi-
ty composition, Using the importance values of the tree species, the mathe-
matical expression of community similarity is in algebraic terms:

C = 2W x 100
600

since a+b ® 600 in all cases, which will further simplify to C = 1/3W.
Expressed in terms of W : W = 3C,

Wien all of the stands were arranged according to their continuum index
placement and the table of community coefficients was constructed, it was
apparent that some difficulty would be experienced in expiaining its content.
In addition, the evidence indicated that within the compiled table, a fur-
ther separation was needed to arrange the stands in an orderly sedquence for
comparisons. To accomplish this, a gradient analysis procedure acvocated
by Bray (23) was used.

An arraageqent of values was compiled using two stands as reterence
points at opposite ends in the scgment oi tihe continuum covered by the studvy.
when the community coelficients for all other stands were arranged in des-
cending order, in relation to the reiference stauds, a conplete table could
then be constiucted. The rearranged table of community coeificents for tae
19 stands indicated the relationship of each stand to every other stand (Table
High community coeificients near the 300 value indicate stands wuich are verw
slmilar in tree composition., low values indicate stands haviong litele simil-

arity to other stands.



DES1UITY

Sampling “lethods

The five leading dominants of the lowland hardwood forests in Ingham
County, recorded by the plot methods, were Aamerican elm, red maple, green ash,
swamp white oak, and silver maple, Dominance was based on the importance
values of the species recorded on 150 plots or point samples in 15 stands
(Tables 4, 5, 6, 7). The same sequence of dominance was evident in the
random pairs method.

In the quarter and bull Bitterlich methods, swamp white oak the fifth
leading dominant, was replaced by silver maple, For the complete survey of
15 stands, American elm and red maple had the highest frequency, density,
and basal area values, compared to the other species.1 Although green ash
had a greater importance value than either swamp white oak or silver maple,
this could be attributed to the species being observed more frequenctly in
each sample, with a greater density inAthe smaller size classes,

Considering the number of species recorded by the plot methods as a
standard, three additional species were tallied by the quarter and full

Biterlich methods. They were american hornbeam (Carpinus careclinjana),

bur oak, and butteraut. All other species tallied by the plot method
were also tallied by the quarter method and the full Ritterlich method.
Vo additional species were found using rardom 2airs, and this method also

failed to tally red hickory (Carya ovalis), black gum, or hackberry. Aall .

additional species, or species missed by other methods in comparison to the
plot method, had an importance value of two or lower, and an average

vasal area per acre of less than one square foot,

e P e e -

1 1n pefcenc.
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TABLE . =4 A summuary of forest survey tree data for 15 lowland hardwood

forests of Ingham County, based on the 100 meter plot method.

relative

Species frequency density basal basal area importance
area per acre value
-=<=percent==<-- square feet ---percente--
Acer rubrum 12.3 1.1 12.3 18.5 4G.7
Acer saccharinum 8.3 6.7 9.5 14.1 24.5
Acer saccharum 7.0 8.3 4.4 6.7 19.7
Betula X purpusii 3 1.5 .8 1.2 2.6
Carya cordiformis ed .3 .1 .1 .9
Carya ovalis .9 1.2 .6 .8 2.3
Carya ovata 1.9 1.3 1.1 1.6 4.3
Celtis occidentalis 3 .1 .2 .2 .6
Fagus grandifclia 1.9 1.1 .7 1.9 3.7
Fraxinus americana 1.1 .9 1.1 1.6 3.1
Fraxinus nigra 1.1 1.2 1.2 1.8 3.5
Fraxinus pennsylvanica 0.8 9.0 8.8 13.2 28.6
larix laricina o3 .8 ) .8 2.1
Nyssa sylvatica ' o> ) .3 3 1.1
Ostrya virginiana .5 o3 me-- .1 .3
Platanus occidentalis ) A ) .8 1.4
Populus deltoides 1.6 1.3 5.2 7.7 .1
Populus tremuloides 1.6 1.8 1.2 1.8 4.6
Prunus serotina 4.0 3.1 1.5 . H.6
Quercus alba .5 .3 .7 1.0 1.5
Quercus bicolor 7.8 7.5% 12.3 18,4 27.6
Quercus rubra 5.8 i els .8 5.7 11.0
Salix pigra .9 .5 .6 .9 1.6
Tilia amnericana c.t 4.4 4,1 6.2 13.6
Ulmus amecicana 20,9 23,4 26.7 40,0 71.0
Ulmus rubra 5.9 4.3 1.8 2.7 12.




TARLkEL.= O A summary of f{orest sinvey tree data for 15 lowland
hardwood forests of Tigham County, haced on the ran-

don pairs method.

relative
frequency deunusity basal basal area importance value
area per acre

=e=-purceng-=e--- square feet ~=-=-percent-=--
Acer rubrum 13.3 14.0 11.1 26,2 38.4
Acer saccharinum 6.5 §.0 10.6 25.0 25.1
Acer saccharum 7.3 7.7 5.1 12.0 20.1
Betula X purpusii o4 .7 5 1.2 1.6
Carya cordiformis 4 .3 .1 .2 .8
Carya ovalis ceee emee  aaa- cem- -
Carya ovata 1.7 1.3 1.5 3.6 4.5
Celtis occidentalis mmee cmce me-- - c—--
Fagus grandifolia 2.4 2.0 1.8 4.3 6.2
Fraxinus americana 1.2 1.0 1.8 4.3 4.0
Fraxinus nigra .8 .7 .1 .2 1.6
Fraxious peausylvanica 12.1 11.7 8.9 21.0 32,7
larix laricina 1.2 1.0 A 1.0 2.6
Nyssa sylvatica e eese  ee-- c—e- .-
Ostrya virginiana -4 3 .2 .5 .9
Platanus occidentalis A .3 .3 R 1.0
Poepulus deltoides 1.7 1.7 4.5 10.6 7.9
Populus tremuloides 2.4 2.3 1.3 Jo L 6.0
Prunus serotina 1.7 1.3 .6 1.4 3.6
Quercus alba oA .3 1.1 2.6 1.3
Quercus bicolor 9.7 8.4 12.9 30.4 31.0
Guercus rubra 1.2 3.V 4.8 1.3 11.1)
Salix nigra o .3 .1 .2 .8
Tilia americana I 3.7 0.7 15.8 14.8
Ulmus americana . 22.3 24.0 22.9 54.0 9.2
Ulimus rubra S.7 6.0 2.7 6.4 14 .4




TABLE . -b A sunmary of forest survey tree data for 15 lowland hardwood

forests of Ingham County, based on the quarter method.

relative
Species frequency density basal basal area importance
area per acre value
===--percent=-=< square feet -=-percent==
Acer rubrum 13.2 15,2 13.3 19.7 41.7
Acer saccharionum 7.6 7.7 9.3 13.8 24,6
Acer saccharum 6.8 7.5 4.4 6.5 18.7
Betula X purpusii o3 ¢S 4 .6 1.2
Carya cordiformis 3 .2 .1 o2 .6
Carya ovalis o3 .2 .1 o2 .6
Carya ovata 1.3 1.2 1.2 1.8 3.7
Celtis occidentalis —mee eece  ece- ~——— -
Fagus granditolia 1.9 1.2 3.2 4.7 6.3
Fraxinus americana .8 ) 1.0 1.5 2.3
Fraxinus nigra 1.9 1.3 .6 .9 3.8
Fraxinus pennsylvanica 1.9 12.0 9.7 14,4 33.6
Larix laricina i.l .8 .3 o 2.2
Nyssa sylvatica D .3 .3 4 1.1
Ostrva virginiana .5 .3 .2 .3 1.0
Plantanus occidentalis .3 o2 .1 .1 b
Populus deltoides 1.3 1.5 3.7 9.5 6.5
Populus tremuloides 2.9 1.3 1.7 2.9 7.9
Prunus serotina 3.2 2.2 1.3 1.9 6.7
Juercus alba B .8 b .9 2.2
Quercus bicolor 8.0 5.8 9.5 14,1 3.
Quercus rubra 3.5 3.0 3.2 4.7 9.7
Salix nigra .3 .8 .Y 1.3 2.5
Tilia americana S.0 D 6.9 10,2 1.0
Ulmus americana 9.6 22,8 25.8 38,7 6%..2
Ulmus rubra 4.8 4.1 2.0 1.0 11.5
Carpinua caroliniana® o5 .3 ol .2 .9
Quercus mdcrocarpa .3 W2 .1 .2 .6

2 additional species recorded compared to the plot.wmetaod,



e £ osusnnary of forest survey tree data {ov 15 lowland
Lardwood forests ol Ingham County, bascd un the Full

Bitterlicn awthod.

JTeldlive

Lpecives frequency densily basal basal ares  i1mportance
ared pr acre va lue
—---‘:T):}(cenl—w—~ squaie leet —--Perceut-==
Lee € ravcem 13,0 eSS 13.58 Th.b 43 .4
Acer saccharinum 7.8 $.8 17.0 15.95 29,2
Acer sacchirum 99 6.2 4,4 5.4 Jo.l
Betula X purpusii .2 ) .2 . .9
Carya cordiformis o2 ol em-- -~ .3
Carva ovalls W2 b .3 oG .9
Carya ovata 2.1 1.2 1.1 1.3 4.4
Celtis occidentaltis .2 el e--a .1 .3
IFague grandifolia 1.4 .6 ) .6 2.9
Fraxinus americana 1.4 .7 .8 .9 2.9
Fraxinus nigra 1.5 1.2 .0 .7 3.3
Fraxinus pennsylvanica 11.1 10.2 8.3 10,1 29.6
Larix laricina .6 A .2 W2 1.2
Nyssa sylvatica .6 .2 .1 .2 .9
Ostrya virginiana .2 1 eee- .1 3
Platanus occidentalis .4 .2 o1 .2 o7
Populus deltoides 2.0 2.3 4.4 5.4 8.7
Populus tremuloides 2.5 2.5 1.2 1.4 6.2
Prunus serotina 2.9 2.2 .Y 1.1 6.0
Cuercus alba .6 .7 N .8 1.9
Quercus bicolor 9.5 6.6 9.1 11.2 25,2
Quercus rubra 4.3 3.1 3.3 4.0 10.7
Salix nigra 1.2 .8 .9 1.1 2.9
Tilia awericana 7.0 6.0 6.0 7.6 19.0
i bmus americana 18,1 24,3 29.1 35.7 71.5
Uleys rubra 4.9 3.9 1.6 1.9 10.4
Juglans cinerea a A .2 .1 .1 .7

< additional species recorded compared to the plot weihod.



il

The rasalts tor freqepey and deasity calculated from the -indom pairs
re-thod, do not agree with the results of Shanks (133), even thonugh species
which tyrically regenerate by sprouts are abundant in lowland hardwood
stands.

Part of the difference in results between these two studies might be
explained on the basis of a 20-deuree difference in the exclusion angle uscd
by Shanks (133), and the present (80° sector used in this staudy. The pro-
jection of basal area per acre tigures for the leading dominant species were
comparable between all methods except random pairs, for which substantially
nigher values were caluclated. aun explantatior for this discrepancy may lie
in summing individual basal areca records, and the assignment of an average

basal area per tree for conversion to an acre basis.



fitand Charactevization

fae nardwood stauds sampled in Ingham County were spread over toe
lower two-tnirds of the continuum, indicating a rather complete coverage
ter tne spectrum of lowland sites. The range of stand coatinuum values
varied trom a low of 634 for a stand in which tamarack, olack cnerry,
aua red maple predominated, to a nigih of 2429 tor a stand composed main-
ly of sugar maple, northern red oak, American elm, and basswood. The
majority ol lowland stands were clustered within a segment of tne con-

N

ticuunm range from 1800 to 2200 (Figures 5-17). Such high values for these
stands are derived from the contribution to frequency, density and basal
area made by American elm and the effect of a corresponding high climax

adaptation number (8) for this species.{Tables 8 and 9).

Comparison of Quantitative Measurements and Species Dominance. The use

of basal area per acre, as a measure of species dominance, is one of signif-
cant value. wWhen frequency and density are ignored, basal area as a single
index merits use, because of its stroug relationsip to cover, and the over-
whelming effect of those species capavle of attaiving large diameters, It
is these species waich lend character to any stand. Because of the import-
ance placed on certain pioneer species such as cottonwood, which easily at-
tain large girth in the early stages of succession, the sole use of basal
area as an index tor successional changes may be somewhat uudesircble.

A review of the average basal area per acre yalues, for all stands in
the survey, shows that tae eight leading speéxes in descending order were:
American elm, red maple, swamp white oak, green ash, silver maple, basswood,
cottonwood, and su,ar maple. Wien basal area rather than the importance
value was selccted as the criterion of dominauce, green asih, and slippery

elm were replaced by swamp white oak, basswood, and cottonwood.

The calculation of the importance value appears to be the most wortay

-;’;1-.
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Interior view of stand M26k on poorly drained Rifle peat, continuum index 1408,
Leading dominants in importance values and in basal area:

cherry, and quaking aspen,

Fig. 6

red maple, black
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Leanure 0l expressing specles domninduce, sance three dirvect field measure-
nents are used., Nevertoacless, s 4 measure of dowinance Lo relation to
stand=-age structute, its use LAsS a repressive effect on tiwse species
‘wunich are large in diameter, but occur at intrequent intervals with low
density. Tue eight leading species in over-all iwmportance values tor toe
entire study arca 1n descending order were: Anerican elm, red maple, green
asiiy, swahp white oak, silver manrle, sugar maple, slippery elm and basswood,

Within tne boundaries of tne study area, 12 snecies occurred as a lead-
ing dominant in at least one stand. American el was the leading dominaut
in 35 and 40 percent of the stands, based on importance value and basal
area, respectively. Green ash, swamp white oak, and sugar maple were
the leading dominants in 10 percent of the stands, considering their im=-
portance values, and basal areas, while red maple occurred as the leading
dominant in 16 percent of the stands, Silver maple, slippery elm, and
tamarack each attained a leading dominant position in a single stand,

On the basis of importance values, American elm was tie leading or sec-
ond place dominant in stands ranging from 1832 to 2035 along the continuum,
in stands falling outside this range, it occurred as a leading dominant only
twice: once in a stand of floodplain origin and once in a stand located on
glacial till, This species was a third place dominant in at least four
stands, mostly located at the upper end of the continuum. It did not attain
a dominant position in three stands tound at the lower end of the continuum.

Red mapie exxurred as a leading dominant in a rather narrow range of
tne continuum, within the scectrum dominated by American elwm., At the lower
end of the continuum, this species led in either importance value or basal
area in closed basin depressions. [t was absent as a dominant species in
stands on materials of fluvial oriygin. In addition, it did not attain domin-
ance in four stands at the upper end of the continuum although its presence

was recorded in tihese stands,
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Green ash was & second or third place dominant across the upper two-
thirds of the continuum. Wihere the basal area of American elm was great,
green ash although frequently encountered, contributed little to total basal
area. One exceptioun occurred in a stand found on deep muck, were the basal
area of both species was approximately equal., Besides the stand just men=-
tioned, green ash appeared as a leading dominang in two other stands: one
located on a floodplain of the Red Cedar River and another on a poorly
drained glacial.till. It did not attain a dominant position in three stands
in the upper part of the continuum,

Swanp white oak, attained its greatest dominance in stands within the
continuum spectrum from 1540 to 1830, This species was present to some de-
gree in all but two of the stands. Sugar maple was the leading or second
placed dominant in importance value within the upper third of tne continuum
from 2110 to 2430, 1In two stands within this range, it also had the highest
per acrec values for basal arva. Rasswood appeare; as a weak leading domin-
ant associated with’sugar maple in the upper portion of the contiouum. [t
also appeared as a dominant species in the continuum around a value of 1800,

Slippery elm was strongly represented as a dominant comporent of the
stands in the lower third ot the continuurm, Tpis ;as'attributcd to its nigh
frequency and density, ratner than basal area. Northern red oak was inter-

mittently dominaant througnout and appeared to increase in dominance at toe

upver end of the contiauum.
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Betervination ot Soirl Properties

e stands selected tor this study occurred on a ratner wide variety ot
Nydromorphie suiis, includiag rreerrectly and pocrly drained mineral soils,
alluvial soile, and organic soils. These were distinguished according to
the classificatrion proposced for hydromorphic forest soils by Wilde (160),
and by the Michipan Gtate UVwiversity Soil Science Department and U. §,. Soil
Conservation Service, The toposequence of drainage conditions and pareont
naterial relationships for nineral soils i< shown in Tyble 10, The rela-
tionships of underlying materials and thickness of the organic soils is also
included, The results of the tield survey and laboratory analyses showed
that four of the mineral series were beta-gley soils, three of which (Con-
over, Locke, and Spinks series) were formed from coarse to moderately coarse
textured glacial drift. The other soil was a moderately coarse textured al-
luvial soil, the Ceresco series.

The remaining seven nineral series were alpha-gley soils, five of which
developed from glacial till of stratified sands and gravel to non-stratified
fine textured loams, silt loams, or light clay loams, Tncluded in this
group were the Bairy, Pewamo, Brookston, Gilford, and Sebewa series. Two of
the series, S!oan and Cohoctah, were fine textured alluvial soils. The three
orgaunic series were Carlisle muck, Lianwood muck and Rifle peat.

fera-Cley Soils.- The imperfectly drained Conover, locke, and Spinks

sceries dare non~-ctratified Gray-bBrown Podzolic soils, which forwmed from cal-
carcous parent materials of loam, sandy loam, and loamy sand respectively,
and are sgimilar in morpiological drainage and color characteristics, when
caoupared to the associated members of their respective catenas. The Ceresco
series is an alluvial soil, developed from loamy fine sand.

The A horizoas consist of partially decomposed forest litter, varying

trom oue to three inches in thickness. It was absent in some places on the
: -79-
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{e¢resco series, due to periodic rewoval of the unaterial by seasoral flood-
ing.

The A1) and A2 horizons of this group are dark grayish-brown loams to
loamy {ine sands of friable to weak granular structure, which broke sharply
into the subsoil at depths of nine to fifteen inches. Thickness of the min-
eral surface horizons varied from two to nine inches,

Locke, Spinks, and Ceresco soils differed from Conover soils in having
coarser textured subsoils. In the Spinks series, the textural subsoil hori-
zons were thin, wavy and discontinuous layers of sandy loam and loamy sand.
Subsoils of the Con9ver series consisted of mottled, gray, and yellowish-
brown loams of medium nuciform structure, which became coarser in depth,

The B; and B, horizons, or the A, and By arrangement in the Spinks series,
were approximately 20 inches in thickness. Corresponding C}g and C:g hori=-
zons of the Ceresco series were somewhat thinner.

Mottliug of the subsoils, associated with the presence of organic mat-
ter under imperfectly drained conditions and insufficient aeration, was
strongest in Ceresco, Conover, and locke soils, respectively. Owing to the
low organic matter content and coarse nature of the materials, only slight
evidence of mottling was apparent in the Spinks soils. The parent wmaterials,
although differing in texture, were strongly mottled gray and yellowishi-
brown strata, descending in tliis study to an undisclosed depth,

Llpha-Gley soils.~- Soils of the Barry, Pewamo, Brookston, t(iiiord, aond

Sebewa serics, are poorly or very poorly drained medium dark humic-Gleys
found in depressions or tlats. The first three series are tormed in non-
stratified highlyv calcareous glacial till, consisting of sandy Joam, silt
loam or clay loarn. The latter series are two-storied solls, developed in
loany matevials overlving calcareous sand and gravel,

3arry soils occupy small depressions or pockets within a broader



sadppiong unit, and ave in a permanently ponded condition most of the time.
These soils, owing to their wetness, represent the lower limits of invasion
by higher vegetation.

Two alluvial soils, the Sloan and Cohoctah series, occurring in nearly
level old stream channels, were formed from materials of varving texture,
usually sandy loam to loams. The Ay horizons of these soils were sowewhat
thinner than those of the buta-gleys, and on the alluvial series were often
absent due to flooding whichh exposes bare mineral soil. Owing to better
preservation and mixing of organic matter under poor aeration and drainage,
the Aj; and A)2 horizons of this group were a very dark brown, gray, or
black color, considerably darker when compared with surface horizons of the
beta-gleys, Texture in these soils ranged from sandy loams to loams of
weak, fine to moderately fine granular structure., Thickness of the surface
horizons varied from six to thirtcen inches.

Subsoil horizons designated GBy,GB,ys and GBy,, of the Giliord and
Sebewa series, differed from the other alpha-gleys in having coarser tex-
tured materials of moderate sub=-angular blocky structure containing few,
weak, light olive to yellowish-=brown nwttles.' In the alpha-gley non-strat-

ified series, mottling in the BZly and # hovizons was courmon, of medium
D

“22¢
intensity and distinct. Dark olive and dark brown to gray, grayish-brown,
and black coatings appeared on nany ped faces of firm sub-angular to fine
angular blocky structure.

Alluvial soils of this group contained strongly mottled light zray and
weak yellow subsoils; however, the granular structure was generally pervious
and friable, Horizons in alluvial soils are often designated by numbers,
where they are obscure or diffuse within the profiles. Average thickness of

the subsoils varied from 20 to 25. and from 30 to 40U inches in the stratificd

and non-stratificd alpha-gley tills, respectively, Owing to the irregularity



Stvears Diow oo tae titee o deposition, subsoll deptns in the stratipied
atiavial soils varies according to tie uwanner in which the materials were
sorted, rearravged, and denosited.

The till materials of the Pewamo and 3rookston soils and the structure-
less parent materials of tne Ciliord and Sebewa soils contained wany olive,
grayish, and yellowisli-brown motties. Parent materials of the al?uv&al
soils were siwmilar in coloration, but mottling was weaker and the stratified
deposits were single grained.

Organic Soils.- Very poorly drained organic soils, derived principally f{rom

decomposing plant remains, varied considerably in reaction, texture, structure,
and thickness of the deposits. Rifle peat was over 42 inches thick and was
derived from coniferous and deciduous woody and fibrous materials, in which
the p]anf structures could still be identified. Two mucks, the ‘arlisle

and Lanwood series, derived from decidous woody materials, are tne products oi
peat decomposition, in which few of the plant structures could be recognized.
Limwood mucks are shallow orpanic soils, 12 to 42 inches io thickness, over-
lying medium textured sandy leam to sandy clay loam materials, and differ

from Carlisle mucks, which are over 42 inches thick,

The 0) horizons of these soils consist of veryv dark brown to black peat
or muck containing few to numercus woody fraguwents, with disintegrated nate-
rials being of moderate, tine to wedium, granular structure. Surface hori-
zons were in descending order: thinnest in the Rifle peat, next in Lianwood,
and thickest in Carlisle mucks. The range for the group was foutr to tweaty-
four iaches. Although Carlisle mack and Rifle peat way vary in depth (com
42 inches to 10 feet or more, this was not tune case for the two series ex-
amined, Sandy clay loam and loamy sand materials were found for Ritle peat

and Cavlisle muck at depths of 50 and 70 inches, respectively.



Suil Troperties and fjrecros beveloovrent
srerican flv,- Awmerican elw attained its hirghest {wportasce vuiue on a
Linmwood muck underlain by materials containiag 30 percent sand, This
species, however, wis most strongly developed on a Pewanmo loan., [n this
stand (%52) Jowrican elm was second in importance value but highest in
basal area for all of the stauds in tne study area.

The Pewaro loam of this stand had a mean sand, silt, and clay content
of 45,24,and 31 percent, respectively., Mean values for loss on ignition
and moisture equivalent were cgrresnondingly 1C and 30 percent., In addition,
tuis soil had a higher clay content than any of the soils a¢nalyzed and com-
pared to otherlsoils was second trom the lowest in sand content.

Amevrican elm, however, was low in importance on an alluvial Sloan soil
(stand M225). This soil was also a loam, and its values for the aforemen-
tioned parameters were not sjignificantly different from Pewamo loam at
either the .05 or.0l level.

Althouyn American elm decreased in importance in the present study on
certain other lowland mireral sofls., it was rather strongly represented on
most Brookston sandy loams and loams. In addition, this species was well
represented on Conover loaws, which wére not significantly different in soil
texture from Brookston soils. On the Spinks soils, it was about as well re-
preseated as on locke soils, even though the two soils were signiticantly
different from each other in sand content at the .0l level.

Considering the distribution of American elm within the other stands of
the study area, this species was best developed on certain organic soils.
Those stands having shallow Linnwood or deep Carlisle mucks, underlain by
coarse textured materials with more than 70 percent sand, coantained the
greater proportion of this specices,

American elm did not appear at all on deep Rifle peats and decreased in

ST



feporcance on o strallow Luvwood mud@® (29 to 3D inches), having 95U percount
sand with approximately equal proportions ot silt and ciay in the under-
lying mineral miterials.

A réview of the horizon and profile values for the most coarse to {ine
textured mineral soils did not indicate strong trends associated with the
presence or absence of American elm, The complete range @f textural varia-
tion for the soil types within the study arca was rather narrow. None of
the soils were coarser than sandy loams or finer than loams, therefore the
fiducial limits of textural variation affecting the development of this spe-
cies could not be established,

Red Maple.-- Red maple, on the average, attained its highest importance

values and basal area in stands on the deeper Linnwood mucks, although it

was still well represented on shallow mucks of the same type. lnlike

American elm, this species was not as well represented on Carlisle muck, which
was lowest in loss on ignition and highest in soil reaction for organic

soils., 1In addition, it appeared to be quite tolerant of the acidic cond-
tiors in the fibrous materials of Rifle peats.

Within the remaining stands of the study area, red maple was fairly
well represented in those stands irocated on Brookston sandy clay loam, loams,
and Gilford sandy loams. In textural variaticn, these soils had mean hori-
zon values of 47 to 72 percent sand, 14 to 32 percent silt, and 13 to 21
percent clay. This species was rather poorly represented on Conover, Spinks,
and locke soils, which reflects the decline in importance value found by
previous investigators within this segment of the continuum (54,110).

Aimong the stands located on organic soils, red maple had the lowest
fmportance in a stand on Carlisle muck. The materials underlying this muck

corresponded very closely to the textural classification of the previous soil.



Creen ash.e== Green ash, the third leading spocges io importance on tae
entire study was represented to some extent on all soils except Rifle

peats, 1In this respect, it appears to follow the s:»:quence of stands in
which American‘elm appeared, (Green ash was most strongly represented on the
solls in stands where red maple was low in 1$portance. especially the
floodplain soils and mucks. It may be noted that green ash was the leading
species on Sloan soils, which contained the greatest proportion of combined
silt and clay for any of the soils analyzed. A relationship for the occur-
rence of this epecies with fine textured soils could not be substantiated
‘from the data, however, because this tand was one of the lowest in total
basal area., On shallow Linnwood mucks this species was generally oversha-
dowed by the importance value contributed to stand structure by red maple.
Most of the shallow and deep mucks in the study area were underlain by
rather sandy materials, and no apparent connection with coarse textures was
evident, since this species attained high importance values on mucks which
were significantly different from each other at the .0l level. In addition,
green ash declined in importance on the ccoarse textured Conover, Spinks, and
Locke soiis.in the upper portion of the continuum, Thus, because of con-
flicting evidence regarding textural variation, no convincing data appeared
from which to suggest major soil properties governing the development of

this species on lowland sites,

swamp White Oak.--Lwamp white oak was another major tree species of high

importance in this study, Because of the rather large average diameters
attained by this species, its basal area contribution to stand structure
was impressive.

In the present study swamp white oak was better represented on mucks o!
the Linnwood and Carlisle series than on alluvial soils, Like green ash and

American elm, this species was not found at all on Rifle peats. Moreover,
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swamp white oak contributed strongly to tue vegetation of stands tound on
Brookston loam, Pewamo loam, anc Spinks sandy loam, The range of variation
covered by the textural limits of all soils on which the species occurred,
was over 90 percent for sand and silt, and 100 percent for clays. Thus, it
appears that swamp white oak was quite adaptable to lowland soils, at least
within the limits of textural variation found in this county.

Silver Maple.-- 0Of all the species tallied in the study area, silver

maple showed the strongest affinity for flood plain soils. In the present
s tudy, it was best represented on the Ceresco and Sloan soils of the Red
Cedar floodplain. This species also appeared on Cohoctah soils of the same
stands, which were not significantly different from Ceresco soils in sand
and clay content at the .Ul level.

Strangely enough, silver maple was outstandingly represented on the
Spinks soils of a ground moraine, This soil was far removed from the homo-
genizing effects of streamside innundation.

Sugar Maple and Awerican Beech.-- Althovgh sugar maple and American beech ure

often thought of as the dominant species growing on apland till plains, they
are also important species on lowland soils {in Ingham County. This is es-
pecially true for stands found on beta-gley soils. These two species were
consistently represented in stands on Conover loams, Spinks, and !ocke
sandy loam, The mean sand, silt and clay conteut of the profiles of these
three.soils accounted for a considerable portion ot the varjation in textural
conditions. Sand content rangad f{rom %0 to 77 percent, silt conteut from
13 to 373 percent, and clay content from 10 to 18 percent,

On these soils, however, sugar naple importance value and basal area
far outweiphed the contribution to stand charactar added by Amevican beecn,
In addition, the former species was tound on several alpha-gley Broorston

loams and sandy clay loams, which were intermediate in textural variation to



e Derdscaey st ia. S evioan Do Was absent Qrom the aipha-giev so1ls,
Atericaa Aasswoeod. ~=Aner ican basswood was especially well ropreseated

in those stands tound on the same soils as sugar maple and American heven,
£lthough the Spinks soils contajired increasing awmounis of silt and ciay in
the Aype ovizons and underlying materials; for siwilar horizons, both the
Conover and iocke soils were signiticantly higher in fine textured mate-
riais, Tne Spinks coil was peculiar in having alternare layers of fine tex-
tured materials in the subsoils, evea though the percentapes were quite low
coupared to other beta-gleys,

American basswood contributed heavily to the importance of stands lo-
cated on certain Brookston Joars and Gilford sandy loam. It also appeared
to some extent on alpha and beta-gley soils of floodplain origin, and was
represernited on one Linnwood muck containing 77 percent sand, 12 percent silt,

and 10 perceant clay in the underlying materials.

l.esser Species.--Other species occurring throughout the study area,

which contributed to the important vepetation of several lowland stands, in-
cluded black cherry, slippery elm, and northern red oak.

Slippery Elm.--Slippery elm apneared as the leading dominant oun Sebewa

and Cilford sandy loams. The rauge of textural variation for these two
soils is vather narrow for sand and silt; however, the range for clay was
about 70 percent of the total for all soils analyzed.

Like green ash, slippcery elm was strongly represented on floodplain
soils of the Cloan, Cohoctah, and Ceresco series. It was also an importaut
species on Lutwood mucks, Brookston sandy clay loam, Conover loam, and
Spinks egandy loam,

Northern Red Oak.-- In the present study, nortiern red oak was well repre-
sented on Brookston loams and Conover loam. Tt was best developed to-

ward the upper portion of the continuum on ..ocke soils. This soil was not



sipnificautly different from tire Brookston and Conover soils in sand and
clay content at the .01 level.

This species was also important on mineral soils containing as much as
20 pércent clay in the profile, and oddly enough appeared as a weak compon-
ent of a stand on Rifle peat (M26R). [t is interesting to note that the
Rifle peat upon which this species was growing contained greater percentages
of silt and clay in the underlying mineral materials compared to other or-
ganic solls. Evidently this species has a rather wide ecologic amplitude to
acid conditions similar to that of red maple.
Black Cherry.-= Black cherry was one of the maior species associated
with red maple on Rifle peats, Tlrookston sandy clay loam, and Conover loams.
It was not very well represented with red maple in those stands located on

shallow Linnwood mucks,




Cround Yater and Precipitation Measurement

During the period from April 22 to December 3, 1961, a total of 2,376
water table measurements were made. In Figures 18 through 24, hydrographs
of the well records and histograms of the precipitation records are shown.
Rainfall information for the year was obtained from four automatic recording
stations closest to the well locations. This information was available from
the U. W, Weather Bureau records in East Lansing, Michigan,

Perched water tables, distinct from the main water tables, were noticed
during the third week of observations and were most pronounced in the Brook-
ston, Conover and Locke soils. The main cause ot perched water tables lies

in the presence of a clay pickup in the loam B and By, B, horizous

21g® P22g°
of these soils, respectively. Tne relationship between the depth to and in-
tensity of mottling and the duration of perched water tables has been dis-
cussed by Diebold (58). In the present study, mottling was strongest auad
most distinct in the upper profiles of alpha-gley soils compared to the pro-
files of the two other soil groups., This condition could not be attributed
to perched water remaining in the profiles for any considerable lenpth of
time. Therefore, it seews reasonable to attribute the mottling intensity in
tnese soils to the leng period in which the true water table is near the sur-

face, especially during the winter season. Perched water tables were ob-

N
o)

served throughout the spring, sumwier, and early f{all, but not after the
weezk of the study,

The true water level in alpiia and beta-gley sandy loams stabilized in
less than ten minutes, after drilling tue well while the flow to the cone of
depression created by the excavations in alpna aad beta-gley loains took ten
to twenty minutes Joanger. Owing to the loose consvlidation of materials and
the nearness to rthe surface of the ground water in organic soils, littls dit-

ficulty was expericonced in recording water table deptihs.
-G~
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A review ol the coutour e€levatious for the ocer, Slean, and Lvcearmore
Creck watcrsheds, and an evaluation of- the hydrographs reveaicd tnat thne wa-
ter tables under investigation were being influenced by at least six difter-
ent rechargze patterns, .

The relative position of tne water table for any period of the year in
these stands is obviously being governed by the amount of runcff and uncon-
fined seepage which occurs., This in turn is determined by contour elevatiouns,
drainage outlets, permeability of the lower subsoils, glacial drift mantle,
and underlying rock formations. 1In this respect it was practically impossi-
ble to evaluate losses due to these factors, since the discharge patterns in
these stands were not monitored hydrologically, The hydrograpnhs for the cur-
rent year, however, can be consider representative of water table cond-
tions and changes tor lowland soils which have e¢xisted for a considerable
period of time. This in itself is evident in the age of the stands located
on such areas.

Spring water tables were at the highest levsl in all suils during tne
second week of the study. Saturated soil conditions imuediately after the
spriug thaw, the lack of tramspirational draft, and the amount of rainfall
which occurred prior to this time were contributing factors producing high
water table regimes.

M general lowering of the water tables occurred in all stands, except
those located on alluvial soils, during the period from April 29 to August 19,
water tables in the ailuvial alpha and bera-glev suils were being influenced
during this period by the rise and fall of the Red Tedar River, whicih drains
all bavins in which the stonds are located.

Minor fluctuations (1-10 inches) caused by precivitation from Class 2
uaitorm storms (Smith and Crabbd (i17) ), affected the rosition of spring aad

cuiimer water tables in all stands during the same period. Several Class 4



advanced stomes occurred during the mnonth of June with little erfect on most
wiater tables, except those of the poorly or very poorly drained Sebewa, Cil-
ford, Brookston, and Pewamo soils (stands W4S and W5B). Most of these storms
produced a total raintfall of less than one inch, which apparently was not
sufficient to satisfy the total interception loss plus existing soil mois-
ture deficits in the profiles,

Maximum depths of water tables occurred in most stands during the last
two weeks of July and the first two weeks of August. Mean depths recorded
were greatest in the Conover, locke, aund Spinks soils (stands Al14C, M19L
and M19S). tMaximum fluctuations in water table levels occurred in the lat-
ter stands throught the growing season. However, a comparable amount of
fluctuation was observed in the Sebewa and Gilford soils of stand W4S, The
Ceresco solils, one of the alluvial beta-gleys, had a shallower depth to the
mean water table than several of the alpha-gley soils.

Water tables throughout the growing season fluctuated least and were
most {requently within ten (10) inches of the surface in organic soils.

This was especially true for Linnwood muck (stand L10L) and Carlisle muck.
The other Linnwood muck (standlﬁlaL) and the Ritle peat, however, had deeper
water tables on the average than the Pewamo soils, Gilford soils (stand
L10G), and the alluvial Sloan coils.

Even thtougn the growing scason during which the study was nade was one
of the driest in 21 years (Figure 25), ending with a minus 3.73 inches de~-
ficit in rainfali, it appears that sowme Class 6 and 4 advanced storms were
of sufficient intensity and duration to produce sowe recharge of tae

. . | S, . .
phreatic water tables, Storms ot the<e two classes, normally producing

—— e e —————

wee lable 1, total departure from norral vainfall,
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praduce a partial recnarge of sabsdriace waters in Jowland hardwood staecds.

tepardiess of wiaether or not the soil was ar alplo- ley or beta-gley,
recharce of the vhreatic water tables occurred quite soon; a matter of sev-
eral hours atrter a convectional storm of these intensities. The duration of
storms of these classes must necessarily ke longer than an bour. Such rapid
recharging of the water tables could not be attributed to flow of water into
the'weln anerture, .since proper precautions were taken to prevent errcrs of
this type, In addition, a vist to the well locations irmediateiy after
schral storms of these classes did not show disturdances around the well cpen-
ings due to runoff,

Tt was surmised that this situation was not brought about by saturation
of the soil profiles immediately above the water tables at any given point,
since sowe of the tables were 80 to 100 inches deep at the time that rapid
recharge took place. On sowe of the poorly or very poorly draired sites di=-
rect recharge was probable. However, the evidence in the present study .
gathered from numerous observations, indicates that recharze of the phreatic
surface may result from g;adient {lowage. This would be dependent upou the
slope of the uunderlying strata and the permeability of these materials. The
upward movement of water tables in these low areas, however, does not neces-
sarily mean recharge from gradient flowage. 1f the water table is in a
strady state reiationship with gradient flow trom above and local evapotrans-
piration, auy reduction in the intensity of evapotranspiration (in situ)
would reduce the drain on the local ground water. Further, a reduction of
evapotranspiration upwatersned would increase the gradient flow and a rise
in water table level would occur,

A strong recharge pattern begpan in the third week of August, 1961, after
a Class 6 advanced storm which registered 3.%6 inches of rainfall at one of

e

tue recording stations. The total rainfall trom this storm at the paujes



toe proand witer contivaed arger this stare in mest sorls for the recalodoyr o
the growing sceacton, Two exceptions were noted in the lovke and Lpinks soi i,
Toese two soils, duving the thivd week of Aupust, had water tables 80 to 140
inches deop at the time this storm cccuned. After this period, their water
tables continucd to drop until the third week of October when recharse to the
surface ncjpan,
At the termination of the study on Decewmoer 3, only the water tables in
mucks and alpna-gley scils of stands V20C, L10L, 110C, and W4S were tully re-
charged. The “rookston soils (stand W53) and'thc Locke and Spinks soils
(stand M15L aud 19S5}, were considerably diffevent, being 26, 35, and 67
iaches respectively below the measurements taken the first week of the grow-
ing season, All other water tables were within three to sixteen inches of

tae level observed when tie study was first initiated.
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bepression storage from precipitation) or a rise in the ground water
table from bereath during the winter season and early spring, usually
reaches a sufficicat depth to rreclude the survival of all young plant
prowth, This condition was evident not only on floodplain soils, but also
on several of the lacustrine soils. Therefore, the current vegetation of
several lowland stands was subjected to a natural annual disturbance, Only
during those seasans which would be fairly but not uncommonly dry, could
woody and herbaceous species develop suff:..ent root systems and shoot
growth to survive the effects of secasonal flooding,

Of thke dominant tree specics which appearcd throughout the lowland
stzads in the enunty only four: siver maple, red maple, sugar maple, and
basswood showed a tendency to be associated with rapid changes in water table
levels,

Silver Maple.--The occurrence of silver maple alorg small streams and

o) solls proximate to major strears has been reported extensively (124,150,165,
b+ reproduction of this snccics (5 very pronounced on bare mineral spil

aloagside such waterways (léeaw),  his condition was apparent on the flood-

pliin soils of Ingham County, uhovc the reproduction was abundant byt

« vreogated 1ato groups. Littl: ¢opeticion was present frem other plants,

o the distributional patter: i the reproduction apoeared to be assnciated
‘th overflow depth frow th: .. <rdar River (Ff-ore 26).

Tn reviewing the apportio. -« t of b;sal avea for the canopy members
wiwnin all stands, it would apypcas that 32 relatiocship existed between the
devilopment of silver maple and ‘he rapidity with which drainage occurs. This
o5 apparent not only for flaouplain soils but <!so lacustrine soils. Amoig

fi-odplain soils all, except {be Sloan seils, erhibited the maximum variation

-103-



-104~

*yadap

STyl 03 MO[JIA0 I33BMYOBq JO SIDDJII2 2yl 2ATAIns A1qeqoxd [[IM 3133] 2yl Ie
Bur{peas [1e3 2yl °*saYduy g1 3O Yidap B 03 syjuow I13juTm Byi Burinp paiep
-unuuy A73337dwod aq [1IM 30ds Ierndor3aed SIYL °SaYdUT /n SeM JuaudoyaAap
Buripaas jo 28e3s STyl e yidep 21qe3 id3em uedw YL ‘DLW PUEIS JO WO

Apues yelooyo) 3yl uo sBuyjpess (WNUTIEUooEs i120y) ojdew IdATIS Jo 1aley v

9

z

313



Nad

in water teobje deuth and {Juctnation.,  The deve lovnent of silver maple on
Sebewa sandy loam and those Lianwood mucks of similar hydrologic character-
istics also support this contention,

Red Maple.--0f interest was the conspicuous absence of all but seedlings

of red maple on the fast draining alluvial soils. The lack of this spec-
ies on soils of floodplain origin could not be attributed to variations

in soil texture. 1t appeared that the occurrence of this species was
somewhat sensitive to alluvial sites which drain rapidly after flooding.

American Basswood.~-American basswood appeared to possess a wider eco-

logical amplitude than sugar maplg on lacustrine soils where the drainage
was poor. Possibly, catenal positions of the soils on which it was

found was more important in influencing the prescnce of basswood than their
textural attributes. The presence of large individual specimens of basswood
in the lowlands of the county could he a stand=age=-structure relationship
associated with the interval in time since these stands first became

established.
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i veaay and oerbaceoas understory veeetation, rallied during the col-
Joctiva of Lree dota, attained virioos deprees of importance alony 3 _radieut
ot changing neisture conditions. The species jn most lowland hardwood stands
chowed cnnsideratle variation in density within stands, as well as between
stands., although a considerable number of wedium and low ghrubs were recorded
on sojls of the beta=glev type, tie opposite condition ;us apparent on tae more
poorly drained alpha-gley and orvgsunic soils.

Open areas on Rifle peats showed the greatest developrnent of hiyh and

medium shrubs, including highbush blueberry (YVoccinium corvmhosum), red

osier (Cornus stolonifera), and small cranberryv (Yaccinium Oxveoces),
1S ) vy (/a $

In these large openings, herbaceous plants were mostly representative of the
Composite fawily, especially goldenrods. Wherc tree snade was present, shrub
development was absent or greatly curtailed.

On the other organic soils of the Linnwood and Carlisle series the
cover of understory vegetation was discontinuous. Possibly, this condition
was due to the controlling influence of dominant canopy species allowing
Iittle light to reach the forest floor, Moveover, the phreatic water tables
in these soils often flood the soil surface or remain close to it during
the major par® of the growing season. Such a combination of factors is ob-
viously not favorable to the ecesis ol most perennial shrubs. The principal

shrubs present, however, included strauvberry bush, (@mwonvius obovatus),

wild black currant (- ibes arcevicanum), and winterberry (Ilex vertl!cillata)

in many situations the ground layer of plants was corplete, The leadiny
species present for the very wet segment on lowland orpganic soils were:

pale toucr=ne-uot, a scasonal indicator of disturbance by flooding;

ISubsequent listings in decreasing ovder of [requency.

-i20-
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stingine and weod retties, sweet scented bedstraw, Doy hemp, and quick-
silver weed. Of lesser importance in frequency and density were the ferns:
sensitive fern, spinulose shicld fern cincamon fern and royal fern,
Herbaceous plants of lesser frequencies included: black snakeroot,
miterwort, and fow]-mgadnw grass, Of interest was the appearance in spring

of pitcher plant (Sarrancenia purpurea) on shallow circumneutral mucks,

The numbers of understory saplings, seedlings, shrubs, and the develop-
ment of the ground flora, ranged from one extreme to the other on alpha-gley
soils, The frequency as well as density values for tree species of size
class two is showm in Tables 11 and 12.1 It appeared that frequency and
density of saplings increased as drainage conditions became better. The
peak in frequency and ensity, as well as variety of sapling tree species,
was found on soils of the Brookston series,

On some of these soils, few shrubs and very little herbaceous under-
growth was present, while others contained an abundance .f species, 5Such
differences might be attributed to the effects of seasonal flooding which
prevented the survival of many herbaceous and woody plants, The main seed-
ling species present on mineral soils of the Brookston, Sebewa, Pewamo, and
Cilford series were: sugar maple, slippery elm, green ash, red maple., and
black cherry. The major shrubs and vines included green osier (Cornus al-

ternifolia), eray dogwood (Cornus racemosa) shadbush (amelanchier aborea),

commuon elder, (Sambucus canadensis), maple-leaved viburnum (Virburnum

acerifolium), woodbine (Parthenncissus quinquefolia), poison ivy (Rhus radjcar;),

and winterberry,
amon the herbaceous plants, sweet cicely, honewort, purple meadow

rue, sweet-scented bedstraw, black snakeroot, quicksilver weed, pale

——— s e e ——

Lsaplings 1.1 to 4.0 inches d.b.h.
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togea=ne=non, o Cinngerols wore auite coroing, Lome catner Ioftreaugent riant:
included: witite baneberry, wrandraxke, anise voot, mirerwort, [adian turaio,
nrotty bedstraw, and the true and false Solowon's sealy, Sensitive fern

was the most cornrmon b:criduphyte on these soils,

Alpha-gley soils of floodplain origin, exnibiteu a broken mosaic ofi
groundecover, within this patchwork, in addition to sone of the plants pre-
viously mentioned, a variety of species was present, Silver maple, slippery
elm and green ash were the nain scedling species. Along the margins of per-

manently wet depressions buttonbush (Cephalantihus occidentalis) was a com-

ron shrub, Other shrubs and vines included wild black current, prickley

gooseberry (Ribes cynosbati), woodbine, poison ivy, and frost grape

(vitis riparia).

0f common occurrence in the ground flora were such plants as bugleweed,
tufted loosestrife, wild ginger, bog hemp, stinging nettles, arrow-leaved
aster, and swamp milkweed, Rather uncormmon were bottlebrush grass and Care-
dinal élowvr.

Under conditions of better aeration and drainage, the most abundant
herbaceous plants were: bloodroot or red puccoon, spotted cranesbill, and
swanp buttercup, |

U'nderstory plants on the soils of mid-gley development, not subject to
the effects of streamside innundation, showed an increase in numbers as well
as dispersion of ground cover species. Of interest was the abundance of
dog's tooth violet and spring beauty in the springtime.  With the gradual
disappearance of these species in the very late weeks of spring, the wake-
rabin nr Jarge flowered trillium becomes quite couspicuous, together with

scattered colonies of mandrake,

Other herbaceous species common to the beta-giey soils of the wet-

MES1C environment included: sweet cicely, spotted cranesbill, sweet-scented



G Lvans, se it s secies ot vieters ) fnelacia,, coway wloe violet o vlack
suabernor, ciragueru: ), wild gigrer, horse=nhalm, wild leex, white avens, blood-
raot, tace sailicnards, trme and false Solomot's seals, bluc~siem voldenrod,
hellwort, blue cnhosh, avd lTowvseed.

sarubs and vines of ratner common occurresce o these soils included:
strawberry bush, common elder, shadbusn, wondibine, poison ivy, the currants

and gooscbherries, ereen osier, sweet viburnum (Viburnum iL2rtaco), and

button=bush,
4 complete list of tne lesser species tound in lowland-hardwood stands

indicating chaoges in species importaunce along a pradient of changlng mois-

ture conditions is snown in Table 173.



TALLIL =13 A species list of the ground tlora cormon to the lowland
hardwood stands of Iagham County showing the depree of

importance attained py each species,

— TSI T T IS IS ST

Soils and moisture repime

Species _Very wer et het=mesic
Organic Alpha=gley reta-gley
solls s0ils soils

P ettt 1 13 111 1 2 it ke

Actaea pachypoda - 1 2
Actaea rubra - 0 -
Allium canadense - 0 -
A1){um tricoccum - 1 3
~Anemone canadensis - 2 -
Aralia racemosa - 0 -
Arisacma atrorubens - 1 1
Asarum canadense - 4 3
fsclepias incarnata - 3 -
tunter sagittifolius . 3 -
Bocthmeria cylindrica s 9 3
Cardamine pratensis 2 - -
Cauvlophyllum thalictroides - - 3
Collinsania canadensis - - 3
Cicuta maculata - 3 -
Cryptotacnia canadensis - 3 2
trvthronium americanum - - 9
Calium coneinnum - / 1
adium tvdflorum 4 4 2
“eranium macu latum - 3 4
Ceam canadense - Y 3
Glveeria striata } 3 -
Hystrix patula ' 7 1
Irpgtiens capensis X ! -
inpatiens pallida S 2 -
tobelia cardinalis - 2] -
Lvcopus americanus - 3 -
Lysimachia thyrsiflora - ] -
i.ysimachia ciliata - 2 -
Pvseimachia quadrifolia - 7 -
favthram salicaria - a -
Siteila diphylla s 3 -
Nasturtium officinale ? - -
Comorhiza Claytoni K 4
Deworhiza longistylis - 2 1
Phoyea lonpistylis - ;i 2
Padnpnylbum peltatum - 4 3



il =13, ceontinued

Fotentilla palustris
Poten:illa recta
Polvgonum natans
Folygonatum caniculatum
Ranunculus recurvatus
Ranunculus septentrionalis
Sanguinaria canadensis
Sanicula gregaria
Saunicula marilandica
Swilacina racemosa
Smilacina stellata
Sarracenia purpurea
Solidago caesia
Sodidago graminifolia
Thalictrum dasycarpum
Thalictrum dioicum
Urtica gracilis
Urticastrum divaricatum
Uvularia grandiflora
Viola sororia

Viola spp.

Pteridophytes

Adiantum pedatum
Dryopteris spinulosa
Equisetum Hymale
Onoclea sensibilis
Osmunda cinnamomea
Osmunda regalis
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Jarranged according to a gradient of decreasing moisture.
Phumbers refer to the tollowing scale of occurrence.

O-present
l-scarce
2-uncommon
3~infrequent
% ~common
S5=very common



Biotic Factors and Their Fttfects on Conmunity Structure
Evidence of the destruction of natural vegetation by biotic influences
is visible thoughout the lake States region. Ravages caused by insects,
diseases, fires, animals, and especially man has seriously altered natural
succession in many types of vegetation. These changes, principally by man,
were most evident during the early days of logging.

Fire Influences.~-The role of fire as a factor in the ecology of low-

land hardwood forests in Ingham Couunty has been of little consequence in de-
termining its vegetation. Although extensive fires have played an important
part in forest succession, evident in the record for the state's fire history,
fires of natural origin in this county have been more or less confined

to upland sites. Lowland hardwcod forests probably escaped the clear cut~
ting practices that prevailed in the coniferous and hardwood forests of up-
land sites and the ensuing fires that took place after such devastation.

On occasion, fires have occurred on the sparsely forested deep peat soils of
the county during periods of extremly dry weather., For the most part, however,
the destruction of these primarily deciduous lowland forests by fire

would indeed be a rare event since the ground water is so close to the soil
surface,

Although the soils of most lowland stands are not permanently saturated
with ground water, the extent of the capillary fringe above the phreatic
surface serves to keep most lowlands from reaching a highly combustible
state. Moreover, periodic saturation of the soil profiles by convectional
storms and resultant ground water fluctuations occurs often enough and with
sufficient magnitude to effectively reduce the likelihood of serious fires.

During the ten~-month period that the ground water Study was being con-
ducted, the route of the survey was tantamount to a series of random road

counts used often in wildlife studies. Although debris burning on land

-11l4-



Doty cdeaved was o oser s veliow rreageatlyy cot o singte wrldiire was observed

in tihe lowland tardwosod fand type for the entire vear.
From the volumincus hiterature concerning the eftects of torest fires
on éoils and liviny orgacisis, very few studies bave reviewed the efrects
of post-fire succession ouw lovlaad seils (2,31,32,105,156). The majority
of reterences on tnis subiect have discussed the use of tive as a silvie
cultural tool in the maaaenent of coniferous forest stands, The practice
of setting fires by the indigeaous tribes of Indians tor purposes or com-
runication or hunting game was never mentioned in the early history of
Ingham County (63). [t is not bere inferred, however, that fires of low
intensity have never occurted.  On fallow and ungrazed land, where herbace-
ous vegetation continually adds to the buik of potential fuel, the probability
of fires whatever the cause is enbanced (Figure 27),

Buell and Borman (31) found that paper birch stands sometimes directly

resced to a mesic species such as bastswood. Quaking aspen, black cherry,

and northern prickly ash (Zanthoxyluin americanum), however, are the most likel
p y <y anme y

species to reseed. lowland soils in Ingham County following fires. (Figure 28).
Quaking aspen, however, is not nccessarily linked to post-fire sucession.

In this study it was most prevalent on Ritfle peats, which showed no evidence
of a prior five history. !ikewise, its presence on mineral soils in the
study area appeared to be correlated with natural disturbance factors,
supecially windthrow of other species.

Windthvow, Rooting Svstems and Cormunity Structure,--The importance of

root svstems and their development, as a prime factor affecting species
density and eventually stand composition in lowland forests,ha; been
largely ignored in past ecological studies. The tremendous amount of labor
and time involved in the excavat:ion of large root svstems, not to mention

the difficulty of identification while keeping smaller roots intact,
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conctitutes a major problem, “The maiority of root system stratitication
and development studies on hydromorphic soils has been devoted to seedlings
or shrublike plants (10,12,56,152). Nevertheless, a reasonable degree of
confidence on probable root system extension may be established by observ-
ing the rooting habit on windthrown trees and trees with partially exposed
root systems.

While the soils of lacustrine forests in this county are not affected
by the homogenizing effects of floodwaters as in floodplain stands, windi.
throw as a mortality factor serves to influence stand-age-structure during
later stages of succession.

This condition is most evident in stands found on organic soils. The
loose consolidation of granular or peaty materials was not only subject to
being blown away from the forest floor by unusually high winds, but a col-
lapse of the organic matter has occurred with tte passage of time (Figure 29).
The extensive system of storm drainage outlets installed in Ingham County
over the past 20 years may be partially responsible for this collapse.
Alternate wetting and drying within the soil profiles, from precipitation
and fluctuating water tables, however, also produces this result. Event-
ually the supporting medium for larger trees is weakened. Moreover, a
periodic re-assortment and deposition of lighter materials caused by wind

\ .
and wave action occurs when the stands are flooded. 1In many cases, the
major portion of the anchor roots of dominant species are partially or almost
completely exposed. Root growth, however, probably keeps pace unless
decline of the water table is vapid. |

During the earlier stages of succession, cottonwood plays an important

part in lowland stands. Because of its perpendicular téproot or heartroot

development, this species is better able to gain a foothold on sites

having substantial fluctuation in ground water levels, On the other hand.
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vitlow T contined o tnose denrvessiong ]l aress winionn renmidn oot

AY dess povecnentiv o wet,  Peccuaze of the plate-like development of tas ront
svstom oin the jatier epccies, withering of the Titrous royot sveter o
cormry. black willow is soosa vepraceda by cotteonwond, espeaially arter n
stvies of drouphty scogors,

The niate=shaoed developmient of the root cvstem cnaracteristic of

coertain lewland tre« specics, such as ved apd silver waple, flso contributes

to tue serijousness of windthrow on erginic as weli as mineral soile.  The

5

vsrem of heartront developient in sweno white oalk and American el is
somwwhat flattenca on soils with shallow warer tables. Windthrow does not
seem to be of sarious consequence, however, inhibiting the eventual aominance
of rhess two species. American elm seems to possess great stebility on such
sitas, due to its widespread and fluted rooting habit as shown in Figure 30.

The rooting system of green ash appears to be {ntermediate between the'
strongly flattened heartroots of tihe maples and the deeper penetrating sys-
tems of other épccics such as elms and oaks. The wortality of this species
in lowland hardwood stands was quite noticeable although this condition
could not altogether be attributed to windthrow. Creen ash, a prolific
seeder, casily becomes established in small openings created by the windfall
of other species. The resultant closure of adjoining canopy species around
such openings acts as the rain factor in later eliminating this species
;rnw most stands,

A sumary ot the wortality for the major and minor tree specios
vecordra by tne plot method is shown in Teble 14, As indicated in tae
table, preea ash is cuite frequently represented. Howaver, most of the
rortality foc this species ocounting in the ifour to eight incn diameter
classes wag related to canopy closure. The rortality values for quawiug

asnen and ble~k willow were also related to stand closure. Windthrow,
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novever, was the major factor cavsing mortality tor the mapltes and blick
cherry, especially on organic soilis,

“athogenic Tnfluences and Cormunity Structure.-- 2f all the species re-

corded in the study, American elin had the higheszt mortality rate., Over 95
prrcent of the mortality for this important lowland hardwood appeared to be

artributable to the Dutch elm funpus (Ceratcstor:!la ulmi (Schwartz) Bus-

iman). The spores of this fungu: are carried to the trees by the elm

bark beetles (Hylurgopinus rufipes (Eichh.) and (lcolytus multistriatus
Yarsh.). Tt was not unusual to find some of the f{incst, largest specimens
ot Aungrican elm suffering from the ravages of this disease. No size class
aspeared to be immune, but total meortality was more evident in clustered
groups of trees smaller than ten inches in diametoer,

The nurber of dead or dyiung trees appeared to be highest along the
periphery of most stands on organic as well as mineral soils, Moreover, the
incidence of attack was practically complete where American elm had attained
dorinance at the edges of stands. Within mest sta.ds, however, tue number
u{ trees being attacked was low, and the prevalence of the disease seemed
to incfease with a corresponding dccrease in stand density. Isolated groups
and individual trees in open ficlds or along tenc: rows were almost always
¢ead or in the process of dying at the time of tie survey.

Since no cheap effective coutiol has as vet eeon developed to combat
tnic discase in natural stands, it would appear tuat an extremely high
foes of Amevican elm is to be anticipated in tie ivvland hardwood land type.
tiihough Americaan elm has low commwarcial value ai the present time, the
inportance of this species as a stand component »! considerable worth cannot
b {;snored.  Should the disease continue to extend its iniluence in geomet-

vic proportions, Amevrican elm wiy scon become a votuor infrequent species,



Thae vecaacies created by the loss o1 thio sovoies 3t U prescut 1ine

ar2 mro=t Likely o be Zilied by lncreasing aoouats of green ash and swaap
VALt 0k on naora:l scils,  tn oorganic soils and in the later stages of suc-
cession red mapae 4s tiae most likely species to till the void, replaciig

rreen ash and o sowe extent swianp waite oak,  The loss ot Awmerican el on
wet-mesic sites) where Lt decredses in frequency as well as censicy, 1s not

as great a4 los< to the chiaracter ot lowland stands as oun the very wet ro

wet areas whero it is strongly deminant.,



Statistics

Correiations between sampling methods.-- Tu order to determine the relative

reliability of the various sampling methods, simple correlations were cal-
culated between three parawmeters (basal area, densitv, and frequency) as
determined from each of the sampling methods. These calculations Invelved
all possible combinations among the 12 parameter-method measurements. The
means for 23 species were used as items.

The correlation coefficients (= r) are presented in Table 15. The coeffi-
cients of determination (2 rz), which provide better estimates of the infor-
mation provided by one method relative to another, are presented in Table 16,

The swallest coefficient of determination between any two methods used
to determine relative basal area of different species was.95. This was for
tne comparison between the random pairs and the full Bitterlich methods.

In effect, such a value means that the random pairs method gave 95 percent

as much information about the Bitterlich-determined basal areas as did the
RBitterlich method. The coefficients of determination were all .97 when basal
areas determined by the plot method were cowpared with those determined by
any of the other three methods.

fimilarly , any of the four sampling methods gave 96 to 98 percent as
much information about relative density of the 23 species as did the best
method. And each method gave 95 to 98 percent as much ifnformation about
relative frequency as did sampling of ten 5 x 20-meter plots in each stand,

The coefficients of determination between relative density and relative
frequency were also high, all being greater than ,92. Thus, by whatever meth-
od determined, the data on density gave 92 to 99 percent as much information
about frequency as did a direct determination of frequency. The coefficients

of determination between basal area and the other two parameters were lower

-- between .34 and .95 for density and between .87 and .92 for frequency.
-125=
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Imnrovenents in nethodology-=-sampling lowland vegetstion.--The relation-
PO ehnts 19 netiodo i P ANd_Veper: o

ships indicated by the results from the correlations between sampling
methods indicate that for all practical purposes one can determine density
or frequency by any of the methods tested with little loss of important
information. They indicate also that species density and frequency were

so nearly synonymous that only one needed to be measured. Thus, if one
were content to accept a possible 13 to 16 percent loss in information he
could estimate relative basal areca frow either trequency or density and
avoid the necessity for detailed measurements, If one neecds greater accuracy
than thi<, he mmust measure basal area. Esitmates of basal area are, of
course, more difficult to gather than estimates of either frequency or den-
sity.

Although the main goal of the present comparison of methods was information
yield from a forest survey standpoint, it was obvious in collecting field
data that the most rapid method was random pairs. This was evident since an
equal number of sampling points was taken by each method. No other estimate
can be made as to the order of aggregate time in the field by the other
methods.,

On the basis of the procedures used for the methods in the present study,
the quarter method shows the most promise for use in lowland ecological
surveys. It is recommended for the following reasons:

a. the yield in information content was higher than the other methods
used, when basal area and frequency was considered.

b. the number of plots used in the analyses was great, compared to
other analyses of a similar nature (1072,133,142).

c. the loss of field time in measuring twice as many trees as in the

random pairs method is offset by more rapid office computations.
{ ! b



In using the quarter method, the greatest amount of time spent at each
sampling point lies in measuring single tree distances from the point center.
It appears that these distances can be rather accurately determined with the
use of a simple rangefinder. Although rounding-off errors will be intro-
duced, they should be compensating errors with a small sacrifice in precision.
The increased speed of data collection, reducing the cumulative man hours
spent at sampling points, further justifies the use of this method in the

field.



il Mersinerenie s --Computer analyais o the samples taken from the 19
randonily docated soil profiles indicated that tne vartous soil tvpes dif-
Vered significantly (P test .01 fevel) in all analyses except sand content.,
Froftile weans, porizon weans, and least siguiticant diiterences are shown in

Ples 29,302,030 0430 and 34 i tio ppeudiy,

Profides and Horirons ol Yera-Cleov Soile,--Ceresco and Spinks soils were

sipaiticactly higher in sand content and lower in silt and clay content
than Cenover and iocke =oils at the (01 level, Sawnd content of the Ceresco
and Corover soils increased at depth in all herizons, while the silt content
Jecreased from a wmaximum at the surrace, The percentage of clay was highest
at miu~horizons levels., Sand was highest, and silt content and moisture
retaining capacity lowest in the mid-horizons c¢f the Locke and Spinks soils.
Differences in reaction and loss on ignition ror this group were not
cignificant. Moisture equivalent for Ceresco was significantly di{ferent
from Locke and Spiuks seils at the .21 level, while Conover, Locke, and
Spinks soils showed no significant differences from each other,
Relative organic matter decreased rapidly in all beta-yley soils, {rom
a maximum in the surface horizors. Reaction was neutral to slightly acid,

becoming akaline in the lower horizons.

Profiles anc Horizons of Ainha-Cley Soils.--Slodn, Pewamo, Brookston,

and Sebewa protiles were =igiirvicantly lower in sand content than Gilford
solls at the .01 level.

Althouph sand coutent by norizons, tor n!pha-—gh:y and bera-gley soils,
vere not significantly difl rent from each otheér, rocrse textured materials
were highest in nost borizons of the Gilford soils.

Significant difterences in reaction were not appareant between soll pro-

files in this proup. Moisture equivalents of the surtace horizon were sij-

nilcantly different from other horizons in wost cases (.01 level). Toss
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on ignition was greatest in those soils containing a higher proportion of
finer textured materials, It was lowest in the parent materials, owing to
the often saturated conditions which exist, decreasing quite rapidly from
the surface mineral horizons, The decrease in loss on ignition, with in-
creasing depth from the soil surface, was proportionately greater in the
alpha-gleys compared to beta-gleys. .

Profile and Horizons of the Organic Soils--The profiles of the poorly

drained orgaunic soils varied considerably in relative organic matter content,
Carlisle muck showed the lowest loss on ignition and was significantly dif-
ferent from Linnwood mucks and Rifle peat at the ,0l1 level., This condition
might possibly be attributed to an incorporation of mineral sediments into
the profile during periods of overflow from a neighboring creek, No signifi=-
cant differesces in loss on ignition were apparént for the materials under-
lying the organic deposits (.0l level).

Rifle peat was the most acid organic soil and was significantly differ=-
ent from Carlisle muck and one Linnwood muck (.01 level)., All profiles of
the muck solls were not significantly different in reaction from alpha and
beta-gleys.

Underlying Materials of the Beta-Gley, Alpha-Gley, and Organic Soils--

The underlying materials of the Ceresco soils, Gilford soils, Carlisle muck,
and one of the shallow Linnwood mucks were highest in sand and lowest in
silt and clay content, Differences were significant from all other soils at
the ,01 level,

Mineral materials underlying one of the deeper Linnwood mucks and the
Rifle peat showed evidence of shallow lake depressions; being significantly
different in sand, silt and clay content from the other organic soils at

both levels of the test, Alpha-gley parent materials were not significantly



different from each other in sand content; however, Sebewa soils were lower

in silt and clay content at both levels of significance,
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Correlations between gpecies distribution and soil characteristics-- In order

to study the relationships between species distribution and various soil
characteristics simple correlations were calculated between the importance
values of the 10 most abundant species and soil physical properties in differ-
ent horizor:, ¢imilar analyses were calculated betwecn species' basal areas
and scil proverties., The species were: american ¢lm, red maple, green ash,
swamp white oak, silver maple, sugar maple, American basswood, slippery elm,
northern red oak, and black cherry, The analyses were made on the data from
10 stands (numbers M19L, M19S, Al4C, Al4B, L10G, W5B, M26B, M17C, M22S, and
W4S), in which complete soils analyses were made,

To make these analyses stand means were used as items, giving 10 degrees
of freedom for each correlation, Although statistical significance at the ,05
level is commonly accepted as meaningful, those correlations which fell be-
tween r o5 and r ,5, were disregarded. They were felt to be essentially meun-
ingless because they occurred with about the same frequency as would have
been expected due to chance,

The correlations as calculated apply to stands only because they are
based on stand means, Thus, from them éne might say that a stand with high
factor X also has high factor Y, but he could not necessarily say that the
same relationship applies to small areas within the stands, - The correlations
as calculated also apply to soils as hovrizon 1, 2, 3, 4, and 5 because names
between horizons do not have the same designation in all stands,

Distribution of One Species Not Related to That of Another-- Neither

the importance value nor the basal area of a species was related to that of

the other species. Of 90 correlations which were calculated to test

such relationships, only one approached significance at the 5 percent level,
Ther are two probable reasons for the lack of significant species in-

terrelationships, First the 12 stands were all in the middle stages of
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secondary succession; the situation may have been difrerent if some pioneer
and some late-succession stands had been considered. Secondly, most species
have a rather limited dispersion distance, Stand 026R (see Table 10) con=-
tains onl: onc pionecr species, tamarack, probably because that was the only
pioneer species which could seed the area, Lack of seed supply might have
prevented invasion by other species even though site conditions might have
been right,

Species Distribution Slightly Related to Soil Physical Properties=--The

importance of the 10 species in each of the 12 stands was slightly related
to the 5 physical characteristics of the soils which were measured. In fact
no relationships were apparent when species' importance value was compared
with the soil characteristics. When basal areas were used in the calcula-
tions, some evidence of association between kind of tree and soil could be
noted for two species--black cherry and slippery elm, The statistically
significant correlations are presented in table 17,

Two species showed some tendency to be found on soils with certain
physical characteristics, Slippery elm and black cherry had high basal
areas in stands in which the soil was characierized by high loss on ignition
and high moisture equivalent, Black cherry was also most prevalent on soils
with a low sand content,

Black cherry has been reported to grow on a variety of soil textural
classes including gravelly and sandy loams with fine textured silt and clay-
ey subsoils (Hough and Forbes 82)., It has also been reported as a definite
component in forests on melanized gley loams, embryonic and leached grood
soils (Wilde et al, 163),

It has been supgested that slippery elm is more closely associated
with soil moisture conditions than any particular soil characteristic (Scholz

131). Black cherry, however, showed a somewhat stronger relationship than
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fanii,=17 . kelation between some physical characteristics of soils and
species importance. Only those correlations of statistical
atnd possible biological signiticance are shown, ( An addit-
lonal 216 correlations calculated for 8 other species were

not significant).

e R

If there was high The basal area of
Slippery Black
elm cherry
was wis
Sand in horizons 2 aud 3 NS Low™
" " " 4 " 5 S LOW**
. . ~ YyeX e
Clay in horizon 5 lLow NS
Loss oa ignition in horizon 1 High High
nooon " " " 2 NS High***
%k Ly KK
" " " " " 3, /4, 5 High Hlsh
s . . NN e
Moisture equivalent in hovrizon 1 igh NS
" " o2 N5 High”
" n n " n . e 13 *
3 High tigh
" " " " / Moyt dekede vt ok
4 igh High

"z Non-signiiicant relationship

Y greater than .658, significant at 2 percent level
wk = r greater than ,708, significant at 1 percent level

r greater than .823, significant at 0,1 percent level

p
]

a
:
(1]
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slippery elm for mineral soils having a high loss on ignition,

The other eight species for which importance value--soil or basal area--
soil correlations were calculated arn: American elm, red maple, green ash,
swamp white oak, silver maple, sugar maple, American basswood, and northera
red oak. In none of them were the relations between species' abundance and

soll characteristics significant,
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Correlatinns Retween Soil Characteristics in Different Horizons,--The

correlations between soil characters for 12 stands are shown in Tablie 18,

Some of the relations were expected and need no explanation. Such is
the case for the high correlations between sand contents of the A and B
horizons; also for the correlations between silt content in the A and B
horizons ard between clay content in the upper soil layers., Also, it was
expected that there should be strong negative correlations between sand and
silt contents and sand and clay contents,

It is interesting to note the very low degree of correlation between
the upper soil and the "parent' material in any of the five characteristics.
Evidently, in most of these stands the upper soil was not derived from the
so=-called '"C" or parent material and it is in effect an underlying stratum
of different origin, i.e,a "D" horizon.

The losses on ignition of the various horizons were not correlated witﬁ
cach other, either, This is due to the fact that in the A horizon the loss
represents the decomposition of organic matter, whereas in the lower layers
it may be confounded be a loss of water of hydration of clays, decomposition
of carbonates, etc, The loss on ignition therefore cannot be taken as an
indicator of organic matter content on subsoil horizons., The same reasoning
explains the geveral lack of correlations between loss on ignition and sand,
silt, or clay contents,

Although the presence of significant correlations was by no means uni-
versal, there was a general and expected direct relationship between mois-
ture equivalent and silt or clay content, AThe relationship to sand content

is obviously inverse.
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Improvements in Methodology = Sampling lowlund Soils--The presence of

non- significant correlations between soil characteristics in different hori-
zons was great, as indicated by the results from Table 18, It is there-

fore suggested that future vegetation studies in the lowland-hardwood land
type should ignore the measurement of physical soil parameters at least to
the extent of those included in this study. Among the chemical measurements
organic matter, expressed as loss on ignition, and reaction (pH) can also be
eliminated from studies of this type,

The lack of significant correlations for the soil physical determina-
tions can only be attributed to the lowland nature of the sites with high
water tables, The effects of sand, silt, and clay content, loss on ignition,
and reaction on lowland-hardwood vegetation is probably being masked by the
selective pressures exerted by recurrent high ground water, This would be
especially true for stands found in a very wet or wet environment, It
would be true to a lesser extent for stands found in the wet-mesic

segment of the environment,



il

Ground Water and Precipitation Measurement,--An:lyses of variance were

performed to show the significance of differences for water tables through-
out the growing season, Summaries of the problems for the analysis of vari=-
ance of perched and actual water table levels are shown in tables 19 through
22,

All tabled F values were highly significant at the .01 level, Mean
depths of the ground water levels within soils for the entire growing season
and teast significant dif{ferences are shown in table 23,

Fluctuations of the Water Tables Within Soils,--The greatest amount of

variance in actual water table levels within soils occurred at opposite ends

of the continuum placement of lowlasd hardwend stands (1394-2429), 4 parti-

tioning of the variances indicated that over 96 percent of the changes in wa-
ter table levels occurred within the Locke and Spinks soils, and the Sebewa
and Gilford soils of stands MI9L, M19S, and W4S, respectively,

For example, the partitioning of variance for Spinks soils is as

follows:1

() 240,26 ® Vo2 v 2

error ® | = ve2

240,26.3 1 - 4vg2

VSZ‘: 14,10, therefore
(b) VSZ & 98 percent
vel Vel

where

Vg 2% variance due to soils, and

Ve < variance due to error

1 See Table 20, for values used in the sample calculation,.
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TABLE.= 19, Summary ot the analyses of variance showing the differences
in perched water tables due to week of measurement through-

out the 1961 growing secason,

Tource oi _yuriation

Soil serics Stand CEeRS Frror F(a)

lLocke MI9L 153.37 5.37 28,58
Spinks M19S 190, 26 2,22 §5.61
Conover Al4ac 33,24 8.94 4.13
Brookston Al4B 56,12 5,56 10.10
Gilford L10G 54,45 2.70 20,19
Brookston WoB 166,29 2.86 58.14
Pewama “w5B 115.25 3.57 32,21
Linnwood Al4L 51.02 1.26 40, 34
Linnwood L10L 20,51 .ol 52,13
Carlisle V20C 15.54 . LU 161, 50
hrookston M263B 75.97 7.22 10.53
Ceresco ML7C 25.36 4,16 7.11
Cohoctah M17C 75.23 2,12 35,49
Sloan M22S 36.35 .88 41,33
Rifle M26R 44,51 1.05 42,44
Sebewa W43 17.40 1.94 98.65
Cilford W4S 23,69 1.06 233,139
Barry M191, 26,05 .56 46,45

chrec;—bf freedom
12 57

4311 were significant at the .0l level
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TA3LE,= 20 , Summary of the analyses of variance showing the differences
in phreatic water tables due to weck of measurement through-

out the 1961 growing season,

Source of variation
S0il series Stand heaks Error F(a)

---Mean squares=--

Locke MLI9L 2727.24 25.18 96.79
Spinks ML9S 3388,63 14,10 240,26
Conover ALGC 467,83 43,03 10.87
Brookston Al4B 442,23 50.53 8§.75
Gilford L10G 422,11 22,30 18,93
BRrookston 58 1341,63 23.29 57.60
Pewamo W58 934,92 28.90 32,35
Linnwood Al4L 404,18 9.47 42.69
Linnwood LlOL 220.17 5.10 42.66
Carlisle v20C 119,52 .89 134,006
Brookston M26B 807,24 97.45 8.28
Ceresco M17C 348,20 54,80 6,35
Cohoctah ML7C 709,08 23,02 30,80
Sloan M225 260,73 4.48 58.23
Vifle M26KR 331.13 7.01 47,21
Sebewa Was 1357.92 13,47 160,80
Gilford W4S - 1750.62 8.59 203.71
Barry M19L 270.59 4,26 63, 5%

Degrees of freedom
32 96

a all were significant at the ,01 level
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Thlle=21 , Surmary of the analyses of variance showing the differences

in perched water tables between stands throughout the 1961

growing season,

Source of wvariation

Date of measuremeat Stand trror F(a)
---Mcan squares ===

May 6 108, 64 4,75 22.87
" 13 143,02 6.22 23.01
" 20 124,28 11,1338 1U.92
"o27 129,49 7.88 lo.43
Jure 3 126, 13.33 9.46
10 115,70 10,31 11,19
o117 135,12 14.08 9.00
"o24 156,22 16.70 9,36
July 1 139,91 14.45 9.68
" 8 141,73 12,71 11.15
15 136,02 12.19 11.33
o222 139.76 12,64 11.06
"o29 161,48 11.89 13.55
August S 190,91 11.99 15.92
" 12 196,16 15,10 12,99

" 19 206, 5" 11.08 18,01

" 26 188,77 16,20 11.65
September 2 177,52 13.02 13.63
" 9 165, /1 13.57 12.20

" 1¢ 24Q, 32 10.21 23,57

Degrees of freedom

L7 51

T all wevre significant at the ,01 level



PABLEL.= 22, Summary of the analysis of Vdriance snowing the diiference

in phreatic water tables betwcen stands throughout the L(9C1

growing season,

Source of variation

Dute of measurement stand Lrror F(a)
---lican squares---

April 22 172,37 1.67 103,44

" 29 67,14 1.02 66,05

May 6 112,60 4,28 26.32

" 13 151.9¢ 4,96 30,66

" 20 122, 3¢ 11,12 11,990

"o27 138.20 7.82 17.68

June 3 143,47 11.26 12.75

" 10 128.21 10.66 12.03

" 17 154,34 11.38 13.56

" 24 156,55 16,40 10.15

July 1 165,87 13.61 12.19

" 8 163,50 11.18 14.63

" 15 160,53 9.48 16,95

" 22 165,20 lu.76 15. 38

" 29 98,09 1G, 15 19.52

August 5 222,29% 11.380 18.83

" 12 228,68 12,52 13.26

o 19 227.12 10,75 21.12

" 26 201,390 14.29 14.12

September 2 178, 2¢ 13.22 13.49

" 9 170,006 13.31 12,78

" 16 241 .44 10.96 22,03

" 23 257 .49 10,73 23,97

" 30 228.7¢ 11.96 19.13

October 7 290,05 11.07 20,21

" 14 314,31 10.28 30457

" 21 332,72 Y,22 36,038

" 28 356,94 9.19 38.85

November 4 317.51 7.72 41,13

" 11 327.10 7.21 G4h.5%4

" 18 376,15 7.08 51.83

" 25 379,19 6.66 56,98

Decembevr 3 382.21 6,41 59,06

A all were signiticant at the 0T TevcT

Deprees of freedom

L

51
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Table 23-, Mean depth of water tables in soils for the 1961
growing season,?

3 8 % ¢ 8 #a’gszzns,.x
s s S8 B8ZI S Egs zEEoEg;
| . s yd. .
| BEERER R R R R RN EE
| 8z 3§ 2 5--§afs=zs§
! 5 & o o o &4 o © O ?* V& v & o
l Meaw Dert (1 ncwes)
! 6 31 60 S 19 20 92 19 1 1 8 25 6 O 30 33 4 2
] 43 7 39 21 S 14 6 10 0 0 1+ 21 3 O 1 S O O
' 48 8 6 20 6 10 3 92 O O 0 27 S 0 13 9 O a4
34 9 78 36 7 16 6 15 1 O 16 41 S5 3 14 15 4 3
1 38 30 67 %1 12 23 13 18 2 1 26 34 12 5 8 19 9 S
1 26 26 83 41 12 26 16 21 2 1 28 30 12 7 20 27 47 S
‘ 30 32 81 435 9 34 22 23 ¢ 0 23 41 8 8 23 34 29 13
31 39 74 49 12 27 14 23 2 1 26 34 23 6 27 24 14 7
; 42 46 77 41 11 25 12 22 2 0 24 37 26 6 20 47 2 10
‘ S0 S0 78 54 14 44 29 26 2 1 30 40 29 8 28 27 13 10
67 S2 83 56 20 S1 37 3t 6 6 35 49 39 15 30 42 26 24
\ 73 S7 86 S0 29 64 46 35 3 9 47 S4 48 21 35 54 &9 29
! 76 65 88 55 37 66 48 40 17 12 SO S3 43 25 39 59 52 2%
79 67 9 57 31 71 SO 45 8 15 S1 57 47 32 40 62 3 28
g 85 72 94 59 36 74 54 30 21 17 SS 9 48 27 42 67 60 7
! 89 73 B84 57 34 62 33 43 8 11 SO 43 38 11 45 60 B 15
! 93 74 87 6 28 65 41 46 19 13 S5 45 41 15 46 66 65 19
\ 1000 80 92 72 38 72 49 S0 23 18 61 Si1 47 24 49 74 69 24
' 70 67 67 26 21 8 1 25 12 3 34 36 30 3 23 3 ¢ 03
1 70 70 69 40 30 26 8 29 18 6 37 39 34 4 27 20 9 1S
| 71 66 70 42 33 29 1 28 20 6 40 36 30 4 27 24 1 92
: 88 82 72 S0 21 36 19 33 11 1 42 39 35 8 30 32 3 47
| 97 89 B0 55 28 41 25 34 14 4 46 46 42 13 I3 40 25 24
| 76 81 67 42 12 35 17 28 3 1 38 36 30 6 26 26 1 16
| 95 92 72 48 15 41 23 30 6 O 38 38 31 7 28 31 2 20
| 100 96 76 S1 16 42 24 30 7 1 44 39 32 B8 30 31 23 24
| 108 100 78 60 21 48 30 35 11 4 49 39 33 12 34 38 28 24
114 902 80 61 22 S1 32 36 13 4 48 38 33 0 30 4 32 30
j 98 96 70 S1 12 36 26 32 3 O 44 35 24 7 28 27 16 16
100 98 72 56 12 39 29 33 4 0 45 37 28 8 29 29 17 17
‘ 9 96 70 48 6 27 9 24 1 O 4 28 20 4 22 15 6 N
! 98 94 74 43 7 25 S 24 2 O 41 25 14 2 23 w0 3 8

S 0% 9 7 12 12 8 4 0 6
w D112 9 15 16 1 1 2 7
3 .

REcHanet
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Arranged according to soil series and the continuum placement
of lowland hardwood stands,
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The previous sample célculution shows that 98 pcrcent of the changes in
wuter table depth of this soil could be attributed to time,

Error variance due to local differences between wells within these
stands was correspoudingly high when compared with other soils, except for
the poorly drained Gilford soils, Only four percent of the variance was due
to differences between well locations within a particular stand.l

High variances indicated by rapidly changing water levels were also
noted for the perched water tables in stands of the bela-gley soils; however,
this was not true for those stands found on two-storied alpha-gleys. ULiffer-
ences in variation between actual and perched water tables could not be en-
tirely explained on the basis of existing differences in horizon textural
characteristics, or the presence of impermeable layers in the profiles of
these soils, Apparently the ground water level 1s being determined by topo-
graphic and subterranean drainage controls, which would be indeed difficult
to investigate without calibration of the watersheds in which these stands
are located, The soils of these stands were subject to the influences of
two different topographical recharge patterns (water regimes A and D) of the
Sycamore and Sloan Creek watersheds,

Such high seasonal variation and similarity in water table levels of
stands so different in species complement would seem tc indicate that the
arbitrary assignment of stands to a particular moisture regime may be weak
when a single observation is made on water table depth, This would be es-
pecially true for any ecological study concerned with determining the rate

of successional change,

Tan average value for all stands,



actual water tuble variation within soils was least 1n the very poorly
drained mucks and certain soils of the alpha-gley type, (n analysis of the
components of variance showed that over 90 percent of the fluctuations with-
in water tables of the Linnwood and Carlisle mucks (stands Al4L, LIOL, and
V20C), Rifle peat, ponded Barry soils, and the alluv{al Sloan soils could be
attributed to time, The remaining variance could be allocated to differences
between well locations of the respective stands,

In the remaining alpha-gleys, the variances, due to time, were greatest in
the Brookston and Pewamo soils of stand W5B. This was evident for perched
-as well as the true water table depths recorded during the course of the
study., Although the soils in the stands W45 and W5B are under the influence
of the same physiographic recharge pattern (water regime D) , the higher clay
content in the deeper lying horizons of Pewamo soils is evidently responsi=-
ble for greater variances in perched tables, Both stands are situated in
closed basin depressions and receive little water from adjacent areas.

Actual water table levels for the complex of stands in water regime B
showed that approximately 70 percent of the variances could be attributed to
time, The Conover soils had variances only slightly greater than the more
poorly drained alpha-gley and organic soils, Approximately 30 percent of
the variances were due to differences between well location within each
stand,

weekly variances in perched water tables were greater in the latter
soils, This condition might be attributed-to an increasing clay content at
lower depths for Brookston soils (stands Al4B) and the clayey parent materials
underneath the Linnwood muck of stand Al4L., The high silt content of the
Conover profile (stand Al4C) was apparently not influential in causing
greater variance in perched water tables when compared to other beta-gley

soils, or even some of the alpha-gleys,
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Although perched water tables were not frequent in shallow or decp or-
ganic soils, their occurrence was observed when the well boring penetrated
into the underlying materials, Thus, differences in variance in actual and
perched water tables of Linnwood muck (stand Al4L) and Rifle peat, compared
to other Linnwood and Carlisle mucks, could be attributed to the signifi-
cantly higher clay content of the underlying materials. Differences between
the wells of these stands due to local variation was insignificant,

Local variation in actual water table levels (over 35 percent) attribu=-
table to physiographic differences in well location within each stand was
greatest in the Brookston soils of stand M26B and the floodplain Ceresco
soils of stand M17C, Variance in the Cohoctah soils and Gilford soils
(stand L10G) was intermediate compared to other soils having poor drainage,
In these alpha-gleys, approximately 80 percent of the variance was account-
able to water level fluctuations throughout the spring, summer, and fall
seasons, while the remaining 20 percent was due to variance between wells,

Fluctuation of the Water Tables Between Soils,--The largest amount of

variation in actual water table levels between soils occurred during the
first week of the study.1 Variance partitioning revealed that over 90 per=
cent of the variance in actual water levels for the entire growing season
took place from April 22 to April 29, and from October 7, until the end of
the study on Decembher 3, 1961,

After May 6, when a general downward trend in the actual water table
levels was observed, these analyses showed an increasing amount of variance
between all soil types. This trend continued until the termination of the

study, except for some minor and expected reduction in variaaces due to

Lsee Table 22; column of values for F,
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partial recharge of the phreatic surface from rainfall. Partitioning of the
variaunce also showed that the lowest amount of variability (71 to 78 per-
cent) between the water tables of all soils occurred during the summer sea-
son from June 7 until July 12, and from sugust 19 until the beginning of
fall on September 21, 1961, This could be largely attributed to the effects
from convectional Class 4 advanced storms, which were insufficient to sat-
isfy soil moisture profile deficits,

Increasing variances, between soil water tables toward the end of the
growing season, might be accounted for in the continuing drop of water le-
vels In the beta-gley Locke and Spinks soils, which was directly opposite to
the trend of levels observed in other soils during the latter part of the

study.
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Correlations Between Species Distribution and Ground Water,-=- 1In order

to study the relationships between species distribution and water tables
simple correlations were calculated between the importance values of the ten
most abundant species and ground water depths during the growing season,
Similar analyses were also calculated between species' basal area and ground
water depths, The species were: American elm, red maple, green ash, swamp
white oak, silver maple, sugar maple, American basswood, slippery elm,
northern red oak, and black cherry. Data were available from 14 stands,
The stands were (M19L, M19S5, Al4C, Al4aB, L1OG, W5B, Al4L, L10OL, V20C, M26B,
M17C, M22S, M26R, and W45), in which water tables were measured,

Stands means were used in the analyses; The items entering into the in-
put were:

1. importance value of each of the ten (10) species,

2, basal area of each of the ten (10) species, and

3. water table depth for each of 28 weeks,
There were 12 degrees of freedom for each correlation, Correlations which
fell between r.O5 and r.o2 were disregarded. The correlations as calculated

apply to the period April 29 until November 4, 1961. This period was con=-

sidered to be the most important hydro-ecologic segment of the study,

Species Distribution Related to Ground Water Depths,--The correlations

of biological significance between ground water depth and species importance
involved two species-- sugar maple and American basswood (Table 24.) When
basal areas were used in the calculations, the same type of association was
noted, It may be observed from the correlations and ground water depths

in tables 20 and 21 respectively, that Awmerican basswood was more tolerant

of shallow water tables and poor aeration than was sugar maple, For instance:

the water tables in the stands where basswood was present was within one inch



~152-

TAllLE.= 24 ., Correlations betwcen ground water depth and importance
of sugar maple and smerican basswood, (An additional
224 correlations for 8 other species were

not signiticant,)

Correlutions between a-pth of water table and

Date of measurement Svyar maple American basswood
importance basal importance basal
value area value area
between
oy & and June 17 \S NS NS NS
between
June 17 and August 19 High* Highk¥* NS N5
between
7o ust 19 and September 2 High*or Highitok NS NS
between
~vieewber 2 and September 4 High¥or High** High* No
betweon
Lember ¢ and November 4 High**" High¥s R NS
NG s Jon=significant rvclationship
* r greater than .612, significant at 2 percent level

r greater than ,661, significant at 1 percent level
r greater than .780, significant at ,0l percent level
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TABLE.- 25 ., Relationship between the range of ground water depth

and importance of sugar maple and smerican basswood.

— e P—
- —————— —

!

Date of measurement Water table depth in stands in which
Sugar maple American basswood
was was
present absent present absent
between
May 6 and June 17 9-83 0-41 2-83 0-41
bctween
Jovie 17 and August 19 29-100 1-74 1-100 1-74
between
August 19 and September 2 18-71 1-39 1-71 1-39
between
September 2 and September 9 2971 4-49 4-71 4-33
between

S¢ptember 9 and November 4 35=114 0-4¢ 6-114 0-46
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of the soil surface between August 19 and September 2 (Table 25)., During
this same period, water tables were at least 17 inches deeper in those
stands where sugar maple was important, Such factuzl evidence reaffirms
the known silvical characteristics of these species (Braun 20, Bray and

Curtis 23, Maycock and Curtis 110).
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Correlations Between Water Table Depth and Date of Measurement.--It was

noted during the wmeasurement of water tables that both the drop aand recharge
in ground water was approximately equal between similar stands for each week
of measurement. Presumably this situation was brought about by the effects

of local evapo~transpiration and recharge by rainfall. Such a condition was
most evident on muck soils which were least affected by gradient differences.

In order to study the relationships between water table depth and date
of measurement simple correlations were calculated between the dates on
which water tables were measured and their recorded depth. The periods of
observation on successive weeks were from April 29 until November 4, 1961.
Water tables were measured in stands (ML9L, M19S, Al4C, L10G, WSB, Al4L,
L10oL, v20C, M26B, M225, M26R, and W4S).

Stand means were used in the analyses. The items entered on the tape=
input were inches of depth recorded below surface datum for each of 28
weeks.

There were 12 degrees of freedom for each correlation. The correla-
tions which fell below re,;g were disregarded. The results of the analy-
ses are shown in table 26.

The results of the data suggest that a strong association existed be-
tween water tables in stands from September 16 until the end of the period
entered for the analyses. Stabilized ground water levels could be partially
attributed to a reduction in the amounts of local evapo-tramspiration within
stands and the surrounding areas. In addition, most of the precipitation duriug
this part of the year is produced from Class &4 storms of cyclonic origin
(Smith and Crabb 137). Such storms became prevalent during the latter
weeks in October and the early weeks of November. This type of storm is ot
low intensity and serves to satisfy existing soil moisture deficits.
Throughout the winter season, of course, storms of this type will produce

recharye of the ground water atter profile moisture deficits cease to exist.
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During the period from August 5 until September 16 relatively slight
changes in water tables occurred as indicated by the correlations in the
table. These sligat changes could be partially attributed to the effect of
increasing or decreasing evapo-transpiration locally as well as in the sur-
rounding watersheds. The ground water depth was also affected by convectional
storms of moderate to severe intensities during this part of the year.
Changes in water tables for the period June 17 to August 5 were also compli-
cated by storms of this type (Class 6 storms, Smith and Crabb 1%7).

Non-significant relationships between the water tables in all stands
occurred from about May 6 until June 10 when water tables were decreasing or
increasing diiferentially. These changes were most strongly at variance
during the earlier weeks of this period as a result of thawing and freezing
of soil water which caused differential recharge of the phreatic surfaces.
Immediate and continuing effects from precipitation, intermittent changes in
the amounts of water being transpired by trees, and temperature difterences
probably addedlto contusion of ground water levels during the early part of
tne year.

Since 2376 measurements of water tables were made during the present
study & subsequent series of measurements with a minimum effort should yield
similar trends of fluctuation. 1In addition, a series of yearly trends could
be established in ground water levels for subsequent studies in lowland hard-

wood areas.
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improvements in Methodology - Sampling Ground Water.--The relationships

indicated by tne results from the correlations between water table deptus and
the date of measurement suggested that precise data may be gathered by in-
termittent sampling of ground water depths during the growing season. Con-
sidering the amount of time and effort expended in collecting such information,
a reduction in the number of field measurements would indeed be desirable.

From the analyses of the grouud water correlations for 1961 the follow-
ing information was derived:

a. If one could afford to sample ground water depth only once during
the growing season the best time to sample would have been between June 17
and July 15. The lowest correlations between samples takea on any of these
dates was between rs ;g and ra . g)

b. Sampling twice during the growing season would not have given more
information on water table depths than sampling once.

c. If one could atford to sample ground water depth three times during
the growing season the best time to sample would have been on May 20, July 29,
acd August 19, The lowest correlations between water table data taken on
those dates and intervening weeks was .83.

Correlations for additional samples taken on ground water depth are

shown in table 27.
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TABLE,= 27 , Optimunm sampling data in 1961 to give maximum information

on water table depth at minimum effort.

1f one could afford

to sample

the best time

this many to sample
times was
numoer = e=~-- e-=duleeccea-=
1 between
June 17 and July 15
3 May 20, July 29 and
August 19
4 May 20, July 29,
August 19, and August 26
5(C) et e eccccmcccececcae—— -
6 May 6, May 20, June 10,
Julyl, August 19, and
August 26
10(d April 29 and May 27-then

the lowest correlation between
measured water table depths in
{ntervening weeks was (a)

.78 to .81

.85

.90

on June 17, July 1, August 5,

August 26, and September 30

.95

(a) All correlations were significant at the 0.l percent level,
(b) No combination of two dates gave better results than the best sampling

on one date,

(c) No combination of five dates gave better results than the best sampling

on four dates.
(d) 1f one desired 90 percent (rz) information on water table depth,

sampling would have been made on these dates.



Stand Similarities

From the values within the table of community coefficients, (Table 28)
several relationships are suggested. It is evident that on peat soils the tree
composition 1s quite dissimilar to that found on mucks and mineral soils,

In addition, the canopy vegetation may be just as dissimilar betweea peat
soils, The strongest disparity is indicated, howecver, between the vegeta-
tion types founua on peats and zlluvial solls as shown by the extremely low
values at the base of Table 2¥. A cormparison of the remaining community
coefficients indicated that no other abberations were present within the
tabie. Since 23 dirfferent hardwood species were used in the construction of
the table, the coutinuing homogeneity of lowland hardwood stands is demon-
strated by the small differences between most values.

As has been previously mentioned, an attempt to show stand similarities
through the use of the basic community coefficients proved that the stand
aligoment was distorted. The use of the gradient treatment suggested by
Bray gave a better perspective of the spatial relationships between stands.

The spatial separations along a single axis actually represents the compres-
sion of a two dimensional relationship into one dimemnsion (23, 43), The

points at which eacn stand is located along the two-dimensional axis is
commonly referred to as its W value.L

An attewpt to portray relationships based on stand to stand similari-
tics and the data for the environmental measurements were included in a
series of graphs, 1t was decided that the best method of representing the
continuous nature of the gradient would not require any additional or arbi-
trary sepgmentation of the data. Since the water tables of the stands were
actually measured, rather than inferred, the arbitrary division of moisture

classes would be presumptuous.

la coelficient of community simlTdrity. .
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The relationships of lowland hardwood stands based on their W values
and tne various soil measurements are shown in Figures 31 through 40.
iean values of the edaphic parameters are indicated along the ordinates,
wirtile W values for stand arrangement are shown along the abscissas, At
each stand position changes in the importance values for four of the leading
dominant species are also shown. This was accorplished by using single
lines scaled to actual importance values at the cardinal points of stand
position.

Any attempt to represent a species pattern through the use of line dia-
grams was not suitable for the following reasons:

a. the number of stands used in the ordination was small, and lines
counecting stand positions to show species changes would have resulted in
identical patterns.

b. the use of actual importance values attained by the species ap-
peared to be greater value in gradient treatments, than the selection of
an average importance value to define species pattern.

Stand Shift Related to the Number of Stands Sampled.-- The spatial distribution

of the stands along the abscissa, representing similarities in tree cowpo-
sition between stands, is a resultant of the number of stands sampled. It
is apparent that the inclusion of additional stands ia the present techni-
que would produce an entirely different distribution on the gradient,
Likewise, this condition would be equally true for stands which were omitted
from the technique. The shift in spatial relationships which occurs when a
ditferent stand is selected as a base of reference is shown in Figure 31.

It may be observed that the magnitude of shift is least for those
stands coataining large amounts of silver maple and small amounts of red
maple., Since an index of similarity formed the basis of the gradient treat-

inent, stands most unlike thie reference stands would Le displaced tne least.
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i lthiough most of the stands located on mineral soils were shifted downward,
all stands located on mucks were shifted closer to each other,

The remaining graphs were constructed on the basis of the original gra-
dient technique since many combinations of reference points could be included

in a treatment of this type.

Stand Shift With Changes in Organic Matter (loss on ignition),--A comparison

of the changes between stands with changes in organic matter, or loss on
ignition from the soils, shows a distinct separation of the stands iato
mutual groups (Figure 32), It may be noted that red maple is most strongly
represented at the left of the gradient on peat and muck soils, An analogous
situation prevails for this species on the mineral alpha-gley soils, Al-
though this species decreases in importance as the W values increase, it

is most weakly represented on the right side of the gradient,

The three other species green ash, American elm, and swamp white oak,
enter the gradient on Linnwood muck soils, Swamp white oak is somewhat
better represented than green ash on Linnwood mucks. However, green ash
usurps the importance of the former species on alpha-gley soils in this sec-
tion of the gradient, The synecological requirements of these two species
for sites possessing high amounts of light and moisture is rather well
known, (125, 150, 154) Although the two species occur at about the same
stage in sucesslon, green ash appears to be more tolerant of wet extremes
in moisture and full sunlight than does swamp white oak, The differences
in amplitude between the two species in this segment of the gradient may
be due to differences in such conditions between the stands, The trends for
these species are uncertain toward the right as both species continue to be
approximately equal in importance aloug the remainder of the gradient,

Although American elm attained a high level of importance in the ma-
jority of stands, it reached its maximum development toward the right of the

gradient,
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rhe tact that this species did not show up as a major species at
either end of the gradient satisfles the assertion that the gamut of
lowland hardwood stands within the country had been sampled.
Efﬂﬂﬁ.ihifE_Eifh_ghiﬂﬁﬁf_iﬂ_gﬁ" The use of mean soil reaction as a

parameter showed a strong rise to the right from about 4,5 to 6.2
on the acid peats to mucks, Slight increases toward the right were more
oe less continuous {n a band of values from 6.7 to 7,9 for most of the
remaining stands eventually becoming asymptotical at the end of the
gradient (Figure 33).

0f the four species plotted for this ordination, only red maple

appeared to be tolerant of extreme acid conditions below a mean soil
reaction of 4.5, The vacillating decline of this species toward the
right of the gradient may represent the initial side of the bimodal

curve reported by other authors (54, 110)., Likewise, its entrance

at the extreme right may reflect the initial upswing of the second peak,
These changes are not necessarily the effects of soil reaction, except
where this species exhibits a clear tendency to attain optimum importance
at the lower end of the gradient, Even so, red maple may simply possess
a wider ecotopic amplitude for acidic peat soils compared to other lowland
hardwood species,

Stand Shift with Changes in Sand, Silt, and Clay Conternt-- The distribution

of the stands also showed noteworthy patterns of change when mean values

for textural variation within the soils were plotted (Figures 34, 35, and 36),
The bands of vertical separation decreased proportionately in width, from
saod to silt to clay, between the 12 stands sampled for soil texture. The
coarse sand fraction, beginning at 47 percent at the left of the gradient,
showed an increasing width in the band of values of approximately 25 percent,

A median value value of 57 percent was reached on the far right,
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The intermediate soil fraction, or silt LonCent, showed a slight de-
crease from 32 percent on the left to 25 percent on the right along the en-
tire gradient, The widest part of the silt band was coinéident with the range
of W values for sand but was somewhat narrower having a width of 23 percent.
The trend of change for the fine fraction or clay content of soils deviated
least showing only a slight increase from 18 percent on the left to 21 per-
cent on the right, The maximum width of the band, only four (4) percent,
was considerably less than that of the other soil fractions,

Within the stands sampled for soil texture, three species increased in
importance toward the right between W values from 200 to 250, Americaa elm
and swamp white oak showed stronger importance values than green ash, while
red maple declined in importance for this portion of the gradient,

Stand Shift with Changes in Moisture Equivalent-- The use of the moisture

equivalent in the treatment (Figure 37) showed a continuous rise from 25
to 32 percent, which was proportionately opposite to the trend observed
for the intermediaée soil fraction, An abrupt break, unlike the trend

for silt content occurred at a W value above 250, which corresponded to
the two stands found oo sandy soils in the upper segment of the continuum,
Chanyges in the importance values for the four species plotted in the graph

followed the patterns described for soil texture,
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Stand Shift with Changes in water Tables-- A graph of the lowland hard-

wood stands based on mean water table depth and similarities of tree
composition is shown in Figures 38 and 39, The catenal relationships of
water tables between the soils in the stands is also shown, A distinct
separation of the stands was again indicated by using this parameter

which was similar to that shown by using loss on ignition, The stands

on both alpha-gley and beta- gley soils are arranged into a paracentrical
figure resembling a paraboloid which points downward toward the right of the
gradient, The toposequence of water tables indicated by the directional
lines connecting the stands serves to confirm the segregation of moisture
regimes by soil profile examination,

Within the stands located on mineral soils, American elm increased to-
ward the center of the figure decreasing on either side of the gradient,
This species also showed a general increase in importance with a rise in av-
erage depth of the ground water to within 20 inches of the surface. Red
maple, with the exception of alluvial soils, was better represented within
the area having decreasing ground water depth from 55 to 23 inches, Swamp
white oak increased in importance within an area from 24 to 38 inches in av-
erage depth, Green ash was best represented along the gradient when the
ground water came closest to the soil surface, Although this species was
almost as well represented as swamp white oak in several stands, it in-
creased in importance on either side of the vertical axis where swamp white
oak was absent or deficient,

The stands on organic soils are clustered into an elliptical shaped
group in the figure., The ellipse or band, which tapers to zero, is 25 per=-
cent wider on the left of the gradient than on the right., Within these

stands the importance of red maple decreased from the left to the right of
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the gradient while green ash and swamp white oak increased in this direction,

Changes in the importance of American elm, even on some of the mineral
soils, were inconsistent with changes in the importance of the other three
species, This could be attributed to the fact that the graph shows only
present day community conditions, All stands within the study area were not
at the same developmental stage in succession, The degree of importance at-
tained by American elm, within any stand must necessarily be due to the
amount of elapsed time since the species became important in the intermedi=-
ate phases of secondary succession, BRecause of its terminal position in low-
land succession, a nearly pure stand of American elm would represent the
finite stage of development on very poorly drained soils,

A graph based on mean water table depth and the continuum placement of
lowland-hardwood stands (Figure 40) was constructed for comparison with the
values derived from the formula method, By referring to the respective
figures, several similarities as well as differences are apparent, It may
be noted that the paracentrical figures derived from using the continuum as
an index of similarity are not greatly unlike the figures derived by the
formula method, This is evident for stands found on organic as well as min=-
eral soils, Within this representation four additional stands, each lo=-
cated on contrasting soil types and moisture regimes, were plotted from sev-
eral observ&tions of ground water depths during the course of the study,

The chief distinction between the two graphic treatments is that the
continuum does not represent a two-dimensional compression of similarities
in vegetation but rather one dimension, Even so, the use of the continuum
values along the abscissa lends credence to the thesis that a strong corre-
lation exists between tree composition in lowland-hardwood stands and the
mean depth of their respective water tables, Evidence in support of this

thesis 1s shown in the continuing decline of stand position with increasing
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ground water depth toward the lower right, O0f some importance is the fact
that the use of the continuum failed to show dissimilarities between stand
composition on alluvial soils compared to peats,

As a means of strengthening the ordination by the formula method, an
additional calculation was performed resulting in a change of stand order
along the abscissa, This procedure involved the integration of units in
ground water depth and fluctuation with the W values obtained from the
table. The multiplication of respective values resulted in an increasing
spatial assignment for stand position which could be best represented on a
logaritimic scale, The abscissa, or original W values axis, was expanded to
5.77 times the original range, An example of the construction using percent
organic matter or loss on ignition is shown in Figure 41, The catenal rela-
tionships of water tables are also indicated,

Although a strong separation of the stands is again evident, the prin-
cipal distinction lies in the shifting of stand position, Compared to the
former technique, where the position of each stand along the axis was based
solely on vegetation similarities, a more logical sequence with respect to
the continuum is now indicated, This is most obvious for stands on mineral
soils, Those stands on alluvial and beta-gleys have been shifted consider-
ably toward the left side of the gradient. Stands found on the alpha-gleys
of ground moraines and basin depressions have brought closer together,
Stands located on beta-gley tills having better drainage conditions have
moved upward toward the right edge of the gradient,

It may be noted that some stands on organic soils have been shifted
downward a considerable distance while others have moved upward on the
gradient, Within the organic soil group, red maple is now somewhat better
represented to the right of those staunds containing American elm, swamp

wnite oak, and green ash as the major species, Such evidence would appear
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to be in conflict with the expected ordering of stands on the basis of com-
munity resemblances. The positions of the stands along the gradient, how-
ever, are being influenced mainly by the water table regimes within the
stands. The entire spatial displacement between stand points is indicative,
thefefore, of a compromise between the present composition of lowland hard-
wood stands and the trends of gradual or rapid alteration in composition to
be expected over a period of years, Relatively rapid changes in tree com=-
position would be indicated by a substantial displacement along the horizon-
tal axis while stands in juxtaposition would be similar in their trends of
change,

Succession in the Lowland Hardwood Complex-~ It is obvious that certain

m—

difficulties are inherent in trying to portray community relationships
brought out by the foregoing techniques. The rise or fall of stand position
along the ordinate is entirely dependent upon the changing values in a
selected parameter of the environment, The position of each standpoint,
is actually within a sphere of values within the environment and each stand
point is a result of sample size. Such relationships especially those con=-
cerning succession may be more easily visualized through the construction
of a three-dimensional model.

Succession in hardwood stands of the lowland survey, implied by the
most significant variables of the environment, is represented in Figure 42,
The construction is based on present stand positions in the continuum, depth
of the organic mantle in organic soils, mean moisture equivalent of the
alpha and beta-gley soils, and mean water table depths and fluctuations
which occurred during the 1961 growing season, The figure in its entirety
irdicates a probable succession of 15 lowland hardwood stands., Five of
these stands are located on organic soils, six on alpha-gleys, and four on
beta-gley soils. The soil types are represented by three colors; red tor

orvzanic solls, green for alpha-gleys, and orange for beta-gleys.
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The construction may be eanvisaged as proceeding from the center of a
vortex outward along three axes, The stands are represented as a series of
interlocking triangles ;hich by definition are either isosceles, equilateral,
or oblique, Each~stand or triangle is tilted at a slightly different angle
depending on the plane from which it is viewed, The three axes have each
been divided into comparative units of 30 parts as follows:

a, axis 0-X, proceedtnglalong a line from the geometric center of the
construction to the foreground and representing the present position of each
stand in the continuum (range 300-3000),

b, axis 0-Y, proceeding along a line from the geometric center of the
construction to the upper left and representing:

aa. depth of the organic mantle in organic soils (lower third of
the axis, 1-3 levels or units)
bb, mean moisture equivalent of the alpha and beta-gley soils

(upper two-thirds of the axis, 3-30 units), and

c. axis 0-Z, proceeding along a line from the geometric center of the
construction to the upper right and representing units of mean water table
depths times range of fluctuation (0=-30 units in logarithmic scale).

The position of each stand along Lhe continuum (axis 0-X) reflects the
progression of successional change through time to the present, as defined
by stand-species composition, Along this axis the penetration of
planes, representing stands on organic solls, into the segment of the con-
tinuum occupied by stands on alpha=-gleys is attributable to the elapsed
time since the origin of each stand, It may be noted that all stands on or-
ganic soils are represented by a cluster of red triangles having their fur-
thest extension along this axis, The group as a whole resembles a small

pyramidal viewed from the terminal position in the continuum, The diminutive
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base of each triangle is caused from two rcpressive tactors, which may

be considered jnseparable and essential to the subjugation of lowland hard-
wood succession on organic soils, Most important are the suppressing ef-
fects of ground water remaining close to the soil surface, Of secondary ime=
portance is the curbing effect of increased depth to the mantle of organic
matter inherent in such stands,

Those stands growing on alpha-gley solls, represented by a cluster of
green triangles, are tilted toward the upper left (axis 0-Y) and become al-
most congruent when viewed from the terminal position of maximum moisture
equivalent, The fact that alpha=-gley soils possess higher moisture equivalents
than beta-gley soils indicates that conditions should be quite fa-
vorable for the advance of lowland succession toward a mesophytic climax,
This is dependent of course upon the trend of future drainage patterns,

Such a situation could only be brought about by increased ditching of adja-
cent wetlands, or a series of droughty years causing a general lowering of
phreatic water levels, At the present time, however, changes in the species
complement of this particular group of stands is subservient to the smother-
ing effects of high ground water, 1t may be observed that the planes repre-
senting certain stands on alpha-gley soils are interlaced with stands on or-
ganic soils, while others are intermediate along the 0-Z axis., The fact
that the pyramidal figure representing stands on alpha-gley solls appears to
tilt upward to the left is a result of the continuing pressure exerted by
recurrent periods of innundation, This condition of course serves to limit
further extension along the 0-Z axis.

Those stands growing on beta-gley soils are represented by a cluster of
orange triangles having their furthest extension along two axes (0-X and
0-4). This results from the fact that phreatic water tables were much deeper

in these stands compared to others and the nearly terminal position occupied
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Uy these standg 2long tne continewmin. Tne iatevmediate extension aloag axL's
0-Y is indirectliy a result of coarser textured materials in the scoil pro-
files, coupared to the alpha-gley group. Vhen projecting the line of sight
to the focal center of the figure, it may be observed that between stand se-
paration is greatest on the beta-gley soils. In addition, tne narrow base
pyramid representing this group appears to be falling into the center of the
figure. This is an optical illusion created by the crossing of planes at the
top of the figure and the lower position of stand M17C along the C-7 axis.

As a whole, stands of the beta-gley group are actually tilted upward to the
right, a result of greater fluctuation and depth in ground water. The degree
of spatial separation along the 0-Z axis, between this group and the others,
is indicative of a somewhat faster rate in progressive successional change
for stauds on these soils.

A review of comparative values between the present position of each stand
in the continuum based on its present vegetation, with a projection of prob-
able successional changes indicates the following:

a. stand W4S will proceed toward some point close to a mesophytic climax
at the fastest rate,

b. stands M17C and M26B will proceed at about two-~thirds the rate of the
prececding stand, but one-third more rapidly than stands M22S, W43, and Al4C,

c. staund M26R will proceed most rapidly toward the stand character rep-
resented at tie present time by stand Aldl.

d¢. stand Al4l will show the smallest rate of progressive change, to-
gether with stand V20C,

e. stands L10L and L10G will continue to progyress very slowly from their
present staud cuaracter., They may or may not be dominated by American elm,

depending upoun the eventual progress of the Hutch elm discase. Tf this species
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f. since stands (20R and MiI9L torm the reference stands, a shi!t from one
direction to tne other is not apparent. 1t would be expected, however, that
stand M26R will progress rather slowly to the stage of vegectation now exem-
plified by stand M26X. Stand MI9L should continue toward the mesophytic climax

at a slightly faster pace tnhan either stand M19S or Al4C,



Discussion-- In most cases, the lowland hardwood stands represented by the
trend lines of succession in the ordination are relatively stable com-
munities, The host of.eeremely complex interactions, within the sequence
of generations that produced these stands, has been instrumental in deter-
mining the character of the stands, The stands represented by the cluster
of green triangles in the center of the construction are probably the most
stable of any group, because of the greater numbers of species present
within their boundaries, By the very nature of their age-structure, these
forested communities are practically immune to invasion by other species,
In general, the continuing pressures exerted by high ground water serves
to set the limits within which the composition and structure of the stands
can vary, Although these communities are by no means as diverse in spe-
cies composition as their counterparts on upland soils, they are diverse
within their own reaim,

Outside and below this area of green triangles in the ordination dia-
gram, the gfoup of stands represented by the set of red triangles are less
diverse forested communities with few species., In these stands the more
rigorous environment, deep organic mantle, low pH, and high ground water,
are probably instrumental in maintaining a lower species diversity than
in the stands on alpha and beta-gleys.

The area in the ordination occupied by the series of orange triangles
presents a somewhat different picture. Since this zone forms an area of
ecological overlap between mesic and wet-mesic sites, it contains numerous
species from both lowland and upland areas. Wwith this resultant increase
in diversity the variability from place to place is greater. Although the
normal development of these sites is not expected to bring about drastic

changes within the immediate future, water table fluctuations control the
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wealth of species, These communities are therefore seasonably unstable and
subject to the periodicity of continual or irregular hydrologic variation,
Taken as a unit, the lowland hardwood complex represents a relatively
homeostatic situation, The successional chauges outlined in the preceedinrg
are dependent, therefore, upon an assumption that future land use and drain-

age patterns will remain essentially unchanged.,
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A considerable acreage occupied by lowland-hardwood forests in southern
Michigan is considered to have a storage and stabilizing influence on ground
water supplies. Since little is known about the composition, ground water hy-
drology, successional relationships, and general ecology of these forests the
present study is an attempt to provide preliminary information on these sub-
jects,

Measurement of the number, size and distribution of tree species in the
lowland-hardwood stands was accomplished using four sampling methods, A plot
method was used as a standard for the study against which data were compared
from other methods. Non-areal methods included random pairs, the point-
centered quarter, and the variable plot-radius methods,

In order to determine the relative reliability of the various sampling
methods, simple correlations (r), were calculatea between three parameters
(basal area, frvquency, and density), as determined from each of the methods,
The relationships indicated by the use of coefficients of determination (r2)
showed that any of the four sampling methods gave almost as much information
about the three parameters'as did the best method. The quarter method was re-
conmended for further use in lowland-hardwood ecological surveys,

%he same measures (basal area, frequency, and density) were used in de-
scribing the composition of the stands selected for the study, Continuum in-
dices were calculated for all lowland-hardwood stands, These indices indicated
a rather complete coverage for the spectrum of lowland sites, The range of
continuum values varied from a low 680 to a high 2430, Most of the stands

were clustered within a segment of the range from 1800 to 2200,

-189-
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Importance values calculated from the three parameters proved to give the best
measure of species dominance, The leading dominants in the study were americau
elm, red maple, green ash, swamp white oak, silver maple, slippery elm,

and American basswood,

The effects of fire and pathogenic influences, windthrow and rooting
systems on commnunity structure of lowland-hardwood stands were discussed.

The role of fire in the ecology of these forests appeared not to be of
consequence in determining its vegetation, Windthrow and rooting of certain
lowland tree species served to influence the eventual stand-age-structure of
lacustrine forests., This condition was most evident in stands found on or=
ganic soils, Thedevelopment of the understory and ground flora ranged from
one extreme to the other on poorly-drained soils, As drainage conditions
became more favorable the density of the flora increased. Differences in
frequency and density of the ground flora could be partially attributed

to the effects of seasonal flooding,

An examination of the soil profiles showed that the majority of soil types
were alpha-gleys which were poorly drained,

Soils were analysed for total sand, silt, and clay content, Other analyses
included moisture equivalent, loss on ignition, and pH. Differences in soil
characteristics between the stands were evaluated statistically,

Simple correlations were calculated between the importance value; and basul
areas of the ten most abundant species and soil physical properties, Two
species showed some tendency to be found on soils with certain physical char-
acteristics--black cherry and slippery elm, Because the presence of non~-signii-
icant correlations between soil characteristics in different horizous was great,
it was suggested that future vegetation studies in the lowland-hardwood land

type should ignore the measurement of physical soil parameters,






LOUEY, meavurement s 0 owater Uanle devers dacing Uhw dunl o vrvowinag e oo

were recovded coar 52 pvoard waie T wells, oitferences i woitetr tacle deonih, e
ween e stansds were evalodted statistically,  The greatest cnanges in Lrae
wiater levels occurred in beta-vley and certain alpha-pley sofls, acte 1 water
tanle variaticn wuas- least in poorivedrained mucks, “aximam depths of wated
tables occurrcd in most stanas duriny the last two weeks of the yrowiog seasos

st rthe termiration of the study only the water tadles 1n oryguanic soils ang Lae

alpua=-<ley soiis of tnur <tands were fully recharped., All other water Lablos
> ) ¢

were within 5 to o incnes of the level observed when Lne study begaun, “echar

of the true waier tables occurred within a few hours after convectinonal storms

Hdvanced storms producing rainfall intensities exceeding .3 and .9 1uches,/nour

caused a partiual recharge of suosurface waters,

siinple correlations wiiich were calculated between Lhe importance values

and b.asal! arvcas of the ten most abundant specics and ground water aepuns

during thwe growing season involved two species--sugar maple and american bhass-

.

wood. r.dditional statistical analyses were performed bglween water table dent!

and tne ddie o measurement, L was suggzested that a subsequent series of
Bround warer measurements to pive maximom inlormation on water bLanle dewin
conld be suanstaniially reavced,

as a meatts of dopicting the behavioral pattern ot lIowland-hardwnad 1=

vsts tne stand ta stand relatiovships based orn vegetation similarities ana

-

)

}

cenvironments] measures were included in a series of grapas, Vaing the continay

as an index of similarity was not unlike tne tipurcs derivee from a rovrula
metlhod,  srecessien in lowland-harawond stangs implied by tuae most siangticant

enxvironmental measurements wis represented ie a dimensional fi:ure,

~



1C.

11,

12.

13.

LUTORATIURE CITED

Afansiev, M.
1957. The Bitterlich method of cruising == Why does it work: .Jour.
Forestry 595: 216-217,

Ahlgren, C. F.
1959. Sowme effects of fire on forest reproduction in northeastern
Minnesota., Jour. Forestry 57: 194-200,

Aldrich, J. V.
1943, Biological survey of the bogs and swamps in northeastern Ohio.
Amer. Midl. Nat. 30: 346-402.

Ashby, E.
1953, The quantitative analysis of vegetation. Ann. Bot. 49: 799-802.

Avery, T, E.
1955. Gross volume estimation using ''plotless' cruising in southeast
Arkausas. Jour, Forestry 53: 206-207.

Bakuzis, E. V. and H. L. Hansen.
1959, A provisional assessment of species synecological requirements in
Minnesota forests. Univ. Mina. Forestry Notes No. 84: 2pp.

Bakuzis, E. V., D. P. Duncan, and H. L Hansen.
1960, Suggestiouns for further development of the forest cover type sys-
ten of eastern North America., Univ., Minn. Forestry Notes No. 92:
2 PPe

Bauver, H. L.
1943, Statistical analysis of chaparral and other plant communities by
means of transect samples. Ecol. 24:

Bell, J. F. and L. B. Alexander
1957. Application of the variable plot method of sampling forest stands.
Ore. State Board of Forestry Res, Note No., 30: 22 pp.

Bergman, H. F,
1960. The relation of aeration to the growth and activity of roots and
its influence on the ecesis of plants in swamps. Ann Bot. 34:
1333,

Betts, H. S.
1945, American woods: American basswood. U, S, Forest Serv., 6 pp.

Biswell, H. A.
1935. Effects of environment upon the root habits of certain deciduous

forest trees. BRot. Gaz. 96: 676-708.

Bitterlich. W,
1948. Die Winkelzahlprobe Allg. Forst-u. Holzw. 7Ztg. 59 (3): 4-5.

-192-



20,

21,

NS :
) P
1H 3, Tne o statistices erficicney ol samnle plor sive anc shave an
torvest caoann,y.  Buele 4 A74=08]7,
Boaphaer, 10 5. or al,
1955, The lowiaond nardwood rYorest type in southera Michipgan., Jake

States vorest Fxne, Yta, Propress Fept., RS5-LS.

pordeauv, O, k.
1953, A test of random versus systerdtic ecolopical sampling. icol., 4

I
198, The vegetation of the Mineral Springs region of Adams County,
Ohio. Obio Biol. Survey 3: 383-517,

1935, The undifrerentiated deciduous forest cliwar and the association
sepregite. Ecole lo: 5la-519,

1956. Forests of the lllinoian till plain of southwestern Ohio. FEcol.
Monogr. 6: 90-149.

1950. Deciduous forests of eastern North America. Blakiston Co. Phila-
delphia, Pa.

Bray, J. R.
1855, The savanna vegpetation of Wisconsin and an application of the con-
cepts order and complexity to the field of ecology. Ph. D. thesis
Univ. of Wisconsin,

1956 A study of mutual occurrence of plant species. FEcol, 37: 21-28.

_», and J, T. Curtis.
1957. An ordination of the upland forest communities of southern Wiscou-
sin, Ecol. Monogr, . 27: 325=349,

Brisco, C. R,
1997. Stand table construction from relascope plots., L.S.U. Forestry

Note YNo. 16: 2 pp.

Browvn, C. A,
1920, pevelonuent of the vegetation inside the levee following the Fich
wiater of 1927, Torreva 29: 32:41. .
Brown, ',
1954, Methods of measuring vegetation. Commonwealth Agricultural Burcau
Bucks, cngland.

»

-



“7. 0 Brown, F.ooo.
1965, The plant societioz or the bayou atv Ypeilonti, Micuipan. bar,
ae. Al lul=28G
TEO O drown, Lo o T.oaed . T, Curtiy,
Los . The upland coniter-nardwood forests ot novtaern VWosconsra, ol
Lonapr. 220 217=234,

SO, Suell, MooFL. aad . . Cantlon
L9560, A ctudy of two comaunities ol the new Jersey pine darrens ava 1
comparison of wetaods. fcol. 31: 567-°8%5,

EXO .
1201, 4 study of two rorest stands in Minnesota with an interpretatisa
of the prairie-forest rargin., tcol., 32: 794=-310,
e . __+y and F. H, Bormarn
1999, Deciduous forests of Ponema Pt., Red Lake Iadian Reservation,
Hinnesota. Fcol., 36: 646-658.
32. Bunler, A.

1913. Der Waldbau nach Wissenschaftlicher Forscuund und praktischer
Lrtahrung. Bd. l., Stuttgart,

33. Cain, S. A.
1928, Plant sucession and ecological history of a cantral [ndiana
swamp, Bot, Gaz. 86: 384-401.

1932, Certain phytosociological concepts. Fcol. Monogr. 2: 275-508.
3‘)' -_“‘.“‘~.
1944,  rFoundations of plant geography. New York,
26, .
1347, Characceruistics of natural areas and facters in their developmeat.
Fcols Monogr. 17: 135-200,
?7. Cain., S. &, et at,

1959. Manual of vegectational znalvsis., [liarper Rreos. New Yovrk
. Cajander, M.
1976, The theory of torest types reprinted from Acta Forestelia Fenwnden
2, Helsionkil.  1US pp.

-39, Chapman, A. (.,
1val, Forests of the Illivoian till plaio of south-castorn Indiana,
Ecols 230 189-19x,



(:(],

.Qla

L.

/-‘80

49,

51,

wn
[AS]

-195-

Christensen, i ., J. J, Clausen, and Y. T, Curtis.
1959. Payvtosocivlogy of the lowland forests of northern Wisconzin.
Armer, Midl. Nat. 62: 232-237.

Clapham, A. K.
1932, The form of the observational unit in quantitative ecology.
Jour. Ecol. 20: 192-197.

Clark, P. .!. and F. C. Evans
1954, Dbistance to nearest-neighbor as a measure of spatial relation-
ships in populations., Ecol., 35: 445-453,

Clausen, J. J.
1957, A phytosociological ordination of the conifer swamps of Wisconsin.
Fcol. 33: 638-646.

Clements, F. E.
1928, Plant succession and indicators. H. W. Wison Co., New York.

Climatosraphy of the United States. No. 16-20, Climatological data
for East Lansing, Michigan. 1959,

Cottom, G., J. T. Curtis, and B. W, Hale
1953. Some sampling characteristics of a population of randomly dis-
persed individuals. Ecol. 24: 741-757,

1949, A method of making rapid surveys of woodlands by means of pairs of
randomly selected trees. Ecol., 30: 101-104.

1956, Correction for various exclusion angles in the random pairs metho:d,
36: 767.

.
1956. The use of distance mcasures in phytosociolegical sampling. Ecol.
37: 451-460,

Cowles, M. C.
19Gl. The physiographic ecology of the Chicago region; a study of the
origin, development, and classitication of plant societies. Ror,
Caz. 31: 73-108.

Cunia, T.
1959. Notes on crulsing intensity by the Bitterlich method. Jour.
Forestry 57: 849-350.

Curtis, J. T. and R. P liclntosh
1950, The interrelations of certain analytic and synthetic phytosociolo-
gical characters. Ecol. 31: 434-455,

.

1951, An upland forest continuum in the prairie-forest border region of
Wisconsin. E[col, 32: 476-79¢.



PRN
3

+5s.

S7.

+ 8.

60.

61.

62,

03,

(',350

66,

-1l%0~

1959, The vegetation of Wisconsin., Univ. of Wisconsin Press, Madison
vis.

Daubenmire, R. F.
1937, Soil preferences of some upland deciduous trees in central
Minnesota, Amer., Midl, Nat. 18: 367-30(9,

Dean, B. E.
1933, Effect of soil tvpe and aeration upon root systems of certain
aquatic plants, Plant Physiol. 8: 203-222,

Dice, L. R.
1931. A preliminary classification of the major terrestrial ecologic
communities of Michigan. Papers, Mich. Acad. Sci., Arts, and
Letters, 16: 217-231,

Diebold, C. H.
1935, Some relationships between soil type and forest site quality.
Ecol. 16: 640-~647.

Donahue, R. L.
1937, A forest soil study of the University of Michigan bioclogical

tract. Papers, Mich, Acad. Sci., Arts, and Letters. 21: 269-277.

Elliot, J. C.
1952, They phytosociology of the upland secord-growth hardwoods of
Missaukee County, Michigan. Ph.D. thesis, Mich. State Univ,

Fernald, M. L.
1950, Gray's manval of Botany. 8th ed. 1632 pp.

Forest Soils Committee of the Douplas-Fir Region.
Sampling procedures and methods of analysis for forest soils.
38 pp. Univ, of Washington, Seattle, Wash., 1953.

Fuller, G. i

1924, Historic Michigan (Ingham County). Vol. l1l. National Historical

Association.

Gates, F. C.
1912, The vegetation of the region in the vicinity of louglas lake,

Cheboygan County, Michigan. Mich. Acad. Sci. Ann. Rept. l4: 46-1ut,

1942. The bogs of northern lower Michigan. Ecol. Nonogr. 12: 213-2%4

Giroux, P. R,
1962. Summary of ground water conditions in Michigan in 1961. *ich.
Dept.Conserv, Water Supply Rept. No. 6. 74ppe.



) i
[NV [ R TR 1N .

SR Yiar gt vicnn Jistic concent 0f s plent asenciatron, 3.0 tores

. . -
Mot Gt o V2
G-
OH. .
e e
Ve M H <A .4 . 4y Y PR . M HE L D |
[SRARV AR PCOtae SYDUSIA In assoestation) NS B I A BRI P AR N

to. Good, K.
1il, 8 theory of plant geopraphy. ew Phytol, 0 14y=-171,

70, .

1953, The peography of flowering plaots. Lonyaans Grecn., New York .,

P! . '\;I"il.na’l':, S. Al

1941 Clingx forests ol the upper peninsula o! Michigan. Fcol., 22: 595~

77 Grelg=Smith, P,
1952, The use of random and contiguous quadrats in the study ot the
structure of plant conmunities. Aan. Pot., N.S. l6: 293-3106.

73. .
1957. Quantitative plant ecology. Academic Press, Inc., New York

74. Crosenbaugi, l.. R.

1952, Plotiess timber estimates-new, fast, easy. Jour. of Forestry
r)(): 32‘37-

75, .

1955. Corments on "Results of an investigation of the variable plot
method of cruising'. .Jour. of Forestry 53: 734,

/6. , and W. S. Stover.

1997, Point-sampling compared with plot-sarpling in southwest Texas.
Forest Sci. 3: 2-14.

77. lairston, M. .
1959, Species abundance and community organization. Scol. 4G: 4Gs-"16,

78, Hall, T, F. and W. T. Penfound.
1939, A phytosociological analysis of a cypress-gum swamp in south-
eastern Louisiana. Amer. Midl, Mat. 21: 378-395,

/9. .
1939. A phytosociological study of a yssa bitlora consocies in

southeastern louisiana. Amer. Midl. Nat. 22: 3069-375.

. __, and G. E. Smith,

L955. FEifects of tlooding on woody plants, West Sandy De-wWateriog
Project, Kentucky Reservoir, Jour. ol Forestry 53: 281-235,

41, arlow, W. M. and F. 5. Harrar,
1958, Te wtbook of Deadrolopv. MceGraw-Gill Book Co., Inc., “ew York,



s

e R, ey,

. -~ N - - . Y. ~ . : ~ 5
00,y et i luses of torests ta tae

Peale HOnesr . is:

FERnYY LVAanld.

Dde s ch b,
Jus.  Resules of an investigation of toe variable nlot method o
1y tesul a tigat t ot 1riahl ot method of
: cruicing.  lour. of Yorestry. 9% H70=574.
e Hutnik, e ool ard he We tawnev.
191, “ilvical characterr.tics ot red maplie. ".¢.. Vorc<t “erv. N.E.
Forest BEapt. Sta, Farer No.o 142, 18pp.
AN FooAL and W, o P. Crose.
1955, Ejcnents of Soplied kvdralogy, Ronald Press., LY.
¥h.o Kell, L. 1.
Jd. The effec f tne moistu ‘aining capacity of s s on X
1933 The effect of the moisture retaining capacity of soil forest
succession in ltaska Park, Minnesota. Awmer. MNidl. dat. 20: 687-
694,
&87. Kenoyer, L. A.
1929, Fcological notes on Kalamazoo County, Michigan: based on the ori:-
inal land survey. Papers, Mich, Acad. Sci., Arts and Letters. 1l1-
211-217.
83. :
1934, Forest distribution in southwestern Michigan. Papers, Mich., Arat.
Sci., Arts and Letters. 19. 107-111."
&9, Kevehaw, K. A.
1257, The use of cover and frequency in the detection of pattern in 2lunc
communities. Ecol. 38: 291-299,
50, . .
1963, Fattern in vegetation and its casualitv. Fcol. 44: 377-387.
$1. Kittredge, J.
1938, The interrelations of habitat, growth rate, and associated veye-
tation in the aspen comuunity ot Minnesota and Wisconsin., FEcol.
Monogr. B: 15)-247.
VKR .
1948, Forest intluences., MceGraw Hill Book Co. Inc., New Yorw.
“3., Ku, T.
1994. Forest succession ot poorly-drained soils {a the Higyins Lake
area of Michigan. Ph. b. thesis Michican State niversity.
94, Kucera, 1.
1552, Ao ecological study of a hardwood forest in central fows. lLcol.

Monogr, 22 233-299,



6.

¢9,

1(’0 .

101,

132.

1073.

104,

-199e

Kuczynski, S.
1937, Ze<poly roslin w Pieninach-Die Pflanzenassoziationen der Fieninin.
Poloun, fcad. des Sci. et. Lettres, Cl. des Sci. Math., Nat. Bull.
Internat. Ser. B: 57-203.

Kurz, H.
1923. Hydrogen ion concentration in relation to ecological factors., !ot.
Gaz. 76: 1-29,

Lee, M, B.
1945. An ecological study of the floodplain forest along the White River
system in Indiana, Butler Univ, Bot. Studies. 7: 145-165.

Lentz, G. H.

1931, The forest survey in the bottomland hardwoods of the Mississippi
Delta. Jour., of Forestry 29: 1046-1055,

Leverett, F.
1912, Surface geology and agricultural conditions of the southern pen-
insula of Michigan. Mich. Geol. and Biot. Survey Pub. 9: (Geo!.
Series 7).

Leverett, F. and F, B. Taylor.
1915. The pleistocene of Indiana and Michigan and the history of the
Great Lakes. U. S. Geol. Survey Monogr. 53: 529 pp.

Lindsey, A, A,
1955 Testing the line-strip method against full tallies in diverse
forest types. Ecol., 36: 485-495.

e
1961, Vegetation of the drainage-aeration classes of ncrthern Indiana

soils in 1830. Ecol. 42: 432-436,

.» J. D. Barton and S. R, Miles,

1958, Field efficiencies of forest sampling methods. Ecol. 39: 428-444,

Lindsey, K. K., Kohler, M. A, and J, L. H. Paulhus.
1949, Applied Hydrology, McGraw Hill Book Co. Inc., New York.

Little, E. L.
1953, Checklist of pmative and naturalized trees of the United States.
U'. S. Dept Agric. Handbook No. 41, 472 pp.

Livirgston, E.
1901. The distribution of plant societies of Kent County, Michigan,
Mich. Rept. MMich. Geol. Survey.

Lutz, . F. and R. F, Chandler Jr.

1946, Forest Soils. John Wiley and Sons, Inc., New York.

1956. The ecological etffects of forest fires in the interior of Alaska.
U.S. Dept. Agric. Tech Bull. No. 1133.



}'l\,,o

111,

115,

1i6.

117,

118.

119,

-Zi)e

- - - M ; Al 1
Aarariel, . R,

L8, lnrormation theery 1o ecology. Gen. bystems. 3: Jo=44,

Mavcock, P. F, and J. T. Curtis.
1960, Tune phytosociology of boreal-conifer hardwood forests of the Crear
Lakes region. Ecol. Monogr. 30: 1-35.

Mchermot*, R. E.
1954, rffect of saturated soil on secedling growth of some bottomland
hardwood species. FEcol. 35: 36-41,

Michigan Dept. of Conscrvation.
Timper resources-southiwestern section, Lower peniusula, Michigan.
.cuiran Forest Survey Bull, 52 pp.

Nichols, G. E.
1930, Methods in the floristic study of vegetation. Ecol. 11l: 127-135.

Oosting, H. J.
1942, An ecological analysis of the plant communities of Piedmont,
North Carolina, Amer, Midl, Nat., 28: 1-126,
penfeund, W. T.
1939. A phytosociological study of a tupelo gum forest near Huntsville,
Alabama, Ecol. 20: 358-364,

I925. A study of phytosociological relationships by means of aggre-
gations of colored cards. Ecol. 26: 38-57,

. angd F{ L, Rige
1957. An evaluation of the arms-length rectangle method in forest szmp-
ling. Ecol. 28: 660-661,

Phillips, J.
1934, Succession, development, the climax and the complex organism: an
analysis of concepts. Jour. Ecol. 22: 554-571,

1935, Suc-ession, development, the climax and the complex organism: an
avalysis of concepts. Part 2 Jour. Ecol. 23: 210-246, 438, 508,

Pierce, R. S.
1956. (round water: its nature, properties and effects on forest growth.
“iu, D. thesis Univ. of Wisconsin.

Poore, ™. E. D,
1956, The use of phytosociological methods in ecological investigations.
Jour. Ecol. 44: 28-50,






126,

1.7,

128,

131.

Al32,

134,

faN, IEVEAR PRGN TS S revoen o tynes ot T gy, frailana e i, ~ ey

OGO AL Tl L hmrog,

1ysh, f‘k'(j‘)xxgl,]r_v LSLCces fon in stancgs of red m'nlv-sw(:etgum and beect
Torest 1o wrpley Louwnty, Tndiara. soetlor miv. Bot. Studies 1
SO=HYy

Putnam, 1, A.

19510 Manayee

cut of bettowmland hardwoods., U. §. Forest Serv., Souti:.
Forest Fspt, &Sta. (ccas, Paper xo. lo: €0 pr.

ey and KB, Bull, ]
1932 ine tiecs of the nottomlands of the Mississippi River Delta re:vor,
U.S. Forest Serv., Soutii. Forest ©xpt, Sta, Geeds. rvaper No, /¢
207 pp.

Quick, R. .
1923, A comparative study of the distribution of the climax association
in soutnern Michigan. Papers, Mich. Acad., Sci., Arts and Letters,
3o 211-704,

Rice, E. L. and W, T, Penfound
1955, An evaluation of the variable-radius and paired-tree methods in
the blackjack-post oak forest. Ecol. 36: 315-320.

Sampson, H. C.
1930a, The mixed mesophytic forest community of northern Ohio. Ohio
Jour, Scie 30: 353-367,

Succession in the swvamp forest formation in northern Chio. CGiin
Jour. Sci. 30: 340-357.

Schaneider, C.
1963. A twenty-yeavr ecological investigation in a relatively undistrub-
ed sugar maple-beech stand in southern Michigan., Ph. D, Thesis
HNichigan State University.

Scholz, H, ¥,
1953, Silvical chavracteristics of slippery elin. lake States torest
Expt. Sta. Paper No. %9, l4pp.

Shanks, R. I.
1993, Forest composition and species association in the beech=-naple
torest region of western Ohio. FEcol. 34: 455-46b.

1954, Plotiess sampling trials in Applachian forest types., Ecol. 35:
273,244,

Suear, G. Mo and W. D. “tewart.,
1944, Moisture and pil studies of the soil under forest trees. Fcol. I5:
145-153,



-
.

1:7.

139,

14'40-

144,

1a6.

Sairlev,
Lys2,

S;'fli.l h, H
1950,

i

. L

fooi Vadley loodolamn srotic communitives.,

Does 11,0t burning stimulate aspen suckers?”  Jour. of Forestrw

29 924=N000,

e and

{

5. A. Crahb,

ratrerns and classes of rainfail at Yast Lansing, Michigan.,
and thelr errect on

Bull,

Snedecor, €. W,

1953.

Statis

Anes,

39,

tical
Towa.

15 pp.

wethods
LZth ed.

Society of Arerican btoresters.

S

urface runoff. Mich. Agric. Ewpt. Sta. Cuar.

The Towa State College Press
458 pp.

Forest cover types of North America (exclusive of Mexico). Rent,

of the Conm. of torest Types,

Stearns,
1949,

F

. W,

Washington, D. C. 67pp. 1llus. 1954,

Ninety years change in a northern hardwood forest in Wisconsin.

Lcol.

Sternitzke, H. S

1956,

Sudia, T. W.
A comparison of forest ecological sampling techiniques with the
use of a known population. Ph. D. Thezis, Ohio State Univ.

1954,

Tansley, A0 G,
The classification of vegetation and the concept of development,
8. 148=-149,

1626,

19,5,

Veatcein,
U2y,

.

1941,

Je

3

Jour.

30:

350-3538

. and J. A, Putnam,
Forests of the Mississippi Delta, U.S. Forest Ser., South. Forest
KE#xpt. Sta, Forest Survey Release No. 78: 42 pp.

Feal.

The use and abuse of vegetational concepts and terms, kcol, if:
234-3Q7.

)

Reconstruction of

“xpt.

Soil maps

. L
Micts

gLl

Soil suvrvey of
sut ¢

3ull.,

Vestal, AL C.

Lyi38,

A subject-index {orv

Eco 1 .

Sta.

Acad.

10

forest cover bvased on soil maps. Mich, agric.

Quar, Bull, 19: lUupp.

as a basi

Sci,, A

s
r

t

for maoping original forest cover, Panevc,
s and lettevs. 15 267-273.

S

Ingham County, Michigan. U.S. Dept. Agric.

au of Plant Industry. 47pp.

1e7-125,

<

ervaunities-including vegetation connonents.



1>1.

152.

155,

156.

157,

123,

163,

“+161.

)
a

Ware, (o H.
1954, 1o lowlend hardwood (orests of soutuera Wisconsin. Bull, i.coi.
Sue. Awer.s 34: 70,

.
——

1955, A phytosociological study ot lowland hardwood forests in
southwestern Wisconsin., Ph.D. thesis, Univ. of Wisconsin.

Waterman, W. G.
1923, Bogs of northern Tllinois. Trans. 111, Acad. Sci. l4: 79-84,

veaver, J. E. and W. J. Himmel,
1930, Relation of increased water content and decreased root devel-
opiment in hydrophytes. Plant Physiol. 5: 69-92,

Westveld, R. H, .
1933. The relation of certain soil chararacteristics to forest growth
and composition in the northern hardwood forests of northern
Michigan. Mich State Univ. Agric. Expt. Sta. Tech. Bull., No.
135: 52 pon.

1949. Applied silviculture in the United States. John Wiley and Sons.,
Inc., New York

Whiteside, E. P., et. al.
1960. Soils of the North Central Region of the United States. North
Central Regional Pub. No. 534, Univ. of Wisconsin,

Whitford, P, B,
1949, Distribution of woodland plants in relation to succession and
clonal growth., Ecol. 30: 199-208.

., and P. J. Salamun.
1954, An upland forest survey of the Milwaukee area. Ecol. 35: 533-5&4i,

Whittaker, R, li, .
1953, A consideration of climax theory as a population pattern. Ecol.
Monogr. 23: 41-78.

Wilde, S. A.
1933. The relation of soils and forest vegetation in the lLake States
region, Ecol, 4: 94-10C5,

1940 Classitication of gley soils for the purpose of forest management
and reforestation. FEcol. 21: 34-44,

——

1946, Forest soils and forest growth. Chron. Rotanica, Waltham, Macs,
:).‘-’#1 ppo

1958. Forest soils; their properties and relation to silviculture,,
The Ronald Press Co., New York,




{[()30
-tlos.
165,

1¢6,

167,

1449,

b

IR
e

Soi

Go Widsan,

-20u-

and Ne Pe White.

Is of “isconsin in relation to silviculture.,isconsin Consv,

Depts Pub. No.

Williams, A. B.
The couposition and dynamics of a beech-maple climax community.
Ecol. Monogre 6: 313-408.

1936.

Wills, M. H,

1941,

Supplewmentary climatic notes for Michigan.,

1941: 923-924

Wisler, C. O, and L. F.

1959.

S.‘-)‘['g L)

°

Brater.

Yearbook of Agricultur:

Hydrology, 2nd ed. John Wiley and Sons., Inc., New York

Wistendahl, W. A.
The floodplain of the Raritan River, New .Jersey. Ecol. Monogr.

19538.

28:

129-151.



APPENDIX 1

=205~



TabLE, ~29 Profile means for alpha-gley and beta-bley soils, showing
differences between soil texture, moisture equivalent,

loss on ignition and reaction,?

Soil group Physical and chemjczl paramcters

Soil series, Content of Moisture Loss on

and stand sand silt clay equivalent ignition pH
--------------- percente=ccecceccnccaca= number

BETA-GLLYS

Locke 57.1% 24,95 17.90 18,12 5.53 7.29
Ty

;;a%ks /7.3 12.85 9.80 14,93 4.19 7.1%
SR

Torover 50,70 13.05 16,25 23,49 5.18 6.95
F;Iésco 67.75 19,00 12,75 25.48 4.81 7.96
MG

£.1.HA=GLEYS

Brookston 52,60 29,20 17,65 29.35 11.66 6.77
gizgord 72,25 13,96 13.55 26,10 10.63 6.71
0
?iéimo 45,05 31.35 23,60 30.12 10.74 7.29
;:gokston 47,15 30,95 20,90 25.10 6.52 6.49
é;ﬁgctah 58.30 29,10 12,60 19.43 6.66 7.12
gilzn 43,50 36.85 19.65 31.60 7.80 7.32
gééZwa 54,00 29,55 20.45 27.74 4.76 7.93
E?iford 68.75 20,20 10.95 15.89 4,41 7.73
Was
L.5.D. ,05 8.70 5,33 5,02 7.23 2.98 1.63
L.5.D. ,01 11,60 7.08 6,66 9.58 3.96 2.15

4 arranged according to soil group and the continuum placement of lowland
hardwood stands,



TaBLF .= 34, HBorizon means for beta-gley soils decveloped from glacial
drift, showing differences in soil texture, moisture eq-

- . a
uivalent, loss on ignition, and reaction,

Physical and chemical parameters

Soil type, Soil Content of Moisture Loss on
stand horizon sand silt clay equivalent ignition pH
--------------- perceint--s-==ecccsceo_ number
Locke Ay 57.0 29,2 13.8 23,7 11.0 7.0
s~y loam Ao 53,7 7.6 14,06 27 8.5 (.7
e By 63,7 17,8 18.0 "5 3.1 7.0
B2 56.% 2:.0 21.8 ©oud 2.8 e
C J.7 7.0 21.3 PR 2.4 i
cinks Al 81.8 17,0 6.2 7.0 10.7 6.7
oy sand Ay 73.6 5.9 7.2 1.0 6.2 €.9
RN By 85,5 9,0 5.5 5.0 1.4 7.4
A)pe 79.3 9.5 11,2 10.5 1.0 7.3
C 61,3 12,7 19.0 lo.2 1.8 7.5
Loaover loam A1l ' 45,5 46,0 12.5 36,6 11.3 6.7
S Al2 48.C 3c.8 13.2 36.0 7.2 6.7
By 48.4 32,3 19.3 13.4 2.6 6.¢
82 50.3 3u.5 19.2 16.2 2.1 6.7
C 59.3 43.7 1/7.0 13.3 2.7 7.8
L.7.D. .05 NS €.8 8.4 1C.6 6.8 o
LowuDe 01 NS 11.2 10,7 - 13.4 9.0 7

4 arranged according to soll type and the continuum placement of lowland
hardwood stands,






Lo
[

Horizon means

zlacial

drift,

for

aipna=pley solls developed from

showing differences in seil texture,

-moisture equivalent,

loss on ignitiou and reaction,?

Soll type, Soil Conteat of Moisture Loss on
stand horizon sand silt clay equivalent ignition pH
............... percent==----v=cov-n-- number
Brookston A1l 56,7 1.8 11.5 47.3 29.6 6.3
sdaudy loam Ap? 51.5 34.5 14.0 49.2 19.6 6.2
Al4s Boig 50.6 31.2 18.2 16,6 3.5 6.7
B22g 54.8 24,7 20.5 17,2 1.9 7.V
Cg 52.0 23,8 24.2 b4 3.7 7.7
Gilford Ay 66,7 24.3 9.0 60,2 35.9 6.0
sandy loam GBy 79.4 12,6 8.0 17.9 6.8 6.3
L10G GB, 76.7 10,3 13.0 13.2 3.8 7.0
GBj3 66.1 11.1 21.8 20,2 4.3 6.9
Dg 72,1 11.6 16,0 13.0 2.4 7.5
Pewamo loam A1l 74.5 36,3 16,2 46.4 23.0 7.1
W5B A2 43,8 33,0 18,7 36,4 15.9 7.2
Bolg 48.0 28.3 23.7 23.3 7.1 7.4
B22g 35.8 32,0 32,2 25.8 4.7 7.3
Cg 45,5 27.3 27.2 18.9 3.1 7.5
Brookston All 49.0 39.0 12.0 36.8 12.4 6.2
loam A12 74.5 36,0 16.5 28,2 8.6 6.0
M26B B21g 48.5 31,5 20,0 22,0 5.9 6.5
Bo2g 4,15 30,7 27.8 21.3 3.7 7.7
Cg 49,5 22,4 28.1 17.3 2.0 7.1
Sebewa loam A 51.6 33,2 15.2 49.9 13.2 7.5
W4S Ghl 54,6 24.0 21.4 28,2 2.8 8.0
GByy 45,6 26,7 27.7 26,7 3.1 7.9
GBp2 52,6 24.2 23,2 23.2 1.1 8.1
Dg 65.8 19.5 14.7 10.8 3.7 8.3
Gilford 66.8 25.2 8.0 29,4 11.9 7.5
sandy loam Gé 66,1 22,1 11.8 15.3 3.7 7.6
Wa4s 082 67.5 18.5 14,0 15.1 2.6 7.7
GB3 66,2 20.0 13.8 12,5 1.8 7.7
D8 77.0 15.2 7.8 7.1 2.1 8.2
L.S.D.,05 NS 8.8 8.4 10.6 6.8 .6
L.S.D. 01__ NS 11.2 11.2 13.4 9.0 o7

T arranged according to solil type and the continuum placement of lowland
hardwood stands.






Lorizen wmeaas for atiavial sorls showing differences

[ERER TN
in soil texture, molsture equivalent, loss on ignit-
ion, and reaction,?
Physical and chemical parameters
saoil type, soil Content of Moisture Loss on
stand horizon sand silt clay equivaleat ignition pH
i e perceiitemmemcnececeaca number
Coresco Ay 56,0 9,0 14,0 43,2 10.5 7.5
sandy loam Cy 60.2 25,5 14.3 32,9 7.1 6.0
MI9L Cop 62.7 21.0 16,3 24,4 3.8 8.0
C3g 73.0 14.6 12.4 19.7 1.5 8.1
Cag 78.0 6.3 6.7 7.3 1.2 8.4
Cohoctah Al 61.1 30.4 8.5 29.7 16.5 6.6
sandy loam Gy 57.8 32.9 9.3 23,1 8.5 6.7
M17C Gy 55.6 29.7 14.7 15.6 4.1 7.5
G3 55.6 28.9 15.5 15.4 2.6 7.4
Cg 6l1.4 23.6 15,0 13.5 1.6 1.4
Sloan loam Al 42,4 42,0 15.6 51.4 17.1 7.1
M22S Cig 43.4 413 15.3 37.0 12,3 7.2
C2g 43.4 34,5 22.1 23.4 4.5 7.5
c3g 41.7 34,5 23.8 24,1 1.5 7.5
Cug 46.7 32,0 21.3 22,1 3.6 7.4
L.S.D. ,05 NS 8.8 8.4 10.6 6.8 .6
L,S.D. .yl NS 11,2 10.7 13,4 9,0 o7
< arranged according to soil type and the continuum placement of lowland

hardwood stands,



TiBLE,- 5., Profile and horizon means for organic snils, showing

differences in loss on ignition and reaction,?

Chemical parameters

Soil type, Soil Loss on {gnition . pH
stand horizon profile - horizon pro{{.v:ﬂ};TQSE
Cianwuud uuck 01 59.4 5.6
AL 0, 62,1 6.1
04 41,7 54.8 6.24 6.3
0y 29.2 6.4
Dg 3.1 6.0
-innuood muck 0) 52.3 6.4
T, 02 59,6 6.6
03 38,77 54,5 6.76 5.6
04 25.2 7.6
Dy 2.2 7.7
Carlisle muck 0} 42,1 6.9
v20C ) 58.2 6.7
03 32,58 51.8 7.27 7.0
04 ?-0 7.8
Og 4.0 8.0
Rifle peat 0, 63.6 4.5
M26R 0, 73,6 3.9
04 44,15 71.5 4,50 3.8
0,4 9.3 5.0
Dg 2,8 5.2
L.S.D. .05 3.34 13,2 1.63 .6
L.S.D. Lyl 4,47 17.4 2.15 .7

< arranged according to soil type and the continuum placement of lowland
hardwood stands,






TasiLk. =3, Porizon weans of underlying materials of the beta-gley, alpha-

a
gley, and organic soils showing differences in texture.

Soil group

Soil series, Soil Content of

and stand horizon sand silt clay
s==--percente====<----

Locke C 50.7 28.0 21.3

M19L

Spinks C 61.3 19.7 19.0

M19s

Conover C 59.3 23.7 17.0

Al4c

Ceresco C&g 87,0 6.3 6.7

M17¢C

ALPHA-GLEYS

Brookston Cg 52.0 52.0 24,2

Al4B

Gilford Dg 72.1 11.6 16.0

L10G .

Pewamo Cg 45.5 27.3 27.2

W5B

Brookston Cg 49.5 22,4 28.1

M268

Cohoctah Cg 61.4 23.6 15.0

M17C

Sloan CQg 46.7 32,0 21.3

M22S

Sebewa Dg 65.8 19.5 14,7

W4Ss

Gilford Dg 77.0 15.2 7.8

W4s

ORGANIC SOILS

Linwood D 53.4 23.0 23.9
Al4L



TABLE, <3¢, continued

i.innwood Dy 77.1 12.0 10.9
L10L
Carlisle Dg 81.0 13.0 6.0
V20C
Rifle Dg 43.9 25.5 25.6
M26R
L.S.D. .05 17.6 9.1 11.3
L.S.Dh. .01 23.3 12.0 0

2 arranged according
hardwond stands.

to soil group and the continuum placement of lowland






VI
Rotert Louis Bryant
Candidate for the Depree of

Doctor of Philosophy

Dissertation: The pLowland Hardwood Forests of Ingham County, Michigan:

their Structure and Fcology.

Major studies: Forestry
Minor studies: Soils and Statistics

Bicyraphical Data:

Rirthdate: January 3, 1928, New York N,Y.
dergraduate studies:
McNeese State College, 1949,-1950.
louisiana State University, Forestry Dept., 1350-1953.
B.S. 1953.
Graduate studies:
Louisiana State University, Forestry Dept,, 1954,
M. S. 1954,
Michigan State University, Forestry Dept., 1959-1962,

Experience:

Research biologist, Louisiana Wildlife and Fisheries Commission-
Fish and Game Section., 1952-1953,

Refuge biologist, Rockefeller Refuge, Grand Chenier, La., 195,

Assistant Professor of Forestry., McNeese State College,
Dept. of Plant Science, 1954-1959,

Graduate Teaching Assistant., Michigan State University,
Forestry Dept., 1959-1962,

Assistant Professor of Forestry., McNeese State College,
Dept. of Agriculture, 1962 to present,

Member :
Alpha-Zeta

XI Sigma Pi
Society of American Foresters

~213-






.
™

ROOM LSE CHLY,










