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Kim K. Ching
ABSTRACT

The upland forest of Higgins Lake area were studied in an attempt

to set the pattern of secondary succession on this vast cut over land,
wuantitative data were collected from five different vegetational covers -
grassland, oak, aspen, jack pine, and conifer-hardwood types, by the qua-
drat method of sampling. Stands for studying were carefully selected so
that (1) they represented natural forests of adequate size; (2) they were
free from disturbances in the forms of fire, grazing or excessive cutting;
and (3) they were on upland land forms on which run-off water never accum-
ulated,

In the introduction, the place of forest ecology is briefly outlined,
The basic information of original and present forest cover were also dis-
cussed, OSections following were devoted to analysis of the envirommental
factors listed as climatic, edaphic, and biotic. Comparisons between the
composition of different soil types and profiles were subjected to ana-
lysis, Further work dealt with the development of plant commnities and
their interrelationship with various soil types and the influence of
environmental factors on these different vegetational covers,

Through statistical studies, the following facts have been established:
(1) evaporation increased rather uniformly with increased temperature and
presents a more definite expression on different forest cover types, (2)
the forest soils of most of the studied stands are strongly acid in the
upper portions of the profile, especially the A layer. (3) in the presence

of a sufficient supply of available nutrients, pH of soils is of minor
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impertance to growth ef plants in the studied stands., (4) the mogsture

centent ef soil in the field varies accerding to vegetation types eon
different dates, but not at the six and eighteen inch depths, (5) the

cevering vegetation de not influence the soil ergsmic matter content in

the six sample plets., (6) soil temperatures are sighificantly different

under varieus plant comrunities with the grassland type having & definite
higher reading. (7) amgng all the factors which fall in the bietic group,

destructive logging and fires are largely responsible for the present dis-
tributien of plant growth;

It was the opinion of the writer that the forest successional trend
on this cutever land will progress in the following manners: the clesed
canopy of an &spen er osk stand will give place to a higher genetic type;
the most frequent ones are pines on the sandy upland, whereas on the bet-
ter seils, the invading species would be the beech, sugar maple and yellow
birch predeminantly, Under the present prevailing climatic condition, en
the more xeric habitat with decreasing soil moisture, a red or white pine

stage may be reached before the arrival of the formetion of the north-

eastern coniferous climax., On more hydric sites, the conifer-hardwood

type is ofyen succeeded by the northeastern deciduous forest climax,
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I. INTRODUCTION

With the national forests, Michigan has over 6,000,000 acres of
publicly owned forest land, nearly one-third of the total forest area of
the state., These public lands are a source of current and future supplies
of tinmber and at the same tine serve a yreat and increasing public demand
for hunting, fishing and other forms of recreation,

After a centurv and a half of settleinent, land clearing, lumbering
and forest fires, the area adjacent to Higgins lake is essentially a cut-
over recion, The non-tirbered character of much of the surrourding ter-
ritory--the Great Plains to the west, and intensively farmed and indus-
trial areas to the south--created demands for tiuber from Michigan and
was a factor in causing early liquidation of the original pine forests,
Likewise it is a feature deserving soue attention in connection with
future tirber growth goals,

Today the region faces the problem of supplying as much as possible
of its own timber needs without paying excessive cross-country freight,
of supporting a very valuable pulp and paper industry and other wood-
using plants, of giving employment to settlers in the pcorer agricultural
districts, and of stimulating an active tourist and recreation industry,
21l on 2 fourdation of young second-growth timber, ©nly a very small
remnant of the original virzin forests remains, and relatively small areas
of second growth have reached saw~timber size, Nearly nine-tenths of the
land which supports second growth from seedling to pole-size trees is in

very poorly stocked stands,



In order to control the destructive agents that threaten to curtail
and impair the usefulness of the forests, and promote and maintain eon-
ditions favorable to multiple use with & miniium of detriment to the
forest, one rust rely on the application of sound silviculture, which in
turn is based upon biological facts and principles, Intelligent manage=-
ment of our forests cannot be achieved without thorough knowledge of the
behavior of tree species and stands, Nature, unguided by man, produces a
forest which is in camplete harmony with the soil and the plant and ani-
mal life it supports, Such a forest is the climax forest toward vhich
vegetation is always tending., Stable tree associations, characteristic
of climax types, are best adjusted to meet the impact of counteracting
forces, Such forests are inherently healthy; under good management they
are easily maintained in a high state of vigor, thus increasing the
growth-rate, their capecity to resist damage from insects, disease, amd
other destructive agents, However, this is not meant to imply that the
climax forest type necessarily represents the ideal toward which
management should invariably be directed, for other disturbances such as
fire and repeated cutting, may alter the soil conditions to such a deg-
ree that the early establishment of species natural to the site may find
difficulties to survive; or certain subclimax species possessing a higher
value as far as their luuber is concerned, may justify efforts to main-
tain them as dominants in the stand, Nevertheless, compositions charac-
teristic of climax associations should be used as guides for setting up
silvicultural objectives,

The present paper deals with the general trend of succession in the



major forest types on the well-drained soil in the Higgins lake area and
their interrelations with each other and vith certain physical factors

of the environment. The plan of the investigation used in this work is

an adaptation of the mass collection method used by taxonomists., (1) It
is a well known fact that variation in floristic composition is one of

the most important characteristics that may be determined in the study of
any vegetation, and this may be understood only after a great many examples
of the type have been analyzed,

It is important that the initial ideas of the type linits be suffi-
ciently broad to preclude the dangers of subjective selection of only
those stands vwhich fit a preconceived notion as to vhat a particular com-
munity should be, The eriteria used i‘or( the selection of stands fcr this
study were: (1) thet they be natural forests of adequate size, not arti-
ficially planted; (2) that they be free from disturbances caused by fire,
grazing or excessive cutting; (3) that they be on upland land forms on

which run-off waters never accumlate,



II. REVIEW OF LITERATU.®ES
l., On the Studied Area

The northern part of the Lower Peninsula of Michigan lies in the
edge of the deciduous forest province, and is also occupied by the sou~

thern border of the northeastern conifer province. These facts are res-

ponsible for the great variety of associations present, and the succes-
sional relationship are often much involved in consequence (75).

Current opinions and activities toward revegetating exploited and
subwarginal land in the lake States (84, 53, 54) justify the expenditure
of considerable time in i.iproving our knowledze of the behavior of native

species and the successional trends under the stress of prevailing con-

ditions,

Numerous papers (43,31,67) have appeared during the past few decades
dealing with the general ecology and distribution of types of vegetation

in Michigan. Dice (31) placed this rezion in the Alleghenion biotic

province, The thorough investication of Michigan flora have been well

done by Beal ((8), Farwell and others (35,67). Vegzetation of the sand
plains viere given special attention in these prelininary studies, It
has also been shocwn that there is great competition between the various
associations of the above-mentioned two complexes wherever they camne in
contact, and that in general the associations of the southern complex

tend to displace those of the northern, This was early demonstrated by

Yhitford(102), Gleason (42) and Juick (75) who discussed the general



distribution of the asscciations throughout the lower Peninsula of
Michigan,

The early days of lwibering and destructive forest fires which had
alarmed the country caused many investigations and suggestions as how to
utilize this vast area of cut over laind (2) (47) (84) (40).

Other investigators such as Veatch (91) reconstructed the forest
cover of Michigan fro:ii Soil maps and determined the correlations between
soil types and forest growth.

Terminology used in this study is essentially as defined by Braun-
Blanquet (1l4), and names of forest cover t.pes were adapted from the
publication of Society of American Foresters (81). Reference is also
made to Cain (23) who has discussed the forest climax and its comple-

xities in his work concerning soinre phytosociological concepts,
2, Concept of Succession

In forest areas, the perennial herbs are soon superseded by woody
plants, which become dominant; when a cultivated field is permitted to
lie fallow, it produces a crop of annul weeds the first year, numerous
perennials the second year, and a comrunity of perennials thereafter,

If any disturbance of natural vezetation occurs--such as cultivation,
lumbering or fire, a similar sequence of communities appear with several
changes in the dominant vegetation through the years, This is the
general trend of plant succession, However, it was not until the seven-
teenth century that any systematic study of such changes was made, and

those studies dealt primarily with the development of peat bogs, Bog



studies were continued in the eighteenth century and in =ddition some
attempt was made to apply principles of Ecology to burned and disturbed
upland areas, It was then that the term "succession" was first applied
to the vegetational changes involved. It was during the ye:rs of 1860
(26) that a regional study of vegetation in Central Europe was made in
vhich succession was recognized as fundamental to all community develop-
ment,

Between 1890 and 1905, the modern concepts of succession were
clarified through the efforts of several workers such as Cowles, Cleuents.
The idea about succession is that plant comrmnities are never completely
stable, They are characterized by constant chanses, sowetirces radical
and abrupt, sometimes so slow as to be scarcely discernable over a period
of years, These changes are not haphazard, for within a climatic area,
they are predictable for a given comrunity in a particular habitat. This
means, of course, that similar habitats vithin a climatic area support a
sequence of doninants that tend to succeed each other in the same order,
Contrasting habitats do not support the sane sequence of commnities, As
a result, any region with several types of habitats will have an equal
nmunber of possible successional trends,

In the course of studying plant succession, a specific, iLmmediate

cause of a particular change of species mey not always be obvious because

of the interrelationship of controlling factors, However, two general

types of habitat change may cause differences in the comrunity, namely
3

developuent of the comzunity causes parallel developuental changes of

the environrent, and physiographic changes can likewise modify the envi-



ronment materially., Uevelopuental chances of the environuent may result
from reactions upon the habitat by the organisms living there, such as
the case in accwrulation of litter on the forest floor affecting run-
off, soil temperature, and the formation of humus. 4accumulation of
litter, in turn, contributes to soil developient, modifies water rela-
tions, available nutrients, pH value, aeration, and affects soil orga-~
nisms; whereas the habitat may also be modified by forces quite apart
from the effects of organisms, A flood plain or swamp may become better
drained as a stream cuts more deeply into its channel; and silting in
off a lake raises the level of mineral soil, Such modifications of the
habitat also produce vegetational chanzes. These two types of habitat
changes caused by the development of the cormunity or physiographic
origin are commonly in operation at the same time and their effects

cannot always be readily separated,

Eeologists of varicus parts of the world have agreed that the type
of plant succession on a bare area where no vegsetation has grown before
is designated as primary succession, It may be observed on glacial
moraine exposed by recession of ice, or a new island or any similar
habitat newly exposed to colonization. A migratory advance postulates
the development of individuals in territory not previously occupied and
requires an environnental change of sufficient extent in order to permit
the growth of the migrants, Each successive group of species to colonize
a4 new area meets with increased competition., Succession results when
migration is so complete and is shared by individuals of so many species

that the nature of the vegetation is fundamentally changed, ioisture



relationships usually control the ability of the pioneering plants which
invade the new area, If the habitat is extremely dry it is described as
xeric; if wet, hydric; and if intermediate, mesic, The successional
trends are similarly referred to as being xerarch, hydrarch or mesarch
succession, #hatever the condition of the initial habitat, reaction of
ve;etation tends to make it more favorable to plants and always results
in improved moisture conditions, Thus xeric habitats become more moist
and hydric ones become drier as succession prosresses,

On the other hand, secondary succession results when a normal suc-
cession is disrupted by fire, cultivation, lumbering, wind throw, or any
similar disturbance that destroys the prineipal species of an established
comminity, Although the first communities that develop asain on this
areca may not be typical of primary succession, the later stases again
are similar, The rate of this vegzetational change depends, of course,
on the severity of the disturbance,

A1l successio’nal trends lead tovard relative mesopnytism within a
climatic arez and eventually lead to a single cowrmunity, which is ecom-
posed of the most mesophytic vegsetation that the climate can support and
whose moisture relations are avera~e or intermediate, for the region as
a whole. This community, determined by the climatec, tenninateS succes-~
sion and is called the climax coxmunity or climax for that climatic aresa,
It is capible of reproducing itself, and since it represents the last
stage of succession, it cannot be replaced by other commnities so long
as the climate remains the same, It is, therefore, a stable commnity
in which the individuals that become overmature and die are replaced by

their own progeny, leaving the character of the cormunity unchanged,



Just as portions of a single species may be isolated during its
migrations, so areas of one type of vegetation may be completely sur-
rounded by an advancing flora and left isolated from the main body,
These are known as relic colonies. An important cause of such isolation
is the failure, up to the present tise, of sufficient environmental
change to cause their extinction, or, in ecological terms, it is the
relative slowness of the succession in certain habitats unfavoreble to

most of the advanecing species,
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III. DESCRIPTION CF THE STUUIED AREA
1. Climate

All areas of the Higgins lake area have a similar clinate with
essentially the sa.ne distribution of precipitation and temperature dur-
ing the year,

The main features of the climate &re a mean annual temperature of
41-43.1° F., a nonmal precipitation (including melting snow) of about
27-30 inches, probable annual snowfall of about 60-73.6 inches, low
wind movement, low evapcration, low percentazc of sunshine and moderately
high humidity.

The precipitation (rainfall and :elted snow) is quite evenly dis-
tributed throughout the year, except that the six months from April lst
to October 1st, get a 1little more than the six nionths from (October 1lst
to April 1st, There is, of course, sone noticeable variation during

different years, is much as 11 inches below normal distribution has

been reported, and as rmuch as 17 inches above norual,

The rainfall generally occurs as low gentle rains or showers; but

cloud-bursts, hail storus and tornedoes are rare. In the forest, how-

ever, the evidence of past wind and hail storus is shown by the old

windfalls and the hail marks on the trunks of the pines, The prevailing

winds are westerly.,
The summers are characterized by moderate temperature, with a

seasonal averace from June to August, inclusive, of 63-65.9° F., and a
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high percentage of sunshine, The pleasant swmmer compensates for the
length and rigor of winter. osSnow forms a permanent ground cover ordi-
narily from Noverber to early in April, freezing to sub-zero temperatures
are common, However, the winter l;xas many pleasant days when the tem-
perature rises well above freezing.

Real spring weather usually starts during the latter part of April
or early in lMay, The growing season, that is the season ordinarily free
from killing frost, will average about 114-~122 days, The season extend~
ing from the latter part of May to the middle of September is the average
frost free season, but frosts of sufficient severity to kill tender vege-

tation have been known to occur during every month of the year (25),
2, Geology

Geologically the lower Peninsula is known as the lichigan Basin,
because the rocks are all sedimentary, and the strata lie one upon ano~
ther like a pile of saucers with smaller ones tovmards the top,

The Mississippian, which is known as a part of the Carboniferous
time was one of abundant vesetation and brackish and shallow waters in
the Michigan Basin., Rocks of hississippian age cutcrop in a broad some-
what circular band occupying most of the Iower Peninsula, except about a
dozen of the central counties, NMississippian rocks consists of sand-
stones, limestones, shales, salt and gypsum, and are perhaps the most
important sedimentary rocks in Liiechigan (62) (50).

At the time of the glacial period some 15,000 to 50,000 years ago,

the great ice-sheet covered Michigan and extended as far south as the



valley of the Ohio River, After several retreats and re-advances, the
final retreat of the ice left the state with its former rock masses
planed down, its former valleys filled, and its surface covered with a
general mantle of rock-debris and drift with variation in thickness,
The soils thus derived are varicus in character, as well as in origin
(61) (Figure 3).

The significance of this fact was pointed out by Beal (5,6,7,8) in
his publications on ikichigan Flora that probably three-~fourths of our
plant species are common to all sections, though by no means equally
distributed, some being very abundant in one district and rare in ano-
ther at no great distance, In most cases such change is due to soil
rather than to differences in elevation, temperature or atmospheric

moisture,
3. Original vegetation

The entire land area of Northern lower inichigan at the time of its
first occupation by white men, was covered by a dense forest except for
a small inconsequential acrezge of bog or marsh and some open land on the
drier sand plains, Iost of this virgin forest was white and red pine,
with smaller areas of hardwoods and swamp forests (43).

In its virgin condition, the forest vas iade up of several types of
forest-growth or tree associations that were distributed with close re-~
gard to the natural differences in soil character and drainage, The
following types of forest were represented: (1) The pine forest in
which white, red pine or red and jack pine predominated; (2) The hard-
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wood forests in which hard maple, beech, yellow birch and hemlock were
the principal species and elm, basswood, ash and vhite pine were sub-
ordinate species; (3) The mixed deciduous and coniferous forest, in
which such species as oak, elm, ash, red maple, aspen, and yellow birch
were intimately associated with white pine, red pine or red and jack
pine predominated; (4) The lowland Hardwood Forest in which elm, black
ash, yellow birch, red maple, white birch and balm of Gilead were the

principal species, but seldom without a subordinate arount of white
cedar, balser Iir, snd tansrack; (5) The coniferous svemp forest con-
sisting of & mixture of white cedar, balsar fir, black spruce and
tamarack, but including also limited arezs of more nearly pure cedar,
spruce, and tamarack (91).

There were, of course, innumerable situations vhere two or mcre of
these associations merged to occupy soil and drainage conditions of
intermediate or transitional character and developed a forest of nore
diverse composition than outlined above.

The following diagram (Figure 1) prepared by wilde (97) fully

illustrates the general distribution of the original forest types on

different geologic formations in the lake States,
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L. Present Vegetation

Much of the rolling to hilly part of the for:er pine forest land
has been converted to desolate stump land, covered with a dense growth
of brush, briers and grass, or has grown up to aspen.scrub oak and red
maple with very little natural reproduction of the original dominant
species, The level pine plains now support a patchy stand of jack pine
with sweet fern, low blueberry, bracken fern and grasses in the open-
ings. The hardwood forest lands vhere not cleared for farmland, are now
partly occupied by stands of second growth hardwood of varying age, den-
sity, and quality, and partly by the growth of briars, gracces and
tangled reproduction that has covered the burned over slashings, The
open bogs have a low shrubby growth of leather leaf, Labrador tea, and
blueberry with sphagnum moss and cotton grass, The marsh growth con-
gists of a variety of sed;es with reeds, cattails and blue-joint, The
swanips have suffered less change in the charccter of their forest
growth than the uplands., r‘oplar, alder and willow have encroached on
the severely burned cut-cover svarips but elsevhere the present grecwth

contains a generous reproduction cf the original species,

5. Description of Various Types of Forest on the Well-Drained Soil

The white pine. This type of forest is of little importance in this

study because the natural growth total acreage is small, The original
Pine stands of this type have nearly disappeared due to destructive
logging practices and subsequent fires, Today only one area of virgin

white pine remains near the region, the Hartwick Pines, located near
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Grayling in sections 15, T. 27 N.R, 3W. The white pine, according to
other reports, very seldom is found in pure stands, but often mixed with
a smell percentage of red pine (58). Mixture with other species is also
quite common so ﬁhat on the sandy sites the white pine stands usually
contain more or less red pine, oak and aspen as the principal associated
species, while on the rnore loany sites the associated species may con-
sist of hemlock, maple, beech and yellow birch, So far the vhite pine
has not been able to reproduce itself to any general extent on the area
formerly occupied by the virgin white pine stands,

The red pine type. This type, like the white pine, vwas one of the

most valuable produced in the virgin forests end likewise wes exploited
at an early date, Today, its importince in the region is small because
of its limited acreace. The red pine, like the vhite pine, has also
been unable to reproduce itself extensively because of repeated fires
that followed the destructive logging methods (102), The red pine type
is generzlly lii:ited to the so-called "poor site", i.e, the drier and
sandier types of soil, This is largely due to the fact that red pine
cénnot compete with the hardwoods for continuance as a type on the bet-
ter classes of land which fayver hardwood reproduction,

Jack pine type. It occurs both in pure stands and in association
with other species, It is found nixed with white and red pine on their
preferred sites and is comrnonly found growing with oak and aspen on the
drier white and red pine sites, Repeated burning on red pine and sandy
white pine lands usually results in a stand of pure jack pine or jack

pine and poplar. The type is rather wide spread and has persisted in
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spite of the abuse from cutting and fires, Jack pine is considered by
many as a "weed tree", since it so commonly takes possession of old
sbandoned fields and heavily burned lands in this part of the state,

It is the principal forest type on the admittedly poor, loose, dry,
strongly acid, deep sandy soils, This species starts to seed early in
life and usually reproduces itself well under ordinary conditions since
dense stands commonly co:'e in on the pine areas that have been recently
burned over, The chief defect of this type as it exists today is the
fact that the stands occur in densely stocked clumps with open spaces
and poorly stocked areas in between., The present utilization for jack
pine is principally for box boards, lath and sorme rough lusber, though
in other localities it is also beins used for pulp.

Northern pin oak type. This is the most widely spread species of the

region. Formerly, because of the prevailing poor site condition, the
o2k stands were generally considered of little future value for commer-
cial production, They were commonly understocked, short-boled as a rule,
and frequently showed ruch fungus and fire demage, At present, under
the protection from fire, in general the diameter growth of these stands
has been fajr and the height growth has been satisfactory, To-day a
large proportion of this type consists of open ra:ped stands of straight
bole trees and clumps of sprouts of other species,

Red oak, vhite oak, Hill's oak are comronly represented in the oak
stands, The common associated species are aspen, red maple and frequently
Jack pine, This mixture produces open stands where all individuals have

plenty of room to grow, Occasionally scattered red pine- & remnant of
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the previous pine types-- is also included, The oak type reproduces
easily from seed and sprout and has gained ascendancy over land where
previously only individuals existed in the virgin stand, In fact, there
is little indication that & pure cak type existed alone in the virgin
forest, The type owes its existence largely to the fact that the oak
was able to replace white and red pine after the pine was cut, It is
the rost common type on the rolling to hilly sandy and sandy loam soils,
This type is apparently there to stay for a long tine since it occupies
areas on which red pine, together with soie white pine formerly grew,
and there are only a few scattered pine seed trees left, To all appear-
ances, the red pine is not restocking these areas, Oak will likely
renmain the dominant type in these areas unless soie other species are
artificially planted., It has a rather wide and general distribution
over the region as an associate in corbination with jack pine, poplar
and red naple, With fire protection, tie raterial can be produced but
vhere fires are allowed to reburn the area at frequent intervals, the
oak is reduced to a clump growth,

Northern hardwood herlock type. The principal associated species of

this upland hardwood type are sugar maple, beech, elr, basswood, and
yellow birch with an occasional hemlock, white pine and black cherry,
The basswood and elm are usually absent on the lighter, sandier hardwood
s0il. . According to the record of Land Economic Survey of Michigan,
there is a considerable difference in the composition of the virgin and
second srowth stends, The virgin stands usually contain all of the

Species mentioned above while the second growth stémds are predominantly
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maple (58). This condition no doubt is traceable to the riaple!s ability
to reproduce freely from seed.

Not too large &n area is now occupied by the hardviood type and
nearly all of it has been cut over, At the present time, the bulk of the
hardwoods is limited to the loamy sand soils because the heavier loan
soils that it once covered are now mostly cleared for farms,

The condition of the present day hardwcod type varies considerably.
The virgin stands vwhich remain are generally well stocked, but the second
growth ranges from excellently stocked to very pocr., The variable condi-
tion in the stocking of the second growth stunds is due very largely to
the occurrence or non-occurrence of fire following the logging operation,
The capecity of hardwoods to reproduce more prolifically than pine types
has enabled them to withstand to better advantage the destructive effect
of logging and fires,

The most profitable use of wost of the timber produced in this type
is for saw logs, Chémical wocd is in denmand in sorme sections for the
small inferior matericl and the sound portion of large "cull" trees,

Aspen type. On the basis of the area occupied, the aspen type is
third in importance to the osk and jack pine types. The type is com~
posed of trembling aspen, large-toothed aspen and Balm of Gilead, Trembl~
ing aspen is the mejor species and is found to some degree on all sites
occupied by the type. Ilarge toothed aspen is found to make up a signi-
ficant portion of the stand on the dry sandy hills and on areas vhere the
type is in association with the oaks, Balm of Gilead is the least im-

portant species of the aspen type., It is found associated with the trenbl-
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ing aspen only on the more moist uplénd sites and the better drained
swamp sites, Variations from the pure aspen stznds, however, are ccm~
mon, These variations include mixtures of the two aspens and the oaks,
red raple, white birch and conifers,

The condition of the type from a commercial stendpoint is not very
promising, Iike the oak type it reproduces easily from seed and sprouts,
and is chiefly a replacerent type after fires, The stocking is generally
fair to good, but on the poorer sites the trees often rersin small and
die at early ége. Fungué and insect darage is rather comron (102),

The type on the more favor:ble sites dces have some value, however,
for pulpwood, excelsior and box boards, Frobably its chief value at
present is in providing ge-e cover, in erosion prevention, and as a
nurse crop for more valuable speties,

The aspen type occurs on nearly. every class of soil and site from
denuded hardwood and pine uplands to svamp lands, oOn most of the soils,
it exists as a temporary cover, and is quite easily replaced by other
sp;qies in time (51). Usually on the hardwood sites, the area will
eventually revert to the original growth if fires are kept out(35).
Repeatedly, hardwood burned over arezs generally restock with the aspen
type because of its ability to reproduce from sprouts, However, the
best stands of aspen are produced along stream bottoms and on lowlands
which are less frequently invaded by fire ,

Aspen and paper birch type. It occurs in small areas scattered
throughout the region, This type is usually found on the moist sand,

sandy loams and loams, although it may occur on practically all soils
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from the drier sands to mucks, It reaches its best development on the
heavier soils, It occurs on nearly the same range of sites as the aspen
type, with the exception that white birch drops out of the association
on the drier, sandier soils, The poplar and white birch type makes a
good cover or nurse crop for planted red or vhite pine if constant atten-
tion is given to the removal of competing veeetation (75), The rajority
of the natural seeded young red and white pine is found growing under
an over story of this type., Given fire protection, poplar and white
birch reach mechantable size in a comparatively short period, It has
further value for rare cover, The present utilization of poplar is
chiefly for excelsior bolts and to a grezt extent for pulp., The large

size of white birch has an extensive use in novelty manufacturing,
6. History of Gconomic and Social Changes

In 1840 the northern part of the southern peninsula of kichigan

was divided into counties, At that time the area now known &s Crawford
County was called "Shawona", the name of a famous Chippewa chief.‘ later
in 1843, the nare v@s changed to Crawford, In 1871 and 1875, Kalkaska
and Roscorvion counties were organized respectively. Settlerent began
in 1872, 1In the ecrly days of this area's development, the lwber in~
dustry unquestionably brought the largest nurber of people into the
counties, At the sane time agriculture was also gaining a fcothold so
that the population on farns vas being increased, Due to the fact that
new lu.ber camps and the continued inflow of ;ill workers and woodsmen

created a gcood narket for farm produce, the agricultural population also

increased rapidly.
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After the lu: bering oper:tions started, the farrers did not deperd
entirel; on asriculture for a livelihcod, These pioneer fa.ilies usually
rnade their homes on the farm for the entirc year but the older boyrs and
men worked in the logging camps during the winter and custorarily spent
only the surrser months at house celearing laend and viorking on the farm,
Hunting and trapping, cutting ties and herlock bark, and working in the
viood-using industries iere other sources of inco e for the pioneer far:
settlers,

The logging oper=tions of tlie forver decade had left rreat avcas of
cut-over pine and scre hardvood land, luch »f this had been burned cver
by forest fire. Fari: settle ent was not then beinr attructed to these
cutover land, For lar-e arca of this for er timnor land, no pramisingly
profitable use seeried evident and tax payments were being defaulted on
such land by their ovmers,

Around 1900, vihen nost of the virgin tinber had been cut, and the
value of the lakes for resort and recreation purposes had not yet been
generally realized, the county fund of 211 the counties ihich corprises
the liichigen "pinery" were in & bhad condition, Cf course, the hard-
pressed financial conditions ‘rere bein felt more keenly by those
counties which had the largest crea of cutover pine lands,

Beginning in 1902, various intensive recl estute selling operations
were carried on, v.rious holdin:;s ‘ere disposed of to land seekers and

settlers from southern Michigan and neighboring states for poultry farns
and generzl far:-s and ranches, lost of these settlers have since left

their farms and their lands have reverted to the state for delinquent

taxes,
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buring all these years, federal and state land laws encouragzed
settlement, and numerous ;rants verc rade to open up the country and
get land on the tax roll, However in northern iichigan, the tuax base
was shrinking and tax delingquency mounted. Here farms have not replaced
forests to the extent as expected; in fact, by 1920 that part of the
state had fewer farms than in 1910, ‘there wvere large and increasing
areas of cutover, burned-over, idle lands, The following table shows
major changes in land use from 1924-1939 in Roscommon county (2).

Table 1, Major changes in land use from 1924-1939 in Roscommon
County, nichigan,

Type of land use 1924 1939 net change in area
4 -
Forest 319,167 320,692 1525 -
Farma 15,529 11,939 - 3,590
Abandoned 3,865 5,305 u40 -
Other 35,443 36,068 625 -—

7. Present Land Use

The most recent develop:.ent in this area has centered on resort
and reczfeational property. During the years when travel was still mainly
confined to the railroad and horse-dravm vehicles, access to lakes of the
area s considered difficult so that their developrent lanquished, Vith
the advent of improved roads and motor transportation, however, various
lakes and surrourding areas began to attract nore swuier visitors each
yeer as hunting, fishing and outing grounds,

The data which were obtained by Andrews and sromley (2) in studying

trends in land use in northern Michigan, show that shift from one land
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use to another are constantly taking place; nevertheless, many settlers,
particularly since the depression, are still trying to make a living on
soils too poor for profitable agriculture. Their report reveals that
the recent measures of fire protection have so greatly improved forest
conditions that it is possible to expect the region to be able to produce
considerable quantities of merchantable forest products in the near fu-
ture, The data also indicate that recreation has increased so enormously
as to constitute one of the nmajor forws of land use in the region, Con-
sequently, little or no tax delinguency occurs in most of the area today.

As far as timber resources &are concerned, this region is by no means
a worthless area as it is still generally rersarded, but contains exten-
sive areas of conifers and hardwood lands, and the latter, especially is
valuable for fzrming purposes, Whether or not this conversion of forest
land into fami may be less profitable to the state at large than the con-
tinued production of timber will not affect the case., For when there are
lands of such value for farsing, they will be purchased and held for this
purpose and the interest of the state will in the end have to be adapted
to those of the individual, provided the land is being utilized properly.

The public agencies, both through actual land ownership and through
cooperation with private owners, have an important part to play in the
future developrient. Adjustment in land use and improved resource

management are still needed,
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IV, THE STUDY OF ViGouTAlICGNAL Covius
1. Terminology

A, Frequency. It has to do with honcgeneity, the uniforuwity of dis-
tribution of species throughout a comuunity, It is the ratio of nurber
of quedrats containing 2 egiven specics to nuiber of quadrats surveyed,
expressed as a percentage, The relative nhornogeneity of stends and com-
munities may be compared sraphieally by frequency diacgrams, provided
quadrats of the same size be emploved, These diagrams show percentage
of species belongins to ecch frequency class, The five frequency
classes here used are s follows:

Class A -- species in 0-20 percent of quadrats,

Class B =~ species in 20-40 percent of quadrats,

Class C — species in 40-60 percent of quadrats,

Class D — species in 60-80 percent of quadrats,

Class E - species in 80~100 percent of quadrats,

Quadrat frequency (Fq) is expressed as the percentage of quadrats in
which

(1) a given size class of a given species occur i.e, frequency per
size class per species

F

an of species A = No, of quadrats in which size class n of A occur x 100

Total nmunber of quadrats examined

(2) a given specics occurs i.e. frequency per species,

F,q of species A = No. of guadrats in which species 4 occur x 100
q Total mumber of quadrats examined
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(3) relative frequency (F,) -- a relative expression (as a percen-
r

tage) of the frequency for a given species &s obtained by Fq and based on

the total of the frequency values for all species

F, of species A = Frequency of species A x 100
Sum of frequency values for all species

B, Density. It is the nurber of individuals on a2 unit area basis,

The nmunber of individuals recorded from the actual area surveyed were

reduced to an acre or quadrat basis,

(1) D of specics ;1 = Total no. of individuals of species A counted
Total no. of quadrats examined.

(2) Relative density (Dp) =- a relative index of plentifulness expressed

as the percentace representation of:

(2) Each species, based on the total number of individuals counted

i.e. relative density per species,

D, of species A » Total no, of individuals of species A counted x 100
Total no., of individuals of all species

(b) Bach size class of a species, based on the total no. of indivi-
duals in that size class i,e, relative density per size class per species,

of species i = Total nc, of size class n stems of species x 100
Total no, of size class n stems of all species

(c) Each size class, based on the total number of individuals counted
in all quedrats.

Dpe of size 2 o Total no, of individuals of size class 2 counted x 100
Total no. of individuals of all size class

C. Abundance, This term is an appreciation of the relative number of

individuals of each species entering into the constitution of the plant

population of the territory under study. A scale of five degree of

abundance is sugrested by praun-Blanquet (1i).
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Al, -~ species very rare in the comnunity.

A2, =- species rare in the community.

A3, -- species not very abundant in the commnity.

AL, —— species abundant in the corumnity, and

A5, =~ species very abundant in the commnity.

The value of abundance estimates depends on the extent of area,
richness and variability of the flora, and the ability and experience
of the estimator,

Abundance is also expressed in a more concrete way in this study in
the following namner for the tree species,

Abundance (A) -- the average nwrber of individuals of a tree species
per quadrat considering only the quadrats in which the tree species is

represented

A of species B = Total no, of individuals of species B counted
No. of quadrats in whiech species B occurs

But D « Total individuals
Total quadrats

and F_ = Quadrats of occurrence x 100
q Total quadrats

SOA-.].;;‘QQ
q
D, Cover, It deals with the surface covered by individuals of the

herb and ground layer vegetation. The five-point scale of praun-Blanquet
was further subdivided, Class 1 was divided into two classes: class o
representing species with less than 1 percent coverage, and class 1,
representing species covering 1 to 5 percent of the surface, This proved

very satisfactory since such a large number of species occurred in each
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corrmunity with covercge less than 1 percent. The six point scale as
used in this study follows:
Class O0— species covering less than 1 percent of the ground surface,
Class 1—— species covering 1 to 5 percent of the ground surfice,
Class 2-- species covering 5 to 25 percent of the ground surface.
Class 3-- species covering 25 to 50 percent of the ground surface,
Class 4=~ species covering 50 to 75 percent of the yround surface,
Class 5-- species covering 75 to 100 percent of the ground surface,
E, Basal area, It is a concept of foresters and is the total cross-
sectional area in square fcet of the sterms of a tree species based on
diareters at breast height. This is a convenient way to show physiolo-
gical dominance of tree species, since there is probably a close corre-
lation between basal arez and the surface or volure of tree crowns,
Relative basal area (Br)-- a relative index of dominance expressed
as the percentaze of basal area occupied by a given species,

By of species A = Total B.A, occupied by indjviduals of species A x 100
Total 8,A, occupied by all species

2, method of sampling

‘mantitative studies of plant communities yield valuable datas rela-
tive to the murber, size and dispers’osa of community elements, The value
of such data accrues in large part from the statistically valid me:ns
they provide for comparison of plant communities in either space or time,
or in the concrete or abstrect sense. Also, as a perranent record, they

are subject to reconsideration by other investigators, who may reinter-

pret them in the light of additional experierce or information,
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Usually the nwbers of an entire plant conunity cannot be counted
or measured, and even if this were done, the information would be no

more useful or significant than an adequete set of cata acquired by
proper sempling,

However, prior to sampling, observation and reconnaissance of the

cowunity are of extreme importance in determining where, how, and

what to sample, The community should have been observed repeatedly in

different parts of its range and more particulerly under the varying

local conditions where it exists, Finally, the specific stend should

be observed thoroushly to determine its obvious veriations, its extent,
this together with the size of individual plants, the strata present,
and the purposes for which the sampling is to be done, one may plan his
procedure in terns of the desired results, the necessary decree of
accuracy, and the time available for doing the work, This is the
exact procedure this writer has carried out in this study,

In this ecolozical study, the list-count quadrat method has teen

used. This method was subjected to some modification depending upon

circumstances, For trees, the individual diameters were also recorded

ard segregated into different size clesses according to Weaver and

Clements (94) as the following:

Medium reproduction size class 2; more than 6,0 ft. high and up to
0.9 inch b,B.H,

large reproduction size class 3; 1,0 in, to 3.5 in, D.B.H,
Small trees size class 4; 3.6 in, tc 9.5 in. D.B.H,

large trees size class 5; 9.6 in, or more D,B.H,
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The besal areas (indicative of dowmincnce) for tree species were

also computed, Increment borings also were teken from representative

trees of various species to determine their approxiiate ages,

The cover of ground vercetation were recorded by height class
designated as:

Class 1. Plants up to 0.9 foot tall.
Class 2, Plants from 1 to 3 feet tall,
Class 3,

Plants over 3 feet znd up to 6 feet tall,

In this type of study, a2s one soon learns, the major concern is

to get adequate date with a rinimum of effort., With this object in

mind, 16 milacre quadrats were used on ;rasslend type sampling while
16 one-fifth acre square plots, with 93 feet on each side for sampling
tree species were employed for the four different forest cover types.
The location of such quadrets were rendormly placed vithin the rcalm

of the stands where the border effect of streams or ponds or highwy

would be minimized, And sraller quadrats (one-tenth of an acre amd one

thousandth of an acre) for sanmpling subordinate strata were to be

“nested” in the largest quadrat,

A1l field data were recorded on "Field-date Quairat" sheets, one

such sheet being required for each quadrat,
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3. Observation

Grassland type. The type of upland grass occupies those open burned

wild lands on which the established cover includes the genera Andropogon,

Poa, Danthonia, Agrostis, Schizachne, Bromus and Koeleria., One of the

characteristic plants of this area is the sveet fern (Comptonic peresrina)

located chiefly on the drier sandy pine plain where no type of forest
cover has been established, The only true fern species that is really
abundant and becomes a component of the ground cover is the comron
brake, which forms large patches in the light soil of the plains, %, J,
Beal (8) made stetistical studies showing that 95 percent of the plants
common in the "Jack pine" plains are perennials with deep roots or
rootstocks adapted to severe conditions of drought or of surface-burn-
ing. Nearly half of them are included in the four plant groups, namely,
the Compositae, the Gramineae, the Rosaceae and the Ericaceae,

In the spring, wild flowers such as one of the bluets (Houstonia

longifolda), sand violet (Viola adunca), pink nilkwort (Polygala
Polygana) are certain to attract the attention of the visitor to this
region, and during the summer or early fall other species lend their
color to the landscape, such as blazing star (Liatris Nieuwlandii),

wild sunflower (Helianthus occidentalis), a golden rod (Solidago spp.).

In August especially, cudweed(Gnaphalium Mecounii) may be seen whiten-

ing here and there.
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Table 2, Data of the vegetation in the milacre quadrats of the
grassland type as recorded in percentage of coverage or
number of plants by height classes,

Station 1 Distribution of Coverase Classes for the Type
Location: SW;,Sec.18, Quadrat -
T26N, Riw. 1 2 3 4
Height Class in Feet
Eloristic Iist Q-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6

Agrostis scabra 3
Arabis glabra -
Arctostaphylos Uva-ursji -
Artemisia caudata 1
Aster laevis 0
Bromug Kalmii 1l
Campanula rotundifolia -
tarex tonsa 3
Cirsium Hillij -
Comptonia peresrina 1
Convolvulus spithamaeus 1
Danthonia spicata 0
Erigeron annuus 1
Brigeron racemosa o}
Fraparia virginiana 1
Gnaphalium liacounii -
Hieracium aurantiacunm 2
Hieracium venosum 0
Houstonia longifolia 1
0
0
0
0
1l
1
1
2
1
1l
o
(o]
0
0
0

W

lactuca canadensis
Liatris hieuwlandij
L:lLthosmmum arvense
salis subglabrata
Polygala polyeama
Poa compressa
Prunus pumila
Prumis vir injapa
Pteridium f. uilinum
Rubus idaeus
Rumex pgetosella
Salix humil iIs
Schizachne ascens
Senecio Balsamitae

Solj.dago canadensis

Solidago juncea

Solidago racemosa

Viola adunca

llll!—‘lllllllllllllllll—‘lllllllll

2
2
1
2
2
0
1
0
0
0
0
0
2
0
1
1
1l
0

1l -
1 -

HHOMO!I | HRKM] | HO | 1 O lHRIFEHMWONORMT N

lllllllllHllllllllllllllllli—‘.llllllil
lllllllll'lllIlllllllllllllllllllllll

0
1
1
1l
3
2
1l
0
1
1l
0
1
0
1
3
1l
1l
0
0
0
0

1l

# mmber of plants,
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Table 3. Data of the vegetation in the milacre quadrats of
the grassland type as recorded in percentage of
coverage or number of plants by height classes,

Station 2 Distribution of Loverage Llasses for the Type

Location: SEZ,Sec.2s, Quadrat
T25N, REW, 1 2 3 L

Height Class in Feet
Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6

Agrostis scabra
Andropogon scoparius
Arabis glabra
Artemisia caudata
Aster laevis

Cirsuum Hi113i
Comptonia peresrina
Convolvulus spithamaeus
Danthonia spicata
Erigeron annws
Erigeron ramosus
Fragaria virginiana
Gnaphalium Macounii
Hieracium aurantiacum
Hieracium venosum
Koeleria cristata
Lactuca canadensis
Liatris Nieuwlandii
Physalis subglabrata

Poa angustifolia
Polygala ama

Prunus pensylvanica
Prunus

Solidago canadensis
Solidaso juncea
Solidago racemosa
Viola adunca
Pteridium a uilinum
Rubus idaeus

Rumex Acetosella

Salix humilis

lllHNlD—‘lll—'O
lllllllllll
L I A

lllll\)llllll

T IO O

llllll—'lllll—‘l

*OOIIIIIIIHHOHHNIIIIHI

o

llllllllllllllllllllllllwllllll

1
o)
2
1l
1l
0
0
1
0
0]
1
0
0]
1
0
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lllllllllllllllllll
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* number of Plants,
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Table 4. Data of the vegetation in the milacre quadrats of the
grassland type as recorded in percentage of coverage
or number of plants by height classes

Station 3 Distribution of Coverage Classes for the Type
Location NWi, Sec.li, Quadrat
T26N, R3W, 1 2 3 L
Height Clascs in Feet
Floristic IList 0=l 1-3 3-6 0=l 1-3 3-6 0-1 1-3 3-6 O0-1 1-3 3-6

Agrostis scabra
Andropogon Gerardi

Anemone cylindrica
Antennaria neglecta
Arctostaphylos Uva-ursi
Artemisia caudata
Asclepias syriaca
Aster laevis

Campanula rotundifolia
Comptonia peresrina
Erigeron annuus
Erigeron strigosus
Gnaphalium Macounii
Helianthus occidentalis
Hieraclium aurantiacum
Liatris Nieuwlandii
Lysimachia guedriflora
Qenothera biennis
QOenothera parviflora
Poa angustifolia
Polyrala polygsma
Prunus punila

fubus idseus

S t———

Rumex Acetosella
Solidago juncea
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Table 5. Data of the vegetation in the milacre quadrats of the
grasslamd type as recorded in percentage of coverage
or number of plants by height classes

Station & Distribution of Coverage (lasses for the Type
Location NWi, Sec,l0, Quadrat

T26N, R3W. 1 2 3 Iy

Height Class in feet

Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3=6
Agrestis scabra
Andropogon Gerardi
Andropogson scoparius 3 - - 3 - - 3 - - L - -

Danthonia spicata
Schizachne purpurescens
Antenneria neglecta
Artemisia caudata

!
=
!
!
|
|
1
{
1
|

o1
!

]

'

|

Aster leevis - - - - 0 - = 0 - -
Campenula rotundifolia - - - - - - - - - -
comptonia perezrina 2 - = 1 1 -

Erigseron annuus
Erireron strigcosus
Fraparia virginiana
Gnaphalium Macounii
Hieracium venosum
Houstonia longifolia
Iiatris Nieuwlandii
Rubus idaeus
Solidaro juncea
Solidago nemoralis
Solidago racemosa
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Aspen type. In the thick pine country, where the lurberman's ax has
let in the sunlight, different plants sprang up freely. The most fre-

guent ones are pin-cherry ard blackberry with two dominant species of

aspen, nanely, Populus tremuloides and P. grandidentata, and they are

also often supplied with red maple and red oak, Of the latter two spe-
cies mentioned, red maple is nost widely distributed in the ground cover,
apreeing with its importance in the large-sten clascses of the mature

stand, The most abundant and cormon ground cover is Vaccinium angusti-

folium with Rubus spp. & close conpetitor.

The bracken fern, Pteridium aquilinum which is abundant and charac-

teristic of the aspen and jack pine forest, should be considered as a
subdominant, since it ray act as dorinant both in invading new areas and
in remaining 2s relics if the aspens is replaced, which is true in the
case of station 17 in the conifer hardwood type forest, This particular
species occurs in srezt abundance, often composing 50 percent of covering
of the ground vegsetation, It also has rhizores about 8 to 10 inches
below the surface of the ground, out of reach of fire, Their lecves
spread out &t a height of 10-20 inches in the sun, or in a shaded area as
high as L feet. They cover the ground with a moderate shade, which, how-
ever, does nct preclude the development of various secondery plants such
as blueberries, Although the shading effects of the vide fronds has
been pointed out, yet the dominance of this plant shown in Table & can-
not be taken as an average figure for all times, for at different periods
during the year, this plant varies widely in its spread or coverage in

the ordinary sense,
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Figure 4., Phytographs of Important Specles in Aspen Type

Populug tremulcides

Pinug bsnksians

Betula pepyrifere

Legend: ODr--Relative density in percent
OFg--Quadrat frequency in percent
0Sc~--Size Classes in percent
OBr--Relative basal area in percent
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Table 7 and 8, Data of the vegetation in the inilacre Quedr=ts of
the aspen type as recorded in percentage of coverage
or number of plants by height classes

Station 5 Listribution of Coverzge (lasses for the Type
location GSEj;, sec.9, Quadrat
T25N, RSW, 1 2 3 I
Height Class in Feet
Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3=6 0-1 1-3 3-6
Acer rubrum L* - < 12% - o 1% - - 3% - o
Apocynum androsaemifolium
- - - 1 - - - - - - -
tarex spp. 1 - - o - - 1 - - 1 - -
vanthonia spicata l - - 0 - - - - - - - -
Gaultheria procumbens - - - o - - 1 - - o - -
Populus jrandidentata 8% - - 17% - . 13% - - 5% - -
Prunus pensylvanica 1% - = Ux - - - - 1 - o
Pteridium aquilinum 2 - - 2 - - 2 - - 2 - =
Quercus alba 24 m - - - - - - - - -
Juercus rubra 8% -~ o - = - :]l:-::- - - (1>" - -
Rubus SPp. 0 - - 1 - - - - - -
Smilacina stellata - - - 0 - = 1 - - 1 - -
vaceinium angustifolium - - - 2 - - - - - 2 - -
* nuiber of plants
Station 6 Distribution of Coverage ylasses for the Type
Location SW:, Sec.7, Quadrat
T26N, R4, 1 2 b S S
Height Class in Feet
Floristic IList L 0-1 1-3 3-6 0-1 1-3 3=6 0-1 1-3 3-6 0-1 1-3 3-6
Anelanchier cenadensis - - - - - = 1¥ -« = - - -
Apocynum androsaemifolium 1
Aster laevis 1 - - 1 - - o - - - - -
Carex spp., 3 - - 3 - - 2 - - - - -
Cirsium Hillii - - - 0 - = 0 - - - -
Lomptonia peregrina 2 - - 2 - - 2 - - - - -
Danthonia spicata 1 - - - - - 1 - - - - -
Erigeron annuus - - - 1 - - 0 - - - - -
Gaultheria procumbens - - = - - - 1 - - - - -
Hierscium vemosum o - - - - - 0 - = - - :
Panicum Scribnerianmum - - - 1 - - - - - - - .
Prunus pensylvanica 1% = = - - - - - - - -
Prunus gmtina 6% -~ - 1% - = 1% = = - : :
Pteridium aguilinum - - = - = - 2 - - oo
Quercus rubra 5% = - 1¥ - - - = = oo
Rubus spp, 2 - - 2 - - 1 - - - - -
Vaccinium angustifolium 1 - - 2 - - 3 =~ =

# number of plants
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Table 9. Data of the vegetation in the milacre quadrats of the
aspen type as recorded in percentage of coverage or
nunber of plants by height classes

Station 7 vistribution of Coverace Clas:ces for the Iype
Location SW%, Sec.3l, Juadrat
T24n, R3W, 1 2 3 A
Height Class in Feet
Floristic List 0-1 1-3 3=6 ©0-1 1-3 3=6 0-1 1-3 3=6 0-1 1-3 3-6
Acer rubrum L% - - 5% - - 6% -~ - 2% - -
Anelanchier canadensis - - - 3% - - ¥ = - 2% ~ -
Aster cordifolius l - - o - - 0O - - 0 -~ -
Danthonia spicata - - - 0O - - 0O - =~ l - -
Gaultheria procumbens - ~ - l - - l - - - - -
Lonicera canadensis - - - - - - o - - - - -
Monotropa Hypopithys - - - l - - 1 - - l - -
Prumus pensylvinice 1*¥ - = 2% - - 1% - = 2% - -
Pteridium aquilinum 1 3 - 2 2 - 1 3 1 l 2 -
Quercus alba - - - ¥ - - - - - - e -
Quercus rubra 2% - - 1% - = 2% - - 2% - -
rubus spp. 1 - - - - = 1 - - 1 - -
Smilacina stellata - - - 1 - - - - - - - =
S0lidago nemoralis - - - 1 - - o - - - - -
Vaccinium myrtilloides 1 - = 1 - - l - - - - -
- - - - - = - - - 1 - -

Viburnun acerifolium

% number of plants

In station 8 of this type, which was situated in a transitional zone
of well- and poorly-drazined land, birch has become such & domin:nt species
that is quite striking. Also in this particular sampling plot, the number
of herbaceous species has greatly increased cue to the more favorable moi-

sture conditions, opecies like Galium, iquisetum which never appedcred in

other stands showed up in the tally.
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Table 10, Data of the vegetation in the milacre quadrats of the
aspen type as recorded in percentage of coverage or number

of plants by height classes

Station 8 pistribution of Coveracze Clas.es for the '{ype
Location NE#, Sec.36, Quadrat
- T23iv, R3W, 1 2 3 L

Height Class in Feet
Floristic List 0-1 1-3 3-6 0-11~3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Acer rubrum 137 - 138 - - 50 - = 93 2% -
Achillea Hillefolium - = 1 - - - - - - -
Amelachier canadensis ' - - v - -
Antemnaria neclecta - - -
Aster sagittifolius
Athyrium rilix-femina
Botrychium dissectum
Carex spp.
Coptis groenlandica
Cornus spp,
Diervilla lonicera
Fragaria virginiana
Galium triflorum
Hieracium venosun
Lactuca spp.
Lonicera canadensis
Lycopodium obscurum
unoclea sensibilis
Populus gzrandidentata
Prenanthies alba
Pyrole rotundifolia
subus s
o lecing atellata
nolida~o canidensis
Solida~o Curtisii
Trifoliwa dubiwn
Ulmus americana
Viburnum acerifoliun
Vacciniun anmnstifolium
Viola blanda
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Northern pin oak type. Five distinct tree species occupying con-

siderable area in this type of plant corrunity. Three of these species

belong to the Fagaceae; namely, Quercus alba, quercus rubra and Q.

ellipsoidalis, The other two are Populus grandidentzta and Acer rubrur,

Cutting, fire, and grazing of the past are responsible for the generally
depreciated stand composition, understocking, and large amount of defect
in most of the oak stands, This type senerally occupies certain red
pine and white pine sites that have deteriorated severely as a result of
at least two or three fires, Many investigators (62,95,31) have com-
pared this type to the aspen type in that it is a temporary type into
which the original occupants of the site gradually encroach, However,
this reversion to the original type of tree growth seems to have to

wait for a longwhile before it becones a reality, as judged from the
qusntitative data obtained fromr the area, First of all, there are not
enough repreduction or parent seed trecs to provide a satisfactory
nucleus for a pine forest, Secondly, the fact that twenty-seven percent
of the tree species are in size class two; thirty-four percent in size
class three; thirty-six percent in size class four; and only 2.6 percent
in size class five, definitely suggests the young character of this so

called temporary ozk tyype forest,
Six tree species make up the understory with Amelanchier canadensis

appearing more frequently,

Advance reproduction of oazks in unmaneged stands is often sparse,
Such is the case in the quadrats studied in this region, since oak seed
trees must be reasonably close together and uniformly distributed because
the seed is disseminated only a short distance,
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Figure 5. Phytographs of Important Species in Northern Pin Oak Type

__Dbr
T
TN

Bwr(_: +— / —— FQ

- T
Quercus ellipsoidalis Quercus rubra

- / /" T ‘\\
Populug grendidentata Acer rubrum

Legend: ODr--Relative density in percent
OFq--Quadrat frequency in percent
0Sc--Size classes in percent
OBr--Relative basal erea in percent
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Table 12 and 13. Data of the vegetation in the milacre quadrats
of northern pin oak type as recorded in percentages
of coverage or number of plants by height classes

Station 9 Distribution of Coverage Classes for the Type
Location SWi, Sec.25, Quadrat
T25N, RiW, 1 2 3 L
Height Class in Feet
Floristic List 0-1 1-3 3-6 0=l 1-3 3=6 0-1 1-3 3-6 0-1 1-3 3=6
Acer rubrum 1 - - 1 - - - - - - - -
Amelanchier canadensis 1% - = - - - 1% - = - - -

Apocynum androsaemifolium

1 - 1 - - - - - - - =
Aster laevis 1 - - l - - 1 - - - - -
Aster sagittifolius - - = - - - 0 - - - - -
Carex spp. 2 - - 2 - - 1 - - - - =
Danthonia spicata - - - 1 - - - = - - - -
Hamamelis virginiana 8% 3% 2% bw L% 3% 5 L% 1¥ - - =
lonicera oblongifolia 1 - =~ - - - - - - - - =
Pteridium aquilinum 3 - - 2 - - 3 - - - - -
Quercus rubra 1 = - 1% - - - - = - - -
Rubus allegheniensis - - - - - - 1 - - - - -
Solidazo nemoralis - - - o - - - - - - - -
Vaccm anpustifolium 2 - -~ 2 - - 2 - - - - -

# number of plants
Station 10 Distribution of Coveragze Classes for the Type
Location Nwz, Sec.lh, Quadrat
T26N, RAW. 1 2 3 L
Height Class in Feet ’

Floristic lList 0-1 1-3 3-6 0-1 1-3 3=6 0-1 1=3 3-6 0-1 1-3 3=6
Acer rubrum L - - g% - - 3% - - 5% = -
Carex spp. 1 - - 1 - - 1 - - 1 - -
Comptonia peregrina - - - - - - 1” - - 1 - -
Corylus americana 1 1% 1% - - - 1% = = 3% - -
Hamamelis virginiana - - - ¢ - 1 1% - - - - -
Hieracium venosum - - - - - - - - - o - -
Gaultheria procumbens 1 - = 1 - - i - - %& : :
Prunus pensylvanica - - - - - = - : - 2
Pteridium aquilinum 1 2 - 2 2 - 1 2 - 1=
Juercus alba 33 2% - 2% - = - - - 5* - -
Quercus rubra - - - 1 - - 3 - - -
Smilacina stellata - - - o - - - T PO
Solidego nemoralis - - - - 1 Il 1 Do

Vaccinium agggstifolium
- - # number of

.?Eﬁ;
ct
0]



L8

rable 14, vata of the vegetation in the milacre quadrats of
northern pin oak type as recorded in percentaces of
covera e or nunber of plants oy heisht classes

Station 11 Distrioution ol Coverage Classes ior ine Type
Location oki;, Sec.,lo, Quadrat
126:, n4, .1 2 3 A
Height Class in feet

Floristic iist 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Acer rubrum 11% = = 21% 4¥* - 55~ 2% = 18« 2% -
Agropyron trachycaulum - - - - - - - - - 1 - -
Amelanchier lacvis 03% - - 1 - = 17% -« - Re¥ - -
Aster ciliolatus 1 - - i - - - - = - - -
Aster luevis - - - 0 - = 1 - - 0 - =
Carex spp. 1 - - 1 - - 1 - - 2 - -
tonvolvulus spithamaeus - - - 0o - - - - - - - -
Lrataezus spp. 1% 1% - - - - - - - 1 - <
fpigaea repens - - - 1 - - - - = - - -
Freparia virginiana l - - 0 - = - - - cC - -
tGaultheria procumbens 2 - - 2 - - 2 - - 1 - -
linnaea borealis o - - - - - 1 - - - - -
Lonicera oblongifolia 1 - - 2 - - 2 - - 1 - -
tielampyrun lineare - - - v - - - - = - - -
Monarda fisvulosa - - - - - - - - - - 1 1
Populus erandidentata - - - - 1~ 1¥ - = < - - -
Prenanthes alba 2% - - - - - - - - - - -
Prunus pensylvanica ¥ -~ - - - 1 - - - - -
Pteridiun aguilinum - 3 - - 3 - 0 - 0 4 =
Pyrola minor - - = 1 - - - - - - - -
Pyrola rotundifolia - - - 1 - - 0 - = - - -
Quercus alba 25 - = - - - - - - - - =
Quercus ellipsoidalis - - - 1 - = 1 = = 1~ = =
Rubus allegheniensis 2 - - 2 1 - 1 1 - - - =
Smilacina stellata 1 - - 0 - = 0 - - 1 - -
thalictrum di®icum 1 - - - - - - - - - - -
Vaccinium angustifolium 1 - = 1 - - 2 = = 2 - =

——

P

number of plants

Again on the ground cover layer, bracken fern maintains its dominance
over other herbaceous plants, Althouzh big tree relics can hardly be found,
yYet numerous ground plants which remain as relics are still plentiful, such

a8 Vaccinium angustifolium,Gaultheria procumbens, Aster spp. and Uarex Spp..
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Table 15. Data of the vegetation in the milacre quadrats of the
northern pin oak type as recorded in percentages of
coverage or number of plants by height classes

Station 12 Pistribution of Coverage Classes for the 1ype
Location SE#, Sec.lh, Quadr:t
T26N, R3W, 1 2 3 R 4
Height Class in Feet

Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-0
Acer rubrun - - - 2% - - - - - 1¥ - -
Amelanchier canedensis - - - 1% - - 1% - - - - -
Antennaria neglecta 1 - - - - - - - = - - -
Apocynum androsaemifolium

- - - - - - - - - 0 - -
Arctostaphylos Uva-ursi - - - - - - - - - 1 - -
Aster cordifolius - - - - - - - - = 0 - -
Aster laevis 0 - - - - - - - - 0o - -
varex spp. 2 - - - - - - - - 1 - -
Comptoniea peregrina l 2 - - 2 - 1l 2 - 1 2 -
Crataeg_u__s_ gravis - 2% - - = - - - - - - -
Euonyrus spp. o - - - - - - - - - - -
Fregaria virginiana l - - - - - - - - o - -
Gaylussacjia baccata - - - - - - - - - l 2 -
Gaultheria procumbens - - - c - - 0 - = - - =
Hamamelis virginiana - - - - - - 2% - 13 1% - -
Hieracium venosum 0O - - - - - 0O - = - - -
Oryzopsis asperifolia 2 = - 2 - = 2 = - 2 - =
Phlox pilosa - - - o - = - - - - - -
Prunus serotina - - - - - = - - = 1% - -
Pteridium aquilinum 1 3 - - 1 - o - - 1 2 -
Quercus alba L 2% 2% L 1% - 10% - - 1% - -
Luercus ellipsoidalis 2% - - 6% - - - - - ¥ = -
Rubus cenadensis - -~ - - - cC - = - - -
Solidago nemoralis 0 - = - - - - - - - - -
Vaccinium anpustifolium 1 - = i - - 3 - - 2 - -
Viburnum _ acerifolium - - - - - - - - - 1 - -
Viola adunca o - - - = = - - = - - -

- m—— - -

% nuber of plants

- -, - ———— -
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Jack pine type. By the tirme the field has been abandoned for sore

years, the forest has encroached considerably on the area occupied by
various herbaceous growth, Jack pine is the dorinant member of the flora
and poplar and oak are also present, In places, a thick growth of jack
pine appears and there are but & fe: young oaks growing among then,

This is the peneral picture of invasion of different plant coiumunity
which is well depicted by the data on station 11 on the pine type study.
Phytosgraphs and summery of field data show definitely the dominance of
the jack pine, as indiccted by the basal area and other qualities are
concerned,

The open crovm of the pine is reflected in a rather rich ground
cover of herbs and the scarcity of seedlings of trees (Table 16,17,18,19),
In quadrat 14 and 15 of all the species present in the herbaceous layer,
seedlings of the dominents in the arboreal layer were poorly rerresented,
accentuating a decided intolerance-of these conifers, It is, therefore,
very evident that tolerant broadleaved species could easily crowd out
the pines if clirate were favorable to their invasion. This is so gra-
phically expressed in the pollen profiles of sone Michigan boss.(73).

Though the nu:bers of species appearing in the ground cover is
large, frequency is low for most of them, This is, however, vhat one
would expect according to Raunkiaer's law of frequency (71).

One of the most.significant fact observed in station 13 is the

apparent ability of the conifers to reproduce and develop well under the
perent group, evidently acquiring more light than many of the herbs and a
a few of the broadleaved tree species received, This agrees with the
finding of Shirley (80) who reports the sare competition for pine seedl-

ings by aspen and bracken fern.






51




52

Figure 6. Phytogrephs of Important Species in Jack Pine Type

S
Pinus pgﬂisiana Quercus rubre

Populus tremuloides

DRO

Prunus scrotina

Pinus resinose

Legend: ODr--Relative density in percent
OFg--Cuadret frequency in percent
0Sc--Size clsssses in percent
OBr--Relative besal erea in percent
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Table 17, Data of the vegetation in the milacre quadrets of the
jack pine type as recorded in percentage of coverare
or number of plants by height classes

Station 13 __Distribution of Coverare Classes for ik Type
Location SEz, Sec.l8, Quadrat
T26N, RLW, 1 2 3 I
Height Class in Feet

Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Andropogon Gerawd i 1 - - 2 - - 1 - - - - -
Andropogon scoparius 2 - - 3 - - 2 - - - - -
Apccynum androsaemifolium - - - - - - 1 - - - - -
Artemisia caudata o - - 0O - - - - - - - -
Aster laevis 2k - - 2% -~ - 5% - - - - -
Aster sacittifolius - = = 15% ~ a 2% - - - - -
Campanula rotundifolia - - - 2 - - - - - - - -
Carex pewmsylvanica o - - 0O - - 1 - - - - -
Cirgium Hillii - - - L= - = - - - - - =
Comptonia peregrina 3 - = 2 - - 1 - - - - =
Danthonia spicata 1 - - 1 - - 3 - - - - -
Rubus hispidus 1 - - 1 - - - - - - - =
Yaccinium anpustifoliun - - - - - - 3% - - - = =
Viola adunca - - - L* - < g% - - - - =

* number of plants

The data show that Pinus banksiana is by far the nost dominant species

With a frequency of 100, a density percentage of 92, and making up 99 per-
cent of the total basal area. The tree species with second rank is Quercus
Tubra: frequency 75, but with a rather low density percentage of 2,9, and
the total basal area per acre is negligible, On the basis of size-class
representation for all tree species recorded on this forest type, those

of size class 2,3 and L are evenly distributed. Furthermore, advanced
young growth of red pine has apjeared in some plots, adds the necessary
elements to suggest that the ccnifercus species have gradually returned to

their sites after lumbering and subsequent fires.
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Table 18. Data of the vegetation in the milacre quedrats of the jack
pine type as recorded in percentage of coverage or number
of plants by height classes

Station 14 Distribution of Coverage (lasses for the Type

Location SE:, Sec.l7, Quadrat
T26N, RLW. 1 2 3 A
Height Class in Feet

Floristic List 0=1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Amelanchier humijis 6 - - - - - - - - - - -
Andropogon scoparius l - - 1 - - 0 = = - -
Antemaria neglecta - - - 1% = - - - - - - -
Apocynum androsaerdifolium @~ - - - - - - - - l - -
Atostaphyios Uva-ursi - - = = = = 3 - - . . o
Aster laevis™ —  — 11% - - 3% o o 23% o - 10% - =
Cirsium Hillii 2% <~ - - - - - - - - - -
Comptonia peregrina 3% - - T% - - 2% - - 2% - -
Convolvulus spithamaeus - - - o - - - - - 0 - =
Crataecus Dodgei 1% - - - - - - - - ¥ e -
Danthonia spicata L - - 3 - - 3 - - - - -
Epigaea repens 3% - - - - - - = = 15% - =
Fragaria virginiana - - - - - - 1 - - - - =
Gaultheria procumbens 20% = = Ol% - - 34% - - 30% - <
Heliahus occidentalis - - - - - - - - - 1% = -
Hieracium venosum - - - 2% = = - - - - - -
Maianthemum canadense" - - - - - - 1% - = - - =
Melampyrur lineare 1% - < - - - - - - - = -
Nemopanthus mucronata - - - - - - - - = v - -
Prunus pensylvanica - - - 1% - - - - - - - -
Prunus pumila - - - - - - - - - 1¥ = -
Pteridium acuilinum 1 - - 3 - - 3 - - - - -
Rubus alleghemensis - = = 13% - - - - - - - -
Rubus canadensis - - - - - - L¥ - = - - -
Smilacina stellata - - - - - = - - - O“ - -
Solidzgo juncea - - - - = - - - - 3 - -
Vaccinium angustifolium 2 - - 1 - - 2 - - 5* - -

Vaccinium vacillang

* number of plants

The principal species forming the ground ccver are Pteridium aguilinum ,

Uomptonia p_erégrina, Rubus spp., Lpigaea repens and Gaultheria procumbens,

The higher shrub layer is well developed and is composed of Crateegus

DOdE;ei, Amelanchier spp. &nd two species of the genus Vaccinium,
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Table 19. vata of vegetation in the milacre quadrats of the jack

pine type as recorded in percentages of coverage or number
of plants by height classes

Station 15 Distribution of Coverage (Classes for the [ype
location NWz,Sec,l2, Quadrat

T26N, R3W, 1 2 3 A

Height Class in Feet

Floristic List 0-1 1-3 3=6 0-1 1=3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Agropyron trashycaulum l - - l - - l - - 0O - -
Andropogon scoparius 1 - - l - - o - - 0 - -
Antemnaria neglecta - - - - - = l - - - - -
Apocynum androsaemifolium - - - - - - 1 - - - - -
Arctostaphylos Uva-ursi 1 - - o - = - - - 0 - -
Aster laevis l - - o - - 1l - - 0O - -
Cirgium Hillii - - - - - = 0 - - - -
Danthonia spicata o - = O - - l - - 0 ~ =
Diervilla lonicere
Epigaea repens - - - - - - 0O - - l - -
Erigeron annuus
Frageria virginiana 1 - - 0 - = o - - 0O - -
lonicera oblongifolia - - 0 - = 0 -~ - - - -
Melampyrum lineare 0O - - 0O - = 1 - - l - -
Pteridium aquilinum 1 2 - 1 3 - 1 2 - - 2 -
Prunus pensylvanica - - - - - - - - - 2% - =
Salix humilis - - - - - - L¥ - = - - -
Solidago nemoralis 0O - - 0O - - 0 - - 0 - -
omilacina stellate 0O - - - - - - - - 0O - =
colidago juncea - - - - - = o - - 0 - -
Vaccinium vacillans 2 - - 2 - = l] - - 2 - -
viola adunca - - - - - - 1 - - - - =

%

number of plants
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Table 20, bata of the vegetation in the milacre quadrats of the

Jack pine type as recorded in percentages of coverage
or number of plants by height classes

Station 16 Distribution of Coverare Ulasses for the lype
Location NE;;,Sec.36, Quadrat
T25N, ROW, 1 2 3 A
Height Class in Feet
Floristic List 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6

Amelanchier laevis
Andropogon scoparius
Danthonia spicata

Pea compressa
Antennaria neglecta
Apocynum androsaemifoli
Artemisia caudata
Arctostaphylos Uva-ursi
Asclepias syriaca

Aster laevis

Cirgium Hillij
Comptonia peregrina
Hieracium aurantiacunm
Hieracium venosum
Pteridium aquilinum
Pterospora andromedea
fRubus canadensis

Salix humilis

Solidago nemoralis
Vaccinium angustifolium
Viola aduncu

- - B L - = =

- - 3 - -
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Northern-hardwood-hemlock type. Conifer-hardvood group, generilly

includes the northern hardwood type, characteristically composed of
sugar maple, yellow birch, basswood, beech, and hemlock, occurs princi-
p2lly on loamy upland soils, The oldrrowth stinds, contain trees rang-
ing in age from 160 to 300 years or more, in diareter from 18 to 30
inches and second-growth sawtimber forests, in height from 80 to 100 feet.
Coumonly residual stands from heavy partial logging, often include a
disproportionate share of inferior species and cull trees, The pole
stcnds and sapling areas, likewise, contain scattered saw~timber trees
left at the time of logging, but are rmade up mainly of young trees of
more or less even are,

The four stands included in the study of conifer-hardwood type were
located where no recent-burning evidence could be found, and viere dis-
tributed over & wider erea than the pine forests; they also invelved
rore stages of develcp:ent than other type of forests, making possible
observations fro: early youth to decadent maturity.

Representative of the typical meture stand wos Station 20, a
decadent stand which is situated on i 18 to Rosconmon., Incidentally,
the stand is clso a representative of a forest after some disturbance
by cutting; and the one at Station 17 pictures secondury succession
fron complete denudation of a forrer hardwood stand., The youthful
character of the stind cf maple-beech forest in the station nurber 19,
is expressed by the siall diameter of the stems and also by the large

nuiber of stems per unit arca, These features are shown in Table 20,

Though the complex of species playing a part in the crovm cover
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is nct so simple as in the pine forests, it is still very sirple vhen
compared with the southern .ixed hardwood comimnity, such &¢s found in
southern Lichigan and Indiana, viere up to 40 species play a part,

In the hardwood type, three layers cen be recognized: (1) tree

layer, usually consisting of superior &nd inferior strata; (2) shrub

layer, consistiag of shrubs and tree saplings; (3) herb layer, corposed
of herbs, pteridophytes, seedlings of trecs and shrubs, (n the whole,

there is sore cle~r cut separation of layers but soueties it is rather
£ 3

overlapping.

In general, the canopy is quite irresular, since it represents an

uneven-ared 1ixed stand of tress, A fe. of liie lerser trees, occasioncl-

ly reaching a Jrect heisht, si ad above the

superior loyer os "dorincnts)

e treec specics that cre cst co.ren, éna precent in :ost of the

stonds are Fagus orandifolia, Acer sacclirwi, «nd scer rubrum, Other
species of tall trees at tires bhcco e codordnant in the crowm cover

are Populus srundidentata, 'sura cianadensig, but their distribution is

scittered and erreatic,

Under the open crowm cover -f the mature stinds, there are soie

“

shrubs ~.d s..2:11 tree strate developed, The tree species present at cll

regularly is Acer rubru. and it cutnuwbers all other species in repro-
duction, This could be on indication that tue orizinal composition of

the stond had been disturbed end recession of the cliwx species thus
resulted, In Station 19 viiere young trees over 9 feet in heicht, but
under one inch in dirmeter, size class two, ¢nd 2lso in 1-3,5 inch class,

size class three, were tabuluted, Acer scccharum had a sreater represen-
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tation than all other spccies corbined., Tilia wericans and runus

serotina shired this cbundance in steus of 1-3.5 inch and 3.6-9.5 inch
D.,B.H, in class 3 and 4., It is striking how abundance of stems per unit
decrcases with maturity, such is showm in station 20, Even though
herlock wd beech were low in nuber of stems per acre, their basil urec
shiowed doubtlessly that they were the dominant species before the des-
tructive lo-zing oneration hit this strnd, One thing worth notice in
this particular instance, is tnat there were guite a nuwuber cf lorge
decayed and dead trees in the sampling area, Although they were not
tallied, this ncy show that sone of mature or overmatured stands in the
area should be operated under a better nanagement,

The flora of the deep nardwood forest is interesting, Sore under-
growth of inferior tree species were found here, and the gloomy recess
of this type of forest nourish plants that thrive in the shade, Here
the Lycopodiwis find a congenial hone and flourish lwaurisntly, while
Trientalis covers the rround, ‘he ~reat tlintonia with its broadoval
leaves close to the earth, is 2lso frequent and striking, i/e shall also

neet Rubus, Smilacina, Maianthemun end a few ferns particularly Dryop-

teris spinulosa, Other species occur, of course, but not so cbundantly,
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Figure 7. Phytographs of Important Species in Northern Herdwood-
Hemlock Type

Dy

Acer rubrum Quercus rubrs

Populus grendidentate

(P W

Fegus grandifolia Acer saccharum

Legend: ODr--Relative density in percent
OFq--Quadrat frequency in percent
0Sc--Size classes in percent
OBr--Relative basal area in percent
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Table 22 «nd 23, vata of the vegetation in the milacre nuadrets of
the northern hardwood-hemlock type as recorded in
percentages of coverage or number of plants by
height classes

- - - e e e—————ie e - -

Station 17 Distribution of Loverage Clisses for the iypo
Location iW;, Sec,l0, {(madrat

T25N, R4W. 1 .2 3 L

Heizht Classes in Feet
Floristic List O=1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6
Acer rubrum 28% - - 26% o 25% = - 10% - -
Amelanchier canadensis 7% - - - - - - - - - - -
Larex spp, - - - 1 - - 0 - - - - -
Danthonia spicata 2 - = 2 - - 2 - - 2 - -
Gaultheria procumbens 0O - - o - - 1 - - - - -
Koeleria cristata o - - - - - - - - - - -
Lonicera canadensis o - - - - - o - - - - =
Populus grandidentata ¥ - - - - = - = = 1% - -
Prunus serotina L% - - L <« - 11% - - 3% - -
Quercus alba 1% - - 2% - - ¥ - - - - -
-uercus rubra S T - P
Vaccinium angustifoliun - - - - - - 1 - - 1 - -
- * mumber of plants

Station 18 Distribution of Coverage Clasies for the Type
Location SE., 3ec.l, Quadrat

T26N, R4V, 1 2 3 4

Height Clsss in Feet

Floristic List .0-11-3 3-6 0-1 1-3 3-6 0-1 1-3 3-6 O0=-1 1-3 3-6
Acer sactharum - - - Lit = = 2% - 3% -
Aster lueiduluy: - - - - - - - - - 0 - =
varex blanda l1 - - 1 - - - - = - - =
Carex spp. 1 - - - - - 1 - - %n - -
torylus cornuta 1*¥ - - - - - - - = - =
Fagus grandifolia = - - - - - - -
Mitchella repens l - - - - - - - - 65 - -
Ostrya virginiana 5% ~ - 5% - = 5‘ - - - -
Prunus pensylvanica 5% - = 15% - = s = = oo
Srilacina stellata o - - - - = - T : - 1% -
Iilia americana - = - = = = = -

3% number of plants
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‘table 24. Data of the vegetation in the milacre quadrats cf the
northern hardwood-hemlock type as recorded in percentages
of coverage or number of plants by height classes

Station 19 Distribution of Coverage Classes for the Type
Location SW%,, SEC.9, Quadrat

T20N,R5W., 1 2 3 L

Height Class in Feet

Floristic List 0-1 1-3 3=6 0-1 1-3 3-6 0=l 1-3 3-6 0-1 1=3 3-0
Acer rubrum 27% = = 2% = = 13% - - 10¥ - =
Acer s:ccharum - - - - - - 5i - = 10% - -
Amelanchier canadensis 2% - - 1 - - - - = - - -
Amelanchier spp. 9% - - 2% 1% = 20% - = T - -
Antennaria neglecta - - - - - - o - - - - -
Apocynun androsaemifolium - - - - - - o - - - = -
Aster lucidulus - 1 - - 1 - - o - - 1 - -
Carex spp. l1 - - 1 - - 1 - - 1 - -
Chinmaphila umbellata o - - - - - o - - - - -
Clintonia borealis - - - - - - o - - - - -
Corylus cmericana 3% - - L3 - - 1% 2% 3 LF - -
Fagus zrandifolia 1% - - - - - - - - - - -
Fragaria virginiana - - - o - - - - - - - -
Hieracium venosum - - - 0O - - - - - - -
lactuca spp. o - - - - - - - - - - -
Iycopodium obscurum - - - - - - o - - - - -
hitchella repens - - - - - - o - - o - -
Kitella diphgdla o - - - - - - - - - - -
Ostrya virginiana 1 - - 7% - - - - - - - =
Finus strobus - - = - - - 2 - - - - -
Pedicularig ' canadensis 1 - - 1 - - - - = 1 - -
Prenanthes alba 25 - - - - - - - - - -
Prumus penslyvanica - - - - - v - - 1% - =
Pteridium aquilinum - 2 - - 2 - - 1 - - = =
Pyrola secunda o - - O - - - - = - = =
Juercus alba 2% - - - - - - - = ; - -
Juercus ellipsoidalis - - - ¥ - - = = " 3" ;.* _
Juercus rubra A
Salix discolor - - - o - - - - - S oI
omilacina stellata o - - - - - o - - S
Solidaco nemoralis - - - - = - 0 - -7 " _
Trientalis borealis - - - - = = 1 - _‘_ - -
viburnum acerifolium l1 - - - = 6 - o -
Viola blanda 1 - - 0 - -

% mumber of plents
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Table 25, Data of the vegetation in the milacre quadrats of the
northern hardwood-hemlock type as recorded in percentages
of covercge or number of plants by height classes

Station 20 Distribution of Coverare Classes for the Type
Location iWi,3ec.2, Juadrat
T25N, R3W, 1 2 3 A
Height Class in Feet
Floristic List 0-1 1-3 3=6 0-1 1-3 3-6 0O=1 1-3 3-6 0-1 1-3 3-6

Acer rubrum 3 - -
Agrostis alba o - -
Agrostis scabra - - =
apocynum androsaemifolium - - -
Aralic nudicaulis -
Carex intumescens 0 - -
Carpinus caroliniuna 1
Centaurea miculosa o - -
{lintonia borealis - - - - - - 1
voptis trifolia - - - - - -
Cornus cinadensis
Cornus stolonifera
Dryopteris spinulosa
Fagus grandifolia
Galium triflorum
Lycopodium obscurum
Maianthemum canadense
iitchella repens
Polygonum cilinode
Polygonun: Convolvulus
Prunus pensylvanica
Pteridium aquiliniunm
Juercus rubra

Rubus hispidus

Rubus parviflorus
Rubus strigosus
Smilacina stellata
frientalis borealis
Tsuga canadensis
Viburnum cassinoides
Viola blanda

Viola scabra
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V. THE 30DY oF ~uUAFHIC FACTCRS

1, Physiographic Features znd description of 5oils

Under Different vezetation Types

The glacizl action vhich this region has been subjccted has erased
mwost of the sharp features of the topography. A large proportion of the
region is relatively level to gently rolling, with slopes less than 25
percent, In some sections the land surface is practically level for
miles, These areas, situated above the general level of the surrounding
country, have excessive draina-e and becore dry in ridswuner, Dotted
through the region are swamp areas,

A great variety of soils, all podzolic, are represented by many
soil types. Sand and sandy loais predominzte, Locally peats and rucks
or heavy clays occupy extensive arecs, Generally speaking, the soils
are deep as the result of extensive deposition during the glacial period.
Stones and boulders are abundant in sorme soils, but almost entirely

lacking on the sand plains,

Roselawn sand., Roselawn sand couprises the loose, yellowish-gray

sand, vhich is dry to a depth ranging from 3 to more than 4 feet, on
the pine and oazk hills, The deeper underlying material consists mainly
of sand but contains scattered gravel and boulders and in places pockets
of clay, The soil is fairly uniform in that it consists dominantly of

a mixture of medium end fine sand, with only & small proportion of silt
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and clay., The land is for the most part free f{rom stones but in places
boulders and sravel pocket occur (Table 26),

The gravelly phase of Roselavm sand is distinguished by the pre-
sence of an appreciable gquantity of rounded csravel and smnll stones on
the surface and throughout the soil, The gravel consists of waterworn
fragments of granitic rocks, chert, and some sandstone, with very little
or no limestone,

This type of soil is one of the more extensive soils in the region,
It occurs as low swells, smooth rounded ridges, and hills with broad dry
swales or valleys intervening. The land is dry or well drained, owing
to the perviousness of the soil and free dovnward percolation of water,

The original forest consisted dominantly of red pine, with perhaps
a few scattered white pine, oaks and jack pine., The pine had been
entirely cut by lw.bermen, and the old cut-over land has grown up to a
poor or fair growth of swall oaks, red imaple, aspen and white birch,

A few scattered old red pines and most of the pine stumps left by the
lurbermen remain, Roots of the iree extend visibly dovm to about 20
inches on average, and the fine roots continue to penetrate the soil to
a depth of 30 to 44 inches, Bracken fern, sweet fern, and low blueberry
are cormon, and in places there is a dense thicket of briers, Some
hardwoods, maple, beech, and hemlock grew on the sandy loam areas which
have been included with mapped areas of Roselawn sand (58).

The gravelly phase of Roselawn soil under the Northern pin oak
type consists of the following layers; (1) A surface layer, Al and Ao

(The latter being a thin layer), varying from 1 to 2 inches in thickness,
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of mold or 2 loose mixture of <ray sand, charred organic ratter, and
plant roots; (2) The i horixon, consists of grayish leached incoherently
sard from 2 to 4 inches thick; (3) The horizon of B] with dull-yellowish
slizht loamy sand, tinted by organie colloidal matter; about 16 inches
in thickness; with scattering rravels here and there; (4) By horizon is
a gradation from the loamy sand, with clay pockets frazments of granite
rocks, stones, and ravels in places down to a depth of about 50 inches
Where tree roots usually end their extension, and (5) the weathered
parent zlacial drift material, the ¢ horizon, consisting mainly of sand
with sore scattered gravels amd boulders and here and there a pocket of
clay (Figure 8).

The content of organic matter is uniformly low and not durable,
Vhere the soil is grass covered, as in spots on old cut-over land, the
dark-gray color from organic matter extends to a sreater depth than
under trees, The moisture-~holding capacity and the average quantity of
vater held is low, but it is probable that a high proportion of that
present is available, The total quantity of essential plant nutrients,
such as calcium, magnesium phosphorous, and potassium is lower than in
the heavier soils and those containing a greater proportion of lime-
stone, but there is no evidence of an abnormal deficiency of essentjal
plant-food elements, The low fertility is compensated to some extent
by the penetrability of the soil and greater freedom of root development.
The reaction is strongly acid to a depth ranging from 3 to 5 feet, The
gravelly areas, spots in vhich some clay is present between depths of

3 and 5 feet, and the dry valleys or swales between hills may be
slightly more productive than typical.
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Grayling sand., This soil type comprises the deep, yellowish-gray sand

soil of the drier pine plains, The forest soil of this type found under
an aspen stand consists of the followin; layers: (1) A very thin layer
of Age (2) The A, layer of mold and hwious soil ranging from one-half
to 1} inches in thickness; (3) Underlaying the Al is the A2 horizon in
which zray sand changes to light cray sand from 2} to 3 inches in thick-
ness; (4) The horizon of By has & dull-yellow loamy sand which becomes
lighter in color with an averzge thickness of 16 inches and crades into
(5) the B, substratun of light yellow, wet coarse sand, sand, and fine
gravel at a depth ranging from 20 inches downward, The distinguishing
characteristics of this soil are its loose consistence, incoherent, or
single-grained structure, sandy texturc throughout, and its perviousness
and nonretentiveness of moisture, The average moisture content is very
low to a depth ranging from 3 to 4 or more feet, and the fertility is
correspondingly low, The reaction is :edium or strongly acid to a depth
rangiﬁg from 3 to 4 or more feet, Penetration of soie tree roots extend
to a depth of about 30 inches (Figzure 8)(Table 26),

In the open grass-covered areas such as the sample plot on grasse
land type, station 4, the soil layer colored by organic natter is appre-
ciably thicker and the tint is darker than in the same layer under jack
pine or aspen,

This soil is fairly uniform throughout the region, but the texture
of the sand varies sonewhat, from medium to coarse, and the amount of
gravel varies from place to place, These variations may have some

slight significance, in relation to cultivated farm crops and in relation
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to average moisture content cnd amount of plant nutrients affecting
plant growth, There is a suggestion of a little higher natural ferti-
lity in areas of the gravelly phase, indicated by a somewhat rore
thrifty tree growth, and owing, perhaps, to 2 high proportion of rinerals
other than quartz in the parent materials or to a sonewhat higher mois-
ture-holding capacity.

Areas of this soil are level, plainlike or very slightly uneven,
owing to shallow dry dcpressions and hummocks of wind-blown sand, The
land is excessively drained and dry, due to the perviousness of the
soil and the underlying geologic formation., The vater table or perma-
nently viet sand probably lies at a depth of more than 15 feet,

The original tree growth probably consisted mainly of jack pine
and red pine; there were probably a few white pine and oaks, The pre-
sent growth consists of mainly of jack pine, either in thickest or
scattered in association with small groups of oaks, and aspen, and also
soize good aspen stunds, In the more open areas, the characteristic and
more corvion shrubs and herbs are blueberries, low willow, sweetfern,

bracken fern, species of bluegrass, oatgrass and bunch grass,

Kalkaska loamy sand., Kalkaska loamy sand includes the lighter and

deeper sand soil of the dry sandy plains and valleys, which supports a
hardwood forest, Its chief visible differences from the sands of the
pine plains is in the dark-brovn or amber-colored layer which underlies
the pale lavender gray Az leached layer at a depth of a few inches amd
in the characteristic slight cementation. Beneath this layer, begin-

ning at a2 depth ranging from 15 to 20 inches, is the B2 horizon which
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consists of pale-yellow or gray loose penetrable comparatively dry sand
mixed with stones and ‘ravels which cxtends to & depth rancing from 8

to more than 10 feet, The soil is not highly fertile, and is moderately
or strongly acid to a dcpth of 30 some inchies, but apparently has a
higher average moisture content and hence is a little more productive
than the sand of the pine plains, The land is nearly level but is pitted
here and there with shallow dry depressions and lake basins and is fea=-
tured by low terrace escarpuents (Table 26) (Fisure 8),

The forest cover consisted principzlly of hard maple, beech, yellow
birch, elm, and ironwood, together with a few scattered white pine, 4
few tracts of virgin forest still remain in the Kalkaska county, but the
jreater part hos been cut over and has grovm up to a2 second growth of
maple, elm, and other species of the original forest, or, vhere :ore
scverely burned over, the srowth is norc larzely aspen or the land is
covered with srass, A considerable acrcacge has been cleared for ferning,
The soil is easily plowed, is nearly frce from cobbles and large stones,
and large bodies are conparciively uniform, Its chief deficiency is
prot-lly low moisture content, The saad also has some tendency to blow
in clearly cultivated fields erd, as on 1mosi. of the sanly =vils the

fields 2re likely to be infested with quack grass,

Ogemaw sandy loam. From the surfcce downward it consists of (1) a

thin surface layer of about % inch of forest mold and a one to two
inches layer of dark gray loany sand, (2) A leached, greyish or whitish,
loose sand layer, verying from 4 to 6 inches in thickness, (3) Dark-

yellov or coffee-brown sandy loa, in places gravelly or cobby and
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slightly cemented sznd, «bout 2C inches in thickness, (L) Le:ched
~reyish wet send; and (5) comparatively impervious pale reddish-brown
clay. The dark color 2t the surface, the dark-yellow or brown color of
the third layer, and the prescnce of clay at & depth varying from 23 to
L feet below the surfice are distinguishing charecteristics, The basel
part of the sandy soil is nore or less pernanently wet, and the average
noisture content is higsher than in other sand;s scils such as Grayling
sand, Roselzvm sand, and Rubiccn sand, and the fertility is sli htly
higher, In iost «re2s, the surfice is acid, although in &« few plices
it nay be necrly neutral or slishtly alkaline; the underlying sandy
layers cre strongly acid; and oving to the presence of caleiu: carbonate
the clay sutstratum is alkaline (Table 26),

This soil occurs in ssall patcihies on nearly level plains in «5So=
ciztion with the heavier soils, 1In plcces the land is very uneven on
account of the =r2ll ocunds and pits caused by the uprooting of trees,
Under netural condition sone of tle land is wet ard irperfectly drained,
The higher averurse roisture ccentent is shovm by the darker color ond
greater accwrulaticn of or-an’c metter, as compared with so e other
soils, the aspect of the precent vegetative cover, and the composition
and nature of the original cover,

The original tree growth consisted niainly of vhite pine, with a
veriable rixture of heslock and nerdwoods, such as eln, ash, basswood,
and beech and more cr less spruce, fir and arbor vitae, The present

cover of the uncultivated land consists of & dcnse brushy growth of
poplar, aspen, maples, alder, willow, and briers, and scattered clumps

or individuals of hardwoods and other original species (Figuresg),
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Rubicon sand. Rubicon sénd consists cf deep-yellow comparatively dry

sand on pine plains and sandy valleys, The typical profiles of this scil
type consists of (1) A,, & thin layer of organic matter; (2) A1, a hori-
zon composes of forest hunus mixed with dark gray sand with a thickness
of from 1 to 3 inches; (3) the rreyish leached sand which is designated
as A, layer; (4) By horizon which is a dark-brovn layer of loary sund
occurs at a depth renging from 6 to 24 inches below the surfrce, and
beneath this is (5) the B, layer of pale-yellowish, incoherent pervious
sand (Table 26),

Arecs of this soil are level, ¢nd the soil has a thicker gray and
brown subsurfuce layers unlike those in the Grayling sands, This soil
is free from stone, roderztely acid and the fertility is low, but sup-
ports a little gsrecter avount of vegetation becuuse of slightly hicher
averc-e rioisture content, At present, there is a pocr to fair second
growth of oaks, aspens, white pine end white birch, together with a few
widely distributed individual relics species such as vhite and red pine

(Figures8).
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Figure 8. Schematic Presentation of Typical Profiles of Varicus
Soil Types
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Tabl- 25, The Depth, pi value, Content of Irzanic latter ard
“echanical Analysis in Various llorizons, The Joil Type
and Cover Tvpe in Jix Jamplin; Stations,

' ‘ | !
Loca- | Soil i Cover Type and Hori-! Depth’ pH Org. _l'echanical enalysis (J)
tion | Type . Important spp. zon . (in.) Yat,»omn, <L, '

»  sand sand SOM L 2K

—_— - : . -
i
|

Jtat-;urayllqr Grassland Type 49 0-2 US.1 1,24 3,12 £C.27 3,97 1.26 3.38
fon | Sand . Andropogen spp. Ao 2-6 S.7 1,02 12.74 €3.00 1,59 0.24 1.03
L (qravelly Darthonia spi- B3; 6-33 0.3 0.30 1,24 20,85 C,39 0.0 1,38
phase) cata By 38-  S.4 0,13 6,25 92,30 0,20 0.20 1.17
Stat-‘ﬁrayling Aspen Type A 0-5 L. 1.03 046 £7.43 £,15 0.91 .1k
fon | sand  Populus srandi- By 5-20 5.3 0,55 2,22 €6,20 C.09 0,06 5,03
5 (oravelly ~ dentata Do 20-2C 5.0 0.27 1.i2 90,30 L.77 0,30 2,93
phase)  Juercus alba
Ctat- Roselawm Yorthern pin oak Ay  0-2 1.0 6,56 16,18 74,89 .00 1,02 2,56
ion . Sand m :‘2 2-)4 1;0‘3 1072 6.&3 6}4089 :lo(2 lul-‘o 2.}46
12 (Sravelly “uercus rubra Pp 4=19 £.0 0.02 10,91 £1,09 3,40 1.3L 3.56
phase) Juercus elli- Dy 10-50 7.8 C.26 L,65 3.0 2,300 1.0l 2,49
psoidalis
ropulus ~randi

dentata
State 'Ogemau ASpQﬂ. Ty‘pe A 0-7 50‘4 0. 2 1.58 37070 7033 0093 20116
ion ' Loamy Populus trem@- By  7-18 5,7 1.18 0,36 91.50 5,49 0,20 2,45
. Jand loides [p 19-27 S.L C.71 2.61 50.00 5,37 0.98 1,34
Fopulus grandi- B, 27-30 5.2 0.31 0.06 97.0L4 1,30 0,00 1.0

dentata

“etula papyrifera
Acer rubrum

At rallaska Horthern-lardwood-1  0-6 Z.L 1.33 3.73 83,34 10,15 0,79 1.93
;gn Loamy  Hemlock Type Bl 6=20 J.4 1,06 7.59 75.63 10,03 1.28 5.17
> Sand ' Acer saccharum B2 20- 5.7 0,6 10.0% £3.10 3.69 0,90 2.27
Fa~us ~randi-
folia
T™1lia americana

State  Aubicon Northern-ilard-

o Ay 0-3 5.3 3.0 0.62 85.60 9,22 0 55 1,,01

i ' 1 . Je Je o, 40
1;n | Sand wood-hemlock Wype Ay 3.6 5,5 0,51 L.k 83.05 6,95 1,37 2.1
| Iinus strobus T’»1 P é-2l £,3 0,37 L.Z8 3L.62 5,90 1,95 1,95
icer saccharun R, 2),,36 £,1 0.1k 11,70 £5.00 0.62 0,00 1,98
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2, Topography

Although toposraphy affects vegetation indirectly by nodifying
other fectors of the environmment, it has nevertheless a significant in-
fluence upon @1l plant communitics, Uniform veretation rnay be expected
in area that is level provided other factors being equal, Usually irre-
gularities in topography such as depressions or different slopes or
exposures will produce entirely unsirdlar light, tenperature and mois-
ture conditions, and the resultant of this interaction is the warious
types of plant grovwth, Furthermore, slopes affect surface runoff and
cornsequently will determine the desrece of erosion and scil moisture
condition, Geologically speaking, if the topography is immature,
drainase is relatively poor and depressions contain ponds or lakes which
in turn will support different species of plants, In a region vhere
rmoisture is rarely a critical factor, slope and exposure produce
scarcely noticeable differences in vegetetion, Whereas, local topogra-
phic effects will becore apparent ond result in vegetational zonation,

Two transition tendencies of plant growth are obvious in the study
of this area: one, which occurs where there is increasing soil moisture,
is toward the northern hardwoods; the other, which occurs where there is
decreasing soil moisture, is toward the pine ccrymnity, The hardwoods,
too, consist of two variants in which one or the other of the two domi-
nants, plays a more important role, Un upland sites, with decreasing

soil moisture, Acer saccharum predominates; such is the case in station

19; vhereas in the more mcist level land habitat, Hemlock (Isugs cana-

densis) and beech (Famus grandifolia) predominate as in station 20 of

the Conifer-northern Hardwood type.
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3. Soil Reaction

There are various designations for scil acidity., Generclly it is
expressed in terms of pll velues, Thus, in a glosuary of special terms
in the United Stutes Departiwent cf Agriculture yearbook of 1938 an
acid soil is defined as:

"A scil ziving an acid reaction (Precisely, below pH 7.0; prec-
tically, below pH 6.6) throughout most or ell of the portion
occupied by roots, liore technically, a soil having a prepon-
derance cf hydrogzen ions over hydroxyl icns in the solution.®

Likewise, an alkaline soil is defined as: "any soil that is alkaline
in reaction (Precisely, above pH 7.0; practically, above pH 7.3)",

In the developnent of acid soils the soluble bases zre reroved by
coaditions of hizh rainfall and the resulting leaching processes, while
alkaline conditions are accocunted for by precisely the lack of leaching
during the weatherin: of parert material, Contributins factors in the
developnent of acid soils are the organic acids produced by plants,
the low base content of residue rmaterials added tc the soil, and the
charicter of their deco:.position,

The pH of o forest scil is not constant but shows variations dur-
inz the course of a year. Secsonzl verictions in the pH of soils are
probebly relcted to climatic conditions and to the nature of trhe vege-
tation, The degree of drying and the kind of soil also have a marked
differences in soil reaction. It seems that drying of soils is general-~
1y in the direction of incre: sed acidity, Furthermore, altitude, aspect

and drainaze influence this resction of soil, In general, pH values

decrezse with increase elevation, the soils of north slopes tend to be
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rnore acid than those of south &and west slopes, Under conditions of
poor draina;e hishly acid conditions are apt to develop,

There is very little evidcnce that low pH per se is responsible for
poor ;rowth of forest trees, for in northern Europe, soils having pH
values of 4,0 or less are known te be hichly productive, even for
hardwoods, such as beech, It seei:s, hovever, that seedlincs are nore
sensitive to soil reaction tran old trees, ond they develop best in
soils havin; reacticn velues hetveen pH 4.5 and 6,0, It has been known
thet soretires it is necesuvary to acidify nursery soils in order to
procduce satisfactory coniferous stock.

The forest soils of :"cst of the upland stends are strengly acid in
the upper portions of the profile, especially the A layer, with a
slight but gradual increcse in pH with depth, The pll of the horizons
from the By upward vis definitely lower in the poplar and ock si.nds
than in the open gras.land soil, These soil reaction tests conform
vith the findin:;s of wWilde that the pH volues renge from 5 to 6.5 (98).
The pH values of the severcl forest scils are given in Table 26,

Teble 27, Anclysis of variance of pH Value in Different Soil
Horizons and urder different ccver types,

Source Desree of Sum Squares lean Squares F
Freedom

Total 17 3.,6700

Between Hori-

zon means 2 0.6132 0.,3066 2,39

Between Type

r-eans 5 1.7652 0.3530 2,78

Er ror 10 l . 2916 Oo 12 92
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There were no si;jnificant differences in different socil horizons

and under various veretetion covers as far as pH vzlue is concerned,
4. Soil Teuperature

Soil temperature is a highly importunt fuctor, since it influences
to greater or lescer desree, the physicel, chemical, and biological pro-
cesses in the soil., The principal source of heat is solar radjation,
ond its intensity in turn will vary according to secsonal chanres, at-
mospheric conditions, latitude, exposure and slope and alsc the living
and non-living cover of the soil, Thusly, radiant energy reaching a
given spot on the =oil is not constunt,

Beside all these external factors that can influence the soil ten-~
perature, certain characteristics of tlie soil itself should not be
overlooked, For properties of soil such &s color, content of weter,
specific heat and conductivity of heat etc, also noy exert an impor-
tant influence,

Fron the ecclogical view point, one ray find that soil terperature
influences the gernination of secds and the survival and development of
seedlings, hany instences show that even if moisture and ceration con-
ditions are favcrable, seccs will not germinate or the period of germi-
nation will be preclonged, if the temperature is tco low. This phenone-
non may explain sose dense forest stands are frequently without enough
reproduction, (n the other hand, in situations exposed to intense solar
2l to

1 . - s s = e fa
radiation, surface soil temperatures may rise high enough to b

youns seedlings,
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Data obtained durinc th:is study show that the highest soil tem-
perature £t six inch under a 30-year-old juck pine stand were from 4°
to 7°F lower than in the open grassland during August and Septenber; and
in October the differences were 6°F, There seen to be no significant
differences in soil temperatures arong different types of forest stunds,
except the mature hardwiood stand of station 20 shicwed a slightly lower

temperatures, The soil terperature drota previcusly described are given
in Table 28 and Firure 9.

Table 28. Soil tenperature (°F) at six inches below surface in
six different cover types on different dates,

ﬁpe Gross- Jack Northern Aspen Aspen  Northern Hard-
land pine pin ozk wood Hemlock
Station No. JA 15 9 6 5 18
July 26 77 70 67 68 68 68
Aug, 2 62 A 62 64 64 63
Aug. 9 70 63 64 6l 6L 63
Aug. 16 66 66 6l 65 65 65
Aug, 23 69 58 59 59 60 59
fug, 30 68 64 6L 61, 65 63
Sept. 6 61 60 59 59 60 59
Sept. 13 72 65 66 68 65 66
Sept. 20 60 54 55 54 56 55
Sept. 27 57 50 53 51 52 51
Oct. 5 51 L6 L6 L, L6 L6
Oct. 13 52 L8 48 L6 L6 L6

Table 29. Analysis of variance of soil tenperature,

Source Desree of Sum of lecn of

Fr;edom Sguares Squares F
g:::fien Type " s sLes 23,895
B?irel:n Date 1 3807.42 346.13 154,89
Error 55 19.77  2.17

s Significantly different at 1% level.
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Figure 9. The KReletion of Soil Temperature to [ate in Verious

Cover Types

________________ Grassi &’v\d
801' Aspen
Noctherm, Pin Oak

_______ Jack Pine
. Northern Heedwood - Hemjock

)

Soil -remfe.\-a-fure C°F)

Date
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Analysis of variznce cof soil temperature in sX sanple plots indi-
cated that both covering types and dates cuused sisnificont difference,
The grassland soil had dcfinite higher te.perature than other covering

types, which were not sisnificantly different c:ong thie-sclves,
5. Soil !‘oisture

As a result of transpiration, lorgze cuiounts of woter In tne form

of vater vupor pass into the at:ospherec fro: the leaves of trees and

other plants, This vwater loss :ust be balanced by uptoke of weter from

the soil, In ncny regicens, the occurrence of forest types is lurcely

controlled by the supply of witer, An exXcessive wount of water ray be

quite as unfovorchle frr tree :rowth as a deficiency, Usually site

quality i-proves witii increcsing a..cunts of availeble scil roisture,
In an evaluation of the roisture reloticn of suils, considerction

should alvuys be siven to the nature of the deeper soil horizons and
underlyin; stroto, Lajers of finer-textured :¢terial lving several feet

below the soil surface we, be highly i portant to support & good growth
of certain type of vegetation, Stoeckeler ord Sup (86) found thit

direct seeding of conifers w s foisible on sand-pla n aress in the

Ioke States, wliere a vater-tible ws situcted from 2-5 feet below the

surfoce, thet d°d nct fluctuate crectly. In such situations they in-
veriebly found nore wveilable ncisture in the surface ¢ inch of soil
than vias found in arecs where the wcter table vas deerer than six fcel,

Precipitation is the principal scurce of wler in soils, cnd its

infiltration into tlie ~round is influenced by the ancbture of soil, This
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effect is not cnly affected by thic totel volii.c of non-copillory pores

of the coil, hut ¢lso by their size ond crrincse cnts, DBes'de the scil

itsclf, otner iiiinze such =5 the ‘necorporated cr-inie mott~r in :inerel

soils usually incrn~ses their permeability to witer as ¢ result of in-
crezsed porosity,.
losses of soil water by evaporation may be substantial if the rela-
tive hwidity of the at..csphiere decreascs, Tiie loss of vater froi: the
soil, on tlie other haad, senerclly increcses with wind .overent,
iethods for nedsure.ent of soil :oisture ::&” convenlently be con-

o
[

dered in t.oo _sroups: (1) thosc involving rcovel of o s.pla “rom the

50il bodr, ond (2) those in whiich the moisture of soil is measured
in situ. In this study of noturel ve-ctution type, the need of a tech-
nijue vhereby iicisture chanjes in undistirbed soil can he folloviad
growing season and darlii: seccascive jears is ost desir-
able,  Thus, electrierl resistoncz -ethod of sBouyoucos vies used and
recdings vere obtoined op terns of 2 med’fied whectstone bridge,

The electric resistince of soil ¢t the depth of 4" and 18" in six
sampling plots, i.e, stetion n. 4,5,0,9,15,18, were recorded weekly,
then corrected to 70°F and 60°F in orcer to convert the data to percen~
tee of .wisture ceatent by using Bouyoucos colona sand curve and Della-
Bianca's Gra;ling sind curve rospectively. the results are swwarized
in the following tahle 30 and 31.

Since Della-picncats study (3) was done ia the vicinity of this

location and the nature of cli.wtic, edapnic und phytosociological

factors iere closely related with that of the present rescarch, thus
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Figure 1C. Soil Moisture of Various Cover Type by Using Colome
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Table 32, Analrsis of variance of soil roisture in different cover
types, depths and dates,

Source Degree of Swn Squares lean Squares F
¥ reedon

Total 107 586,12

Between Type 5 175.95 35.19 22 L6
lieans

Between Date 8 261,08 32.64 20,83
Means

Between Depth 1l 3.25 3.25 2,07
heans

Error 93 15,84 1.57

# gignificantly different at 1% level,

The result indicates that the moisture contents of soil were dif-

ferent under various ver~etation types wnd on different dates, but not

at different depths., Further "t" test shows that the moisture content

of s0il in oak forest tas highest <nd that of jack pine forest lovest,

and followed the order as,
northern pin oak type>» aspen type > grassland and noethern hardviood-herilock
type > jack pine-aspen type > jack pine type.
The fact that the jack pine type has the lowest moisture content
arong the variocus t:pes of vezetction may be due to its possession of a
rather open canopy «nd spursely spaced trees, consejuently the evapora-

ticn rete of scil roisiure would be higher during a windy and hot period,

6., Orzanic hatter
The organic matter of the soil represents an equilibrium or balance

between the czencies supplying fresh orginic debris and those leading to

its deconposition, The balance is of course dynemie; the adjustrment is

probobly closest in climex plant comunities, In forests, the principal
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sources are the lecves, stems, branches, roots, bark, fruits and seeds

of trees, The contribution m:de by shrubby ana herbacecus vegetotion is
saller, but not sithout significance., In grasslands, by way of contrast,
a large crount of crpganic ratter is aeposited onnually in the soil body
by the roots wvhich die.

Hurus is hichly impertznt from thie stindpoint of forest production.
It functions in soil fertility, servinsg as a storehouse of nutrients
necessary for plant srowth, The physical, chemical and biological pro-
perties of soil are irproved by hwwus with the result that conditions
for the rrowth of hicher plonts and microorganisms are nide more favor-
able, Urganic ratter tends to meke fine-textured soils iore porous and
binds to;ether the purticles in coarse-textured soils, Internal drainage
and aerction of soils are facilited by organic matter, and the field
capacity is increased,

The dry combustion :method vias used to determine the content of
orgunic natter in the scil of six swaple plots. The procedure of the
nethod is as follows: To 2 grams of finely ground air-dry soil (0.5 or
1 gram for so.e of the soil whose organic mctter is very high) were
added 0,25 grem man;cnese ¢ioxide and 5 grams 60 mesh carbon free
alundum, They were rixed well and pleced in an alundun corbustion
boat ¢nd the boat vi:s inserted directly into the hot silica tube of fur-
noce, previousl:” heated to operiting tenperature of about 95000. The
flow of oxygen s adjusted to about 100-20C c.c. per :inute, Carbon
dioxide evolved in cormbustion passed through the purifying section of
the train, and wes absorbed in a previously weighed tube filled with

ascorite, Grarms of cuarbon dioxide evolvad wes calculated and than



converted to percent of orgcnic matter by using the converti:g fuctor
0.471.

Analyses show an averare orzunie matter of the A horizon of 0.725
to 4,194, with the Ay layer practicilly aluays higher than Az, In well
developed Fodzol profiles the A is frequently the poorest as far as the
content of organic ratter is concerned as the result of leaching, Table
26 shows the distribution of orgonic matter of different horizons as
found in six different locations under variocus vegetation covers,

Analysis of varience of or-anic matter in different horizons under
various covers shows that (1) tihe covering vecetation did not cause any
difference to the content of or:anic matter in scil in the six sampling
plots. (2) the percent::es of orsanic ratier in various horizons iere
significently different, Further "t'"-test verifies that the organic
matter in horizon A vas sisnificantly hisher than that of By and Bj,
but there s no difference between that of By and Bo.

Table 33. Analysis of varicnce of orgenic matter (jJ) in different
cover types & horizons,

Source Degree of Sum squares liean squires F
r'reedom

Total 17 16.5840

Betiieen type '

rieans 5 2.1903 0.4845 0.69

Betwieen horizon

rieans 2 7.4235 3.7118 5.36%

Error 10 6.9702 0.6970

N
"

significantly different 2t 5% level.
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VI. Tii STUDY (F CLIILTIC FiCTuRt
1. Tenperature

Tenperature is like water in its action upon plints in thet it has
more or less to do with necrly every function, but as a working condition
and not ¢s 2 moterial, All the chemical processes of metabolisn and
also many physical procecses such as diffusion, precipitotion, «nd
coapulation s in cell-wall formation etc., are dependent upon ternperature
and accelerated by its incre:se up to an optinwi, With o decrecse of
temperature to a certain rinirum, crowth of the plent may be retorded,
¢nd at & further decreccose, death of the plant may even ensue,

Plants thet i rate rcrthvard, such as the case here in Higgzins
Lzke re~ion, in addition to a corresponding «djust.ent to lower temperz-
tures and a lower sum, run an increasing risk of encountering a fatal
miniwi, Prolonged pericds durin~ tie suuer with deficient precipita-~
tion and high tenrercture couse :ore dinage to trees thich zre establish-
ing thewselves in their new environuent, especizlly thcse of the size of
seedling class, However, it hus been noted that even under very severe
conditions on this sand plain resion, trees writh a diwcreter of were than
one-half inch at the root collar are scldom killed outright by heat, al-
though lirger trees up to 4 inches in diometer st the root collar often
are injured (78).

In the course of studying, the highest temperature occurred in

June 16 with = re~ding of 95°F althouch the averare maximum temperature



~
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of that month wis only 79°F. The averuce tenperature of the nonth
reached the peak in July with & ficure of 70.2°F, Table 34 gives a good

irdication of the distribution of daily terperature by months,
2, Precipitction

L light rain usually does not affect soil moisture, for most of it
will be intercepted by ve-etation end will evaporate (.ickly., It may
raise the huwnidity temporarily and reduce trenspiration for a short tiue,
If roin fells heavily fer short periods, ruch of it will be lost by run-
off, the amount dependins upen the stcepness cf slope, nature of scil
and <meunt and kind of cover, But il rainfall is unifor:ly distributed
throughout the growing season, roisture conditions ray be far nore favo-
rable, Therefore, the total annual precipitation of an area is only a
rough indication of roisture conditions fer plant growth, but the sea-
sonal distribution of rainfall is of ruch ricre iportance than the total
arount, Different types of ve-etution usually are controlled partially
by the kind of precipitation the area enjoys, for if precipitation is
regsularly sezson:l, there certainly is followed by a lirdted type of
plant -rowith, For instunce, grasslands characterize those areas where
reinfell is ratier licht and concetrated in the spring and carly sumeer,
Winter reins wvith dry su wmers, cheracteristic cf several coastcl regions,
support shrubby vesccalion,

During; the tiie of studying, the nonth of July wus very wel when
compared with months like Septenber and October which had a total rain-

fall of 1,26 «nd 0,75 inches respectively, vhile July enjoyed a total



rainfall of 2.2
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inc which exceeded the nermal rainfall by 3.37 inch,
Y

In one day, July J, the area received 1,70 inch of rain, The following

tahle 3L summarized the precipitation data.

Tﬂ})le 3)4 .

Clinmatoloszical data recorded at lizins Leake state
forest weather bureau for the months of June, July,
Auwust, Septerber, and October, 1952,

Temperature (°f)

lonth iverage ‘vera:e iveraze Hhest Lowest

Vaximum !ininum Readin: Departure from ieadin; Date .leadinz Date
normnal

June 7900 51.9 ()505 302 9;.0 16 3900 1

July £2.3 58.0 70.2 3.L 22,0 7 38,0 31

A, 7.7 c1.7 OL.7 0.1 80,0 28 36,0 23

Sept., 1.7 L6.0 g8.¢ 1.2 20,0 11 33.0 2

Oct., 53.9 30,6 2.3 =46 75.0 1 17.0 1§

Precipitation (in.)
Fonth™ Tolal Departure from Jreatest Snow, Cleet, liail
normal leading Date Totol Max, Depth  Date
on oround

June 2435 -0,78 0,64 17 0 0 -

July 6.2L 3.37 1,70 8 0 0 -

7. 3629 0435 1.22 I 0 0 -

Sept. 1.2 -1.99 O.L1 1 0 0 -

Oct, 0.75 -1.83 0.26 19 T T 15
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Se lative lumidity

The moisture of the air which is in *%e forn of vapor is termedl
fumidity, 1t is one of the most irmportant factors since it directly
affects tl.e rate of transpiration of plants., The amount of water that a
plant losses fregiently determines whether it can or cannot ~row in a
~iven habhitat, The :-eneral humidity of a hahitat depends upon climate
and location with respect to bLodies of water, Iunddity is aflected by
temperature, win, altitude, exposure, cover, and water content of
soil, Ii-h temperatures increase thie capacity cf the 2ir for moisiure
and consequently lower the relitive humidity. Wind has a powerful
effect upon humidity in that dry winds lower the amount oI air moisture
by renovin~ tle moist 3ir aloub plants and nixines it with dry air,
These two elerments account for the decreaced relative humidity in the
air of the 'i--ins Inke area, especially durin; the months of summer
when the “emperatures and wind velocity were hi:h durin: the day,

(Tavle 375,
L. Jvaporation

~ithin certain limits the combined cffect of atrospheric humidity,
atrospheric pressure, temperaturc, solar radiation, and wind is indicate
ed by evaporation, It is impossible to determine the transpirational
water loss of trees dirsctly from evaporation, althou-h in some trees
the transpiration and evaporation trends are comparalle, Different
treos, owin~ to differcnces in stomatal movemsnt, cell-sap density,

colloidal content of cells, and incipient dryingz, respond differently
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to thr enviromental factors controllin~ evaroration., The evaporation
rate has a merke® irnTluence not cnly on transpirational vater loss fronm
trees tut alco on reuction cf water content of the soil, especizlly
in dry rezions., ZIvaporation narkscdly determines the effeciency of raine-
£all, especially where the annual precipitation is less than 30 inches,
Tvaporation is measured *y the United Stotes deather 3ureau by
means of lar~e open tarlts of wiiform size and deptly, tut tlis metliod
is not quite satisfactory for most ecolo:ical pur oses, The writer
used the well-knovm Livin~ston atmometer which consists of a porous
clay sphere or bulb connected to a reservoir - means of a tube, Jdater
evaporates frorm the cla; surface and is constantly replaced from witidn,
The sphere and tuhe tlen are filled with distilled water so that no air
hushles are present, the water -1ill be drawa from the reservoir t'rouzh
the tu'e, ‘n a’’itional small-bored tube is placed throu n the stopper
of the recervoir will pernit egualizins of pressure by ne~li~ible loss
of water Uiy evaporation, The reservoir is morked near the top and

filled to the mark ;- 1liftinz a sto per, Subsequent fillings of dis-

tilled water made at re-ular intervals indicates water lost to the air

by evaporation over ihe period of timo involveds

J

The weekl'- evaporation rate was measurec continuously at four

stations of differ~nt plant corvnurities in this area durinz the period

fror July 156 to Cctoter §, 1952. itmometers wers set up with tulhs

. . . Y SN
placed 10 inches above the sround, ILvaporation dnta in different types

. - 1.2 ~r 9
of veretation are sumarized in Tatle 30 and shoim jrapnically in

firures 11 to 1.
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m.e Aata show that evaporation incre~ses rather uniformly with in-
creaced terperature and decreases with increased amount of precipitation.
Tor instance, durin- “ne week of Sept. 6 to Jept. 13, thcre was nardly
any rainfall, ~nd t.e evaporation rate before correction was A5 c,.Ce
per week ir the aspen stand while the rate incressed to 233 c.Ce in the
open crassland. The hi-hest mean daily atmometer loss in the zrassland
corrunity was 25.63 c.c. after correction, but only 12.92 c.c. in th
jack pine forest corruritre  lthoutn evapofation rates werc less in
forest then in -rassland, the evaporation rate in the pine forest is
hicher tan the mixed hardwood 2nd almost one and one Half times as
~reat as Lhose in the dens=1ly conopled },C-year old poplar stand, The
writer Cinds the trend of evaporation rate in t-is reion, namely,
ri-hest rate in the open ~rassland, internmediate in pine forest and
lowest in & more or less densely stocked nrrdwood foresve

During the grewing season in this region, the evaporation rate is

cenerall- “i-h,  This i= cansed by rabthsr vi-h temperatures, 1low relative

mriidity, and enerally constant wind durin’ tne daylisht period. tHow-

evar, when conprrin’ these data with the ones which were< colleci.zd by

other inresti~ators, thor secd to be low in their valnes, “OT instance,

’ A e 208 o »
Titfie 2 reported an Ararn e wgeekly atomoneter loss O1 326 roc, from

~ .
white porcelain atrmometer durin: the summer of 1928 on the plains near

i ) 11113 T core an average
Colorado Jprings (96}« Whereas 141liams and plch recorded z

. . = K - Fad - £ 3 S ,.rass_
daily evaporation rate of 3042 c.C, in A 7ANE fornst, 3343 CeCe 31 o

" An !
1and and 20,3 c.c. in Chaparral near the Tlack Toresb, Colorado (10C).

The fact th~t th:s rate of evaporntion from the chamaephytic 1ayer
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is decrensed in th: developrnt of mesop“ tism has loa~ ':ex deronstrate
ed vy many worksrs in this ficld, Tuler (37, says tle decreased rate
of evapor~tion coused by tre heavier ve etation is the “irect cause of
succession beoiesn dilferent associations, Thereforc, with the develop-
menv of the invading species th: evaporation conditions of tle ;round
la;er are chonged wiich is usually also accompanied Ly a chanje in the
zround flora such as the onszs we have witnessed in tiis study,

Tahle 37, .‘eclkly total of evaporation (c.c.) in four cifferent
vesetation t;pes, relatire humidily,air tcipecrature

and total precipitation in Higgins Lake area (25).
Tvaporation ive, Ave, Total
MOYTEYR  arass- Jack .spen .tclet, Temp, irecip,
Mte fardwood land pine tamid,
ocation
1° 3 15 5 . o7 in,
July 16-July 25 6%.4 134,30 °7.0  L7.7 Sl. Gl e.le
July 27-iu~e 2 121.0 164.0 1140 O0.3 L.l 1.5 0.9
fuge 3= Au-, 2 23.8 40,0 L0.7 10,6 (0.3 cl.1 2.2k
u~, 10-u-, 16 19,2 106.0 76,1 30,5 DblT °3.1 0.12
fu~, 1=, 2 71.5  10L.C P72l Sl.h Li.E G2
e, 2=, 30 L0462 1L,2.0  11L.0  6L.¢ €2.1 5l.9 0,00
v, 31-Tept., € #LLO ~CTa1 0he2  30.4 05.7 53.1 0.6¢
Jept. T-Jept.13  #iC.5 0 179.0 131.0  LU.4 0 SulT 1.1 0,00
Sept,1l-“ept 00 00,3 100.0 he5 49,0 ol Lol 0.2
5epte21-lept, 77 3.9 73,0 L3.0 3C.0 g0 3.5 950
vept.28-0ct, § 01,0 172.0 125,20  7C.7 El1.0 32,6 0.20

. . ,. NN
% Testimated missin data (Snedecor 1 2L8)
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Table 30, J\nalysis of variancs of evaporation in Jifferent
cover types and on differant dates,

Source Dezree of 5um of  Mean o
freedonm squares  Squares

Total L3 L5079.51
3etween Type

means 3 30202,02 10067.34  7C.27+%¢
Cetwecen Date )

means 10 350034,02 3550438 26,70
Error 30 3973.72 132.L6

w3 Sisnificantly different at 17 level,

The evarcration rate amon: various coverinz types and dates were
simificantly Aifferent, 4s for coverin: t;pes, thc evaporation of
~rasgl-~nd was =i-heet an’ ccnifer-hardwood type lowest, 2and tliere was

no difference “etween that of jack pine typc anl poplar t;pe.
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Figure 11.
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Graphs Showing Interrelationship Among Various Recorded
Deta on Scil Moisture, Precipitation, Air Temperature,
Reletive Humidity and Fvaporation on the Grasslsnd Type
Cover
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Figure 1Z. Graphs Showing Interrelationship fmong Various Recorded
Data on - Soil Moisture, Precipitation, Air Temperszture,

Relstive Humidity, and Evaporaticn on the Aspen Type Cover
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Figure 13. Graphs Showing Interrele tionship fmong Verious Recorded
Data on Soil Moisture, Precipitation, Air Tempersture,

Reletive Humidity, and Evaporation on the Jack Pine
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Figure 14. Graphs Showing Interrelationship /Among Verious Recorded
Date on Soil Moisture, Precipitation, Air Temperazture,
Reletive Humidity, and Evaporetion on the Northern

Herdwood~Hemlock Type Cover
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VII. THE STUDY CF BIOTIC FACTOLRS

We may say that the initial cause is biotic when the series of suc-
cession starts because z2n area has been made bare by living azencies,
Thus when an animal or plant pest produces a bare crea by killing =11
the plants of the community as scmetimes occur in forests growing in
pure stands, the initial cause of the series is biotic, Sometimes the
initial cause is destruction of vegetation by man, Lurbering does not
usually initiate a serious succession except vhen followed by fire or a
long period of over-grazing, Complete denudation by enimal is of in-
frequent occurrence, bBeavers nay jnitiate a series by daming the outlet
of a lake, causing denudation by overflow «nd drovming of vegetation,

A very destructive barkbettle (Dendroctonus frontalis), common in the

southern Appalachion rezion, has killed shortleaf and pitch pines in
groups and often over relatively large areas, hzstening the normal
succession from pine to hardwoods., The human interference of a certain
stage in a forest succession is of great importance in forestry, the
typical example of this is represented in the coast2l plain, vhere sub-
climax pine forests are naintained indefinitely by the constantly recur-
ring fires to which the pines are resistent and thus keep down the
growth of hardwoods,

In the Higgins Lake region, the associated orgunisms having impor-
h other and to their environnent are described

tant influence upon eac

as follows:
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1. ian

Yan, to he sure, will modify some kind of catcstrophe which visited
the virgin forest, Fire, for exsnple, and not so surely epid-rics of
insects and disease, will be less extensive undcr the present condition,
and the chances are that windthrow cnd ;laze storms, the frequency and
devastation of which in virgin forests are only beginning to be reduced,
will not ravare the shorter and riore compact short-rotation forests of
the future to as great a degree, O(n the other hand, with axe, saw, and
fire in the slash, man can produce a forcst cctustrophe which surpasses
in its thorough destruction of the pust, luch more subtle, but no less
profound, chanses in the forests are bound to result from man's upset-
tinz the natural balance betveen forest-dwelling squirrels, rabbits,
mice, and deer, ~nd their predators,

The notural forest landscape wcs subjected to a mierked change by
the complete cuttin~ down of larce areas of forest, Not only docs such
cuttine considerably change the lichting conditions, but wind and pre-
cipitation are given freer rein, and the soil structure itself is changed
rerkedly, While the pover for nitrification incre:ses, air capacity
and permecbility of the soil are decressed,

The degree to which the original forest .ic.s logged is clso a very

inportant influence on second=-grovth specics composition. Light cutting

of the virgin forest is followved by greater abundance of beech, suger

. -
raple, and hemlock; whereas after both heavy and clear cutting the pe

. £ 1y v s associated
centaze of black cherry increasesS. Clear cutting, frecuently

with fire, is followed by increases in the sbundance of red maple, sweet,
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birch, black cherry, and, to a less extent, of yellow birch,
Here is an excerpt from Herbert's study on @ logmed tract of hord-

vwood forest near Johannesburg, lichigan (47);

"This vas vhat remained of the original timber two yenrs after
locging in « typical section of the hardwood recion of the
northern part of the lLow kichijzon, The ground viis densely
covered with reproduction wecds ¢nd underbrush that had come in
after the logging or just prior to it. In that particuler place,
there vas an ¢dz2quate nurber of forest trees of seedling size to
assure a future crop., The larger trees left by the woodcutters
were either defective or too small to be merchantable, llost of
the larcer defective trees (three per acre) will die or be wind
thrown before the second crop is merchanteble, Those that do
rencin will be worthless, ¢nd will be occupying spzce upon which
valuable timber trees could be crowvn. kany of the trees in the
smaller dizineter classes have been injured in logging or are suf-
fering fro:. the changes in the physiczl and bpiotic factors brought

about by logging."

Fire; As pointed out by broun-Blanquet (14), the most remorseless esso-
ciate of man in the destruction of native veretation is fire, Fire is
particularly destructive upon very thin, sterile soils cnd especially
in the transitioncl re;ion between forest &:nd prairie, where both types
of vegetction are strugsling for control. Fires are always followed,
whether the orizinal ve etation is destroyed partially or entirely, by
a secondary succession, Vhich tends anew toward clinex,

Studies m:de on the old iiichigon liter:ture show that fires ran
through the hecvy pine slashing @liost everywhere vithin a few yecrs
after losging, lany of the: were set intentionally to clear the land,
Sore of the fires, like that of October 8, 1871, which started by dcs-
troying the city of Lanistee and swept ecst entirely across the stute,
are satters of historic rccord. Kittredze reported that (54) out of

77 plots chosen for the most part te represent areas as little burned
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as could be fourd, 66 showed evidence of one or more fires with an
average of three fires since the origin of the predominating stard,
Fifty-three of the plots had been heavily burned tvo or more times,
with an average period of nine years between fires, Further evidence
of the prevalence of fires up to 1929 is fourd in the fact that over
60 percent of the area of oak stands in the five counties in the Lower
Peninsula covered by the Land Econoric Survey were in the O-3 inch
dianeter class, These sizes correspond to &;es of less than 15 yecrs,

The fires vhich burned on the average every nine years i'ere hot

enouch to scar or kill rany of the oaks of noderate size in spite of

the foct that owing to their thick bark they are the iacst fire resistant
specics with tlie possible exception of the larzer pines vwhich heve their
crovns above the reach cf a ground fire, These fires killed all of the
si.zller pincs and other species, leaving only cn open stend of fire-
scarred oaks, The new crops of oak sprouts after each fire have formed
the prevailing present stands,

Repeated burning since losging has been the fate of larce areas in
the Higgins Lake section with the result that open degenerated stunds
of aspen-pin cherry have developed. Much of this land is occupied by
an understory of shrubby and herbaceous growth of which bracken fern,
blackberry, dwarf bush honeysuckle, goldenrod, sedges and grasses are
prorinent,

The occurrence ..nd particularly the severity of forest fires fol-
lowing original logsing also influence the species composition of

second growth, A destructive slash fire soon after cutting sreatly
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reduces the percentage of sugar maple, beech and hemlock in the subse-
quent stend and is followed by an increase in the abundance of light-
seeded hardwood species such as the birches and red maple,

If fire comes shortly after the aspens have germinated, it may be
sufficiently scvere to kill them outright and necessitate reseeding,
In such cases the land may be with little or no vegetation for two or
rnore years, In the better types of soil, if fires recur at short enough
intervals, the aspen association will meintain itself indefinately, If
the fires are at long intervcls the stump sprouts of beech or maples
conpete for dominance and may attain it, If fires occur often, the
aspens are favored, unless the fires are so frequent that even the
aspens are killed, as is the case when fires occur annually., Under such
condition a meadow of grasses usually develops and naintain itself as
long as such conditions continue, In the cose of sandy land, the
seriousness of the situation lies in the fuoct that a light fire is
racther certain to kill all sull, pine seedling,

Fortunately, under the present rigid and scientific system of fire
control, also with the ccoperation froi: the public, there had nct been

a single big forest fire in this region for more than 20 sonie years,

2, Animal

Grazing by douestic livestock is of such minor importance that it

dees not need special cttention.
Rabbits are a ncnace to jack pine seedlings, especially where there

are abundcnce of shrubs, The lecving of a fewr scattered trees or snacs
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as roosts for hawks and owls iy provide adeguate control in the less
eritical areas, Elseivihere this mcy have to be suppleiented by controlled
hunting, trapping, or as a last resort, peisoning. Iostpons:ent of
planting until the rabbit population is low is also advisable tvhere ar-
tificial reforcstation is necessary in heavily populated areas,

Reports from varions sources show thot it is very likely thct tiore
nipping da.o;e is done by deer than hires or rabbits, cspecially in open
arecs vhere the latter are never corvion and during years of low population,
This is especiallyr true in the cise of plantations(77).

Althouch deer probably cruse :uch :ore drreje to plantations than
the, arc credited with, the; cause relatively little .ortality other
then in loecal areas, lany surviving trees, however, lost pirt of their
grovth cand deforreticn resulted, So.etisec, nipping in such ciscs scts
the Lrecs bick encush to rullify the elfects of the relatively expencive
relecse oper: tien,

Ls for os the doer population ic conecined, erphasis should be
pltced on the prevention of overp.pulation to check the darcce, But the

plenting and the :maintenonce of occasional groups of plants that ncke

zcceptoble browse for ceer cre often advis-ble (78).

3., Tuscehs

Spittlebuss: iuch :ore serious diege is caused by the Leratoga

spittlebug (ipharopliora sir.tosensis Fiteh) to young jack and red pines,

Only the cdults of the saratog: spittlebus feed on the pines, usuclly

from July to October, The, puncture the bark and suck out the plant
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juices, Dzicge s rore severe ‘n open-zrown stands with coasiderable
sround cover, 1ue e;;5 of thie spittlebu; nre laid in deed  2nd living
bud scales of the hwst pines and cther trees, sueh s ouks und Luples,
The nymphs descend to the ground cnd develop on the ste:s of swcet fern,
or other low plints, in mnsses of spittle, Closcd cinopy stand or those
with an odixture of hordweoods sulfieient to shade out the jround cover,
are not attacked sericusly, 'This provides the key to preventicn of
Saratoga spittlebus daage, uvome neatural control is provided by late
sprin; frost since tc peruzturc of 18° ¥, or below are kaom to kill the
n;mphs, Recently, zerial spre:ying with DDT before the adults lay their
egss has proved effective,

Pine tip-moths. The larvoe of pine tip moths (Jhyccionie frustranc

Schiff,) work on the soft ticsne of the new shoots, tunneling through
theu and loter ererging from the buds or shoots, cnd the trees growth
consequently reduced, Ividonce of tip moth work appears in the swmuer
as a small pitch nass or a dead necdle at the base of the bud, Later
the tips turn brown and i1l brezk off eusily because they cre hollow,
Sometines red pine is attacked quite severely, even in the case of
mature trees, It is known that in & red pine plantation in this rezion,
nearly 60 percent of all the living trees vere affected by tip moths in
1937. Spraying with a Penetrol-nicotine co:bination or with UDT have
given good control az:inst these tip :ioths,

Sawflies, The jack pire sawfly (leodiprion buksianae itoh) is a

defoliator confining its efforts to jack pine, lore corron in lower

liichigzan is the red-headed pine sawfly (Neodiprion lscontei Fitch),
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The foraer's lirvae besin eatins the lecves of the previous secsonts
srowth late in the spring, but the latter consumes both old <nd new
foliaze, JVamaj e often is niost severe in treas growving under or udjacent
to hardwoods, Complete defoliution, of course, reins dcath for the tree,
&s does repected partial defoliction, A lecd-arscnate spray is effective
if the infestation is smcll, but is too expensive if wide spread atti.cks
occur, Airplane cpraying with DDT in oil solution has provided fairly
effective «nd cheap control of these scvflies,

spruce bud worm. The spruce budvor:, @rchips funiferana Clen,) for

quite a number of yecrs, has been A serious pest on open-grown jack pine
beczuse such tress produce a larie quantity of staninate flowers, the
food rost favorable to hish survival of budwora larvae, Partial or
complete defoliation may cause death or stagheadedness of, and occas-
sionally reduced sezxd production by, the infested tree, The attack

is most 1likely to be fitel when the budworm works in conjunction with
the jack pine savfly-the budworm conswiing the neiwr £d,1isge while the
latter attack the old leaves, This pest may be controlled most effec-
tively by maintaining closed stands and by reiioving any wolf trees that
bear large quantities of staminate flowers, As a rule, red, white pine
or young jack pine are wttucked severely only when they are growing

under or very near infested older jack pine,

L, Diseases

Rot-producing fungi are the viorst enemy of the hardwoods, The

shoe-string fungus frequently invadss trees that are injured in logging,
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playing a secondary role in their deccdence, :tuch of the windbreakage
in mature trees is tracecble to trunk rots., Beech, yellow hirch, bass-
wood are :i:ore susceptible to ducay than their associztes, and their wood
rots more ripidly, once they cre infected, The following are the most
troublesome dise~ses that zre corron in this arec:

Red rins rot(red heart, or pecky rot). This rot is caused by the

ring scale fungus, Fomes pini. This fungus is viorld wide in its distri-
bution in the North Temperate Zone; in the Hig;ins lake region, losses
resulting fron this pecky rot far excced those from any other types of
decay, This fungus infects nany jack pines, particularly damased trees,
the decay progresses rather rapidly. The incipient stage appe=zrs as a
pink to reddish discoloration of the heartwoocd, which is usually retain
its firmness and toughness, The ~dvanced stace appears us few to many
elongated, so~e what spindle-shzped pockets parallel to the grain and
separated by cpparently sound irood, In the pockets the viood is reduced
to a white soft fibrous mass of cellulose, Prevention of injury to the
trees and adjustment of the rotation are practical control measures,

Hypoxylon canker of poplar. Hypoxylon pruinatun causes this disease,

Aspen and larcetooth aspen are iost comronly attacked, infected trees
are finally girdled and killed, or the trunk may breck off at the canker
before girdling is completed, Trecs less than 30 years old and trees on
poor sites suffer most, Infection occurs throuch wounds, particularly
insect punctures, but also through ax cuts, breckages caused by wind and
ice, and through dead branches. In order to control this disease from

killing the poplar and aspen stinds, infected trees should be re~oved
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in thinning., Trunk cinkers cften occur hish enoush so that they are
difficult to sec when the trees are in leaf, Consequently, thinning
should be done, or =t le st the tress marked for renovel, zfter the
leaves have fullen, The first thinnins shculd be moder:-te encugh so
that the area caa1 be thinned azain in about 5 years and & satisfactory
stocked stznd reintained, The second thinning is necessary to eliminate
trees with incipient cankers niissed by the first thinning «<nd those vith
new infections, Since the fungus nay live s a saprophyte on cankered
trees cut and left, such satericl should be destroyed,

Recent investigation (44) have established a striking important
fact on hypoxylon canker of aspen., In nore than 95 percent of all cuses
observed in the Lower Peninsula of lichigan, where the cause of this
type of infection could be positively determined, insccts were respon-
sible for the initial injury. By using proper silvicultural practices
the zbundance of these poplar borers riay be materially reduced so as to

rinimize the infection of hypox:-lon,
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VIIT. DISCUSIICHN OF FCUIET SUCCx3OION 16 THCD 3TUDISD AREA

The different stazes of a certain plant succession, generally
speaking, can not be observed directly, Wut numerous other considera-
tions offer convinciny evidence of the nature of the process. A
number of criteria have been used rather generally by ecolo:;ists in
recognizing climax associations, and one or tuo others have been
proposed, Amon; these, the presence in the understory of the same
species as in the overstory is obviously valid, A widc-age-distribue-
tion, or the presence amonz the dominant species of youn;; as well as
old trees, is another way of describin; the characteristics of the
dominant species, Species which seed regularly and abundantly
without tein~ narrowly limited as to seed bed, which endure shade,
and which reach optimum hei-hts, are most likely to characterize the
climax, althou-h lonrevity may offset the albsence of one or more of

these characteristics., Another criterion is the numter of species in

the dominant stand; only those best adapted to a given site will be
likely to survive indefinitely for the climax, A criterion of dubious
value is the maximum volume of wood produced at a civen aze or on a
given site,

A study of the literature reveals that the virgin forest of the
northern Michigan is now reduced to a very limited area, chiefly in
public ownership and intended for permanent preservation., It is the
second~ or third-growth forests which from now on concern

silviculturists, and to which they will apply the sivical information



111

cained by study of the undisturbed forests,
The studied area is classified by Dice (31) within the Alle-hanian
biotic province, The chief ecoloric characteristic of this province is

the extensive development of the pines (Pinus strobus, P. resinosa and

P. banksiana), waich form very important successional stages, sometimes
lonz maintained and which perhaps in some situations may never be

followed by hardwood forest,

Other investi~ators, such as Gleason (L1), point out that the pine
forests are a part of a rreat series of associations, which have been
closely related to one another since pre-glacial time, which are
connected by certain definite successional trends, and which occupy
the same genersl rance, extendinz in a broad belt across the continent

from Alaska to lewfoundland, thereas, the hardwood forest is similarly,

a part of another gr at vecetation complex, occupying most of the land
between the Missouri Valley and the Atlantic Ocean and between the
dreat Lakes and the southern end of the Appalachian lountain System,
There is great compstition betueen the various associations of these
two complexes wherever they come in contact, and that in general the
associations of the southern complex tend to displace those of the
northern, For if a species is not able to hold its own in competition,
and if the associations of which it is not a part, a retreaiin: mirra-
tion is indicated, This is illustrated in the Northern Fichi-an by

the recular replacement of coniferous communities by deciduous forests,
indicatin~ the retreat of the conifers and the advance of the hardwood

trees. llowever, numerous relic colonies were left behind occupying
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for the most part in exireme halitats, either xeropiytic rock hills and

sand dunes, clothed with pines such as Iinus banksianaj; or a bog,

characterized by species such as Larix "taricina and Thuja occidentalis,

In his more specific work done in the northern Michigan sand plain,
McAtee (67) classified the important upland forest types into four
groups. The first one are areas where the dominant tree growth are oaks
and maples, In this type, pin and choke cherry, witch-hazel and willow
are most abundant; all of these plants are scattered also in the other
types. The second type is the one which are dominated by two species

of aspen, Populus tremuloides and P, grandidentata and is better suppli-

ed with sand cherry, service berry and choke cherry than the other sroups.
The most characteristic type of barren is that dominated by the jack
pine; it appears to have more bearberry, New Jersey tea and bush honey
suckle, The llorthern hardwoods make up the remaining category with a
little rmore complex species composition,

The associations of the second and third-growth forests, which have
followed cutting by lumberman and, in most cases, forest fires, are
without doubt stasing in secondary succession,

Evidences all over the rezion indicate the profound changes which
the white man has broucht about. In the main, these changes are affected
by: (1) the nirhly selective character of early lo:zinz, which removed
only those species which were currently valuable; (2) the severity and
extent of later lorging, which removed se~d-bearing trees over entire
reziony (3) more severe and more frequent fires; and (L) great increases

in the population of certain animals such as deer,
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The various staces of plant succession of this region can be post-

ulated in the followinz manner:

The introduction of the blue grass (l'oa compressa) was doubtless
contemporaneous with the logging, and the association now marks the site
of feedinz grounds and lozsing area. The ultimate fate of the blue crass
associntion depends entirely upon its relation to continuous human
activity. Accordin; to Thomson (£8), plant succession on such abandoned

fields of hardwood lands can te summarized in these approximate steps:

i.e,, there is an abundance of racweed (Ambrosia artemisiifolia) and

sandbur (Ceghrus paMciflorus) durin~ the first three years following

abandonment; then, they practically disappear, persisting in the fields
only as a result of grazins or some other disturbances, This fact
sur~ests that most of the abandoned lands in this re~ion have lain idle
for quite a number of years, hence they are in the advanced stare of
succession, After some more years of abandonment, Canada fleabane

(drizeron canadensis) becomes more domirant, other species such as

Oenothera hiennis, Carex pennsylvanica, Asclepias tuberosa have risen

in frequency, Species such as Hieracium, Buphorbia, Helianthus

occidentalis, Ari=tdda spp. can be found with the bluestem (Andropozon

scoparius), At this time, a youn- forest develops rapicly at the mar-in
of t"is hlue-rass association, and ;radually encroaches upon it, In

the meantine, scattercd individuals of ori:inal specics succeed in
esta’liehin- themselves vithin the nain Lbod of the ;rass association,
A )

by Ulelr shade contribute to the destruction of the bluegrass and

the eventual reappearance of the forest, .rwn, these pioneers,
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2ubus idaeus var, and Clcer rubrum are conspicuous in the succession by

the beech-maple forest, while Zhus -slabra and lrunus pennsl;vanica in

the succession by aspens, leadin~t ultimatel; to a pine forest,

2y the time the fiel's have “.een abandoned for fifteen years, the
distribution of each species has been fairly even throuzhout the area,
rut after th~t period, the various species le~in ‘o appear in patches,
rather than cvenly distributed, This tendency hecores more accentuated
in the o0ld fields, Irobhably this t=ndency is due in part to the severe
cormpetition in the field and the ricro-conditions within the field
limit the distri‘ution of each species, The crowth forms of these
srassland ve-etation acree with the findinzs of ivens who studied the
veretation of an old field comnunity in southeastern Michigan (33i),

In the rine rezion, when the field has been abandoned for thirty
some years, tnc forest has encroached considerably on prairie flora,

Jack pine is the dominatinc member of the flora, and Fopulus grandi-

dentata is also present, shrubby plants includin:; sweetfern, youn:

311s' o2k, arnd Rukus spp., Corylus americana occupy considerable terri-

tory, Carex pensylvanic& is common in the sli-;ht depression in the field,

formin~ an almost continuous truf,

In places, a thick rowth of jack pine appears and there are tut
a few voun: oaks present amonr them, JSince the oaks are more tolerant
of shadin: than the pine, they would survive until some accidents
happen to the pines would open up a space for srouwth of the oaks when
they would bevin crowing rapidly and shade out the younser pines which
mi~ht start, In this way an interspersion of oaks and jack pine would

resnlt,
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The northern hardwood type, as pointed out Ly Braun (13) is not
made up of a number of distinct association, but it appears to be a
formation with only one association, It is usually dominated by two
species which have most of the characteristics of climax species,
namely beech and maple, 7The latter not only the most ubiquitous species
of this re~ion, hut appears most invariably in the underwood of 211 the
stands, This is the inevitahle consequence of its abundant seed pro-
duction, ability to ~erminate and survive on varied seedbeds, and its
tolerance of overstor: competition., In t"is area, the teech maple
communities of the hardwood forests may Lest he described as a local
variant of the climax, or a sta~ze just Lelow the true climax-- hemlock
arnd beech == and seem likely to ve invaded by hemlock at sometime in
the future, and there can be no doudvt that together they constitute a
climax association, Althou~h hemlock is less able to Lecome established
on all kinds of seedbeds, but it over-comes this handicap by extreme
longevity, Usually, stunted individuals of beech and hemlock species
in the understory ~row wee when the larger trees are renoved,

Beech-maple stands, are in some cases beinz invaded by hemlock
a8 indicated by the presence of seedlings, and in other cases contain
relics of a very old ape class of that species, Decause seedlinss of
hemlock is destroyed more readily by fire than the sproutinz hardwoods,
its absence from sampled areas today may te a result of past fire,
Under the present condition, the beech-maple or maple-hemlock-beech
forests arec truly stable association that have great resistance to

logzin-, fire and other destructive agzencies, It is only where repeated
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fires »urn over thi~ same area, or where poor air drainaze results in
froet pockets that the climar disappears completely and an ertirely
new association composed of pioneer species cains possession of the
soil,

There are few principal comtinations or forest t;pes in wiich the
epecies of oaks occur on the sandy soils of northern lidciigan, However,
the [i11's oak-wirite~red oak t;pe with small proportions of red pine,
jack pine, red maple and black cherry, aspers are nostly found on the
slopes and dry, morainal ridres in this studied area, OSherrard's (COA)
work in the NRoscormon County in 1902, distinguished oak flats, oak ridge
and jack pine plain as the main classification for the study of forest
distribution, In these early publication in 1929 (52), this oak type
forest was descrived as characterized by scrubby-looking clumps of oak
sprouts three to fifteen feet hi-~h, scattered in the low brush, Today,
one may =still find the old charred pine stumps in this area, which in-
dicates thnt the "scrub oak" lands were ori~inally timbered with pure
red pine or a mixture of white and red pinc.

The present old ~rowth forest in the Interlocken State Park offers
an example of the ori-inal forest which has been presefved adjacent to
a typical area of "scrub oak", This stand consists of a few large
trees of white and red pine with an understory of varying sizes of oaks
and other specics, This evidence indicates that the ori;inal forest in
general nrobably contained a larse proportion of red pine and jack pine
and less white pine, red oak, red maple and heech,

Ttudy (67) made on a pine forest 60 to 80 year old in the heart
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of the oak hills resion in (zemaw County can also be used to supplement
the theory that the present prevalence of oaks, particularly of small
sizes, in the stands which formerly were pine., In some of the pine
forest, more than 7,000 red oak seedlinzs to the acre were found in the
samplin-; plots, and that illustrated the ability of the comparatively
few oaks thich were present in the old pine stand to seed in abundatly
under the pine,

A larce part of the area of the aspen community in the r:zion was
occupied vefore human interference by a sub-climax forest which was

dominated Ly white or red pine. Populus tremuloides probably occurred

as a dominant in limited areas and as an inconspicuous subordinate
species in the climav Torests wherever accidents or the death of large
trees left openinn, Losging and fires destroyed or eliminated most or
all of the conifers, maple and other hardwoods., In thz growingz season
followin~ the fire, the bare habitat was densely occupied by a group
of pioneer species composed chiefly of those which came from li~ht and
wind-borne seed and from the under zround parts of the preceeding

generation, The cormonest of this group are, Aster spp., Betula, Corylus,

Diervilla, Fra-aria virsiniana, Populus tremuloides and Solidazo spp..

A larse number of other species, relics which escaped the fires or
those less efficient in their means of propagation are more or less
frequent associates, Among them all the aspen suckers lead in hei~ht
growth from the first season, If the aspens are not sufficiently
abundant to dominate the community after one fire, they are almost

certain to do mo after the secind, third, or fourth fire, This aspen



118

type is by far the most inportant secondary plant cormurity in northern
Michigan, revesetatins n: arly ever, type of location following the
removal of virgin srowth, thus standing between the devas.ated land

and developement of the most cCesirable trees, whether for lumber or for
recreational purposes, In ~eneral a wide ranre of habitats may be
occupied bh;- the aspen type, from the very driest in the re;ion to very

wet althou~h not persistently submerged soil, and from almost pure sand

to a somewhat clayly soil, The species of Populus grandidentata is

most ahundant in the drier sandy areas on wiich the aspen jroup occurs.
The root system is widespread rathzr than dzeply penetrating, which is
somevhat favorab®le to windfall, Jrowth is rapid at firet but within a
few years decresases remarkatly., Ilowering and the maturing of seeds
occurs early in the -~rowin: season, Trees from se:ds or stump sprouts
are soon thinned out on account of their intolerance, resultin; in an
open woodland. The other species, P, tremuloides prefers wetter sites,
althou~h it does ~row in just as sandy land,

After ten to fifteen years or more under the closed canopy of an
aspen stand developin- on an area followin? one or tuo fires, usually
Jives place to a hi-her ~enetic type in a comparatively short time.
lumerous invadin : species are present in the aspen community, The most
frequent are pines on the sandy upland and usually it takes longer (at
least thirty to fourty years) for the pine to displace the aspens,
Whereas on the better soils, this invading species would Le the beech
and maple which will take over within twenty to twenty five years, Such

invaders must he able to zrow in the shade of the aspens. Jis this is
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usually less than in the virzin forest, the ~rowth of invaders is rore
rapid in the aspen stand unless the soil is too poor or too dry, oxr
some other retardin; feature prevents, Imortait invadin; species

on tetter upland soils are su~ar maple, teech, yellow birch, and on
poorer uplancd soils the species wonld Le rod nine, white pine and red
oal, Turther fires favor continuance of the aspen association indefi-
nitel:r, Fires as often as once in twelve jyears favor the aspen at the
expense of the pines,

After the more mesic and shade-endurinz species gradually invade,
and become successfully established, and maintain thenselves or increase
in abundance and stature, the next sta~e of succession is thusly formed,
The suc-ession ma; take any onz of several different directions depend-
ing primarily upon the environmental conditions, liost cormonly it pro-
ceeds directly to thc northeastern deciduous forest climax or to the
northeastern conifer climax, .s on rore xeric hatitate or on upland
sites s:cl: 2s th- case in this re-zion, with decreasin: soil moisture
it may pass first to the white pine sta-e or ~ven to a red pine stage;

whereas in the hardwood association, Acer saccharum woul- predominate,

Cn the hydric side, the succession of hardwoods is often developed to
the ash-elm-maple stace or to cedar or sometimes to a mixture of these

to,.
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“nowled~e of what constituted the ori-inal fores=ts of a riven
locality, and of the trends which may be expected in thc development of
the second growth, can be put to very practical use by forest land man-
aters or silviculturists, to avoid costly rmistakes in practice, They
can also adapt timber stand improvement and harvest cultin: mcthods as
either to speed up natural forest succession or to hold it back, as
seems re-uired by the particular products or services desired from the
land,

It is a well-%nowm fact that repeated heavy cuttings of all merchant-
able timher -“eplcte the crowins stock an?d cause retrozression in
specics comporition, Clear cuttinz of cord wood from youn: second-
~Towth etands on short-rotation favors a reat increase in the short-
liv=d "weeds" or least desiralle species, such as pin cherry, aspen,
hornteam, Furthermore shrutby and herbaceous veretation and poorly
formed stump spr-uts also cover the zround to the detriment of desirable
seedlincs of the better tree species, In addition to these, forest
fires, likc hcavy cuttin-s deplete the forest growing stock and cause
a severe retro:ression in both species composition and site quality,
Fire is much more common and more difficull to contr.l on heavily cut
forest 1land, toth because of the increasel fuel and the more severe and
unfavorable land condition.

Sienificant fact +1iicthi has been estatlished in this re~ion now is

that forests are not f£illin:- local requirements, Lake “tates forects
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currenvly supnly less than halfl of the saw timber products consumed in

he rezion, and only about two-thirds of the total cubic volume of wood
used, JSiortares are most critical in softwood saw-timber products where
the local forest lands supply less than one-fourth of the quantity used.
Simificant shortases appear also in coniferous pulpwood, and hi:h-zrade
veneer timber, Timber reguirem:nts £ilty years heace have bcen estimated
one-third rreater than at present, The previous heavy cutting has
created a poorly balanced ~rowin- stock, The present estent of pine
and hardwood forest under all kinds of protection does not indicate
fully the area avrailable for producing valuable timber in the future,
foever, under more a~zressive minagement and probably with more availa
able funds, many areas now occupied by gjrass, brush and poor aspen stands
can bte restored to better types of tree species. Cf course this reforest-
ation pro-ram has to have the wholehearted cooperation of ot'er a-~encies
in the field of conservation in order to achieve an allround recult for
the multiple use of natural resources.

If protected from forest fires long enouz, much of tiis land
would restoct with trees naturally, althouzh chiefly with less valuable
kinds, GSuch a process of natural restockinj;, however, would be 80 slow
that it would te a~ainst public interest in many cases to allow these
lands to lie unproductive for so nany years. lence a large part of
t'is 1land rust e restored to valuable forest ~rowth by plantin-,

At on~h incre-sed production of wood is the chief reason for reforest-
ing the land, there are oth:or important reasons. In some areas the

planted trees would protec: the watershed .nd prevent loss of the best
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soil throu~h crocion, Alon~ streams, lakes, roads, or other areas
reforestation would e :l.ance recreational values; and trees and shrubs
should he rlanted in some places to provide shelter and food for wild
life,

The need for reforestation in the re-ioan had long %t .en recornizel
hoever, even under the ~reatly expanded prosram retween 1933 and 1942,
when Civilian Conservation Corps and other state helps contrituted to
the ork, tiie rate of reforectation was not sreat erou; to replant the
reqrired nren,

Lon'iins ahead to larse scale planting: operations, the planting
situ~tion 50213 be ~iven careul thou-ht and study ty comparision to
de’ rnine the least expencive class of stock wiich could be used to
secure a well distributed stand. Tie experinent carried out iz the
"sard plain' teet round of *the Muron ational Forest showed that +the
transplants of 1-1 and 2-1 has a hisher survival than the seedlings,
lowvevear, the 2-0 stock on the basis of survival distribution, and hei :ht
srowth 2and the low final cost appcars to te the most econordcal class
of stock to plant, The 1-C stock, is considerahly below the 2-0 stock
in survival ~nd bi-ter in fira) cost, especially under severs wen*iir

Direct seedin- is not a satisfactory substitute for plontin: ercept
wnder espreialls favoralle conditions, althou v jack pine, red oak have
J tn sucressfll- seeded on sites {ree from a~--ressive, conpeting verc-
tatior and seed-eatins rodents. Due to the facts that an excessive

quantity of secd :as used, the nrcessity of jround preparntion, attack



123

Al

o1 seeds by rocdents, Lirds, fun:i and insszcte, il tempzrrtvre at the

<

Ry

soil surface, an? <he cocrt of tle operation, U'is mt'ol was fond at
least as ~re~t as plantin: worl”? have hcen,

The presert merchiantarle stand of aspea canrot ‘e mariccted advan-
ta~eously *ec-use the consua~pti-n of aspen is comparntivrel; smell,
Althonts the morket for aspen -- cliefl:r as pulpwood, cratiny -- has
alread; expand-d sutstartiall;” Lecuare of increasins paper mills that
are eqripp~d to utilize aspe- ant Lhe impetus of thie reserrch work done
on hybridiziny aspen, there is still little li:eliltoocd that rore than a
small pronortion of availale aspen will ever ¢ utilized, In view of
the fact that there is 1little chonce of ~rovin: aspen to sauw-log size,
except on thc Lc~t site such as station 5 of the aspen t:pe in this study,
decar usually sets in Lv the tire it reaches raw-log size and tlcreafter
the rot pro-resses so ra idly tlat the btrees scon l.ecome unmerchantable,
It is olwious from the mammer in which untreated aspen stands cevelop
th=t even where advance ~rowth is preseat, this apecies will not develop
into mercliontarle sije in sufficient quantit, to yield a profitable re-
turn,

This is true also in the case of nortlern pin oak and jack pine t;pe,
wick are be'r- conesidered Ly some inwesticators as the so-called tenp-
orary tpes, Thay, like t e aspens, occupy certain red pine and rorthern
W ite -ine sites “hat have deteriorated severely as & result of st least
two or three fires.,

In general, many of the stands support some red or white pine re=

rroduction, but less than 10 percent of the area occupied by these

terporary types provide enon;h reproduction to form a satisfactory
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nucleus for a pine forest, Due to the facts thit mos=t of the tree

species are of poor quality, frow slowl; an” will yield 1little merchant-
able materinl at th- tire ~rowth culminates, profitaltle use of the land
depends on conversion to another forest type. From the view peint of wild-
life management, conversion of an inferior ferest type to o better suituble
one con even change the type of tnimal and bird population quite favorably.

Icoloricnlly speakin~, thece terporar; types may look flourish
enon~h to be classified ar a distinct type for th: time being, never-
thelers, the force of succession has alrea”y set in as is shown by the
fact that the ori~-inal occupants of the site are actually encroachinz
back.

During the studyinzg of the loscormon and Crawford Countics,

Livin-ston (63) found that scatterin- secdlingss of white pine were then
evident on practically all areas orizinally covered by that species,

which have not becn recently subjected to the action of firce., Seedlinss
of the red pine, however, were more nurerous on these areas than were
those of the white pine itsel’, They were plentiful throu hout the re-
7ion on li~ht soils excepting the very li-htest., There were some
evidence that the red pine was 7radually advarcinz its seedlin~s into

the areas hcld Yy the jack pine,

The three species of rine native to the resion, red, jack and white
pine, rrow naturally on the sandy oak lands and are the logical species
to ve first considered in connection with the natural conversion of oak
to pine, In the ori-inal forest, red and white pine were the predominat.

inz specics and the oaks were subordinate, The soil and climate are,

therefore, suited to the restoration of the pines provided other factors
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which have resulted from the cutting and turnin; of the areas are not
prohititive, llet-ods are protection from fire, proper metiods of
cuttin~ and plantin-,

In this region, the evidence indicates that jack pine should be
favored only on the sites less suita.le to hardwoods, such as ahandoned
ficlds, or pastures, or aspen-pin crerry burns. Artificial planting of
pioneer coniferous specics will often he necessary on such sites,

Conversion of aspen to conifers should also te encourared, JAspen
does no* thrive on dry sand; soils; thus, reconversion to pine is highly
desiratle, Unfortunatel;, the rate of natural conversion is slow,
ith present relatively good fire grotection, the rate of reseeding to
pine should accelerate, but not enou:h to insure complete conversion,
without considerable plantins. IMuch of thie aspen has an understory of
rmaple, bas-wood, elm, and sore othor species, eventually most of it will
revert to other hardwoods unless cutting, burning, pasturing, or other
activities interfere, Limited areas may require plantinz,

The conversion of 7ood hardwood sites to white pine is not recom-
mended, thou :h silvienlturally possible if cost is no object,
teary harvest cuttinrs, in addition of leavin: ample seed-bearin; trees,
and snbgeqrent renoval of hardwood sprouts and seedlinis, are necessary
NMeasures for the perpetuntion of pine forests on heavy soil,

Whereas, on comparatively heavy soils such as the one studied by
Fisher (3$) in central ilew nsland, forests of pure white pine develop
on abandoned fields as an intermediate stare in succession, They show,
hovever, stron~ tendencies to revert to hardwood, renderin: reproduction

of pire difficvlt, In this instance, the conversion of these forests
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to stands of more valualle hardwoods, or mixture of hardwoods and pine,
can be accomplishe! by reqnovin- the pine in one or several cuttings,
followed alout four years later by cleanin s or weedinrs to favor in-
diridnals of the “decirable s-ecies,

In lhe natural establisimnt of secllin:s of the harduoos! spicies,
decarrin~ of foreest littcr seen to te of ewtrerme irmportance., Tire not
oMl;r e~nemed these natural "seedling teds' but also deprived the
shallow "' horizon of nmuch ol its humus content, Jurar maple, as
shorn 'y Gates (29) has a potentiality for a wide rance in habitat
s itable to invasion, Its prolific reproduction sometimes establishi
competition too ~reat for species such as yellow hirch and hemlock,
Partial cuttin~, not followed by fire, pernits Lo . species of Tsusa
and Setula to reproduce in suftficient abundance to insure representation
in the developrent and produce stands comparable te that i the primeval
forest of the re;ion,

As far as tle silvicdtural tre-iment on second-srowth lNorthern
hardwood-henlock stands is concerned, partial cutiings are favorable to
sutar nmaple, eech and hemlocli, A silviculture based on lizht and
frequent harestin~ ol either cordwood or sawlo~s will ma ntain a
Species composition similar to the virgin forest climax, Cuch a forest
protably is lest able to weet the multiple demands for cellulose, control
of water suprly, wildlife, and recreation. Under t'is form of manaje-
ment, trees dyin~ hefore maturity will be salvaged by licht and frequent
cuttinzs, crowing stock will be maintained and hizh rates of growth in

merchantable volume obtained,
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Lo SURMARY

The successional trend of the major forest trpes on the well-
drained snil in the Hi-~zins lake area is considered in relation to
structural characteristics of the various concrete communities and also
with certain plyrsical factors of the environment, Juantitative data
collected from 14 one-fifth acre quadrats, representinz four different
forest cover types and 14 milacre quadrats of asrassland type on six
different soil types were analyzed and postulated to formulate the
successional sequence of the existing veretational cormunities,

The mejor forest tipes were classifisd as (1) aspen type, (2)
northern pin oak type, (3) jack pine type and (L) northern-hardwood-
hemlock t;pe. The oth:r type of plant comrmunity included in this study
beside these forest types was grassland which occupies open turncd wild
land,

The associations of all these second and third-zrowth forests,
vhich have followed cuttin~. oy lurberman and, in nost cases, forest
fire, are starinz in secondary succession, The blue srass association
has invaded tie abandoned field of hardwood lands with pioneer species

such as Amrrosia artemisiifolia and Cechrus pauciflorus, But within 15

years, scattered individu2ls of oririnal species will succeed in estab-
lishin: themselves within the main bod; of the ;rass association, In
the pine rerion, when the field has been abandoned for about thirty

Sorie years, jac pine, the dominating member of the flora, will encroache

e? considerably on those prairie flora, The northern pin oak and aspen
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type have veen considere’ temporary forest cover typcs, however, this
reversion to the ori~inal t;pe ~f tree ;prcwth on these land seems to
have to wait for a 1~ while hefore it ecomes a reality Ly jud inz
and studyrin~ the quantitative data obtained fron the zrea,

Some climatic, edaphic and hiotic factores were also studi<d in
order o deternine the interaction of thesec site factors, It was
found that evaporation incre~ces ratier uniforrly with increaced
temperature and decrcases with increased amount of precipitatien,
Durin~ the -rowin~ season in this re~ion, the evaporation rate is zen-
erally hicher anl was less in forested area than in grassland, This
factor ererts a more definite expression on different types of vegeta-
tional cover amon~ other site qualities,

Soil profiles of all six types were photorraphed and described,
501l samples were taken for analysis., 'The forest soils of most of the
upland stands are stron~ly acid in the upper portions of the profile,
especially the A lajyer, with a sli-ht but sradual increase in pH with
depth, There is ver; little evidence that low pll per se is responsible
for poor ~rowth of forest trees. The result obtained in field moisture
study indicates the moisture contents of so0il were unsimilar under
varicus vesetation types and on different dates, hut not at different
depth of siv and ei-hteen inches Lelow the surface. The densely stocked
oaX-poplar forest has the hichest figure while the open jack pine stend
the lowest, Analysis of variance of organic matter in ditferent horizons
under various ve-etational covers shows that the covering vegetation

did not cause any difference to the content of organic matter in soil
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in the sixz samplin‘; plots, and the percentazes of orjanic matter in
varioue horizons were si-nificantly different, Further ‘totest verifies
that the or~a-ic matter in horizon A was si-nificantly hi-her than that
of Bl and By, hut there was no difference botueen that of By and By,
Analysis of variance of soil temperature in‘icates that both date and
cover trpe caused si-nificant difference in various plots, the soil

of rrasslani t:pe having a definite hicher reading., It was found that
evaporation rates were less in foresled area than in srassland uvith the
lowest readin- in a densely stocked hardwood stand.

Amonz all the factors which fall in the biotic ~roup, the destruc-
tive los+in~ and fires were the main ones that were responsible for the
present distridution of plant communities. The influence of animals,
insects an? “iseascs are corparativel; of ninor importance., .lthouzh
direace such as hypoxylon canker could easil;y determine the future
acrea~e of aspen stand due to the 11i:'1; susceptibility of that particu-
lar spacies,

From all the evideaces obtained throu:h this field study, it was
the opinion of thre writer that usually alter ten to fifteen years or
more under the closed canopy of an aspen or oak stand developinz on &n
area followin- one or two fires, if the condition permits, usually
zives place to a2 hicher zenetic type, the most frequent ones are pines
on the sandy uplani, whereas on the better soils, the invadin> species
would be the heech, suzar maple and yellow birch which will take over
in about twenty to trenty-five years., llowever, further fires favor

continuance of the aspen association indeflinitely.
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Under the prevailin; preseat climate in this region, on the more
xeric habitat with decreasin~ soil moisture, a red or white pine staze
may te reached efore the arrival of the northeastern conifer climax,
On the more hydric side, thc succession of conifer-liardwood t:pe is

often developed into the nortlienstern deciduous forest climacz,
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Plate 1. An open second-growth pure jack pine stand. A fairly open

site is a requisite to the establishment of pine seedlings.



Flate 2, The stands of oak type occurring on ridges are often of
poor quality., Note the thick growth of blueberries on
the ground.



Plate 3. A typical stand of the aspen type. Some white oak, red

oak and red maple are in mixture.






Plate 4, A representative stand of northern hardwood-hemlock

forest, A well-stocked understory of saplings and
poles of various species has developed under protection

from fire,



Plate 5. A typical soil profile of Kalkaske loamy
sand under a hardwood stand consists
principally of hard maple, beech and elm,




Plate 6, A dense stand of young jack pine has successfully encroached
and developed on this grassland area on a sandy soil.
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