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1. INTRODUCTION

Itasca State‘Park is one of the most intensivély investigated
areas in Minnesota where ecological research and other biological
studies have been conducted for many years, taking advantage of
natural conditions of the park and the facilities of the Uhiversity
of Minnesota Forestry and Biologibal Station.

Iﬁ general, the vegetation of Itasca Park shows the interaction
of elements of mixed conifer-hardwood, deciduous, and boreal forests
and the prairie. Closeness of the prairie is particularly indicated
by the frequent summer drought periods.

The origin of present upland forest stands in the park was
largely associated with past fires. These stands have been subject
to the process of post-fire étabilization in which fire protection
has become an important factor in determining the future forest
composition.

Mature and overmature stands of red pine (Pinus resinosa Ait.)

and white pine (Pinus strcbus L.) occupy a considerable part of the
entire range of the upland forest complex. Young pine stands are
glmost‘absent. The mortality rate of overmature pines is high due

to windthrow and other causes. It has been apparent that pine
seedlings, especially red pine, are present in extremely small numbers
and rarely succeed in competition with other plants under existing
stand and site conditions. Red and white pine stands were aﬁ important
component of the presettlemeﬁt forest and are ofigreat aesthetic

value fdr the park. Their continuity into the future is of concern

tc management and the public.
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This study will examine the advance réproduction in the upland
forests in relationship to stand and site characteristics with
emphasis on pine reproduction.
| fhe first part of the study will deal with vegétafion and
environment analyses of the forest ecosystems and construction of
| a framework in which'the forest ecosysfems will be organized.
Advantagé will be taken of a combination of ordination and classi-
fication approaches. The method of synecological coordinates will
be used to locate the forest ecosystems along moisture-nutrient and
heat—light coordinate axes. At the same time, the four-dimensional
space will be divided into classification units -- forest types,
adjusting the type boundaries to the clustering pattern of ecosystem
distribution and certain properties of the ecosystems. Such an
approach groups functionally similar ecosystems into forest typeé
suitable for mapping and management purposes, and for making con-
clusions about reproduction in a more general way. The forest types
will provide the basic information about the stand and site conditions
which is a prerequisite for prediction of reproduction occurrence
and its development. |

The second part of this study will deal with an anal?sis of the
existing reproduction conditions and ecological factors determining
the failure or success of advance reproduction. Presence, abundance,
composition, distribution, and growth pattern of advance reproducfion
will be studied as related to motherstands, moisture-nutrient
gradients, and‘forest typés. The change in reproduction abundance

and composition will be examined over a period of time. The role
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of shrubs and ground ccver in competition with pine reproduction
will be stressed.

Besides the data from the general study area, records from
permanent plots will be used to study and compare the trends in
- development of pine reproduction under different stand and site
conditions.

The reproduction data in this study, except for permanent
study éreas, are based on one-year measurements. Conclusions
about the change in reproduction pattern and abundance in the
general study area are indirect, based on abundance, height, and
age estimation of the present advance reproduction.

Fire protection, great abundance of shrubs, and excessive
deer population priorvto 1945, have been cited as the main factors
preventing adequate pine establishment. This study attempts to
shed additional light on the nature and dynamics of the reproduc-

tion processes.
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2. DESCRIPTION OF THE STUDY AREA

2.1 . Geographic Location

Itasca State Park encompassing 32,054 acres is located in
northwestern Minnesota and lies in adjacent portions of Clearwater,
’Becker, and Hubbard counties.
| The square near the center of maps of northwestern Minnesota
(Fig. 1), characterizing general climatic, geological, and vegeta-
tional conditions indicates the location of Itasca State ﬁark.
Figure 1 also shows a map of Itasca State Park. Plot identification
numbers (2-50) fefer to the locations of the investigated forest
ecosystems. Plot 3 is lccated in an area on which reproduction
data have been collected since 1947. Another permanent reproduction
étudy area is designated by "T" (Fig. 1). Appendix Table 1 shows

. the legal descriptions of plot locations.

2.2 Climate
Minnesota, lying in the center of the North American land mass,
is characterized by a typically continental climate. In winter
the prevaling northwest winds provide the area with cold dry air,
and in summer the prevaling southwest winds carry warm moist air
intc the area. 1In addition, the westerly winds provide dry,
continential air. Seasonal and annual interaction of these air
masses largely determine the weather and climate in Minnesota.
Climatic data in Figure 1 illustrates the mean annual temperature
and precipitation from 1926-1955 in northwe;tern Minnesota (Baker,
1958). Climatogram approach by Walter (1963) was chosen to character-

ize the climatic conditions in the Itasca State Park area (Fig. 2).
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(Itasca Park as a square in the center) show temperature and precipitation (Baker, 1958), surficial

geology (Wright, 1962 and McAndrews, 1966), and natural vegetation (Marschner, 1930 and McAndrews, 1966).
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Climatograms were constructed based on the Itasca station reccrds
for the last 30 years (U.S. Weather Bureau, 1936-1965). Diagramst
.were prepared as used by Walter (1963) on a scale where a tempe
of 1°C corresponds to 2 mm precipitation. If the pfecipitation
curve falls under the temperature~curve ;f such a scale, it is an
indication of extreme drought conditions. Compariscon between the

curve of temperature and precipitation is justifiable because
evaporation is mostly proportional to temperature. ‘To obtain the
water balance it is necessary to know the ratio of evaporation to
rainfall. Many authors have used the ratio of precipitaticn to
temperature as an indicator of the water balance (Walter., 1963).
The first diagram in Figure 2>shows the distribution of mean
monthly temperature and ppecipitation and the seasonal rhythm of
other most impcrtant factors. The extreme difference between the
January and July temperatures emphasizes the continentality of the
climate. Mlnnesota has great extremes in temperaturss not only
from seacon to season and month to month, but also on a diurnal
basis as well. An absolute range of 173%F in Minnesota is only

.

0. -
31°F less than the absolute range measured anywhere in the cont-

nental United Stab es (Baker and Strub, 1965). Itasca station
shows an absolute range of 156°F for the last 30 years. Thare is
also great variation in precipitation with over half coming during

the summer months and a maximum in June. Winter precipitation is

~meager. According to Baker et al. {1967) the Itasca station had

Fh

2
~!

5.

w
bt

a maximum annual precipitation o inches in 1949 and s
minimum of 13.93 in 1929 for the periocd from 1912~1265. Normal

precipitation, based on 1931-1960 records, was 25.25 inches,

rature
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The four diagrams (Fig. 2), showing distribution of monthly
temperature and precipitation, indicate that there are years with
drought conditions during the growing seascn. The bulk of the
precipitation in Minnesota actually is reéeived in a few days of
high precipitation, many days have very low precipitation, and
an even greater number of days have no recorded precipitation.
Irregular drought periods of 10 to 30 days with little or nc rain-
fall are characteristic during the growing season in the area
According to calculations by Blake et al. (1960) for soils in the
Itasca Park area having rool-zone water-holding capacities of one,
three, and five inches per foot, one can expect %t leazt 65, 35,
and 17 drought-days per growing season, respe i@vely, 50 percent
of the time.

In most cases, the drought periods are not critical for tree
growth, but they méy ﬁause severe damage to reproduction, especially
for conifer seedlings in their early growth under conditicns of

competition with other plants.

2.3 Glacial Geology

The deve 10pmnnt of Minnesota's landscape is marked by complex
ice movements of late-Wisconsin glaciation which reached its maximum
about 13,000 to 14,000 years ago. Lhe surficial geology of ncrin-
western Minnesota with Itasca State Park in the center (Fig. 1)
reflects the activities of three ice lobes. Arneman and Wright
(1959) and Wright (1962) summarized the ice movements and their

deposited materials in the arsza. The Des Moinee Lobe advanced from

the northwest and car tied & gray or huff genevally silty till with
y e .
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Paleczoic carbonates from the Winnipeg lowland and Cretaceous shale
from the Red River Valley. On this calcareous till, a silt loam
soil has developed. The Wadena Lobe came from the Winnipeg iowland

and moved scutheastward into north central Minnesota. Thi

(]
[N
(9]

e
lobe carried a gray to buff calcarecous sandy till with Palsozoic
carbonates but no Cretaceous shale. Sandy loam soils hgve dzveloped
on this calcarecus till. The Rainy Lobe advanced from the northeast
over the area of gabbro and volcanic roéks north of Lake Superior and
produced & gray sandy till in the area. According to Wright and

Ruhe (1965), the northwestern part of the St.  Croix Moraine

f-de

s

composed of brown sandy till which rests on the Wadena Lobe till with

(B

0
o]
e
[

interlamination at the contact. A noncalcareous sandy loam ¢
has developed from these tills.

Itasca State Park lies in the area of the Itasca Moraine which
was formed by a stillstand of the Wadena Lobe. According to
Zumberge (1952) the retreat of the ice in the park area was slow,
and this resulted in the hilly terminal moraine with numerous
kettles, now filled with lakes or bogs. Many local sandy outwash
deposits were formed by meltwater in addition to those in drainageways,

Most of the smaller lake and pond basins originated from the melting

of buried ice blocks (McAndrews, 1966).

2.4 Scils

Repeated glaciation, interaction of ice movements, and meliwater

action have deposited materials in the park area with a wide textural

4
D

range on which soils have developed with rather great variations in

¥

moisture and nutrient regimes.
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The soils of the park area belony mainly to Nebish-Rockwood
and Menahga-Marqustte soil associations as classified by Arneman (1963).

. -~

Figure 5 shows the general scil distribution of the investigated
forest ecosystems in moisture-nutrient gradients.
) .
Soiis of Nebish-Hockwood group vary texturally from coarse or
G AT 4

gravelly sandy loams to loams and clay loams {Rust et al., 1958},
and censequently show a variation in internal drainage and profile
development. Leaching has removed a part of the lime from the upper

soil but, in general, the rooting zone is well supplied with bases.

Nebish-Rockwood-scils support northern hardwoods and old growtl

white pine. Extensive areas are covered with aspen-birch stands
with different stages of northern hardwood develcpment in the under-

1

story or vigorcus shrub growth.
Marquette soils are formed in loam maierials ovef calcarecus
gravel within 18 inches of the surface and are well drainad., The
old.growth red pine stands as well as mixtures of jack pine and
red pine grow on these rather coarse-textured soils. Shrub layers
with interspersed hardwood reproducticon are well developed under
pine stands, except for stands with a spruce-fir urderstorv.
Menahga soils have developed on fine to medium cuiwa sch sands
under influence of conifers, mainly jack pine. Shrub invasicn
and development are relatively slow as compared tc scils with higher

moisture and nutrient levels. Scattered pine reprcduction may be

found under these site conditions, but Menahgs coils occupy oniy a

Iy

rather cmall percentage
)
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within the park.

2.5 Vegetation
Minnesota is the meeting ground of the Prairie, Lake Forest,
and Deciduous Forest formations. The Boreal Forest formaticn does

not reach Minnesota but its elements, such as Abies and Picea,

are present.

The Itasca State Park area constitutes & part of the Pine-
Hardwood Forest (Fig. 1). According to Braun (1950) it belongs
to the Minnesota Section of Hemlock-White Pine-Northern Har4wcodﬂ
Region. Under other classification systems I asca State Park is
located in the Lake Forest formation (Weaver and Clements, 1938),
in the western portion of the Northern Focrest Region (Soc. Amer.
For., 1954), and in the Great Lakes Pine Forest accoiding to
Kichler (1964).

Bordering the forest-prairie vegetation transition line or
being even a part of it, Itasca State Park vegetation exhibits
a rather great variaticn. The pattern of natural vagetaticn is

strongly influenced by physicgraphic and soil conditions, and

local physicgraphic variations give rise to distinctive microsites
with their cwn characteristic vegetation (McAndrews, 1966). This
results in a mcsaic of forest types of limited zrea.

- b
Mature and overmature red pine {Pinus resinosg};/ and wh*te

pine (Pinug stvobuo, are the predominant trees in the park dus io

1 . . . . et P e
=/ Botanical nomanclature of tree species fellows Littie (1933),
that of other specios, Fernald (1950).
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their size, longevity, and resistance to fire. Red pine occurs in

relatively pure stands or mixed with jack pine (Pinus backsiana) and
some white pine on coarser-textured mineral soils. White pine is
usually present in form of an open overstory cf scattered trees

in hardwood stands on finer-textured soils. Balsam fir {Abies

balsamea) and white spruce (Picea glauca) occur on sites with mesic

moisture conditions, mainly along the numerous lake margins.

Quaking aspen (Populus tremuloides), paper birch (Bstula vapvrifera),

and bigtooth aspen {Populus grandidentata) are widespread on the

many burned areas. OSugar maple (Acer saccharum), American basswood

(Tilia americana), and also red oak (Quercus rubra) are the important

tree species on the most mesic sites accompanied by aspen, paper birch,

bur oak (Quercus macrocarcz), American elm (Ulmus americs na) green

ash (Fraxinus pennsylvanica), black ash (Fraxinus nigra), and iron-

wood (Qstrya virginiana).

The frequent fires in the 19th century and before created

.

conditions favorable for establishment of less shade~tolerant specie

[(]

such as pines, aspen, and paper birch. Since the intrcduction of
fire protection in the area, the successional trend accor ding to
Buell and Cantlon (1951) has been toward the more shads-tolarznt
sugar meple or balsam fif. In this post-fire stabilization process,
shrubs have played an important role as a forest undergrowth. Lee

(1924) indicated that the most. striking feature of these forests

the abundant undergrowth of shrubs and ground cover. Kell (1933)
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Since that time several other studies.and observations have resulted

in similar statements about the ;bmplete absénce, scarcity, and poor

condition of pine reproduction (Hansen and Duncan, 1954; Hansen, 1955).
In the early studies by Bergman and Stallard (1916) red pine

and white piné were cconsidered as climax species in northern Minnesota.

Lee (1924) emphasized the importance of fir-spruce in the park area

and expected that Acer-Pinus strobus and Abies-Picea forests will

develop concurrently. Kell (1938) stated that fir-spruce-birch on

coarse-textured mineral scils and maple-basswood on fine-textured

mineral soils can be considered as climax communities. In 1939,

Buell and Gordon (1945) investigated a spruce-fir and maple-basswood

forest centact zone in the park and concluded that spruce-fir is

the more aggressive. Later examination of the same area (Buell, 1956)

led to the conclusion that both forest types exist side by side

with rather sharp boundaries and that it was doubtful that one of

these upland forests could have the potential to advance into the

other. 1In 1959, however, the main boundary between the maple-

basswood ard spruce-fir had shifted at the expense of the spruce-fir;

in addition, young islands of maple-basswood had become established

in the Spruce«fir community. This was a reversal of the éituation

20 years before (Buell and Martin, 1961; Westman, 1968). Studies

of stand structure and environmental conditions in different forest

types are under way at the present time to further clarify the main

- successional trends in Itasca State Park (Ness, 1969).

According to McAndrews' (1966) pollen studies the present type

of vegetaticn has its origin about 2000 years ago. About this time,
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white pine migrated in and dominated the forest. Red pine and jack
pine joined it ahout 1000 years later. All the three pines together
with hardwoods formed the Pine-Hardwood forest, which persisted
Qntil the time of settlement.

Most of the park area was burned o?er several times during the
19th and 18th centuries and periodic fires were probakly common
earlier. The fire history of the park has been studied by Spurr (1954)
and Frissell (1969), among other workers. The years of fire occurrence
were determined by studying annual growth rings of old, fire-scarred
trees. The origin of many rather even-aged forest stands has been
found to correlate with the fire years.

The major present red pine stands became established after fires
in 1803, 1811, and 1820. The fire in 1714 gave rise tc the oldest
redipine stands now in the park, about 240 to 250 years old. Hcwever,
‘single trees or groups of trees can be found considerably clder.
Frissell (1969) aged by cross-dating a red pine tree 350 years old.
Closed, pure white pine stands are rare. Areas burned in the two
large fires in 1865 and 188¢ were mainly regeneratsd to aspen and
-jack pine. There have been few large fires reported after 1886 in
the park area. 3Since complefe fire protection was ihtroduéed, the
successional trend has been towards hardwoods.

“Subsequent chapters will deal with the methods, present upland

f-de

forest conditions, and the place of pine reproduction

e

n relation

to new growth of other species and site conditions in the park.



- 15 -
3. METHODS

3.1 General

Methods of vegetation analysis may ke considered in four main
groups: physiognomic, floristic, physiographi;, and integrated.
Physiognomy of vegetation deals with fhe outward, more or less
superficial appearance of vegetation. Floristic approach prescribes
the identification of taxa and determination of the role of individual
taxa in the community. The two approaches are complementary, both
being based on the characteristics of the vegetation itself.
Physiographic approach emphasizes the importaﬁce of environmertal
factors. 1In fact, all three methods deal with ecosystems but with
different emphases on the individual constituents. In applicaticn
these three methods are often combined.

The floristic approach has been central in the methcd of Braun-

Blanguet's school which deals with characteristic species combinations

O

W

as they reflect environmental conditions. Characteristic species

groups. Scme of the methods developed by the Wisconsin schocl under

the leadership of Curtis are more purely floristic than is th

D

method of Braun-Blanquet. These methods by the Wisconsin scheool
al with taxonomic similarity of communities independent
deal onl th taxonomic similarity of communities independently

cf environmental considerations. Ellenberg (1956) defin

ot
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ecclcgica
groups of species according to their similarity in relation to

- N

individual envirornmental factors or combinaiions of soms environmental

Lag)

actors, 1If envirommental factors are considered simu
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ecolosgical groups are frequently called sociological groups. Janssen

[
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(1967) analyzed the vegetation in Itasca Park and vicinity by means
of sociological groups con;isting of species which show comparable
soc1olo~10al amplltude » i.e. the combined effect of all ecological
factors. The concept of sociological groups considers the plants

in a group to be similarly related to the whole environment. The
m@thod of syneco]oglcal coordinates (Bakuzis, 1959) used in this
study is & floristic approach to vegetation analysis, It‘belongs to

the method of ecological groups, but it also closely related to

continuum and gradient methods. The method of synecological
coordinates deals with plants which are similar in relation to ons
of the environmental factor complexes but no: necessarily tc others.
It is a more formalized method than the method of sociclogical
groups. The Wisconsin ecological school focuses attention on con-
struction of multidimensional space based on vegetation similarity
indices (Curtis, 1959). In contrast the synecological coordinate
method of Minnesota does not attempt to construct a multidimensional
vegetation space from similarity indices of species composition
directly, but from the beginning total similarity is par titionea into
similarity 6f occurrence along individual gradients of moisture,
nutrients, heat,and light. These four factor complexes provide the
major synecological axes.

Whittaker (1956) developed an environmsntal gradient approach
which somewhat resembles the vegetational continuum by the Wiscensi
schocl. Hills (1952, 1960) selected and combined physiographic
characteristics significant for the vegetation to construct moisture,
nutrient, and lécal climate axes. Loucks (1962) developed mors exact

moisture, nutrient, and local climate gradients and observed distribution

?
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of forest vegetation aleng these_gradients as measured by importance
values according to the Wisconsin schocl, Grigal (1968) related
plant comnunities to environmental gradients in northeastern Minnesota,
using numerical taxonomy methods. Jones (1967) constructed moisture
_and temperature ordinates and evaluated them in relationship to
height-growth rate of aspen in the southern Rocky Mountains. Waring
and Major (1964) developed moisture, nutrient, heat, and light
coordinates calibrating species from field measurements of environmental
factors. Coordinate methods represent further fcrmalizaticn of con-
tinuum and gradient ideas.

Environmental and synecological coordinates bocth belong to the

wider group of ecosystem coordinates.

3.2 Synecological Coordinates

The method of synecological coordinates (Bakuzis, 1959) is based
upon the knowledge of species behavior in nature under ccnditions of
competition with reépect to moisture, nutrient, heat, and light
factor complexes. The term "synecological" is used to emphasize the
point that all observations concerning the occurrence of individual
species was made under conditions of competition with other cpecies.

Relative values from 1 to 5 are assigned to individual forest species

moisture, nutrient, heat, and light factors. Those species occurring
predominantly at the lowest intensity of an environmental complex
Teceived the lowest coordinate value of 1; the highest intensities

are graded as 5, and intermediate coordinates are 2, 3, and 4 depending

on their relative position of occurrence alcng the gradient. This
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procedure is repeated independently for each of the four factor
complexes. Thus in synecclogical coordinates, a species is assigned
fpﬁr Values‘Corresponding to its relative position with all other
Specieé in its requirements for moisture, nutrients, heat, and light.
Community coordinate values are computed as averages of the

coordinate values of all species present in the community. The

are interpreted in terms of mecrosites.

A provisional assessment of coordinate values for indiv

tde

dual
épecies in Minnesota was obtained from earlier studies and cbserva-
tions adjusting them according to the Species occurrence in different
forest communities within the region.

Synecological coordinates provide a means of evaluating the
y A

(0]

intensity of the biotically effective part of the essential environ-
mental factor complexes, moisture, nutrients, heat, and light. They
provide models which can be used to present and investigate charac-

teristics and relationships of the different constituents of biological

systems, for comprehension of complexity, and for information storage.

They can also be used to obtain additional information from data
accumulated under the rules of many other methods, tc demonstrate
known laws and rules, and to indicate the existence of others.

In this study the method of synecological coordinates will be
used to 2id in defining forest types; to investigate the plant cover
.interrélationships; to analyze and compare the presence, density,
and dynamics of conifer and hardwood reproduction; ard to study its

relationships to environmental factors. Appendix Table 5 presents

ct

the list of plants and their synecological coordinates.

)
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3.3 Field Methods

Stand descriptions and plant lists were prepared for 130
forest communities in a reconnaissance survey of the park in 1963
'aﬁd 1964. An attempt was made to cover the full range of upland
site conditions of the general study area. Homogeneity of environ-
mental conditions was sought, but stand variability of transient
character was included. 1In 1964, 36 forest stands were selected
for further study. Selection of forest stands was mainly based on
their synecological coordinate values, tree species composition,
stand age, and also geographical distribution. The minimum size
of stand area was about two acres (8,000 mz).

Eight circular two-milacre (8 m2) plots for reprcduction study
were randomly located and permanently established in each stand. The

number of seedlings, sprouts and shrubs, their age and height, was

determined for individual species. The age of reproduction and

wn

shrubs was estimated by counting the whorls or annual node scar
Plant lists were prepared for each two milacre plot separately and
supplemented by species occurring outside the plots throughout the
whole stand. Ground vegetation, shrub, and reprcduction layers were
estimated as coVver percentages of the totzl area in reference to
tWo-milacre plots. Tree canopy was estimated as cover percentage
in reference to 1/10 or 1/20 acre circles.

Two soii pits (3 ft. x 6 ft. x 6 ft.) were dug in each stand
and soil precfiles were described. The organic and mineral horizons
were sampled for mechanical and chemical soil analyses.

A permanent reproducticn study area ("T" in Fig. 1) in red pine-
balsam fir forest of variable stand density was established by E. V.

Bakuzis in 1953 and plots were remeasured in 1959 and 1964. Forty
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circular 10 m2 (2.5 milacre) plots, 20 m apart, for reproduction
-study were systematically located in two parallel lines, 40 m apart
(Fig. 17b). - All species were iecorded according to their presence
'aﬂd cover estimates made for tree reproduction and layers of shrubs,
herbs, ﬁosses, litter, and slash. The number of seedlings, sprouts,
and shrﬁbs, their age and height was measured for individual species.
Treés of one inch in diameter af breast height and larger were
tallied on 100 m2 (1/40 acre) plots having the same plot center

as the 10 m2 reproduction plots. Age and height measurements were
made by diameter classes for red pine and balssm fir. Dead trees
and stumps were also recorded. The study area was subdivided into
five groups of plots based mainly on differences in density of
balsam fir understery, forest undergrowth, and physicgraphic
features. Four soil profiles were described in the ares. 1In l966,
a 1,200 feet long and :6 feet wide transect was made over the area

between the two parallel plot lines (Fig. 17a and 17b).

3.4 Laboratory Methods
Soil samples were air-dried, passed thfough a 2 mm sieve, and
tests were performed on the less than 2 nm soil fractions.
Determination of soil texture and organic matter for the humus
layer and Al horizon was made in the laboratories of the Schoolvof
Forestry. Determination of pH, organic matter, extractable phosphoius,

exchangeable potassium, calcium, and magnesium was mads by the Soil

=h
e

f=lo
-

Testing Laboratories in the Department of Scil Science, Unive

3]

sity
of Minnesota. The methods of znalyses. except for calcium and

magnesium, have been described by Grava (1962).



Textural analysis for percentage of sand fractions, silt, and

.clay for each mineral horizon was made using the modified hydrometer

[H]

method (Day, 1965) and sieves. Readily available‘water capacity wa
computed according to proceduresvworked out by Franzmeier et al.
(1960) for different soil texture classes. An assumption was made
that under undisturbed forest so?l conditions the bulk densitiss for
the same soil texture classes are comparable.

Organic matter was determined by a colorimetric procedure
using the Walkley-Black oxidation. In addifion, organic matter of
humus layers and Al horizons was estimated by.ignifion at 550°C.
Soil acidity was determined electrometrically with a Beckman Zero-

matic pH Meter on a 1:1 soil to water suspensicn. Phosphorus was

extracted using Bray's No. 1 solution and determined on a Coleman

e
-

Junior Spectrophotometer. Exchangeable potassium, extracted with
a 1N ammonium acetate solution buffered to pH 7, was determined on

a Perkin-Elmer Flamephotometer. Exchangeable calcium and magneszium

were leached from the soil by 1N ammonium acetate solution, bu

to pH 7, and the determination was made by Absorption Spectroghotomsiry

Perkin-Elmer Model 303.
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4. CHARACTERISTICS OF FOREST ECOSYSTEMS

A "system" is usually defined as a set of elements ftogether
with their relationships. ccording to Tansley (193%), ecosystem is
a particular catégory of physical systems, consisting of organisms
and inorganic cemponznts in a relatively stable equilibrium, open,
and of various kinds and sizes.

An ecosystem can be defined from different points of view. In
forestry, attention is focused on trees as main components of the
forest ecosystem and on their relationships to other ecosystem
coméonents. Lutz (1959) defined a forest as an ecosystem involiving
the total physical environment and the whole of living organisms.

An ecosystem can also be considered at different levels. The
generally accepted level for forestry needs is based on delineation
of ecosystems at a level of forest communities. In this study the
forest community is conceived as the living part of an ecosystem
with rather uniform species composition, physiognomy, and site
conditions. The terms forest community, forest stand, forest cover,
and site will be used alonyg with the term eéosystem and considered
as interrelatéd subsystems of the particular scosystem.

Characteristics of forest ecosystems include general properties
of ecosystem space and classification and description of local

forest types.

4,1 General Prcperties of Ecosystem Space
Y 2

Properties of ecosystem space will include the general extenfion
and shape of the ecosystem space of upland forests, particularly the

extention and shape of synecological fields. Further, the variability
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within the individual ecosystems will be considered with special emphasis

ty.

[

v

on taxonomic variability, ecological variability, and site wvariabil

4.11 iExtenﬁion and shape of the ecosystem space of upland forests

In this study, the upland forest ecosystem space is conceived
as a distribution of individual ecosystems in moisture, nutrient,
heat, and light coordinates, used as the principal coordinates. An
ecosystem space can be imagined as a multidimensional space with many
bivariate fields. This is a parameter space with an unlimited
number of dimensions serving as a modesl for reference and understanding
of ecosystem relationships. Since the method of synecoleogical
coordinates is the principal method usedlin this study, the ferms
synecological coordinates and synecological field are used as sub-

stitutes for ecosystem cooidinates and ecosystem field. Synecological
fields are areas of response of a phenomenon (e.g. individual ecosystems,
their components and characteristics) as determined by two or more
synecological coordinates. The main attention will be paid to the
edaphic field (moisture-nutrient ccordinates), although the four

.

syneccleogical coordinates allow for six blvarlale combinations.

i

,j'

‘—t

Locations of the investigated ecosystems in geographic or "rea
space were shown in Figure 1. Figure 3 shows the distribution
pattern of 36 studied forest ecosystems and six ecosystem types in
edaphic (moisture-nutirent roordlngteo) and climatic (heat-light
coordinates) fields.

The first two diagrams in Figure 3-1 show the extent and shape
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The shaded fields indicate the pattern of ecosystem distribution
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when the presence of 211 species in a community is considered in
assessment of community coordinate values. The medium gized field
of eéosystem distribution is obtained from the averages of eight
subplot coordinate values. Average coordinate values include plants
of higher frequencies several times. This is to some degree an
expression of dominance in comnunlty coordinate values as compared
to those based purely on species presence. The largest of the fields
refer to distribution of individual two-milacre subplots. Individual
subplot coordinate values reflect the microsite conditions while
community coordinate values, based on species presence, are an ex-
pression of macrosite conditions.

The other two diagrams in Figure 3-1 show functionally similar
ecosystems with respect to meisture-nutrients and heat-light, grouped
into six ecosystem types (forest types). The relationships of
functionally similar communities in one ecosystem type are homomoxrphic
(one-many relations), allowing for substitution of those species
with similar synecological behavior. The distribution of ecosyst
types is shown in edaphic and climatic fields. The individual
ecosystems remain in the same types in both synecological fields.
This is largely the case in the four remaining bivariate combinations
of synecological fields not shown here.

The locations of ecosystem types (shaded) are based on total
assessment of species present in each community while those with
interrupted lines are based on average coordinate values of eight
subplots. Similar to the first two diagrams where undividsd total

upland forest complex is

m

hown, they reflect the macrosite and

average microsite conditions, respectively. The arrcws jeoin the
g s P Y



corresponding pairs of macro- and microsites. They also,indicate‘
the central tendency or contraction of edaphic and climatic fields
when community coordinate values are determined on basis of species
presencé as compared to those determined based on speciesbpartial
dominance.

The positions of ecosystem types (shaded) numbered from 1 to 9,
based on species presence, are higher in relative moisture-nutrient
values than those based on average subplot coordinate values
(dominance effect) in the edaphic field. This indicates that in
these five types species with higher moisture-nutrient requirements
are distributed with low frequency. The same five types in the
climatic field, based on species presence, are lower in light values
but higher in heat values than those based on species deminance.
This indicates that in these types species with higher light
requirements are well distributed but species witﬁ high heat require-
ments are found with low frequencies. The reverse is true for the
type 6 in both synecological fields.

At present, the forest types numbered from i to 5 are largely
represented by the seral stages of upland forests with dominatinrg
tree covers of intolerant tree species. Forest type 6 is.represented
by communities of advanced northern hardwood development. A more
detailed discussion about the delineation of the ecosystem types

(forest types) will be given in the Section 4.2.

4,12 Variability within individual forest ecosystems

As previously pointed out, forest ecosystems were delineated
at the level of forest communities to consider the practical aspects

of silviculture and forest management. This reflects some variation
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(1) Upland forest complex and ecosystem types (forest types) in edaphic and climatic

fields (moisture-nutrient and heat-light coordinates), and (2) variability, distribution, and
location of ecosystems studied in the edaphic field of upland forests in Itasca State Park, Minnesota.
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in vegetation pattern and site conditions. In many cases only

microsites assure homogneecus locality conditions. Microsite.

variability may influence vegetation patterns and affect forest
reproduction both in terms of quality and quantity.

Figpre 3-2 shows the locations of the studied individual: fcrest
ecosystems in the edaphic fields (moisture-nutrient coordinates).
Each ecosystem léoation reflects,the tetal plant response to
moisture-nutrient conditions relative to positions of other
ecosystems.

Figure 3-2 also demonstrates the variability of ecosystems

in terms of number of species present in a community (taxonomic

e

diversity), representation of different ecological groups in
a community (ecological diversity), and variation of site from
place to place in a community (site diversity). According io

Bakuzis (1967), ecological diversity can be calctlated as the

na

[

standard deviation of species' synecological ccordinates
community and site diversity -- as the standard deviation of
synecological coordinates from different subplots in a community,
The maximum taxohomic diversity occurs in communities cf
intermediate nutrient conditions and tendé to be intensified in
transitional areas alcng the boundaries of ecosystem types
(Fig. 3-2). These areas in the edaphic field largely coincide with
the distribution of communities with less dense forest cover of
intolerant tree species. Forest communities on dry, nutrient-poor
sites (lower part of the edaphic field) have rather open tree cover,

but only lesc demanding species can persist here. Speciec in

O

communities on mesic, nutrient-rich sites (upper part of the edaphic
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field) undergo severe competition and only a limited number of
species can survive. There is no correlation between taxonomic
diversity and ﬁoisture—nutrient coordinates (Table 1).

The terms "poor", "intermediate", and "rich" referring to
nutrients, and "dry" and "mesic" referring to moisturs, are used
in a comparative sense, contrasting the site conditions of upiand
forests in this area. Site fertility refers to a number of soil
characteristics and processes occurring within soils which are
imporfant to plant growth and includes climatic ccnditions.
Synecological coordinates integrate the entire range of these
characteristics, processes, and conditions, but can disagree with
intensity levels of individual nutrients. They will be discussed
in Section 4.21. )

The maximum ecological diversity occurs in mesic, nutrient-
rich forest ecosystems. The second diagram in Figure 3-2 shows
ecological diversity of ecosystems in terms of moisture and nutrients.
Ecological diversity in nutrients is highly correlated with nutrient
coordinates (Table 1), while the diversity in moisture has no
correlation with moisture coordinates. Species with low nuirient
requirements are present in more or less large numbers in all
cormmunities while species with high nutrient requirements are
limited to rich sites. Upland forests represent almost a full
range of nutrient conditions while they cover only a half of the
total moisture range of forest adaptation. Plants of high moisture
requirements (coordinate ) seldom occur in upland forests, sven

those with coordinate 4 are poorly represented, therefore the
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Table 1. Correlation coefficients of community taxonomic diversity
ecological diversity, and site diversity with synecolegic

coordinates in upland forests of Itasca State Park,

3
al

Mirnesotal
Coordinates
Moisture Nutrients - Moisture and
Diversity (M) {N) nutrients (MN)
Taxonomic : _
diversity 0.045 -0.025 -0.003
Ecological
diversity (M) 0.079
(N) 0.947%%
(MN) 0.756%% 0.899%* 0.908%%
Site
diversity (M) 0.222
(N) 0.341%
(MN) 0.430%* 0.095 0.240

Y Based on species presence in eight 2-milacre subplots per communitv.
* Significant at 5% level.

*% Significant at 1% level.

variability in moistqre is less well expressed. Combination of
both kinds of diversities shows a high correlation with nutrient
coordinates, combination of moistufe and nutrient coordinates
(pased on Euclid's distance formula), and also a high correlation
with moisture éoordinates. There is a moisture-nutrient interaction
and it seems that increase in nutrients make moisture more effective.
A question could be raised as to what can be done with fertilizers
for better utilization of moisture. Ehwald (1953) pointed out that
physiological factors such as moisture and nutrients can be substi-
~ tuted only in the sense that better nutrition can increase the
ability of a plant tc take up more moisture.

The third diagram in Figure 3-2 shows site diversity of

ecosystems in terms of moisture and nutrients. The magnitude of
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standard deviations of coordinates from different subplots reflects
the micrecsite variation within a larger ecosystem. The maxinun
site diversity occurs near the center of the edaphic field. Relief
and other characteristics of site variability have rather strong
nfluence on the homogeneity and distribution pattern of the ground
vegetation and is expressed‘ih frequent‘occurrence‘ofAfwo—sforied
treé canopies in these ecosystems. The correlations between site
diversity and synccologlcdl coordinates are not proncunced, both
in terms of moisture and nutrients and combination cof the two
(Table 1)

The last diagram in Figure 3-2 shows the identification numbers
of the ecosystems studied. In most of the following figures the
identity cf individual ecosystems will be shown. This will help
to make comparisons between different measurements and characteristics

of ecosystems.

4,2 Local Forest Types

Forest type is a descriptive term used to group stands of
similar character as regards composition and development due to
certain ecological factors by which they may be differentiated from

other groups of stands. The term suggests repetition of the same

Fag
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e
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character under similar conditions. A type is femporary LS

character is due to passing influences such as logging or fire

Lo

permanent if no eppreciable change is

®

xnected and the charactexr
£

a

is due to ecclogical factors alon (Soc. Amer. For., 1930j.

D

Forest types, as used in this study, are units of the local

ecosystem spaca and resemble forest types as recognized by
y K /! P 4



Pogrebnyak (1930). However, the type boundaries are adjusted to
the distribution pattern of local ecological conditions and not
drawn mechanically as in the universal type system by Pogrebnyak.
According to Pogrebnyék, forest type includes forest lots ocou@ied
by one primary stand type and olher characteristic associations
with similar site condltlons.v This concept i also the essence of
Cajander's approach to forest types which in English translation
are known as forest site types.

In this étudy, synecological coordinates were used a§ an aid
in interpreting different interrelationships among the elements of
ecosystems and also as an aid in classifying ecosystem types
(forest types). For this reason it is of particular importance
to analyze soil and vegetation characteristics in relationship to
synecological coordinates. Special attention will be given to
forest cover types as recognized by the Society of American Foresters.

Descriptions and comparisons of individual ecological forest types

will follow.

4.21 © Soil characteristics

The most commonly occu?ring soils on upland in Itasca ?ark
were discussed in Chepter 2. Figure 4 shows the distribution of
different soil characteristics of investigated forest ecosystems
in the edsphic field. Scil characteristics were expressed in two
ways, based on 6-inch top soil and 36-inch soil profile (including
the organic layer), representing weighied average values of
correspending soil horizons on volume basis. Soil pH was given

for the organic laver, 6-inch upper minersl soil, and soil parent
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material. The data show average values of two soil prpfiles.per
sample area.

While synecological coordinates provide a means of evaluating
-~ the intensity of the biotically effective paft ofvthe essential
environmeﬁtal factor complexes such as moisture, nutrients, heat,
‘and light, they do not evaluate the intensities of individual soil
factors. On the other hand, there is no single soil factor
available which would fully define the vegetation's moisture and
nutrient regimes. Conventional soil sampling and analysis provide
“only physiographic indication of the ope;ational environment.
According to Pallmann et al. (1949), relationships between plant
comnunities and soils depend on the physiological conditions in
terms of moisture, nutrients, aeration, and heat balance.

Certain soil chemical and physical characteristics were
related to moisture and nutrient coordinates to explore the best
possible relationships between the vegetational indication of the
site conditions and individual soil factors. The diagrams in
Figure 4 demonstrate these relationships graphically. Correlation
coefficients are helpful in understanding and elaborating diagrams,
especially when they are reviewed in sets. On the other hand,
diagrams themselves show multidimensional relationships.

According to soil analysis data, the amount of extractabie
phosphorus ranged from 25 to 105 pp2m in the 6-inch top soil and
~from 25 to 80 pp2m in the integrated 26-inch soil profile (Fig. 4).
Even the lowest amounts of extractable phosphorus cen be rated as

medium, but most of the soilc can be categorized as high in
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phosphorus according to evaluation scales used by Farnham (1956) and
Rust et al. (1958) for Minnesota soils.

In Figure 4 the first two diagrams show extractable phosphozrus
distribution in the edaphic field. It shows the mdst complicated
. relationship to nutrient coordinates of all soil characteristics
presented. There is no simple linear correlation between phosphorus
and nutrient coordinates. The correlation coefficients for the

top soil and soil profile are - 0.108 and - 0.424, respect

[

vely
(Table 2). 1If ecosystems were subdivided into two groups bazed

on silt and clay content in soils, the correlation coefficient for
the range of finer material soils (upper part of the edaphic field,
primarily represented by Nebish-Rockwood soils) was - 0.196 ac
compared to + 0.532 for the range of ccarser material soils (lower
part of the edaphic field, primarily Tepresented by Menahga-Marquette
~s0ils) in the top soil. Similar relationships exist between
phosphorus and calcium {(r = - 0.204; r = + 0.354) and between
phosphorus and organic matter content (r=-0.388; r = + 0.251),

if ecosystems of finer and coarser material soils were considered
separately. A wéak posiﬁi?e correlation between phosphorus and
nutrient coordinates was reached using the amount of phosphorus

in the organic layer (r = + 0.394). The relationships of phosphorus
to other soil factors are similar to those to nutrient coordinates
(Table 3).

The lack of direct relationships between soil phosphorus and

forest productivity has iong been known. Valmari {1921) pointed

chk

cut that the available amount of phosphcrus cannot be directly
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related to the yield éabacity of forest soil, although there ceems

- to be a negative correlation. "Pluth and Arneman (1965) alsc found
‘no significant or.negative relationships between phosphorus in

~ individual soil horizons or horizon combinations and nutrient

. coordinetes. They stated that probably the determinaticn procedure
for phosphorus doe; not evaluate the phosphorus important to a
plant's nutrition or that phosphorus is not a limiting factor
affecting species' distribution in their Minnesota studies. Voodwell

(1958) pointed out that Pinus serotina and certain other plants can

take up phosphorus sufficiently from phosphates which are hazd

soluble. Baldovinos and Thomas (1967) indicated that clay content

is a prime factor in phosphorus availability. It was found that

good growth of plants occurs in clay soils where phosphorus extractable
with a solution of 0.5 N NH4F is low comparable to that found in
fertilized sandy soils. They claim that these observations should

be helpful in devising an appropriate calibration of soil test values
based on the percentage of clay in the soil.

There is a gradual increase in the amount of exchangeable
potassium from fhe lower part of the edaphic field upwards with some
tepering off at the highest nutrient level as indicated by nutrient
coordinates. Potassium content varied from 60 to 310 pp2m in the
top soil and 30 to 260 pp2m in soil profile. The absolute range of

variati&n based on soil samples of individual horizons was from 20
to 600 pp2m. There are some ecosystems in the lower part of the
edaphic field with soils which could be ratgd as very low in exchange-

able potassium. Howaver, the majority of soils are medium to high
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Minnesota soils.

The correlation coefficients between the amount of exchahéeable.
potassiumrand nutrient coérdinates are + 0.655 and + 0.672 in the |
top soil and soil profile, respectively. ‘Similar relationship
(r'= +.O.674) between potassium of A2 + B2 + C horizons and nutrient
coordinates was found in Minnesota studies by Pluth and Arneman (1965).

Exchangeable calcium shows the highest intensities in the upper
part of the edaphic field. These are Nebish-Rockwood soils known
to be adequately supplied with bases, especially calcium. According
to soil analysis data, the exchangeable calcium ranged from 2.5 to
13.4 meq/100 g in the top soil and from 1.8 to 17.0 meq/100 g in the
soil profile. The range of exchangeable magnesium {not shown in
Figure 4), was from 0.7 to 2.7 meq/100 g and 0.5 to 4.3 meq/100 g
in the top soil and soil profile, respectively. About 2.5 meq/100 g
calcium and 1.0 mea/100 g magnesium are considered moderate levels
of soil fertility, sufficient amounts for the majority of conifers
by Wilde and Voigt (1955), provided other growth determining factors
are satisfactory. Most of the areas studied fulfil these requirements,
many of them would qualify for high level soil fertility in terms of
calcium and magnesium exceeding 5.0 and 2.0 meq/100 g calcium and
magnesium, respéctively.

Exchangeable calcium shows a high correlation with nutrient
coordinates in the top soil (r = + 0.839) and soil prcfile (r = + 0.632).
Similar relationships exist between magnezium and nutrient ccordinates

ATy A . . et s i) ce . .
(Table 2). In California, Waring and Major (1964) selected calcium
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Table 2. Linear correlations between the community synecological

coordinates and some scil physical and chemical characteristis
for the organic layer, 6-inch top soil, and 36-inch soil
profile in Itasca State Park, Mirnesota.

Soil Organic Top Soil Organic Top Soil
characteristics layer. soil  profile layer scil  profile

Correlation with:

Moisture coordinates Nutrient coordinates

Soil particles ’

below 0.1 mm 0.452%% 07562** 0.713%% 0.,765%*
Readily avail-

able water 0.411%  0.528%%
pH 0.540%% 0.83o%%
Organic matter 0.639%%  0.654%%  0,652%% 0,857%% 0,855%%
Extractable

phosphorus 0.394% -0.108 -0.424%
Exchangeable A ‘

potassium 0.496%*% 0.€655%% 0,672%x
Exchangeable

calcium 0.815%% 0.839%% 0,632
Exchangeable
magnesium 0.554%%  (0.701%% 0,6560%%

* Significant at 5% level.

** Significant at 1% level.

as a variable best related to scil fertility because, according <o
them, it more ably separated the nutritional aspects of the soil frem
other environmental effects. Computation of Grigal's (1968) data
showed a linear correlation of + 0.777 between calcium levels ard

the environmental nutrient coordinates, and + 0.716 -~ between calcium
and the synecological nutrient coordinates in the 6-inch top soil in

" northeastern Minnesota. Relatively strong correlation between czlciunm
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and soii fertility was also emphasized by Aaltonen (1948) and other
-authors. Ehwald (1957) pointed out the special importance of calcium
for forest crops indicating that considerably less mineral nutrients
except calcium are required for broduction of one ton of dry matter
fofest crop than required for a ton of agricultural crop. 1In

regard to cohifer growth,‘especially to pine seedlings, the importance
of Ca/K ratio in soils is stressed. Laatsch (1967) showed'that on
s0ils shallow to medium in depth and high in lime, young pine plan-.
tations often suffer from potassium deficiency. The richer the soil
in calcium the more difficult for the conifers to obtain larger
amounts of potassium. High lime content makes not only the uptake

of potassium difficult, but.also the uptake of boron, manganese, and
iron. Potassium fertilization, together with silvicultural measures,
‘may improve growth conditions of pine seediings, especially their

- competitive ability for better moisture utilization, in some areas

in the park.

Organic matter content varied from 3 to 28 percent in the *op ’
soil and from 1 to 5 percent in the soil profile. Organic matter
Content in the top soil shows the highest correlation with nutrient
coordinate values (r = + 0.857) and also in the soil profile (Table 2),
This is an indication that togtal nitrogen in the soil would also be
highly correlated with nutrient coordinates. Organic matter content
has a considerably better correlation with moisture coordinates than
- the percent of mineral soil particles below 0.1 mm and the amount of
readily available water. The relationships of organic matter with

other soil characteristics are shown in Table 3 and Figure 4.
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The percent of soil mineral particles below 0.1 mm of the total
sdil ranged from 10 to 86 percent in the top soil and from 9 to 81
percent in the soil profile. The amount of readily‘available water
varied from 0.9 to 2.5 inchés per foot in the top soil and from
0.9 to 2.1 inches per foot in the soil profile. The percent of soil
mineral particles below 0.1 mm showsibettef cdrrelation with nutrient
coordinates (r = + 0.765) than with moisture coordinates (r = + 0.562)
in the soil profile. Similar correlation is found between the
amount of readily available water and moisture coordinates (r = + 0.528).
The relationship between the percent of soil mineral particles below
0.1 mm and the amount of readily available water is + 0.867 and
+ 0.752 in the soil profile and top soil, respectively.

The interpretation of soil moisture regime is complicated,
especially in the Marquette profiles where the presence of thin, often
intérrupted bands of fine soil material in coarse textured soils may
be more effective in moisture supply to plants than the soil analysis
indicates. This fact may partially explain the relatively weaker
correlations of soil physical properties with moisturs ccordinates
than nutrient coordinates. |

The pH values of the organic layers of Nebish—chkwood soils
(upper part of the edaphic.field) ranged from 6.1 to 6.9 while
those of Menahga-Marquette soils varied from 4.8 to 6.2 (Fig. 4).

The distribution of pH values of fhe upper 6-inch mineral scil is
-rather uniform over the total upland forest complex. The pH values
ranged from 4.7 to 6.1. The distribution of pH values of soil

parent material is quite erratic ranging from 5.5 %o 8.0.
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Table 3. Linear correlations between some soil characteristics for
6-inch top soil and 36-inch soil profile of upland forests in Itasca
State Park, Minnesota.

Soil Organic
characteristics matter

‘o
A
(@]
)
=
LQ

Organic matter
Top soil -0.230  0.578%% 0.766%*
Soil profile -0.446%%  0,562%% 0.501%%
pH (organic layer)
Top soil 0.763%%  -0.104  C.747%% 0.846%%  0.741%X

Extractable
phosphorus

Top soil 0.122 -0.275
Soil profile -0.226  -0.450%*

Exchangeable
potassium

Top soil 0.678%%
Soil profile 0.808%*

Exchangeable
calcium

Top soil 0.853%%
Soil profile 0.870%*

¥ Significant at 5% level

*%¥ Significant at 1% level

The pH values of the organic layer are strongly related to nutrient
coordinates (r = + 0.835). They also show strong relationship to
meisture coordinates (Table 2). The relationships with organic
matter and soil nutrients are strong, except phosphorus (Table 3).
Although some soil properties such as calcium, soil reaction,
and organic matter content shew strong relationships with nutrient

coordinates, and scme soil factors at least significant relationships
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with moisturé‘coordinates, better correlation bétween vegetation
indication arnd soil fertility may be expected if instead of individual
soil factors an integrated factor complex could be used or a quanti-
tative expressioh of soil physiological conditions could be worked
~out.

Most of the soils have adequate supplies of nutrients for plant
growth, such as phosphorus, potassium, calcium, and magnesium except
for some communities located in the lower part of the edaphic field.
Moisture supply seems to be more critical. Levels of available scil
moisture in upland forests are largely controlled by the precipitation
pattern in the park area. With one exception, groundwater level was
not reached in any of the six feet deep soil pits. Drought periods
are common during the growing season affecting most the forest
communities associated with sandy soils. These are forests where
pine reproduction, red pine and jack pine especially, still has the
chance to become established under favorable conditions because of

the least competition from other plants.

4,22 Forest cover types

A cover type is a forest type now occupying the ground, no
implication being made as to whether it is temporary or permanent
(Soc. Amer. For., 1950). According to a survey conducted in 1932

by the School of Forestry, University of Minnesota in cooperatio

s

with the State Conservation Department, the major cover iype in
Itasca Park is aspen varying in composition from pure stands to
those containing admixtures of paper birch, oaks, red maple, and

other species to various degress. This type occure over 13,000
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acres‘and is by far the largest forest cover type in the park. The
total acreage of the three pine cover types ranks next with about
8,500 acres. Red pine occupies about 5,706 acres, jack pine about
1,800 acres, énd white pine about 800 acres. An additional 1,600
acres are classified as spruce-fir type and contain white spruce,
.Balsam fir, aspen, paper birch, and other species in different
combinations. Northern hardwoods occupy about 1,500 acres with sugar
maple, Ameriﬁan basswood, red maple, oaks, and American elm as the
most common sbecies (Hansen and Duncan, 1954)., More recent estimates
of the distribution and.extent of different forest cover t?pes can
be made from the vegetation map of Itasca State Park (Meyer, 1966).
The first two diagrams in Figure 5 show the forest cover types
and stand volumes of the ecosystems studied. Figure 5 was placed in
Chapter 5 to focus attention on the relationships between advance
reproduction and different characteristics of upland forests. The
cover types were determined according to predominance of a species
or group of species. The predominance was estimated on the basis
of volume in cubic feet. The volume estimates included trees of
four inches and larger in diameter at breast height. 1In the case
of open overstory of old growth pine only those stands wefe named white
pine or red pine cover types which showed at least 10 trees per acre.
Mixed pine stands were named after the pine which occupies the largest
volume in that particular stand. The volume estimates in cubic feet
(including bark) were made based on the composite volume tables for
timber in Lake States, prepared by Gevorkiantz and Olsen (1955).
Stands of red pine cover type show the largest volume on the

average. Jack pine occupied areas are relatively low in volume, as
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well as aspen and paper birch stands with well developed shrub
layers. The stands on the mesic, nutrient-rich sites with different
stages of northern hardwocd development and more or less open

overstories of old aspen and pine, are intermediate in volume.

4,23 Descriptions of forest types

An attempt was made to work out a local forest.type classifi-
cation of upland forests in the Itasca Park area. Syneéological
coprdinates were used as an aid in the estabiishment of forest
classification uﬂits. In discussing characteristics of forest
ecosystems (Fig. 3-1) it was shown how functiénally similar ecosystems
- with respect to moisture-nutrients and heat-light were grouped in
six ecosystem types (forest types). In separating these six types
individual species distribution in the edaphic field, interrelation-
ships between trees, reproduction, and shrubs, as well as soil
characteristics were taken into account (Fig. 5).

Janssen (1967) stated that the vegetation in Itasca Park and
vicinity is essentially a continuum in which delineation of plant
communities can only be arbitrary; however, a clustering of species'
occurrence is noticeable. Species' distributicn in the edaphic field
showed similar features in this study, creating difficulties in drawing
type boundaries based on species' distribution. However, a forest
type should nof only be a type of the present vegetation, but aiso
a forest development (succession) type (Aichinger, 1960). Thus, the
data about reproduction development, shrub development, ahd soil
characteristics were consulted in drawing the final.type boundaries.

But even so the boundaries in nature are not distinct, they gradually
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grade into each other between most of the'established_forest types.

Most of the upland forests in Itasca Park can be considered
as temporary expressions or successional stages, mainly due to
extensive fires in the past. They are still in a process of post-
fire stabilization. Most of £he types represent ecological types
in an unstable stage. Just how many units are to be recognized
depends on practical considerations. ‘Some of the types in the
central part of the edaphic fiéld (Fig. 5) could be subdivided to
achieve better uniformity in tree composition and thus more uniform
response to silvicultural treatment.

Figure 5 shows the six local forest types in the edaphié
fielde The names of these types indicate some of the dominant
and/or associated tree species. The names of ground cover and
shrub species were added which were characteristic of a particular
type, or to differentiate a type from the neighboring types. These
gfound cover and shrub species do not necessarily show high fre-
quencies of occurrence. The type names give some characteristics
of the forest types'but they do not define them in detail., Brief
forest type descriptions will follow.

General information about forest type characteristics in terms
of synecological coordinates, vegetation, and soils is given in
Tables 4, 5, 6, and 7. More detailed information about individual

forest ecosystems can be obtained from Appendix Tables 2, 3, and 4.

(1). Pinus banksiana-Arctostaphylos type (Pb-T). This type
includes mainly jack pine forests with some red pine. White pine,

paper bixrch, and quaking aspen are scattered. Soils are somewhat
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excessively to well drained, medium to coaréé textured sands and
loamy sands. Relief is level to rolling.

Pine reproduction, mainly white piné, is present in considerable
numbers in some areas and exhibits satisfactory early growth. Red
pine seediings are only scattered. Jack pine seedlings are common
but most of them are heavily dee-browsed. In some specific areas
balsam fir may be present. There are a few hardwood seedlings,
mainly paper birch and quaking aspen. Shrub development is weak
to medium as indicated by their abundance and height. Corylus

cornuta, Amelanchier spp., Rosa spp., Symphoricarpos albus, and

Diervilla lonicera are the prevalent shrub species. The last three

species plus some others, grouped as low shrubs, constitute almost
50 percent of the total number of shrubs. Ground cover is charac-

terized by halfshrubs such as Vaccinium angustifolium, Gaultheria

procumbens, Arctostaphylos uva-ursi, Rubus idaeus var. strigosus,

and herbs: Maianthemum canadense, Galium boreale, Lathyrus venosus.

Mosses such as Pleurozium schreberi and Dicranum spp. show consider-

able frequencies; however, their cover percentage is rather low.
at g

Arctostaphyles uva-ursi, used in the type name, is largely restricted

to this type. Classifying jack pine sites, Hansen (1946) found that

Arctostaphylos uva-ursi had the highest indicator value for indi-

cating poor site conditions.

(2). Pinus banksizna-Pinus resinosa-Gaultheria-Hepatica type
(PbPr-T). This type comprises mainly jack pine forests with various
degrees of red pine admixture. White pine, quaking aspen, paper

birch, bigtooth aspen, bur ozk, and red maple are the minor tree
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Species. Soils represent a range from»loamy coarse sands to gravelly
sandy loams. They are somewhat excessively to well drained. Cobbles
are common to abundant. Relief is nearly level to rolling.

White pine reproduction is scattered, only a few seedlings
have reached one foot héight. " Red pine and jack pine seedlings are
practically absent. Red maple and red oak are the most prevalent
of hardwood reproduction, but their presence is rather scattered.

Shrubs are abundant. Corylus cornuta accounts for almost S50 percent

of the total number of shrubs. The percentage of low shrubs such as

Diervilla lonicera, Symphoricarpos albus, and Rosa spp. (39 percent
of the total) is almost as high as. in the preceding forest type
(Pb-T). Ground cover is characterized by such halfshrubs as Vaccinium

angustifolium, Rubus spp., and Gaultheria procumbens. Maianthemum

canadense, Pteridium aquilihum, and Aster macrophyllus show the

highest frequencies of herbs and ferns. Gaultheria procumbens and

Hepatica americana are used in the type name to emphasize the differ-

ences of this type from the neighboring types. The distribution of

Gaultheria procumbens extends further into drier, nutrient-poorer
p ’ P

site conditions while Hepatica americana extends towards more mesic,

nutrient-richer site conditions.

(3). Pinus-Abies-Picea-Lycopodium type (PAP-T). This type
inclﬁdes pine-spruce-fir forests with red pine plus some white pine
and paper birch as the overstory species. Balsam fir and white
spruce are present to various’degrees of density and composition in
the understory. Paper birch is the most important hardwood species.

Soils show a rather wide range of textural differences. They vary
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from sands”to cbarse.sandy loams and loams. They are usually well.
drained with vérying amounts of pebbles and cobbles. Relief is
undulating to hilly.

Redvpine and white pine séedlings are only of occasiona;
occurrence. Balsam fir reproduction generally shows thrifty growth.
Its distribution pattern is characterized by clustering. Hardwood
reproduction is weakly developed of which red maple and black ash
are the main representatives. The shrub layer is weakly developed.

Corylus cornuta, Am=lanchier spp., and Prunus virginiana are the

major species of the tall shrub group. Low shrubs such as Diervilla

lonicera and Lonicera spp., plus some others account for 56 percent

of the total number of shrubs. Ground cover is represented by

Rubus idaeus var. s{rigosus and Vaccinium angustifolium of the half-

shrubs. Maianthemum canadense, Aster macrophyllus, Galium triflorum,

and Linnaea borealis show the highest frequencies of herbs, and ferns

and allies. Lycopodium spp., used in the type name, are restricted

to this upland forest type. However, their distribution is rather
sporadic. This type and the next discussed (Pr-T) have some common
features. The intensity of shrub development and the performance of

balsam fir reproduction were used for establishing the final boundary.

(4). Pinus resinosa-Dryopteris—Osmorhiz; type (Pr-T). Red
pine.forests are characteristic of this type. Quaking aspen and
paper birch are the major hardwood representatives. Occurrehce of
oaks and red maple is scattered. White spruce and balsam fir are
present in some communities. Balsam fir shows signs of decadence.

Soils are well drained, loamy coarse sands to gravelly sandy loams
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ahd loams. Cobbles are common to abundant. Boulders are present.
 Relief is undulating to rolling.

White pine reproduction is scattered and shows poor growth
pefformance.. The same 1s true for balsam fir seedlings, although
in someicommunities quite a few one:year old seedlings can be
found. Red maple is the most aggressive of the hardwood reproduc-
tion followed by quaking aspen and red cak. Red maple seedlings

constitute about 50 percent of the total hardwood reproduction.

The shrub layer is moderafely to well developed. ’Corylus cornuta

accounts for about 75 percent of the total number of shrubs. The
proportion of low shrubs has decreased considerably as compared to

the previous types. In ground cover Rubus pubescens, Vaccinium

angustifolium, and Rubus idaeus var. strigosus are the most prominent

halfshrub species. Ubiquitous species such as Aster macrophyllus,

Maianthemum canadense, and Pteridium aquilinum show the highest

frequencies of herbs and ferns, followed by Galium triflorum and

Thalictrum dioicum. Dryopteris spinulosa and Osmorhiza claytoni

are used in the type name to emphasize the differences of this type

from its neighboring types. Dryopteris spinulosa extends its

distribution towards nutrient-poorer site conditions on uplands and

Osmorhiza claytoni is distributed towards nutrient-richer site

conditions. Being located in the central portion of the edaphic
field, this type is related to PbPr-T, PAP-T, and also with the

next discussed type (QPB-T).

(5). “Quercus-Populus-Betula-Viburnum-Amphicarpa type (QPB-T).

This type includes mainly aspen znd paper birch forests with red
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oak and bur cak admixture to a varying degree. Occasionally some

white pines and red pines may ke present. Soils are moderately

well to well drained sandy loams to loams and sandy clay loams.

Cobbles.and boulders are occasicnal to common. Relief is undulating.
Conifer reproduction is almost non-existent. Red oak, red

maple and quaking aspen reproduction is p;evalent followed by

black ash, sugar maple, and Americén basswood. Shrubs are abundant.

Corylus cornuta, Diervilla lonicera, Prunus virginiana, Viburnum

rafinesquianum, Cornus rugosa, and Amelanchier spp. are the most

conspicuous. Corylus cornuta accounts for over 50 percent of the
total number of shrubs. Ground cover is characterized by Rubus spp.
halfshrubs, and herbs and ferns are mainly represented by Aster

macrophyllus, Aralia nudicaulis, Uvularia g;andifloré, Thalictrum

dioicum, Uvularia sessilifolia, and Pteridium aquilinum Viburnum

rafinesquianum and Amphicarpa bracteata, used in the typevname,

show high intensities of occurrence in this type, extending farther
into nutrient-richer sites. This type shows some transitional

features towards the next discussed type (AT-T).

(6). Acer-Tilia-Pinus strobus-Dirca type (AT-T). This type
includes forests with rather advanced northern hardwood development.
Sugar maple, red oak, and American basswood are the most prevalent
northern hardwood species. More or less open overstories usually
éonsist of old growth aspen, white pine, and bur oak. Soils are
moderately well to well drained sandy loams to loams and silt loams.

Cobbles and boulders are common. Relief is nearly level to rolling.
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Sugar maple is by far the most abundantly reproducing species
followed by red oak, red maple,ironwood, black ash, and American '
basswood. White pine seedlings are present in considerable numbers,

but survival and growth is poor. The shrub layer is weakly developed

with Corylus cornuta, Prunus virginiana, Viburnum rafinesquianum,

and Acer‘sbicatum being the most abundant spécies. Ground cover

is represented mainly by Uvularia grandiflora, Uvularia sessilifolia,

Thalictrum dioicum, Aster macrophyllus, and Aralia nudicaulis.

Dirca paldstris, used in the type name, is characteristic of this

type.

4,24 Comparisons of forest types

In this section, forest types will be compared with each other
_in terms of their vegetation and soil characteristics, and relative
to their location in the edaphic field. Variation in some of these
characteristics will be indipated.

Section 4.12 dealt with taxonohic, ecolegical, and site diver-
sities of individual ecosystems. Analogous diversities can also be
computed for forest types which were established by grouping together
functionally similar forest ecosystems. Taxonomic diversity,
expressed as a number of_species, varies in individual ecosystems
from 29 to 63 species as compared t§ from 78 to 91 species in
individual forest types. Férest types have larger number of species
because they reflect the pooled number of specieé of related
ecosystems., Forest types aré represented by characteristic ecoystems
and ecosystems of transitional nature (ecofones). The latter, as

stated before, show maximum taxonomic diversity. This explains



- 51 -

the narrower range of variation in species' number in forest types
as compared to that in individual ecosystems. The characteristics
of forest types refer to a set of different successional stages which
might lead to more uniform permanent types. This is another explanation .
rof the rather great variability of characteristics of forest types.

Ecological diversity, expressed as the standard deviation of
specieé' synecological coordinates for moisture ranged from 0.80 to
1.13 in individual ecosystems and from 0.95 to'l.Ol in forest types.
Ecological diversity in terms of nutrients varied from 0.54 to 1.46
in individual ecosystems and from 0.69 to 1.25 in forest types.
Similarly to taxonomic diversity, ecological diversities on forest
type basis show narrower range of variation as compared to individual
ecosystems. The reasons are the same; an additional contributing
factor being the central tendency of sample averages in general.

Site diversity, expressed as the standard deviation of synecolo-
gical coordinates of different subplots in individual ecosystems
(microsite variation), ranged from 0.05 to 0.44 and from 0.05 to
0.28 in terms of moisture and nutrients, respectively. Site diversity,
expressed as the standard deviation of synecologicalvcoordinates of
different ecosystems in forest types (macrosite variation), ranged
from 0.05 to 0.17 and from 0.07 to 0.14 in terms of moisture and
nutrients, respectively (Table 4). The pattern of variation of
site diversity in forest types as compared to individual ecosystems
is similar to that of taxonomic and ecological diversities.

Table 4 presents the synecological coordinates of the forest

types and their variations within the types.  Pinus banksiana-
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Arctostaphylos (Pb-T) type is characterized by the lowest moisture
and hutrient coordinates and the highest light coordinates. Pinus-
AbiesFPicea-Lycopodium (PAP-T) type has the highest moisture
coordinates and the lowest heat coordinates. Light coordinates show
-the largsst variation in this type. Acer-Tilia-Pinus strobus-Dirca
(AT-T) type is characterized by the highest nutrient and heat
coordinates and the lowest light coordinates. Synecological coordi-
nates of individual forest ecosystems are shown in Appendix Table 2.
Tables 5 and 6 give some information about the soil physical and

chemical characteristics of the forest types and their variation
within the types. There is a gradual increase in the amount of soil
mineral particles below 0.1 mm, readily available water cépacity,
organic matter, exchangeable potassium, calcium, and magnesium in
the top soil and soil profile from Pinus banksiana-Arctostaphylos
(Pb-T) type to Acer-Tilia-Pinus strobus-Dirca (AT-T) type. Extract-
able phosphorus shows some increase up to Pinus-Abies-Picea-Lycopodium
(PAP-T) type and then it décreases towards Acer-Tilia-Pinus strobus-
Dirca (AT-T) type (Table 6).

| There is a gradual increase in the thickness of organic layer~
and pH values of the organic layer from Pinus banksiana-Arctostaphylos
(Pb-T) type to Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T)
and Acer-Tilia-Pinus strobus-Dirca (AT-T) types. Soil pH values of
the A2 horizon show little change over the entire upland forest range
and pH values of parent materizl show only higher values in the
QUercus-Populus—Betule-Viburnum—Amphicarpa (QPB-T) and Acer-Tilia-

Pinus strobus-Dirca (AT-T) types as compared to the other four types
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Table 4. Synecological coordinate values and their standard
deviations of upland forest types in Itasca State
Park, Minnesota. '

Number
Forest of ' Synecological coordinates
types* - stands** Moisture Nutrients Heat Light
- Pb-T 6 1.86 2.04 2.21 3.78
0., 12%%X% 0.10 0.04 0.21
PbPr-T 5 1.99 2.29 2.34 3.44
0.05 0.07 0.09 0.08
PAP-T 4 2.46 2.43 2.13 2.85
0.17 0.11 0.07 0.31
Pr-T 8 2.28 2.53 2.30 2.92
0.12 0.09 0.07 0.16
QPB-T 6 2.23 2.82 2.62 2.91
0.09 0.09 0.07 0.11
AT-T 7 2.41 3.09 2.77 2.53
0.08 0.14 0.13 0.10

* For type full names see type descriptions in Section 4.23 or
Appendix Tables 2 to 4.

*¥ Eight 2-milacre subplots per stand.

*¥¥% Standard deviations.

Table 5. Soil pH and organic layer thickness and their standard
deviations of forest types in Itasca State Park, Minnesota.

Number Soil pH Organic layer
Forest of organic Ao parent thickness
types¥  stands¥¥ layer horizon material (inches)
Pb-T 6 5.2 5.4 6.6 0.95
0.3%** 0.4 0.8 0.25
PbPr-T 5 5.6 5.5 6.5 1.60
0.4 0.3 0.7 0.70
PAP-T 4 5.6 5.3 6.6 1.95
0.4 0.3 0.7 0.36
Pr-T 8 5.8 5.3 6.6 2.65
0.5 0.3 0.7 0.89
QPB-T 6 6.3 5.3 7.5 2.75
’ 0.1 0.5 0.7 0.77
AT-T 7 6.5 5.7 7.0 2.70
0.2 0.5 0.7 0.27

* TFor type full names see type descriptions in Section 4.23 or
Appendix Tables 2 to 4.

** Eight 2-milacre subplots per stand.

¥*¥¥%¥ Standard deviations.
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Table 6. Averages and standard deviations of some soil physical
and chemical properties of the 6-inch top soil and
36-inch soil profile by forest types in Itasca State
Park, Minnesota.

** Soil Readily Organic
, Number- particles available matter
Forest of 0.1 mm water (% P K Ca Mg
types¥* stands (%) (inches) %) pp2m meq/100 g
Top_Soil

Pb-T 6 26 1.38 6.8 48 120 3.6 0.9
13 0.28%*%% 3.0 13 47 0.8 0.2

PoPr-T 5 32 1.47 10.2 68 148 4.1 1.0
7 0.22 2.7 6 41 0.9 0.2

PAP-T 4 33 1.58 8.9 75 152 5.0 1.2
19 0.20 1.2 22 3% 2.6 0.4

Pr-T 8 36 1.60 14.6 57 176 6.1 1.3
13 0.13 1.8 19 37 1.0 0.2

QPB-T 6 53 1.83 14.8 39 224 7.2 1.5
13 0.23 1.8 23 52 2.0 0.4

AT-T 7 57 1.88 20.3 47 230 10.7 1.7
15 0.37 3.8 7 42 1.8 0.5

Soil Profile

P-T 6 15 1.09 1.3 58 64 3.3 0.8
6 0.13%%% 0.4 25 22 1.0 0.3

PbPr-T 5 23 1.29 2.1 63 87 3.4 1.0
8 0.24 0.5 16 23 0.5 0.2

PAP-T 4 30 1.38 1.9 62 120 6.1 1.5
22 0.21 0.4 11 75 7.3 1.5

Pr-T 8 32 1.42 2.7 47 109 4.6 1.5
17 0.40 0.6 17 33 2.2 0.8

QPB-T 6 49 1.61 3.1 40 155 6.9 2.6
10 0.12 0.3 20 51 2.8 1.1

AT-T 7 51 1.64 3.8 36 158 9.4 2.5
15 0.22 0.7 8 51 3.8 1.1

* For type full names see'type descriptions in Section 4.23 or
Appendix Tables 2 to 4.

*%* Eight 2-milacre subplo{s per stand.

*¥¥¥% Standard deviations
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mainly associated with‘Menahga—Marquette soils (Table 5).

In general, soil characteristics change from type to type
along the moisture-nutrient gradient; however, the variation within
the types is often large. Forest types are not discrete.units which
can be separated, but boundaries are set depending on the purpose
they should serve and the overlapping of characteristics in the
forest types are reﬁognized.

Some brief vegetatioh characteristics of the forest types are
shown in Table 7. Pinus resinosa-Dryopteris-Osmorhiza (Pr-T) and
Pinus—Abies—Picea-LyCOpodium (PAP-T) types show the highest basal
areas and volumes per acre fellowed by Acer-Tilia-Pinus strobus-Dirca
(AT-T) type mainly due to the presence of old growth pine and aspen
in the overstory. Jack pine, red pine, and aspen are the predominant
t{ee species in the six forest types. Only Pinus banksiana-Arctosta-
phylos (Pb-T) type shows somewhat satisfactory pine reproduction,
although these figures include one-year old seedlings and also those
of doubtful survival ability. In all other types the number of pine’
seedlings per acre is low. Spruce-fir reproduction has significant
appearance in the Pinus-Abies-Picea-Lycopodium (PAP-T) type. Hardwood
reproduction increases gradually with improving moisture-nutrient
conditions from Pinus banksiana-Arctostaphylos (Pb-T) type to
Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T) type reaching its

rpeak in the Acer-Tilia-Pinus strobus-Dirca (AT-T) type. The extremely
fhigh count of hardwood seedlings per acre is due to the abundance of
one-year old sugar maple seedlings in 1965. Shrubs show high densities

in Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T), Pinus
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resinosa-Dryopteris-Osmorhiza (Pr-T), and Quercus-Populus-Betula-
Viburnum-Amphicarpa (QPB-T) types. - Stand summary data by individual
ecosystems and foreét types are shown in Appendix Table 3.

Table 7. Some vegetation characteristics of upland forest types
in Itasca State Park, Minnesota.

Dominant Stand

*¥% gpecies. basal Stand Reproduction
Number Average area volume Pine  Spruce-  Hard-
Forest of ht.(ft) ft2/ ft3/ fir woods __ Shrubs
types¥* stands dbh(in.) acre acre Number per acre
Po-T 6 Jack pine 2460 790 490 15300
60/ 8 116 3330 (2450) (780) (250)  (9500)%**
PbPr-T 5 Jack pine - 250 120 1060 44400
66/10 149 4660 (240)  (40) (700) (26600)
PAP-T 4 Red pine 90 6850 2590 6100
76/16 176 5690 (90) (6100) (1980)  (4400)
Pr-T 8 Red pine 220 1630 4100 32100
80/15 172 5980 (110) (510) (2610) (23200)
QPB-T 6 Aspen : 10 40 5180 34200
59/ 8 117 3230 (o) (40) (3310) (23700)
AT-T 7  Aspen 840 290 68800 7800

80/14 153 4890 (360) (240)  (41400) (6700)

* For full type names see type descriptions in Section 4.23 or
Appendix Tables 2, 3, and 4.

*¥% Eight 2-milacre subplots per stand.

*¥%%¥ Stems over two years old.
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5. ABUNDANCE AND COVER OF REPRODUCTION IN GENERAL STUDY AREA

In this chapter, the abundance of tree reproduction will be
discussed in relationship to forest types and the abundance of
totai shrubs and individual shrub species. The discussion will
also include the reproductioﬁ cover in relationship to tree cover,
shrub cover, and ground cover, and the interrelationships of forest

covers.

5.1 Abundance of Reproduction in Relationship to Shrubs

The diagrams in Figure 5 link the discussion about forest types
in the preceding chapter with the following discussion about the
tree reproduction. Figure 5 illustrates, in genera;, the conditions
of tree reproduction in upland forests by species' groups such as pines,
spruce-fir, and hardwoods. The reproduction pattern and abundance
are shown in relationship to moisture-nutrient gradients and to each
other. Further, reproduction is shown in relationship to forest
types, stand volumes, soils, and shrubs. The number of reproduction’
per acre includes all seedlings over two-years old.

There are three main areas of reproduction concentration in the
edaphic field (Fig. 5-2). Pine reproduction, mainly white pine,
appears on dry, nutrient-poor sites in the Pinus banksiana-Arctosta-
phyles (Pb-T) type and to some extent on mesic, nutrient-rich sites
in Acer-Tilia-Pinus strobus-Dirca (AT-T) type with low to madium
~shrub densities. Spruce-fir reproduction, mainly balsam fir, occupies
the mesic, nutrient-poor tc intermediate nutrient sites in Pinus-

Abies-Picea-Lycopodium (PAP-T) type with low shrub density.
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Figure 5. (1) Distribution of forest cover types, stand volumes, soils, local forest types, and
(2) tree reproduction and shrubs in the edaphic field (moisture-nutrient coordinates) of upland
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Hardwood reproduction, mainly sugar maple, is concentrated on
mesic, nutrient—rich‘eites in Acer-Tilia-Pinus strobus-Dirca (AT-T)
type with low shrub density. Shrubs show the largest abundance in
the central part of the edaphic field, occupying a large portion of
the dry to mesic, intermediate nutrient sitee. The individual
concentration areas of these four forest undergrowth groups supple-
ment each other in such a way that a combination of all four undergrowth
groups in one edaphic field would result in a more uniform density
distribution of the total undergrowth. This indicates a rather
strong competition between these groups, especially the shrub effect
on the tree reproduction. Ellenberg (1956) stated that the natural
occurrence of plants is seldem directly determined by environmental
factors, but more often by the absence or presence of competitors.
The environmental factors as such change only the competitive
ability of plants, and therefore they influence only indirectly the
distribution of plants.

In Itasca Park, the abundance of shrubs plays an important role '
in the establishment and later growth of tree seedlings. Lee in
1924 pointed out that shrubs have a tremendeous influence on the
existence and development of tree seedlings, particularlyaon reproduc-
tion of pines. 1In discussing the various reasons for the lack of
young pines in the park area, Hansen and Duncan (1954) emphasized
the signifieance of the extremely heavy canopy of shrubs in the
establishment of pine seedlings.

Figure 6 illustrates th2 distribution and abundance of different

shrub species. Corylus cornuta, Corylus americana, Prunus virginiana,
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Torest types in Itasca State Park: 1. Pinus banksiana-Arctostaphylos
(Pb-T). 2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T). 4. Pinus resinosa-Dryopteris-—
Csmorhiza (Pr-7). 5. Quercus-Populus-Betula-Viburnum-Amphicarpa (QP3-T).

6. Acer-Tilia-Pinus strobus-Dirca (AT-T).
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Prunus pennsylvanica, Amelanchier Spp., Salix humilis, Alnus crispa,

Viburnum rafinesquianum, Acer spicatum, Cerrus rugosa, and Cornus

alternifolia were included in the tall shrub group. Corylus cornuta

is by far the most abundant shrub species in upland forests of

tasca Park. The percentage of Corylus cornuta in the total number

of shrubs and the group of tall shrubs is large (Table 8). Only in

the Acer-Tilla-Pinus strobus-Dirca (AT-T) type, does Corylus cornuta

constitute less than half of the total of *all shrubs. Amelanchier

Spp. and Prunus virginiana are numerous, but their distribution is

more scattered. Viburnum rafinesquianum and Cornus rugosa occur in

larger numcers on better sites.,

Diervilis lonicera and Symphoricarpos albus are the most

prominent species in the low shrub group (Fig. 6). The proportion

of total low shrubs such as Diervilla lonicera, Symphoricarpos albus,

Rosa spp., Ribes spp., Lonicera canadensis, and Lonicera hirsuta

decreases in forest types of higher moisture-nutrient intensities
(Table 8). On dry, nutrient-poor sites, except on the most extreme

sites, the low shrubs supplement the moderately dense occurrence of

tde

tall shrubs in such a way that these sites also become unavailable
for pine reproduction.

All of the shrub species are more or less well represented
in the central portion of the edaphic field forming a rather solid

shrub layer which effectively competes with the tree reproduction in

general, and practically eliminates any chance for the establishment
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.
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Table 8. Ceomposition of shrubs by selected species, species groups,
and upland forest types in Itasca State Park, Minnesota.

X% ‘ E ' Total
Numbex n Shrubs in percent number
Forest of Coryius Viburnum Cornus Amel. High Low of

types* stands cornuta rafinesqg. rugosa spp. shrubs shrubs shrubs

Pb-T & 33 0.2 0 8 58 42 1559
PoPr-T 5 49 0.2 1 4 61 39 3554
PAP-T 4 25 0 0 6 44 56 390
Pr-T 3 72 0.5 3 3 88 - 12 4089
QPE-T 6 57 8 7 4 87 13 3311
AT-T 7 30 19 1- 2 87 13 878
% For type full names see type descriptions in Section 4.23 or
Appendix Tables 2, 3, and 4.
** Eight 2-milacre subplots per stand.

5.2 Reproduction Cover in Relationship to Tree Cover, Shrub Cover,

and Ground Cover

Natural reproduction largely depends on the state of the whole
forest in which the tree cover, shrub cover, ground cover, and upper
layer of the soil plav an important role. These forest covers
strongly affect the success or failure of reproduction because the
degree of cover clecsure influences the amount of available light,
heat, and moisture.

In the

yreceding section the relationships between tree repro-
a

duction and snrubs were discussed based on stem counts per unit

arez in different fofest types. Figure 7-1 illustrates the distri-
bution patterns of different forest covers in the edaphic field
based on their degree of closure. Figqre 7-2 shows the changing
cover interrelztionships depending on the position of each forest

tvpe in the edasphic flield.

i



Tree cover is rathér openn on dry, nutrient-poor to intermediate
nutrient sites. mainly jack pine and red pine forests. The closufe'
of tree cover increases towards more mesic site conditions in pine-
spruce-fir and aspen-birch-oak forests, and is greatest on mesic,

- nutrient-rich sites in maple-basswood forests.
Reproduction cover shows three peaks in the edaphic field,
similar to those discussed in Figure 5. Pine reproduction occurs
on dry, nutrient-poor sites, spruce-fir reprcduction on mesic,
'nutrient-poor to intermediate nutrient sites, and hardwcod reproduc-
tion on ﬁesic, nutrient-rich sites. The peaks of hardwocod and
spruce-fir reproductioh cover coincide with the distribution pattern
of dense tree cover while the peak of pine rsproduction cover on
dry, nutrient-poor sites is associated with rather open tree cover.
Shrub ccver reaches its peak on dry to mesic, intermediate
nutrient sites showing the least closure on mesic, nutrient-poor
“and mesic, nutrient-rich sites. The effect of dense tree cover
on shrub cover is rather striking. Also the impact of the shrub
cover on tree reproduction is distinct. Shrubs and tree reproduction
do co-exist to some extent cn dry, nutrient-poor sites under rather
open tree cover.

.

Ground cover has its greatest closure on dry, nuirient-poor

to intermediate nutrient sites showing the least closure on cite

(]

with dense tree cover and reprcduction cover. Cn dry, nutrient-poor
Y i

(0]

ites under open iree cover there is a co-existence between ground

w

cover and reproduction, and on mesic, nutrient-rich and intermediate
£ s

nutrient sites under dense tree cover they co-exist te some extent.
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COVER RELATIONSHIPS IN UPLAND FORESTS
l. DISTRIBUTION OF FOREST COVERS IN EDAPHIC FIELDS
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Figure 7. (1) Distribution of tree cover, reproduction cover;i
shrub cover, and ground cover in edaphic fields, and (2) cover
interrelationships by forest types of upland forests in Itasca
State Park, Minnesota.
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On dry to mesic, intermediate nutrient sites under rather open tree
cover, ground cover co-exists with shrub cover largely becauss of
discontinuous distribution pattern of both covers.

Figure 7-2 shows interrelationships of forest covers by forest
types in the edaphic field. The contour lines are drawn based on
cover es%imates of indiQidual subplots. Reproduction cover is
.shown related to tree-shrub cévers and to tree-ground covers. In
Pinus bank51una~ArCto taphylos {Pb-T) type the maximum Teproduction
cover is related to open shrub and‘ground covers, and to open to

intermediate tree cover. On these sites there is some co-existence
between the reproduction cover, shrub cover, and ground cever due
to the #atchy distribution pattern of these three forest covers.
Similar relationships exist between reproduction cover and tree-shrub
covers as ﬁell as tree~ground covers in Pinus—Abieg—?icea;Lycopcdium
(PAP-T) type. The maximum of reproduction cover occurs at tree

cover closure less than 40 percent and under rather open shrub

cover and ground cover. The dense tree cover nas less impact on

the reproduction cover in Acer-Tilia-Pinus strobus-Dirca (AT-T) type.

Reproduction cover decreases with increased shrub and ground
ccvers. Reproduction cover in the three centrally lccated forest
types (PbPr-T, Pr-T, and QPB-T) does not show any distinct relation-
ship with tree cover, shrub cover, and ground cover. The reproduction
in these three types, if present, is of young age or stunted growth
resulting in low cover vercentages.

Ground cover shows a certain degree of independence from

iree and shrub covers in Pinuve banksiana-Arctostaphylcs (Ph-T)

ct
~3
o

)
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and also in Pinus—Abies—Picea-Lycoﬁodium (PAP-T) type. In the
latter, ground cover shows a slight peak at intermediate tree and
shrub cover closures. In the Acer-Tilia-Pinus strobus-Dirca (AT-T)
type the ground cover increases with tﬁe decrease in tree cover.
The peak c¢f ground cover is ascsociated witﬁ relatively dense shrub
cover under theée conditions. The product of tree and shrub covers
ié rather constant in relationship to ground cover in the three
centrally located types (PbPr-T, Pr-T, and QPB-T). With increased
tree and shrub covers the ground cover decreases. Pinus resinosa-
Dryopteris-Osmorhiza (Pr-T) type shows some irregularities from
the above stated at low tree and shrub cover levels.

Shrub cover does not show a distinct relationship with tree
and ground covers in Pinus banksiana-Arctostaphylos (Pb-T) type.
Shrub covef seems to co-exist more with_ground cover than with
reproduction cover. Shrub cover is rather open in Pinus-Abies-
Picea-Lycopodium (PAP-T) type and Acer-Tilia-Pinus strobus-Dirca
(AT-T) type, and the relationships with tree and ground covers are
weak. Shrub cpver'relationships with tree and ground covers in
the three centrally located forest types (PbPr-T, Pr-T, and QPB-T)
are similar to the ground cover relationships with tree ahd shrﬁb
covers in the diagram above (Fig. 7-2). With increased tree and
ground covers the shrub cover decreases.

Figure 7 focused attention on reproduction cover in relationship

to tre

0]

cover, shrub cover, and ground cover, and in relationship to
moisture-nutrient yradients. The knowledge of characteristics of

each forest type provides additional information.  Each of the four

e

‘diagrams in Figure 7-2 shows five dimensional relationships.



6. DYNAMICS OF TREE REPRODUCTION IN THE GENERAL STUDY AREA

The preceding chapter dealt with static relationships between

Q.

n

o

tree reproduction and associated vegetation, forest types,
moisture-nutrient gradients. This chapter will consider these.
relationships from a dynamic viewpoint. The changes in repreduction

b

composition, abundance, and distribution pattern with increased

poto

age will be analyzed. The age and height relat onships of tree

reproduction in different forest types will be dlsc'ss .

-

6.1 Changes in Conifer, Hardwood. and Shrub Composition

Species' composition reflects the interrelationships between
individuals of different species and forest reproduction conditions.
Composition of conifer reproduction, hardwood reproduction, and

n

e

shrubs, based on total stem counts and analyzed by age groups
triangular coordinates {the first five diagrams in Figure 8), shows
that with increased age thers are no forest communities where these
three undergrowth components are well mixed. Scmewhat uniform
~mixtures of these three components are sitill expressed in the cne to
two~year-ége group in some communities. However, considerable
fluctuations are possible from year to year in the amount of one-year
old seedlings present;'depending oin seed year or even on time of
sampling. In the six to 10-year-age group there are communities
with different degrees of hardwood-shrub ancd conifer-shrub mixtures.
Combinations of well mixed all three undergrowth components or
mixtures of conifersvand hardwoods are non-existent. Conifers,

hardwoods, and chrubs over 10 years oid show further separation.



DYNAMICS OF UNDERGROWTH COMPOSITION IN TRIANGULAR
- AND SYNECOLOGICAL COORDINATES
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Figure 8. Composition of conifers, hardwoods, and shrubs, by agé groups and individual sample
areas in triangular coordinates. Distribution of undergrowth composition classes over lQ years
old (from A to E) is also shown in the edaphic field of upland forests in Itasca Park, Minnesota.

_89—



69

Five composition classes of forest undergrowth (A, B, C, D,

ngular diagram in Figure 8.

mn
ot
-t
Fole
)]

and E) can be recognized in the last tri
Thé distribution of stands belonging to these individual undergrowth
composition classes is also shown in moisture-nutrient coordinates

in the last diagram in Figure 8. Stands in class "A" show over

80 percent shrubs of the total number of undergrowth over 10 years
old, in ciass "B" shrubs are from 50 to 80 percent,associated with
hardwoods, in class "C" shrubs are from 30 to 80 percent,associated
with conifers, and in class "D" hardwoods and in class "E" conifers
are over 70 percent of the total number of undergrowth over 10

years old.

Class "E", shown in friangular and meoisture-nutrient coocrdinates,
includes stands with a relatively largse proportion of conifer
seedlings, mainly white pine and baisam fir. This is an indication
that these stands will have at least some ccnifer admixture in the
future. However, the lccations of these stands in triangular

coordinates of younger age grcoups indicate that proportionslly the

~

number of shrubs exceeds by far the number of conifers. Stand
clesses "E" and "C" largely belong to Pinus banksiana~Arctostaphylos
(Pb-T) and Pinus-Abiss-Picea-Lycopodium (PAP-T) types, classes

"AY and "B" to Pinus kanksiana-Pinus resinosa-Gaultheria-Hepatica
(PbPr-T), Pinus resinosa-Dryopteris-Osmorhiza {Pr-T), and Quercus-
Populus-Betula-Viburnum-Amphicarpa (QFB-T) types, while clase "D
coincides with the boundaries of Acer-Tilia-Pinus strobus-Dirca
(AT-T) type.

The composition of undergrowth is more charactericstic in the
s ,

marginal faorest tvpes (Fb-T, PAP-T, and AT-T) than it is in the
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types centrally located in the edaphic field. The Acer-Tilia-Pinus
strobus;Dirca'(ATmT) type represented by stands of ciass "D" showé
rather stable hardwood proportions in all age groups and it can be
considered as a permanent type, while Pinus banksiana-Arctostaphylos
(Pb-T) and Pinus-Abies-Piéea-Lycopodium (PAP-T)‘types are subjected
to certain changes based on the undergrowth characteristics.

Table 9 indicates the total undergrowth compesition by forest
types. Conifers, mainly balsam fir, show the strongest appearancs
proportionally in Pinus-Abies-Picea-Lycopodium (PAP-T) type followed
by Pinus banksiana-Arctostaphylos (Pb-T) type wi%h precdominant white
pine reproduction. The relatively weakest cccurrence of shrubs is
in Pinus-Abiec-Picea-Lycopodium (PAP-T) and particularly in Acer-
Tilia-Pinus strobus-Dirca (AT-T) types. The latter is dominated by
hardwood reproduction, mainly sugar maple.

Table 9. Composition of forest undergrowth by upland forest types
in Itasca State Park, Minnesota.

Number Total number
Forest of Undexgrowth in percent of
types* stands** Conifers Hardwoods  Shrubs undergrowth
Pb-T . 6 17 2 81 1037
PbPr-T 5 1 2 97 3670
PAP-T 4 a4 16 40 1001
Pr-T 8 5 12 83 4895
QFB-T 6 0.1 13 87 3815
AT-T 7 1 88 11 8721

% For type full names see type descriptions in Section 4.23 or
Appendix Tables 2, 3, and 4.

*% Eight 2-milacre subplots per stand.



6.2 Change in Abundance and Distribution Pattern of Individual

Tree Species

11 discuss tree reproductiocn in upland forests

e
n
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Th
by individual species in relaticnship to motherstands and forest
types which are primarily the reflections of moisture-nutrient
gradients. Thes change in abundance and distribution patterns of
reproduction will be analyzed by age groups. .The age and height
relationships of reproduction will be compared in different forest
types. Emphasis will be placed on pine reproduction because of the
management problems related to securing pine continuity in the park
area. Some ecological implications regarding pine reproduction in

natural forests will be discussed.

lur

o

Success or fa

(0]

of tree reproduction in natural forests

depends on a ccmplexity of factors. Ecological processes are multii-
P P Y f

conditioned, and it is difficult to point to a single factor as
responsible for the establishment and performance of seedling
According to Rewe (1955), combined effects of seed procduction and

distribution, seedbed quality. and favorabkle climatic and bictic

factors are important.

are characterized as very intelerant, intolerant, and modsrateslv

tolerant tree species, respectively (Baker, 1949). They are piimaril

"fire species" in that their silvicultursl characteristics are adapte

to conditions best effected by forest fires, especially in the case

of jack pine and red pine. Environmental conditions may not be



- 72 -

directly respons;ble for nagural pine distribution, except indirectly
through fire histcry (Horton and Bedell, 1960). Schenck (1924) ‘

inted out that after a fire, the mass- dying of motherstands connected
with soil surface fires gave pine the chance to reproduce in laras
numpers. Forests in Itasca Park, on the contrary, are in the proéess.
of post-fire stabilization with a strong development of hardwoods and
shrubs leaving little chance for pine reproduction

~

Seediing studies in natural forests have shown that tihe

~

- .

prerequisite for pine to become established

is lergely due to the
coincidence of seed years with f Lévorable light, moisture, and biotic
conditions. Pine seedlings often become established along the margins
of forests but rarely within the forest stands. The importance of
light in root development of seedlings and consequently the increased
ability of seedlings to compete for soil moisture has been stressed
by Shiriey 1945, Qosting and Kramer 1946, Kozlowski 1949,‘and

Fernell 1953, amcng others. ‘Strothmann (1967) showed that planted
red pire seedlings under dense Corvlus cover responded better to

the removal of competition for light than moisture. Maximum respounse
occurred only when both types of competition were eliminated ox

greatiy reduced. According to Shirley (1932) about 35 percent of

Lo

ull sunlight iz needed for satisfactory establishment o

y
]
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o
ge}
[N
jo]
(0]

seedlings. After the establishment period survival and growth of
white pine seedlings become critical st below 20 percent of full
suniight (Shirley, 1945). Wittich (1955) stated that pine seedlings

»

tolerate considerakie shade only under spscific site conditions,
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am which zlows the water movement.
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If root competﬂulon is removed, pine seedlings may become. estzblishad
on deep sands. )

The importance of seedbed condition is emphasized in numercus
studies. In general, mineral scil is considered a better seedbed
than the humus layer for germination and development of pine seedlings.
Five times as many red pine seedlings were established on minerai
soil 23 cn undisturbed surface in northern Minnesota (Shirley, 1933).

It is also well recognized that white pine reproduction depends on

some degree of protection for germination and survival more than

’J‘
<
3
=]
O
1]
0

does red pine. Under full exposure to sunlight, Polytrich

i

or a shortgrass cover of light density are favorable seodbecds for
white pine seedlings (Smith, 1951). In natural forests, best germi-

al shade, sparse vegetation,

fete

nation conditions for pines consist of part

ot
wn
(o

and a thin litter laver with zcme mineral so 1 exposed. These
conditions are usually created after fire or local disturbances

such as windfail or erosion. Through thesz disturbances microsite
vériations affect reproduction both in terms of quantity and quality.
Pine reproductiion does not succeed on thick litter, sod, c¢r in the
heavy ashes of recent burns ( Smith, 1940; Cheyney, 1942). Soil

) -

urface ccover cf dead leaves and needles is not only unfavorabie a

w
w

a seedbed (Schenck, 1924; Vanselow, 1949) but accumulation of leaves
&lso mechanically smoothers young scedlings. Moss covered soil
surfaces, especially Hypnum mcss without a terdency of grass.invasion,
protect the mineral soil from rapid evapcration and are considered
favorable for pine reproduction, oy helping the seediings to overcome
drought pericds (Wiedemann, 1948; Wittich, 1947). Forest soils support

¢o rich in

ok

a growth of mosses and lichens only if the scils are not -
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nutrients. Upland forests in Itasca Park, even on relatively poor

sitzs show only scattered moss clusters, mainly Pleurozium schreberi
: : Y

and Dicranum spp., which are not considered to have the drought-

protective qualities of Hypnum moss.

.

The impact of ground vegetation and shrubs on tree reproduction

in different forest types in Itasca Park has been discussed in

precéding chapters. TInvestigating the iight effect on oine seedling

establishment and growth, Shirley (1932) stated that the whole study
pointed to the importance of the forest undergrowth in det ermining

conifer establishment in natural forests. The increase in abundance
and vigor of the competing vegetation, controlled mainly by the site
conditions and stand history, results in exclusion of pine reproduction.
The interference of neighboring plants increases the suscentibility

cf seedlings to the drought injury. This is largely a consequence
of poor root development due to insufficient t light. According to
Sarvas (1950),_ground vegetation in connection with summer drought
are considered as the most important factors in pine reproduction.
¥hite pine seadlings may persist under a rather dense shade of
competing vegetation cn some sites for a c0051derab1e time, but jack
pine and red pine reproduction rarely become established ﬁnder these

conditions. Advance pine reproduction is largely restricted to dry,
nutrient-poor cites due to the strong competition of shrubs, tolerant
hardwoods, and ground cover species on better sites. Horton and
Bedell (1960) emphasized that all features which reduce competition
encourage pine reproduction and vice versa.

Figur 9 iliustrates a comparison of the three Minnesota pines.

@

It shows pine reprocuction by age groups in relationship to mother-
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stands, forest types, and moisture-nutrient gradients. The basal
area of mature trees\representing'age groups from approximately
70 to 80, 140 to 160, and 200 to 250 years for red pine and white
pine, and 70 to 90 years for jack pine (Appendix Table 3). The
diagrams in Figure 9 clearly reflect the jack pine concentration
on dry, nutrient-poor sites and red pine on dry to mesic, intermediate
bnutrient sites. White pine is more evenly distributed over +he
upland forest complex, mainly as an admixture species in a variety
of forest stands.

Seedlings of the first year were considered one vear ocld.
One to two years old seedlings mean the first and cecond year
seedlings. The maximum limit for reproduction was sai at cne inch
in diameter at breact height. Saplings of the three pines from one
to four inches in diameter were rare in the areas s+ tudied, mainly
iimited te Pinus banksiana-Arctostaphylos (Po-T) type. The scale
in the figures, for number of seedlings per acre, was selected to
serve tree reproduction of all species. It does not reflect too
well the scarcity of pine reproduction. The actual numbers per acre
are shown by age groups in Fi igure 10 and Appendix Tablec 3. It was
intended to group seedlings in five-year classes but the iarge
fluctuations in numbers, especially in the first year, was the reazon
for establishing of one to two and three to five- year-age groups.
For comparative purpcses these two age groups should be counted

~

together. The absence of mortality data of seedlings poses another

difficulty in evalusting the changes in reproduction pattern and

¥

abundance. Stands 3, 10, and 15 were specially selected and added

to the general study to contrast stand and site conditions under

'D
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1. Pinus banksiana-Arctostaphylos

2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T).
4. Pinus resinosa-Dryopteris-

5. Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T).

Torest types in Itasca State Park:
(Pb-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T).

Csmorhiza (Pr-7).
6. Acer-Tilia-Pinus strobus-Dirca (AT-T).
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which some pine reproduction still cccurs With the cverall upland
forest conditions.

Figure 9 shouid be evaluated in comparison with Figures 13, 14,
15, and 16, and in addition to all figures giving inférmation on
soils, climate, and vegetation, and particularly to Figure 5 which
shows the general stand and site conditions of upland forests,
For further details, forest type descriptions and Appendix tables
should be consulted.

The distribution pattern of advance white pine reproduction

PR

shows that white pine possesses the best competitive sbilitv of all
P p [ L

three pines (Fig. 9). Young white pine seedlings are able %o withstand

competition for some time even in Pinus bén!siana-Pinus resincsa-
Gaultheria-Hepatica, Pinus resinosa-Dryopteris-Osmorhiza, and
Quercus—Populus~Betula—Viburnum—Amphicarpa types with high shrub
densities (Fig. 5, 6, and 7). However, the endurance of white pine
seedlings is limited. Seedlings over 10 years old shew albi—modal
distribution with seedlings present only on dry, nutrient-poor sites,

mainly in the Pinus banksiana-Arctostaphylos (Pb-T) type, and on

mesic, nutrient-rich sites in the Acer-Tilia-Pinus sztrobus-Dirca

O
H

f

O

”

(AT-T) type. 1In pine forests with a rather dense unders: y
spruce-fir (Pinus-Abies-Picea-Lycopodium type) white pine seedlings
are largely absent. White pine reproduction reaches its peak in

the Pinus banksiana-Arctostavhylos (Pb-T) type with about 1,500

seedlings per acre followed by the Acer-Tilia-Pinus strobus-Dirca

s

(AT-T) type with akout 800 seedlings per acre. The stocking percentage
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o
o
O
e
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s about 30 (based on 2-milacre plots) considering all

[ =Y

sizes of seedlings. 1In general, white pine is an invading spec

es
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becoming initiaily established over a wide range of stand and cite
conditions. However, it does not survive under strcng shrub
competition. )

Herbicide applications to Telease suppressed white pine seedlings
have been effective in encouraging white pine growth and development
in Itasca Park. Hansen (1956a) showed that eight Years after 2,4-D
application and the suppression of shrubs, mainly hazel, the number
of white pine seedlings over six inches tall and over five vears old
had increased from about 375 to 4,875 per acre on the sprayad plots.
During the same period the number of such seedlings had increased
from about 290 tc 1,430 per acre on the contrcl plots. There was &
13 fold increase on the sprayed plots as compared to a five fold
increase on the control plots.

The distribution patterns of red pine and jack pine seedlings
in the edaphic field differ considerably from the distribution pattern
of white pine seedlings (Fig. 9). The distribution range of red pine
and jack pine seedlings is narrower than the distribution range of
mature mothertrees. Scattered red pine and jack pine seediings in
all age groups are'lafgely confined to dry, nutrient-poor sites,
mainly to the Pinus banksiana-Arctostaphylos (Fb-T) type, character-
istics of which were discussed in preceding chapters. Even in this
type, around cover species, mainly halfshrubs, grasses, and invading

shrubs, become serious ccmpetitors for soil moisture to pine scedlings.,
or

0
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.In addition, repeated summer drought periods limit ths ch
these two species to becoms established, Furthsrmore, forest communiti
of the Pinus banksiana-Arctostaphylos type constitute only a small

fraction of the total areaz of upland forests in Itasca Park. Withcut
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disturbance, even this forest type renders itself unsuitable for new
pine establish@ent. The absence of cne to two-year old red pine
seedlings and the lack of white pine seedlings of this age group

on dry, nutrient-poor sitesv(Fig. 9) is prbbably a result of

_drought in July 1965 (Fig. 2)? connected with inadequate seed supply.
The total number of red pine and jack pine sesdlings per acre has
some significance only in the Pinus banksianaQArctostaphylos (Pb-T)
type. There are about 300 red pine seedlings per acre with 25
percent stocking. The occurrence of jack pine seedlings is more
frequent than red pine; however, suryival of most jack pine seedlings
is questionable. |

Table 10 shows stocking percentages and average height of pine,
spruce-fir, and hardwood reproduction in major forest cover types
in Itasca Park based on an extensive survey in 1956, carried out
by the School of Forestry, University of Minnesota. The low stocking
_percentages indicate the inadequacy of pine reproduction in the entire
ﬁplahd forest complex. According to Candy (1951), stocking percentages
below 20 caﬁ be considered as reproducticn failures. The average
height of pine reproductibn does not exceed one foot in any of the
major forest cover types.

In assessing reproduction, the number of seedlings per acre and
stocking percentages are very important. In addition, especially in
natural forestes with advance tree reproduction, knowlasdge of juvenile
height growth ratec and the distribﬁuﬁon of size classes present is
important. Figure 10 shows the actual age-height relationships of

tree seedlings under conditicns of competition with associated
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Table 10. Stocking percentages and average height of pine, spruce-
fir, and hardwood reproduction in major foressti cover types
in Itasca State Park, Minnesota.

Stocking percentages and average height

of tree reproduction:¥ Number of

Forest cover Pine Spruce-fir Hardwoods milacre

type (%) feet) (% (feet) (% (feet) plots
Red pine-
white pine 17 1 13 1 24 2 1149
Jack pine 14 1 1 2 5 4 590
Spruce-fir 5 1 T2¥* 1 21 3 511
Aspen ' 4 1 0 4 55 3 766

¥ Includes all trees up to 2 inches in diameter a2t breast height.
** Predominantly balsam fir.

Source: after Hansen, 1956b

vegetation in different forest types. The growth performance of
Yp g P

Corylus cornuta is shown for comparison. The potential height growth

rates of these seedlings grown without competition may be quite
different; therefore, it is not possible to substitute height for
age in reproduction studies. Figure 10 also illustrates the number
of conifer seedlings per acre by age groups in different forest types
in comparison with the abundance of hardwoods and shrubs.

Age-height relationships of pines clearly indicate that white
pine and red pine seedlings show a satisfactory height grewth only
in Pinus banksiana-Arctostaphylos (Pb-T) type. t age 15 to 20 they

have reached at least the height of the Corylus cornuta canopy in

this typve (Fig. 10). Poor growth performance of jack pine seedlings
is partly due to heavy deer browse. In Acer-Tilia-Pinus strobus-
Dirca (AT-T) type with dense tree cover and strong competition of
hardwood reproduction, white pine sezdlings, although relatively

merous (Fig. 9 and 10) and showing gquite adeguate stocking
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(Table 11), have not reached a foot of height at the age of 15 years.
Table 11 shows'the'stocking percentages of the total number of seed-
lings and by height classes. The lack of pine seedlings in height
Vclass over one foof ih moét of the forest types, éxcept in Pinus
banksiana-Arctostaphylos (Pb-T) type, is striking especially in
comparison with hardwood reproduction. This indicates that although

the first establishment of pine seedlings is important, thelr future

.

development is a critical problem, particularly in the case of white

pines. Rowe (1955) pointed out that the problem of reproducticn
is not sc much of germlnatlon as of survival.

Shrubs, particularly Corylus spp., nct only retard the growth
of pine reproduction but also keep it at size susceptible to animal
browse. Orke (1966) reported that 95 percent of white and jack pine
seedling were browsed in jack pine cover types and 73 pexcent cf
white pine seedlings in red pine-white pine cover types. The intensity
of browsing was light for most of the white pine seedlings, but it
appeared to be causing severe mortality of jack pine seedlings. .
From the small red pine sample about 2/3 of seedlings were not browsed,
and the others were only lightly browsed, mainly by hare. White
pine appears to be more browsed than red pine, but less than jack
pine. However, white pine is considered more resistant to overbrowsing
than red pine due to its ability to produce new shoots sooner than
red pine (Krefting and Stoeckeler, 1953; Marshall et al., 1955).

The Mary Lake deer and hare exclosure was erected in red pine-

white pine cover type in 1937 to study ,“e b*owang effects on forest

tde

undergrowth, especially pine seedlings. A comparison of the number

(l)

of pine seedlings inside and outside the exclesure revealed that
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Table 11. Stocking percentages'of conifer and hardwood reprcduction
by height classes and local forest types in Itasca Park,
Minnesota.l

Height - Local forest types®

classes PbPr-T  PAP-T Pr-T QPB-T
Species (feet] Pb-T Percent of plots stocked withs AT-T
Jack any 35 2 C 0 0 0
pine ovar 1 25 0 0 C 0 0
over 3 0 0 0 "0 0 0
Red any 25 0 6 C o] 0
pine over 1 23 0 0 0 0 0
cver 3 14 0 0. 0] 0 0
White any 56 30 9 5 2 48
pine over 1 50 10 0 0 0 0
over 3 23 0 0 0 0 O
All any 77 32 16 25 2 48
pines  over 1 62 10 0 0 0 0]
‘ over 3 33 0 0 0 0 o]
White any 6 7 6 3 4
spruce over 1 4 0 6 0 2 0
over 3 4 0 3 0 2 0
Balsam any 21 ) 81 30 2 20
fir over 1 17 "2 37 4 0 3
over 3 14 0 34 0] 0 0
Spruce- any 23 10 81 30 4 20
fir over 1 19 2 41 4 2 3
over 3 17 0 37 0 2 0
Hard- any 37 55 66 84 90 100
woods over 1 19 40 44 72 3 100
over 3 17 27 16 41 40 71
Numper of
2-milacre plots 48 40 32 54 48 56

* For type full names see type descriptions in Section 4.23 or
Appendix Takles 2, 3, and 4. '
1/

o
b

Includes all tree reproduction up to one inch in diameter a
breast height.
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heavy deer browsing prevented pine reproduciion. There were no pine

b

seedlings present outside the exclosure in 1946 (the park was first
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375 white pine seedlings per acre outside the exclosure but red pine
and jack pine seedlings were still absent (Hansen, 1953). After the
park was opened to hunting, Hansen and Brown (195C) also observed
that>pine éeedlings were becoming established along roads znd other
areas where mineral soil was exposed. During the time of high deer
population piné seedlings were almost non-existent.

Similar observations can be made at ths present time. Road
sides, gravel pits, and some places along trails are sites where
red pine and jack pine seedlings can be found. However, the area
occupied by red pine and jack pine seedlings as compared to the
acreage of mature red pine and jack pine stands is minute.

Table 12 shows the composition of conifer reproduction by species
and forest types. The absence of jack pine and red pine seedlings-
can be seen in all types, except in the Pinus banksiana-Arctostapnylos
(Pb-T) type. White pine seedlings constitute a large proportion of
the total conifers in Pinus banksiana-Arctostaphylos (Pb-T) and Acer-
Tilia-Pinus strobus-Dirca (AT-T) types. In Pinus banksizna-Pinus
resinosa-Cauitheria~Hepatica (PbPr-T) and Quercus-Populus-Betula-
Viburnum-Amphicarpa (QPB-T) types the total number of conifer repro-
ducticn counted is very small and, therefore, the ccomposition

percentages have a limited importance.
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Table 12. Composition of conifer reproduction by species and upland
-forest types in Itasca State Park, Minnesota.

Number Conifer reproduction in percent Total

" Forest of Jack  Red White Balsam White number of
types* stands** pine pine pine fir spruce conifers
Pb-T 6 17 9 o1 - 21 2 331
“PbPr-T 5 3. 0 63 23 10 30
PAP-T 4 0 0.3 0.7 23 -1 445
Pr-T 8 0 0 12 856 2 237
QPB-T 6 0 0 20 40 40 5
AT-T 7 0 0 75 25 0 126

* For type full names see type descriptions in Section 4.22 or
Appendix Tables 2, 3, and 4. ’

**% Eight 2-milacre subplots per stand.

There are some specific areas in the park where the establishment
of most of the pine seedlings can be traced back to the period from
1946 to 1951. A jack pine stand on LaSalle Trail is one of such
areas (stand 3 in Figure 9), the reproduction study of which was
initiated in 1947 by Dr. H. L. Hansen, School of Forestry, University
_of Minnesota. Figure 11 shows the course of white pine and jack pine
reproduction over a 20-year period. The data are based on 60 temporary
milacre plots from 1947 to 1953 and on 72 permanent milacre plots from
1954 to 1966.

This jack pine stand was characterized as almost shrub-free
in 1947, the weather data (Fig. 2) indicate that there were no serious
summer drought periods from 1945 to 1955, and the overpopulation of
deer was removed by opening the park to hunting in 1945, 1In addition

ve

iitions, good ssed crops were prokably available.

B

to these favorable con

e

Figure 12 shows the azverage estimates of seed crops for red pine,

white pine, balsam fir, and white spruce in northern Minnescta (Rudclf,

1990-1963). The good white pine seed vears ¢f 1950 and alsa 19%4



probably induced the peak seedling years of 1951 and 1955 respectively,

f—

in the LaSalle Trail jack pine stand (Fig. 11). White pine usually
producea a good seed crop at intervals cf %hree to five years and

red pine at intervals of three o seven vears, both with light crops

in most inter&ening yeérs. Balsam fir produces a good seed crop every
two to four'years and white spruce every:twé tb ;ix years (Fowells,
ed., 1965).

Severe drought periods occurred in Ttasca Park area in Aﬁgust
1955, June 1956, and July 1958 (Fig. 2). They are reflected in the
decrease of white pine-and jack pine seedlings during this tims
period (Fig. 11). A series of dry or wet seasons can have an influence
on the germination and development of seedlings and furthér,»on the
composition of the forest for the entire generation; At present, in
this LaSalle Trail reproduction study area there are about 32,000
white pine seedlings per acre over one year old. The number of jack
.pine seedlings has declined to abcut 100 per acre. Red pine seedlings
are about as abundant as jack pine seedlings. The data on browse
in 1963 indicate that 28 percent of white pine seedlings, 85 percent
of jack pine seedlings, and 11 percent of red pine seedlinés were
browsed by deer. Six percent of white pine seedlings and 35 percent

of jack pine seedlings were browsed by hare. Four percent of white

apparently rust killed. Orke (1966) reported that 10 percent of

white pine seedlings taller than six inches in height had symptoms

v
fte

of blister rust in his browse study in Itasca Park. Along with the
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development of white pine reproductiocn in the LaSalle Trail study

area, shrubs have increased in size and abundance, reaching abcutﬂ24,000
stems per-acre in 1966. Shrubs and hardwoods have doubled in number

in the last 10 years. However, they are not serious competitors for
pines because most of the ycung white pines have outgrown ths shrubs

in height. O0ld jack pine overstory was remcved from the larger par

ct

of the study area in 1957 and 1958. Young white pines show thrifty
growth and many of the young trees have reached the sapling stag

In gereral, most of the upland forest types in Itzsca Park
occur on soils which are well supplied with nutrients. These soils
and suffi éient light available under pine and aspen cancpies favor
the growth of herbs,.shrubs, and hardwoods which are strongly moisture
demanding and develop dense undergrowth layers in the absence of fira.
There are very few red pine and jack pine ceedllnjs under these
conditions. The growth of white pine seedlings is largely restricted
by the strong competition of dense associated vegetation, resulting
in a prolonged period of exposure to animal damage. Occurrence of
summer drought is critical for the initial establishment.

The comparison of areas occupied by mature pines and pire seedlings
in the edaphic field {Fig. 9) clearly indicates that without major
disturbances or silvicultural measures the present acreage of pine
dominated stands will continue to decline. Normally this is a-
gradual process in which the old and disease-weakened pine trees are

wind thrown. This results in a complete disappearance of pines from

the areas where they are only scattered at present time, and in opening

’.:.

11 sol
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(Pb-T) tYpe, pine seedlings beco@e established to some degree;
however, their height growth is rather slow due to existing compe-
tition from associated vegetation for light and moisture. This
type occupies only a small portion of the total upland feorest
complex in the park. White pine is the major reproducing species
in this type. Red pine is better suited to these site conditions
than white pine which shows signs of decay at ycunger ages in this
type than in types with higher nufrient levels,

On mesic, nutrient-poor sites, Pinus-Abies-Picea-Lycopodium
(PAP-T) type, balsam fir prevents shrub invasion. Observations
indicate that after windthrow of the poorly rocted and decayed balsam
fir, pine reproduction may become established.

On dry to mesic, intermediate nutrient sites, Pinus banksiana-
Pinus resinosa-Gaultheria-Hepatica (PbPr-T), Pinus resinosa—DryOpte:is—
Osmorhiza (Pr-T), and Quercus—Populus—Betula~Viburnum—Amphicarpa

(QPB-T) types, with dense shrub layers and herbaceous ground cover,
pine reproduction is prevented from germinating or, if established,
is largely suppressed.

On mesic, nutrient-rich sites, Acer-Tilia-Pinus strcbus-Dirca
(AT-T) type, white pine seedlings are quite numerous; howéver, their
height growth development is poor. Uprooting of old trees, resulting
in large size openings and exposure of mineral soil, might stimulate
some white pine establishment and development on these favorable
microsites. Continuity of some white pine admixture can be expected
even under a very limited chance for the segdlings to becomz established

and grow tecause of the longeviiy of white pine.
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6.22 Spruce-fir reproduction

Balsam fir and white spruce, being boreal species, are on the
southwestern edge of their natural distribution in the Itasca Park

area. Away from the Boreal Region, balsam fir retains its borea

(=

character as expressed in its tendency to occupy moist and cooi
sites, e.g., swamp borders; lake shores, north facing slopes, and
shaded understories of pine and hardwood stands.

Figure 13 shows the distribution and abundance of balsam fir,
white spruce, and black ash reproduction by age groups in relaticnship
to motherstands, forest types, and moisture-nutrient gradients. Black
ash, a minor species on uplands, is shown for comparison. In the
edaphic field of upland forests, kalsam fir treecs occupy mesic,
nutrient-poor to intermediate nutrient sites. They are represented
mainly in Pinus-Abies-Picea-Lycopodium (PAP-T) type, and also

occur in Pinus resinosa-Dryopteris-Osmorhiza (Pr-T) type. The

coordinates (climatic field) was shown as No. 3 in Figure 3. The

e

average heat value for this type is 2.13, the lowest of all forest
types (Table 4). This indicates the specific site conditions which
contribute te maintain balsam fir and ecologically relateé species
in areas bordering the southern limits of balsam fir natural
distribution, White spruce trees occuby sites similar to those of
balsam fir extending mors towards drier site conditions.

Balsam fir and white spruce seedlings differ considerably in

abundance and distribution pattern in upland fo

H

ests (Fig. 13).

“

ty
5%}

Balsam fir, as white pine, is an invading species in its early years
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of iife while white spruce reproduction can be called retreating
as compared to the distribution of mothertrees. After initial
success on wide range of site conditiond, balsam fir seédlings
deciease‘in.numbers and area occupied with increasing age. Buell
(1956) pointed out_that temporary favorable weather conditions are
partly responsible for establishment of baisam fir seedlings outside
suitable habitats. In this study, this trend is rot well expressed
because of the poor germination conditions due to drought and probably
insufficient seed supply prior to the data collection. Almost complate
‘lack of white spruce seedlings in younger age groups reflects these
conditions. 1In general, the occurrence of white spruce seedlings
throughout the upland forests is very scattersd. Balsam fir usually
produces a good seed crop every two to four years and white spruce
every two to six years. The average estimates of seced crops for
balsam fir and white spruce in northern Minnesota are shown in
Figure 12.

The total number of balsam fir seedlings reaches its peak
on mesic, nutrient-pocr to intsrmediate nutrient sites, mainly in
Pinus-Abies-Picea-Lycopodium (PAP-T) type, with about 6,800 seedlings
per acre and 80 percent frequency followed by Pinus resinosa-
Dryopteris-Osmorhiza (Pr-T) type with about 1,600 seedlings per acre
and 30 percent frequency. White spruce reproduction ranges from
20 to 70 seedlings per acre in upland forest types and frequency
does not exceed 10 percent (Appendix Tables 3 and 4).

Seedbed requirements of both species are similar but usually

less rigid for balsam fir because of mcre rapid initial growth and
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Figure 13. Distribution of basal areas of balsam fir, white spruce, and black ash and their
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Torest types in Itasca State Park: 1. Pinus banksiana-Arctostaphylos
(Pb-T). 2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T). 4. Pinus resinosa-Cryopnteris-
Csmorhiza (Pr-7). 5. Quercus—-Populus-Betula-Viburnum-Amphicarpa (QPB-T).
6. Acer-Tilia-Pinus strobus-Dirca (AT-T).
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Figure 13. Distribution of basal areas of balsam fir, white spruce, and black ash and their
reproduction by age groups in the edaphic field of upland forests in Itasca Park, Minnesota.
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generally greater robustness (Place, 1955). Balsam fir seedlings
have longer taproots than white spruce seedlings. This partly explains
the better survival of balsam fir in fhe initial establishment,
especially under upland forest conditions in Itasca Park where drought
periods are common during the growing season. Place (1955) pointed
out that seedbeds such as humus, litter, and moss which easily dry
out to a depth of two to three inches or more, are detrimental to
white spruce during the first season. In natural forests the majority
of seedlings are found on decayed wood; this is also very often the
case with balsam fir seedlings (Hosie, 1947). The advantage of
exposed mineral soil in seedling establishment is emphasized by
LeBarron (1945) in his studies in northern Minnesota. White spruce
seedlings are rather common on trails in Itasca Park where they can
establish an early contact with mineral soil. Balsam fir seedlings
are.often found close to red pine trunks. Favorable seedbed and
less root competition from mature red pine trees at the base of the
trees are largely responsible for this kind of establishment patterr.
White spruce seldom reproduces on better sites even if they
are moist unless decayea wood is present or the humus layer is
disturbed. The chief unfavorable factor appears to be severe competi-
tion, mechanical end nutritional, from the dense growth of broad-
leaved herbs (Rowe, 1955). Aspen and maple leaves are particularly
detrimental to young seedlings, aspen being one of the worst offenders
~(Place, 1955). Balsam fir invasion is also handicapped by hardwocds
and shrubs on sites with higher nutrient intensities (Fig. 13).

Bowman {1944) reported from Michigan that 73 percent stocking of
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spruce-fir reﬁroauction at zero to 50 percent groundcqver density
decreésed gradually to 24 percent stocking at 90 to 100 percent
groundcover density.

Once balsam fir seedlings have become established their early
growth is determined largely by the amount and character of oyefhead
competition. Shrubs ere'particulariy serious competitors in prairie
border areas such as Itasca Park, and where competition for moisture
is éevere. The differences in height growth of balsam fir seedlings
are distinct between Pinus-Abies-Picea-Lycopodium (PAP-T) and Pinus
resinosa-Dryopteris-Osmorhiza (Pr-T) types (Fig. 10), the latter
having rather strong shrub development in terms of abundance and
height growth. In Pinusvresinosa—DryOpteris-Osmorhiza (Pz-T) type
the presence of balsam fir seedlings in mature pine stands does not
assure that pines will be succeeded by spruce-fir, or even that an
understory of balsam fir will be formed. Under conditions of effective
shrub and ground-cover competition balsam fir seedlings disappear
with time or do not make any significant height growth for many years.
Stocking percentages of balsam fir seedling; by height classes
indicate thét only a few seedlings have surpassed a foot in height
in this type as compared to their larger size in the Pinus-Abies-
Picea-Lycopodium (PAP-T) type (Table 11).

Balsam fir shows ability to become established in Pinus banksiana-
Arctostaphylos (Pb-T) type on sandy Menahga soils under specific
conditions. In this case, north-facing slopes aided by the cooling
effect of ponds, creeks, and lakes are favorable factors in the survival
of spruce-fir seedlings. Lee (1924) reported that spruce-fir repro-

duction in Itasca Park is less apundant in areas remote from lakes
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and that the percentage of reproduction increases in almost inverse
proportions to the distance from the lake shore.

The composition of conifer feproduction by species and uplang
forest types was shown in Table 12. The proportion of white spruce
reproduction in the total number of conifers is small, but scattered
white spruce seedlings can be found in most of the forest types.
Balsam fir or white pine seedlings, depending on the forest type,
have proportionally the largest occurrence of all conifers,

‘Balsam fir can hold its position in upland forests on sites
which are most suitable to its boreal character (Pinus-Abies-Picea-
Lycopodium type). It is declining on sites where invading shrubs
and hardwoods can compete for soil moisture better than can balsam
fir seedlings (Pinus resinosa-Dryopteris-Osmorhiza type). There
will be an occasional occurrence of balsam fir seedlings in other
types provided favorable microsite conditions are available for
initial establishment and growth. White spruce is a more continantal
species than balsam fir and can compete better with shrubs and hard-’
woods on more droughty site conditions. The scattered occurrence
of white spruce reproduction in upland forests in Itasca Park is
mainly.due to the inability of white spruce seedlings to become
established cn undisturbed, often droughty scil surfaces.

The positive contribution of balsam fir is its ability to
compete with shrubs on moist, ccol sites. Balsam fir understories

~can keep out shrubs and improve the seedbed for pine reproduction,
However, silvicultural measure:z may be necessary te assist pine
reproduction. Balsam fir is susceptible to rot diseases and is a

rather short-lived tree; it will have only a secondary role in the
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composition of upland forests. 1In comparisen to balsam fir, white
“spruce is a healthy long-lived tree and, in general,lbetter adapted
to‘upland site conditions than balsam fir. White spruce can play

a priméry role in upland forest composition and structure.

Figure 13 also illustrates the abundsnce and distribution
pattern of black ash reproducticn in upland forests as related to
moisture-nutrient gradients and mothertrees. Black ash is a lowland
species and is most commonly found growing in peat soils or on mineral
soils with a high water table. Black ash trees, even in the sapling
stage, are infrequent on upland sites in Itasca Park (Fig. 13).
However, the occurrence of seedlings is rather common in upland

forests due to the intermingling of upland and lowland f=atures on
iy

n

a small area. The seed supply from mature black ash trees on
lowlands is usually close to the uplands and as a result black ash
seedlings occur over a wide range of the edaphic field, except for
dry, nutrient-poor sites. The total number of black ash reprcduction
ranges from 10 seedlings per acre in Pinus banksiana-Arctostaphylos '
(Pb-T) type, gradually increasing toc about 3,300 seedlings per acre
in Acer-Tilia-Pinus strobus-Dirca (AT-T) type. The range of frequensy
is from about two to 40 percent (Appendix Tables 3 and 4).

In early years of establishment black ash can be characterized
as an aggressive spécies; however, with increased age it is unable
to compete with other species on upland sites. Seedlings over 10
years old are represented in fewer forest stands than are the younger

age groups, and their abundance has decreased. Black ash has a

N
pde

limited importance in upland ferest composition.

{
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6.23 Aspen-birch reproduction

Paper birch, quaking aspen, and bigtooth aspen are characterisﬁic
pioneer species reproducing vigoroﬁsly after disturbances. They
ﬁsuélly are not successful in reproducing themselves under the shade
of mature stands. 1In the natural succession they are replaced by
more tclerant species. Paper birch is rated a§ an intolerant tree
species and quaking aspen as very intolerant. Bigtooth aspen is
considered as one of the most intolerant deciduous forest trees
(Baker, 1949).

Figure 14 shows the distribution and abundancs of aspen-birch
reproduction by age groups in relationship to motherstands, forest
types, and moisture-nutrient gradients. Paper birch and quaking
aspen trees occur over a wide range of upland site conditions
reflecting widespread disturbances in the past. Paper birch is
largely an admixture species in most of the forest types while
quaking aspen more often forms relatively puré stands. Bigtooth
aspen is usually associated with quaking aspen and occurs as scatterad
trees or groups of trees in quaking aspen stands.

Paper birch reproduction in younger age groups is scattered
over the upland forest range (Fig. 14). It is present as small seed-
lings on patches of exposed mineral soil or decayed logs, and as
sprouts arising from the bases of standing trees. The limited
occurrence of young paper birches in age group over 10 years old
-indicates that mést of the seedlings and sprouts disappear before
Teaching this age because of severe competition from trees and

shrubs. Paper birch needs an adequate supply of light for successtul
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-growth and development. There are no older seedlings or sprouts in
Pinus-Abies-Picea-Lycopodium {PAP~T) and Acer-Tilia-Pinus stropus-
Dirca (AT-T) types with dense tree canopies nor on dry, sandy soils
in the Pinus banksiana-Arctostaphylos (Pb?T) type. The tctal number
of paper birch reproduction fluctuaﬁes‘ rom about 100 to 350 stems
per acre in all forest types except Pinus-Abies-Picea-Lycopodium
(PAP-T) type where there are 30 stems per acre. Low frequences from
five to 16 percent indicate the clustering pattern of young seedlings
and sprouts (Appendix Tables 3 and 4).

The distribution pattern of quaking aspen reproduction by age
groups is similar to that of paper birch (Fig. 14). There are numerous
stems present in younger age groups, mainly as root suckers. However,
almost all of them disappear in later years. Studying forest successicn
-in Itasca Park, Kell (1938) pointed out that most of the aspen root
suckers die before reaching a meter in height. In this study, aspen
suckers were found déad after they had reached six tc eight feet in
height under aspen motherstands. Zehngraff (1949) indicated that
for vigorous sucker development strong light must reach the forest
floor. This is usually not the case in forests with well developed
tree cénopies and dense shrub laygrs. Observations, however, indicate
that in some areas in the park after wind damage, resulting in adequately
large openings in crown cover, aspen root suckers can succeed; securing
at least some aspen for the future. The total number cof yourg quaking
_aspen reproduction ranges from about 100 to 200 stems per acre on
nutrient-poor sites, predominantly with pine cover, and from about
7C0 to 80C stems per acre on nutrient-rich sites, mainly with aspen

and northern hardwood cover (Appendix Table 3).
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“orest types in Itasca State Park: 1. Pinus banksiana-Arctostaphylos

(Pb-T). 2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T). 4. Pinus resinosa-Dryopteris-
Csmorhiza (Pr-7). 5. Quercus-Populus-Betula-Viburnum-Amphicarpa (QPR-T).

6. Acer-Tilia-Pinus strobus-Dirca (AT-T).
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Table 13 shows the composition of hardwood reproduction by
sbecies and forest types. Paper birch and aspen reproduction are
proportionaily the commonest of hardwood species in Pinus banksiana-
Arctostaphyios (Pb-T) and Pinus banksiana-Pirus resinosa-Gaultheria
. Hepatica (DoP; T) types, although most of the aspen-birch seedlings

and sprouts are in the youngest age groups.

Bigtooth aspen reproduction, being somewhat more sensitive to
inadequate light supply than quaking aspen and paper birch, does not
even become established in forest stands. Bigtooth aspen reproduction
in all age groups is almost non-existent (Fig. 14). Studiess by |
Stoeckeler and Mason (1956) showed that even a light residual stand
of aspen or associated cpecies greatly inhibits suckering. The shade
of shrubs and ground cover species is also detrimental to sucker
development and seedling establishment. The undisturbed soil surface
covered by leaf litter is usually unfavorable seedbed because seedling

_réots are unable to penetrate this layer.

Table 13. Composition of hardwood reproduction by species and
upland forest types in Itasca State Park, Minnesota.

Number Hardwood reproduction in percent Total
Forest of Paper Bur Red Red  Sugar Bass- number of
tvpes* stands*¥ Aspen birch oak oak maple maple wood Others hardwoods

Pb-T 6 34 45 11 2 6 0 0 2 47
PbPr-T 5 20 32 1 12 28 0 1 6 86
PAP-T 4 8 1 1 2 82 0.6 O 5 166
Pr-T 8 17 8 1 9 48 0 0 17 569
QPB-T o 4 4 1 21 27 13 5 15 499
AT-T 7 1 ¢c.1 06.33 10 75 1 9. 7717
* For type full names see type descriptions in Section 4.23 or
Appendix Tables 2, 3, and 4.
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The reproduction analyses of paper birch, quaking aspen, and

igtcoth aspen indicate that the mortality of young aspen and paper
birch is large.under tree canopies. Only a few young stems have
surpassed 10 years. Bigtooth aspen reproduction seldon becomes
established. Clusters of young aspen in sapiing stage caﬁ only
be found in areas where wind damage has resulted in sufficiently
large openings in the tree cover. At pfeseht, the aspen cover type
is the largest in the park. In the absence of disturbances the
acreage of aspen will decline as indicated by the reproduction

situation.

6.24 0sk reproduction

Red oak and bur oak are intermediate in tolerance and they are
able to adjust to a wide range of moisture and nutrient conditions.
In Itasca Park they are found in association with a variety of other
tree species. Ironwood, considered here for the purpose of comparison,
is a minor species and seldom exceeds five inches in diameter at
breast height in the park. It is shade tolerant and ﬁs usually
found in forest understories on better sites.

Figure 15 shows the distribution and abundance of oak and iron-
woed reproduction in upland forests by age groups in relationship to
mothertrees, forest types, and moisture-nutrient gradients. Red
oak and bur oak trees are common stand components on dry to mesic,
intermediate nutrient to nutrient-rich sites occurring in most of the
forest types. They are less frequent in Pinus banksiana-Arctostaphylos
(Pb-T) and Pinus-Abies-Picea-Lycopodium (PAP-T) types. Ironwood
follows a similar distribution pattern; however, it is more con-

centrated in Quercus~Populus-Betula-Viburnum-Amphicarpa (QPB-T) and
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Acer-Tilia-Pinus strobus-Dirca (AT-T) types.

: The‘distribution pattern and abundance of red ozk reproduétion
is rather constant in all age groups (Fig. 15). The area covered
by the reproddction in the edaphic field coincidss approximatelv
with the area covered by mothertress. Red oak reproduction is
relatively well represented in the three centrally lccated forest
types (Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica, Pinus
resinosa~Dryopteris—Osmorhiza; and Quercus-Populus-Betula-Viburnum-
Amphicarpa) with dense shrub canopies indicating its ability to
compete with associated forest undergrowth species. This competitive
ability ié well expressed in age-height relationships of red oak
reproduction in these three forest types (Fig. 10). Its height
growth is not quite as good in the Acer-Tilia-Pinus strobus-Dirca
(AT-T) type under a dense tree canopy and in competition with other
species of hardwcod reproduction; however, all‘of the reproducing
species including shrubs are characterized by slow height growth rate
in this type (Fig. 10). The total number of red oak reproduction is
about 2,400 stems per acre in Acer-Tilia-Pinus strobus-Dirca (AT-T)
type followed by Quercus-Populus-Betula~Viburnum-Amphicarpa (QPBR-T)
type with about 1,100 stems per acre. The corresponding frequencies
for these types are 87 and 62 percent, respectively. Pinus banksiana-
Arctostaphylos (Pb-T) type shows only 10 young red oak stems per acre
(Appendix Tables 3 and 4). The composition of hardwocd reproduction
by species and forest fypes was shown in Table 13. Red oak repro-
 duction is proportionally the strongest in Quercus-Populus-Betula-

Viburnum-Amphicarpa (QFB-T) type. Together with red maple reproduction
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Torest types in Itasca State Park: 1. Pinus banksiana-Arctostaphylos
(Pb-T). 2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (Pb2r-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T). 4. Pinus resinosa-Cryopteris-
Csmorhiza (Pr-7). 5. ocmﬁOCmquﬁCHCmummncwml<wvcwscau>av:Homwvm‘Aommxﬂv.
6. Acer-Tilia-Pinus strobus-Dirca (AT-T).
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théy compose almost 50 percent of the total number of hardwood repro-
duction in this type. | | - |

The bur oak rééroduction is more scattered than red oak repro-
duction in upland forests (Fig. 15). kAlthough bur oak is known as
a species which can successfully compete with shrubs and grasseg,
it does nof do well in the Itasca Park area. Buell and Cantlon
(1951) reported that in old growth white pine and bur ocak stands in
forest prairie transition areas bur oak reaches only sapling size
before dying from suppression and is replaced by sugar maple and
basswood. Similar observations were made in this study in Acer-Tilia-
Pinus stfobus—Dirca (AT-T) type. Bur oak reproduction reaches its
peak in this forest type with about 200 stems per acre. Pinus
banksiana-Arctostaphylos (Pb-T) type averages about 50 young bur
oak stems per acre. In this type, however, bur oak reproduction is
higher proportionally than in all other types of the total number of
hardwoods (Table 13).

Red oak éeedlings are well adapted to competition. The root
growth of first-year seédlings is rapid and the taproots penetrate
deeply into the soil enabling the seedlings to compete efficiently
for soil moisture. There is practically no ccmpetition fér nutrients
in the first year, and still in second year seedlings may profit
from nutrient supply of the seed. After disturbances such as cutting
énd fire, red oak and bur ozk bossess the ability to reproduce by
sprouts.

Ironwood reproduction is largely limited to mesic, nutrient-

rich sites and shows its main concentration in Acer-Tilia-Pinus
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strobus-Dirca (AT-T) type reaching on the average about 2,500 stems
per acre as coﬁpared.to Quercus~Populus—Betula-Viburnﬁm—Amphicarpa
(QPB-T) type with about 150 stems per acre.

Red oak reproduction shows its peak on mesic, nutrient-rich
sites, mainly in Acer-Tilia-Pinus strobus-Dirca (AT-T) type. It shows
also a good competitive ability on dry to mesic, intermediate nutrient
sites with high shrub densities. Red oak reproduction is rather
well represented in all age groups. Bur cak reproduction shows only

a scattered occurrence over the total upland fsorest complex. The
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number of bur oak seedlings per acre exceeds red oa
only in Pinus banksiana-Arctostaphylos (Pb-T) type. In general,

oak reproduction is capable to maintain its position in mixed forest
staﬁds with different composition. Oak seedlings are never present
in such numbers that they would be serious competitcrs for pins
reproduction. Ironwood, a minor tree species in the park, is most

abundant in Acer-Tilia-Pinus strobus-Dirca (AT-T) type.

6.25 Maple-basswood reproduction

Red maple is considered a subclimax species, and it functions
as an intermediate in many foreét stands. It is most commonly found
in forest understories. Sugar maple and American basswood are both
climax species and selective in their site requirements. They occur
mainly on moist, fertile, and well drained soils. According to
Baker {1949), cugar maple and American basswood are classified as
| very tolerant and tolerant species, respectivély.

Figure 16 shows the distribution and abundance of red maple,

sugar maple, and American basswood reproduction by age groups in
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;elationship to mothertrees, forest typec, and moisture-nutrient
-"gradiéﬁts. Red maple is an admixture-species in.a variety of upiénd
forest staﬁds in the park with a more common occurrencevon inter-
mediate nutrient to nutrient-rich sites. Mature sugar maple and
basswood are largely restricted to mesic, nutrient-zrich sites, mainly
to Acér—Tilia-Pinus strobus-Dirca (AT-T) type with some occurrencé

in Quercps—?opulus—Betula~Viburnum-Amphicarpa (QPB~T) type.

Red maple reproduction is well represented in all age groups
and its distribution range in the edaphic field is similar to that
of mothertrees (Fig. 16). There are only scattered seedlings present
on dry, nutrient-poor sites. On mesic, nutrient-rich sites red maple
reproduction decreases or even disappears in typical northern
hardwood communities (stands 21 and 68). The ratio of sugar maple
and red maple reproduction may indicate the development stage of a
particular community.

Characteristics of red maple reproduction are such that red
maple does not require much light to germinate, and it can become
established on rather unfavorable seedbeds through rapid root
devélopment. Red maple can also reproduce by sprouts. These qﬁalities
enable red maple to compete successfully with shrub and gfqund cover
.species. Its growth rate under conditions of strong shrub competition
is similar to that of red oak (Fig. 10). Red maple reproduction
also does relatively well in the Pinus-Abies-Picea-Lycopodium (PAP-T)
. type with a rather dense tree canopy where it constitutes about
80 percent of the total hardwoed reproduction (Table 13). The total

number of red maple reproduction in forest types with well developed
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1. Pinus banksiana-Arctostaphylos
(Pb-T). 2. Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T).
3. Pinus-Abies-Picea-Lycopodium (PAP-T). 4. Pinus resinosa-Dryopteris-
5. Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T).-
6. Acer-Tilia-Pinus strobus-Dirca (AT-T).

Torest types in Itasca State Park:

Csmorhiza (Pr-7).
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Distribution of basal areas of red maple, sugar maple, and American basswood and their
reproduction by age groups in the edaphic field of upland forests in Itasca Park, Minnesota.
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shrub layers ranges from about 300 tc 2,100 stems per acre with
frequencies from 22 to 66 percent (Appendix Tables 3 and 4).

Sugar maple reproduction is limited to mesic, nutrient-rich
sites, mainly in Acer-Tilia-Pinus strobus-Dirca (AT-T) type
(Fig. 16) where it composes 75 percent of all hardwood reproduction
(Table 13). In some communities sugér maple even exceeds éO percent
of the total number of hardwoods. This is partly due to the ex£remely
high number of first year seedlings in 1965. The total number of
sugar maple reproduction is, on the average, about 50,000 stems per
acre in the Acer—filia—?inus strobus-Dirca (AT-T) type with 98 per-
cent frequency. In age groups from three to five and from six to
10 years old, there are about 10,000 stems per acre in each. Quercus-
Populus-Betula-Viburnum-Amphicarpa (APB-T) type shows only about 600
stems per acre with 18 percent frequency, mainly because sugar maple
reproduction is not present in all communities in this type (Appendix
Tables 3 and 4).‘ The abundance of sugar maple reproduction connected
with dense tree canopy in typical maple-basswood communities may be
responsible for the relatively small number of other species ‘
(taxonomic diversity) as shown in Figure 3.

The height growth rate of sugar maple:reproduction is slow
under denses tree cover reaching about two to three feet on the average
in 15 to 20 years (Fig. 10). In places where old pines are wind-
throWn and cpenings are created in the tree canopy sugar maple
responds rapidly. Conover and Ralston (1959) pointed out that sugar
maple reproduction is able to withstand complete suppression for

several vears and still show a strong response to release.



- 110 -

The distribution pattern of American basswood reproduction is
similar to that of sugar maple, occupying mesic, nutrient-richr
sites. However, bésswood reproduction is far less abundant (Fié. 16).
American baéswood,reproduces with ease by sprouts arising from the
bases of standing trees. Few seedlings were found in the forest
communities studied with mature basswood trees present. The total
basswood reproduction is about 500 stems per acre in Acer-Tilia-
Pinus strobus-Dirca (AT-T) type and about 250 stems per acre in
Quercus—Populus-Betula—Viburnum—Amphicarpa (QPB-T) type. The
corresponding frequencies are 50 and 16 percent, respectively
(Appendix Tables 3 and 4). | |

Red maple reproduction occurs on & wide range of sténd and
site conditions. 1Its ability to compete with shrubs is character-
istic, particularly in pine and aspen forests with dense shrub layers.
Sugar maple is the most vigorously reproducing species on better
sites. It is an exceptional species because its reproduction
secures the continuity of sugar maple. Sugar maple and American
basswood are restricted to mesic, nutrient-rich sites, mainly
Acer-Tilia-Pinus strobus-Dirca (AT-T) type. The dense tree canopy
effectively excludes most shrubs. Further expansion of sugar maple
and American basswood reproduction can be expected into Quercus-

Populus-Betula-Viburnum-Amphicarpa (OPB-T) type.
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7. DYNAMICS OF TREE KEPRODUCTION IN THE PERMANENT STUDY AREA

There are only a few permanent plot studies carried outbin
Itasca Park concerning initial establishment and development of
tree reproduction. The change in abundance of white pine and jack
pine reproduction in a jack pine forest over a 20-year period was
discussed in the preceding chapter. In this chapter, change in
abundance, composition, age, and height, and evaluation of survival
~ of pine reproduction and associated undergrowth species in a red
pine-balsam fir forest will be analyzed in relationship to stand
and site characteristics based on data of perﬁanent plots initiated
in 1553 (Bakﬁzis, 1954). lot layout and the procedure of data

collection were described in Chapter 3 discussing field methods

7.1 Characteristics of the Permanent Study Area

The study area is located on both sides of the main park drive
west of Elk Lake (southeast corner of Section 16, Township 143 N,
Range 3% W), and its location is designated by "T" on the Itasca Park
map (Fig. 1). Structure and composition of the stand in the study
area are characterized from a transect through the red pine-balsam
fir forest established in 1966 (Fig. 17a a2nd 17b). Stand profilec
and vertical projections are frequently used as illustraticns of
specific situations featuring reprcduction ccnditions, competition
conditi ons, effects of thinning, windthrow etc. Figure 17b also
shows a schematiic profile of the total transect, plot layout, and

five subdivisions of the study area based mainly on variations in

underctory dﬁn91‘v and forest undergrewth.
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TRANSECT OF PERMANENT STUDY AREA
IN RED PINE-BALSAM FIR FOREST
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Figure 17a. Profile (sections A and B) and horizontal ;.arojections
of red pine - balsam fir forest in Itasca State.Park, Minnesota.
See Figure 17b for continuation and for schematic plot layout.
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Figure 17b. Continuation of the profile (sections C and D) and
horizontal projection of red pine - balsam fir forest in Itasca

State Park, Minnesota. Schematic plot layout (1 to 40) and ecological
‘subdivisions (1, 2, 3, 4, and 5) of the permanent study area.
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The red pine-balsam fir stand which was investigated belongs to
the Pinus-Abies-Picea-Lycopodium (PAP-T) type as it can be judged”
from the locations of its five subdivisions in the edaphic field (Fig.
18). It has the typical stand characteristics of this forest type.
In addition to red pine therg are scattered white.pines in the
ovérstory. The dead standing red pines (Fig. 172 and 17b), particularly

in subdivision 1, are the result of porcupine (Erithizon dorsatum

(Linnaeus) ) damage. In more recent years, porcupines have done
considerable damage by girdling old red pine in subdivisions 4 and
S. Balsam fir is the main tree species in forest understory. Paper
birch and white spruce have occasional occurrence.

Soils are Marquette loamy sands and are somewhat excessively
drained. They range in texture from loamy coarse sands to coarse
sandy loams in the upper 10 to 18 inches overlaying sand and gravel
in the subsoil. Boulders are common. Average pH values vary from
6.0 in A2 horizon to 6.6 in C horizon.

Balsam fir understory was largely removed in subdivisions 2 and
4 after the windthrow in 1936, and partly wipdthrown at the southern
edge of subdivision 5 in 1952, Balsam fir understory is rather
dense in subdivisions 1 and 5, and it has a medium density.in sub-
division 3 (Fig. 17a and 17b). In 1953, the age of balsam fir was
about 65 years in the subdivision 1 and on the average from 45 to
50 yeérs in subdivisions 3 and 5. The oldest red pines, particularly
in subdivisions 2, 3, and 4 can be traced back to the fire in 1714,
and red pines on the southern edge of the study area, adjacent to

the spruce-fir-black ash swamp, can be related to the 1803 fire.



- 115 -

According to Bakuzis (1954) subdivision 5 showed the greatest age
diversity in red pine and even assuming that all the fires mentioned
by Spurr (1954) swept over the area, fires alone could not account
for all red pine reproduction. Scattered individuals are found in
“the area which could be hardly attributed tc the fires. Balsam fir
understory may have played a considerable role in the age diversity
of red pine in the area. The aajacent spruce-fir-black ash swamp
provides a seed source which enables balsam fir to repeatedly invade
the pine forest. Balsam fir understory can keep cut shrubs and
ground vegetation. Being itself a short-lived species and often
subjected to windthrow, bélsam fir may provide occasicnally suitable
conditions for pine establishment. The next sections in this chapter

will deal with such an example where after balsam fir windthrow in

1936, red pine became established in the study area.

7.2 Change in Number and Ratio of Reproduction and Shrubs

shad

[

Most of the pine reproduction in this area became establ
from 1946 to 1951 after the balsam fir understory was windthrown
and removed in subdivisions 2 and 4 in 1936. This time period coin-
cides with the establishment of pine reproduction in the jack pine
forest and in a few other places in the park, discussed in the
preceding chapter.

‘Weather conditions were studied and analyzed for the last 30
Years from the data of U.S. Weather Station located about five miles
northeast from the study area (Fig. 2). Table 14 illustrates the

average temperature and precipitation from May to August and their
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Table 14. Average temperature and precipitation from May to August
and their deviations from the normal from 1936 to 1965 in
Itasca State Park, Minnesota. ’

Temperature  Deviation Precipitation  Deviation

Years degrees F° inches
1936 - 1940 62.8 +1.2 3.01 - 0.77
1941 - 1945 61.0 - 0.6 4.11 + 0.33
1946 - 1950 60.6 - 1.0 4.09 + 0.31
1951 - 1955 61.5 - 0.1 3.66 - 0.12
1956 - 1960 61.6 0.0 2.90 +0.12
1961 - 1965 62.1 + 0.5 3.91 + 0.13

Source: after U.S. Weathear Bureau (1936-1965)

deviations from.the normal by five-year pericds. The deviations

from the 30-year average temperature and precipitation show that

the periods from 1941 to 1945 and 1946 tc 1950 are characterized by
lower temperature and higher precipitation that the normal. The
increase in moisture and decrease in temperature during the growing
season may have played a significant role in the initial establishment
of pine seedlings in this area and in some other places having suit-
albe site and biotic conditions. Pine reproduction was not initiated
immediately after the windthrow of balsam fir in 1936, mainly because
of combined effects of severe drought in late 1930's and deer over-
population until 1945 when the park was cpened to hunting.

Short term fluctuations in weather conditions affect species'
dominance and frequency more than species' presence in an area.
Therefore, trends in synecological coordinates, weighted by the
species’ frequency, seem to reflec{ the short term weather and
ciimatic changes modified by the long range stand development.

Table 15 shows the trends in moisture, nutrient, heat, and licght
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Table 15. Trends in synecological coordinates of red pinre-
balsam fir stand from 1933 to 196 in Itasca State
Park, Minnesota.

Synecological coordinates¥®

Year Moisture Nutrients Heat Light
11953 2.49 2.10 1.87 2.79
1959 2.34 S2.19 2.03 2.96
1964 2.40 2.20 2.08 2.89
1968 1 2.46 2.21 2,01 2.87

* Average of 40 individual subplot coordinates.

Source: Henry (1968).

coordinates from 1953 to 1968 in the permanent study area. The high-
est moisture coordinate in 1953 reflects the favorable moisturs
conditicns in 1940's and early 1956'5 (Table i4 and Figure 2) when
most of the red pine reproduction was established. The lowest moisture
coordinate in 1959 reflects the years of severe drought conditions:
1955, 1956, and 1958 when most of the red pine seedlings disappeared.
Gradual increase in nutrient coordinate and also heat coordinate, at
least up to 1964 (Table 15), may be related to general successional
trend towards increasing hardwoods in the park area. The highest
light coordinate in 1959 is related to the érought conditions and to
the decline in pine overstory from 1953 to 1959 (Fig. 18). After
1959 the light ccordinate decreases, probably due to an increase in
size and numbers of tree saplings, mainly hardwoods, and due to the
improvement of moisture conditions.

Figure 18 shows the distribution of total tree reproduction
bby individual species over the study area from south to north by
subdivisions 1 to 5, and the change in number of stems per acre

rom 1953 to 1964. Ii also illustrates the foresi understory and
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overstory densities during the time interval and gives the estimates
of tree covér, shrub cover, grcund cover, and‘reproduction cover

in 1964. The ecological locations of five subdivisidnsvin the edaphic
field are shown in the last diagram of Figure 18.

Redipine reproduction reached its peak in subdivision 4 in 1953,
having the lowest understory basal area (Fig. 18). The number of
red pine seedlings per acre in other subdivisions is also closely
related to the density of balsam fir understory. It has no relation-
ship with total basal area or basal area of overstory. White pine
reproduction follows a similar distribution pattern in 19533. There
is a decrease in red pine and white pine reproducticn frem 1953 to
1964. Bélsam fir reproduction shows just the reverse distribution
pattern with greater abundance of seediings under canopy of mother-
trees than without it. Subdivision 4, with the least balsam fir
seedlings present, has the driest site conditions as indicated by
moisture-nutrient coordinates. The amount of balsam fir reproduction
from 1953 to 1964 varies, mainly due to fluctuatiqns in one-year
old seedlings.

Distribution pattern of red maple and black ash seedlings over
the study area definitely reflects the distance from the seed scurce
(Fig. 18). Mature red maple trees are located just north and north-
east of subdivision 5 spreading seed southward, while the adjacent
spruce-fir-black ash swamp south of subdivision 1 provides black ash
seed for the area. The number of black ash seedlings per acre de-

creases rapidly in a northerly direction towards subdivision 5. The

[V

nuimber of red maple and black ash seecdlings present in each sub-
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REPRODUCTION AND OTHER STAND CHARACTERISTICS BY YEARS
AND DIFFERENT SUBDIVISIONS OF THE TRANSECT
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Figure 18. Distribution of main conifer, hardwood, and shrub species
by ecological subdivisions of the permanent study area in different
years. Basal area of trees in different years and cover of stand
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edaphic field of upland forests in Itasca State Park, Minnesota.



- 120 -

division is not related to the variations in stand density. The

t

number of black ash seedlings fluctuates during the years in

different subdivisicns while red maple seedlings show an increase

in numbers from 1953 to 1964. Corylus cornuta reaches the peak in
subdivision 3. This subdivision had the lowest understory basal
area before balsam fir was windthrown and removed in subdivisicns

2 and 4 which enabledCorylus cornuta and other shrub species to

invade this area first. -

The change in number of reproduction per acre is also shown
in Figure 19 emphasizing the time period from 1953 to 1964 instead
of subdivisions and geographical gradient of the study area as it
was done in Figure 18. AThe diagrams of Figure 19 consider only
reproduction over two years old to avoid the influence of very youno
seedlings which may fluctuate strongly in numbers from year to
year. Figure 19 also shows the change in ratio of conifer repro-
duction, hardwood reproduction, and shrubs from 1953 to 1964.

Main attention will be paid to the change in number of red pine
seedlings, most of which were about three to six years old in 1953.
Red pine reproduction shows a sharp decrease from 1953 to 195¢ and

t is almost absent in the area by 1964. White pine and balsam fir

[WH

reproduction have also decreased in numbers while hardwoods and
shrubs show a gradual increase in the area (Fig. 19).

Summer drought and deer browse were mentioned as the unfavorable
~factors contributing to the late start of pine reproducticn in the

arez after balsam fir understory was removed in 1936. After 1945,
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CHANGE IN NUMBER AND RATIO OF REPRODUCTION AND SHRUBS
IN DIFFERENT SUBDIVISIONS OF THE TRANSECT
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establishment, especially in subdivision 4, exceeding 1,000 stems
per acre in 1953 (Fig. 19). At this time, probably the rather dense
pine overstory with about 150 to 180 square feet basal area per acre,
became the critical factor for red pine seedlings. The amount of
light reaching the forest floor was not sufficient for seedlings to
meet the gradually increasing competition of hardwoods,vshrubs, and
ground cover species for scil moisture. According to weather data,
severe summer drought occurred in 1955, 1956, and 1958 (Pig. 2)
which may be largely responsible for the very sharp decrease in red
pine reprocduction from 1953 to 1959. Reduction in the number of
white pine and balsam fir seedlings is also greater from 1953 to 1959
than from 1959 to 1964 in most of the subdivisions. This drought
effect is even reflected in the slower rate of increase in hardwoods
and shrubs from-l953 to 1959 than from 1959 to 1964 (Fig. 19).

During the pericd from 1953 to 1964, red pine reproduction
decreased from an average of 300 stems per acre to near zero,
white pine -- from 400 to 200, balsam fir -- from 3,500 to 1,600.
In the same time, hardwood reproduction increased from an average
of 2,000 stems per acre to 5,000 stems per acre, and shrubs -- from
3,000 to 7,000 stems per acre. |

The last diagram in Figure 19 shows the change in percentage
of conifer reprouduction, hardwood reproduction, and shrubs by
individual subdivisions and for the whole study area. The average
changs in percentage (interrupted line in the last diagram of

Figure 1¢) for the whole study arez was:

year conifers hardwocds shrubs
1953 48 22 30
1959 24 29 47

1964 11 36 5
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The hardwood reproduction and shrubs almost doubled their

proporticns con expense of conifers.

7.3 Change in Averages Age and Height of Reproduction and Shrﬁbs

Chénges in the average age and height of reproduction andl
their number provide an insight into the processes of natural
reproduction. Figure 20 indicates the change in average age and
height of tree reproduction and shrubs from 1933 to 1964 in the
permanent study area.

Red pine reproduction suffered a heavy loss in the years aftex
1953. The increase in aQerage age, about six years, from 1953 to
1959 in subdivisions 3 and 4 indicates that no new seedlings bscame
established during this time period. The increase in height growth
of those seedlings still living in 1959 had been slow during the
six-year period. In 1964, only subdivision 5 showed a few young
seedlings present; in cther subdivisions they héd disappeared.

As discussed in previous chapters, white pine seedlings are
better able to compete with shrubs and hardwoods than red pine
seedlings. However, here again, the average age and height compar-
isons indicate that white pine seedlings initially become established
and later disappear. Even in subdivision 2 where the average age of
white pine seedlings shows continuous increase there is no significant
increase in average height growth. In subdivision 4 where the‘
number ¢f white pine seedlings has remained almost unchanged from
1959 {0 19064 the average age and height of seedlings have decreased
considerably inﬁicating high mortality of older seedlings and

initial establishment of new seedlings. In general, white pine re-
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CHANGE IN AVERAGE AGE AND HEIGHT OF REPRODUCTION AND

SHRUBS IN DIFFERENT SUBDIVISIONS OF THE TRANSECT
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Figure 20. Change in average age and height of the total number

of reproduction and shrubs from 1953 to 1964 by ecological sub-
divisions of the permanent study area in red pine-balsam fir forest
in Itasca State Park, Minnesota.
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production is stationary, site and biotic conditions have not been
favorable for height growth develcpment and survival. ‘

Balsam fir reproduction shows an increase in average height
growth in subdivisions 2 and 4 with the lowest understory basal area.
In subdivisions 1 and 5 where the understory basal area is relatively
high, balsém fir seedlings do not show an increase in average age
ahd height; The number of seedlings fluctuates; seedlings become
established and later disappear. Under dense shade of mothertrees
the development of balsam fir seedlings is suppressed.

Change in average age énd height of conifers reflect the inte-
grated performance of red pine, whﬁte pine, and balsam fir seedlings.
Conifer reproduction is most successful in subdivision 2, mainly
due to the progress in height growth of balsam fir seedlings. Hard-
wood reproduction also shows the best performance in subdivision 2.
Although the average age ofrhardwood reproduction is higher in
subdivision 4 than in subdivision 2, the average height growth is
slower. Subdivision 4 is the driest of all subdivisions and shrub

competition is severe as indicated by the growth performance of

shrubs in this subdivision in the last diagram of Figure 20.

7.4 Survival of Reproduction and Shrubs

An attempt was made to assess the survival of one to five years
old conifer, nardwood, and shrub new growth which were recorded in
1953. These stems should have besn seven to 11 years old in 1929
and 12 to 16 years old in 1964 (Fig. 21). Greater mortality occurred
in the period from 1953 to 1959 in conifer and also hardwood repro-

duction as compared to the period from 1959 to 1964. Although higher



mortality figures can be expected in the early stage of seedling
development, the occurrence of severe drought periods in 1932, 1956,
and 1958 was an important contributing factor.

In 1953, one to five years old red pine and white pine seedlings
were relatively well represented in a;l subdivisions except sub-
division one which had an extremesly dense balsam fir understery.

Red pine showed the most seedlings per acre in subdivision 4 with almost
no balsam fir understory. White pine reproduction had its best repre-
sentation in subdivision 3. Relatively dense pine overstory, increased
cémpetition from shrubs and ground vegétation, summer droughi, and
droughty soil can be considered the main reasons for the poor survival
of pine reproduction. Survival of balsam fir is similar to that of
white pine. The best survival of white pine and balsam fir secdlings
occurred in subdivision 2. Hardwoods and shrubs also had low mortality
in this subdivision. Ecologically this subdivision is characterized

by greater moisture availability than subdivision 4, and in both
>subdivisions the bélsam fir understory was largely removed.

The average change in percentage of surviving conifer and hard-
wood reproduction, and shrubs (interrupted line in the last diagram

of Figure 21) for the whole study ares was:

year age conifers hardweods shrubs
1953 1-5 51 29 20
1659 7-11 30 27 43
1964 12-16 14 32 54

Hardwood seedlings have largely maintainad their positien from
1953 to 1964 while ihe mortality losses of conifer seedlings have
been balanced by shrubs. t is interesting to note that the most

drastic changes in provortions occurred in subdivisions 1 and 5 with
S pLop
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dense balsam fir understories (Fig. 21). The dense balsam fir under-
story limits reproduction snd shrubs ard aisc hastens their mortaiity.
In subdivisisn 1 hardwoods gained proportionally at the expense of
conifers; however, hardwood mortslity was also high. In subdivision
5 both hardwoods and shrubs gained properticnally from conifers. " In
subdivisions 3 and 4 shrubs showed the best survival. Subdivisicn

2 is characterized by almost equal survival of conifer reproduction,
hardwood reproduction, and shrubs,

Pine reproduction in a pine stand is very difficult because
seedlings are unable to compete for light and moisture with the
usually vigorous forest undergrowth and mothertrees. Pine-spruce-fir
stands have characteristic vertical structure which has a definite
influence on natural reproduction. Balsam fir understory is an
important factor in preventing the invasion of shrubs and ground
vegetation. Shrub invasion is a rather slow process and a sufficiently
dense understory can keep out shrubs; but once shrub invasion has
occurred, the same understory density cannot eliminate thém. In
general, tree reproduction enters an area more rapidly than shrubs
do; however, under unfavorable conditicns it also disappears fast.

Data from the permanent study area indicate that under a combin-
ation of favcrable conditions the natural reproduction of pines can
occur in Pinus-Abies-Picea-Lycopodium type. Because of the longevity
of red and white pines, failurg of_pine reproduction on several

occasions does not exclude such possibility completely.

14

Balsam fir baszl areas of about 80 to 100 square feet per acre

cempletely exclude a1l new growth including shrubs. After the balsam
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fir beccmes decadent and windthrown, the ground surface is prepared
for pine seedling establishment.

Pine seedlings can become established at overstory basal areas
up to 180 square feet per acre. If the overstory is reduced to about

60 square feet per acre, the reproduction may permanently establish.
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SUMMARY AND CONCLUSIONS

Advance tree reproduction was studied in 36 upland forest

ionship to stand

Q
T

communities in Itasca State Park, Minnssota in rels
and site characteristics. The forest ccmmunities, all apparently
undisturbed for at least 40 vyears, were selected from a réconnaissance
survéy of the area to covér the full range of upland moisture and
nutrient conditions. Tree species composition, age, and geographical
distribution were also considersd in the community selecticn.

The method of synecological coordinates was used to analyze énd
compare the vegétation and soil characteristics, to aid in establish-
ing ecolecgical forest types, to investigate plant cover interrelation-
ships, and to study the presence, abundance, and dynamips of éonifer
and hardwood reproduction.

Forest ecosystem was defined at a level of forest community,
having homogenecus vegetation and envirormental conditicns. Forest
-community and site were considered as the two principal subsystems‘
of forest ecosystems.

The extent and shape of the ecosystem space of upland forests
were presented baced on community coordinate values of moisture,
nutrients, heat, and light. Coordinates were computed for the
conmunity as a whole, for individual subplots, and as averages of
subplots within a community.

The variakility of the forest ecosystems was defined and dis-

—

d

[~

cussed in terms of taxonomic diversity, ecologica vers %ty, and
site diversity. The maximum tasxonomic diversity occurred in communities

of intermediate nutrient conditions and tended to be intensified in

transitional areas along ihe boundaries of forest types. The maximum
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ecological diversity occurred in ferest ebosystems orn mesic,
nutrient-rich sites. The maximum site diversity cccurred in meszé,
nutrient-poor ecosystéms, influencing homogeneity and the distributiecn
pattern of reproduction and ground vegetaticn and often resulting

in two-storied tres canopies.

Soil properties of individual ecosystems were related to moisture
and nutrient coordinates and to each other. The percent of soil
mineral particles below 0.1 mm, organic matter content, pH, potassium,
calcium, and magresium were significantly related to nutrient coordl-
nates. Calcium and pH of the organic layer, organic matter content
and calcium of 6-inch top soils, and organic matter content and percent
of soil mineralAparticles below 0.1 mm of 36-inch soil profile showed
the highest correlations with nutrient coordinates. The relation-
ships between phosphorus and nutrient coordinates were weak or
negative. Organic matter content, the percéntof soil mineral particles
below 0.1 mm, and readily available wafer were significantly related
to moisfure coordinates; however, the relationships were weaker than
those with nutrient coordinates.

Except for phosphorus, there were rather strong interrelationships
between individual soil chemical properties. Most of the up1and soils
in Itasce Park can be rated as medium to high in phosphorus, potassium,
calcium, and magnesium, except for some ecosystems located in the
lower part of the edaphic field. Moisture supply is more critical.
Drought perinds are common during the growing season in this area.

Ecosystams functionally similar with respect to moisture-nutrients

and heat-light were grcuped into six ecosysiem types (forest types),

[

adjusting the typs boundaries to individual species dist tribution
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in the edéphic field, soil chaiacteristics, and interrelationships
between trees, reproduction, and shrubs, and other specific char—(
acteristics. These types represent a unit of ecosystem space and come
cloée to the concept of forest site types. Type boundaries in nature
are not distinct, but the types grade intc each other, especially
those in the central part of the edaphic field. Brief forest tYpe
descriptions were given and comparisons between the types were made
in terms of their synecological coordinates, vegetation, and soil
characteristics.

The distribution pattern and abundance of pine, spruce-fir, and
hardwood reproduction and shrubs were analyzed in relationship to
moisture-nutrient gradients, forest'types, and soils. Three main
areas of reproduction concentration in the edaphic field were noted;
pines appeared on'dr?, nutrient-boor sites (Pinus banksiana-Arctosta-
. phylos type), spruce-fir -- on mesic, nutrient-poor sites (Pinus-
Abies-Picea-Lycopodium type) and hardwoods -- on mesic, nutrient-rich
sites (Acer-Tilia-Pinus strobus-Dirca type). Shrubs showed the
largest abundance in the central part of the edaphic field, occupying
a large portion of the dry to mesic, intermediate nutrient sites
(Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica, Pinué resinosa-
Dryopteris-Osmorhiza, and Quercus-Populus-Betula-Viburnum-Amphicarpa
types). Shrub effects on the distribution and abundance of tree
reproduction were strongly indicated. The distribution and abundance
_of individual shrub species and their importance in competition with
tree reproduction were discussed. The change in interrelationships
of forest covers, depending on the position of forest types in the

edaphic field was analyzed,
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Interrelationships of conifer reproduction, hardwood reproduction,
and shrubs based on stem ccunts and analyzed by age groups showed that
with increased age of new growth (over six years old) there were no
forest communities where these three undergrowth components were well
mixed.

The changes in presence, abundance, and distribution pattern
of individual reproduction species were analyzed by age groups in
relationship to motherstands and forest types. On dry, nutrient-
poor sites (Pinus banksiana-Arctostaphylos type), white pine was the
major reproducing species of all three pines. Red pine and jack
pine sesdlings were almost limited to this type; But their occurrence
was only scattered as compared to white pine; In general, the height
growth of white pine and red pine seedlings was slow. Jack pine
seedlings suffered the most from animal browse. Pinus banksiana-
Arctostaphylos type, in which some pine reproduction occurs, consti-
tutes only a small fraction of the total érea of upland forests in
the park.

The change in abundance of white pine and jack pine reproduction
vas studied over a 20-year period in a jack pine stanc (Pinus banksiana-
Arctostaphylos type) in which pine reproduction had been ébundant.
Opening of the park to deer hunting in 1945, a series of years with
adequate moisture in late 1940's, almost shrub-free forest stand,
and thin humus layer were the main conditions favorable for the
establishment and develobment,of white pine reproduction. Shrubs
and hardwocds have doubled their numbers in the last 10 years pro-
viding increased competition for light and moisture for the existing

pine sesedlings and largely preventing further seedling esta~li hment.
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On mesic, nutrient- poor sites (Pinus-Akies-Picea~Lycopodium
type), studies indicated thét a»spruce—fir understory largely pre-
vents shrub invasion and that after a windthrow of balsam fir, pine
repréduction may become estaﬁlished;

The changes in abundance, composition, average age and height,
and evaluation of survival of pine reproduction and associated conifer
reproduction, hardwood reproduction, and shrubs were analyzed in
relationship to stand and site characteristics in a red pine-balsam
fir forest based on data from permanent plots. The establishment of
pine reproduction in this area, after a windthrow of balsam fir
understory, coincided with the establishment of pine reproduction
in the permanent study aréa'bf the jack pine forest and a few other
places in the park.

The change in number and ratio of conifer reproduction, hardwood
reproduction, and shrubs indicated a substantial decrease in pine
and also balsam fir reproduction and an increase in hardwood repro-
duction and shrubs from 1953 to 1964. Hardwood reproduction and
shrubs almost doubled their proportions at the expense of conifers
duriné this time period. Red pine seedlings, in spite of the good
start in the late 1940's, almost disappeared during the time span
of 11 years. White pine seedlings did not show any significant
increase in average height growth over the years. Balsam fir
seedling numbers fluctuated greatly and made progress in height
growth only in a subdivision of the study area with sufficient
moisture available and opzn forest understory. The highest mortality

=f pine seedlings occurred from 1953 to 1959, due to confounding



- 135 -

effects of insufficient iight, increased hardwood, shrub, and ground
cover.competition, and years with serious summer drought periods.

On dry te mesic, intermediate nutrient sites (Pinus banksiana-
Osmorhiza, and Quercus-Populus-Betula-Viburnum-Amphicarpa types)
with dense shrub layers and herbaceous ground cover, pine seedlings
were largely absent.

On mesic, nutrient-rich sites (Acer-Tilia-Pinus strobus-Dirca
type) white pine seedlings were quite numerous; however, their height
growth development was poor. Seedlings at ages of 15 to 20 years
‘'had not reached one foot in height.

Balsam fir can hold its position in upland forests on sites
which are most suitable to its boreal character (Pinus-Abies-Picea-
Lycopodium type). It is declining on sites where invading shrubs
and hardwoods can compete.better for soil moisture. White spruce,
being a more drought resistant species than balsam fir, can compete
better with shrubs and hardwoods. The scéttered occurrence of white
spruce reproduction in upland forests is mainly due to inability

to become established on undisturbed soil surfaces.

=

oss of quaking aspen and paper birch reproduction was con-
siderable under tree canopiés. Only a few young stems had reached
an age of 10 years and older. Bigtooth aspen reproduction seldom
occurred. Clusters of young aspen in saplings stage could only be
found in areas where wind disturbance had resulted in sufficiently

large openings in tree cover.

ct

Red cak reproduction reached the peak on mesic, nutrient-rich

ow

sites, mainly in Acer-Tilia-Pinus sirobus-Dirca type. It also showed

good competitive ability on dry to mesic, intermediate nutrient sites
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with high shrub densities. Red oa

9
v

~reproduction was rather well
reﬁreéented in all age groups. The occurrence of bur cak reproduétion
‘was scattered over the whole upland forest complex. Oak reproduction
is capable of maihtaining its position, 63 even improving it, in‘
forest stands bver a wide range of site conditions.

Red maple occurred over a wide range of stand and site conditions.
Its ability to compete with shrubs is characteristic of the species.
Sugar maple was the most vigorously reproducing species on the better
sites. Sugar maple and American basswood were largely restricted to
mesic, nutrient-rich sites. Their further expansion into the Quercus-
Pqpulus—Betula—Viburnum—Amphicarpa type can be expected as indicated
by reproduction analysis.

Most of the upland forest stands in Itasca Park are still in
a process of posthire stakilization and can be considered as temporary
expressions'or successional stages. In the absence of fire the
predominantly rich forest soils favor the growth of herbs, shrubs,
and hardwoods under the open canopies of pine and aspen stands.
There are very few red pine and jack pine seedlings under these con-
ditions, and growth of white pine seedlings is severely restricted.
In addi%ion, the occurrence of summer drought is critical.for the

initial establishment and survivel of pine seedlings.
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Appendix Table 1. Locations of studied forest communities in

Itasca State Park area, Minnesota.

Stand
No. Section T - Nx R - Wpxx
2 NW 1/4 sec. 22 143 36
3v SE 1/4 v 1 142 36
5 SWwi1/4 v 9 143 36
é SEl/4 v 4 142 36
7 SWi1/4 - 4 142 36
8 NW1/4 4 142 36
10 ~ NE 1/4 v 6 143 35
12 NE 1/4 v 7 143 35
13 NE 1/4 " 19 143 35
14 SE1/4 v 24 143 36
16 v NE 1/4 v 3 143 36
17 swi/4 v 33 144 36
19 NE 1/4 " 8 143 34
20 SE 1/4 v 17 143 36
21 NE 1/4 " 22 143 36
22 SE 1/4 v 3 143 36
25 NW1/4 v 18 143 36
27 NE 1/4 " 28 143 36
28 SE 1/4 v 34 143 3
30 N 1/4 v 28 143 3
31 swi4 " 15 143 36
34 NW1/4 M 5 143 36
36 NE 1/4 v 2 142 36
37 NW1/4 v 1 142 36
33 swi/a v 3 143 36
47 SE 1/4 v 6 143 35
50 swi/4 " 10 143 26
56 NE 1/4 ¢ 1 143 36
60 NE 1/4 v 6 143 35
62 SE 1/4 " 24 143 36
66 NE1/4 " 36 143 36
68 SWi/4a v 24 143 36
70 NW /4 v 26 143 36
73 NW /4 2 143 3
75 sw 1/4 " 35 143 36
90 NW1/4 0 17 143 35

% Arkansacs base iine.

#*% 5th Principal meridian.
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Appendix Taeble 2. List of qynecologiua coordinates of upland
forest communities by foresi types in Itasca
State Park area, Minnesota.

tand Synecological coordinates¥®
No. Moisture Nutrients Heat Light
,Pwngs pankeiana-Arctostaphyles {Pb-T) type
/6 1.93 2.17 : 2.29 3.71
)7 ’ 2.02 2.00 - 2.20 3.78
Yo 1.76 1.91 2.17 4.00
16 1.68 1.95 2.22 4,05
€0 1.87 2.08 2.23 3.58
4] 1.91 2.11 2.14 3.54 '
P{nus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T) type
6 v 2.00 2.28 2.30 3.47
12~ 2.04 2.17 2.18 3.43
13 - 2.02 2.37 2.37 3.47
AT 1.95 2.33 2.40 3.33
23 1.93 2 30 2.43 3.52
Pinus-Abies-Picea-Lycopodium (PAP-T) type
27 2.52 4.58 2.19 2.77
27 2.67 2.53 2.02 2.50
31 2.3¢9 2.43 2.13 2.88
73 2.26 2.26 2.17 3.25
Pinus rasincsa-Dryopteris-Osmorhiza {Pr-T) type
57 2.27 2.54 2.37 3.00
7 2.29 2.43 2.27 3.02
3 v 2.45 2.61 2.33 2.77
20 %% 2.13 2.41 2.26 3.13
36 2.45 2.62 2.26 2.62
38 2.28 2.54 2.28 2.95
€6 2.12 2.43% 2.24 2.96.
7 2.25 2.63 .42 2.93
Quercus- Pcou‘u% -Betula-Viburnum-Amphicarpa (QPb T) type
25 2.36 2.83 2.60 2.83
Klo) 2.16 2.%94 2.73 2.86
34 2.14 2.89 2.71 2.86
37 - 2.22 2.77 2.56 2.93
47 2.17 2.89 2.5¢6 3.11
70 2.33 2.77 2.58 2.85
Acer-Tilia-Pinus strobus-Dirca (AT-T) type
147 2.29 3.05 2.82 2.63
21 2.54 3.26 2.86 2.38
22 2.48 3.01 2.62 2.51
50 2.43 3.17 2.83 2.49
56 2.38 2.93 2.67 2.70
€2 2.39 2.95 2.61 2.47
63 2.35 3.25 2.95 . 2.50

?

* Basad on species' presence in the commun**v

AR okn Fedien ?



Appendix Table 3. Summary data of upland forest stands in Itasca State Park, Minnesota.

Dominant  Stand
Species. basal Stand Reproduction
Average area volume Spruce- Hard-
Stand Composition and age ht.(ft), ft2/ ft3/ Pine fir woods Total Shrubks
No. of main tree species dbh(in.) acre acre Number per acre
Forest type: Pinus banksiana-Arctostaphylos (Pb-T)
3 8Jp, 2 RP, Jp 63/ 9 102 2890 6000%* 310 1300 7610 14300
60-70, +95  60-70 (6000)#*  (310) (940) (7250) (10%00)
+ WS, + QA Wpx*#* ws QA
10 9 IP, 1 RP, Jp 70/10 128 4260 3300 130 560 3990 19200
60-70, +95  60-70, (3300) (130) (440)  (3870) (12200)
+ Wp, + PB. +140 JP BF PB
16 10 JP, Jp 55/ 8 100 2680 810 310 180 1300 25000
75-85, +20 (810) (310) (60) (1180) (12700}
JP BF PB
19 10 Jp, Jp 41/ 5 107 2100. 310 0 0. 310 1700
40-50, +80 (310) (310) (1600)
JP :
* Total number. JP - Jack pine QA - Quaking aspen RM - Red maple GA - Green ash
#% Qver 2 years old. RP - Red pine RgtA - Bigtooth aspen SM - Sugar maple BP - Balsam poplar .
*#¥% Main -species. WP - White pine PB - Paper birch BY - Amer. basswood IW - Ironwood
BF - Balsam fir B0 ~ Bur oak AE - Amer. elm BCh - Black cherry
WS - White spruce RO - Red oak BA - Black ash

- 8yl -



Appendix Table 3, continued

Dominant Stand
species. basal  Stand Reproducticn
Average area volume Spruce- Hard-
Stand Composition and age ht.(£t), ft2/ ft3/ Pine fir woods Total Shrubs
NO. of main tree gpecies dbh(in.) acre acre Number per acre
60 6 RP, 3 JP, RP ‘63/11 133 4250 3500 4000 0 7500 16700
65-75, +150 65-75 (3500)  (3900) (7400) (101.00)
1 We, + WS, + PB. WP BF
90 7 JF, 3 RP, Jp 65/10 124 3810 870 0 ~ 870 1740 14700
70=-80 - 70-80 (740) (60) (800) (9300)
+ WP, + PB. WP PB
Forest type: Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PbPr-T)
A 9 RP, + JP, + WP, RP 79/15 170 6180 310 500 1700 2510 52000
140-150 (310) (120) (750) (1180) (38800)
+ PB, + QA, +BO, +RM wp BF PR
12 8 JP, 2 RP, JP 68/10 158 4490 190 60 190 440 42300
65-75, +90  65-75, (190) (0) (130) (320) (25100)
+Wp, +WS, +PB. +240 wp WS RM
13 6 JP, 3 RP, 1 WP, JP 66/10 145 4340 190 0 120 310 27300
70-80 70-80 70 (190) (120) (310) (19900)
+QA. ' WP RO
17 10 JP, +PB, +QA, Jp 67/ 9 148 4590 60 0 1600 1660 67500
60-70 (0) (1100) (1100) (26800)
Jp RM

+BO, +RO.

- 6T -



Appendix Table 3, continued

+WS, +BF,

+QA, +BgtA.

Dominant tand
species.  basal tand Reproduction
. Average area volume Spruce- Hard-
Stand Composition and age ht.(ft), ft2/ £t3/ Pine fir woods Total Shrubs
No. of main tree species dbh(in.) acre acre Number per acre
28 7 JP, 2 0QA, +RP, JP 65/ 9 124 3710 500 60 1800 2360 322800
70-80  70-80 (500) (60)  (1400)  (1960) (22400)
4+PB, +BgtA, --IW. wp Ws QA :
Forest type: Pinus-Abies-Picea-Lycopodium (PAP-T) ‘
' —
2 8 RP, 1 wp, 1 PB, RP 77/18 165 4820 0 1300 620 1620 3200 3
- 150~160 (500) (250) (750) (2100) |
+QA, +BP BF QA
40-60  40-80
27 9 RP, 1 PBF, RP 98/23 217 8560 60 8400 8400 16860 2400
240~250 60-70 (60) (6600) (6600) (13260) (2000)
" +WP, +WS, +PB. RP BF RM .
31 8 RP, 1 BF, RP 66/12 155 4800 - 60 15200 500 15760 8700
140-160 70~90 - (60)  (14900) (500) (15460) (7800)
+WS, +WP, +PB. RP BF RM ,
73 S5RP, 3 WP, 1PB, RP 61/11 166 4570 250 2600 880 3730 10100
80-90  80-90 {250) (2400) (570)  (3220) (4600)
Wp BF QA




Appendix Table 3, continued

Dominant Stand

species. basal  Stand Reproduction

Average area volume Spruce- Hard-
Stand Composition and age ht.{ft), ft2/ ££3/ Pine fir wocds . Total Shrubs
No. of main trece species dbh(in.) acre acre Number per acre

Ferest type: Pinus resinosa-Dryopteris-Osmorhiza (Pr-T)

5 9 RP, 1 WP, +PB, RP 87/14 191 7790 120 120 2700 2940 41000
‘ 140-160 140 (0) (120) (2200)  (2320) . (29500)
+RO, +B0O, +BF, +W3, Wp BF © RM
+RM, +AE. :
7 10 RP, +PB, +QA, RP 88/16 208 8540 0 60 500 560 55200
140-150 ‘ (60) (500) (560) (39100)
+BgtA, +RO. BF BO
8 8 QA, 1 BgtA, +PB, QA 67/ 9 132 4060 120 60 1800 1980 47200
50-60 50-60 (o) (60) (1600)  (1660) (35500)
4RO, -+BO, +RM. wp BE RM
20 5 WS, 3 PB, WS 45/ 6 129 3230 0 0 - 7400 7400 10400
35-45 35-50 (4800)  (4800) (6100)
1 QA, 1 BgtA BA :
40-50 40-50
36 4 RP, 4P, RP 83/21 181 6850 250 10000 6500 16750 34000
140-150 140-150 . Wp 92/22 (120) (2100) (3300)  (5520) (23900)
1 P3,  +QA, 4BF, WP BF RM
50-120

+WS, +RO, +RM, +IW

- 16T -



Appendix Table 3, continued

Dominant tand
species. basal  Stand Reproduction
Average area volume Spruce- Hard-
tand Composition and age ht.(ft), ftQ/ ft3/ Pine fir woods Total Shrubs
No. of main tree species dbh(in.) acre acre Number per acre
38 9 RP, 1 BF, RP "85/15 176 6780 250 - 2600 1700 4550 €000
150-160 60-70 : (120) (1700) (200) (2020) (5000)
+PB. +WS. wp - BF P3
66 7 RP, 1 Wp, 1 FB, RP 55/ 8 196 5290 750 0 8800 9550 21000
65-75 65-75  65-75 (440) (5200) . (5640) (16200)
+QA, +RO, --FRM. Wwp RM
75 8 RP, 1 PB, +WP, RP 80/18 160 5340 250 60 5100 6410 42100
140-160 50-55 (190) (60) (3100)  (3350) (29900)
+RO, +QA, +RM, +BgtA, wp BF RM
+BW.
Forest type: Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T)
25 .5 QA, 2 PB, 2 RO, QA 60/ 9 113 2900 0 0 13400 13400 27000
50-70  40-70  50-60 (7900)  (7900) (18400)
+BW, +SM, -+RM, +BO, +AE. SM
30 7 04, 2 BgtA, +RO, +PB, QA 60/ 7 127 3650 0 0 4100 4100 46300
50 50 (3700)  (3700) (33400)
RM

'!"BVV,’ +RDA, +BO, .*.IVJ.




Appendix Table 3, continued

Dominant Stand

species. basal  Stand Reproduction
Average area volume Spruce- Hard-
Stand Cemposition and age ht.(ft), ft2/ ££3/ Pine fir woods Total Shrubs
No. of main tree species dbh(in.) acre acre Number per acre
34 5 PB, 2 QA, 2 RO, PB 49/ 6 96 2440 0 0 4800 4800 32100
40-60  40-60  50-60 (3400)  (3400) (19200)
+SM, +BCH.
27 4 WP, 2 PB, 1 RP, WP 65/10 149 4330 60 60 2100 2220 29100
£€5-75  50-70  65-75 (0) (60) (800) (860) (20600)
1 QA, 1 BgtA. : WP WS QA
47 8 PB, 1 QA, PB 50/ 6 86 2210 0 0 560 560 38700
50-70 20-60 (180) (180) (28700)
+B0, +RM. QA
70 8 QA, 2 BgtA, +PB, QA 58/ 7 132 3850 0 190 6100 6290 32200
50-60  50-60 (190) (23900) (4090) (21600)
+RO, +BO, --RM, +AE. BF RI
Forest type: Acer-Tilia-Pinus strobus-Dirca (AT-T)
14 5 BgtA, 2 QA BgtA 84/13 143 4910 310 0 64000 64310 2600
70-80 70-90 (310) (32100) (22410) (6900)
1 SM, 1 RO, +BW, WP SM :

40-80  60-80
+EB, +RM, +IW, +AE.

- €61 -



Appendix Table 3, continued

Dominant  Stand
species. basal  Stand Reproduction
Average area volume Spruce- Hard- '
Stand Composition and age ht.(ft), ft2/ £t/ Pine fir woods Total Shrubs
No. of main tree species dbh(in.) acre acre Number per acre
21 4 BW, 2 QA, 1 WP, BW 48/ 8 141 4310 190 190 69000 69380 7200
70-130 90 160 (60) (130) (45700) {45890) (6600)
1 SM, 1 PB, +BA, WP BF SM ‘ '
5C-150 90
+AE, +BO, +IW.
!
22 5 QA, 3 BF, +BO QA 80/16 154 4700 440 1600 37500 39540 9900 b
70-90  60-80 (440) (1500)  (33200) (35140) (8000) S
+BW, +PB, +RM, +GA, wp BF RM !
+BA, +AE, +RO.
50 3 WP, 2 SM, WP 103/34 176 6040 1500 120 96700 98320 3800
180-2C0 60-100 . (1100) (0)  (57000) (58100) (3400)
2 QA, 1 RP, WP BF SM
70-100 180-200
" .+8gtA, +PB, +BW, +RO, -
- 4+B0, +RM.
56 5 WP, 1 RC, 1 BO, WP 96/24 166 5420 3100 0 38200 41300 ~ 14500
130-170 50-60  50-60, ' (310) (21400) (21710) (12700)
1 SM, 1 PB, +350 WP SM :
40-60  50-60

+QA, +BW, +RM, +GA,
+IW, +AE.




Appendix Table 3, continued

Dominant  Stand
species. basal Stand Reproduction
Average area volume Spruce- Hard-
Stand Compssition and age ht.(ft), ft%/ ft3/ Pine fir woods ' Total Shrubs
No. of main tree species dbh(in.) acre acre Number ner acre
62 4 QA, 2 WP, 1 RO, QA 77/13 160 5240 310 60 57400 57770 5100
70-80 200 70-80 (310) (60)  (30500) (30870) (4000)
1 SM, 1 PB, +BW, WP BF SM
70-80  60-80
+RP, +RM, +BO, +IW.
68 2 SM, 2 QA, 2 BW, SM 40/ 5 134 3640 0 0 118800 118800 5500
50-80 70-80 60-80 BW 50/ 7 : (69800) (69800) (5000)
1 PB, 1 BO, 1 RP, SM
70-80 80 240
1 wP, +RO, 4+BA, +IW,

180
+AE.

i
[
(S
(&1

1
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Appendix Table 4. Average basal area of major tree specles; frequency
and presernce of reproduction, shrub, and ground-
cover species; cover estimates of tree, repaoduft O,
shrub, and ground cover layers by local forest types
in Itasca State Park, Minnesota.*

Forest type: Pinus banksiana-Arctostaphylos (Pb-T).
Sample size: 6 stands.

Average cover: crown cover -- 35%, reproduction -- 12%, shrubs -- 15%,
halfshrubs, vines, herbs, ferns and allies -- 0%,
mosses and lichens -- 13%.
Trees basal area Shrubs, continued
Species ' £t2/acre Species Freq. Prv,.
Pinus banksiana 88 Corylus americana 18.7% 20%
Pinus resinosa 24 Prunus pumila 12.5 33
Pinus strobus ' 2 Alnus crispa 8.3 50
Picea glauca 1 Juniperus communis 4.2 33
. 115 Prunus pennsylvanica 2.1 17
Betula papyrifera 1 Viburnum rafinesquianum 2.1 17
Populus tremuloides __- Lonicera canadensis 2.1 17
1 Lonicera hirsuta 2.1 17
-Totals 116
Halfshrubs and vines
Reproducticn Vaccinium angustifelium §7.9% 100%
Species Freq. Pres. Gaultheria procumbens 66.6 100
Pinus strobus 56.2% 66% Rubus idaeus var. strig. 52,1 83
Pinus barksiana 35.4 100 Arctestaphylos uva-ursi 45.8 100
Pinus resinosa 25.0 66  Rhus radicans 12,5 33
Abies balsamea 21.0 66  Rubus pubescens 16.4 33
Picea glauca 6.2 33 Chimaphila umbellata 5.2 33
Rubus alleghaniensis 6.2 33
Betula papyrifera 16.6 66
Populus trenuloldes 14.6 50 Herbs, ferns and alli
Quercus macrocarpa 4.2 33 Meaianthemum canadense 81.2% 100%
Acer rubrum 4.2 17 Lathyrus venosus 8i.2 1CO
Quercus rubra 2.1 17 Galium boreale 79.2 100
Fraxinus nigra 2.1 17 Aster laevis 70.8 100
Fragaria virginiana 64.6 100
Shrubs : Antennaria canadensi 52.1 83
Corylus cornuta 75.0% 100% Anemone quinquefolia 52.1 100
Amelanchier spp. 64.6 100  Aster macreophyllius 45.8 83
Rosa spp. 60.4 83 Pteridium aguilinum 41.7 83
Symphoricarpos albus 35.4 83 Linnaea borechs 36.6 83
Diervilla lonicera 33.3 83 Apocynum androsaemifolium35.4 100
Salix humilis 25.0 83 Thalictrum dioicum 33.3 100
Prunus virginiana 22.9 83 Hieracium canadense 29.2 100
* Species precence is a percentage of occurrence of individual spenies
in a number of stands ezch whole stand being considered as a separate
sample unit. Species frequencv is considered here as a percentage
of occurrence of individual spe01eb in a number of stands based on
measured eight two-milacre (8 m2) subplots per stand.



Appendix Table 4, continued

Herbs, ferns and allies

Species Freq. Pres. Species Freq. Pres.
Agastache foeniculum 22.9% 50% Clintonia borealis 4.2% 33%
Campanula Uvularia sessilifolia 4.2 33 -
rotundifolia 20.8 83 Viola adunca 4.2 17
Vicia americana 20.8 83 Potentilla tridentata 4.2 17
Aralia nudicaulis 20.8 €6 Aquilegia canadensis 2.1 17
Achillea lanulosa 18.7 66 Cornus canadensis 2.1 17
Melampyrum lineare 18.7 50 = Dryopteris spinulosa 2.1 17
“Sanicula marilandica 16.6 50 Hepatica americana 2.1 17
Pedicularis _ Pyrola secunda 2.1 17
canadensis 16.6 33 Pyrola virens 2.1 17
Solidago canadensis 14.6 66 Botrychium virginianum 2.1 17
Viola pubescens 14.6 50
Solidago hispida 14.6 33 Mosses and lichens
Galium triflorum 12.5 66  Pleurozium schreberi 60.4% 100%
Lathyrus ochroleucus 10.4 33 Dicranum spp. 41.7 66
Goodyera repens 8.3 50 Polytrichum juniperinum 29.2 66
Lithospermum canescens8.3 17 Cladonia rangiferina 1¢.4 33
Pyrola rotundifolia 6.2 50
Senecio pauperculus 6.2 33
Lactuca canadensis 6.2 17

Forest ‘type: Pinus banksiana-Pinus resinosa-Gaultheria-Hepatica (PoPr-T).
Sample size: 5 stands.

Average: crown cover -- 40%, reproduction -- 1%, shrubs -- 40%,
halfshrubs, vines, herbs, ferns and allies -- 60}%, mosses
and lichens -- 7%.
Trees basal area Reproduction, continued
Species ft2/acre Species Freq. Pres.
Pinus banksiana 86 Abies balsamea 5.0% 20%
Pinus resinosa 49 Pinus banksiana 2.5 20
Pinus strobus 4 Acer rubrum 22,5 €0
Picea glauca - Quercus rubra 17.5 80
‘ 139 Betula papyrifera 15.0 60
Populus tremuloides 6 Populus tremuloides 12.5 40
Betula papyrifera 3 Fraxinus nigra 7.5 40
Populus grandidentata - Prunus serctina 5.0 40
Quercus macrocarpa - Quercus macrocarpa 2.5 20
Quexrcus rubra - Tilia amexricana 2.5 20
Acer rubrum -
—2 Shrubs
Total: 148 Corylus cornuta 97.5% 100%
Amelanchier spp. - 67.5 100
Reproduction , Rosa spp. 65.C 1C0
Species - Freq. Pres. Diervilla lonicera 57.5 100
Pinus strobus 20.0% 80¥% Salix humilis 40.0 100

Picea glauce 7.5 60 Symphoricarpos albus 37.5 100
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Appendix Table 4, continued

Shrubs, continued

Species Freq. Pres. Species Freq. Pres.
Prunus virginiana 30.0% 80% Streptopus reseus 17.5% 80%
Corylus americana 100 60 Antennaria canadensis 17.5 60.
Lonicera hirsuta 10.0 40 Cornus canadensis 15.0 80
Cornus rugosa ’ 5.0 40 Aster ciliolatus 15.0 20
Viburnum rafinesgq. 5.0 40 Pyrola secundsa 12.5 60
Alnus crispa 2.5 20 Vicia americana 12,5 60
Lonicera canadensis 2.5 20 Uvularia sessilifolia 12.5 60
Cornus stolonifera 2.5 20 = Achillea lanulosa 12.5 40
Ribes cynosbati 2.5 20 Agastache foeniculum 10.C¢ - 8C
Hieracium canadence 10.0 80
Halfshrubs and vines Sanicula marilandica 10.0 690
Vaccinium angustif. 75.0% 100% Uvularia grandiflora 10.0 4¢C
Rubus idaeus var. Campanula rotundifolia 7.5 20
strigosus 65.0 100 Lathyrus ochroleucus 5.0 40
Rubus pubescens 40.0 100 Lactuca canadensis 5.0 40
Rubus alleghanjensis 27.5 100 Pyrola virens 5.0 40
Gaultheria procumbens 25.0 100 Sclidago canadensis 5.0 40
Rhus radicans 17.5 80 Viola incognita 5.0 40
Chimaphila umbellata 5.0 40 Dryopteris spinuiosa 5.0 40
Vaccinium Anzphalis margaritacea 2.5 20
myrtilloides 5.0 20 Viola pubescens 2.5 20
Amphicarpa bracteata 2.5 20
Herbs, ferns and allies Aquilegia canadensisg 2.5 20
Maianthemum canadense 95.0% 100% Goodyera repens 2.5 20
Pteridium aquilinum 85.0 100 Lithospermum canescens 2.5 20
Aster macrophyllus 77.5 100 Melampyrum lineare 2.5 20
Lathyrus venosus 70.0 100  Osmorhiza claytoni 2.5 20
Anemone quinquefolia 70.0 100 Pyrola rotundifolia 2.5 20
Thalictrum dioicum 55.0 80 Senecio pauperculus 2.5 20
Linnaea borealis 47.5 100 Circaea alpina 2.5 20
Fragaria virginiana 47.5 100 Arisaema atrorubens 2.5 20
Galium boreale 47.5 80
Aralia nudicaulis 42.5 100 Mosses and lichens
Galium triflorunm 40.0 100 Pleurozium schreberi .0%= 40%

2
Hepatica americana 37.5 80 Polytrichum juniperinum 2
Apocynum androsaemif. 32.5 100 Dicranum spp. 1
Clintonia borealis  30.0 100 <Cladonia rangiferina

Aster laevis 17.5 80

0.0
7.5
5.0 4C
2.5 2



- 159 -

Appendix Table 4, continued

Forest type: Pinus-Abies-Picea-Lycopodium (PAP-T).
Sample size: 4 stands.

Average cover: crown cover -- 60%, reproduction -- 7%, shrubs -- 5%,

halfshrubs, vines, herbs, ferns and allies -- 35%,
mosses and lichens -- 1%.

Trees . basal area Halfshrubs and vines ,

Species ft2/acre Species Freq. Pres.

Pinus resinosa 102 Rubus idaeus var. strig. 46.9% 1003
Picea glauca 23 Vaccinium angustifolium 23.1 10C
Pinus strobus 18 Rubus pubescens i8.7 75
Abies balsamea 16 Rhus radicans 15.6 75
Pinus banksiana 1 Chimaphila umbellata 2.4 50
160 Arctostaphylos uva-ursi 3.1 25
Betula papyrifera 13 Gaultheria procumbens 3.1 25
Populus tremuloides 1 Vaccinium myrtillioides 3.1 25

Populus balsamifera _ - '
_14 Herbs, ferns and allies

Total: 174 Maianthemum canadense 8l.2% 10C¥%
Aster macrophyllus 75.0 1CC
Reproduction Galium triflorum 62.5 100
Species Freq. Pres. Linnaea borealis 46.9 100
Abies balsamea 81.2% 100% Aralia nudicaulis 40.6 10C
Pinus strobus 9.4 25 Fragaria virginians 40.6 100
Picea glauca 6.2 50 Cornus canadensis 40,6 100
Pinus resinosa 6.2 50 Lathyrus venosus 7.5 73
Thalictrum dioicum 34.3 30
Acer rubrum 21.9 50 Pteridium aquilinum 31.2 75
Fraxinus nigra 18.7 75 Anemone quinquefolia 28.1 100
Populus tremulcides 18.7 50 Asarum canadense 28.1 160
Quercus rubra 9.4 25 Pyrola secunda 21.¢ 75
Betula papyrifera 6.2 25 Hepatica americana 18.7 75
Quercus macrocarpa 3.1 25 Pyrola virens 15.6 75
Acer saccharum 3.1 25 Lycopodium ccmplanatum 15.6 75
Prunug serctina 3.1 25  Uvularia grandiflora 15. 25
Aquilegia canadensis 12.5 73
Shrubs Clintonia borealis 12.5 75
Amelanchier spp. 31.2% 100% Uvularia sessilifelia i2.3 50
Corylus cornuta 28.1 100 Viola renifolia 12.5 25
Prunue virginiana 28.1 75 Aster ciliolatus 9.4 50
Diervilla icnicera 25.0 100 Viola pubescens 9.4 50
Lonicera hirsuta 25.0 100 Lycopodium obscurum 5.2 5C
‘Lonicera canadensis 15.6 75 Trientalis borealis 6.2 50
Symphoricarpos albus 9.4 75  Streptopus roseus .2 50
. Rosa spp. 6.2 25 Solidago hispida 6.2 50
Corylus americana 2.1 25 Osmorhiza claytoni 6.2 50
Ribes americanum 3.1 25 Pectasites palmatus 6.2 5C
Ribes cynosbati 3.1 25 Dryopteris spinulosa 6.2 3C
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Appendix Table 4, continued

Herbs, ferns and allies

Species Freq. Pres. Species Freq. Pres.
Sanicula marilandica 6.2% 25% Viola conspersa 3.1% 25%
Antennaria canadensis 3.1 25 Viola incognita 3.1 25
Aster laevis 3.1 25

Circaea alpina 3.1 25 Mosses and lichens

Goodyera repens 2.1 25 Pleurozium schreberi 28,1% 100%
Lathyrus ochroleucus 3.1 25 Polytrichum juniperinum 21.9 50
Athyrium filix-femina 3.1 25 Dicranum spp. 6.2 50
Mitella nuda 3.1 25 Mnium spp. 6.2 50
Actea rubre 3.1 25

Forest type: Pinus resinosa-Dryopteris-Osmorhiza (Pr-~T).
Sample size: & stands.

Average cover: crown cover -- 55%, reproduction -- 2%, shrubs -- 4C¥
halfshrubs, vines, herbs, ferns and allies -- 4C%,
Mosses and lichens -- -%.
Trees basal area Shrubs
Species ft2/acre Species Freq. Pres.
Pinus resincsa 107 Corylus cornuta 83.8% 1C0%
Pinus strobus 13 Amelanchier spp. 48.4 iGO
Picea glauca 9 Diervilla lonicera 48.4 100
Abies balsamea _5 Prunus virginiana 42.2 100
134 Symphoricarpos albus 25.0 75
Populus tremuloides 16 Cornus rugosa : 15.6 75
Betula papyrifera 13 Rosa spp. 18.6 50
Populus grandidentata 4 Viburnum rafinesquianum 10.9 88
Quercus rubra 3 Acer spicatum 10.9 63
Acer rubrun 1 Lonicera hirsuta. 7.8 683
Quercus macrocarpa __ = Lonicera canadencis 4.7 38
37 Salix humilis 3.1 25
Total: 171 Corylus americana 3.1 25
Alnus rugosa 3.1 25
Reproduction Cornus allernifolia 3.1 13
Species Freq. Pres. Cratasgus spp. 3.1 13
Abies balsamea 29.7% 75% Alnus crispa 1.6 13
Pinus strobus 25.0 63 Prunus pennsylvanica 1.6 13
Picea glauca 3.1 22
‘ . Halfshrubs and vines
Acer rubrum 65.6 100 Rubus pubescens 53.15 100%
Populus tremuloides 31.3 63 Vaccinium angustifolium 46.9 88
Quercus rubra 26.5 75 Rubus idaeus var. strig. 42.2 100
. Fraxinus nigra 21.9 50 Rhus radicans 17.2 88
Betula papyrifera 14.1 28 Rubus alleghaniensis 7.8 €3
Ostrya virginiana 7.8 38 Gaultheria procumbens 3.1 25
Quercus macrocarpa 6.2 38 Chimaphila umbellata 1.6 13
Populus grandidentata 3.1 25 Vaccinium myrtilloides 1.6 13
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Appendix Table 4, continued

Herbs, ferns and allies

Species Freq. Pres. Species

Maianthemum canadense 89.1% 100% Goodyera repens

Aster macrophyllus 84.4 100 Polygonatum pubescens
Pteridium aquilinum 60.9 100 Actea rubra

2y

-
« @
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R

.

Galium triflorum 56.2 100 Lactuca canadensis . 38
Thalictrum dioicum 54.7 100 Pyrola asarifolia ‘ . 3
Aralie nudicaulis 50.0 100 Antennaria canadensis . 25

Fragaria virginiana - 50.0 100 Aster laevis
Anemone quinquefolia 45.3 100 Prenanthes alba
Clintonia borealis 45.3 100 Pyrola virens
Hepatica americana 37.5 100 Viola pubescens
Uvularia sessilifolia 37.5 100 Lycopodium clavatum

bt = = = R OWWWWWHABEDLDLMO
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Streptopus roseus 36.0 100 Amphicarpa bracteata 13
Cornus canadensis 34.4 88 Lathyrus cchroleucus . 13
Uvularia grandiflora 34.4 88 Mentha arvensis . 13
Lathyrus venosus 26.5 88 Mitella nuda . i3
Osmorhiza claytoni 23.4 75 Osmunda clayteniana . 13
Circaea alpina 21.9 75 Petasites palmatus . 13
Linnaea borealis 15.6 63 Smilax herbacea . 13
Apocynum androsaemif, 14.1 75 Solidago flexicaulis . 13
Aster ciliolatus 14.1 38 Trientalis borealis . ‘13
Dryopteris spinulosa 12.5 75 Trillium cernum . 13
Pyrola secunda 12.2 50
Sanicula marilandica 10.9 63 Mcsses and lichens
Galium boreale 9.4 50 Pleurozium schreberi 18.8% 75%
Smilacina racemosa 9.4 50 Polytrichum juniperinum 7.8 63
Viola incognita 7.8 63  Mnium spp. 6.2 25
Viola rugulosa 7.8 50 Dicranum spp. 3.1 25
6

Athyrium filix-femina 6.2 50

Forest type: Quercus-Populus-Betula-Viburnum-Amphicarpa (QPB-T).
Sample size: 6 stands.

Average cover: crown cover -- 65%, reproduction -- 3%, shrubs -- 45%,
halfshrubs, vines, herbs, ferns and allies -- 55%,
mosses and lichens -- O%.
Trees ' basal area .basal area
Species ft2/acre Species f12/acre
Populus tremuloides 47 Ulmus americana -
Betula papyrifera 32 Acer rubrum -
Populus grandidentata 10 103
Quercus rubra 10 Pipus strobus - _ 9
Quercus macrocarpa 2 . Pinus resinosa 2
Tilia americana 2 Pinus banksiana 1
Acer saccharum - Picea glauca -
12
Total:s 115
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Appendix Table 4, continued

Reproduction
Species

Quercus rubra
Acer rubrum
Populus tremuloides
Fraxinus nigra
Acer saccharum
Tilia americana
Betula papyrifera
Ostrya virginiana
Quercus macrocarpa
Prunus serotina
Ulmus americana

Picea glauca
Abies balsamea
Pinus strobus

Shrubs

Corylus cornuta
Diervilla lonicera
Prunus virginiana
Viburnum rafinesq.
Amelanchier spp.
Cornus rugosa

Rosa spp.

Lonicera hirsuta
Salix humilis
Corylus americana
Symphoricarpos albus
Ribes cynosbati
Acer spicCatum

Alnus crispa

Alnus rugosa

Cornus alternifolia
Crataegus spp.

Halfshrubs and vines
Rubus idaeus var.
strigosus

Rubus pubescens
Rubus alleghaniensis
Vaccinium angustif
Rhus radicans

. Celastrus scandens

»

Freq.'

62.5%
56.3
47.9
31.3
18.7
16.6
12.5
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52.1%
43.8
20.8
20.8
18.7
10.4

Pres.

100%

100

100
66
33
66
20
50
50
17
17

33
17
17

100%
100
100
100
100
83
66
83
50
17
33

-
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17
.17
17
17
17

100%

100
66
66
66
33

Herbs, ferns and allies
Species .

Aster macrophyllus
Aralia nudicaulis
Uvularia grandiflora
Thalictrum dioicum
Uvularia sessilifolia
Maianthemum canadense
Pteridium aquilinum
Fragaria virginiana
Anemone guinquefolia
Streptopus roseus
Galium triflorum
Sanicula marilandica
Lathyrus vencsus
Apocynum androsaemif.
Amphicarpa bracteata
Hepatica americana
Osmorhiza claytoni
Solidago canadensis
Clintonia borealis
Viola rugulosa
Cornus canadensis
Aster laevis
Smilacina racemosa
Prenanthes alba
Trillium cernum
Botrychium virginianum
Petasites palmatus
Pyrola secunda

Actea rubra
Desmodium glutinosum
Hieracium canadense
Smilax herbacea

Viola conspersa

Viola incognita
Solidago flexicaulis
Pyrola rotundifolia
Lathyrus ochroleucus
Geum canadense
Asarum canadcense
Aquilegia canadensis

Mosses and lichens

Polytrichum juniperinum

Freq.
100.0%
93,7
85.4
81,2
79.2
79.2
79.2
66.7
62.5
50.0
45.8
45,8
43.7
41,7
29.2
27.1
27,1
20.8
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Pres.
100%
100
100
100
100
100
100
100
100
100
100
100
100
10C
83
10D
100
65
83
66
66
50
66
30
33
50
50
33
33
33
33
33
33
33
17
17
17
17
17
17



Appendix Table 4, continued

Forest type: Acer-Tilia-Pinus strobus-Dirca (AT-T).
Sample size: 7 stands. : '

Average cover: crown cover -- 85%, reproduction -- 30%, shrubs -- 5%,
halfshrubs, vines, herbs, ferns and allies -- 35%,
mosses and lichens -- O%.
Trees basal area Shrubs, continued
Species ft2/acre Species Freq. Pres.
Populus tremuloides 35 Viburnum rafinesquianum 44.6% 86%
Acer saccharum 28 Acer spicatum 25.0 71
Quercus rubra 21 Amelanchier spp. 23.2 100
Tilia americana 17 Cornus alternifolia 23.2 86
Betula papyrifera 12 Dirca palustris 19.6 71
Populus grandidentata 7 Lonicera hirsuta 12.5 71
Quercus macrocarpa 5 Ribes cynosbati 7.2 57
Acer rubrum 2 Symphoricarpos albus 7.2 43
Ostrya virginiana 2 Cornus rugosa 5.4 43
Ulmus americana 2 Diervilla lonicera 5.4 43
Fraxinus nigra - Lonicera canadensis 5.4 43
Fraxinus pennsylvanica - Rosa spp. 5.4 29
) 131 Cornus stolcnifera 3.6 14
Pinus strobus 19 Viburnum trilobum 3.6 14
Abies balsamea 7 Rhamnus alnifoclia 3.6 14
Pinus resinosa _5 Prunus pennsylvanica 1.8 14
_31 Corylus americana 1.8 i4
Total: 162
Halfshrubs and vines
Reproduction Rubus pubsscens 34.C% BEH
Species Freq. Pres. Rhus radicans 10.8 57
Acer saccharum 98.2% 100% Rubus idaeus var. strig. 7.2 2%
Quercus rubra 87.5 100 Parthenocissus quinquef. 5.4 29
Acer rubrum 71.4 86 Vaccinium angustifolium 3.6 2%
Ostrya virginiana 69.6 100 Rubus alleghaniensis 3.6 14
Populus tremuloides 55.4 86 Celastrus scandens 1.8 14
Tilia americana 50.0 1C0
Fraxinus nigra 42,8 57 Herbs, ferns and allies :
Ulmus americana 19.6 57 Uvularia grandiflora 98.2% 100%
Prunus serotina 12.5 957 Uvularia sessilifolia gl.1 100
Quercus macrocarpa 10.8 43  Thalictrum dicicum 83.9 100
Betula papyrifera 5,4 29 Aster macrophyllus 67.8 100
Populus grandidentata 1.8 14  Aralia nudicaulis . 53.6- 1090
Hepatica americana 53.6 100
Pinus strobus 43,2 86  Streptopus roseus 51.8 100
Abies balsamea 19.6 57 Galium triflorum 50.0 1090
Anemone quinquefolia 41.0 100
Shrubs : Maianthemum canadense 35.8 86
Corylus cornuta 50.0% 100% Viola rugulosa 34.0 71

Prunus virginiana 46.4 100  Amphicarpa bracteata 34.0 71
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Appendix Table 4, continued

Herbs, ferns and allies

Species Freq. Pres. Species Freq. Pres.
Osmorhiza claytoni  32.2% 100% Cornus canadensis ' 3.6% 295%
Solidago flexicaulis 28.6 100 Cypripedium calceolus 3.6 29
Fragaria virginiana 25.0 71 Smilacina stellata 3.6 29
Lathyrus venosus 21.4 71 Viola incognita 3.6 29
Sanicula marilandica 19.6 86  Pyrola virens 3.6 14
Smilacina racemcsa 19.6 86 Pyrola rotundifolia 3.5 14
Pteridium aquilinum 14.4 43 Prenanthes alba 3.6 14
Trillium cernum 14.4 43 Aster ciliolatus 3.6 14
Polygonatum pubescensl2.6 71  Apocynum androsaemif. 1.8 14
Viola pubescens 12.6 57 Circaea alpina 1.8 14
Actea rubra 10.8 71  Vicia americana 1.8 14
Pyrola secunda 10.8 43  Desmodium glutincsum 1.8 14
Asarum canadense 10.8 14 Galium boreale 1.8 14
Smilax herbacea 9.0 71 Lathyrus ochroleucus 1.8 14
Clintonia borealis 9.0 57 Petasites palmatus 1.8 14
Botrychium virginianum7.2 57 Phryma leptostachy 1.8 14
Pyrola asarifolia 7.2 43

Athyrium filix-femina 5.4 43 Mosses and lichens

Trientalis borealis 5.4 43  Mnium spp. 3.6% 14%
Viola conspersa 5.4 29
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Appendix Table 5. Check list of plants and their synscological
- coordinates¥* of upland forest communities studied
in Itasca State Park area, Minnesota.
Coordinates Cocrdinates
Species MNHL Species MNHL
TREES SHRUBS, continued
" Abies balsamea 4212 Ribes americanum 3532
Acer rubrum 2233 Ribes cynosbati 3442
Acer saccharum 3531 Ribes triste 4312
Betula papyrifera 3225 Rosa spp. 1225
Fraxinus nigra 4 332 Salix humilis 1234
Fraxinus pannsylvanica - 3 5 4 4 Sambucus pubens 3533
Ostrya virginiana 2541 Symphoricarpos albus 1 235
Picea glauca 3212 Viburnum rafinesquianum2 2 3 3
Pinus banksiana 1125 Viburnum txrilobum 33338
Pinus resinosa . 1224
Pinus strobus 2223 HALFSHRUBS AND VINES
Populus balsamifera 4323 Arctostaphylos uva-
Pcpulus grandidentata 1 3 3 3 ursi 1125
Populus tremuloides 2224 Celastrus scandens 1334
Prunus serotina 2343 Chimaphilas umbellata 1124
Quercus macrocarpa 1343 Gaultheria proc ﬂbens 1125
Quexrcus rubra 1433 Parthenocissus guinque-
Tilia americana 2541 folia 3343
Ulmus americana 3542 Rhus radicans 1334
Rubus aileghaniensis 3225
SHRUBS Rubus idaeus var.
Acer spicatum 3221 strigosus 3223
. Alnus crispa 2114 Rubus pubescens 4211
Alnus rugosa 5214 Vaccinium angustifoliuml 1 1 5
Amelanchier spp. 3224 Vaccinium myrtilloides 21 1 4
Cornus alternifclia 2541
Cornus rugesa ' 2332 FERNS AND ALLIES
Cornus stolonifera 4223 Athyrlum filix-femina 33 21
Corvlus emericana 1235 Botrychium virginianum 4 4 3 1
Corylus cornuta 2123 Dryopteris cristata 4213
Crataegus spp. 3544 Dryopteris disjuncta 4 311
Diervilla lonicera 1223 Dryopteris spinulosa 4 211
Dirca palustris 3541 Equisetum hyemzle 2215
Juniperus communis . . Equisetum silvaticum 3 21 3
var. depressa - 1125 Lycopodium annotinum 4 211
Lonicera canadensis 3221 Lycopodium clavatum 3121
Lonicera hirsuta 3223 Lycopoedium obscurum 2312
Prunus pensv1»aﬁi a 1235 Osmunda claytonian 2552
Prunus virginianz 2334 Pteridium aguilinum 1224
Rhamnus alnifolia 5124
#* M -- moisture, N -- nutrients, H -- heat, L -- light.
Source coordinate values after Bakuzis (1959)
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Appendix Table 5, continued

Coordinates : Coordinates

Species MNHL Species . - MNHL
MOSSES AND LICHENS '~ HERBS, continued

Cladonia rangiferina 1115 Lilium philadelphicum

Dicranum Spp. 3212 Linnaea borealis

Mnium spp. 3421 Lithospermum canescens
Pleurozium schreberi 221 2 Maianthemum canadense
Polytrichum juniperinum2 2 1 3 Melampyrum lineare

Mentha arvensis
HERBS Mitella nuda
Achillea lanulcsa Osmorhiza claytoni
" Actea rubra Pedicularis canadensis
Agastache foeniculum Petasites palmatus
Amphicarpa bracteata Phryma leptostachya
Anaphalis margaritacea Polygonatum pubeszcens
Anemone quinquefeclia Potentilla tridentata
Antennaria canadensis Prenanthes alba
Apocynun androsaemi- Pyrola asarifolia
folium Pyrola elliptica
Aquilegia canadensis Pyrola rotundifolia
Aralia nudicaulis Pyrola secunda
Aralia racemosz Pyrola virens
Arisaema 2trorubens Sanicula marilandica
Asarum canadense Senecio pauperculus
Aster ciliclatus Smilacina racemosa
Aster laevis Smilacina stellata
Aster macrophyllus Smilax herbacea
- Campanula rotundifolia Solidagce canadensis
Jircaea alpina Sclidago flexicaulis
Clintonia borealis Solidago hispida
Convolvulus spithamaeus Streptopus roseus
Cornus canadensis Thalictrumn dioicum
Cypripedium calceolus Trientalis borealis
Desmodium glutinosum Trillium cernum
Epilobium angustifolium Urtica dioica
Fragariz virginieana Uvularia grandifior
Galium boreale Uvularia sessilifol
Galium triflorum Vicia americana
Geum canadense _Viola adunca
Gecodyera repens Viola conspersa
Hepatica americana Viola incognita
Hieracium canadense Viola pubescens
Impatiens capensis Viola renifolia
Lactuca canadensis Viola rugulosa
Lathyrus ochroleucus
Lathyrus venosus
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