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ABSTRACT

Goelz, Jeffery C.G. 1984. Upland boreal forest
northwest of Thunder Bay, Ontario: Ecology
and applications to silviculture. 169 DPP.

Additional Key Words: geomorphology, indirect
gradient analysis, land classification,
ordination, phytosociology, silvicultural
recommendations, site index, succession,
synecology.

Multivariate phytosociological methods were used
to investigate the ecology of upland boreal forest
stands. The ecological information was wused to derive
silvicultural recommendations. The boreal forest stands
did not form tight associations. Species were distributed
individualistically; most species have broad, overlapping,
environmental tolerances. Most of the variability among
stands was attributed to the environment and to species
precedence on a site. Geomorphology and moisture regime
were related to community composition. Pinus banksiana
dominates sandy glaciofluvial deposits. Picea mariana
achieves moderate abundance on glaciofluvial deposits
which are moister due to finer soils or to topographic
position. Picea mariana may also dominate shallow
moraines. Deeper moraines were dominated by mixedwoods
composed of all species common to wuplands in the study
area. Succession 1is of minimal importance; other factors
override successional trends. ,

While plant communities were related to landforms,
the landforms are much more discrete ' than the plant
communities. Therefore, landforms were used to derive
silvicultural recommendations. TLand types were identified
by combining or dividing simple geomorphological
features. The seven land types were associated with
trends of community composition and of productivity.
Silvicultural recommendations were derived for each of
these land types. These recommendations were primarily
determined by potential hardwood competition and
productivity.
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1. INTRODUCTION

The North American Boreal Forest crosses the continent
from interior Alaska to Newfoundland in a belt over 800 knm
ﬁide-f[ﬁitain-this belt there are distinct Adifferences in
vegétatioa across relatively short distaaces 1in both
latitude and longitude {Larsemn, 1980; ©La TRoi, 1967; La
Roi and Stringer, 1976). This study will characterize one
part of the variability within the boreal forest.

The intent of this study is to use gquantitative
phytosociological techniques to attain the following
objectives:

1) To identify an@ describe the major plant communities in
the area.

2) To determine the factors that affect compunity
composition, structure and dynamicse.

3) To obtain information about species distribution and
performance,acrass environmental and temporal graﬁients.

4) To determine relative stand productivity (in terms of
site 1index) and relate productivity to site and community
characteristics.

5) To derive silvicultural recommendatioas by synthesizing

the ecological eavironment with the management environment.



2. LITERATURE REVIEW

2.1. . UPLAND BOREAL FOREST COMMNUNITIES

A comprehensive review of the boreal forest is given
by Larsen {1980). Boreal forest starnds across a
longituéinal gradient were studied by La Roi {1967) and La
Roi and Stringer {1976). The southern boreal forest border
has been studied by Buell and Niering (1957), Maycock and
Curtis {1960y and Gregory (1979). Hurley and HcIntosh
(1964), Damman {1964), Davis (1966), Delaney ard Cahill
{1978) and Foster (1984) have studied eastern subalpine and
maritime boreal forest. Bellefleur and Auclair {1972y and
Coqtill (1982) studied Quebec boreal forest in both the
Great Lakes - St. Lawrence and the true boreal regions of
Rowe {1972). Carleton and Maycock ({1978, 1980, 1981) and
Carleton (1982a, b) have investigated the boreal forest
soéth of James Bave. The boreal forest of Manitobta,
Saskatchewan and Alberta has been studied by Moss (1953),
Ritchie (1956), Mueller-Dombois (1963), Groenewoud (1965),
Swan and Dix {1966), Dix and Swamn (1971), and Purchase and
La Roi (1983). vViereck, .et al (1983) and Yarie (1983)
studied boreal forest vegetation of interior Alaska. My
review will be restricted to aupland conditions im the
closed boreal forest zone; tundra and open woodlands will

not be discussed.



2.1.%. . Pire and Succession-

fire has a large inflﬁence on the structure of the
boreal forest {Lutz, 1960; BRowe, 1961; Kayll, 1968; Rowe
and Scotter, 1973; Day and Woods, 1977; ¥oods and Davy,
1977a3bs3c; Larsen, 1980; Carleton and Maycock, 1980;
Alexander and Euler, 198%; Cayvford and McRae, 1983; Rowe,
1983 . - The boreal forest consists of a mosaic of
predominantly even-aged stands due to fire history and, to
a lesser extent, topographic comnditions.

Fire is such an important process that it has been
qgquestioned whether succession has any meaning in the boreal
forest {Rowe, 1961; Dix and Swan, ?971; Carleton and
Maycock, 1978; 1980; Larsen, 1980; Cogbill, 1982). Few
stands survive longer than 140 years {DPix and Swan, 1971;
Maclean and Bedell, 1955), and the fire rotation is on the
order of 60 to 100 .years {Woods and Day, 1977c; Cogbill,
1982; Rowe, 1983). The fire interval varies from region
to region and varies with topography amd soils within a
region {Rowe, 1983; Foster, 1933). Foster {1983)
calculated a fire rotation of 500 years for southeastern
Labrador, an area with slov forest growth and with a cool
wet clipate., ¥Within this area, lichen woodlands and birch
forests had a fire rotation of less than 100 years.

The classical concept of the climax {Clements, 1936)
is untenable for the boreal forest, if not elsewhere {Drury
and ¥isbet, 1973; Horn, 1974). All boreal tree species

except balsam fir { Abies balsamea-) are well adapted to
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reqgenerate after fire {Rowe, 1961). Balsam fir is the only
upland boreal tree species able to reproduce successfally
under its own canopy (Ebye,igs?; Pix and Swamn, 19713
Carleton and Maycock, 19783 1980) and typically it
reguires a disturbance by spruce budworm or blow-down to
reach the canopy (Sprugel, 1976). Apparently balsam fir is
more tolerant in its seedling stage than sapling or tree
stage {Maycock and Curtis, 1960). The concept of the
climax as a pattern of various-aged stands across the
1and$cape {¥hittaker, 1953) could be applied to the boreal
forest. BHowever, this pattern is a result of fire regines
and not an intiinsicfproperty of the vegetation.

Inaiviéaal boreal forest stands change through time
dae to differing growth rates and longevity of the
component species. It is pointless to argue vhether one
should call this succession or stand development {Wierman
and oliver, 1979; oliver, 1978; 1981; Bicknell, 1982).
There is only a difference of scale.

Carleton and Maycock (1980; 1981} and Navcock and
Curtis {1960) found that boreal species do not form tight
compunities. <Carleton and Maycock could find no discrete
clusters when they tried to <classify understorey
communities. Overstorey and understorey species appeared
togetbe: primarily due to similar site requirements. Many
herbdspecies seemed indifferent to changes in 'the canopy.
Understorey species tend to resprout after a fire which

leads to a greater,uniforﬁity than the overstorey which may



change after a fire. Some overstories were associated with
a greater understorey species richness. This occurred on
sites with an import of water and nutrients from lateral
seepage. The species richness was greater because of a
wore favoxable-site and perhaés an increase in the range of
microsites which would increase the number of availablé
niches. Carleton and Maycock's {1980; 1981) evidence
tends to support the individualistic nature of plant
commnunities {Gleason, 1926).

Attempts to classify upland boreal forests have
delineated a few broad groups and a few extremely local
associations {Moss, 1953; aitchié, 1956 Groenewoud,
1965, among others). Associations that exist only in one
locality are merely a . curiosity.. Groenewoud's (1965)
classification of white spruce communities derived two very
specific associations which only occurred on gley-soils
near lakes and one very general catch-all white spruce
association. The gley’soilsicosmaaities were identified by

the presence of Equisetum arvense or Egu;setug~gra§ense-The

general type was characterized by feather moss and vwvarious
amounts of herbs. Groenewoud's results are typical. Other
investigators merely studied more of the landscape and
described more associations. Such studies apply some
phytosociological methods, but the derived units do not
have a true ecological basis. The studies are more
mensurational than ecological.  Swan and Dix {1966) stated

that although the primarily monodominant stands they



-6

encountered could probably be readily <classified, such a
classification would not be based on any real distinct
differences. The classification would be based on
artifacts of stochasiic processes on species distribution
and would not represent the resalts of competition or a

strict plant-environment responsea. .

2.%.2. 'Soils apd- Epvironment-

Soils and environment also influence the stracture of
individual boreal forest stands. Jack pine ( Pipus
_béSXSiggg} predominates on fresh to dry sandy soils (Moss,
1953; Hneller—ﬁémbois, 1964; Swan and Dix, 1966;
Carleton and Maycock, 1980; Purchase and La Roi, 1983;
Cayford and MNcRae, 1983), although Ritchie (1956) found
dack pineepreﬁoﬁinating on clays after fire. Ritchie's
stady area was near the northern limit of closed boreal
forest and only black spruce { gg_ggg‘-gggggg_) and jack pine
vere abundant. On shallow ground moraine black spruce and
jack pine dominate (Maclean, 1960; McClain, 1981
Piergoint, 1981; Jeglum, 1?82). The finer upland soils
will be forested b? a mixedwood composed of Aspen {Populus-
- tremaloides), paper birch (Qg;glg-gggxgigg;g), balsam fir,
the'spféces and Jjack pine with the various components
determined by age, soils, climate and stochastic events

{Moss, 19533 Maclean, 1960; Mueller-Dombois, 1964; Swan



and Dix, 1966; <Carleton and Maycock, 1978; 1980; Day and
Harvey, 1981; McClain, 1981; Pierpoint, 1981). La Roi
{19¢7) - and la Roi and Stringer {1976) found +tw%o
diséontinuities in spruce communities across <€Canadae. One
discontinuity was south of Jameé Bav.  Balsam fir was
greatest to the east and gradually became less important to
the west. Aspen and white spruce (Picea glauca), were most
abundant to the west and 1less important to the east.
Another discontinuity was located near Lake Winnipeqg. To
the west of Lake Winnipeg balsam fir was negligible and
aspen: was also less important. #hite spruce was of much
higher importance to the vest of Lake Winnipeg.
Bndérstorey species had similar geographic distributions.
These differences are controlled by climate (La Roi, 1967;
Larsen, 1980); precipitation decreases from east to west.

Bellefleur and Auclair (1972) used principal
components analysis to help explain the variatiom in the
Quebec boreal forest; They found that biotic {tree
species) and abiotic (site and climate) variables were
strongly correlated and they stated that abiotic variables
gave a better indication of the patterns of variability
than the tree species themselves in distinguishing major
ecbloqical relations. However, their study was a biased
test of the hypothesis. They used forest inventory data
from a large part of Quebec. Some of their data were from
the Great Lakes - St. lawrence regioh {Rovwe, 1972) and

some were from the boreal region. Since climate varies



greatly over their study area, climate should, and does,
have a large,ﬁffect,‘ One of their main findings was simply
that lowlands are different than uplands.. Given this
sinple dichotony of uplands and lowlands, site
characteristics should have a large effect. The only
vegetation data they used were presence or absence of tree
species. No understorey species were considered and no
quantitative values for tree species vere used - only
presence or absence. Boreal tree species are known to have
wide environmental tolerances {Farmer, Knowles and Parker,
1983) sc¢ mere presence or absence of a species has little
or no ecological value. Yor example, aspen, birch, balsam
fir, black spruce and jack pine may all be present in
stands varying from dry outwash sands to moist,
loess-covered moraines. Quantitative #élnes for these tree
speéiés would give considerable information pertaining to
the characteristics of a stand. - Since any tree species may
be preéent in almost any stand, presence-abhsence data gives
little information. Furthermnore, their environmental
variables tended to be mutually exclusive while their
vegetation data were not; only one type of soil could be
present in a stand, but several species could be present.
Expectedly, Bellefleur and Auclair (1972) found that their
vegetation data did not explain the variation as well as

their environneantal data.



2.2 APPLICATION OF ECOSYSTEM STUDY TO FORESTRY

Forest staads vary dne to soils, physiography, climate
and species presence, abundance and growth characteristics.
There must be some basis for dealing with this variation to
determine appropriate managemen; decisions. Since these
factors comprise an ecosystem, it seems logical to base
‘management on the characteristics of the ecosystem {Nelson,
Harris and Hamilton; 1978). Either the entire ecosystem or
some part of the ecosystem may be considered (Barnes,
1983) . Although only one pari of the ecosystem wmay be
used, it is hoped that the one factor will adequately
describe ecosystems. Different factors may perform better
or worse in different areas. A single factor will not work
well when the factor varies little in the study area, or
whén the factor has no consistent relationship with other
components of the ecosystena Methods must be Judged
empirically; one method should not be universally applied
merely because it was successful somewhere else. ‘then'the
plant community is considered . in iso}ation of the other
.30$ponents., I have attempted to use plant communities in
this manner. Therefore, I mainly discuss the use of plant
communities rather than the entire ecosysten. Hills?
(1952; 19603 19561) system in Ontario and the British
Columbia system {Klinka, et al., 1980a; b; Klinka, Feller
and Lowe, 1981) have both claimed %o bhe holistic. However,
Hillst systen is primarily based on physiography amnd soils,

after aan initial stratification by climate, and the British
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Columbia system is based on vegetation after an initial
stratificdtion by climate.

Classification systems can be formulated at a broad,
policy and regional planning level or at a specific land
management level {(Frayer, Davis and Risser, 1978). The
scale used to look at the landscape is tied into the
puprses of the <classification {Rowe, 1971). I will
concentrate on the scale suitable for dindividual
silvicultural and forest management decisions - the forest
stand. Some studies use a scale larger or smaller than a
stand. If the scale deviates in either direction the
élassification has 1953'-uti1ity for forestry (Nelson,
Harris and Hamilton, 1978).. Management decisions may be
dérived'=fo; one Specific purpose {such as site guality or

wildlife habitat) or for many diverse considerations.

2.2.1. The -Classification Procedure.

The classification pfncedure attempts to formulate a
nodel of the landscape. This model nust be descriptive and
predictive. The classification units must be recognizable
in the field and the units must have characteristic
responses which give them some utility other tham as a
ch;iosit?. The proper application of ecosystem study to
fdrestry requires three steps. MWany studies do not satisfy

one or more of these steps. .
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1) Identification- of -Objectives-

A classification of any kind is subjective and it is
imperative that the investigator designs his study to
satisfy specific goals (Rowe, 1971:; 1980; Barnes, 1983).
One must not classify and then try to find some use for the
classification. The goals>mnst'be'iaccrporated, into each
sn%ségaent step. . Classification must be viewed as a means
rather than an end point (Nelsom, Harris and Hamilton,
1978) . One should not classify f€for :the sake of
claséificatioa.

2) Development -of-a-Scheme to Delineate Useful-Dnits.

———— — ——m—————— —— . w——— t— —-

There are two general lﬁays that a  classification
scheme can be set up. One conmon method is the subijective
delineation of community types {or associations, <forest
types, ‘habitat types, ecosystem types, etc.) based on what
the investigator thinks is important, field sampling and
some subijective, largely non-guantitative data
manipulation, .and previous studies of the area's vegetation
{Cajander, 1926; Heimburqger, 1934; Spilsbury and Smith,
1947; Loucks, 1962; Mueller-Dombois, 196%; Losee, 1965;
Daubenmire and Daubennmire, 19683 Franklin and Dyrness,
1973; Pfister, et al., 1977; Coffman, Alynak and

gesovsky, 1980; Klinka, et al., 19803:- bs Klinka, Feller

and Lowe, 1981; Steele, et al., 1981; Barnes, et al.,
1982; Corns, 19833 inter alia). Although it is

sébjective, the classification scheme can work successfully

if the objectives are considered when devising the
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methodologye. There 1is a large risk of bias if the
methodology is suabjectives If sampling is only done in
stands which the investigator feels are typical of a
preconceived type, then the classification: is based on
circular reasoning. Abrupt differences among habitat types
#ill appéar in the mind of the investigator, bat not in the
real world. - Such a classification is largely esoteric.

A second method is to use multivariate techaniques to
obiain a classification {Jeglum, et al., 1982; Jones, et
al;; 1983: Yarie, 1983). The study of plant communities
is greatly facilitated through the use of quantitative
phytosociological technigques (Whittaker, 1962; 1978a;
Mueller-Dombois and Fllenberqg, 1978; Havel, 1980a; Gauch,
1982);-'aouever, they have not been used extensively for
agpliéd - forest research in North America {Havel, 1980ag
big The information derived from these technigues may not
be qreatly different from that derived from more subjective
meihoas) but it will be less deperdent on the
‘iﬁvestigator’s knowledge and inherent biases. Multivariate
rethods simply speed the process of anpalysis. They are not
a panacea. Sabjective decisions pust still be made.
Whittaker {1960) states, "Quantitative technigues can, when
inéptly or méchaﬁically used, obscure imyortant ecological
relations.?” The studies cited above, which ‘used
multivariate teé%niqnes, are strong evidence supporting
Whittaker's warning. These elegant technigques can seduce

one to believe that a classification, by itself, is a
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suitable obijective.

3) validation-of the- Model-

once a meihod is developed to delineate units it must
be shown that the units have some predictive value
(Daubenmire, 197§; Frayer, Davis and Risser, 1978;
Nelson, Harris and Hamilton, 1?78). The model is valid if
it satisfies the ocbjectives of the study and is of use to
forest management. There should be a predictable
relationship of the vegetation types with soil, topography
or climate (Daubenmire, 1976).  Specific rates or patterns
of tree growth should be related to the units. The ' units
should have some unigue characteristics which determine the
suitability for various silvicultural practices (Nelson,
Harris and Hamilton, 1978). Tdeally, the validation'shouldA
be based on an independent data set.

If the model does not prove valid, then a modificatiom
of the obijectives or methods is indicated. -Periaps the
objectives were unreasonable or the methods ill-suited to
attain then. If vegetation types alorne pooriy predict
responses to management alternatives, thken soils, landform
or climate should be incorporated. The process must be
iterative. Methods must be revised until objectives are
attained or abandoned. It is important that the end
product result from a test of Adifferent models rather - than

be ‘arn example of blind faith in some particular method.
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Validation is seldom performed as an integral part of
the classification process. More often the classification
is developed, then validation degenerates into a search for
sone meaning or ase for the <classification. The
classification may be merely a botanical exercise rather
than a useful model if it does not have a sound basis.

Coffman and his coworkers ({Coffman and Hall, 1976;
Coffman and Willis, 1977; Coffman, Alyrak and Resovsky,
1980; Kotar and Coffman, 19823  1984) have tried to
validate their habitat classification system after it was
constructed. They found their habitat types to be strongly
related to yield, soils, . and landforms. This validates
their classification. The classification has meaning.
Whether or not the classification is a better predictor
than other models remains to be determined.

An exanple of an invalid classification is shown in
Figure 2.2.%1.1., from Jegqlum, et al., {1982). 1In this
céSe,‘valiﬂity is based on whether a urnit has a predictable
relationship with appropriate management. Each point
represents a vegetation type whkich they identified using
the TﬁINS?AH computer program {Hill, 1979b). The lines
,represe§£ *operatiocnal groups' which vwere . suhjectivaly
delineated on the basis of vegetation types and soil
prpperties. The authors purport that the o?erational
groups describe and delineate variability which is useful
for forest maragement purposes. Most &egetation types are

on the border of an operational group; they appear in two
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Figure 2.2.1.1. Ordination of vegetational types
(vli, v2, V3, etc.) and outline of operational
groups (0Gl, 0G2, 0G3, etc.) of the Claybelt
Forest Ecosystem Classification (from Jeglum,
et al., 1982). .Points indicate vegetational
types and operational groups are delineated by
the lines.
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or more operational  groups. If the operational groups
comprise units useful for determining management practices,
then the vegetational types do not.. Several vegetation
tgges épyear in two or three operational groups. This does
not mean that two or three different management reqgimes are
saitéble for a given vegetation type. It means that the
vegetation types alone cannot be ased to determine
managemeat. This 1is why the authors revised vegetation
types iato operational groups. The vegetation types were
not adeguate predictors of appropriate management; the
vegetation types were invalid. The authors may have been
wise to discard or revise the wvegetation types before
subjectively determining operational groups. As the
classification stands, the otiginal THINSPAN vegetation
classification is the prime determinant for allocating

stands to operational groups.

2.2.2. W¥hat-Do You Get and Is It Good Enough?

The resnlt of a classification is the delineation of a
number of units. The units may be named community types,
habitat types, ecosyster types, operational groups, et
cetera. These units can be identified in the field or by
renote sensing gﬁeison, Harris and ﬁamilton, 1978). The

vegetation compoﬁent of the unit may be ground flora

{Cajander, 1926; . Heimburger, 1934; Iinteau, 1953: 1955;
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Wwestveld, 1958), present vegetation {(Barnes, et al., 1982;
Jeqglunm, et al., 1982; <Cormns, 1983), or hypothetical climax
vegetation (Daubenmire and Daubenmire, 1968; Pranklin and
Dyrness; 1973; Pfister, et al., 1977; Coffman, Alynak and
Resovsky, 1980; Klinka, et al., 1980a). The concept of
climax in the boreal forest has already been guestioned.
‘The 'use of hypothetical <c¢limax vegetation is pointless
since climax vegetation seldom if ever occurs in the bhoreal
forest.

These units may be single or multi-purpose. Most
investigators hope that their classification will find
qeaeral application for several uses. . Barnes {19833 lists
the types of useable information that can be derived fronm
ecosysfem classificationd if nothing else, a
classification. allovs stratification-of the landscape. It
is hoped that these units have more utility tham sinply
allowing impressive nulti-color maps to be made {Moon,
ana)iklyelson; Harris and Hamilton (1978) warn, "yith our
attention focused omn coaveaience’aad:ocderliness achieved
through classification, we sonmetimes fail to check its
validity in the application at hand."

FPranklin and Dyrmpess {19?3) succeeded in dividing
Oregon and VWashington, a large, very heterogeneous area,
into less than 350 habitat types. Ponderosa pine {Pinus
kggaﬁerosaw Laws.) commonly occurred in about one-fifth of
these habitat types. Yarie ({1983) divided 365 forest

inventory plots from a 36,000 sq. km area of Alaska into
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54 different forest communities. Barnes, et al. £1982)
divided a 6,950 ha experimental forest imn Upper Michigan
into 21 different site aunits. corns {1983) found 16
community types 1im a 17,500 sg. %xm area in Alberta which
crossed four of Rowe's ({1972) forest reqgions. Some of
Corns?' comnunity types differed only in age. The forest
ecosysten classification in the <clay belt of Ontario
{Jeglum, et al., 1982; Jones, et al., 1983) identified 14
operational groups although the investigators have lamented
that this went against their previous biases of "splitting"
rather than "lumping” {(Jones, et al., 1983).

How many classes must be delineated to adequately
represent the study area? Apparently there are differences
of opinion in addition to differences in heterogeneity of
study areas. The problen arises from the classification
process itself. <Communities are not discrete entities.
There is continuous variation across gradients of moisture,
autrieat;awailability, topography, succession and natural
or man-made disturbances (Curtis and HNHcIntosh, 1951%;
Whittaker, 1956; 1960; Bravy and Curtis, 1957) .
Classification of commanities 1is arbitrary and does not
adequately represent the variability of the real world
{¥elson, Harris and Hamilton, 1978). Classification of
plaaf communities is not an accurate model. ):\
straight-line regression <can be fit to the sigmoid growth
pattern of a tree. It will give some  gemeral information

ccﬁéarninq the growth of the tree, but the model will not
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be precise enough for most uases. A plant cornunity
classification may likewise not be precise enough.

A forest manager needs some tool to delineate nunits
which require different treatment ({Nelson, Harris and
Hamilton, 1978). If communities, per se-, should not be
classified, then sopething else must be used. . Landforms or
soil, used alone or in <combination with wvegetation wmay
produce more discrete and meaningfaul units.

Landforms are ome basis for delineating anits.
Landforns are stable and they obviously - have
characteristics important to forest managemént {Rowe,
1971), Landforms alome will not give enough information
for management. purposes, but they are a good start (Rove,
1962; Leak, 1978; 1980). 1In Section &4.4., I have used
landforns as the primary criterion for delineating units.
FPormal so0il surveys could also be used. S0il surveys tend
to be retrospective; soils are mapped and then the mapping
units are ihterpreted”for specific purposes. Host soil
surveys gerfotm’poorly for forestry applicatiomes (Grigal,
198#); Soil surveys do have potentialjg however, the
intergretation portion of the survey m@must be ‘based on
considerable data. Ideally, the interpretation should be
ipcluded into a feedback loop which refines the mapping
grocess. FLaPS (Gehrels, 1982), the prodactivity based
soil survey carried out in the Northeastern Be@ionr of the
Ontario Ministry of Natural Resources, shows potential to

overcome most of the shortcomings of other soil SULVeyS.
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Historically, FLaPS didn*t origimate as a soil survey per

B

ma——

Althoaqﬁ plant communities should not be classified,
individual plant species are much more discrete and may be
classified into, say, mnoisture preference classes or
continuous moisture preference wvalues. The presence and
abundance of species can provide additional information.
Mere - species presence and abundance determines potential
competitors. Fuarthermore, overstorey and understorey
species respond to environmental factors dimportant to
silviculture. These responses can be detected and used to
refine stand description and delineation. This use of
individual species follows Rowe {1956) . Silvicultural
practices are determined by the silvics of the individual
species. . A knowledge of the species? silvics and of the

physical site largely determines appropriate silviculture.

2.2.2. Commpunity-Classifications Near Study Area. -

Maclean ({1960) distinquished nine different mixed-wood
counnunties in section B.9, \ B.8 and B.4 of Rowe {1972).
They were based solely on dominant understorey vegetation.
These community types were not related to forest
managenent..

Mueller-Donmbois (1964) classified the forest habitat

types in southeast Manitoba and derived applications for
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forest management. The 14 habitat types were based on
landforn anﬁ vegetation. Jack pine comnunities vere
present on upland sands; mixedwood communities occurred on
fresh to moist till, alluvium or beach deposits and black
spruce coamunities dominated the lowlands. MNueller-Doabois
attempted to ensure that the habitat types were significant
for management purposes.. Although he ased subjective
methods to classify his stands, he seems to have succeeded
fairly well. He identified relative produactivity,
copsidered choice of species for regeneration and the
difficulty of regeneration for the differeat‘habitat types.
He also discussed improvement of habitats through
silvicultural practices and mentioned engineering aspects
of the habitat types. A field key and air-photo key were
developed {(Mueller-pombois, 1965) for identifying the
habitat types. The habitat types have been - put to
practical use, at least in research {Cayford, 1966).._

Losee 11965) developed a preliminary classification of
an - ekgerimental forest in the southeastern portion of ny
study area. Braun-Blarguet (1932) methodology was used %o
distinguish eight site types. Average site indices and
common understorey species were . listed. The modal
&escriytions probably do not represent the true variability
of these site types. They have not been a@plied to

nanagementa.
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3.:HATEBIALS_A§D METHODS

3.1 STUDY AREA

The locations of the sixty sampled stands are given in
Ffigure 3.%.1.. Host stands are in the Upper English River
{B.11} section of Bowe (1972). A few stands are mnear the

border of the B.11 and the adjacent Superior ({B.9) section.

3.1.1. . Surficial- Geoleqy-

The surficial geology is described by Zoltai ({1965).
The area is dominated by the Dog lake, Hartmann and Lac
Seul end moraines and the Kaiashk interlobate moraine and
the outwvash plains associated with these moraines. There
is a large area c%aerea by loess which has no counterpart
in the sarveye&lpnrtions of northern Ontario. This loess
is relatively shallow¥, generally 10 to 60 cm. It appears
on top of moraines and outwash. Ground moraine dominates
the northern portion of the study area and is also present
in 'the south - covered by varying thicknesses of loess.
There are no extensive lacastrine deposits in the area.
Glacial lLake Agassiz <covered the northwestern portion of
the study area, but its main effect was in vsashing the

ground moraine. Only isolated deposits of lacustrine clay
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or sand are present in the area.

3.1.2. Climate.

The study area lies within site region 3% of Hills
{19601. This is described as being driest of the humid
sections of Ontario. Chapman and Thomas (1968) have named
the area the "Height of Land Climatic Region".’ They state
that the region has greater ranges in daily temperature and
a shorter frost—free period than might be expected for ‘its
latitude. They also state that precipitation is higher
than the more western parts of northwest Ontario. Climatic

data are given in Table 3.1.2.1.

3.2. “SELECTION OF STANDS

Within the study area, stands were selected which
satisfiéd the following regquirements: 1) are upland
stanas; 2) consist of boreal tree species; 3} are closed
crosﬁ forests; 4y were regenerated maturaliy;- 5) are
greater than 40 years old; 6) are relatively undisturbed;
7) have homogenous tree strata and topography; - 8) are
qreater than 2 ha. Upland stands are defined as occurring
on mineral soils, being free of surface water, and

excluding alluvial areas. Aspen, jack pine, paver birch,
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Table 3.1.2.1. Average weather data for Upsala ({9yr) and
Ignace {10yr), Ontario. .

Station- Jan. Temp.- July Temp. AdN. Precip.-
Upsala -17.9C 17.4C 754, 6mm
Ignace -19.4C 18.5C 822.7nm
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black spruce, white spruce, balsam fir, balsam poplar
{Populus balsamifera) and tamarack {Larix- laricipa- ) are
considered to be boreal species. Balsam . §dplar and
tamarack are both uncommon on uplands. Neither species
were encountered in the tree strataun. Several of the
sampled jack pine stands had previous surface fires, but
this 1is typical of much of the type {Cayford amd McRae,
1983; cCarleton, 1982b).  Stands §hich were partially cut
vere excluded. .

:Stanﬂs were chosen to represent as much of the
yatia%ility of conmunities in the study area as possible.
They were not chosen randomly. PRandom sampling tends to be
very wasteful because of oversampling common communities
énd. undersampling rare ones {Gauck, 1977; 1982;
¥hittaker, 1978). Stands were not chosen on the basis of
how well they represented some preconceived conmnunity type.
Rather, an effort was made to sample as many different
communities as possible which satisfied the previous

reqguirements.
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3.3. . SAMPLING METHODS

3.3.1. Yegetation

A 0.1 ha {QOXSOm) plot was used@ to sample a stand.
Trees {>2.5cm d.b.h.) were tallied by 5cm diameter classes.
Each tree was assigned a Kraft's tree crovm class ({Daniel,
Helms and Baker, 1979).. Shrubs (>.5m tall, <2.5cm d.b.h.)
were counted within a 4m wide transect down the center of
the plot. Herd and seedling percent cover was recorded in
25 one sg. B plots laid out at one meter intervails along
the center. The aumber of tree seedlings in each sg.m plot
was also determined. Non-vascular species growing on woody
detritus or stone were not sampled. All species present in
the 0.1 ha sample, but absent inm the shrub or herb plots
were recorded. This sampling routine is essentially the
same as that developed by Robert Whittaker and used by hin
and his studeants {(Whittaker, 1960; 1978a; ¥hittaker and
Niering, 1965; Peet and Christensen, 1980; VWestman and
Peet, 1982; and many others),, Standardization of sampling
methods allows comgarisons to be made to work done in other
areas {Rice and Westoby, 1983).

The objective of sampling the vegetation is to
aéeguatgly characterize a stand. A stand could be sampled
by a number of plots or points or by one larger plot.

Point sampling methods (Bitterlich, 1948; Cottam and
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Cartis, 1949; 1956; Grosenbaugh, 1952; Cottam, Curtis
and Hale, 1953; Cottam, 1955) have inherent assumptions
about the distribution of trees. Since the characteristics
of the tree diameter distribution is of interest in this
study, point sampling could not be 1used. 1A number of
randomly distributed plots is the best way to characterize
a stand {Grant Cottam, personal communication). This could
not be used.. It would require: 1) identification of the
stands on aerial photographs; 2) am initial survey to
deternine whether the stand was suitable for sampling:; 3)
random location of twenty or more plots in the field. It
was not possible to sample enough stands in this manner
during one field season. Therefore, I chose to sample a
stand with one 0.1 ha plot. Mueller-Dombois and Ellenberg
{1974) give a tecommended sample size of 0.02 to 0.05 ha
for forest wvegetation. This is based on obtaining adeguate
representation of species cosposition. I kad to go one
step further than species composition. I had to obtain an
adeguate representation of staga structure. Therefore, I
-chose the standard 0.1 ha plot of ®Whittaker {1978b}. . Since
stand structure is so important in determining appropriate
silviculture (Day, 1972) it is important that any applied
ecological study be based on suitable data, although some
studies which purport to be applicable to forest management
use plots as small as 0.01 ha ({Jeglum, et al., 1982;
Jones, et al., 1983).

Nomenclature follows Gleason and Crongquist {1963) for
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herbs and trees, Soper and Heimburger {1982) for shrubs,
Crum, Steere and Anderson {(1973) for mosses and Hale and

Culberson {1970) for lichens. 1Individuals of Actaea rubra,

Actaca alba and individuals which could not be definitely
identified as belonging to either taxa were found. They
were all lumped into Actaea, spp.. Salix, spp- includes
one specimen of Salix  pyrifolia and other unidentified
salixes. Poaceae and seve;al other specimens vere
‘identified by Claude Garton, curator of the Claude Garton

Herbarium, Lakehead University.

3.3.2. . Site Characteristics

A so0il pit was dug in an auandisturbed area near the
center of each plot. The pit was dug to the C horizon or
bedrock and the profile described {Soil Survey Staff, 19603
,3975)-‘ Slope percent, slope position, aspect, topography,
geomor?ho&oqg, drainage and the OMNR soil moisture Tregime
{Belisle, 1980) were recorded. - Soil samples were taken for
later pH determination. pH was determined with a 1:2
soil:vater. mixture and a glass electrode pH neter.
Additional notes on the stand and site were made.

One to four trees suitable for site index
determination (Carmean, 1975), for each species were cored
at d;b;§.: to determine age. Height was measured for these
trees and site index was determined usjag site index curves
{Carmean and Hahn, 1981 for balsam fir and vhite spruce;

:tarmeaa, 1978 for paper birch and aspen; Lenthall, BDaniel,
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Preliminary polymorphic site index carves for jack pine in
the Thunder Bay area, unpublished; Grant, 1984 for black
sbxuce}; Intermediate and suppressed trees were also cored
or sawn at 50 cm to gain insight into the age structure of

the stand.

3.4. . ANALYTICAL METHODS

The raw data were converted into relative dominance,
relative density and relative fregquency values. These
values were combined into an importance valus for =each
stratum: herb; shrub and tree. Tree stratum importance
value is the average of relative dominance and relative
density. Shrub stratum importance value is the relative
ﬁéhsity. Herb stratum importance value is the average of
relative dominance and relative frequeacy. . The importance
value data were subijected to several multivariate
technigues.

Multivariate phytosociological techniques were used to
interpret the effect of many factors fevery species is a
variable},changing 'simultaneously- Standard statistical
analysis of variance cannot be used. Multivariate
techniques compress the variability of many dimensions (too
many to comprehend) into a few dimensions w%ich'expxess
most of the variability and can be more easily interpreted.

One cannot attribute a statistical significance to the
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outcone of the multivariate techniques I used. The
scientific method can be  broken into two stages:
hypothesis qegeratiOQ and hypothesis testing. This study
will generate plausible hypotheses based on the data set.
Some of these hypotheses can be tested by other studies.
Testing other hypotheses would require replicating the
world. In either case the generation of objective,
plausible hypotheses obtains useful knowledge about the
characteristics of the boreal forest.

The use of several phytosociological methods is better
than restricting analyses to one method ({Gauch, 1977;
1982; Whittaker and Gauch, 1978). Different methods may
reveal differemt information about the data set {Orleoci,
1978a). Revising the data set by eliminating species or
stands or transforming the data can also reveal additional
information {Peet, 1980) . The analysis of
phytosocioloqical data requires the development of a
sttateqy to derive as much information from the data set as
possihle {Gauch, 1982) . . Hany ordinations and
classifications were perforned. Few of them will bhe
reported since the others sho¥ no new information, only
recapitulate the information derived from previous
attempts, - The strategy becomes iterative. One attempt may
encourage some refinement of the data set or method. The
data set or method can be varied in an almost infinite
number of ways. The investigator must try enough different

wvays until he  is satisfied. Two general techniques vwere
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used, ordination and classification.

3.4.1. Ordination

Ordination is a procedure in which the stamds are
placed in one or more dimensions according to their
similarity. Stands which are similar will be placed close
together while stands which are dissimilar will be far
apart. The result of an ordination is a one, two or three
{or theoretically many more) dimensional ¥map" which
expresses the wvariability between stands.

This expression of the variability is ased to
determine which factors are associated with differences
between stands. The method of interpreting these effects
is called gqradient analysis. 1In indirect gradient analysis
the ordination "map" is formed by using characteristics of
the vegetation. Stand characteristics {environmental
factors, age, site iandex, importance values of individual
species, etc.) are then superimposed on the ordination.

Three multivariate methods were used to ordinate the

stands for indirect gradient amalysis:
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3.4.7.1. ¥iscomsin Polar Ordination (Bray and Curtis,

1957, as modified by‘ Beals, 1960; 1965; 1973; and
'tottam, Goff and Whittaker, 1978; with suggestions by E.VW.
Beals, personal communication).

Polar ordination is comparative. Percent similarity
{Sorensen, 1948) 1is used to compare all stands to two
enﬂpoint stands. The placement of a stand along an axis is
due to its relative similarity to the endpoint stands.

Wisconsin Polar Ordination is not affected by
non-normal distribution, outliers, or discontinuities which
are frequent in ecological data {Beals, 1973; Yhittaker

and Gauch, 1978; Cottam, Goff and Whittaker, 1978).

3.4.1.2. Detrended ' Correspondence- Analysis- (Hill,

1973; 19743 1979a; Hill and Gauch, 1980).

Detrended Correspondence Analysis {DECORANR) can
handle 1larqgqe data sets, but is affected by outliers and
discontinuities in the data set (Hill and Gauch, 1980;
Hill 1979a; Gauch, 1982).

Detrended Correspondence 2Analysis (DECORANA) is an
eigenvector technique which is <conceptually related to
weighted averages (Gauch, 1982). Randon scores are
assigned to species. Sample scores are the weighted
avérage‘(by importance value) of species scores. New

species scores are derived from weighted averages of sample
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scores. JIterations continue until the scores stabilize.
The final scores are independent of the initially assigred
species scores {Hill, 197%9a). DECORANA ordinates species

and samples simultaneously.

3.4.1.3. Principal Components Amalysis (Goodall,
1954; Gauchk, 1977:; Orloci, 1978a; bh).

Given an n-dimensional space where stands are
positioﬁed in each dimension by the importance value for an
individual species, Principal Components Analysis derives
an axis which expresses as much variation as possible while
pasSinq through the centroid. This eigenvector technigue
is somewhat analogous to linear regression. A second axis
is constrained to be orthogonal to the first and to account
for the maximum remaining variance. Unfortunately, the
variability in ecological data 1is neither 1linear nor
orthogonal.

Princi§al.Components Analysis {(PCA) is about the worst
method commonly used with vegetation data because of its
linear assumption, inability to handle data sets with large
beta-diversity or many zero values, and its distortion of
coenoclines and coenoplanes ({Gauch and Whittaker, 19723
Beals, 1973: Gauch, et al., 1977; Orloci, 1978b). It was

used anly to compare methods.
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3.4.2. <Classification-

Classification techniques can only show differences
among stands.. It is wuch more difficult to explaim the
rteasons for ' these differences by nerely using a
classification technique. Gradient analysis is used for
that purpose. <TClassification technigues are only used when
one wants to have a purely objective method of classifying
stands. However, subjectivity must be used to determine
whether ' the classification means anything in an ecological
sense, or whether the classification is merely an artifact
of some fluke of the data set. Two classification

techniques were used.

3.4.2.1. Cluster  Amalysis- {Mueller-pombois and
Ellenberg, 1974; Spatz and Siegmund, 1973)

Cluster Analysis 1is a polythetic, agglomerative,
hierarchical classification techniqhe. Sorensen?s {1948)
similarity index was used as a basis for the cluster
analysis. Stand: pairs of maximum similarity are combined..
These stands are averaged to create a new, synfhetic stand.
This synthetic stand is replaced into the similarity matrix
and the two previous stands are deleted. The new
similarity index matrix is scanned for the two stands which
have the next highest similarity index. . These stands are

likewise combined. W#When a synthetic stand is combined with
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another stand, a weighted averaqge is used to derive a new
syathetic stand. For example, 1if a synthetic stand
composed of three individwal stands was combined with
another individual stand, the synthetic stand would have a
weight of three and the individual stand would have a
weight of one. The algorithm repeats itself until all
stands have been combined.. I wrote a FORTRAN progqram which

performs cluster analysis and ‘allovws data transformations.

3.4.2.2. Ipndicator Species Amalysis (Hill, Bance and

Shau, 1975; Hill, 1979b) .

Indicator Species Analysis (TWINSPAN) classifies
stands and identifies "indicator species®. In this
context, nindicator species® are species which
differentiate stand groups without necessarily indicating
anything about the productivity, nutrient or moisture
reginmes of the stand. The product of this classification
is a usable, dichotomous key to coammunities using indicator
species.

TRINSPAN: 1) ordinates the stands by reciprocal
averaging; 2) -identifies species associated with both ends
of the axis; 3) refines the ordination by using
differential species; 4) makes a dichotomy; 5) identifies
indicator species and 6) determines whether the indicator

species give the same dichotomy as the differential species
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{ﬂili,-197§%), This nmultivariate technigue —resembles a

Braun-Blangquet {(1932) hand arranged mratrixe.
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4. RESULTS AND DISCUSSION

General summary information about each of the sixty
sampled stands is shown in Tables 4.1, 4.2, 4.3 and 8.4,
The tvo most important species in each stratum, and their
importance value, are listed. Site index of the tree
species is shown when site index could be deternmined.
Stand age {d.b.h. age of dominant species), landform type

and OMNR moisture regime value is given.

4.1. COMMUNITY COHPOSITION

Jade
o]
-]

4.1.1. Conmmanity Classificat

4.1.7.1. Tree Stratunm-

A cluster analysis using only tree stratum data is
shown 3inm Figure 4.1.7%.1.17. Several more or less 4distinct
clusters can be seen. There is a large group domimated by

jack pine, another 1large group dominated b}y mixedwood



Table 4.1.

-The importance value and, where applicable,
the site index (in brackets) for the two most
important species in the tree stratum of each
stand, Site index equals meters in height at
base age of fifty. Species are indicated by the
following code: Po= Populus tremuloides ; Pj=.
Pinus banksiana ; Sb= Picea mariana ; Sw= Picea
glauca ; Bw= Betula opapyrifera ; B= Abies
balsamea ; As= Acer spicatum ; Ac= Alnus viridis
'ssp. crispa ; Pp= Prunus pennsylvanica.

Stand No. Species and Importance Values
1 Po 62.9(23.5); As 30.2 '
2 Pj 75.5(19.0); sb 19.0(17. 5)
3. B 36.2; Po 34.2(23.8) ;
4 “Po 87.9(19.2); As 6.3 .

5 -Sb 49.1; Po 26.3(16.2)

) Pj 31.3(20.2); As 30.3

7 B 78.6; Sw 7.4 R

8 Pj 70. 8(19 7); Ac 14.7 -

9 Pj 69.2(20.1); B 11.1 .
10 Pj 79.3(18.6); Sb 16.6(16. 5)
11 Pj 71.3(19.0); B 12.0

12 Pj 52.3(19.0); sb 40.8

13 Pj 98.2(18.8); sb 1.8

14 Pj 93.8(18.5); sb 5.5

15 "Po 46.4(19.8); B 34.8 »
16 B 50.0(16.8); Po 25.0{(19.2)
17 Bw 24.8(20.4); As 24.5

18 Po 48.6(20.4); sSb 42.7 '
19 . Pj 83.2{(18.1); pPo 8.2(18.6)
20 Pj 61.9(18.5); sb 38.1(16.6)
21 Bw 58.3(16.8); B 36.1

22 sb 92.1(12.5); Po 7.2(10. 7)
23 Po 31.0(19.8); sw 24.7(15.3)
24 Pj 38.1(20.8); B 23.2

25 Pj 88.8(19.0); Po 4.3(15.6)
26 Po 38.7(17.7); B 36.0

27 " Bw 63.1(13.4); Po 11.2(16.8)
28" B 41.0; Sb 25.3(12.5)

29 Pj 99.4(17.6); Pp 0.6

30 Pj 96.1(13.9); sb 2.9
31 Pj 86.4(17.0); B 5.4
32 B 39.7(14.6); Sb 26.2(17.4)
33 Pj 58.3(17.7); sb 30. 1(15-8)
34 Pj 96.2(18.4); sSb 3.9 -
35 Pj 61.0(19.4); Po 20.9(13. 7)
36 Pj 74.5(21.0); Bw 20.7
37 Po 53.7(18.9); Pj 30.7(19.6)
38 Bw 81.1(16.2); As 11.1

=P,

a
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Table 4.1. (continued)

Stand No. Species and Importance Values
39 Pj 66.5(19.8); B 24.6
40 Pj 93.3(15.3); Sb 6.4
41 Pj 89.1(16.7); Bw 6.4(16.2)
42 B 54.7; Po 26.1(22.9)
43 Pj 55.3(18.3); Sb 35.4(14.0)
44 Sb 52.1(14.0); Pj 33.3(15.5)
45 B 68.8(13.1); Sb 21.6(16.2)
46 Pj 86.8(17.3); Po 5.2(15.9)
47 B 52.0(14.9); Bw 27.1(13.7)
48 Pj 88.7(17.7); Sb 5.8
49 Sb 66.2(13.8); Pj 33.9(15.3)
50 Pj 90.8(17.9); sb 9.2
51 B 41.8(14.3); Po 38.5(18.0)
52 Pj 95.0(16.4); Sb 4.1
53 Sb 53.5(13.7); Pj 46.3(13.3)
54 Pj 98.3(14.6); Sb 1:7
55 Po 53.9(14.9); Sb 15.6
56 Sb 98.3(10.5); Bw 1.3
57 Po 56.2(18.3); B 26.5
58 Pj 88.4(13.0); Sb 11.6
59 Sb 73.1(16.0); P} 16.5(17.0)
60 Sb 46.3(16.0); Pj 23.2(17.0)



Table 4,2,

Iy

The importance values for the two most
important species in the shrub stratum of each
sampled stand. Abbreviations were formed with

the first four letters of the genus and the
first four 1letters of the specific epithet.
Abbreviations and full names are listed in the

appendix.

Stand No. Species and Importance Values

ACERSPIC 88.2; CORYCORN 10.8
LEDUGROE 56.8; SALIBEBB 17.4
ACERSPIC 87.2; POPUTREM 12.8

1
2

3

4 CORYCORN 83.7; ACERSPIC 6.0
5 DIERLONI 56.6; CORNSTOL 13.1
6 ACERSPIC 97.4; ABIEBALS 0.7
7 ACERSPIC 89.7; ABIEBALS 6.4
8 LEDUGROE 50.0; ALNUVIRI 15.5
9 DIERLONI 31.8; LEDUGROE .28.1
10 ALNUVIRI 59.1; AMELHUMI 13.8
11 RUBUSTRI 53.5; AMELHUMI '13.7
12 LEDUGROE 71.3; ABIEBALS 8.8
13 VACCMYRT 47.0; LEDUGROE 34.9
14 LEDUGROE 59.6; ROSAACIC 22.8
15 DIERLONI 39.6; CORYCORN 38.5
16 ACERSPIC 88.0; POPUTREM 6.8
17 ACERSPIC 66.5; CORYCORN 22.6
18 LEDUGROE 77.9; SALIBEBB 5.2
19 SALIBEBB 75.1; ALNUVIRI 11.6
20 ALNUVIRI 62.1; LEDUGROE 27.1
21 ACERSPIC 90.2; ABIEBALS 9.8
22 LEDUGROE 52.7; VACCMYRT 25.7
23 ACERSPIC 74.7; CORYCORN 17.7
24 CORYCORN 39.2; ALNUVIRI 27.4
25 DIERLONI 73.8; PRUNPENN 4.8
26 ACERSPIC 83.7; DIERLONI 8.9
27 ACERSPIC 69.7;:; CORYCORN 28.1
28 ABIEBALS 50.0; ACERSPIC 31.6
29 ALNUVIRI 77.5; VACCMYRT 8.4
30 SALIBEBB 43.1; LEDUGROE 26.5
31 ALNUVIRI 37.4; VACCMYRT 26.1
32 ACERSPIC 62.4; BETUPAPY 22.6
33 SORBDECO 25.7; DIERLONI 22.9
34 LEDUGROE 37.5; SALIBEBB 23.3
35 ALNUVIRI 42.8; CORYCORN 31.5
36 LEDUGROE 59.2; ALNUVIRI 17.0
37 CORYCORN 59.6; POPUTREM 16.4
38 ACERSPIC 74.7; DIERLONI 12.5
39 DIERLONI 50.0; ALNUVIRI 36.4
40 LEDUGROE 46.3; ALNUVIRI 20.9

41 VACCMYRT 60.0; BETUPAPY 21.8
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Table 4.2. (continued)

Stand No. Species and Importance Values
42 ALNUVIRI 63.9; TAXUCANA 15.3
43 PICEMARI 35.7; DIERLONI 14.3
44 ALNUVIRI 38.5; PICEMARI 23.1
45 ALNUVIRI 63.6; ACERSPIC 9.1
46 PICEMARI 41.0; VACCMYRT 17.9
47 ACERSPIC 76.8; BETUPAPY 12.6
48 ALNUVIRI 52.1; VACCMYRT 36.3
49 LEDUGROE 67.2; PICEMARI 27.6
50 LEDUGROE 97.3; SORBDECO 0.5
51 ACERSPIC 96.3; ABIEBALS 3.1
52 VACCMYRT 52.2; ALNUVIRI 21.7
53 PICEMARI 100.0
54 VACCMYRT 80.0; PICEMARI 20.0
55 ALNUVIRI 49.5; DIERLONI 19.5
56 LEDUGROE 98.0; BETUPAPY 2.0
57 ACERSPIC 84.1; CORYCORN 11.2
58 VACCMYRT 42.9; SALIBEBB 33.3
59 BETUPAPY 66.7; POPUTREM 33.3

60 LEDUGROE 53.3; BETUPAPY 26.7



Table 4.3.

43

The importance wvalues for the
important species in the herb stratum
sampled stand. Species names  have
abbreviated with the first four letters
genus and the first four letters of the specific
epithet. Abbreviations and full names are
in the appendix.

Stand No. Species and Importance Values
1 ASTEMACR 12.8; MITENUDA 11l.6
2 PLEUSCHR 31.2; CORNCANA 6.7
3 MITENUDA 13.5; MAIACANA 12.5
4 CLINBORE 13.6; LYCOOBSC 12.3
5 PLEUSCHR 18.4; ARALNUDI 9.1
6 ASTEMACR 11.1; MAIACANA 9.9
7 RHYTSPP. 27.8; MNIUSPP. 11.4
8 PLEUSCHR 25.6; ARALNUDI 6.6
9 PLEUSCHR 32.9; MAIACANA 8.4

10 PLEUSCHR 25.1; MAIACANA 9.8
11 CORNCANA 17.4; PLEUSCHR 15.4
12 PLEUSCHR 45.7; MAIACANA 8.2
13 PLEUSCHR 38.4; VACCMYRT 8.9
14 PLEUSCHR 42.5; MAIACANA 8.7
15 CLINBORE 10.1; DIERLONI 10.0
16 LYCOOBSC 11.9; ARALNUDI 9.6
17 CLINBORE 11.2; STREROSE 9.2
18 CORNCANA 16.2; MAIACANA 7.8
19 PLEUSCHR 28.8; CORNCANA 9.2
20 PLEUSCHR 30.8; POLYSPP. 10.4
21 ARALNUDI 22.0; ASTEMACR 20.9
22 PLEUSCHR 39.3; PTILCRIS 12.4
23 ASTEMACR 10.5; CORNCANA 10.3
24 ARALNUDI 11.3; PLEUSCHR 11.2
25 PLEUSCHR 32.8; CORNCANA 14.7
26 ARALNUDI 10.2; ASTEMACR 9.7
27 ARALNUDI 11.4; LYCOOBSC 10.2
28 PLEUSCHR 38.0; LYCOOBSC 16.0
29 PLEUSCHR 40.2; MAIACANA 10.6
30 PLEUSCHR 43.4; VACCMYRT 11.8
31 PLEUSCHR 35.0; CORNCANA 10.4
32 PLEUSCHR 22.6; CLINBORE 10.3
33 SPHASPP. 22.6; PLEUSCHR 22.6
34 PLEUSCHR 32.8; LYCOCOMP 12.4
35 PLEUSCHR 25.6; DICRSPP. 10.1
36 PLEUSCHR 30.3; CORNCANA 10.0
37 PTERAQUI 15.9; CLINBORE 13.2
38 CLINBORE 15.3; LYCOOBSC 14.3
39 PLEUSCHR 28.0; DICRSPP. 9.1
40 PLEUSCHR 38.4; CORNCANA 10.1
41 PLEUSCHR 35.8; CORNCANA 7.4
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Table 4.3. ({continued)

Stand No. Species and Importance Values
42 ASTEMACR 10.5; PLEUSCHR 10.4
43 PLEUSCHR 35.1; MAIACANA 7.7
44 PLEUSCHR 40.6; DICRSPP. 13.4
45 PLEUSCHR 38.6; DICRSPP. 9.2
46 PLEUSCHR 32.6; DICRSPP. 10.5
47 PLEUSCHR 19.6; CORNCANA 11.2
48 PLEUSCHR 30.8; VACCMYRT 13.1
49 PLEUSCHR 41.4; PTILCRIS 10.8
50 PLEUSCHR 25.8; LEDUGROE 14.7
51 ACERSPIC 22.2; LYCOOBSC 18.4
52 PLEUSCHR 26.7; CLADRANG 14.0
53 PLEUSCHR 52.8; DICRSPP. 18.1
54 PLEUSCHR 37.2; CLADRANG 16.9
55 DIERLONI 11.0; CORNCANA 9.4
56 PLEUSCHR 41.4; CHIOHISP 14.5
57 ASTEMACR 11.0; ACERSPIC 8.6
58 PLEUSCHR 35.7; VACCMYRT 17.9
59 PLEUSCHR 36.0; PTILCRIS 24.4

60 PLEUSCHR 41.6; PTILCRIS 9.4



Table 4.4,

I

Summary of site conditions for each sampled stand.
was determined at breast height.
moisture regime (Belisle, 1980) follows:

Age
A code for the OMNR
N=moderately dry;

l=moderately fresh; 2= fresh; 3=very fresh; 4= moderately

moist; 5=moist; 6=very moist.

Stand No. Age OMNR Moisture Regime  Geomorpholoqy
1 74 - 5 ‘ end moraine + loess
2 58 3 outwash
3 58 6 end moraine + loess
4 65 2 end moraine + loess
5 71 5 end moraine
6 79 6 Toess
7 105 6 Toess
8 60 1 outwash
9 60 0 kame
10 63 1 outwash
11 69 0 dunes
12 76 5 ground moraine + Toess
13 67 1 outwash
14 66 1 outwash
15 69 2 end moraine + loess
16 59 2 ground moraine + loess
17 130 2 end moraine
18 72 6 outwash + Toess
19 54 1 outwash
20 52 3 outwash
21 73 6 ground moraine + Tloess
22 77 2 ground moraine
23 84 3 around moraine + loess
24 62 3 end moraine + loess
25 65 3 ground moraine
26 85 2 end moraine
27 43 1 end moraine
28 92 2 ground moraine
29 67 1 outwash
30 67 0 end moraine
31 64 0 outwash
32 63 4 end moraine
33 55 5 around moraine
34 62 2 outwash
35 99 1 end moraine
36 66 1 ground moraine
37 65 1 end moraine
38 57 1 end moraine
39 92 2 outwash
40 59 0 outwash
41 67 0 outwash
42 93 5 lacustrine clay
43 93 1 outwash
44 102 0 aground moraine
45 56 1 ground moraine
46 66 1 outwash
47 74 2 end moraine
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Table 4.4, (Continued)

Stand No. Age OMNR Moisture Regime  Geomorphology
48 61 0 ground moraine
49 58 4 outwash of esker
50 60 1 esker delta
51 75 2 ground moraine
52 64 1 esker delta
53 60 1 esker delta
54 57 1 esker delta
55 70 3 ground moraine
56 119 0 ground moraine
57 69 3 ground moraine
58 64 1 valley train
59 64 1 ground moraine
60 59 0 ground moraine
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staags and a small, distinct group of black spruce
dominated stands. The HJack pine group was divided into
four, more specific, grouaps. Table 4.1.1.17.1. shows
average importance values for these groups. Stands in
group 1A are almost pure jack pine. All group 1B stands
have qreater ~than ten percent black spruce. K Group 1C
stands are dominated by jack pine and have a bhardwood or
balsam fir <component. groupr 1D stands are evenly mixed
jack pine-black spruce stands.

The mnixedwood group didm't have very distinct
subgroupringsa. Table #4.17.1.1.2 shows average importance
values for the four subgroups and for the mixedwood stands
which don't fit into any group. All group 1E stands have a
balsam fir importance value of greater than twenty-five
percent and less than fifty-five percent. Both group 1F
stands have balsam fir importance values of greater than
sixty-five percent. Both group 1G stands have importance
values for white spruce of greater than nineteen - percent
and importance values for balsanm f£ir of less than 7.5
percent. Group 1H stands all have importance values for
paper birch exceeding fiftv-five percent. Other mixedwood
stands are ranﬂnm'assemblages of all species. There were
no pure stands. Two stands which superficially appeared to
be pure aspen had tall shrubs which exceeded 2.5 cm d.b.h.
and had scattered paper birch. TIn this thesis, mixedwood
stands are considered to include all stands with a 1large

component of hardwcods, balsan fir or white spruce. . Black
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Table 4.1.1.1.1. Average importance values for the conifer aroups
derived from the tree stratum cluster analysis.

Group A
Spectes 1A 1B 1C 1D Sb
Abies balsamea .51 5.00 6.32 3.18 -
Betula papyrifera .20 .23 7.62 3.81 2.58
Picea glauca .20 1.77 .36 .38 -
Picea mariana 4,77 15.43 2.88 45,29 87.78
Pinus banksiana 92.92 74.65 76.01 45.53 5.92
Populus tremuloides 1.36 2.78 3.27 1.73 3.60
Acer spicatum - - .04 - -

Table 4.1.1.1.2. Average importance values for mixedwood aroups
derived from the tree stratum cluster analysis.

Group
Species 1A 1B 1C 1D Other
Abies balsamea 39.95 73.70 6.15 14.23 13.19
Betula papyrifera 12.45 7.58 17.65 67.45 7.46
Picea glauca 2.30 4.48 21.98 4.90 3.98
Picea mariana 7.62 10.80 .23 .11 14.99
Pinus banksiana 1.11 - 8.56 1.40 12.62
Populus tremuloides 34.96 - 19.58  3.72 39.98
Acer spicatum 1.04 3.30 25.53 7.05 6.69
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spruce and jack pine may be present, but they do not
dominate the stand. There are no real discrete ecological
differences among the mixedwood stands.

The tree strata classification does show several
distinct clusters. There is a distinct separation of jack
pine from mixedwood stands. There are several distinct
'subgroupings within the jack pine group. The subgroupings
of the mixedwood stands are more arbitrary and indistinct.
These results are explained by the dominance of jack pine.
Distinct clusters are expected when stands are dominated by
one or two species and when there are few species in the
data set. Although all species were present in almost all
of the groups, the most distinct groups were dominated by

one or it¥o species.

A cluster analysis of shrub stratum data is shown in
Figure 4.1.1.2.1. Several distinmct groupings can be seen.
Table 4.1.1.2.1. gives average importance values for all
shrub stratum species present in 10 or more of the sampled
stands. These averages over-exepnplify the differences
among groups; there is considerable variability within
each group for all but the most abundant species. Fairly
distinct groups are evident since most stands are dominated

by a single species. Group 2A 1is dominated by Acer
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Table 4.1.1.2.1. Averaqe importance values for qroups der1ved from
the shrub stratum cluster ana1ys1s : _

Species - 2A 2B 2C 2D 2B 2F 2G 2H
Acer spicatum 81.97 .22 .20 1.58 - - - 3.13
Corylus cornuta 6.68 - .08 5.86 11.53 -~ .- 71.65
Abzes balsamea _ 3.56 4.55 .29 1.32 7.28 1.38 8.87 -
Ledum groenlandicum - 77.50 47.06 4.37 7.03 - - -
Salix Bebbiana - 1.18 11.42 3.91 .40 8.33 1.27 .48
Amelanchier humilis .03 .06 2.29 3.63 1.73 - - 3.35
Alnus viridis Ssp. crzspa .02 - 10.17 56.41 - 5.43 12.83 6.40
Picea mariana - .09 7.03 1.69 .38 1.78 11.25 33.27 -~
Vaceinium myrtilloides - 1.03 15.27 9.16 .13 58.78 9.13 1.60
Rosa acicularis .03 A2 4,00 42 4,40 - - -
Populus tremuloides 1.56 .58 .07 .39 2.68 1.38 6.00 8.28
Diervilla Lonicera 2.29 1.31 5.84 6.9550.45 -  9.03 2.10
Prunus pennsylvanica 02 - - 1.66 1.98 - - .08
Sorbus decora .19 .09 .11 .34 .60 1.08 2.73 -

Betula papyrifera 2.52 5.23 .29 .21 1.20 10.88 8.90 .65
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spicatum; group 2B 1is dominated by Ledum groenlandicum.

Ledum is also the most abundant species in group 2C, but
Salix - Bebbiapa , Almus-viridis ssp. crispa and VYaccinium
nyrtilloides are also common. Alnus viridis ssp. crispa
dominates group 2D; Diervilla lonicera-dominates group 2E;

Vaccinium myrtilloides dominates qroup 2F; Picea mariana

is most abundant in group 263 Corylus cornuta dominates
group 2H. Group 2C is obviously intermediate between 2B

and 2D.

4.1%.1.3. Herb Stratam

Figure 4.1.1.3.1 is a cluster amnalysis of the herd
strata. The gromupings are rather obscure. There is a
large, gemneral, group dominated by feather moss. Species
with high importance and fidelity are: the mosses

Pleurozium - schreberi, Ptilium crista-castrensis ., and

T i St o S e o g b ment: M

Dicranunm, SPP. . and the vascular plants, Ledun
qgroenlandicun, Yaccinium- myrtilloides, Vaccinium:

angqustifoliunm, and Chiogenes- hispidula. ¥ithin this

general group is a more specific group, 3A. Rubus

puabescens and Rosa acicularis , in addition to the other

species in the feather moss group, are common in group 3A.
The surface soils of group 3A are slightly moister than
typical of other stands in the feather moss type.

There 1is also a large mixedwood herd group.
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