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Summary

This study takes place in an endangered peatland
within the city of Thunder Bay Ontario. The study area,
William Bog, is one of a few remaining peatlands in the
Thundexr Bay district which have developed on abandoned
Minong phase lake basins on the north shore of Lake Superior.
An inventory of vascular plants, mosses, hepatics, and
ground lichens reveals that the vascular flora is richer
than the moss or hepatic flora and that ground lichens are
rare. Vegetation zones identified in the study area are
similar to communities described for peatlands in Ontario
by Jeglum et al. (1974). The study area is centered on a
Carex spp. dominated graminoid fen which is bounded to the
north and west by a conifer swamp, and to the east by a
shrub rich treed bog. Ordination of vegetation data reveals
that vegetation varies continuously from fen to swamp and
from fen to bog. The nature and flow of groundwater is
releted to vegetation type such that within the fen, and
to the north and west, vegetation can be classified as
minerotrophic. ©East of the fen vegetation appears to bhe
ombrotrophic in nature. The pH of both soil gnd wvater,
calcium concentration , and conductance of water samples
varies continuously along the vegetation gradients. This
results in a corresponding environmental gradient which
runs from strongly minerotrophic (fen) to weakly minerotrophic

(conifer swamp) to the north and west, and from strongly



-iy-

minerotrophic (fen) to ombrotrophic (bog) in the east.

William Bog exibits consistently higher and lower
air temperatures when compared to the Thunder Bay Airport,
3 km SW , this peatland has a significantly shorter frost
free period. Within the study area peats are coolest in
ombrotrophic Sphagnum spp. hummocks east of the fen, and
frost persists within these hummocks well into the growing
season. West of the fen peats are warmer, likely the result
of subsurface groundwater flow. There is no evidence of
permafrost in the study area.

The historical and evolutionary development of William
Bog is based upon the lateral expansion of Phragmites communis
marshes through paludification of the sandy lowland basin.
This resulted in two developmental sequences which are based
upon the flow of groundwater within the basin. Minerotrophic
communities evolve where groundwater flow is concentrated.
Ombrotrophic communities develop in drier sites where Sphagnum
spp. Browth elevates the surface above the influence of
groundwater. Dynamics between these communities are based
upon local climatic variations during the period following
initial colonization of the site, and disturbance by wildlife.
The proposed development of vegetation in William Bog appears
to resemble sequences proposed by several peatland
studies undertaken in northern Minnesota, southern Ontario,

and southern Quebec.
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Introduction

|. The study

Peatlands occupy approximately 466,200 square kilometres of
Canada's land mass (Radforth and Brawner, 1977). Within the
province of Ontario alone 49% of the totaﬂfgfga is occupied by
peatland (Ketcheson and Jeglum, 1974). Floristic and environmental
descriptions of these ecosystems have been under-
taken periodically throughout the past sixty vears in Canada. However,
inventory and description is by no means complete, and a nationally
recognized classification scheme is not yet fully developed (see
Zoltai, Poulett, Jeglum and Adams, 1974). Recently, there has been
increased interest in peat as an energy resource, as well as in the
treatment of polluted water, and as a construction material (Ruel
et al, 1977). In Russia at least 300 power generating plants are
fueled exclusively on peat (Moore and Bellamy, 1974). This interest
in peatlands, and possible subsequent disturbance and destruction of
their natural state, makes it imperative that as many are described
as possible, especially in areas in immediate danger.

This study took place within William Bog, a peatland in the
city of Thunder Bay, Ontario. Within the past ten years its edges
have been drained and excavated for housing. Recent city expansion

and proposed freeway development (Judge, 1978) will result in total

destruction of this very interesting wetland, one of the few remaining



in the Thunder Bay area. Consequently, this study will likely be

the last botanical, ecological record of William Bog.

General review of peatland studies

Peatland research in North America, Great Britain, and Europe
has been extensive. The result of these studies is an extremely
diverse and complex variety of classification systems, each
especially tailored for the region in which it was developed. The
common theme, however, to all these systems is the influence of
topography, climate and groundwater on the development and classifi-
cation of peatland types.

In Canada Jeglum, Boissoneau and Haavisto (1974) have proposed
an hierarchical classification system for the northern clay section
of Ontario which stresses vegetational physiogamy and dominant
vegetation. Stanek (1977) outlined muskeg regions in Canada, basing

his discussion on climatic, chemical and nutrient factors.

In the western region of Canada,Rigg (1925, 1940, 1947) described
some Sphagnum spp. bogs on the northern west coast of British Columbia
and Stanek and Krajina (1964) discussed the naturéageatlands on the
west coast of Vancouver Island. Lewis et al.(1926) discussed the

dynamics of peatlands in central Alberta and Lewis et al. (1928)

described a wide range of peatlands and wetlands in the same area.



M. Moss (1949) studied peatiand development in terms of Sphagnum spp.
hummock development and initially proposed a Sphagnum regeneration
cycle applicable to bogs in Alberta. E. Moss (1953)

described successional processes within
the bog hydrosere in terms of the Sphagnum regeneration cycle.
Recently, Vitt et al. (1975) investigated the relationship between
vegetation and water and soil chemistry in patterned fens in the
Swan Hills of north central Alberta and found that vegetation type
and water chemistry are significantly related.

Knollenberg (1964) studied the distribution of string bogs in
central Canada in relation to climate, and Zoltai (1972) described
palsas and peat plateaus in central Manitoba and Saskatchewan.

Jeglum (1971, 1972, 1973 ) investigated vegetation and vegetation-
environment relationships in the Candle Lake wetlands in central
Saskatchewan and found that vegetation over a wide range of wetland
types was significantly related to moisture and nutrient gradients.

In Manitoba,Ritchie (1957, 1959, 1962) described peatland and wetland
vegetation in northern Manitoba and noted the importance of drainage
and edaphic conditions upon the development of muskegs and bogs.
Stringer and Stringer (1973) studied the distribution and relationship
between bryophytes in a Picea mariana dominated bog in Bird's Hill
Provincial Park in southern Manitoba.

There have been no published records of peatland vegetation ecology
in northwestern Ontario encountered during this study. However, Dai
et al, (1974) described water level fluctuations in a north eastern

Ontario peatland near Cochrane. Sjors published major works on peat-

lands associated with Hawley Lake (Sjors, 1961) and the Attawapiskat



River (Sjors, 1963), both in the remote regions of north central
Ontario. |t was in these works that Sjors proposed the theories

of peatland development which are commonly accepted in this country.
He recognized two basic types of peatland, minerotrophic sites which
receive their mineral nutrients from groundwater and ombrotrophic
sites which rely upon rainwater for their mineral nutrition because
peat deposition has elevated their surfaces above the influence of
nearby mineral rich groundwaters.

In southern Ontario Transeau (1905) described bogs and bog flora
in the Huron River Valley. Dansereau and Segadas-Vianna (1952)
propoéed succegsional relationships between peatland types in
Southern Ontario and Potzger (1953) and Potzger and Courtemanche
(1954b) described a variety of peatlands in southern Quebec.
Segadas-Vianna (1955) undertook an ecological study of a single
shrub rich bog type (the Chamaedaphne calyculata community common
to Quebec and Ontario). Gauthier (1971) studied several peat bogs
in the lower St. Lawrence and Gauthier and Grandtner (1975) described
successional relationships within peatlands in that area. They
recognized two types of development which culminated in both minero-
trophic and ombrotrophic stable communities.

In the maritime regions of Canada Porslid (1944) described a
peat bog in Labrador and Allington (1961) examined the Labrador bogs
in greater detail, noting specifically their physical characteristics.
Pollett et al. (1970) proposed a classification for peatlands in

central Newfoundland based primarily on dominant vegetation and Pollett



and Bridgewater (1973) described the phytosociology of those peat-
lands. Bouchard et al. (1978) included a description of peatland
flora and ecology in their discussion of the vascular flora of

St. Barbe South district in Newfoundland.

Peatland research in the United States is primarily concentrated
in the northern lake states. Some of these studies are close to
the Thunder Bay Region, although it appears that no studies have
been published any closer than 322 km from the study area.

Conway (1949) described the bogs of central Minnesota, Janssen
(1967) the bogs of northwestern Minnesota. Janssen recognized

that the nature of peatland plant communities was related to their
source of nutrients and that communities integrade. Heinselman
(1963, 1970) investigated the relationships between peatland types
in the Lake Agassiz peatlands using floristic data, water chemistry,
and peat stratigraphy and determined that successional relationships
in peatlands are intimately related to the flow of both ground and
surface waters. He noted that minerotrophic types were dominant
and true ombrotrophy was rare in his study area. Buell and Buell
(1975) noted the gradual development of heath bogs where fens had
once dominated on the edges of moat bogs in the Hasca Park area in
Minnesota. The nature and relationship between peatland and water
in the northern lake states has been investigated by Boelter and
Verry (1977) demonstrating the existence of both minerotrophy and

ombrotrophy. Schwintzer (1978) demonstrated that sites investigated



in northern Michigan were minerotrophic fens and that within them
there exists a definite relationship between the nature of the
groundwater and vegetation composition.

Peatland research in Great Britain has been extensive,
especially in Scotland (see Burnett (1964) chapters 9, 10, 11,

12, 14 and 15). However, an in depth survey of the literature will
not be attempted here. Gorham (1956, 1967) determined that the
ionic composition of ground and surface waters is intimately related
to vegetation structure. Clymo (1963) noted that Sphagna have the
ability to alter the ionic concentration of their immediate environ-
ment and that this plays a large role in the development of
ombrotrophic peatland vegetation. Bellamy and Rieley (1967)
determined that ombrotrophy can develop rapidly in Sphagnum fuscum
hummocks. Keating (1975) studied plant community dynamics in wet
heathlands. Boatman and Tomlinson (1977), in their investigation

of vegetation and stratigraphy in Brishie Bog, found no evidence for
a full Sphagrnwnm spp. regeneration cycle (see Moss, 1953) rather, they
hypothesized that there were two cycles present, one in hummocks

and the other in hollows.

In Sweden and Finland peatlands are extensive and similar in
many ways to those found in the Hudson's Bay lowlands of northern
Ontario. Du Rietz (1949) and Sjors (1950) noted the relationship
between vegetation and mineral concentration of the groundwater
and originally proposed the concepts of minerotrophy and ombrotrophy.
Heikurainen (1960) described the variation in wetland and peatland

types in Finland and proposed successional relationships between



types based upon increasing or decreasing nutrient status. in
Sweden, Malmer (1962) came to similar conclusions regarding the
nature of peatland vegetation-environmental relationships.

The largest area of peatlands in the world are in the U.S.S.R. ond scthern Ev(o?e.
Although the literature is somewhat inaccessible, what is available
indicates that these studies have also noted the relationship between
vegetation type and the nature of the groundwater. Kulczynski (1949)
classified peatiands in Poland on the basis of groundwater chemistry
and developed a scheme similar to that proposed by Sjors (1950).
Recently, Abramova (1975) discussed sites very similar to string
bogs described by Heinselman (1963, 1970) and noted their vegetational
character could be related to groundwater chemistry and flow patterns.

Studies of peatlands throughout the northern hemisphere demon-
strate that vegetation and groundwater are intimate]y associjated
and that vegetation types are comparable, although not identical
floristically. Within Canada peatland research has not been extensive,
Within northwestern Ontario there has been no inventory of peatland
types and no specific studies of vegetation and vegetation-environment
relationships. Consequently, such studies in this area are necessary,
especially in endangered areas such as William Bog.

This study was undertakento provide information about a peat-
land in northwestern Ontario, specifically William Bog on the north

shore of Lake Superior, within the city limits of Thunder Bay, Ontario.



b) Terminology

The terminology associated with peatlands often varies
with the location of the research project. Classification systems
developed in Great Britain differ from those in Europe and
those systems both share similarities and differences with the
Ontario system (see Jeglum et al.1974). 1In this paper the
study area was classified initially as a "muskeg-fen" using
Ahti and Hepburn's (1967) definition of muskeg (see below) and
Jeglum et al. (1974) definition of fen. As the study proceeded
results indicated that the area defined as muskeg was composed
of at least two distinct peatland types and that the area
designated as transitional contained at least three peatland
types. Thus, in order to avoid confusion regarding terminology,

a list of definition of terms commonly used in this paper follows:

Peatland- terrain having some arbitrary accumulation of peat.
(30 cm. ¢c,f. Heinselman (1963))

Muskeg- a swampy to dryish stunted forest with a thick mat of
Sphagnum and feather mosses underlain by rather tﬂick
peat. The ombrotrophic portions dominate. (Ahti and
Hepburn, 1967). Within the study area sites dominated

by Picea mariana over 1.5 m. in height and with a

Braun-Blanquet cover of greater than 3 were initially

classified as muskeg.

Fen- peatlands characterized by surface layers of poorly
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to moderately decomposed peat, often with well
decomposed peat near the base. They are covered by
a dominant component of sedges, although grasses and
reeds may be associated in local pools. Sphagnum
is usually subordinate or absent, with the more exacting
mosses being common. Often there is much low to medium
shrub cover and sometimes a sparse layer of trees. The
waters and peat are less acid than in bogs of the same
area, and sometimes show somewhat alkaline reactions.
Fens usually develop in restricted drainage situations
where oxygen saturation is relatively low and mineral
supply is restricted. Usually, very slow internal
drainage occurs through seepage down very low
gradient slopes, although sheet surface flow may occur
during spring melt or periods of heavy precipitation.
(Jeglum et al. 1974)

Transition-—- within the study area any site which exibits both
characteristics of muskeg and fen. In these sites

any _Picea mariana present have a height of 1less than

1.5 m and a Braun-Blanquet covexr of less than 3.

Bog- peat covered area or peat-filled depressions with a
high water table and a surface carpet of mosses chiefly
Sphagnum. The water table is at or near the surface
in the spring and slightly below dufing the remainder
of the year. The mosses often form raised hummocks

that are separated by low, wet interstices. The bog

surface is often raised, or if flat or level with the



Swamp-

surrounding wetlands it is virtually isolated from
mineral soil waters. Hence, the surface bog waters

and peat are strongly acid and upper peat layers are
extremely deficit in mineral nutrients. Peat is usually
formed in situ under closed drainage, and oxygen satura-
tion is very low. Although bogs are usually covered

in Sphagnum, sedges may grow on them. They may be treed
or treeless, and they are frequently characterized by

a layer of ericaceous shrubs. (Jeglum et.al. 1974)

wooded wetlands where standing to gently flowing waters
occur seasonally or persist for long periods on the
surface. Frequently there is an abundance of pools

and channels indicating subsurface water flow. The
substrate is usually continually waterlogged. Waters
are circumneutral to moderately acid in reaction and
show little deficiency in oxygen or in mineral nutrients.
The substrate consists of mixtures of transported
mincral and organic sediments, or peat deposited in situ.
The vegetation cover may consists of coniferous or
deciduous trees, tall shrubs, herbs and mosses. In

some regions Sphagnum may be .abundant. (Jeglum et al.

1974)



Vegetation zone-

Community-

Soil-~-

Soil surface-

a unit of vegetation which is visually distinct
due to its physiognomic character. Can contain
repetitive patterns of vegetation such as

hummocks and hollows within a single zone.

a unit of relatively homogenous vegetation
cover composed of integrated mixed population
stands that occur as closed groupings,

(Mueller—-Dombois and Ellenberg, 1974)

medium in which the dominant vegetation is

rooted.

the living surface of the moss layer, or,when
a distinct moss layer is absent, the peat

surface.



CJ The aims and objectives of this study are as follows:

1) To inventory vascular and bryophyte flora within the portion
of William Bog in which the study takes place.

2) To classify and describe vegetation communities and gradients
within the study area and to compare these results to other
studies,

3) To determine the nature of relationships between climate,
microclimate, groundwater, surface water, soils and vegetation
communities and gradients present in the study area.

4) To propose the historical and evolutionary development of the
vegetation communities and gradients in William Bog and
hypothesize upon the nature of its successions, cycles and
dynamics and to compare these theories to other theories of

wetland development.

The above will be accomplished through the use of various
methods of sampling and analysis which are standard in the sciences

of climatology and plant ecology.

[l. The study area

This study of peatland vegetation and environment was undertaken
within the city of Thunder Bay, Ontario (population 117,000, 1979).

William Bog (Anrep 1921) is located directly northwest of the airport



expressway (highway 11-17) approximately 1.2 km north of the Arthur
Street intersection. The study area (48° 23' 'N; 89° 18' 'w;
international grid reference 16UCJ295632; elevation 199 m) is a five

hectare area within the central region of William Bog (Figure

I- 2 and Plate I-1.)-

a) Geology and soils

Thunder Bay is located within the Canadian Shield. Local
bedrock is late Precambrian consisting of a complex series of
sedimentary and intrusive rocks classified as the Animikie and
Keweenawan formations (Zoltai, 1963). The area is characterized
by highlands completely encircling a central plain which gradually
descends to the level of Lake Superior (184 m). Steep sided
mesas, and cuestas are common. Glacial action has resulted in
varying depths of unconsolidated materials which top the bedrock up
to the present surface level.

Northward retreat of Pleistocene glaciation resulted in melt-
waters flowing into the Superior basin forming a succession of
glacially fed lakes. As glacial ice receded, water levels in the
Superior Basin altered producing abandoned shorelines and exposing
recent lake deposits. Flat terraces and basins which once lay
beneath glacial lake waters and the rivers, streams, and peatlands
occupying them constitute the youngest deposits in this region

(Pye, 1962).
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Figure |-2 The location of William Bog, the study area
and Highway t1-17 within a portion of
Thunder Bay, Ontario, Canada.(48 ?3'N, 89 & 's)
Elevation 199 metres. ( Redrawn from Anrep, |92|)
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The study area was located in a shallow sandy basin which is
bounded to the west by an abandoned shoreline of the glacial Lake
Minong phase of the Superior basin (Farrand, 1960). Minong occupied
the Superior basin roughly 9,000 years ago. Peat deposits in William
Bog have developed to an average depth of two metres (Anrep, 1921,
see Results-Peat stratigraphy). Zumberge and Potzger (1956) determined
that a peat bed in Wisconsin 80 c¢cm in depth was approximately 4,000
years old. |If the rates of peat deposition in this area are similar
to those in Wisconsin, the two metres of peat in William Bog are
likely the result of roughly 9,000 years of deposition which began
soon after the waters of Lake Minong receded. However, this is an
approximation of a deposition rate which has not yet been determined

for this area.

b) Climate

The climate of this region is characterized by long cold winters
and short cool summers. Thornthwalte (1948) classified the climate
as warm microthermal on the basis of potential evapotranspiration
(thermal efficiency). Mean yearly total precipitation is 738.4 mm
of which 532.6 mm is rainfall. Mean snowfall per year is 222.0 cm

The mean temperature over a twelve month

period is 2.2°C. There is an average of 2161.2 hours of bright
sunlight in a year (Anon, 1974). Since drought effects are usually
unknown in this area, control of plant growth is predominately by

temperature (Hare, 1969). The mean frost free period recorded at



the Thunder Bay Airport was 101 days. Lake Superior (3 km east of
the study area) has an effect upon the local climate such that the
area adjacent to the lake has higher relative humidities and is

cooler in the spring and warmer in the fall. This modification of

the climate near lakes is fully described by Geiger (1965).

Q Vegetation

William Bog lies in the transition between the Boreal Forest
Region-Superior section and the Greatlakes St. Lawrence Forest
Region-Quetico section (Rowe, 1972). Wetlands within the Boreal
Forest Region are characterized by stands of Picea mariana (Mill)
B.S.P. which are often found together with Larix laricina (Du Roi)

K. Koch and Thuja occidentalis L. Similarly, in the Greatlakes

St. Lawrence Forest Region Picea mariana and Larix laricina are
common in bogs while Thuja oceidentalis predominates along lakeshores
and in rich swamps.

William Bog is developed on an oblong basin approximately 3 km
by 13 km in size (see Figure 1-2). It is predominantly forested
with Picea mariana and Larix laricina. Thuja occidentalis is present
mostly along streams within the muskeg forest and occasionally mixed
into the forest cover. Ericaceous shrubs and Sphagna dominate the
understorey and open areas. The central regions of the bog are
crossed by a series of parallel Carex spp. dominated fens oriented
in a south westerly direction. The extreme southwestern edge of
William Bog is dominated by Alnus spp. and Salix spp. stands. These

were also noted by Anrep in 1921.



The study area is at the northeastern end of one of the largest
and most accessible fens within William Bog (see Figure R-4). It
consists of an average stand of coniferous muskeg forest, primarily
Picea mariana to the east of the fen, with increasing cover of
Larix laricina north of the fen and increasing cover of Thuja
oceitdentalis and L. laricina west of the fen. The central fen
consists predomindntly of Carex 4spp. with occasional stands of
Phragmites communis. Between the fen and muskeg forest there is a
band of open transitional vegetation dominated by Sphagna and
ericaceous shrubs to the east and members of the Cyperaceae and

Salix spp. to the west.

d) Disturbance
The records of disturbance in William Bog are scanty. The

Alnus spp. and Salix spp. stands recorded by Anrep in 1921 in the
southwest region are likely the result of fires which could have
escaped from nearby agricultural areas or upland forests. Rowe and
Scotter (1973) recognize Alnus as an understorey species which can
rapidly regenerate from underground meristems when forest cover is
removed by fire. Rowe et al.(1975) note that fire also encourages
the growth of Ledwn groenlandicwn while jnhibiting development of
Sphagnum fuscum. The absence of stands of Ledwn groenlandicum and
the presence of well developed Sphagnum fuscum hummock complexes in

the study area indicates that it likely has been undisturbed by fire



for quite some time. Stratigraphy determined from peat cores taken
in the study area shows no evidence of charcoal bands at any level
in the peat bed.

An area of approximately four hectares, 500 m north of the
study area has been recently cut for pulpwood (within the past
five years). The effects of this clear cut upon the study area
appears to have been minimal. Removal of forest cover reduces
water loss by evapotranspiration and raises the water table
(Penman, 1963). In a wetland such as this, a small increase in
the level of the water table would have a minimal effect upon the
vegetation and peat.

A gas pipeline forms the southern boundary of the study area.
The pipeline appears to have interrupted drainage to the southeast
diverting waters to the west down the pipeline.

The greatest disturbance suffered by William Bog is the total
destruction of vegetation, peat, and wetland habitat in the southern
end which is the result of city expansion, and subsequent housing
subdivisions, and road construction. The southeastern end of William
Bog have been obliterated by houses, roads and shopping plazas. The
entire area east to the expressway is under construction. The study
area and the area to the north and easthave been allocated to
development of a four-lane freeway and more housing.

Unfortunately, this study of William Bog will likely be the last
record of wetlands occupying abandoned Minong phase lake deposits

present within the city limits of Thunder Bay, Ontario.
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Methods

Introduction
In order to accomplish the aims of this study two types of
information were required; floristic and environmental data.
Floristic data consisted of collections and data from
quadrats located along transects (see figure M-1). Environmental
data included water, soils and climatic information from the
study area, and climatic data from the Thunder Bay Airport
meteorological station located 3 km southwest of the study area
(48022' N, 89021' W, elevation 200 m) see figure I-1. Stratigraphy
of the study area was determined from a series of peat cores
that bisected the study area (see figure M-1).
Finally, analysis of the data was accomplished through the
use of computer programs, including Bray and Curtis (1957) ordination
Williams and Lambert (1959) Normal Association Analysis, Principal
Components Analysis (Pearce 1969), and various statistical
correlations (Nie et al., 1975). Additionally, data was often

handsorted and simple analyses accomplished by hand calculator.

I. Vegetation

a) Collection and identification

An effort was made to obtain a complete collection of
vascular plants and bryophytes (excluding epiphytic species)
present within the study area, especially the area north of

the pipeline. Collections
(continued on p. 17)
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from other areas of William Bog were made in passing and by Dr.
P. Barclay-Estrup and Mr. C. E. Garton of Lakehead University.
Collected specimens were pressed and air dried (55°C)
within 24 hours of collection.
Nomenclature of the vascular plants wasaccording to Gleason
and Cronquist (1963). |Identifications of members of the Cyperaceae

were checked by Dr. A. Ceika of the University of Victoria. Nomenclature

of the mosses wWasaccording to Crum (1976). Identifications of
Sphagnum species were checked by Dr. H. Crum of the University
of Michigan. ldentifications of the remaining mosses and hepatics

were checked by Dr. J. Ireland and Ms. L. Ley of the National Museum
of Canada in Ottawa, Ontario. Nomenclature for the hepatics was

according to Stotler and Crandall-Stotler (1977].

b) Mapping

Major vegetation zones were located on air photographs of the
study area (scale: 1 cm= 96m§NORTHWAY SURVEY CORP JOB 74 118) and
then subjectively transferred to an outline map of the study area
(see figure R-%). Distances to zone boundaries were checked in the
field and appropriate adjustments were made to the map. The map was
not intended to be a precise reproduction but, rather a diagrammatic
representation of the @rrangement 5f major, visually distinct, vegetation

zones within the study area. See Plate [-1.



c¢) Dendrochronology

In order to determine the approximate ages of major vegetation
zones within the study area (East muskeg, east transition, fen,
north transition and west muskeg) several trees were felled for
dendrochronological analysis. The largest tree in the zone had its
diameter measured at breast height and moss level. The number of
growth rings present at moss level were noted and counted on sanded

discs under a dissecting microscope.

d) Point Quadrats and Microtopography

In order to obtain an objective measure of species cover
(Greig-Smith 1964, Barclay-Estrup and Gimmingham 1969, Chapman 1976)
point quadrats were performed over a leveled transect which bisected
the study area east to west from muskeg to muskeg (see figureM-[ ).

1.5 m long 20 mm x 40 mm stakes were driven into the peat at
3 metre intervals. Constant elevation was maintained along the
stakes through use of a surveyors trans.i't and rod. Point quadrats
were taken at 10 cm intervals over the 111 metre transect by lowering
a sharpened steel pin through an aluminum frame suspended between
stakes. The frame was constructed by J. Butler of Lakehead University
Science Workshop. Each species touched by the pin was recorded once,
regardless of the number of times that a species was touched in a
single thrust of the pin. Only species falling under the frame were

considered.



Once the pin came to rest lightly on the moss surface the amount
of pin remaining above the frame was measured in mm with a hand held
tape and recorded (see figure M2 ). This gave a reasonably accurate
measurement of the microtopography along the transect because the
stakes upon which the frame rested were of uniform elevation above
the moss surface.

A total of 1110 point quadrats were taken at 10 cm intervals
along the entire 111 metre length of the transect.

A further 700 point quadrats were taken at 2 cm intervals along
the length of five Sphagnum spp. hummocks which were located along
the transect. There was insufficient time to analyze the results of
these measurements within the body of the thesis. Data %25 jocated

in Appendix |.

e) Transects

One of the major goals of this study was to examine the vege-
tation changes along a gradient which ran from bog to fen. Whittaker
(1967, 1973), Chapman (1976) and Kershaw (1973) recommend the transect
as the ideal method of studying vegetation gradients. Seven transects
were undertaken in this study. Each ran from muskeg to fen, three
(A, B, G) from east muskeg to the fen centre, two from the north
muskeg to the north end of the fen (C, D), and two from the west
muskeg to the fen centre (E, F) (see figure M-1). Each transect

was approximately 45 metres in length. A total of 100 samples were
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taken at 3 metre intervals along each transect with a 25 cm x 100 cm
rectangular quadrat frame which was oriented parallel to the principal
gradient of the vegetation (Chapman, 197¢g). Kershaw
(1973) recommended systematic sampling along environmental gradients
and felt that size of quadrat can be determined arbitrarily depending
on the nature of the vegetation. The 25 cm x 100 cm quadrat used

in this study was small enough to fit into the mosaic of Sphagmim spp.
hummocks and wet hollows present without serious
overlap; yet, large enough to adequately describe the nature of the
vegetation.

Quadrats were labelled alphabetically according to transect and
numbered continuously from 1 to 100. Within each quadrat, data was
recorded on a plot sheet. All plant species present
within the inside boundries of the quadrat frame, or falling within
an imaginary rectangular box outlined by the frame, were identified,
given a subjective Braun-Blanquet cover rating (Mueller-Dombois and
Ellenberg, 1974) see table M-3.and a subjective Braun-Blanguet
sociobility rating (Mueller-Dombois and Ellenberg, 1974) see table
M-3. Unidentified species were collected, numbered, pressed and
identified in the laboratory. The vegetation zone in which the
quadrat was located was identified as either muskeg, dry transition,
wet transition or fen. The physiogamy of the vegetation was briefly

described and any comments about the site or individual species were
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COVER CLASS RANGE OF COVER(%)

+ Sparse or very sparce(small cover).

1 Plentiful ,but of small cover value.

2 Very numerous or covering at least 5%
of the aresa.

3 Any number of individuals covering 25%-
50% o:’ the area.

I Any number of individuals covering 50%-
75% of the area.

5 More than T5% of an area.

BRAUN-BLANQUET COVER SCALE(Mueller-Dombois and Ellenberg 197kL)

1= Growing solitary.

2= Forming clumps of dense groups.

3= Forming small patches or cushions.

b= Growing in small colonies or forming larger carpets.
5= Growing in large, almost pure population stands.

BRAUN-BLANQUET SOCIABILITY SCALE

TABLE M-3.Braun-Blanquet cover scale(top) and Braun-Blanguet
sociability scale(bottom). Measures of cover
and sociability used in this study
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added to the quadrat data sheet. At the same time depth to the
water table was measured from a spot of average elevation to the
water table. Soil and water samples were taken and the peat given
a von Post (1924) humification rating. See water and soil Methods
for details.

Transects were undertaken on June 13 and 14, 1978 (A), June 18
(B), June 26 (C), June 27 (D), July 2 (E), July &4 (F) and July 20
(6G). Comparison of species presence and cover between transects A
and G show that there was little change in vegetational composition
over the period from June 13 to July 20, 1978, only slight increases

in cover of Vaceinium oxycoccos and Carex chordorrhiza were observed.

I Environmental factors

Introduction

Several environmental factors were monitored throughout the
study area. Climatic factors measured were air and soil temperature
and relative humidity. Water levels and peat mat levels were noted
regularly (see figure M-4). Soils and ground water characteristics
were measured along seven transects (A-G) and sampled from one hundred

quadrats.
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PLATE M=-5.Hygrothermograph location in the study area.

Located in the eastern transition zone.
Photograph provides view of the study area
looking from east to west, to the fen
and western muskeg.
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a) Temperature

(i) Air temperature

Ambient

Air temperatures were recorded at three climate stations located
with vegetation typical of muskeg, transition and fen. (See figure M-4)

Air temperature was recorded continuously from May 29, 1978 to
November 15, 1978 by the bimetallic thermograph portion of a Casella
thermohygrograph which was housed in a bird house shelter (Fraser 1961).
Readings were terminated when cold temperatures resulted in frozen ink
in the recording pen and a poor temperature record. The Birdhouse
shelter was elevated 1.0 m. above the peat surface. It was elevated
to avoid measurement of air temperatures near the peat surface which
would not be representative of the ambient air temperature. The
thermograph, which was calibrated monthly with a mercury in glass

thermometer, was located in the transition zone east of the fen. See

figure M-4; see plate M-5.

(ii)  Surface and ambient temperature maxima and minima
Maximum and minimum air temperatures at the moss surface and
1.0 m above the moss surface were recorded weekly in sites representa-
tive of muskeg, transition and fen on the east side only. See figure
M-4. Temperatures were recorded by Six's Maximum-Minimum thermometers

which were attached to 40 mm x 60 mm boards facing north. The top of

the upper thermometer was elevated one metre above the peat surface.
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The lower thermometer rested on the surface. Readings were taken
weekly, (usually Thursdays), between 10 AM and 1 PM in the following
order: muskeg, transition and fen, within 15 minutes all readings were

accomplished.

(iii) Soil temperature maxima and minima

Nine Six's maximum-minimum thermometers were located in three
sites representative of muskeg, transition and fen on the east side
of the study area. Thermometers were buried at three depths, 3 cm,
15 ¢cm and 30 cm below the peat surface. Thermometers were set and
buried horizontally on October 10, 1977. Their positions were marked
with florescent flagging tape and left undisturbed until October 3,
1978. On this date they were retrieved and the temperature extremes
for the twelve previous months were recorded. Thermometers buried
in the muskeg site were lost because their location was inadequately

marked. In the future very bright, obvious markers should be used

to locate equipment in muskeg sites.

(iv)  Soil, soil surface and groundwater temperatures
Temperatures above the soil surface, and within Sphagnum spp.
hummocks, in sites representative of muskeg, transition and fen were
measured using thermocouples of copper-constantan with soldered tips.
Copper-constantan thermocouples are well suited to micro-climatological

work because they are small, inexpensive, easily constructed, and

reliable to 0.5°C (Platt and Griffith, 1964).
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Thirty-four thermocouples were constructed in the laboratory.
Copper-constantan thermocouple wire was stripped of insulation, the
bare wires twisted and fused with acid-cored tin-lead solder. The
fused tips were trimmed as close to the insulation as possible. An
electromotive force (emf) is produced by the fused copper and
constantan wires which is proportional to temperature (see Equation
1) (Platt and Griffith, 1964). Finally, the receptive surface was
dipped in a thin coating of epoxy to prevent corrosion or damage.

The opposite end of the thermocouple was soldered to two copper wire
leads. The constantan-copper and copper-copper junctions were
embedded in a block of paraffin together with a calibrated mercury-
in-glass thermometer. These served as reference or ''cold'' junctions.
The thermocouples were calibrated in the laboratory against boiling
water (100°C) and an ice bath (0°C).

In order to facilitate rapid readings of temperature, colour
coded thermocouples were connected to female Jones plugs, which were

plugged into a socket connection switch box constructed by R. Wilson
(see figure M-9) from Wilson (1970)). Thermocouples were securely
taped to lengths of 6 mm dowling and embedded in a Sphagnum spp.
hummock. Leads were laid carefully on the surface of the peat and
wax embedded reference junctions were placed in shallow pits at the
peat surface (see figure M-7 and M-8) in order to avoid major fluctu-

ation in reference junction temperature over the period while measurements

were taken.
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FIGURE M-7.Wiring details of a Thermocouple system in a
Sphagnum spp. hummock.
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Temperatures were measured at the moss surface, 10 cm, 25 cm
and 50 cm above the surface and 3 cm, 15 cm, 30 cm and 50 cm below
the surface of three Sphagnum spp. hummocks in muskeg, transition
and fen sites. (See figure M-7.) Temperatures at the surface and
3 cm, 15 cm, 30 cm and 50 cm below the surface were recorded from
two additional hummocks in muskeg and transition sites to the west
of the fen. (See figure M-L.)

Readings of electromotive force (emf) in millivolts were taken
weekly from June 7, 1978 to November 1L, 1978 with a Thermoelectric
Digimite Potentiometer. The procedure for reading was to initially
record the reference junction temperature in °C, then thermocouple
readings in millivolts were taken from the lowermost thermocouple
(-50 cm) through to the uppermost thermocouple (+50 cm). Once the
complete sequence of thermocouples were read and recorded, the lower-
most one was read again to see if there was any change in millivolt
readings. No change was recorded throughout the period of study.
The thermocouples at the surface, 10 cm, 25 cm and 50 cm above the
surface were read again and if any change was observed, an average
of the first and second readings was recorded. Finally, the reference
junction temperature was recorded again. No differences were ever
observed in reference junction temperatures probably because they
were embedded in the peat and sheltered from solar radiation by

vegetation.
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The electromotive force (emf) produced between the fused wires
of the thermocouple is directly proportional to temperature (see
figure MI0) Platt and Griffith (1964). Emf's were converted from
millivolts to degrees Celcius in the manner outlined in equation 1.

(Rinne 1976) Readings were considered accurate to 1.0°C.

. — +
Equation 1. Et E(t-tc) Etc
where E(t-tc) = observed reading

Etc = reference junction temperature in millivolts

determined from Fig (emf vs °C)

Et = corrected emf for the sensitive thermocouple and

converted to °C from figure (emf vs °C)

Sample calculation
Reading from the potentiometer -1.04 mv with a reference junction

temperature of 20°C.

€ (rore) = 10k
Eee = 0.79 (from fig (emf vs °C))

Et = -1.04 + 0.79 = -0.25

temperature = -6.7°C (from fig (emf vs °C))

See Figure

M-10.
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FIGURE M~9.Details of Jones plug wiring in subterranean
Thermocouples(Wilson~l9?0).
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o) Wind
A measurement of wind direction and intensity were made weekly
while other climatic data were being collected. Subjective measure-
ments of wind intensity were quantified using an empirical scale.
See table M-11. Wind direction was determined by referring to north

facing max-min thermometer standards.

Table M-11 Empirical scale devised for

wind measurement

light

breeze 2
moderate 3
brisk L
strong 5

c) Precipitation and relative humidity

(i) Precipitation
Rainfall was recorded weekly from May 18, 1978 to November 14,
1978 at the climate station in the transition site. (See figure
M-4.) 1t was measured with a single Cassella standard British rain

2
gauge with a receiving area of 116.12 ¢m and a rim diameter of

12.7 cm.
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The rim of the gauge protruded 30.0 cm above the surface of
the peat and was located in an area free from obstruction by large
trees, shrubs or forbs. This avoided errors in measurement by
splash back of rain from the ground into the gauge and interception
of rainfall by vegetation (Platt and Griffith, 1964). Precipitation
was also recorded from data taken by the meteorological station at
the Thunder Bay Airport, 3 km from the study area at an elevation of
200 metres.

Snowfall was recorded biweekly from December 14, 1977 to
April 10, 1978 by six metre sticks driven firmly 10 cm into the
peat. Depth of snow against the metre stick was recorded by keeping
the head at snow level and reading the level on the metre stick.
Snow depth was recorded as the reading on the metre stick minus
10 cm.

Snow depths were recorded at six locations (see figure M-4)
throughout the study area, the north and south ends of the fen,
muskeg to the east and west of the fen, and in transition zones to
the east and north of the fen. In the fen and muskeg, single readings
were taken in areas free from large hummocks or hollows, at sites of
average elevation. Transition sites had two measurements of snow
depth, one metre stick was planted at the top of a hummock, the
other in a hollow. Since transition zone topography was predominantly
hummocks and hollows these measurements better assessed snow accumu-~

lation than a single measurement would.
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(ii)  Relative humidity

Relative humidity was recorded continuously from May 29, 1978
to November 15, 1978 by a standard Casella hair hygrograph which
was part of the thermohygrograph housed in a bird house shelter in
a transition site of the study area (see Air temperature section)
(see figure M-4 and plate M-5). The hygrograph was calibrated
monthly with an Assman psychrometer. Readings were accurate to 2%.
Charts were changed and ink refilled weekly throughout the period
of study.

Relative humidity was measured weekly from May 18, 1978 to
October 10, 1978 by a standard sling psychrometer. Humidity readings
are accurate to only 5% because sling psychrometers tend to over
estimate relative humidity (Platt and Griffith, ]961’)-Reag}ngs vere tésﬂf%n
in muskeg, transition, and fen sites at water table re g

Saturation deficits were not calculatedin this study. Air
moisture conditions were not measured precisely, per cent relative

humidity was the only factor recorded - due to time and equipment

limitations.,

d) Water and soil level fluctuations

(i) Water table
The fluctuations in depth of the water table and movement of
the peat mat were recorded from June 2, 1978 to November 14, 1978.

Water table level measurements were taken with a tube and float

device constructed by Mr. John Butler of the Lakehead University

es.
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Science Workshop from a design similar to that described by Green

and Pearson (1968) (see figure M-12). Three tube and float devices
were located throughout the study area in sites representative of
muskeg, transition and fen, and in close proximity to climate
stations located within each site. Readings were taken from tubes
embedded in the peat up to the plexiglass apron (see figure M-12).
The amount of aluminum rod protruding from the tube (see figure M-12)
and held by the rubberized arms was recorded as the week's maximum
reading, the arms were then released, the float was depressed slightly,
and then allowed to rebound to the present water level, this was
recorded as the level for that day. Readings were taken weekly in
all three sites from June 23, 1978 to November 14, 1978. In the
following order: muskeg, transition and fen, readings were completed
in 15 minutes. Readings for the muskeg site were not possible before
June 23, 1978 because the peat was frozen. Measurements were taken
in transition and fen sites on June 2, 5, 7, 8, and 15th during a
period of heavy rains and in all three sites on June 23, 26, 27 and
30th after more rain. These readings were used to obtain a detailed
record of rainfall and water table fluctuations over a short period

of time.

(ii)  Pear mar fluctuation
Changes in the level of the peat mat were recorded at the same
time as the water table levels. Measurement was accomplished by

driving a 2.7 metre range pole past the peat and into the

sands underlying the study area. Previous studies in the area
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(Anrep, 1921) had shown the peat mat to be approximately 2 metres in
depth. The range pole protruded 30.5 cm above'the moss surface,
therefore, it was assumed to be into the underlying sands. Readings
were taken with a tape measure whose zero end rested lightly on the
moss surface.

The range pole did not move because it was embedded in the
parent material. However, the water tubes did move with fluctuations
in the peat mat. Consequently, water level measurements between sites

not

could " be compared directly, only the change in water level from reading

to reading was compared between sites.

e) Soil and groundwater characteristics

Twelve soil and groundwater characteristics: depth to water
table, soil pH, loss on ignition, von Post (1924) humification, total
C, H, N, ammonium, nitrate, water pH, conductance, and calcium con-
centration, were measured from 100 samples taken along a vegetation
gradient which ran from muskeg to fen. Sampling of soil and water
was achieved through transects running parallel to the vegetation
gradient (see figure M-1). Soil samples were taken at 3 metre
intervals from 25 cm x 100 cm rectangular quadrats (see Methods-
Vegetation) along the transect. Samples were taken from a single
spot which typified the vegetation enclosed by the quadrat. A

10 x 10 x 10 cm portion of soil was removed from beneath
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the living moss layer in the rooting zone of the dominant vegetation.
Excess moisture was squeezed out and the sample placed in a labelled
plastic bag sealed with a twist tie. A total of 100 soil samples
were taken from seven transects.

Groundwater samples were taken from the same quadrats as the
soil samples. Water samples were collected in 500 ml plastic bottles
with screw-type lids, in close proximity to where the soil sample
was taken, but, where no disturbance had occurred. Care was taken
in quadrats which were less than 65% open water to sample the ground-
water rather than surface water which had flowed into the hole
remaining from the soil sample. In quadrats which were greatér than
65% open water samples were collected from surface water.

For those analyses which were not done within four hours of
sample col]ection)soil and groundwater samples were refrigerated

and measured within 12 hours of collection.

In order to check readings taken in June after a heavy rainfall
a further set of samples were taken in November after a period of low
rainfall. On November 9, 1978 five transects (A, C, D, E, F) were
resampled. Soil and water samples were taken at 3 metre intervals
along the transects. A total of 74 samples were collected and
reanalyzed within four hours of collection. Water samples were then

refrigerated and soil samples frozen.
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e-3) Method of determining characteristics

(i) Depth to water table

The depth to the water table, from a point of average elevation
within the quadrat, was determined by removing a column of peat
10 cm x 10 cm x 40 cm with a hand trowel. Fifteen minutes were
allowed for the water level to equilibrate and then the depth to
which the water had risen in the hole was measured with a hand held
tape.

Depth to water table was measured in conjunction with soil

sampling, peat removed from the hole was used for soils analysis.

(ii)  Water pH
The pH of water samples was measured within 12 hours of collection
by a Bechman pH meter with a glass measuring electrode and a calomel
reference electrode. Before measurements were taken the meter was
allowed to warm up for 30 minutes and standardized in 4:01 and 7.00
pH buffer solutions. Water samples were transferred to clean 150 ml
glass beakers, and pH readings were taken once the meter's reading

stabilized while swirling the water in the beaker (Brown, Skougstad

and Fishman, 1970).

(iii) Calcium
Calcium concentration in water samples were determined by
Dr. Griffith of the Lakehead University Chemistry Instrumentation

Laboratory by atomic absorption spectrophotometry on the Perkin Elmer
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model 240 elemental analyzer. Portions of refrigerated water
samples were analyzed without shaking and disturbing particular
matter which might block the nebulizer. No attempt was made to
standardize sample pH's. {Dr. Griffith (per.comm.)yCa]cium concen-
tration in ppmwas accurate to 0.1 ppm in concentrations of less than
10 ppm and accurate to 0.01 ppm in concentrations greater than 10

ppm. (Brown, Skougstad and Fishman, 1970)

(iv)  Water conductance

The ability of the water to carry an electric currentwas an
indication, within rather wide limits, of the ionic strength of the
solution. The conductance of a solution is the reciprocal of the
resistance, whichwas measured in OHMS, of a column of solution 1 cm
fong and 1 cm2 in cross section. In most water, conductancewas so

/had to be
low that it measured in micromhos (Brown, Skougstad and Fishman,
1970) .

Conductance of water samples was measured within 12 hours of
collection by a Yellow Springs Instrument SCT meter model 33 with
two platinized electrodes in a plastic conductivity cell. The
meter was standardized with a KC1 solution when the readings were
initiated. Readings were taken by immersing the conductivity cell
in a clean 150 ml beaker containing the water sample. The beaker
wés swirled until the meter stabilized and the reading was recorded.
Readings wereconsidered accurate to +1.0 micromhos at 20°C when

dealing with values less than 1,000 micromhos (Brown, Stougstad and

Fishman, 1970).



L,

(v)  Soil pH

Within twelve hours of collection pH of field moist soil
samples were measured. One centimetre of peat was placed in a
labelled glass beaker and enough distilled water was added to cover
and moisten the soil into a thick slurry. The mixture was stirred
vigorously and left standing for two hours to facilitate equilibrium
of the peat-water mix. The mixture was stirred again and its pH
measured directly with a glass measuring electrode and a calomel
reference electrode on a Beckman pH meter. The meter was allowed to
warm up for 30 minutes before it was standardized with pH 7.00 and

pH 4.01 buffer solutions.

(vi)  Total Carbon, hydrogen and nitrogen

Total €, H, N content of soil samples was determined by
Mr. K. Pringnitz of the Lakehead University Science Instrumentation
Laboratory using an atomic absorption spectrophotometer Perkin Elmer
Model 240 Elemental Analyzer. Oven dried (102°C) samples were
screened through 0.417 mm mesh to insure sample homogeneity because
only 3-5 mg ofsamplewere required for analysis.

Values for soil samples from each quadrat were expressed as
percentages of carbon, hydrogen and nitrogen. Measurements were

accurate to *2.0% for carbon and hydrogen and +0.3% for nitrogen

(K. Pringnitz, per.comm.).
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Carbon to nitrogen ratios were calculated as follows.

Equation 2. C+ N=X

C/N ratio (with N = 1)

>
Il

(vil)  Ayailable Nitrogen

Determinations of the available nitrogen content (ammonium and
nitrate) of soil samples from transects A and F were undertaken by
the Ontario Soils Testing Laboratory, at the University of Guelph.
Thirty samples from two transects, undertaken in the study area,
were oven dried (102°C) and screened through 0.417 mm mesh. Samples
were initially extracted with 1IN KCL. Soil to extracting solution
ratio was 1:10, with a thirty minute shaking period. Ammonium
determination was by automated distillation from soil suspensions
or coloured solutions (Hanawalt and Steckel, 1967).
Nitrates were determined by modification of the automatic determination
of nitrate in seawater method (Brewer and Riley, 1965). (E. F. Gagnon

(pers.comm.) ) Results were expressed as parts per million of ammonium

and nitrates in each sample.

(viii) Loss on ignition
Determination of total organic matter in soil samples from
quadrates 1-100 was accomplished through ignition of the soil in a

Gallenkamp muffle furnace (Hesse 1971).
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Screened (2.00 mm) peat samples were placed in weighed crucibles
and oven dried (102°C) for 24 hours. Samples and crucibles were
reweighed and placed in a Gallenkamp muffle furnace at 450°C for
Lt - 5 hours. Samples were cooled in a dessicator for 15 minutes
and weighed.

Loss on ignition (L.l.) of the samples was determined in the
following manner (Hesse 1971).

oven dried weight (g.) - burnt weight(g)
oven dried weight(g.) - weight of crucible(g)

Equation ., % L.l. = x 100

(ix)  von Post humification of peat
The state of decomposition of the peat in soil samples taken
from quadrats was determined using the von Post humification scale
(von Post 1924). A handful of peat was collected and squeezed, the
colour and clarity of the exudate, and the condition of the remaining
pulp were noted and a von Post humification value was assigned. (éee

Table M-l}.) Humification of the peat was determined for 100 quadrats

in transects A-G.
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von Post scalec of dccomposition: This ficld test involves squeezing

‘a sample of the organic material contained within the closed hand, and
observing the color of the solution that is expressed between the fingers,
the nature of the fibers, and the proportion of the original sample

that remains in the hand. Ten classes are defined as follows:

10

Undecomposed: Plant structure unaltered. Yields only clear
colourless water.

Almost undccomposed: Plant structure distinct. Yields only
clear water coloured light yellow-brown.

Very weakly decomposed: Plant structure distinct. Yields
distinctly turbid brewn ‘vater; no peat substance passes
hetwsia Ltihe ringers; residuc Yyt mushy.

Weakly decomposed: Plant structure distinct. Yields strongly
turbid water; no peat substance escapes between the fingers.
Residue rather mushy.

Moderately decomposed: plant structure still clear but
becoming indistinct. Yields much turbid brown water;
some peat escapes between the fingers; residue very mushy.

Strongly decomposed: Plant structure somewhat indistinct but
clearer in the squeezed residue than in the undisturbed peat.
About a third of the pcat escapes between the fingers;
residue strongly mushy.

Strongly decomposed: Plant structure indistinct but still
recognisable. About half the peat escapes between the fingers.

Very strongly decomposed: Plant structure very indistinct. About
two-thirds of the peat escapes between the fingers; residue
consists almost entirely of resistant remnants such as root
fibers and wood.

Almost completely decomposed: Plant structurc almost
unrccognisable. Almost all the peat escapcs between the
fingers.

Completely decomposed: Plant structure unrecognisable.
All the pcat escapes betwecn the fingers.

TABLE M-13.von Post scale of decomposition prepared by Dr.S. Zingle,

Lakehead University, School of Forestry 1978.
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f) Stratigraphy of the study area

The stratigraphy of the study area was examined through a series
of six peat corings. Cores were taken in each major vegetation zone
from the east side to the west side of the study area (see figure
M-1). The depth and type of peat deposit
underlying each major vegetation zone provided good information
about the age, history of disturbance, previous vegetation and soils
of the study area (Walker and Walker, 1961).

Cores were taken with a peat corer on October 9, 1978. This
corer does not produce a continuous core, it takes cores in 75 cm
sections. Consequently, stratigraphic profiles were determined by
removing a core for every 75 cm and describing it in the field.

Each core was examined for distinctive peat strata the strata were
measured, mapped, given a von Post humification rating, dominant
peat forming materials identified, and finally each strata was
placed in a labellied plastic bag sealed with a twist tie.

pH of each strata was measured within four hours of collection

(see Methods-Soil pH) and the remainder of the sample was frozen.

11l Analysis of data

Introduction

Collected data was subjected to various analyses which included
using the IBM 360/50 computer at Lakehead University, Thunder Bay,
and the computer terminal located in the.Canada Systems Group (Est.) Ltd.

office in Sault Ste. Marie, Ontario.



b4g.

Analysis was directed towards the interpretation of vegetation
relationships through the performance of individual species, ordination
of quadrats and grouping of related species. Environmental factors
were correlated, grouped by quadrat's location and tested for significant
differences between locations. Finally, vegetation-environment relation-
ships were explored on ordinations of quadrats based upon vegetation
data only, on ordinations based on environmental factors only, and on
an ordination of species based upon quadrats and environmental data.

Using this approach it was hoped that the distribution of vege-
tation could be related to environmental factors and that the controlling

factors could be identified.

a) Vegetation data

Once the collection of vegetation data from all eight transects
was complete it was compiled as two data sets. The first set consisted
of the results from 1,110 point quadrats undertaken along the level
transect which bisected the study area from east to west. The
second data set contained the vegetation present in 100 25 cm x 100 cm

quadrats located along transects A-G.

(i) Point gquadrats
Data from 1,110 point quadrats taken at 10 cm intervals was
analyzed by calculator. The total number of hits for each species

encountered along the transect was tallied over consecutive 3 metre

sections of the transect. Presence is defined as '"'an individual or
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part of an individual rooted in the sample area'' (Greig-Smith, 1964).
Frequency was determined from the number of samples within a subjec-
tively defined vegetation unit containing the species as a percentage
of the total number of samples in that unit. Cover W35 defined by
Greig-Smith (1964 p. 5) as the proportion of ground occupied by
perpendicular projection onto it of the aerial parts of individuals
of the species under consideration. Per cent cover of each species

was determined by the following formula.

Equation 3.
number of hits of species A in 3 metres
total possible hits in 3 metres (30)

% cover of Species A = 100

Per cent cover was calculated for 30 vascular and bryophyte
species for 3 metre sections of the 37 metre transect and plotted as

cover histograms along the entire length of the transect.

(ii) Bray and Curtis ordination

Vegetation data from transects A-G was transferred onto computer
punch cards organized in the Trieste (CeSka pers. comm.) card format.
Quadrats 1-100 were ordinated using a program written by Mr.
for Lakehead University.
E. Wang of the University of New Brunswick/‘ This program accomplished
a two dimensional ordination of quadrats, based upon floristic data
only, using the methods of Bray and Curtis (1957).
Greig-Smith (196L4), Whittaker (1967), and Kershaw (197 3) recommended
ordination as an effective method of analysis when studying an area
/could be

whose vegetation may vary continuously in composition. It especially

useful when dealing with vegetation along an environmental gradient.
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were
Quadrats ordinated in the following manner. Coefficients

of similarity (C.S.) (Sorenson 1948) were calculated becween all
possible pairs of quadrats. From within the resuitant matrix of
C.S. values two plotswere chosen to act as the X axis end points.
Whittaker's (1973) method was employed to determine the two most
dissimilar quadrats. Once the X-axis end points were determined

the program was run again and quadrats were ordinated along a single
X-axis. Y axis end points were chosen using a modified Whittaker's
(1973) method, in which end points were subjectively chosen from
quadrats which fell in the midregions of the X-axis, and showed a
high degree of dissimilarity in location and vegetational composition.
The program was run again and quadrats were ordinated between the Y
axis end points.

Two dimensional ordination was accomplished by hand plotting
of quadrats using the X and Y axis coordinates as generated by the
Bray and Curtis ordination program.

The resultant ordination was examined for evidence of quadrat
groups or continuums by plotting subjective vegetation category and
location of individual quadrats. Braun-Blanquet cover values of the
30 most frequently occurring and ecologically restricted species were
plotted at quadrat locations. Species distributions within the

ordination were graphically illustrated.
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(iii) Williams and Lambert Normal Analysis

—— e - - . e e - - e e s e = e e e e - e

Vegetation data from transects A-G was examined for statistically
have been
significant species groups which might / present within the study
area. This involved classification of the vegetation, a
technique long employed by individuals studying the floristic
composition of an area. This involves arranging quadrats into groups
(Grejg-Smith 1964) whose members have common species which set them
other were

apart from/groups of quadrats. Because no two quadrats / identical,
classification was an arbitrary process. Species present in less
than 10% of the quadrats were excluded from Normal Association analysis.

Classification of vegetation data was accomplished using a computer

program written by Mr. E. Wang of the University of New Brunswick which

employed
Williams and Lambert Normal Association Analysis (Williams and
delimited
Lambert 1959 ). This analysis / groups of quadrats on

the basis of the highest summed chi-square value for each species
as calculated by a series of 2 x 2 contingency tables which compared

all possible pairs of species. The species which had the highest
was
summed chi-square value / used as the criteria by which quadrats

/resulteq

separated. This n a hierarchical classification of

quadrats based on the presence or absence of several species which
exhibited
/ high degrees of association, negative or positive, with

other species present in the study area.
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Due to the relative homogeneity of the vegetation, resulting
from its continuous variation along the gradient from muskeg to
fen, the chi-square cut off value for determining groups had to be
lowered from 3.84 (p < 0.01) to 1.00 (p < 0.25) in order to get
good group formation. Thislowered the reliability of the Normal
Association Analysis to 75%, but, enabled the program to run quite
effectively and form groups,rather than rejecting the data set and
forming no groups. All quadrat groups separated at chi-square levels
less than 1.00 were included with their group, whose formation was

at a chi-square value greater than one.

(iv) Principal components analysis based on

in December 1978 there was an opportunity to further analyze
data from the study area using a program written by Mr. C. Wehrhahn
(University of Saskatchewan) and run by Mr. R. Sims (Great Lakes
Forest Research Centre, Sault Ste. Marie, Ontario). This involved
use of Principal Components Analysis (P.C.A.) (Pearce, 1969) which

produced ordinations of quadrats between as many component axes of

variation as required. Iltutilized environmental data and
vegetation data to produce axes. An explanation of how P.C.A.
accomplishes ordination s given in the Vegetation-Environment

Relationships section of the Methods of Analysis.
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Vegetation data from transects B through F were used to produce
a three dimensional ordination of quadrats. Detailed examination
of the ordination showed that most of the information was contained
in axes 1 and 2 and that this ordination was very similar to the
ordination of quadrats resulting from Bray and Curtis ordination
when inverted and rotated 90° to the left. Consequently, axis 3 was
eliminated from further analyses.

P.C.A. ordinations were examined for evidence of quadrat groups
or continuums. Subjective quadrat classification and location were
plotted on the ordination and the ordination was scrutinized for
group formations. The arrangement of quadrats was compared with

Bray and Curtis ordination of quadrats.

b) Environmental data

Analysis of collected environmental data was directed towards
determining if any significant differences existed between environ-
mental factors and their location within the study area and the degree

of association between factors.

(i) Climatic factors
Analysis of climatic factors (air temperature, soil temperature,
relative humidity and precipitation ) was accomplished by hand

calculator.
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(ii)  Scils and groundwater factors

Analysis of soils and groundwater data was accompiished using
the computer and by employing the Statistical Package for the Social
Sciences (SPSS) program (Nie et al.,, 1975).

Relationships between measured factors were determined through
calculation of Pearson correlation coefficients, simple linear
regression, and scattergrams plotted for each possible pair of
factors.

Significance between single environmental factors grouped by
subjective classification and location in relationship to the fen's

centre was undertaken through one-way analysis of variance and

Student's t-tests.

c) Vegetation-Environment Relationships

(i) Bray and Curtis Ordination
In order to determine if ordinated quadrats were sorted along
environmental gradients, measured environmental values for each

quadrat were plotted on the ordination and examined for indications

of environmental gradients or discontinuities.

(ii)  Principal components analysis
Vegetation-environment relationships were analyzed using
Principal components analysis. Jeglum (1973 ) also employed P.C.A.

to determine if any vegetation-environment relationships were present

in the Candle Lake Wetlands in Saskatchewan.
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P.C.A. produces ordinations of either quadrats or species
using axes derived from both floristic and/or environmental data.

A P.C.A. was perform on data from transects B-F. The first two
component axes of variation were employed. These were derived from

a matrix A of environmental measures x quadrats (or species x quadrats)
which was used to generate a matrix R of environmentals x environmentals
(or species) in pairs. The eigenvalues and corresponding eigenvectors
of the matrix R were calculated and from these a component scorewas
computed for each quadrat. These componentswere the new ordination
axes, subject to the condition of mutual linear independence (Whittaker
1973).

The data was normalized rather than standardized. Walker and
Wehrhahn (1971) recommendediormalizing for situations when the
researcher wanted to identify underlying gradients in the data.

Quadrats were plotted within the first two component axes. One
ordination a5 based entirely upon environmental data, the other, an
ordination of thirty-eight species, was based upon both floristic and
environmental data.

The ordination based upon environmental factors only was examined
for groups of quadrats or continuums. The subjective quadrat classifi-
cation and the Normal group membership of a quadrat were plotted on
separate copies of ordination sheets. Groups of similar quadrats

were outlined.
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An ordination of 30 species whose axes were based upon quadrat
and environmental data was examined for species groups of ecological
significance. Groups of species commonly associated in the field
were enclosed by solid or dotted lines, depending upon the strength
of their relationships.

The P.C.A. program, additionally,produced correlation coefficients
for each species and environmental factor and the first, second and
third component a;es. It also calculated the total proportion of the
variation in data whichwas accounted for by each axis. This data

which were
was examined to reveal/environmental factorsysignificantly correlated
to the axes, and, which species were significantly correlated
to the axes.
the above regarding

From / yinsight was gained / important environmental

factors and individual species.

Thus, in the previously described manner the data from the
study area was collected and analyzed. The following section deals

with the results obtained by the outlined methods.
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Results

Introduction

The first portion of the results section reporis on the floral
composition of the study area within William Bog, as derived from
collections, observations, transects, and ordinations of the transect
data.

The second section documents the results of measurements and
subsequent analyses of climate, microclimate, soils and groundwater
data collected from the study area.

The final portion of the results section deals with the relation-
ships between vegetation and environmental factors through the use

of ordinations constructed from floristic or environmental data.

Vegetation

a) List of species collected

Throughout the period of study vascular plants, mosses, and
hepatic species present within the study area were routinely collected.
Epiphytic species were not included in the collection. This is not a
complete floral collection of William Bog.*

A total of 71 species of vascular plants, representing 24
families, were collected. Nomenclature is according to Gleason and

Cronquist (1963).

“0ther collections have been undertaken by Dr. P. Barclay-Estrup
and Mr. C. Garton both of Lakehead University.
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The Cyperaceae was the best represented family with twenty
different species from four genera. Salicaceae was next,
with nine species, and Sricaceae with six species. Collections,
grouped by family)are listed in Table R-1. Family arrangement is
according to Dalla, Torre and Harms (19 59. Thirty-seven mosses
were collected representing twelve families. The Sphagna were
most common with twelve species.

0f the remaining twenty-

four moss species, two had interesting habitat preferences. Leptobryum
pyriforme (Hedw.) Wils was found growing on the body of a dead rodent

was

and Splachnuwn ampullaceun Hedw. a coprophyllous specie!,collected

’
on moose pellets.
Thirteen species of hepatics representing seven families were

collected.

Nomenclature of the mosses is according to Crum (1976) and
nomenclature of the hepatics is according to Stotler and Crandall-

Stotler (1977). e
Although lichens common epiphytes in the study area, no ground lichens

were collected from the surface where collections were concentrated.



Equisetaceae

Pinaceae

Cupressaceae

Juncaginaceae

Graminaceae

Cyperaceae
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Table R-1

l.List of Vascular Species Collected

Equisetum fluviatile L.

Picea mariana (Mill) B.S.P.
Larix laricina (Du Roi) K. Koch

Thuja oceidentalis L.

Triglochin palustre L.
Triglochin maritima L.

Calamagrostis canadensis (Michx.) Beauv.
Muhlenbergia glomerata (Willd.) Trin,
Phragmites communis Trin.

Carex aquatilis Wahlenb. subs. aquatilis
Carex bebbii Olney.

Carex canescens L.

Carex chordorrhiza L.f.

Carex disperma Dewey.

Carex exilis Dewey.

Carex garberi Fern. = Carex aurea Nutt.
Carex gynocrates Wormsk.

Carex lasiocarpa subsp. americana Fern.
Carex lasiocarpa Ehrh.

Carex limosa L.

Carex livida (Wahlenb.) Willd.

Carex tenuiflora Wahlenb.

Carex trisperma Dewey

Dulichium arundinaceuwn (L.) Britt.
Eriophorum angustifolium Honckeny
Eriophorum spissum Fern.

Eriophorun viridi-carinatum (Engelm.) Fern.
Seirpus caespitosus L.

Seirpus cyperinus(L.) Kunth

Seirpus hudsonianus (Michx.) Fern



Araceae
Calla palustris L.

Juncaceae
Juncus tenuis Willd.

Lilliaceae
Smilacina trifolia (L.) Desf.
Tofieldia glutinosa (Michx.) Pers.

Orchidaceae
Arethusa bulbosa L.
Habenaria hyperborea (L.) R. Br.
Habenaria nivea (Nutt.) Spreng.
Pogonia ophioglossoides (L.) Ker.

Salicaceae
Salix amygdaloides Andersson
Salix candida Flugge
Salix macecalliana Rowlee
Salix monticola Bebb.
Salix pedicellaris Pursh var hypoglauca Fernald
Salix planifolia Pursh
Salix pyrifolia Andersson
Salix rigida Muhl.
Salix serissima (Bailey) Fern.

Myricaceae
Myrica gale L.

Betulaceae
Alnus rugosa (Du Roi) Spreng.
Betula pumila L.
Populus balsamifera L.

Santalaceae
Comandra livida Richards

Sarraceniaceae
Sarracerea purpurea L.

Droseraceae
Drosera rotundifolia L.
Drosera anglica Huds.
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Saxifragaceae

Rosaceae

Ericaceae
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Parnassia palustris L.

Fragaria virginiana Duchesne
Potentilla fruticosa L.
Potentilla palustris (L.) Scop
Rubus acaulis Michx.

Andromeda glaucophylla Link
Chamaedaphne calyculata (L.) Moench
Kalmia polifolia Wang

Ledum groenlandicum Oeder.
Vaceinium oxycoccos L.

Vaceinium vitis-idaea L.

Lentibulariaceae

Caprifoliaceae

Campanulaceae

Menyanthaceae

Asteraceae

Utritcularia radiata Small

Lonicera villosa (Michx.) R. & S.

Lobelia kalmii L.

Menyanthes trifoliata L.

Aster laurenttanus Fern.
Solidago uliginosa Nutt,



Sphagnaceae

Ditrichaceae

Dicranaceae

Splachnaceae
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Table R-2

List of Mosses Collected

Sphagnum magellanicum Brid.

Sphagrnum squarrosum Crome,
Sphagnum teres (Schimp) Hartm.

Sphagnum recurvum var tenue Klinggr
Sphagnum recurvum var brevefolium (Braithw) Warnst.

Sphagnum fimbriatun Hook, & Wils,

Sphagnum russowii Warnst.

Sphagnum fuscum (Schimp.) Klinggr.

Sphagrnum capillifoliun (Ehrh.) Hedw.

Sphagnum capiliifoliwn var tenellum (Schimp.) Crum
Sphagnum balticum (Russ) Jens.

Sphagnun subsecundum Nees. ex strum.

Ceratodon purpureus (Hedw.) Brid

Dicranwnm polysetum Sw.
Dicranum undulatum (D. bergeri Bland)

Splachnun ampullacewn Hedw.
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Bryaceae
Leptobryum pyriforme (Hedw.) Wils
Pohlia nutans (Hedw.) Lindb.
Pohlia wahlenbergit (W & M) Andr.
Mniaceae

Rhizommium appalachianum Kop.
Rhizommium pseudopunctatum (Bruch.& Schimp.) Kop.

Aulacomniaceae
Aulacormium palustre (W. & M) Schw.

Amblystegiaceae
Calliergon giganteum (Hedw.) Limpr.
Calliergon straminewr (Brid.) Kindb.
Campy lium stellatwn (Hedw.) C. Jens.
Drepanocladus exannulatus (B. S. G.) Warnst.
Drepanocladus revolvens (Sw.) Warnst.
Drepanocladus uncinatus (Hedw.) Warnst.

Brachytheciaceae
Pleurozium schreberi (Brid.) Mitt.
Tomenthypnum nitens (Hedw.) Loeske:
Tomenthypnun nitens var faleifoliwn (Ren ex Nich.) Podp.

Hypnaceae
Ptilium crista-castrensis (Hedw.) De Not.

Hylocomiaceae
Hylocomnium splendens (Hedw.) BSG

Polytrichaceae
Polytrichun juniperinum var affine (Funck) Brid.
Polytrichum strictum Brid.



Table R-3

List of Hepatics Collected

Ptilidiaceae (Blepharostomaceae)

Lepidoziaceae

Calypogeiaceae

Cephaloziaceae

Scapaniaceae

Ptilidiun pulcherrimum (Web.) Hampe.

Lepidozia reptans (L.) Dum

Calypogeia neesiana (Mass. & Carest) K.

Cephalozia bieuspidata (L.) Dum.
Cephalozia connivens (Dicks) Lindb.
Cephalozia loitlesbergeri Schiffn.
Cephalozia lunulifolia (Dum. ) Dum.
Odontoschisma denudatwm (Nees) Dum.
Odontoschisma elongatum (Lindb.) Evs.
Cladopodiella fluitans (Nees) Joerg-

Scapania paludicola Loeske & K. Mull

Harpanthaceae (Lophocoleaceae)

Plagiocliaceae

Geocalyx graveolens (Schrad.) Nees.

Mylia anomala (Hoak) Sf. Gray

Mull.
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b) Subjective classification of the vegetation of

the study area

Within the study area there wereseveral obvious units of
differed
vegetation which in physiogamy and species composition.
An effort was made to map the major units while in the field and
to refine the units' boundries using aerial photographs. The
resultant map of vegetation units (figure R—hibaz3entire]y
subjective. It is
a representation of the vegetation patterns present in the

study area. Units are labelled according to their physiognomy and

dominant vegetation. Figure R-4 is primarily for orientation

within the study area and to provide a preliminary classification.
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ZONE 1.

Picea mariana muskeg forest dominated the area east of the fen
consisted

(zone 1). It wasfairly dry and of a mosaic of dense trees
and more open treed shrubby patches with Chamaedaphne calyculata in
open sites and Ledum groenlandicum in shaded sites. The moss layer
tained
contained, variety of aged Sphagnum spp. hummocks often capped by

Pleurozium schreberi, a few Hylocomnium splendens and frequently

interconnected by small Dicranwunm polysetwn hummocks.

ZONE 2.
Next to the pipeline, in the extreme south-east corner of the
started
study area, therewas a region of wet transition which abruptly

from the eastern muskeg (zone 2). This small sitewas dominated by
large Sphagnum magellanicum hummocks topped with a dense growth of
Andromeda glaucophylla shrubs. Hollows are deep pools that often
contained was

Phragmites communis. This species often found growing

from the centres of S. magellanicum hummocks in zone 2.

ZONE 3.

North of the wet transition (zone 2) and directly west of the

/there was
muskeg a distinct dry transition zone dominated by Chamaedaphne

calyculata, Kalmia polifol~ and Vaccinium oxycoccos. This zone was
dotted by clumps of Picea mariana less than 2 metres in height. The

consisted
moss layer of well developed Sphagnum fuscum hummocks whose

were
tops covered with Vaceiniuwn oxycoccos, Carex chordorrhiza and
Polytrichum juniperinum var affine. Hollows between the hummocks were

either shallow pools or loose tufts of Sphagnum magellanicum or
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Sphagnum recurvum or small hummocks of the less common Sphagna,

particularly the varieties of S. recurvum, S. tenue and S. brevifolium.

ZONE L.

The dry eastern transition graded into a wet transition zone
immediately to the west. This zone (zone 4) wasdominated by large,
loose Sphagrnum magellanicun hummocks, wet hollows, and a mosaic of

drainage tracks. This area lackeda distinct shrub layer. Hummocks

weretopped by Sarracenia purpurea, Drosera rotundifolia and Carex
supported
limosa. Hollows frequently growth of Potentilla palustris

g . . ., was
and Menyanthes trifoliata. Equisetum fluviatile very common, but
was
does not achieve high cover. The Carex spp. flore somewhat

restricted.

ZONE 5.
. ., was .

To the west is zone 5, a fen which predominantly narrow
leaved Carex species (Carex exilis, Carex gynocrates dominant)
forming the matrix in which large, well developed, moist Sphagnum
magel lanicum hummockoccurregeriodical]y. The larger of these
hummocks were topped by the same species as zone 4 hummocks. Hollows

. ined .
werealso similar to zone 4, butSUSta'nenmny species of Carex and

Utricularia radiata. 1t is in this zone thatmost orchid species

were collected and insectivorous plants were most frequently encountered.
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ZONE 6.

Zone 6 "@5one of the wettest parts of the fen. This was a
quaking mat of narrow leaved Carex species similar to those in
zone 5. There wereno hummocks or hollows, mosses common to this
sitewere Drepanocladus exannulatus, Scorpidium scorpioides Campyliwm
stellatum, Aulacomnium palustre, Calliergon giganteum, Sphagrum
subsecundum, and Sphagnum teres. These are the brown mosses (Ahti
and Hepburn, 1967). The orchid Arethusa bulbosa"'3s particularly
common in this site. This site"?s usually under at least 25 cm of

water.

ZONES 7 and 8.

A floating mat of Carex spp. peatwas present in the fen's centre,
it consistedof a ring of Phragmites communis (zone 7) surrounding a
patch of Eriophorum spissum (zone 8). This floating mat complex was
also found in the northwest corner of the fen. Peat"®> well
decomposed, water"3S yusually over 50 cm in depth. These zones had
little other vegetation within them except for an occasional member

of the brown moss group, Utricularia radiata, and numerous individuals

of Calla palustris.

ZONE 9.

Thisywas @ narrow band of very shrubby vegetation immediately

were

west of the fen. |Its westernmost regions dominated by Salix

species (including Salix pedicellaris, S. pyrifolia, S. candida,
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S. serissima, S. maccalliana) greater than 1.5 m in height. Towards
the fen Myrica galewas dominant and Lonicera villosa was often
present. The understoreywas largely thick tussocks of Seirpus
caespitosus, Seirpus hudsonianus and mixed Carex species. (Carex
Livida, C. lasiocarpa and Eriophorum viridi-carinatum). Sphagna
were rare, when present theyeijtedas small hummocks between Scirpus
spp. tussocks. Species included Sphagnwn balticum, S. fimbriatum and
S. russowit. a few vasculars such as Potentilla fruticosa

were

and Rubus acaulis present.

ZONE 10.

The shrubby wet transition (zone 9) graded into an open wet
transition to the north and northeast. This o> an open site,
consisting largely of Sphagnum magellanicun hummocks, shallow
hollows, and widely spaced Larix laricina. |twas a broad, wet
transition zone with several drainage tracks running through it,
usually in a south-west direction. |Its herb layerwas restricted
to the occasional hummock top sustaining Sarracenta purpurea,
Drosera rotundifolia, Eriophorum angustifoliuwm and Carex limosa.

Hollowswere

dominated by Equisetwn fluviatile. Zone 10 was separated
from zone 3 by a narrow stream with perceptible flow, bounded by a
well developed Carex lasiocarpa zone on either side. This stream

emptied into zone 5.
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ZONE 11.

Immediately north of zone 10 is zone 11. Thiswas a well
developed stand of Picea mariana and Larix laricina (ratio approxi-
mately 3 to 1) growing on a peaty substrate dominated by broad leaved
Carex species (Carex aquatilis, C. pebbii, C. tenuifolia, C. lasiocarpa)
and Carex disperma and C. limosa. Sphagna Wer€rare in the moss layer,
although old erroded hummocks werevisible between the tangle of tree

roots, open water and Carex species.

ZONE 12.
Finally, zone 12supported a thick growth of Picea mariana,
Thuja ocecidentalis and Larix laricina forest whichoccupied the
extreme western reaches of the study area. Zone 12ended abruptly
with zone 9 ancgraded into zone 11. Its understoreywas dominated
by Calamagrostis canadensis in sites where lightcou}dpenetrate.
The site has a large hepatic flora tucked in beneath the conifers.
Species common to this sitewere Mylia anomala, Cephalozia loitlesbergii

and Odontoschisma elongatum.
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Legend of vegetation zones illustrated in Figure R-4

1. Picea mariana - Muskeg forest EAST

2. Andromeda glaucophyllia - Sphagnum magellanicum wet Transition zone EAST

3. Chamaedsphne calyculata - Sphagnum fuscum Dry transition EAST

L, Equisetum fluviatile ~ Sphagnum magellanicum wet Transition zone EAST

5. Equisetum fluviatile -~ narrow leaved Carex hummoeky Fen EAST and NORTH

6. Equisetum fluviatile - narrow leaved Carex wet Fen CENTRE

T. Phragmites communis floating fen (CENTRE and NORTH

8. Eriophorum spissum floating Fen CENTRE and NORTH

9. Myrica gale - Salix spp.- Scirpus wet Transition WEST

10.Larix laricina -~ Sphagnum magellanicum wet Transition NORTH

11. Picea mariana - Larix laricina - broad leaved Carex Muskeg NORTH and WEST

12. Picea mariana - Thujae occidentalis - Calamagrostis canadensis Muskeg WEST




Pipeline

Figure R-4

Subjectively determined
vegetation zones in the

study area occupying a

central region of William Bog,

o 10 20

metres
Thunder Bay.
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c) Ages of trees in subjectively defined vegetation zones

The largest and tallest tree present within subjectively
determined muskeg, transition and fen sites east and west of the
fen's centre were felled and their ages determined from disks
removed at moss level.

Table R-5 outlines the results of ring counts. The largest
trees in muskeg sites were Picea mariana. The western muskeg
tree was slightly taller and had a greater D.B.H. although younger
than the eastern muskeg tree (100 years west, 106 east). Larix
laricina dominated the transition zone, trees were also much

younger in transition zones than the Picea mariana on muskeg sites.
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The eastern transition tree was slightly older and larger than its
western counterpart (62 years east, 5k years west). Larix laricina
was also common in the fen. An average specimen was 12 years old,

2 metres high with a diameter of 2.5 cm at breast height.

Table R-5 Ages of largest trees in subjectively

determined vegetation zone

Age Disk
Zone Species (moss . DBH Height
Diameter
level)
Fastern muskeg (1) Picea mariana 106 years 12.75 cm 11.4 cm 6.5 m
Western muskeg (12) Picea mariana 100 years 15.40 cm 14.2 cm 8.0 m

Eastern transition (3) Larix laricina 62 years 10.8 ecm 7.8 cm 3.5 m
Western transition (9) Larix laricina 54 years 10.8 ecm 8.5 cm 3.3 m

Fen (5) Larix laricina 12 years 3.1 cm 2.5cm 2.0 m

d) Species cover over an east-west transect of the

studx area

Objective measurements of species cover, along a single leveled
transect bisecting the study area fron east to west, were undertaken
using point quadrats. (See Methods section I.)

Figures R-7, R-8, R-10 and R-11 illustrate the per cent cover
of vascular and bryophyte species in 3 metre segments of the transect.
Tables R-6 and R-9 document the percent frequency of species encountered
along the transect in each major subjectively determined vegetation

one.
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The vascular species whichwere common to all vegetation zones
are Chamaedaphne calyculata, Vaccinium oxycoccos, Equisetum fluviatile,
Andromeda glaucophylla, and Carex limosa. Of these species, Equisetum
fluviatile achieved the highest cover values in east muskeg, east dry
transition, fen and western wet transition vegetation types. Iltwas
least often encountered in the western muskeg. This species appeared
to have a fairly broad ecological amplitude. Vaccinium oxucocens alsa
appeared to have a broad ecological amplitude, it was least common in the

eastern muskeg. .
continued on page 84.
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Table R-6 % Frequency of vascular species in subjectively
defined units along E-W transect. Data compiled
over consecutive three metre sections of the level transect.
. . _ E. Dry E. Wet W. Wet
Species East Muskeg Trans. Trans. Fen Trans. W. Muskeg
Calveulata 33.3% 100 % 100 % L6.2% 100 % 66.6%
Vaccinium 66.6 100 100 76.9 100 100
OXYCOCECQS
%—?-%i—i.ﬁ-.‘*m] 100 100 66.6 | 100 100 33.3
Andromeda
qlaucophylla 33.3 42 .8 100 69.2 75 33.3
Kalmia
mia 33.3 71.4 33.3 0 0] 0
Larex 66.6 85.7 100 100 100 100
limosa
Smildcina
trifolia 66.6 14.3 0 7.6 0 33.3
Picea 100 0 0 0 0 33.3
marlang
Ledum 100 57.1 0 0 0 66.6
qgroenlandicum
Carex 100 28.5 0 0 0 0
Lrisperma
Eriophorum
viridi= l 33.3 100 100 23.0 0 0
carinatum ;
|
Carex .
chordorrhiza 71.4 33.3 0 37.5 66.6
Drosera
cotundifolia 42.9 33.3 15.4 62.5 66.6




Table R-6

Species

continued

East Muskeg

E. Dry
Trans.

E. Wet
Trans.

Fen

W. Wet
Trans.
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. Muskeg

Eriophorum
angustifolium

Carex exilis

Menyanthes

trifoliata

Scirpus

caespi tosus

Utricularia
radiata

Eriophorum

.

spissum
Carex

lasiocarpa

Myrica gale

66.6
100

100

33.3

30.7
76.9
76.9

30.7

6]-5

30.7

23.0

12.5

37.5

25.0

75

66.6

100
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Table R-9 % Frequency of bryophyte species in subjectively

defined units along E-W transect . Determined

over consecutive three metre units.

81.

. E. dry E. wet W. wet
Species E. Musk trans. trans. Fen trans. W. Musk.
magellanicum 100% 100% 33.3% | 38.5% 100% 33.3%
Sphagnum fuscum 100 100 100 7.6 37.5 33.3
Sphagnum recurvum 66.6 71.4 66.6 100 100
Polytrichum var.
J"“L""—“uni e oam | itel 33.3 85.7 0 15.4 62.5 0
Tomenthypnum nitens
var falcifolium 66.6 14.3 0 7.6 0 66.6
Tomenthypnum nitens 66.6 42.9 .6 0 66.6
Auldcomnium palustre! 0 42.9 0 12.5 100
Sphagnum subsecundum 0 0 15.4 0 0
Drepanocladus
exannulatus 0 0 0 38.5 0 0
Campylium stellatum 0 0 0 7.6 50 0
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Figure R=10 Percent cover of most frequent moss species determined

by point quadrats totalled over consecutive 3m sections
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Chamaedaphne calyculatawas most common in transition zones, east,
west, wet and dry. ltwas least common in muskeg and fen sites.
Andromeda glaucophylla achieved its highest cover values in wet
transition zones and fen.

Although Ledum groenlandicum did not appear in point quadrats
taken in wet transition zones or the fen, itwas common to east
muskeg, dry transition and west muskeg. Kalmia polifolia had the
greatest frequency in the east dry transition zone and appeared in
eastern muskeg and eastern wet transition zones. Picea mariana

occurred exclusively in east and west muskeg sites, itappeared most
frequently in the east muskeg. Smilacina trifbliaQaS most frequently
encountered in the eastern muskeg, however, itwas also present in
western muskeg, eastern dry transition zone and fen. In open sites
Smilacina trifolia grew on the tops of well developed Sphagnum spp.
hummocks. Carex trisperma occurred ontheeast side only, in muskeg
and dry transition zones. |twas commonly encountered in somewhat
sheltered sites.

Eriophorum viridi-carinatum achieved its highest cover in eastern
dry and wet transition zones, it was absent in western sites.
This species often grew on the tops and upper edges of Sphagnum spp.
hummocks . Carex chordorr hiza also grew on Sphagnum spp. hummocks,
usually forming a cap on its top. Itwasmost frequently encountered
in the eastern dry transition zone, although it also grew on hummocks
in the western muskeg and in both wet transition zones. Drosera

rotundifolia wasvery common on damp sides or in sheltered sites on
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well developed Sphagnuwm spp. hummocks. 1twas most common in the
western muskeg and wet transition. Kriophorum angustifolium was
most frequently found growing in the eastern wet transition zone.
Its optimum habitat appeared to be wet transitions or fen sites.
Carex exilis appeared to have very similar habitat preferences.
Menyanthes trifoliataoccurrednost frequently in the eastern wet
transition and fen in very wet sites, usually the hollows between
hummocks. Setirpus caespitosus occupied similar habitats, but,was not
as common as Menyanthes trifoliata within the portion of the study
area bisected by the transect.

Utricularia radiata and Eriophorum spisswnwere restricted to
fen sites, especially in very wet hollows and in quaking mat locations.

Carex lasiocarpa and Myrica galc were present on the west side
of the fen only. Carex lasiocarpu appeared most frequently in hollows
in the west muskeg. Myrica jule dominated the western wet transition
and muskeg, producing a dense shrub understorey.

Of the bryophytes encountered in point quadrats taken along the
leveled transect line Sphagnwn magellanicun appeared in every sub-
jectively defined vegetation zone. Sphagnum fuscumoccupied a drier
habitat than Sphagnum magellanicwn and was absent from the fen. S.
magellanicun appeared to thrive in wetter sites, it formed very loose
wet hummocks and S. fuscwn often grew on their tops. Sphagrum
recurvum ygs common on the edges of these hummocks. |t was especially
common on the west side of the fen. Polytrichum juniperinwm occurred
on the dry tops and sides of these hummocks. It is most frequently

encountered in open sites of the eastern dry transition and western
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wet transition. Tomenthypnum nitens and Tomenthypnum nitens var
faleifoliumoccupiedvery similar habitats on hummocks in sheltered
sites. 7. nitens var faleifoliumwas less often encountered in
open sites. Aulacomnium palustreformed small hummocks on the wet
edges of larger Sphagnum spp. hummocks. Its optimum habitatwas
the drier upper edges of hummocks. |t wasmost common in the
western muskeg.

Sphagnum subsecundum and Drepanocladus exannulatus grew
exclusively in the fen in the very wettest sites. Campyliwnm
stellatum often formed small hummocks in wet sites in the fen and
western wet transition zone.

Objective measurements of cover, for vascular and bryophyte
species present along a 37 metre transect which traverses five
vegetation zones, reveal that species appear to have preferred
habitats and do not grow uniformly through the study area, although

there was some overlap between the preferred habitats.

e) Transects A-G

(i) Subjective cover values of species sampled

el el A S =i afun g i o= S

Seven transects were run from muskeg to fen. Vegetation cover
was determined subjectively using a Braun-Blanquet cover scale (see
Methods 1). Tables R-12 through R-18 document the cover values for
each species in quadrats 1-100. Braun-Blanquet values were summed

for each transect and for all seven transects in Tables R-22 and R-26.
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Mean Braun-Blanquet cover percentages were determined for species
along transects lying east, north and west of the fen and were
documented in Table R-23.

Examination of species distribution and cover along transects
and around the fen from east to westwas undertaken in this section

of results.



88.

Table R-12 HEAUN-BLANQU:T COVER OF SPECIES PRESENT IN 25 x 100 cm GUADRATS
SPECIES QUADRAT NUMBER - TRANSECT A (east side)
1 2345678691011 12 13 14 15
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Table R-13

BRAUN-BLANQUET COVER OF SPECIES FPRESENT IN 25 x 100 om QUADRATS
SPECIES QUADRAT NUMBER - TRANSECT B (east side)

16 17 18 19 20 21 22 23 24 25 26 27 28 29 10

Pioaa mariana 2 2 2 4 3 2

Larix larioing + 2 1 3
Thuja ocoidantalie

Kalmia polifolia + 1 1 1 21 2 1 1 2 1
Ledum groenlandioum 2
Chamaadaphna,__calyculata
Andromeda_g laucophylla
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Carex livida 1 1
Carex chordorrhisa + 1 1 1
Carex lasiocarpa
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Carex gargcmi

L]

Carex pauotflora

Carex @p.

Eriophorwun sptesum

Ertophorun _anguetifolium

Eriophorum viridi-carinatum
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Pohlia nutans 3
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Toment hypnuen nit tonn
Tomanthypnum nitens
var. fulotfoltum 1
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Seorpidium scorpotdes
Calialadium haldanianum

Caratadon purpureua
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Table R-14
BRAUN-BLANQUET OVER OF SPECIES PHESENT IN 25 x 100 om QUADRATS
SPECIES QUADRAT NUMBER - TRANSECT C (north side)
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
Piceq mariana 2 5 2 4 3 4 1
Lartx laricina + d
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Table R-15

BRAUN-BLANQUET COVER QF SPECIES PRESENT IN 25 x 100 om QUADRATS
QUADHAT NUMBER ~THANSECT D (north side)

SPECIES
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Tab l e R- l 6 BRAUN=BLANQUKT COVEK OF 5t
- T COVER OF SPECIES PRESENT IN 2 o QUA
SPECIRS P quaiar wimiir o Prindllr B faattstae) 92.

e g e e e e o B2 63 64 65 66 67 68 69 70 71 7 73 74 .78
Plova murtuna & 4 o 4, 2 1

Lapfe Tartetna o 11 i 3
'l'ﬁﬂa oocidantalie

Ledun groenlandicum 2 1 1 3 1
A
A

-~
—
Ll

Chamaadaphne _ocalyoulata
Andromeda_glaucophyila
Kalmia polifolia r
Betula punila

Alnus _crispa 1
Salix monticola +
Lonticera villoga

Myrica gale 2 3 3 3 3 2

+|+]+

VS LY
LY LY
[y

N
-
~
-
~
-~
-
-~
-
—~

acainiwn oxyc~ocgen
‘acetnium vitis-idaea 1 1

tubun _araul io

Smilicina trifolia v 1 + 1
Manyanthaa trifoli e,
Gaultheria hiapidula
toooaulon TToid 4,
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Table R-17 BRAUN-BLANQUET COVER OF SPECIES PRESENT IN 25 x 100 om QUADRATS
SPECIES QUADRAT NUMBER - TRANSECT F (west side)

70 27 78 79 80 81 82 8l 84 85 &6 87 88 89

Moea mm'tgt S 3 W -
Larize Tariorna 0 [
Thula occtdentalis

Ladun groanlandicum 2
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Table R-18 BRAUN-HLANQUET COVEIt OF SPECTES PRESENT TN 25 x 100 om QUADRATS
SPECIES QUADRAT NUMBER - TRANSECT G (east side) 9Il.

90 91 92 93 94 95 96 97 98 399 100

Picea mariana 2 3 1
Lartie lariecina 7
Thuja occidentalis

Ledum groenlandicum
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Table R-19 Subjective classification of quadrats 1-100

Transect

A

Quadrat
5-10
16-20
31-34
L7-51
62-65
76-79

N v

21-26
90-100
35-44
52-57
66-69
80-85

13-15
27-30
45-46
58-61
70-75
86-89

Subjective classification

east

east

north

north

west

west

east

east

east

north

north

west

west

east

east

north

north

west

west

muskeg
muskeg
muskeg
muskeg
muskeg

muskeg

transition

transition
transition
transition
transition
transition

transition

fen
fen
fen
fen
fen

fen

(E-M)

(N-M)

(W-M)

(E-T)

(N-T)

(W-T)

(E-F)

(N-F)

(W-F)

Number

11

23

10

10

c——

100 Total



Table R-20
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PRESENCE OF SPECIES IN TRANSECTS A -
VASCULAR (15) (18) (16) (15) (14) (14) (11) (100) -- # QUADRATS
SPECIES A B C D E F G TOTAL
Picea mariana 4 6 7 7 6 3 3 36
Larix laricina 4 2 1 3 2 1 13
Thuja occidentalis 1 1
Ledun groenlandicwn 4 4 4 7 5 6 5 35
Chamaedaphne calyeulata 15 14 15 14 11 5 11 85
Andromeda glaucophylla 8 4 9 8 7 12 10 58
Kalmia polifolia 9 11 1 11 8 2 9 51
Betula pumila 3 3
Alnus crispa 1 2 3
Salix monticola 1 2 3
Lonicera villosa 1 1
Myrica gale 4 6 9 19
Vaceintum oxycoceOs 12 13 12 11 10 10 11 79
Vaceiniun vitis-ideea 3 2 5
Rubus acaulis 3 3
Smilacina trifolia 7 10 6 9 4 2 4 41
Menyanthes trifoliata 4 1 2 4 7 1 19
Gaultheria hispidula 1 1 2
Geocaulon lividum 1 2
Triglochin maritima 1 1 2
Calla palustris 2 2
Drosera rotundifolia 3 3 3 5 4 5 3 26
Sarracenia purpurea 2 2 2 2 2 7 17
Utricularia radiata 1 1 2 4 8
Carex livida 4 3 4 11
Carex chordorrhiza 2 5 2 10 29
Carex lasiocarpa 1 1
Carex gynocrates 2 2 2 6
Carex extilis 3 1 3 3 10
Carex limosa 2 3 0 10 5 7 6 43
Carex canescens 3 3
Carex bromotides 1 1
Carex trisperma 1 2
Carex disperma 1 2
Carex garberi 2 2
Carex pauctiflora 1 1
Carex 3p. 1 2
wriophorum spissum 1 2 4
Eriophorwn angustifolium 2 1 3
Eriophorum viridi-carinatum 1 6 8
Eriophorum sp. 1 1 2 5
Seirpus caespitosis 2 1 1 1 2 7
Seirpue hudsontianum 1 3 4
Phragmites communis 2 ¢ 2 8
Calamagrostis canadensis 1 5 6
Equisetum fluviatile 7 9 0 9 11 10 11 67
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The vascular species present in 30 or more quadrats

were, Chamaedaphne calyculata, Vaceinium oxycocc s, Equisetum

fluviatile, Andromeda glaucophylla, Kalmia polifolia, Carex limosa,

Smilacina trifolia, Picea mariana, and Ledum groenlandicum. Of

these species Chamaedaphne calyculata had the highest total cover

value of 173.75 of a possible 500 Braun-Blanquet units. {See

Table R-22.) Vaccinium oxycoccns had a total cover value of

108.75, Carex limosa 104.0, Picea mariana 93.0, Andromeda glaucophylla

81.0, Equisetwn fluviatile 60.75, Ledum groenlandicum 56.25, and

smilacina trifolia 47.75.

varledwith

Mean cover values per transect (see Table R-23)
transect location for some frequently occurring vascular species.
Chamaedaphne calyculata and Vacecinium oxycocq s had higher cover
on the north and east sides of the fen. Ledwn groenlandicwn and
Andromeda glaucophylla had higher cover on the west side of the
fen. Kalmia polifolia achieved its highest cover value on the
east side of the fen. Carex limosa had higher mean cover values
on the north and west side of the fen. Carex chordorrhiza had
higher cover values on the north and east side of the fen.

Some less frequently occurring vascular species exhibit
dramatic differences in mean cover value between transect location.
Most noticeableWas Myrica gale, absent in the east, low (2.1) in

the north and highest (17.0) in the west. Menyanthes trifoliata

and Carex exilispehaved in a similar manner.
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Vegetational composition and species cover appearedto vary
with transect location, as well as, along the transect as it went

from muskeg to fen.

continued on page 102.



Table R-21 99.

VASCULAR SPECIES RANKED BY PERCENT PRESENCE (INCL. THOSE WITH AT LEAST 5%)

SPECIES APRESENCE
Chamaedaphne calyculata 85 %
Vaceinium oxycoccos 79
Equisetum fluviatile 67
Andromeda glaucophylla 58
Kalmia polifolia 51
Carex limosa 43
Smilacina trifolia 41
Picea mariana 36
Ledum groenlandicum 35
Carex chordorrhiza 29
Drosera rotundifolia 26
Myrica gale 19
Menyanthes trifoliata 19
Sarracenia purpurea 17
Larix laricina 13
Carex livida 11
Carex exilis 10
Utricularia radiata 8
Eriophorum

viridi-carinatum
Phragmites communis
Calamagrostis canadensis
Carex gynocrates
Eriophorum sp.
Vaceinium vitis-idaea

thh OO @ @
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Table R-22 Total Braun-Blanquet Cover of Vascular Species

Per Transect (arranged according to frequency)

MAXIMUM POSSIBLE COVER = 500

COVER VALUE OF + = 0.25
SPECIES TRANSECT
A F TOTAL
Chamaedaphne
calyeulata 29.5 {28.0 [30.0 |37.0 }|14.25 |10.0 |25.0 |173.75
Vaceinium
ozycoccos 15.25 | 17.25 }17.0 10.25 110.0 12.0 27.0 108.75
Equisetum
fluviatile 4,75 7.5 7.75 9.0 9.5 11.25 111.0 60.75
Andromeda
glaucophylla 6.5 6.0 14.0 9.0 5.5 25.0 15.0 81.0
Kalmia
polifblia 7.5 13.25 1.0 11.0 6.5 2.0 10.0 51.25
Carex limosa 8.0 8.0 29.25 |13.75 | 14.0 17.0 14.0 104.0
Ssmilacina
trifoliata 5.75 113.25 6.25 |13.0 2.5 3.0 4.0 47.75
Picea mariana 9.25 115.0 21.0 14.0 18.0 10.0 6.0 93.25
Ledum
groenlandicum 6.0 6.0 5.25 9.0 8.0 15.0 7.0 56.25
Carex
chordorrhi za 3.0 4,25 4.0 13.0 3.0 8.0 21.0 56.25
Drosera
Potundifblia 0.75 2.25 1.5 2.75 5. 6.0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>