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Abstract

A vegetation survey of the wetlands of Elk Island National Park
(EINP) resulted in the recognition of thirteen TWINSPAN vegetation
groups ranging from saline marshes to forested bogs. Vegetation is
predominantly controlled by water flow and cation gradients.
Nutrient (nitrogen, phosphorus) content of the surface waters is not
as important in determining species composition. The surface water
of marshes, swamps, and moderate-rich fens are circumneutral in pH
and high in calcium, magnesium, and sodium. Poor fens and bogs are
acidic, with lower mineral contents. Elevation, number of inlet and
outlet streams, water level, and ':ummock height all contribute to the
diversity and composition of species in these wetlands. All wetlands
at EINP have formed in small shallow basins. Two successional
pathways of peatland evolution were identified from peat profiles;
Aguatic - Rich fen - Poor fen - Bog and Aquatic - Marsk - Swamp.
Autogenic factors drive the successional pathway. Autogenic changes
evident in the developmental profiles are: 1) elevation of the peat
surface from the local waier table 2) acidification of the environment,
3) oligotrophism. Edaphic factors, not climate, control the rate and
direction of successional changes. Severe water table fluctuations
prevent the establishment of Sphagnum and the development of bog
vegetation. Climate has affected peatland development of the park
by 1) delaying peat initiation until after about 6700 yBP, 2)
expanding the peat basins during a wetter period following 6720 yBP,
3) limiting peat formation to small terrestrialized basins and 4)
delaying peatland succession compared to more northerly peatlands.
Physical and chemical parameters measured in the peat profiles
indicate that minerals were abundant during early aquatic stages.
Oligotrophism and elevation of the peat surface is a process which is
occurring in ali wetland types. Results of the discriminant analysis on
macrofossil peat tyes indicates that it is possible to identify peat
types based upon chemical and physical characteristics alone.
Sediments forined under aquatic conditions have high ash and bulk
density values (> 20%, > 0.15 gfcm3), and high elemental contents.
Marsh and swamp peats contain less than 20% ash and less than 0.15



g/cm3 bulk density values, but greater than 1 x 104 mg/Kg calcium.
Fen peats contain less than 12% ash and 1 x 104 mg/Kg of calcium,
while bog peats contain 6% ash and less than 5 x 103 mg/Kg calcium.
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INTRODUCTION

Climate change that has occurred since the retreat of the
Laurentide Ice Sheet has had a significant impact con the vegetation
and lakes of Alberta. Paleolimnological records indicate that a warm
dry period reduced lake levels in central Alberta from between 7000
to 3000 years before present (yBP) (Forbes and Hickman 1981,
Hickman and Klarer 1981, Hickman 1987). This prolonged and severe
drought lowered water levels from eight to eighteen meters in the
deeper lakes and dried shallower ponds to salty pans (Anderson et al.
1987). Pollen records from central Alberta indicate that this period
of increased warmth and decreased precipitation reached its
maximum at 5500 to 6000 yBP (Lichti-Federovich 1970). Vegetation
in the area surrounding Elk Island National Park (EINP) prior to 4500
yBP was an open grassland with high fire frequency (Vance 1979,
Vance et al. 1983). With increased precipitation and lower
temperatures, the grassland vegetation became covered by a poplar,
spruce and birch canopy by 3000 yBP. Pollen records from
Clearwater bog located in the southern boreal forest of Manitoba
(53°59'N, 101°12'W) indicate that a maximum expansion of prairie
grassland occurred in this area between 6,700-4,200 yBP. Spruce
forest returned after 4,200 yBP (Nichols 1969).

Climate controls the accumulation of peat material. Basal dates
of organic sediments in 52 fens located across west-central Canada
are older than 6000 yBP in a zone north of the 54930'N latitude and
younger south of this zone (Zoltai and Vitt 1990). This is attributed to
the warm, dry, early Holocene climate causing seasonal droughts and

preventing the establishment of peat-forming fen vegetation. As the
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climate cooled, fens expanded southwards. Vance (1979) and Vance
et al. (1983) found that peat development in and surrounding Elk
Island National Park did not begin until after 4180 yBP. Climate
controls not only the time at which peat begins to accumulate, but tke
process by which peatlands are initiated.

Peatlands are formed through two processes. The first is
termed terrestrialization, an infilling process where small open basins
of water become progressively infilied by sediments that accumulate
on the bottom, and rafts of vegetation that extend from the lake edge
(Kratz and DeWitt 1986). Paludification is a process by which mesic
sites become increasingly hydric and are either gradually encroached
upon by neighboring peatlands (Futyma and Miller 1986, Kubiw et al.
1989, Miller and Futyma 1987, Zoltai and Johnson 1985) or develops
conditions suitable for the accumulation of sedge and/or moss peats
(Sjors 1961). Expansion of peatlands via paludification has been
documented in Alberta by Kubiw (1987), Kubiw et al. (1989),
Nicholson (1989), Nicholson and Vitt (1990); in Minnesota by Glaser
et al. (1590), Griffin (1977), Heinselman (1963), (1970), and Janssens
et al. 1992; in Labrador by Foster and King (1984); and in Alaska by
Klinger er al. (1990). Peat development via paludification is more
dependent upon regional climatic conditions to maintain hydric
conditions than terrestrializing lake basins, which have their own
water source. As climatic conditions become more arid, peatland
development becomes limited to terrestrialized basins.

At present, Elk Island National Park is situated in a southerly
extension of the mixedwood section of the Boreal Forest region (Rowe
1972). A rise in the local bedrock topograpky of the Cooking Lake

2



moraine has created a corresponding change in climate (cooler,
moister). This area is characterized by a n..xture of Populus
tremuloides Michx,, Populus balsamifera L., Betula papyrifera Marsh.,
Picea mariana (Mill,)BSP., Picea glauca (Moench) Voss, Abies balsamea
(L.) Mill. and Pinus banksiana Lamb. Areas immediately adjacent to
the moraine are located in the aspen grove or parkland zone (Bird
1961, Rowe 1972), which is considered to be a wide transition zone or
ecotone (Rowe 1972, Vance 1979, Vance et al. 1983). In this
transition, vegetation of the great plains grassland and the boreal
forest mix in a complex mosaic. Populus tremuloides is the
dominant forest cover witii sporadic occurrence of Populus
balsamifera and Betula papyrifera. Published maps that identify the
southern limit of coniferous trees on the Canadian prairics (Zoltai
1975), place Elk Island just inside the southern limit for several
coniferous species, namely, white spruce (Picea glauca), black spruce
(Picea mariana), tamarack (Larix laricina (Du Roi) K. Koch), and
jackpine (Pinus banksiana). The position of these vegetation
boundaries and transition zones is predominantly controlled by

climate.

Wetland terminology and classification

The term wetland can be defined in many ways (Millar 1976,
Mitsch and Gosselink 1986, Zoltai 1988, Zoltai er al. 1975). A common
concept that occurs in all is the presence of a water table at or near
the surface for a sufficient length of time to promote the growth of
hydrophilic vegetation. Peatlands are a subgroup of wetlands that

are characterized by the accumulation of peat or organic soil. The
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Canadian System of Soil Classification (Canada Soil Survey Committee
1978) requires 60 cm of peat accumulation if the peat is fibric, 40 cm
if it is mesic or humic, and 10 cm if underlain by bedrock. Many of
the terms used to describe different wetland types originated in
Europe and are now being used in Canada and the United States.
Some terms (swamp, marsh, fen, bog) are used to describe very
specific wetland types (Crum 1988, Mitsch and Gosselink 1986, Zoltai
1988). Others are less definitive in nature (mire, muskeg, moor,
bottomland, peatland) and are used to describe any peat
accumulating wetland. Terms such as ombrotrophic and
minerotrophic are used to identify plant communities within the
peatland. Ombrotrophic defines plant communities that are "rain
fed", or receive water and nutrients from precipitation only (Damman
1986, Malmer 1962 and 1985, Zoltai 1988), and minerotrophic
defines plant communities that receive water which has been in
contact with the mineral soil. Another set of peatland terminoclogy
describes the water source in combination with the basin
configuration. Limnogenous peatlands are riparian peatlands (located
adjacent to a river or lake), and the water source of the peatland is
dependent upon the lake or stream (Damman 1986, Malmer 1985,
Zoltai 1988). Topogenous peatlands are isolated depressional basins
that have perched water tables. Water source for these peatlands is
rain and surface runoff. Ombrogencus bogs, are peatlands that receive
nutrient poor water from precipitation only. They can exist in
depressional basins or along slopes.

Peat is generally defined as organic residues of incomplete

decomposition under water-saturated conditions (National Wetlands
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Working Group 1988). The Canadian System of Soil Classification has
defined peat physically as soils containing 17% or more organic C or
30% or more organic matter (Canada Soil Survey Committee,
Subcommitte on Soil Classification 1978). Peats can be subdivided
into three types based upon where it is formed in relation to the
water table. Peats which formed below the water table are termed
limnic peats; those formed between high water table levels and low
water table levels are telmatic peats; those formed above the high
water table level are terrestric peats (Faegri and Iversen 1989).

In the past, wetland classification systems have been designed
to inventory waterfowl habitats. Particularly important, have been
classification systems tihat are suitable for large scale aerial surveys
and mapping. More recently, wetland classification systems have
placed greater emphasis on vegetation, hydrology, and water
chemistry parameters. In western Canada, there have been two
notable wetland classification systems, J. B. Millar's (197€) system for
western Canada, and the Canadian Wetland Classification System
{Zoltai et al. 1975). In Millar's system, wetlands are restricted to
marshes and shallow open waters; he excludes bogs and fens from his
system. Millar segregates eight wetland types on vegetation
characteristics, and qualifies his groupings by the length of time each
group has been flooded. Millar further attempts to relate his
classification to water chemistry parameters, namely salinity. The

following is a summary of Millar's (1976) wetland classification.



1) Wet Meadow- an area flooded for 3-4 weeks at a time, and
occupied by low stature grasses and sedges with a variety of
forbes. In the aspen parkland, willows characteristically
dominate.

2) Shallow Marsh- an area where flooding lasts until July or
early August. Vegetation dominated by intermediate height
grasses, sedges, and forbes.

3) Deep Emergent Marsh- an area that is inundated from
spring to late summer or fall. Only five species predominate and
these are grass like plants, which are taller than the vegetation of
the shallow marsh zone.

4) Transitional Open Water Wetland- an unstable wetland
that develops following flooding of emergent vegetation.
Vegetation variable, consisting of Lemna, aquatic mosses, and
liverworts.

5) Open Water Marsh- a wetland, which bas less than 75% of
it's diameter as shallow open water, with rooted or floating
aquatic plants.

6) Shallow Open Water Wetland- a weiland which has greater
than 75% of it's diameter as shallow open water with aquatic
plants.

7) Open Alkali Wetland- a wetland which is devoid of all
vegetation in it's central vegetation zone, except for Ruppia
maritima.

8) Disturbed Wetlands- areas either cultivated, grazed or
drawn down. Vegetation is primarily forbes mixed with low

stature grasses.



The Canadian Wetland Classification System (Zoltai et al. 1975)
developed by the National Wetlands Working Group is broader in it's
application and hierarchical, starting with wetland classes that are
based on vegetation, hydrology, and water quality. These classes are
bog, fen, swamp, marsh, and shallow open water. According to the
Wetlands Working Group, bogs are wetlands that have accumulated
over 40 cm of peat. The living vegetation is not enriched by
groundwater and is hence ombrotrophic. Correspondingly the water
is nutrient poor and acidic (pH < 4.6, specific conductivity < 80 uS).
Vegetation is dominated by Sphagnum mosses, and ericaceous shrubs.
Picea trees may be present. Fens have high water tables that are
situated on gentle slopes. The water source is a mixture of
precipitation and groundwater, thus it has a higher nutrient status
and pH than bogs. In situations where groundwater sources are
extremely nutrient poor, fens can have low pH and nutrient levels,
similar to those of bogs. These nutrient poor fens can also be
dominated by Sphagnum mosses. However, other fens are dominated
by brown mosses mostly of the family Amblystegiaceae, with sedges,
shrubs, and trees. Swamps are nutrient rich, oxygenated, productive
sites, which have luxuriant tree and shrub cover. The water table is
high, persisting as standing water for long periods of time, or as
subsurface groundwater flow. Peat forming mosses are absent or
minimal, and the peat is often highly humified and woody. Wetlands
that are periodically inundated, resulting in the addition of nutrient
rich waters and mineral soil are marshes. Marsh waters are oxygen
rich and circumneutral to slightly alkaline. Vegetation is dominated

by reeds, rushes, and sedges. The Wetlands Working Group defines



shallow open waters as small non-fluvial bodies of standing water.
Emergent vegetation is lacking, but floating and rooted aquatic
macrophytes may be present. Midsummer water depth is less than 2
meters. The next level of hierarchical division for this classification
system is the wetland form. It is based upon the surface morphology
of the wetland, presence of surface patterns, tidal effects, and
proximity to water bodies. These forms reflect differences caused by
environmental factors.
OBJECTIVES
Elk Island National Park w-=s chosen as a suitable location for

the documentation of the effect of early Holo.:ne climate on peatland
development because of: a) the regional sensitivity to early Holocene
climate that has been documented in the paleolimnological and pollen
record, b) its close proximity to the southern limit of coniferous trees
and, c) its geographical position in a so ‘hern extension of the
mixedwood section of the Boreal Forest. It was well known that a
diversity of wetland types exist within the park, allowing the -tudy of
wetland processes on a variety of wetland types. The objectives of
this thesis are:
a) To inventory and classify the wetlands of Elk Island National Park.
b) To inventory surface water chemistry and physical parameters

(peat depth, water level fluctuations, and elevation) characterizing

wetlands in the park.
¢) To outline relationships between vegetation, surface water

chemistry, and physical parameters.
d) To examine the influence of the early Holocene thermal maximum

on the development of wetlands in the park.
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e) To identify the hydroseral successional patterns that have
occurred in the wetlands through an evolutionary study of peat
macrofossils.

f) To identify some of the processes controlling peatland
development in the park, and examine the influence of allogenic

and autogenic factors on pecatland development.

STUDY AREA

Elk Island National Park is located 37 km east of the eastern
limit of the city of Edmonton, in the center of a physiographic region
known as the Alberta Plain (Lang 1974). On the Alberta Plain are
several hills, known as the Beaver Hills, which rise above the level of
the suirounding landscape. About 30 m of overburden, consisting of
morainic materials deposited from disintegrating ice sheets separate
the surface from the underlying bedrock (Bayrock and Hughes 1962).
The sedimentary bedrock in this area is of the Belly River Formation
(Emerson 1977), and consists of non-marine sandstones, siltstone, and
mudstones. These rocks were formed during the Upper Cretaceous
and are erosional products from previously existing hills (Lang 1974).
Tills in Elk Island National Park are formed from hummocky stagnant
ice moraine (Lang 1974), giving the area a rugged topography
characterized by knobs, kettles, till hummocks and till ridges (Scace
and Associates Ltd. 1976). Prairie mounds are a distinctive feature of
dead-ice moraine and within the Beaver Hills these mounds are
circular, with a basal diameter of about 91 m, and a rim that rises §
m above the surrounding land. Within the central depression, a thin

layer of lacustrine deposit can usually be found (Emerson 1977).
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There is evidence, in the form of glaciofluvial deposits and landforms,
that the Beaver Hills experienced a greater supply of surface water
during the ice stagnation than at present (Emerson 1977). At Elk
Island, this evidence occurs as small meltwater stream trenches at
Tawayik and Oster Lakes. This is a route from which drainage water
collected in the scuthern half of Elk Island National Park flowed
northward into giacial Lake Edmonton (Emerson 1977).
Glaciolzcustriitz sediznents were also deposited in a hummocky area
southwest of Astotin Lake (Crown 1977), and the southeastern part of
the Park (Lang 1974).

Climate

The mean annual temperature for Elk Island Park is 1.5°C
(Parks Canada 1986), with a mean summer temperature of 9.3°C. The
region surrounding the park receives 400-500 mm of precipitation
annually, with between 325 and 391 mm as rain. June, July and
August are the wettest months. The area experiences on average
between 1278 to 1560 growing degree days a year, and 109 to 140

frost free days.

Vegetation

There has been much controversy in the past regarding the
concepts and boundary locations of the main phytogeographic regions
or forest regions surrounding Elk Island National Park. In 1955, Moss
placed Elk Island in the Parkland Prairie phytogeographic region of
Alberta (Parks Canada 1986); later Rowe (1972) placed Elk Island in

the Boreal mixedwood forest region. In a recent ecological land
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classification by Strong and at (1981), Elk Island was placed in
the Boreal mixedwood. Consultants for Parks Canada (Parks Canada
1986) considered the Park to be in the Parkland-Boreal Forest
Transition Ecoregion, as it contains areas of aspen groves and
mixedwood forest. According to the latest Ecoclimatic regions of
Canada publication (Ecoregions Working Group 1989), Elk Island
National Park is in the Transitional Grassland Ecoclimatic Region, a
transition zone between semi-arid prairie, and moister boreal forests.
Vegetation studies done for Parks Canada at Elk Island identified 15
communities comprised of Populus tremuloides, Populus tremuloides-
Populus balsamifera, Betula papyrifera, Picea glauca, and Picea
mariana. Three of the fifteen were shrub communities of Betula, Salix
and Ledum groenlandicum. Six grass and sedge communities were
described: Puccinellia distans, Poa pratensis, Bromus inermis, Carex,
Carex-Salix, and Typha. The most common assemblages were found
to be the Populus assemblage with Corylus cornuta and Aralia
nudicaulis as co-dominants; a shrub assemblage with Poa pratensis;
the grass assemblage Poa pratensis; and the Carex and Typha
assemblages. In terms of land area, the most widespread community
types are the Typha-Carex; Carex; and Carex-Petasites dominated

vegetation occupying 53% of the park's land area (Parks Canada
1986).
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METHODS

Vegetation Inventory

Preliminary airphotographic reconnaissance and information
from previous vegetation and soils studies available at Elk Island
Park (Crown 1977, Parks Canada 1986) indicated that approximately
ten wetland types (including peatlands) could be identified within the
park. Based on these surveys, 63 wetlands were chosen for the
vegetation inventory. Wetland selection was based on adequate
duplication of the ten major wetland types, adequate geographic
coverage of the park and reasonable access. Fig. 1 outlines the
location of wetland sites inventoried. At each of the 63 wetlands,
stands were identified based on uniform vegetation, generally
arranged in zones. From one to three relevés each of 10 square
meters were randomly placed within each stand. Vegetation was
described on a percentage cover basis, and mean cover values of the
one to three relevés were calculated for each stand. Voucher
specimens were collected for vascular plants and bryophytes and are
deposited in the University of Alberta herbarium (ALTA). Authority
names and nomenclature for vascular plants foliows Moss (1983),
except for Cyperaceae (Taylor 1983); the genus Sphagnum follows
(Vitt and Andrus 1977), the genus Drepanocladus (Janssens 1983),
other bryophytes (Ireland 1982), hepatics (Schuster 1953), and
lichens (Hale 1979). Physical parameters measured at each relevé
included: water depth measured in open pools or shaliow pits,
hummock height, and pH of surface waters. Site elevation was taken

from Canada Dept. of Energy, Mines and Resources (1987) 1:50,000
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contour maps, and the number of strcams entering and exiting from

1:30,000 aerial photographs of the Park.

Water Chemistry

On May 15-16 and September 18-20, 1989, water samples were
collected from open pools or shallow pits from the stands. Samples
analyzed for specific conductivity and cations were stored in acid
washed 60 ml polyethylene and polypropylene bottles. Samples
analyzed for total phosphorus were stored in 500 mi polypropylene
bottles, while samples analyzed for total Kjeldahl nitrogen, nitrate,
and ammonium were placed in 60 ml and 500 ml polystyrene bottles.
All nutrient (TKN, nitrate, ammonium, total phosphorus) samples
were analyzed within 24-48 hours; cation samples were preserved
with 1 ml of 1.5 N HCL and analyzed at a later date. All pH
mecasurements were taken in the field using a portable Beckman 10
pH meter. Specific conductivity measurements were done in the lab
with a Radiometer conductivity meter. Results for specific
conductivity were adjusted to 25°C and corrected for hydrogen ion
activity (Sjors 1952). Cations were analyzed at Forestry Canada,
Northern Forestry Center, Edmonton, Alberta, on an inductively
coupled plasma spectrophotometer. Nitrate and ammonium were
analyzed at the University of Alberta, Department of Zoology, on a
Technicon autoanalyzer, and total Kjeldahl nitrogen samples were
persulfate digested using methods outlined by D'Elia et al. (1976).

Stand data were analyzed by TWINSPAN, a Fortran program
that orders multivariate data into a classification scheme (Hill 1979).

Spearman’'s Rank Correlation statistic, 2 non-parametric statistic, was
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used to obtain correlations between the Twinspan classification, water

chemistry, and physical paramecters.

Wetland Development Analysis

Classification of the vegetation data by TWINSPAN identified in
thirteen vegetation groups. Based on this analysis, six representative
peatlands were subjectively selected from the 63 sites for a
development analysis (Fig. 2). In order to analyze developmental
trends, sites were selected representing the seral stages of bog, fen
and marsh. A bog which had been disturbed by beaver activity was
added after the first field season in response to a request from the
staff at EINP. Cores were removed at each site in a transect. Depth to
mineral substrate was determined by probing with iron rods at 30.5
m. intervals to develop basin configuration at five sites. Triplicate
peat cores were removed manually with a modified 5 cm diameter
Macaulay peat corer. One core was used for macrofossil analysis, the
second for peat chemistry and the third for radiocarbon dating.
Macrofossil analysis follows the methodology of Janssens (1988), in
which subsamples of a known volume are removed from the core,
soaked for three days in Aerosol O.T. Solution (a non-foaming wetting
agent), and wet sieved with a 150 pum soil sieve. Relative
percentages of the macrofossils present in the subsample were
determined using a dissecting microscope. Seeds, bracts, and
reproductive structures too small for percentage estimates were
counted directly. Zonation of the peat profile into peat phases was
determined visually based on species composition and ecology. The

central core from each transect has been illustrated in detail with ail
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macrofossil fragments and seeds identified. For the remainder of the
cores from each transect, summary diagrams are presented outlining
the important macrofossils. A detailed listing of all macrofossil
fragments and seeds identified in the summary diagrams is presented
in Appendix I. Paleoenvironmental reconstructions of height above
water table and pH were calculated based on the known modern
autecology of specific moss species. Weighted species means of height
above the water table and local pH were calculated on 1331 reléves

measured throughout western Canada (Gignac ef al. 1991a,b).

n
Bk =Zi-1 Yik Xi/ Y+k

Where Yik is the abundance measured as % cover of species k on
reléve i, Xj is the pH cr height above the water table for reléve i, and
Y +k is the total abundance of species k.

Hydrogen ion measurements were log transformed to approach
a normal distribution before calculating weighted means, then
backtransformed to the original scale. This method is more accurate
than using untransformed data because the resulting means account
for the skewness in the data (Gignac pers. com.). Weighted means for
pH and height above the water table for mosses in the modern
reference data set are presented in Appendix II. Inferred pH and
height above the water table (x) for macrofossil sample (m) was

calculated as follows:
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P
Xm=2Zk-1 Ykm KK/ Y4+m

where Ykm is the abundance of moss species k in macrofossil sample
m, pk is the modern weighted mean of moss species k, and Y4m is

the total abundance of mosses in macrofossil sample m.

Peat Chemistry

Peat chemistry samples were removed from each core at 10 cm
intervals and major macrofossil boundaries as seen in the field. Each
sample was weighed, oven dried at 105°C for 1-2 days and reweighed
to derive bulk density measurements. Samples were then ground
with a mortar and pestle. Subsamples of 0.2-0.3 g were removed, dry
ashed at 470°C, and acid digested with of 6 ml of 1.5 N HCL and 1 ml
of concentrated HNO3. Digested solutions were then filtered through
Whatman #42 filter paper and analyzed by inductively coupled
plasma spectrophotometry. Results are given in mg/Kg of peat.
Radiocarbon dates were obtained at the Radiocarbon and Tritium
Laboratory in Vegreville, Alberta. After the macrofossil analysis
were completed the peat samples were assigned to one of eight peat
type categories based on the results. In order to asses how the peat
tyoes based on macrofossil composition differed chemically a
SAS/STAT canonical correlation and discriminant analysis were
performed. The discriminant analysis creates composites of the
chemical variables showing maximum differences among the peat

types. The canonical correlation defines the relationships between
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the chemical variables (Thorndike 1978). Group means were plotted
in discriminant space tc graphically show the relationships between
the peat types. Multivariate statistics test the hypothesis that the

class means are equal in the population.

RESULTS
Vegetation Classification
274 relevés from the 63 wetlands contained 260 species (Table
1) from 156 stands. TWINSPAN analysis classified these stands into

13 ecologically meaningful stand groups.

Group 1 consists of one unique stand located at site 49 a
brackish environment. Dominant species are Triglochin palustris,
Triglochin maritima, and Eleocharis palustris. Species present in
minor abundance are Ranunculus gmelinii, Scirpus validus, and
Rumex britannica. Species diversity is low in this stand with 2.3% of
the total species present.

Group 2 is a small group of 10 stands located predominantly
along lake edges. Characteristic species are Typha latifolia, Lemna
minor, Carex atherodes, C. aquatilis, Sium suave, and Ranunculus
gmelinii. Bryophytes are absent except for minor occurrences of
Drepanocladus polycarpus. Species diversity is low with only 20% of
the total species present.

Group 3 contains 22 stands, characterized by high Lemna and
Carex cover, and can be found at wetland margins, on shallow peats,

and in areas recently flooded by beaver (Castor fiber). The Carex
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Table 1
Twinspan Vegetation Groups
Wetlands of Elk Island Mational Park

Group 2 3 4 5 6 7 8 ] 10 11
Species
Bidens cemua + + + + + 6.87
Lemna trisulcata 0.8 + + 0.67
Utricularia vulgaris 0.6 + + +
Glyceria puicheila + + +
Riccia fluitans + + + +
Eleocharis palustris 1.2 + + + +
Lemna minor 1.3 2 + + + + 0.67
Polygonum amphibium + 0.86 + + +
Ranunculus gmelinii 1 + - + 0.56 +
Scirpus validus + - +
Trigochin palustris + +
Typha Ilatifolia 34 073 + + + +
Carex atherodes 1.3 2.18 1.03 + +
Carex bebbii + + + +
Beckmannia syzigachne + + +
Glyceria grandis 0.91 + +
Hordeum jubatum + +
Hippuris vulgaris + + + +
Utricularia minor 0.6 + + +
Carex rostrata 1.45 0.58 1.73 0.69 0.56 +
Cicuta bulibifera + + + + +
Galium trifidum 1 0.81 + 0.83 1.28 0.56 +
Sium suave 1.2 o0.82 + + 0.52 + +
Calamagrostis stricta + + 0.58 + 0.66
Epilobium leptophyilum + + + + +
Mentha arvensis + + + + 0.79 0.67 + 0.67
Stellaria longifolia + + + + 0.27 0.78 + + 0.67
Carex aquatilis 1.7 255 154 357 1.86 + + + 1.5 1
Cirsium arvense + +
Epitobium ciliatum + + + + + 0.56
Stachys pafustris + + 0.59 +
Urtica dioice + + + + +
Scholochloa fastucaea + + + +
Salix petiolaris + + + + 0.55
Cicuta virosa + + + + + +
Geum aleppicium + + + <
Rumex britannica + - + 0.87 0.93 + +
Scutellaria galericulata + + + + 1.21 0.67 + +
Salix serissima + + + 0.83 + 1 0.67
Aster borealis + + +
Impatiens capensis + + + + 2
Lycopus uniflorus + + + 0.66 0.56 + 0.67
Agrostis scabra + + + 0.93 + + +
Poa paeiustris + + + 0.66 +
Salix bebbiana + + + + +
Salix discolor + + + + 1.24 + + 1 +
Salix exiqua + +
Aster puniceus + + + 1.1 0.67 +
Cealtha pelustris + + + 0.59 1.44
Geum rivale + + + 0.62 0.89
Lonicera involucrata + 0.67 + 0.89 +
Peotasites sagittatus + 0.54 + 1.07 0.56
Ribes glandulosum + +
Ribes lacustre + + 0.56 +
Brormus ciliatus + 0.52 + +
Ambiystegium serpens + + + +
Climacium dendroides + + + + 1 1 + 0.67
Hypnum pratense + + - + +
Marchantia polymorpha + + 1.33
Plagiomnium ellipticum + 0.92 0.67 097 2.11 +
Potentilia palustris * <« 1.83 1.67 1.38 1.58 + 1 +
Plagiomnium medium + + -+
Equisetum fluviatiie 1.08 0.67 + 2.33 1
Eriophorum polystachion 0.88 + +
Lysimachia thyrsiflora + + + 0.66 0.78 - 0.67
Meonyanthes trifoliata 1.79 + + + 1.5 +
Brachythecium mildeanum + 1.46 + 0.76 0.78 + +
Calliergonells cuspidata + +

dus aduncus + 0.67 0.67 + +
Dreparnociadus polycerpus 0.6 + 1.33 1.23 1.07 + + + +
Comus stolonifera + + +
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Group 1 2
Specles

Ribes oxyacanthoides

Viola palustris

Salix pedicellaris

Drepanociadus capillifolius

Salix candida

Equisetum arvense

Triglochin maritima 3
Carex chordorrhiza

Carex diandra +
Carex canescens

Carex lasiocarpa

Drepancocladus vemicosus
Calamagrostis canadensis +
Calla palustris

Tomenthypnum nitens

Salix pyrifolia +
Rubus acsulis

Drepanociadus exannulatus
Sphagnum squarrosum

Dryopteris carthusiana

Mitella nuda

Ribes hudsonianum

Rubus idaeus

Viola renifolia

Viola spp.

Pyrola secunda

Rhizomnium gracile

Alnus tenuifolia

Galium boreale +
Pyrola asarifolia

Salix spp

Bryum pseudotriquetrum

Calliergon stramineum

Epilobium angustifolium
Aulacomnium palustre

Calliergon giganteum

Helodium blandowii

Betula pumila

Lophocolea heterophylia

Larix laricina

Carex limosa

Betula necalaskana

Plagiothecium denticulatum
Cornus canadensis

Pohlia nutans

Picea giauca

Carex disperrna

Cinna latifolia

Brachythecium campestre

Betula giandulosa

Carex curta +
Carex paupercula

Sphagnum teres

Eriophorum vaginatum

Sphagnum waearnstorfii

Ledum groenlandicum +

Oxycoccus microcarpus
Rubus s
Smilacina trifolia
Vaccinium myrtilloides
Polytrichum strictum
Sphagnum angustifolium
Sphagnum mangsellanicum
Sphagnum russowii
Picea mariana
Vaccinium vitis-idaea
Dicranum undulatum
Lophozia spp.
Poiytrichum juniperinum
Sphagnum fuscum

UM Nemoraum
Cladina mitis
Ciadina rangiferina
Cladonia chiorophaea
Betula papyrifera

0.91

Table 1 continued

L3 5 6 7
+ + +
+ +
1.38 + *
+ + +
+ + + -1¢
+ + -
0.71 + +
- +
1.78 + + +
+ + +
2.38 0.77 +
1.5 +
1.25 1.1 2.9 2.22
+ + -
0.75 + + +
+ 0.67 + *
0.83 + 1.31 1.44
+ +
+ + +
+ + +
- +
+ + 1.33
+ + +
+ + + +
+ +
+ +
+ + + +
+ +
+ + +
+ + +
0.79 + + +
+ +
+ + +
1.33 + + +
0.88 + + 1.22
+ + +
1.21 + +
+ + +
0.79 + + +
+
0.58 + + 1.56
+ + + +
+ + +
+ + - +
- + +
+ + 1
+ +
+ +
+ + +
0.58 + +
+ + + +
+ + + +
0.67 + +
+ + + -
+ + + +
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+
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+
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Table 1 continued

Group 1 2 3 4 L [

v
[ ]

10 11 12 13

Pleurozium schreberi
Ptilidium crista-castronsis
Sphagnum centrako

223 0.8

+
R

o

o

~
t+Ng ©

+ ¢+

1.33

Specles with minor occurrences
Juncus bufonius
Monolepis nuttalliana
Ranunculus lapponicus
Rorippa palustris
Spargenium angustifolium +
Viola canadensis

Phalaris arundinacea + -
Myriophyllum exalbescens +
Potamogeton pectinatus
Drepanociadus lepponicus

Funaria hygrometrica -

Lysimachia thrysifiora +

Riccocarpus natans + + +
Rhizomnium ellipticum + +
Achillea millefolium +

Equisteumn pratense +
Ribes americanus

Senecio eremophilus +
Carex lacustris + +
Salix maccalliana

Salix scouleriana

Amelanchier eainifolia

Achillea sibrica

Anemone canadensis

Amenone cylindrica

Cardamine pensylvanica

Equisetum palustre

Fragaria vesca +

Erysimum sp.

Gailum trilorum

Goum mecrophyllum +
Lathyrus ochroleucus

Lathyrus venosus

Potentilla norvegice

Potentilla paradoxa +

Ribes triste +
Ribes viscosissimum
Solidago canadensis
Solidago gigantea +
Viole nephrophylla
Carex sychnocephala
Elymus glaucus
Carex brunnescens
Brachythecium plumosum +
Cephalozia connivens
Leptobryum pyriforme
Plagiomnium cuspidatum
Peltigera canina

Rhizomnium pseudopunctatum
Salix pseudomonticola
Parnassia paelustris
Ranunculus macounii

Rosa acicularis

Senecio indecorus +
Spiranthes romanzoffiana
Carex retrorsa

Thuidium recognitum

Salix arbusculoides

Salix candida

Moneses unifiora
Scheuchzaria palustris
Carex tenuiflora

Campylium polygamum
Cephalozie bicuspidata
Drepanociedus revolvens
Meesia triquetra

Peitigera aphithosa
Sphagnum contortum
Calamagrostis inexpansa +
Petasites paimatus

+ ¢+
+ + 4+ 44

4 + o+
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Table 1 continued

Group 1 2 3 4 5 6 7 8 ] 10
Specles

Carex trisperma +
Hypnum lindbergii +
Equisetum sylvaticum

Campylium radicale

Habenaria hyperborea + +
Pinus banksiana + +

Lycopodium annotinum +
Cladonia scabriuscuia +

Ceratodon purpureus

Salix planifolia +
Drepanocladus uncinatus

Populus tremuloides +
Cladonia cuculiata
Andromeda polifolia + + +
Drosera rotundifolia + + s
Kalmia polifolia

Cephalozia lunulifolia
Calypogeia sphagnicola +
Scirpus budsonianus

‘Trifolium repens

Mylia anomala

Ptilium pulcherrimum

Sphagnum fallax

Sphagnum riparium

Sphagnum subsecundum +
Cladonia cornuta

Cladonia deformis

Cladonia furcata

Cladonia gracilis

Cladonia verticillata

Cetraria nivalis +
Cetraria cucullata

Dicranum polysetum

Lepidozia reptans

Tetraphis pellucida

Cladonia coniocraea

11 12 13

+
+ + 4+ 44 + ++ e
+
+ + 4+ 4+ + 4 + +
+
+
+

N IR R

+ +r+ 9+

Numbers ere mean abundance values of each TWINSPAN vegetation group on a scale from 1-4, cut levels were 0, 2, 20, 50
+ = g mean abundance TWINSPAN value of < or = 0.5
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species are broad-leaved and consist of Carex aquatilis, Carex rostrata,
and Carex atherodes. Other species that occur are the grasses
Beckmannia syzigachne, Hordeum jubatum, Glyceria grandis, and
Calamagrostis canadensis, and other angiosperms Polygonum
amphibium, Typha latifolia, Galium trifidum, and Sium suave.
Bryophytes are not major components of this group and consist of
only a few occurrences of Plagiomnium ellipticum, Brachythecium
mildeanum, Drepanocladus polycarpus, and D. aduncus. Thirty-two
percent of the total species are found in these stands.

Group 4 contains 24 stands that can either be found in floating
mats at lake edges, as slightly raised center mats, or at the edges of
peatlands. This stand group contains a mixture of the narrow-leaved
carices, (Carex lasiocarpa, C. diandra), and broad-leaved carices,
(Carex aquatilis, Carex rostrata). Larix laricina and Salix pedicellaris,
as well as the grasses Calamagrostis canadensis and C. stricta, can be
present. Other common vascular plants include Menyanthes
trifolitata, Potentilla palustris, Betula pumila, Betula neoalaskana,
Equisetum fluviatile, Eriophorum polystachion and Eriophorum
vaginatum. Bryophytes form important components of these stands,
particularly Brachythecium mildeanum, Plagiomnium ellipticum,
Drepanocladus polycarpus, D. vernicosus, Tomenthypnum nitens,
Calliergon giganteum, and Calliergonella cuspidata. Forty-seven
percent of the total species are present in these stands.

Group 5 contains the largest number of stands (30), and was
sampled under a variety of conditions. The stands are characterized
by high cover of Carex aquatilis, and C. rostrata, two common broad-

leaved species. Bryophytes are less important than in group 4.
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Common secondary species are Calamagrostis canadensis, Carex
lasiocarpa, Galium trifidum, Rumex britannica, Petasites sagittatus,
Potentilla palustris, Drepanocladus polycarpus, Drepanocladus
aduncus, and Plagiomnium ellipticum. Species diversity is relatively
high, with 49% of the total species present.

Group 6 contains 29 stands that are generally located on either
shallow peat or on the edges of peatlands. These stands are
dominated by Salix trees and shrubs with high grass cover in the
understory layer. Salix discolor is the most common Salix species,
followed by S. serissima, and S. pyrifolia. Grasses are dominated by
Calamagrostis canadensis and Agrostis scabra, while Carex aquatilis
and C. atherodes are the most common carices. Flowering plants are
diverse and include Potentilla palustris, Cicuta bulbifera, Scutellaria
galericulata, Petasites sagittatus, Stellaria longifolia, Rumex britannica,
Galium trifidum, Aster puniceus, and Rubus acaulis. Drepanocladus
polycarpus is the only bryophyte of importance in this group. Species
diversity is the highest in this stand group with 71% of the total
species present.

Group 7 is a second series of stands that appears commonly
along the edges of the wetlands. This group of 10 stands has the
highest percentages of Alnus tenuifolia, Salix candida, and Betula
neoalaskana. Picea mariana, P. glauca, and Larix laricina are also
found, but with low cover. The grass, Calamagrostis canadensis, is
also an important component. Other vascular plants that are
prevalent include: Equisetum fluviatile, Potentilla palustris, Impaiiens
capensis, Vaccinium vitis-idaea, Ribes hudsonianum, Rubus acaulis,

and Aster puniceus. Bryophytes are common in this vegetation,
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particularly Brachythecium mildeanum, Calliergon giganteum,
Aulacomnium palustre, Sphagnum warnstorfii, Pleurozium schreberi,
Plagiomnium ellipticum, Climacium dendroides, and Marchantia
polymorpha. Thirty-eight percent of the total species are present in
this group.

Group 8 contains 10 stands found in the more open peatlands.
Vegetation is dominated by Sphagnum mosses and ericaceous shrubs.
The Sphagnum species include: S. fuscum, S. magellanicum, S.
angustifolium, S. russowii, and smaller amounts of S. warnstorfii, and
S. nemoreum. Ericaceous shrubs consist of Ledum groenlandicum,
Oxycoccus microcarpus, Vaccinium myrtilloides, and V. vitis-idaea.
Vascular plant species are limited and dominated by Rubus
chamaemorus and Eriophorum vaginatum. Lichens, particularly
Cladina mitis, C. rangeriferina, and C. chlorophaea are present.
Species present in this group are 26% of the total.

Group 9 also consists of 6 stands found in Sphagnum-dominated
peatlands, but with a heavy black spruce (Picea mariana) cover
(Table 1). Ericaceous shrubs are significant in Group 9 as well as the
Sphagnum species S. fuscum, S. magellanicum, S. angustifolium, S.
nemoreum, and S.warnstorfii. Feather mosses and lichens have high
abundance, particularly Hylocomium splendens, Pleurozium schreberi,
Ptilium crista-castrensis, Cladina mitis, C. rangiferina, and C.
chlorophaea. Thirty percent of the total specics are found in this
group.

Group 10 consists of two Sphagnum-dominated stands that have
high Larix laricina cover. These stands are restricted to site 7. In

addition to Larix, Salix discolor, S. serrissima, and Betula glandulosa
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are prevalent. Other important vascular plants are Oxycoccus
microcarpus, Smilacina trifolia, Eriophorum vaginatum, Carex
aquatilis, C. paupercula, C. limosa, C. curta, and Menyanthes trifoliata.
Sphagnum teres, S. warnstorfii, and S. angustifolium are the
important Sphagnum in this group. Species diversity is low at 11%.
Group 11 is a group of three Sphagnum-dominated stands that
occur predominantly on the edge, and are most similar to stands of
Group 13. Group 11 contains, in addition to Sphagnum, species that
are normally restricted to much more minerotrophic conditions.
These species are Alnus tenuifolia, Betula pamila, Betula neoalaskana,
Carex aquatilis, Calamagrostis canadensis, Bidens cernua, Lemna
minor, L. trisculata, Lycopus uniflorus, Viola renifolia, Epilobium
angustifolium, Mentha arvensis, Stellaria longifolia, Aster puniceus,
Lysmachia thrysifolia, and Menyanthes trifoliata. These stands also
contain bryophytes that are indicative of minerotrophic conditions.
These are Climacium dendroides, Hypnum pratense, Drepanocladus
exannulatus, D. polycarpus, Calliergon stramineum, and C. giganteum,
Group 12 is comprised of dense Picea glauca, P. mariana, and
Larix laricina stands that contain an ericad understory, Sphagnum,
and feather mosses. Ericaceous shrubs consist of Ledum
sroenlandicum, and Vaccinium vitis-idaea. Sphagnum species of
importance are S. warnstorfii, S. centrale, S. angustifolium, S.
magellanicum, and S. russowii. Several species of bryophytes and
vascular plants occur here that are less frequently associated with
Sphagnum. These are the bryophytes Plagiomnium ellipticum,
Plagiotheciur denticulatum, Pohlia nutans, Brachythecium

mildeanum, and B. campestre; and the vascular plants Geum rivale,
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Galium boreale, Equisetum fluviatile, Cornus canadensis, Cinna
latifolia, and Impatiens capensis. Thirty-two percent of the total
species are present in this group.

Group 13 is a group of 5 Sphagnum-dominated stands that have
a high cover of Betula pumila, B. neoalaskana, and Picea mariana,
mixed with some Larix laricina, Betula glandulosa, Salix pyrifolia, and
Betula papyrifera. Ericaceous shrubs are important components of
this group, as well as Eriophorum vaginatum and Rubus
chamaemorus. Minerotrophic indicators are present, including
Drepanocladus vernicosus, Aulacomnium palusire, Carex curta, and C.
disperma. Twenty-eight percent of the total species are present in

this group.

Correlation of Vegetation to Water Chemistry and
Environmental Factors

The stand classification produced by TWINSPAN is significantly
correlated with 8 water chemistry and 4 physical factors (Table 2).
Relationships are present between water level, pH, specific
conductivity, calcium, magnesium, sodium, total phosphorus,
ammonium, and total organic nitrogen. Stands are also correlated
with mean water level at the site, elevation of the site, number of
streams entering and exiting the wetland, and hummock height
within the stand. The strongest correlations are between vegetation
and water chemistry (pH, corrected specific conductivity, calcium,
magnesium, sodium), as well as mean water level and hummock

height. Slightly lower correlations are obtained relating vegetation
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stands to nitrogen and phosphorus levels within the wetland,
elevation, and the number of inlet and outlet streams.

Integration of the thirteen TWINSPAN vegetation stands into
the wetland classification based on the National Wetlands Working
Group (1988) results in seven wetland types: saline marsh, deep
marsh, shallow marsh, swamp, moderate-rich fen, poor fen and bog
(Table 2). The placement of each stand group into a wetland type is
based on vegetation definitions of the wetland types and vegetational
similarities amongst the stand groups.

The pH is slightly acidic tc¢ ‘ircumneutral across marsh, swamp,
and moderate-rich fen wetland types (Table 2), whereas it declines to
about 4.5 in poor fen and 3.5 in bog groups. Similarly, corrected
specific conductivity is highest in marsh wetlands (158-899 uS),
intermediate in swamp wetlands (233-326 uS), and declines
significantly in the moderate-rich fen (162 uS), and poor fens (42-62
uS). Corrected specific conductivity is lowest in the bog wetlands at
16-27 uS. This gradient is repeated for calcium, magnesium, and
sodium surface water cation concentrations. Marshes have 27-65
mg/l Ca, 7-18 mg/l Mg, 3-790 mg/l Na; swamps have 26-43 mg/l Ca,
9-14 mg/l Mg, 5-22, g/l Na; moderate-rich fens have 33 mg/l Ca, 10
mg/l Mg, 5 mg/l Na; poor fens have 2-7 mg/l Ca, 1-3 mg/l Mg, 2-4
mg/l Na; and bogs have 4-7 mg/l Ca, 1-2 mg/l Mg, 2-3 mg/l Na.

Nutrient concentrations are not as strongly correlated to stand
groups as are cation concentrations and do not follow the ionic
gradient outlined in Tabie 2. Organic nitrogen is highest in the saline
marsh at 6384 pg/l. Most of the other wetland types have between

2013-2979 ug/l of organic N. Two fen groups, moderate-rich fen
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Group 4 and poor fen Group 10, have comparatively low organic N at
1577 and 1362 npg/l.

Surface water nitrate concentrations are highest in deep marsh
wetlands {Stand Group 2) at 175 ug/l, followed by saline marshes
(64 pg/l). The remaining stand groups contain between 6.6-19.9
ug/l NOs.

Ammonium concentraticns are highest in the saline marsh and
bog Group 8 at 250 pg/l. Intermediate values of 133-162 pg/l were
recorded in shallow marsh Group 3, swamp Group 12, and bog Group
9. Lowest values (23-36 pg/l) were found in swamp Group 6,
moderate-rich fen Group 4, poor fen Group 10, and poor fen Group 11.

Total phosphorus is highest in saline marsh at 1110 pg/l. Other
relatively high values are recorded in swamp Groups 6 (650 pg/l),
and 7 (609 pg/l). Lowest total phosphorus concentrations are found
in the moderate-rich fen Group 4 (135 pg/l), and poor fen Group 10
(195 upg/D).

Mean water levels are below the surface vegetation only in the
bog wetland types as indicated by negative water levels, and at the
surface in the saline marshes. Fens and swamps have relatively
shallow water table depths, 1.3-9.5 cm and 3.5-7.2 cm respectively.
Shallow marsh vegetation is on average covered by 17 cm of water,
while the deep marshes were covered by 21 cm of water. Hummock
height tends to be lowest in marsh wetlands (9-22 cm), intermediate
in fens and swamps (12-23 cm), and highest in bogs (26-31 cm). A
positive correlation with site elevation shows a tendancy for marshes
to be located at lower elevations, swamps and fens at intermediate

elevations, and bogs at the highest elevations. Similarly, bogs (and
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one of the swamps) have the fewest number of streams entering and
exiting the wetlands, while fens, other swamps and marshes have

morxe.

Evolutionary Development

All radiocarbon dates are given in Table 3. The oldest basal
radiocarbon date is 6720 +/- 120 yBP. There is no relationship to the
amount of peat material accumulated and the age of the deposit nor
to the age of the deposit and the type of wetland. Within a given site
however, successively younger dates appear towards the peatland
edges, in shallower peats. At each site, accumulation rates are highest
in the central part of the peatland. Highest accumulation rates occur
in the moderate-rich fen sites, followed by the bog sites 27 and 22.

Lowest accumulation rates occur in shallow marsh site 3S5.

Site 2, Core 2-1

The basal radic pon date for this peat profile is 5620 +/- 130 yBP
at 420 cm (Fig. 3). Basal sediments contain seeds of many aquatic
plants such as Typha sp., Scirpus sp., and Zannichella palustris.
Oospores of Chara sp., the ephippia of cladocera, and the shells of
various ostracods and gastropods are also found. Farther up the peat
profile (350 cm) bryuphytes become prevalent. Leaves of
Drepanocladus crassicostatus, D. aduncus var. kneiffii, D. exannulatus,
D. aduncus, D. revolvens, D. vernicosus, and D. polycarpus, as well as

Meesia triquetra, Calliergon trifarum, C. stramineum, and C.
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Figure 3.

Elk Island National Park Macrofossil Profile, Fen Site 2-1. Located in
back pocket.
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giganteum are present. The remains of aquatic plants (Potamogeton,
Ceratophyllum), are still prevalent in these strata and seeds of the
aquatic plants Ranunculus sceleratus, and Najas flexilis are common.
Seeds of semi-terrestrial plants (Menyanthes trifoliata, Triglochin
maritima, Carex sp.) appear at 250 cm. A distinct change occurs in the
peat profile at 150 cm. Detritus values decline, corresponding to an
increase in herbaceous roots, herbaceous material, Meesia triquetra,
M. longiseta, Calliergon trifarum, C. stramineum, C. giganteum, Carex

limosa/paupercula, and Carex sp. achenes.

Core 2-2

Basal sediments of core 2-2 at 550 cm, are radiocarbon dated at 6720
+/- 120 yBP (Fig. 4). Seeds of the aquatic plants (Chenopodiaceae,
Scirpus sp., Zannichella palustris, Typha sp., Potamogeton sp.,
Ceratophyllum demersum, Ranunculus sceleratus) are the
predominant macrofossils in the basal peat sediments (Appendix I).
Cladoceran ephippia reach the highest porportions as well as ostracod
and gastropod shells. Above 420 cm, aquatic seeds and cladoceran
ephippia numbers decline abruptly and fossil remains of
Drepanocladus crassicostatus, D. polycarpus, D. revolvens, D.
exannulatus, D. aduncus, D. vernicosus, Calliergon trifarium, C.
giganteum, and Meesia triquetra appear. At 130 cm herbaceous
material, herbaceous roots, and the number of Carex seeds sharply
increase, corresponding to a decline in detritus and cladoceran

ephippia.
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Core 2-3

The radiocarbon date at 480 cm is 5740 +/- 240 yBP (Fig. 5).
Sediments at this depth are dominated by aquatic plant leaves
(Myriophyllum sp., Ceratophyllum demersum, Potamogeton sp.,
aquatic plant seeds (Zannichella palustris, Ceratophyllum demersum,
Scirpus sp., Ranunculus sceleratus, Typha sp., Myriophyllum sp.,
Rumex sp.), Chara oospores, cladoceran ephippia, and ostracod shells
(Appendix I). Above 225 cm, leaves of the bryophytes Drepanocladus
crassicostatus, D. aduncus, Meesia triquetra and M. longiseta appear.
Seeds of the semi-terrestrial Menyanthes trifoliata also appear and
there is an increase in the amount of Betula and woody elements.
Above 115 cm the amount of herbaceous material increases
substantially while aquatic plants and cladoceran ephippi. decline. In
these strata the remains of Drepanocladus vernicosus, D. revolvens

and Rhizomnium pseudopunctatum can be found.

Site 3, Core 3-1

Basal peats at core 3-1 are 465 cm deep, 5560 years old, and contain
the remains of aquatic seeds (Scirpus sp., Zannichella palusiris,
Ceratophyllum demersum, Ranunculus sceleratus), ostracod and
gastropod shells, Chara sp. oospores, and cladoceran ephippia (Fig. 6).
Above 375 cm, leaves and seeds of the aquatic plants Myriophyllum
sp., Ceratophyllum demersum, and Potamogeton become prevalent, as
well as the bryophytes Drepanocladus aduncus, D. aduncus var.
kneiffii, D. crassicostatus, Calliergonella cuspidata, and Sphagnum sp.

Seeds of semi-terrestrial plants such as Menyanthes trifoliata, Carex
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Figure 6.

Elk Island National Park Macrofossil Profile, Fen Site 3-1. Located in
back pocket.
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sp., and the terrestrial species Betula are also present. Incorporation
of mineral grains into the peat sediments decreases above 80 cm and
in this region, herbaceous material becomes increasing important,
while aquatic plants and cladoceran ephippia decline. Above 40 cm,
Calliergon stramineum, Aulacomnium palustre and Drepanocladus
vernicosus codominate in the peat assemblage along with herbaceous

material and Carex sp. achenes.

Core 3-3

At 170 cm, the basal peats of core 3-3 are 3270 +/- 100 years old.
Dominating these peats are aquatic plant seeds (Typha sp.,
Myriophyllum sp., Ceratophyllum demersum, Ranunculus sceleratus,
Najas flexilis (Appendix I), and cladoceran ephippia (Fig. 7). In
addition to the aquatic plants, there are propagules and remains of
terrestrial and semi-terrestrial plants (Mentha arvensis, Potentilla,
Carex, Betula, and Alnus). Herbaceous material is more abundant than
in the basal sediments of core 3-1. Bryophyte remains include
Drepanocladus aduncus and D. crassicostatus. Above 96 cm, aquatic
seeds and cladoceran ephippia decline, while semi-terrestrial and
terrestrial elements rise (Carex sp., Potentilla sp., Sphagnum
warnstorfii). Particularly dominant in these sediments are materials
of a woody nature (woody elements, Betula bracts and nutlets, and

Alnus nutlets).

Site 22, Core 22-1
Four thousand and ecighty years before present, aquatic plants and

cladoceran ephippia began to accumulate in the basin of site 22 (Fig.
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8). Leaves and microscopic remains of Carex sp., Betula sp., Sphagnum
warnstorfii, S. centrale, S. capillifolium, S. russowii, and Polytrichum
strictum were deposited. Above 129 cm the remains of aquatic plants
decline and semi-terrestrial plants (Carex sp., Betula sp., Sphagnum
spp.) dominate. Recent peat sediments are dominated by Sphagnum

capillifolium, woody elements, S. russowii, and Polytrichum strictum.

Core 22-2

Peat depth at core 22-2 is shallower, but older (4910 yBP) than core
22-1. Mineral grains comprise tie greatest portion of the basal
sediments (Fig. 9). Farther up the peat profile, detritus and aquatic
plants dominate with fragments of Drepanocladus aduncus, Sphagnum
magellanicum, and S. russowii. A transitional aquatic/terrestrial
phase occurs above 90 cm. Aquatic seeds and cladoceran ephippia are
still present in the sediments, but herbaceous material has increased
and seeds of the terrestrial herbs (Sium sauve, Potentilla sp., Carex
sp., Betula sp.) occur. This section is followed by sediments dominated
by Sphagnum, Ledum groenlandicum, Carex sp., woody elements, and
Betula sp. Near the surface, the peat community abruptly changes to
one dominated by herbaceous material, Polytrichum strictum, and

Calliergon stramineum.

Core 22-3
The earliest peat forming community at core 22-3 was aquatic in

nature, formed by aquatic plants, herbs and Cladocera (Fig. 10).
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Figure 8.

Elk Island National Park Macrofossil Profile, Bog Site 22-1. Located in
back pocket.
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Mineral grains are frequently mixed with the peat sediments. Farther
up the peat profile, herb percentages increase, along with terrestrial
species such as Mentha arvensis, Geum rivale, Potentilla, Alnus sp.,
Betula sp, Gramineae, woody elements, and Carex sp. In strata above
70 cm, aquatic plants decline, while Sphagnum capillifolium,
Drepanocladus aduncus, Carex sp., and Betula sp. increase. In the top
20 cm of peat, Carex sp., and herbaceous material dominate along

with Sphagnum magellanicum and Calliergon stramineum.

Site 27, Core 27-1

The aquatic macrofossils that comprise the basal peats at core 27-1
are 4670 +/- 200 years old, and are slightly different from the
previous sites in that only a few aquatic species are present and in
small amounts (Fig. 11). These consist predominantly of the leaves
and seeds of Myriophyllum sp., Ceratc..yllum demersum,
Potamogeton sp., Typha sp., Najas flexilis, Ranunculus sceleratus, and
R. circinatus. A high number of semi-terrestrial species are also
present in these basal sediments (Drepanocladus aduncus var.
kneiffii, D. exannulatus, Calliergon stramineum, Sphagnum section
Cuspidata, S. magellanicum. Caltha palustris, Menyanthes, Carex, and
Betula). Above 240 cm there is a dramatic increase in the quantity of
herbaceous roots, and herbaceous materiai as well as an increase in
the quantity of bryophyte remains (Drepanocladus aduncus, D.
vernicosus, Calliergon stramineum, and Tomenthypnum nitens), and
Betula nutlets. This is followed by a lengthy section of peat that is

dominated by members of the genus Sphagnum (S. magellanicum, S.
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Fipure 11.

Elk Island National Park Macrofossil Profile, Bog Site 27-1. Located in
back pocket.
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angustifolium, S. warnstorfii, S. capillifolium), ectomycorrhizal roots,
Picea needles and fungal mycelia. Surficial peats are comprised of
only a few Sphagnum species (S. magellanicum, S. fuscum) and

Polytrichum strictum.

Core 27-4

The basal sediments of core 27-4 are the youngest found in this study
(1690 +/- 100 yBP, Fig. 12). Contrary to all previous cores, this core
does not contain aquatic plants, or seeds of aquatic plants, in the basal
sediments. The initial peat forming community is dominated by
herbs, Carex sp., Betula sp., woody elements, and small amounts of
Sphagnum teres, S. angustifolium and S. fuscum. Sphagnum
dominance occurs above 72 cm; predominant are the species

Sphagnum fuscum,S. magellanicum, and S. angustifolium.

Site 35, Core 35-1

Sediments at core 35-1 are shallow, and date to 4250 +/- 260 yBP
(Fig. 13). Mineral grains are prominent in these basal sediments.
Remains of aquatic plants are present, particularly those of Chara, and
Typha sp., along with cladoceran ephippia. Above 59 cm, the remains
of aquatic plants disappear and herbaceous ma:erial, herbaceous
roots, Betula sp., and Carex sp., increase. No bryophytes are present
in this upper phase and all categories describing woody elements

remain low, indicating a herbaceous/Carex community.
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Figure 13.

Elk Island National Park Macrofossil Profile, Marsh Site 35-1. Located

in back pocket.
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Core 35-2

The peat profile at core 35-2 is younger (2880 +/- 140) and shallower
(136 cm) than core 35-1 (Fig. 14). Once again aquatic sediments are
present at the base. These conmsist predominantly of Chara oospores,
Potamogeton sp., Typha sp., Eleocharis sp., and Ranunculus sp. seeds
(Appendix I). Incorporated into the peat is a high percentage of
mineral grains, and the seeds of Potentilla sp., Mentha arvensis,
Betula sp., and Carex sp. Gradually the aquatic species decline and

herbaceous material dominates with Gramineae fragments and Carex

sp. achenes.

Core 35-3

Core 35-3 is shallow with ast 45 cm of peat (Fig. 15). Again there are
mineral grains and aquatic seeds, especially Typha sp. present in the
basal portion (Appendix I). Charcoal fragments are abundant in this
core. Herbaceous material and Gramineae fragments increase

towards the surface.

Site 48, Core 48-1

Peat began to accumulate in the shallow bay of a lake at this site
around 4990 +/- 230 yBP. (Fig. 16). Mineral grains are frequently
mixed with the peaty substrate. Leaves and seeds of the aquatic
plants Myriophyllum sp., Ceratophyllum demersum, Ruppia maritima,
Typha sp., Scirpus sp., and the oospores of Chara and cladoceran
ephippia are found in these layers. Above 150 cm, aquatic plants and

cladoceran ephippia decline, while herbaceous roots,
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Figure 16.

Elk Island National Park Macrofcssil Profile, Marsh Site 48-1. Located

in back pocket.
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Ranunculus sceleratus and Carex sp. achenes increase. In the third
phase, above 25 cmn, an abrupt increase in Larix and Picea needles,
deciduous leaves and ectomycorrhizal roots occurs. This is followed

by a return to sediments dominated by herbaceous components.

Core 48-3

Peat began to accumulate in this portion of the basin much later
(2910 +/- 240 yBP) than cores 48-1 and 48-2 (Fig. 17). Mineral
grains were incorporated into these initial sediments. Few aquatic
macrofossils are present, consisting of the achenes of Typha sp.,
Juncus sp., and Ranunculus sceleratus. (Appendix I). Fossils of
terrestrial plants (Mentha arvensis, Betula, woody elements) are
present as well. Farther up the peat profile, herbaceous material,
Carex achenes, and woody elements all increase. The most recent
peat sediments are dominated by woody elements, with minor

amounts of Carex achenes.

Peat Chemistry

Peat samplies were assigned to one of eigiit pea  types based on
the peat phase identified in the macrofossil analysis and subjected to
a canonical corrclation and discriminant analysis. Peat type categories
are based upon the macrofossil analysis: aquatic- limnic peat
containing seeds and fossiis of aquatic plants; transitional- limnic
peat containing the remains of aquatic and fen plants; marsh-
telmatic peat ccoitaining herbaceous plant remains; swamp- telmatic
peat containing herbaceous and woody macrofossils;

aquatic/marsh/swamp- peat containing a mixture of the three
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described above; moderate-rich fen- terrestric peat containing
fossil bryopytes of the family Amblystegiaceae; poor fen- terrestric
peat dominated by Sphagnum species but also containing the family
Amblystegiaceae; and bog- terrestric peat dominated by Sphagnum
macrofossils. The canonical discriminant analysis derives a linear
combination of variables that has the highest correlation within the
given groups. Multivariate statistics and F approximations test the
hypothesis that the class means are equal in the population. Each of
the multivariate statistics is significant at the 0.0001 level indicating
that these categories are significantly different (Table 4).

A graph of the class means for each peat type on the first two
canonical axes shows the relative similarities between peat types.
Peats that contain aquatic sediments are situated on the right side of
the X axis, while marsh, swamp, fen and bogs peats are on the left
(Fig. 18). According to the canonical coefficients (Table 5) the most
discriminating variable on the X axis is percentage ash followed by
depth. The Y axis is most strongly discriminated by site number,
indicating that peat chemistry is extremely site specific. Table 6
shows the percentage of samples placed into the correct peat type
category by the discriminant analysis. Most peat type categories are
well defined chemically as each peat type category was correctly
placed between 77-100% of the placements. The exception is peat
type aquatic/marsh/swamp which contains elements of all three peat
types. Two samples were placed into the adjacent marsh category,

one into the aquatic category, and another into the bog category.
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Site

Core

Depth
Calcium
Magnesium
Potassium
Aluminum
Titanium
Lead
Arsenic
Copper
iron
Manganese
Zinc

Nickel
Phosphorus
Sulphur
Ash

Bulk density

Table 5

Canonical Discriminant Analysis
Total-Sample Standardized Canonical Coefficients

Canonical Axis 1
0.64
0.05

-0.80
0.02
0.03
0.16

-0.01
0.00

-0.14
0.09

-0.24
0.25

-0.27
0.33
0.06

-0.01
0.40
1.24
0.03

60

Canonical Axis 2
1.70
0.17

-1.18
0.18
-0.17
0.45
0.15
0.15
0.13
-0.41
0.13
-0.47
-0.64
-0.20
0.08
0.24
0.15
-0.65
0.07
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Aquatic peats are characterized by high ash (66%), bulk density
(0.62 g/cm3), calcium (28,737 mg/Kg), magnesium (3,373 mg/Kg),
and potassium (2,162 mg/Kg, Table 7). Aluminum, iron, fmanganese,
and nickle concentrations are high, while phosphorus and sulphur
concentrations are intermediate.

Transitional peats that contain both aquatic and fen sediments
are intermediate between the two peat types in ash conters, bulk
density, magnesium, sodium, potassium, aluminum, lead, arsenic,
manganese, zinc, nickle and phosphorus. This group is higher than
aquatic or moderate-rich fen peats in sulphur.

Aquatic/Marsh/Swamp peats have high ash (33%), bulk density
(0.44 g/cm3), calcium (22,075 mg/Kg), magnesium (2,347 mg/Kg),
potassium (1,506 mg/Kg), sodium (646 mg/Kg), aluminum (4,811
mg/Kg), titanium (40 mg/Kg), copper (9 mg/Kg), and zinc (121
mg/Kg)(Table 7). In comparison to other peat types, phosphorus and
sulphur levels are average having 866 mg/Kg P and 6,654 mg/Kg S
respectively.

Marsh peats at Elk Island National Park have the highest
calcium (34,480 mg/Kg) and sodium (1,862 mg/Kg) contents (Table
7). Some elemental concentrations are reduced in this peat type as
compared to other peats experiencing groundwater input (Fe 3,929
mg/Kg, Mn 82 mg/Kg, Zn 72 mg/Kg, Ni 12 mg/Kg). Sulphur and
phosphorus levels are the highest in this peat type at 12,293 mg/Kg
and 1,092 mg/Kg, respectively. Bulk density and ash content of this
group are relatively low at 0.15 giorad and 19%.

Swamp peats have intermediate ash percentages (13%), and

bulk density values (0.14 glcm3), but high concentrations of calcium
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<8,392 mg/Kg), magnesium (2,980 mg/Kg), and sodium (516 mg/Kg)
(Table 7). In general elemental concentrations are low, except for
titanium (30 mg/Kg) and iron (6,323 mg/Kg). Phosphorus levels are
high (972 mg/Kg), while sulphur is intermediate (4,233 mg/Kg).

Moderate-rich fen peats contain low amounts of ash (11%),
calcium (9,766 mg/Kg), and scdium (197 mg/Kg, Table 7). Elemental
contents are also low, reflecting limited groundwater infiltration (Ti
13 mg/Kg, As 4 mg/Kg, Fe 2,521 mg/Kg, Zn 51 mg/Kg, Ni 8 mg/Kg).
Phosphorus, sulphur, and bulk density measurements are higher than
the poor fen or bog peats (1,004 mg/Kg, 2,688 mg/Kg, 0.14 g/cm3)

Poor fen peats are relatively low in ash (8%), calcium (7,012
mg/Kg), magnesium (857 mg/Kg), potassium (364 mg/Kg), sodium
(86 mg/Kg), aluminum (2,320 mg/Kg), titanium (15 mg/Kg), Lead (8
mg/Kg), arsenic (4 mg/Kg), copper (4 mg/Kg), iron, (2,569 mg/Kg),
Manganese (55 mg/Kg), Zinc (22 mg/Kg), Nickel (5 mg/Kg),
phosphorus (477 mg/Kg), sulphur (1,929 mg/Kg), and bulk density
(0.12 g/cm3, Table 7).

Bog peats are low in ash (6%), calcium (4,660 mg/Kg),
magnesium (870 mg/Kg), most elements, sulphur (946 mg/Kg), and
bulk density (0.07 g/cm3, Table 7)

According to the results of the discriminant analysis, it is
possible to identify peat types based upon peat chemistry. Peats that
contain aquatic sediments comprise the first three peat types
(aquatic, transitional, aquatic/marsh/swamp). They are most easily
segregated from the remaining peat types *»y differences in ash
content and bulk density. Peat that has a component of aquatic

sediments generally has an ash content greater than 20% and bulk
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density greater than 0.15 g/cm3. Metal concentrations in these peats
are characteristically high. Particularly good aquatic indicators
appear to be aluminum concentrations greater than 2,735 mg/Kg,
arsenic concentrations greater than 5 mg/Kg, iron concentrations
greater than 3,929 mg/Kg, zinc concentrations greater than 72 mg/Kg,
and nickel concentrations greater than 12 mg/Kg (Table 7).

Marsh and swamp peats are distinguishable from fen and bog
peats on the basis of calcium concentrations. Marsh and swamp peats
have high calcium values (> 10,000 mg/Kg) and high sodium
concentrations compared to fens and bogs (Table 7). Additional
elements segregating the two appear to be titanium, copper, zinc, and
sulphur. Ash percentages are also usually higher in marsh and
swamp peats at Elk Island.

On the basis of peat chemistry it is difficult to distinguish
between marsh and swamp peats at Elk Island. Swamps tend to be
slightly less mineral rich, reflected in lower calcium, potassium,
sodium, ash, and bulk density values, and slightly less nutrient rich
reflected in lower phosphorus and sulphur concentrations. Water
chemistry parameters confirm that marshes are more ionically rich
and more eutrophic than swamps at Elk Island (Table 2).

The chemical parameters that define the gradient segregating
bogs from fens has been well documented (Sjors 1952, Gorham 1956,
Jeglum 1971, 1972, Vitt et al. 1975, Horton et al. 1979, Slack et al.
1980, Glaser et al. 1981, Sims et al. 1982, Karlin and Bliss 1984, Vitt
and Chee 1990, Vitt #i al. 1990). At Elk Island, the fen peats have
higher calcium, aluminum, titanium, iron, sulphur, ash, and bulk

density than those from bogs (Table 7).
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Peat Profiles

The chemistry of organic matter in peat deposits is the result of
several processes. Peatlands have different mineral sources
depending upon the hydrology of the site (Siegel 1983, 1988,
Damman 1986, Siegel and Glaser 1987, Glaser et al. 1990).
Peat deposits can sequester chemical elements through cation
exchange (Malmer and Sjors 1955, Gorham 1957, Clymo 1963,
Yefimov and Yefimova 1973, Damman 1978, 1986, Hemond 1980,
Lembrechts and Vanderborght 1985, Bayley et al. 1986) and under
situations where elements can be transported into peatlands through
waterflow, the peat material will become enriched with cations
(M&rnsjo 1968, Zoltai and Johnson 1985) or metals (Gleason and
Coope 1966, Coker and DiLabio 1979). Compaction and decomposition
of the peat material with depth can account for an increase in some
elements. It has been suggested by Zoltai and Johnson (1985), that
sulphur increases with depth due to retention of the element and the
loss of organic material through decomposition. Elements can also be
released from a peatland under conditions of redox changes (Bayley
et al. 1986, Shotyk 1986), and leaching (Damman 1986). Of the
several elements analyzed and reported in this study, only calcium
and copper, both of which are well known for their strong retention
properties in peat (Damman 1986, Shotyk 1986), have been used to

study wetland evolution.
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Physical Profiles
Percentage Ash

Ash content of peat profiles in the fens at Elk Island National
park decline towards the peat surface (Fig. 19). Aquatic peats contain
> 40% ash, transitional aquatic/fen peats contain < 40% ash, and
moderate-rich fen peats contain less than 15% ash. Ash percentages
in peat profiles of the bogs (Fig. 20) experience a rapid decline
between aquatic peats containing > 40% to < 20% in the transitional
aquatic/fen peats or to < 5% in the poor fen and bog peats. Ash
profiles at site 22 are more gradual than site 27. Ash contents in
profiles from swamp/marsh wetlands (Fig. 21) decline from > 40% in
the aquatic sediments to < 20% in the transitional aquatic/marsh
peats. Surface sediments from both wetland types stabilize around

an ash content of 10-15%.

Bulk Density

Bulk density profiles in the wetlands of Elk Island National Park
(Figs. 22, 23, 24) outline a history of gradual decreasing bulk
densities from basal peat to surface peats. Basal aquatic peats in the
fen profiles have bulk densities > 0.2 g/cm3; transitional aquatic/fen
peats are lighter (>0.1 g/cm3); while surface sediments are often
denser (up to 0.5 g/cm3 in cores 2-1, 2-2, 3-1, and 3-2). Agquatic
peats in bog site 22 are similar in density to fen peats (> 0.2 g/cm3),
while aquatic peats at site 27 cores 2 and 3 are lighter (0.1-0.2
g/cm3). Moderate-rich fen and poor fen peats at site 27 have a bulk
density of approx. 0.1 g/cm3, and are variable in core 3. Bulk density

measurements of surface peats were unobtainable at site 22, becausc
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the sediments were frozen at the time of sampling, and volumetric
measurements could not be taken. Basal aquatic peats in the marshes
and swamps tend to be denser than fen and bog basal peats (>0.3
g/cm3). These profiles decline rapidly to bulk density values usually
less than 0.2 g/cm3. Bulk density values in the surface peats of
marshes and swamps are lowest at the surface compared to bog and

fens which can have denser peats at the mire surface.

Chemical Profiles
Calciam

In calcium and copper profiles, there is a visible difference
between cores taken in the cznter of the wetland and cores taken
from the edge. Profiles of cores taken from the center portions of
fens, have high calcium concentrations in the aquatic sediments (1
x105-7 x 10° mg/Kg, Fig. 25). This does not occur in edge core 2-3, as
calcium values are stable around 1 x105. At edge core 3-3
aquatic/marsh sediments contain 5 x105-3 x10° mg/Kg of calciun:
peaking to 35 x105 mg/Kg in the swamp sediments. In the central
cores, calcium concentrations decline gradually through the deep
section of transitional peats, and stabilize at about 1 x105 mg/Kg in
the moderate-rich fen peats. Central bog cores from bog site 27, (Fig.
26) contain approximately 1 x105 mg/Kg of calcium in the basal
aquatic peats which is the lowest calcium values found through the
fen profiles. Calcium values reduce very slowly through these peat
profiles to lows of approximately 3 x10% mg/Kg at the peat surface.
Core 22-1 has a slightly different profile than the others. Basal
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aquatic peats have extremely low calcium values (1.7 x 103-3.7 x 103
mg/Kg) which peak 15.6 x 103 mg/Kg before declining to 4.5 x 103
mg/Kg near the peat surface. Core 22-2 has basal calcium
concentrations of 13-20 x 103 mg/Kg which decline to 3 x 103 mg/Kg
at the peat surface. Calcium profiles from central cores at mar ™ site
35 (Fig. 27) are unique in that surface peats have much higher
calcium concentrations than basal peats. Basai aquatic sediments
contain 1 x104 mg/Kg of calcium, while peak calcium valucs of 35 x
103 m.g/Kg occur 50 cm below the surface. The edge core (35-3) at
this site has a highly variable calcium profile. At marsh site 48,
calcium walces are highest in the aquatic peats (70-150 x 103) and
decline grszdually to about 30 x 103 at the peat surface. At cores 48-1
and 48-3 calcium values rise at the surface to 50-70 x 103 mg/Kg.
The calcium profile at swamp core 22-3 is distinctly more variable.
Basal aquatic sediments . antain calcium values of 5 x 104 mg/Kg,
iransitional aquatic/marsh/swamp peats average 2 x 104 mg/Kg,

while surface sediments are somewhat reduced at 1 x 109 mg/Kg.

Copper

In the fens of Elk Island National Park, basal aquatic peats
contain 3-14 mg/Kg of copper (Fig. 28). Profiles de cribe a gradual
reduction in copper towards the peat surface, with somc¢ surface
enrichment. Transitional aquatic/fen peats range from * ? mg/Kg,
while surface peats can contain as high as 18 mg/Kg. Copper
conceniiations in bog site 27 (cores 27-1, 27-3) decrease abrupily
from high levels of 18 mg/Kg in the aquatic basal peats to
approximately 3 mg/Kg in the fen peat (Fig. 29). At core 27-4 poor
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fen peats contain 5-15.8 mg/Kg. Surface enrichment of copper can be
seen in all three profiles, with values ranging from 2-7 mg/Kg. At
site 22 the central cores (core 22-1, 22-2), describe an initial flush of
copper into the aquatic sediments peaking at 14 mg/Kg in core 22-1,
followed by a reduction through the fen peats (average of 4 mg/Kg),
and some surface enrichment (> 5 mg/Kg). Marsh and swamp cores
have extremely variable copper profil=s (Fig. 30). Initial copper
flushes occur in the aquatic peats in cores 22-3, 35-1, 35-2, and 35-3,
with peaks of 13-23 mg/Kg occurring in the lower marsh and
aquatic/marsh sediments, and reductions in the upper marsh
sediments. At cores 48-2 and 48-3, peak copper contents of 24 and
31 mg/Kg occur in the marsh peats above initial low (10-13 mg/Kg)
copper values ii. tuatic peats. Core 48-1 describes 2 gradual
reduction in copper from basal aquatic sediments containing 15
mg/Kg of copper to low values of 4 mg/Kg in marsh sediments 50 cm
below the surface. The surface sediments at this core are slightly

enriched at about 7 mg/Kg of copper.

DISCUSSION
Classification of Wetland Sites
Group 1 consisting of one site, represents a saline marsh as
indicated by the presence of Triglochin and Scirpus, and by the high
surface water values of corrected specific conductivity and sodium.
Moss (1983) indicates that Triglochir is a perennial found in brackish
marshes, while Stewart and Kantrud (1972) identifies Triglochin

maritima as 2 species found in brackish to subsaline waters. Waters
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baving specific conductivities higher than 500 1S are considered to
be oligosaline by Cowardin er al. (1979}, ~d slightly brackish by
Stewart and Kantrud (1972). Millar (: - considers all water with
specific conductivities less than 2,000 to ~~ fresh. Triglochin
dominated wetlands are classified as persistent emergent wetlands
according to the U.S. classification svstem of Cowardin et al. (1979).

Group 2 consists of Typha-doininated deep marsh stands that
are similar in species composition to Scirpus-Typha reed swamp
vegetation identified by Lewis et al. (1928), and Moss (1953). A
similar Typha latifolia-Lemna minor open fen vegetation was
described by Jeglum (1972). Typha-dominated vegetation is found in
emergent deep marshes (Millar 1976, Stewart and Kantrud 1972);
slightly saline deep marshes (Walker and Coupland 1970); and
shallow shore marshes by National Wetlands Working Group (1988).
Cowardin et al. (1979) placed Typha-dominated vegetation into their
palustrine persistent emergent wetlands group. This group, however
is intermediate between emergent deep marsh and shallow inarsh as
defined by Shay and Shay (1986). The water chemistry of this group
is considered tc be slightly brackish by Stewart and Kantrud (1972),
but fresh by Cowardin et al. (1979) standards.

Group 3 consists of Carex aquatilis and Carex atherodes
domirated wetlands. They fit well into "meadow marshes" as defined
oy the National Wetlands Working Group (1988) and Walker anc
Coupland (1970). Similar vegetation was described as a broad leaved
sedge fen by Jeglum (1972), and a low moor Carex aquatilis
association by Lewis er al. (1928). Carex atherodes dominated

vegetation is listed under shallow marsh communities by Millar
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(1976), and Stewart and Kantrud (1972), while sedge dominated
wetlands are classified as palustrine persistent emergent wetlands
according to Cowardin et al. (1979). In Shay and Shay's (1986)
classification this group is intermediate in composition between
shallow marsh and wet meadow categories.

Group 4 consists of bryophyte dominated moderate-rich fens.
This group bears some similarity to Glaser et al. (1990} spring fen
channel vegetation with its mixture of Carex lasiocarpa, Carex
aquatilis, and Larix laricina; Jeglum's (1972) narrow-leaved sedge fen
category; and Vitt and Chee's (1990) moderate-rich fen species of
Stand Group 2. Moss (1953) considered this vegetation to be a
marsh-bog transition and Lewis et al. (1928) a low moor cariceturn.
According to the U.S. classification system of Cowardin et al. (1979),
this wetland commaunity is a palustrine persistent emergent wetland,
while the Canadian System of Classification considers these to be
sedge-grass type basin fens (National Wetlands Working Group 1988).

Group 5 consists of shallow marsh stands that appear to have
developed in a more stable environment than Group 3 as they contain
a larger number of bryophyte species and Carex lasiocarpa, a species
more comtrion in fens. This groun is considered to be a meadow
marsh by the Naiional Wetlands Working Group (1988), and Walker
and Coupland (1970); a broad leaved sedge fen by Jeglum (1972); fen
emergent vegetation by Stewart and Kantrud (1972); a low moor
Carex aquatilis association by Lewis et al. (1928); a shallow marsh by
Millar (1976); and a shallow marsh/wet meadow intermediate by

Shay and Shay (1986). This group has some affinities with
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widespread hummock species described by Vitt and Chee (1990) for
fens in Alberta.

Group 6 consists of Salix dominated swamps similar to either
the low shrub or tall shrub fens of Jeglum (1972); willow swamps of
Moss (1953); Salix-Calamagrostis canadensis association of Lewis et al.
{1928); and shoreline shrub thickets of Ovenden and Brassard (1989).
Millar (1976) considered Salix dominated vegetation to be parkland
versions of a wet mcadow. In the U.S., this vegetation would be
classified as a scrub-shrub wetland (Cowardin et al. 1979).

Group 7 consists of alder dominated swamps, that resemble tall
shrub thickets found in the Yukon described by Ovenden and
Brassard (1989); alder-willow swamps described in Alberta by Moss
(1953); and tall shrub fens identified in central Saskatchewan by
Jeglum (1972). This group would also be considered as a parkland
wet meadow wetland by Millar (1976).

Group 8 consists of Sphagnum bogs that have open canopies due
to a recent fire. They are similar to the Picea mariana-Ledum
groenlandicum-Sphagnum magellanicum association described in
Alberta by Vitt et al. (1975), and mire expanse communities found in
eastern North America by Gauthier (1988). Similar vegetation
associations are found in Sphkagnum bogs described by Moss (1953),
and open bogs of Jeglum (1972). This type of wetland is classified as
a basin bog in the Canadian system (National Wetlands Working
Group 1988), and as a moss-lichen wetland in the American system
(Cowardin et al. 1979).

Group 9 consists of Sphagnum dominated bogs that have dense

Picea mariana canopies. Jeglum {1972) accurately described this
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association as "wooded bogs”. This group appears to be a dry version
of the Picea mariana-Sphagnurm: association described in Alberta by
Moss (1953). Lewis et al. (1928) considered this vegetation type 1o

be the mature hydrarch climax stage for the Edmonton area. In the

American wetland classification system this association is equivalent
to needle-leaved evergreen and scrub-shrub wetlands (Cowardin e?

al. 1979).

Group 10 consists of Sphagnum dominated poor fens with high
Larix cover. This group conforms most closely to Jeglum's (1972)
tamarack swamp category, and Sims et al. (1982) Sphagnum-rich
treed fens in James Bay, Ontario. Cowardin's et al. (1979) American
classification system identifies this wetland as a needle-leaved
deciduous forest wetland.

Group 11 consists of poor fen stands that have significant alder
and birch cover. They resemble Sphagnum-rich treed fens described
by Sims et al. (1982), and Carex aquatilis-Chamaedaphne-Sphagnum
meadows described by Ovenden and Brassard (1989) in the Yukon.
According io Cowardin et al. (1979) this association is a moss weiland.

Group 12 consists of Picea glauca-Picea mariana-Larix laricina
swamp associations. This association is classified as a needle-leaved
evergreen wetland in the American system of wetland classification
(Cowardin et al. 1979). This vegetation type has not been described
previously in western Canada, but similar vegetation associations are
present in the peat margin swamps of eastern temperate Canada
(National Wetland Working Group 1988).

Group 13 consists of Sphagnum dominated poor fens with some

Betula, Picea, Larix, and Salix cover. They are most closely related to
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Ledum moors, an early Sphagnum-Andromeda association described
near Nestow, Alberta by Lewis efr al. (1928). In the U.S,, this
association would be considered a moss wetland (Cowardin et al.
1979).

Correlation of Vegetation to Water Chemistry and
Environmental Factors

Data reported from other sources indicate that marshes are
typically circumneutral to alkaline in water chemistry. Hydrogen ion
activity (pH), specific conductivity, calcium, magnesium, and sodium
concentrations w<an be variable in marshes, ranging from 5.6-8.2, 83-
500 puS, 2-72 mg/l Ca, 1-12 mg/l Mg, and 3-50 mg/1 Na (Table 8).
Ionic concentrations found in the marshes at Elk Island National Park
are consistent with the range of values reported in Table 8. Calcium,
magnesium, sodium, corrected specific conductivity, and pH levels in
swamps reported from other studies indicate that swamps are also
generally circumneutral to alkaline and equally as variable in their
water chemistry (Table 8). Ionic concentrations in the swamps at Elk
Island are similar to data presented in Table 8. Moderate-rich fens at
Elk Island have lower pH, specific conductivity and cation
concentrations than macrotrophic and rich fens found elsewhere in
Alberta (Table 8). They are comparable to moderate-rich fens,
mesotrophic fens, water tracks at Mariana Lakes, graminoid fens, and
low shrub fens in pH and corrected specific conductivity. Dust from

agricultural soils may be contributing to some calcium enrichment of
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wetlands at Elk Island National Park (Gorham et al. 1984) compared
to peatlands located in more remote areas of North America. Calcium
concentrations in the moderate-rich fens average 33 mg/l as
compared to a range of 3-22 mg/l found elsewhere (Table 8). The
poor fens at Elk Isiand have lower pH values compared to similar
wetlands published in the literature (Table 8), however specific
conductivity is higher. Calcium concentrations are :ariable but can be
high (7 mg/l, Table 2), as well as magnesium (2 mg/l) and sodium (4
mg/l). This may be due to additional inputs from windblown soil of
the largely agricultural surrounding area. Specific conductivity and
pH values in bogs at EINP are most similar to bogs at Mariana Lakes,
Alberta, and high moor bogs from the Soviet Union (Yefimov and
Yefimova 1973). Calcium, magnesium, and sodium concentrations of
these bogs are also slightly enriched compared to other reported sites
(Table 8).

Organic nitrogen values vary in Elk Island marsh wetlands from
2013-6384 pug/l. This is predominantly soluble particulate N, which
is exuded from vegetation or is a product of decomposition (Wetzel
1983). These values are much higher than TKN-N concentrations
(1383 ug/l) found in a bullrush marsh in Manitoba (Campeau et al.
unpublished). High organic N in the saline marsh at Elk Island maybe
due to high rates of decomposition and concentration of the
decompositional products by evapotranspiration. Bullrush marshes
are much closer in structure and chemistry to open water systems
than closed stand Carex dominated marshes studied in Elk Island.

Hypereutrophic lakes normally have > 1200 pg/l organic N in the
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epilimnion, and anaerobic hypolimnions can have as high as 10 mg/
(10,000 pg/l) organic nitrogen (Wetzel 1983).

Ammonium and nitrate concentrations in swamps at EINP are
comparable to those reported in Table 8. As combined inorganic
nitrogen, these values range from 30-153 ug/l; less than ievels
commonly found in ultra oligotrophic lakes (Wetzel 1983). This
indicates that the wetland plants are either rapidly assimilating or
adsorbing any available inorganic nitrogen in these wetlands, or very
little orgamic N is being mineralized to ammonium. Fens are also
extremely low in nitrate and ammonium (Table 8). Bogs often contain
much higher ammonium levels than fens (Table 8). Nitrification of
ammonium is inhibited by dissolved organic compounds, especially
tannins, acidic conditions (Wetzel 1983), and phosphorus deficiency
{Damman 1988). Any or all of these could contribute to high
ammonium levels in bogs. The moisture regime, as influenced by the
depth of the water table will influence the amount of N mineralization
and ammonium which accumulates (Richardson er al. 1978). Loss of
ammonium through denitrification is often inhibited or occurs at very
low levels in wetlands (Hemond 1983, Urban and Bayley 1988).
Inhibited denitrification plus rapid uptake by vlants (Urban and
Eisenreich 1988, Urban and Bayley 1988) results in undetectable or
very low levels of NO3 in bogs (Gorham et al. 1984).

Total phosphorus is a measure of soluble inorganic and organic
P, and particulate P. The majority of total phosphorus is in an organic
phase as particulate P (Wetzel 1983), and is therefore a product of
decomposition. Hypereutrophic lakes contain greater than 100 ug/l
of total phosphorus in the surface waters (Wetzel 1983). Surface
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water in the marshes at EINP have total phosphorus concentrations
ranging from 73-250 pg/l, which agrees with data acquired by Viit
et. al (1992). Published data (Table 8) indicates that swamps can
contain anywhere from 100-580 upg/l TP in their surface waters,
while values at EINP range from 221-3155 pg/l. Total phosphorus in
fens has been reported ranging from undetectable to 466 pg/l (Table
8). Data collected from the fens at EINP generally agree with these
values. Low phosphom:s measurements in fen Groups 4 and 10 are
related io low amounts of organic N, suggesting decomposition is
limited at these sites. Both bog groups had higher total phosphorus
concentrations in interstitial waters than reported from other authors
(Table 8). Nitrogen and phosphorus mineralization was found by
Verhoever et al. (1990) to be higher in ombrotrophic bogs with a
Sphagnum cover than in minerotrophic fens. Low water tables may
be contributing to faster decomposition in the bogs at Elk Island.

The distribution of wetland species along pH and ionic gradients
has been well documented for peatlands (Sjors 1950, 1952, Vitt et al.
1975, Vitt and Slack 1975, Karlin and Bliss 1984, Glaser 1983, Vitt
and Bayley 1984, Malmer 19%¥6, Gignac 1987, Starr and Laine 1988,
Chee and Vitt 1989, Wassen ef al. 1989, Gignac et al. 1991(a), Gignac
et al. 1991(b), Glaser et al. 1990, Nicholson and Vitt 1990, Renato
1990, Vitt et al. 1990), and lakes (Jackson and Charles 1988, Arts
1990). Species distribution is a result of habitat requirements of
which bryophytes are known to be particularly sensitive (Vitt and
Slack 1984, Andrus 1986, Janssens and Glaser 1986) and the ability
of plants to modify their surrounding environment (Andrus 1986,

Gorham et al. 1984, Glime et al. 1982, Kangzs 1990). Examples of
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environmental modification by plants are acidification (Gorham e/ al.
1987), organic matter build up, and physical resistance to water
movement (Vitt and Kuhry 1992).

Wetland species will respond to environmental gradients by
producing wetland communities that reflect regional climate, local
hydrology, water chemistry, basin morphology, and disturbance. The
strongest gradient controlling species distribution in Elk Island
National Park wp:pears to be an ionic gradient reflected in cation
concentraiiitis, pil, and correctwy tpecific corductivity. Superimposed
on this gradient is a nutrient gra.dient iafluenced by variations in
nitrogen and phosphorus levels. lonic gradients are controlled most
strongly by water source, flow rates, and precipitation, while nutrient
levels are controlled by chemical cycles within the peatland.
Moisture conditions and redox potentials also play a significant role in
regulating available nutrients in wetlands.

The ionic gradient in wetlands at Elk Island National Park is
largely driven by the water source (ombrotrophic vs. minerctrophic)
and fluctuating water tables. Low elevational shore marshes are
closely tied to adjacent aquatic environments with the highest
number of inlet and outlet streams, and are subject to periodic
drawdown and flooding. The maintenance of species diversity and
deep emergent vegetation in these sites is often dependent upon
cycles of drought and flooding (Keddy and Reznicek 1986, Mallik and
Wein 1986, Greening and Gerritsen 1987, Welling et al. 1988(a),
1988(b), Wilcox and Meeker 1991). High specific conductivities
approaching those of brackish waters is indicative of semi-

permanence (Stewart and Kantrud 1972) and is characteristic of the
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marshes at Elk Isiland National Park. Swamps are formed at
intermediate elevations usually at the outermost fringe of the
wetlands at Elk Island National Park. Cation sources for these
wetlands include overland flow and underlying soils. Groundwater
seepage is considered to be a major factor for swamp development,
but data presented here suggest that one group of swamps at Elk
Island is a product of stagnant water combined with either a shallow
water table or periodic drawdown. Fens form at intermediate
elevations where shallow water tables intersect the soil surface along
low sloping gradients. Surface and groundwater slowly seeps across
these peatlands. Basin fens receive intermediate overland flow in
terms of the number of inlet and outlet streams. They usually are
formed as floating mats that extend out from the basin edge into open
waters. Mineral additions to the floating mats are minimized by the
ability of the mat to float with rising water levels. Bogs mostly form
at Elk Island National Park at the highest elevations in isolated
perched depressional basins. Overland flow is minimal and water

movement is restricted to one or two inlet and outlet streams.

Peatland Development

Site 2

Three phases can be recognized from the profiles of all three cores at
site 2 (Fig. 31). The first phase is an aguatic phase dominated by
aquatic plant and seed remains. Carex and bryophytes can be found

in this phase in low abundance in all three cores. The presence of
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mineral grains and a high percentage of detritus indicates that mixing
and a high rate of decomposition occurred at the time of deposition,
however, a permanent water body is suggested by the presence of
Amniccla limosa and Menetus cooperi shells (Clarke 1981). The
aquatic phase is followed by a transitional phase that contains both
aquatic and semi-terrestrial plants. The extant phase is a moderate-
rich fen community. Bryophyte species are predominant along with
Carex, Betula and herbaceous material. This site has progressed from
a pond-marsh where a shallow open body of water containing floating
and emergent aquatic plants has slowly changed into a

bryophyte/Carex dominated moderate-rich fen.

Site 3

The deeper portion of this basin was first occupied exclusively by
aquatic plants (Fig. 31). A permanent water body is suggested by the
presence of Valvata sincera helicoidea, a gill breathing snail (Clarke
1981). Gradually, a floating mat developed producing a large section
of transitional peat. At present this floating mat is a moderate-rich
fen comprised of bryophytes, sedges, and shrubs. The outer edge of
this peatiand flooded much later (Table 3) and initial sediments were
compriscd of both aquatic and semi-terrestrial plants. Close
proximity to upland vegetation is indicated by the presence of woody
elements, Betula, and Alnus nutlets in the basal peats. A high
percentage of woody elements in the upper section of the edge profile
suggests that a woody swamp developed following the earlier aquatic

phase.
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Site 22

Mineral soil mixed frequently with the basal aquatic sediments at site
22, and snail shells indicative of permanent water bodies are lacking
(Fig. 31). Sphagnum fossils are present in low amounts at the base
indicating that it was present in some quantity nearby. A transitional
community occurred for some time, combining aquatic species with
Carex and minor percentages of Sphagnum and Drepanocladus. In the
center of the peatland, the aquatic community was quickly replaced
by a Sphagnum dominated poor fen. This was followed by a
Sphagnum dominated bog community, devoid of Carex, herbs and
brown moss species. The midway core does not develop this bog
phase, and the poor fen stage lasts until a few centimeters bclow the
peat surface. Disturbance by beavers has reflooded this site altering
the top few centimeters of this core to a herbaceous dominated
community. Basal sediments at the edge of this sitc are aquatic
indicating that this basin expanded in size due to ‘increased water
levels. These sediments change into a transitional assemblage
consisting of aquatic species, Gramineae, Betula, and Alnus. The next
phase has high percentages of woody elements, Betula and Alnus
indicating that a marshy swamp developed. Surface peats show a
reduction in woody elements, Betula and Alnus, and a dramatic
increase in herbaceous material and Carex suggesting the flooding has
created wetter conditions that killed the shrubs and trees previously
surrounding the peatland. The profiles at this site suggest that this
peatland was developing into a Sphagnum dominzted bog, but was

arrested at the margins by disturbance due to flooding. Lagg
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development had progressed from an aquatic community to a marshy

swamp community before disturbance occurred.

Site 27

Four phases can be seen in the profile of site 27 (Fig. 31). The first
stage is predominantly aquatic but there is some evidence of
terrestrial plants. Snail shells indicative of permanent water bodies
are absent from the basal sediments at this site (Clarke 1981). A
bryophyte dominated moderate-rich fen community quickly replaced
the aquatic phase, followed by a Sphagrum dominated poor fen.
Succession has tcrminated with a bog community dominated by a
limited number of Sphagnum species including Sphagnum fuscum.
Expansion of this basin did not occur due to flooding. Basal

sediments of the edge core are more terrestrial in nature and indicate
that basin expansion occurred via paludification. Sphagnum
dominated bog vegetation was attained quickly after the earlier sedge

dominated poor fen community.

Site 35

This shallow basin expanded in size due to flooding. The earliest peat
forming communities are aquatic (Fig. 32), but lack any gastropod
shells that indicate a permanent water body (Clarke 1981). Low
abundance of woody elements and high abundance of Carex fossils
indicate that the upper peats of these cores are derived from marsh

vegetation that lacked significant shrub cover.
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Site 48

Site 48 is presently situated adjacent to one of the larger lakes in Elk
Island National Park. Lowered lake levels at the time of peat
initiation are indicated by the presence of Ruppia maritima and
Zannichella palustris. These species are normally found only in more
caline conditions (Stewart and Kantrud 1972, Moss i983, Husband
and Hickman 1985). Lake levels rose, expanding the basin of the lake
flooding the edges and initiating peat development. A permanent
water body is suggested at the time of initiation by the presence of
Amnicola limosa and Menetus cooperi shells (Clarke 1981). At both
cores (Fig. 32), aquatic communities gave way to Carex dominated
marsh communities This was followed by the invasion of woody
shrubs and trees, to produce a swamp community. Lake levels rose a
second time killing the tree and shrub vegetation at center core.
Recently a Typha mat has developed around the lake, as evidenced
by the sudden rise of herbaceous material in the top 5 cm of the core.
Rising lake levels have appeared insufficient to disturb the edge core,

which is located some distance from the present shoreline.

Paleoenvironmental Reconstructions

Inferred height above water table profiles i1 the fens at Elk
Island (Fig. 33) indicate conditions have been quite variable in the
past. Cores 2-2 and 3-1, suggest a relatively stable existence, where
as 2-1 and 2-3, have experienced greater water table fluctuations.
Surface height above water table conditions are similar to initial

inferred height above water table, indicating that the floating mats
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have not stabilized. Surface vegetation is still subjected to
fluctuations in the local groundwater hydrology. Inferred height
above water table profiles of the bogs at Elk Island National Park
indicate that the surface became gradually drier at site 27 (Fig. 34).
Surface vegetation here has been removed from groundwater
influences and is no longer subjected to local flooding. Surface
conditions have become significantly wetter at core 22-2 in the top
40 cm. This reflects the recent flooding which has occurred at this
core.

Inferred pH profiles in the fens at Elk Island National Park (Fig.
35) indicates that acidification has not progressed significantly at
these sites. Inferred surface pH values are similar to inferred basal
pH values. Inferred pH profiles of the bogs (Fig. 36) demonstrates
that acidification from basal pH values of 5.5 to 4.4 (Core 27-1) and
4.8 to 4.2 (Core 22-1) has taken place with an abrupt change
occurring as the peatland changes from moderate-rich fen vegetation
into poor fen. Disturbance of the profile at site 22 due to flooding is
apparent in the top 40 cm.

The paleoenvironmental reconstructions of inferred pH of site
27 are similar to reconstructions of bogs from Saskatchewan and
Manitoba (Kuhry er al. 1992). At Mariana Lakes (Nicholson and Vitt
1990) inferred pH curves gradually declined during the transition
from fen tc bog. Palecenvironmental fen curves at EINP are similar
to Mariana Lakes in that fluctuations have occurred in the past but no

general trends or net changes are evident.
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Comparisons to Published Literature

In an effort to study climax successional communities and
undertake pollen studies, paleoecologists have overwhelmingly
directed their attention upon Sphagnum bogs. Few stratigraphic
studies have been undertaken in fens (Zoltai and Johnson 1985,
Janssen 1988, Janssens et al. 1992, Kubiw et al. 1989, Nicholson and
Vitt 1990), marshes and swamps (National Wetiands Working Group
1988).

A summary of several published peat profiles for terrestrialized
bogs is presented in Table 9. At each site, basal macrofossils of
submerged aquatic plants or emergent marsh vegetation were
identified. Common aquatic plants in Table 9 are Chara, Potamogeton,
Sparganium, Scirpus, Eleocharis, Myriophyllum, Najas, Nuphar,
Nymphaceae, and Pediastrum. Most of these sites also contain
bryophyte remains such as Sphagnum cuspidatum, S. subsecundum, S.
warastorfii, Drepanocladus revolvens, D. vernicosus, Scorpidium
scorpioides, Calliergon trifarium, and C. giganteum. Important early
colonizers of the bogs at Elk Island National Park are thc aquatic
plants Myriophyllum, Certatoephyllum, Potamogeton, Chara, Typha,
Najas, and Rumex. Bryophytes of significance are Sphagnum
warnstorfii, S. angustifolium, S. magellanicum, S. squarrosum,
Drepanocladus exannulatus, D. aduncus, and Calliergon stramineum.
Peat profiles in Table 9 that contain bryophyte fossils in the basal
aquatic sediments tend to develop directly into fens. Alternatively a
section of pure sedge peat can occur directly after aquatic sediments

before any bryophytic remains become significant
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(Griffin 1977, Tallis 1983, Ovenden 1985, Giller and Wheeler 1988,
Janssen 1988, Wilcox and Simonin 1988). The centre core at site 22
(core 22-1) at Elk Island National Park has a similar stratigraphy,
about 20 cm of pure sedge peat was laid down before bryophytes
became present in the sediments. Floating sedge mats which can act
as the primary colonizers of open water bodies do not occur in this
area, but are prevalent in England and Scotland (Tallis 1983). The
occurrence of vascular plants without a significant bryophyte cover
indicates 2 nericu of fluctuating water tables and drawdown
conditions, two contributing factors preventing bryophyte dominance
in present day marshes. Once fen vegetation becomes csiablished,
autogenic factors contribute to increased oligotrophy, acidification and
peat build up, creating drier, less cation-rich surface conditions.
Sphagnum often invades, first creating Sphagnum dominated poor
fens and bogs (Nichols 1969, Ovenden 1985, Winkler 1988, Warner
1989). This is followed by the establishment of shrubs and trees
(Nichols 1969, Ovenden 1985), creating forested bogs. Often the two
processes occur together and major successional changes occur in the
peat profiles (Futyma and Miller 1986, Miller and Futyma 1987,
Wamner et al. 1991b).

The peat profiles of terrestrialized bogs at Elk Island National
Park and those presented in Table 9, outline a hydrarch successional
series of open pond/marsh - fen - bog. Within each profile there is
evidence of increasing oligotrophy, acidification, and surface
desiccation. This pattern of terrestrialization is supported by Vitt and
Kuhry (1992), Warner et al. (1991b), National Wetlands Working
Group (1988) and in a model presented for boreal peatland
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development by Osvald (i outlining general mire dsvelopment in
the Edmonton, Alberta area. Similar developmental patterns have
been recorded in the Red Lake peatland (Janssens 1988), in south
Sweden (Mo6rnsjo 1968), in Finland (Warén 1924), and in Colombia
(Kuhry 1988).

Fens are often considered to be a serai stage leading to bog
development, although many fens have been stable ecosystems for
thousands of years (Zoltai and Johnson 1985, Kubiw et al. 1989,
Nicholson and Vitt 1990). Macrofossil community changes in fens
have been attributed to autogenic change, climatic factors, and
hydrology. Surface patterning is considered to be a secondary event
in fens (Foster and Fritz 1987, Kubiw et al. 1989), as well as in bogs
(Foster et al. 1988). A stratigraphic profile from a basin fen near Jan
Lake, Saskatchewan (National Wetland Working Group 1988)
indicates that this wetland began as a pond that was filled in by an
open fen. Subsequently the open Carex fen was invaded by shrubs
and tamarack trees. Sphagnum became predominant in the
macrofossil record only in the last 28 cm. Similarly the development
of shrubby vegetation followed by treed vegetation did not occur in a
Rocky Mountain House fen until relatively recently (after 2350 yBP)
(Zoltai and Johnson 1985). Fens at Elk Island National Park have
developed very slowly from shallow open water basins. Agquatic
plant remains are present in the peat sediments until the last 100 cm.
It appears that development took place via the gradual encroachment
of floating mats over the open water bodies. Bryophytes, particularly
Drepanocladus aduncus, D. crassicostatus, Calliergon spp., and Meesia

spp., were important components of the mat. Carex and shrubs are
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more recent additions to the peat forming communities. Inferred pH
and water table reconstructions indicate that some of the peatlands
in EINP are relatively stable, with autogenic processes occurring
slowly, or arrested due to associated allogenic factors.

Swamp profiles from eastern Canada (Glooschenko and Grondin
1988), particularly a profile from Puslinch township, indicate that
swamps can cvolve from shallow marshes or ponds. Aquatic peats
developed into sedge peats, folivwed by woody swamp peats. An
identical series of seral stiges has been described from Woody Bog, a
Populus/Salix dominated wetland located just south of Grand Prairie,
Alberta (A. Beaudoin, personal communication). Aquatic peats were
replaced by sedge peats, followed by swamp peats. A similar "bog
sere” was reported in Wisconsin by Frolik (Tallis 1983). He described
a hydrosere consisting of aquatic plants followed by successive zones
of Typhal/Scirpus/Phragmites, Carex meadow, scrub (Salix, Betula),
and finally Populus tremuloides. In the two undisturbed swamp
profiles at Elk Island Park these seral sequences can also be seen.
Bryophytes are rarely present in the sediments, and Carex dominated
vegetation establishes early. This indicates that drought and
drawdown play a significant role in the establishment of these

communities.

Peat Chemistry Comparison to Published Literature
As compared to other reported publications on peat chemistry
(Table 10), the bogs at Elk Island are high in ash (6%), sulphur and

potassium, but average in calcium, magnesium, manganese, iron, and
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sodium. The poor fens are mineral rich as ash, calcium, magnesium,
iron, and sulphur are high (Table 7) compared to published reports
(Table 10). The peat chemistry of the moderate-rich fens is
comparable to published peat chemistry data (Table 10). Rich fens
tend to have much higher calcium and magnesium concentrations.
Reported peat chemistry of marshes indicates that they commonly
have much higher ash and phosphorus concentrations than at Elk
Island, but lower calcium, sodium and sulphur. Swamp peats appear
to be extremely variable in ash content ranging from 7-94% (Table
10). Other reported parameters are also extremely wide ranging. In
comparison, the swamps at Elk Island are low in ash and iron, but
high in calcium, magnesium, sodium, sulphur, and phosphorus.
Although aquatic peats have not been adequately documented
chemically, the aquatic peats at Elk Island are comparable to two sites

analyzed by the National Wetlands Working Group (1988, Table 10).

Peat Profiles
Physical Profiles
Ash

In an aquatic environment, mineral grains are incorporated into
the sediments through wave action and lake turnover. As peat
accumulates, accessibility to mineral soil in the basin is reduced
(Shotyk 1986), particularly if a floating mat is formed. The floating
mat provides a physical obstruction to the circulation of lake wéter
into the peat forming community. With the accumulation of
significant quantities of peat, waterflow into the peatland becomes

increasingly restricted to the lagg and major flow channels (Tallis
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1983) further reducing allogenic sources of ash. The ash content of
mire plants reflect both allogenic and autogenic sources.
Minerotrophic mire species contain higher quantities of mineral
matter derived from the water source, than corresponding bog plants
(Chapman 1964, Mornsjo 1968, Pakarinen and Tolonen 1977, Karlin
and Bliss 1984, Shotyk 1986). As the peatland develops
ombrotrophic conditions, incoming sources are reduced to aerially
deposited forms (Gorham 1957, Damman 1978, 1986), and biogenic
silica produced by the plants themselves (Shotyk 1988).

Ash profiles from terrestrialized bogs and fens have high ash
contents (5-49%) in the basal aquatic sediments (Gorham 1949,
Chapman 1964, Mormsjo 1968, Kubiw 1987, Nicholson 1989) Once
these peatlands have developed fen peat, ash contents drop to lower
levels. Ash profiles from paludified fens have high mineral contents
in the lowermost samples adjacent to the mineral soil boundary,
after which, ash levels remain fairly constant at levels which reflect
the amount of minerotrophy in the fen (Chapman 1964, Zoltai and
Johnson 1985, Kubiw 1987, National Wetland Working Group 1988,
Nicholson 1989, Riley and Michaud 1989). Ash profiles from
paludified bogs commonly have very low ash contents that extend
until basal soil sediments are reached (Chapmar 1964, Sonesson
1970, Nicholson 1989). Allogenic sources of ash to paludified bogs
are either insignificant or ash is leached out from the peat soils after
deposition. Ash profiles of swamps and marshes tend to have
consistently high ash content, with a few profiles showing a decrease
towards the peat surface (National Wetland Working Group 1988,

Riley and Michaud 1989) indicating a consistent mineral source.
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Ash profiles from the wetlands of Elk Island National Park are
typical of terrestrialized peatlands and indicate the gradual removal
of the aquatic peat forming community from lake generated sources
of ash. Bog site 27 has an ash profile that is slightly different from
the others; ash percentages drop very quickly from greater than 50%
in the aquatic peats to 4% in the fen peats. This ash profile is typical
of a paludified peatland, and suggests that during development site

27 quickly became isolated from lake generated ash sources.

Bulk Density

Bulk density is affected by the species composition of the peat,
it's degree of comnsolidation and compaction, and the state of
decomposition. Undecomposed Sphagnum fuscum peat has a bulk
density of 0.02 g/cm3 (Pakarinen and Gorham 1983) which compacts
to bulk densities of 0.08 g/cm3 60 cm below the surface. Bulk
density profiles generally increase with depth (Zoltai 1991). At bogs
in northwestern Ontario, surface peats averaged 0.08 g/cm3, while
basal peats averaged 0.21 g/cm3 (Riley and Michaud 1989). In
comparison bulk density values at the surface of bog site 27 average
0.04 g/cm3, while below surface poor fen and moderate-rich fen
peats ranged from 0.1-0.25 g/cm3, and aquatic peats are generally
greater than 0.2 g/cm3. At bog site 22, poor fen and transitional
peats had bulk densities of 0.2 g/cm3, and aquatic peats range from
0.2-1.9 g/cm3.

Bulk density profiles of a terrestrialized fen in Ontario have
surface values of 0.02 g/cm3, which increased to 0.6 g/cm3 at depth.

Lower aquatic gyttja sediments had bulk density values ranging from
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0.4 to 1.4 g/cm3 (Wamer et al. 1991a). At Mariana Lakes, the
terrestrialized poor fens have surface bulk densities averaging 0.1
g/cm3, gradually increasing to 0.8 g/cm3 in the aquatic peats
(Nicholson 1989). At Muskiki Lake, a terrestrialized fen, bulk
densities in the surface peats average approx. 0.08 g/cm3. In the
aquatic peats of this section, bulk density values averaged 0.4 gf/cm3
(Kubiw 1987).

Bulk density profiles from the fens at Elk Island clearly
demonstrate the gradual evolution of these peatlands from aquatic
ecosystems with high bulk densities in the aquatic peats and low in
the fen peats, and the presence of a floating mat. Fen profiles clearly
show the development of floating mats. Surface peats in the fens
generally have greater than 0.2 g/cm3, quickly declining in cores 2-1,
2-2, 3-1, 3-2, to less than 0.1 g/cm3. This marks the boundary
between the floating mat peat and detrital peat shed from the bottom
of the floating mat that accumulated on the pcad bottom. Between
the two types of peat is a section of detrital peat which has not been
compacted. This zone of uncompacted detrital peat is not seen in the
edge cores as the mat is grounded from the time of initiation.

Swamp and marsh profiles at Eik Island show the same general
trend as the bogs and fens: a gradual removal of the wetland from an
aquatic ecosystem, as evidenced by a decline in bulk density values
from aquatic peats tv surface peats. The bulk density values given
u¢re compare favorably with values given by Riley and Michaud
(1989).
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Chemical Profiles
Calcium

In ombrotrophic, terrestrialized peatlands calcium profiles are
highest at the base and decline gradually to < 5,000 mg/Kg once
ombrotrophic peat begins to form (Chapman 1964, Damman 1978,
National Wetland Working Group 1988, Riley and Michaud 1989).
Basin fens (formed under terrestrialized conditions) have similar
profiles (Kubiw 1987, National Wetlands Working Group 1988,
Nicholson 1989). Paludified bogs often have calcium profiles, which
are calcium poor from the beginning of peat formation (Chapman
1964, Nicholson 1989). Horizontal fens that have continuous water
flow through them have straight, consistently high calcium profiles
(Zoltai and Johnson 1985, National Wetlands Working Group 1988,
Nicholson 1989). In marshes and swamps where high decomposition
rates occur and the vegetation is dominated by vascular plants that
have penetrating roots, internal recycling of minerals maintains high
concentrations of calcium throughout the profile (INational Wetland
Working Group 1988, Riley and Michaud 1989). There is also some
evidence that as peat accumulates in these wetlands, minerals
become increasingly limited (Chapman 1964).

In Elk Island, the calcium profiles of the central fen cores (2-
1,2-2, 3-1, 3-2) show a terrestrialized calcium profile, with highly
variable calcium levels in the aquatic peats, reduced levels through
the transitional aquatic/fen peats, and stabilized values of 10,000
mg/Kg in the moderate-rich fen peats. Core 2-3 has a very stable
profile, indicating that continuously low input of calcium from

overland flow occurs at this site. Core 3-3 indicates that the input of
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calcium to this core has increased in the past but has decreased again
following the development of swamp vegetation. Bog profiles,
particularly site 27, suggest a limited calcium input into these sites,
that has declined steadily during development. Edge core 22-3 has a
high basal calcium concentration and a more variabie profile,
indicating an unstable hydrologic regime. Marsk site 35 has low basal
calcium concentrations (10,000 mg/Kg) that increase towards the
surface as marsh peats are encountered. Falling water levels,
increased decomposition, and the recycling of calcium through
vascular plant roots may all contribute to this core profile. Swamp
site 48 has high calcium concentrations in the aquatic sediments that
rapidly decline upon the appearance of marsh and swamp peats. In
this site it appears that the lake basin has contributed significantly to
the calcium levels. Once marsh vegetation became established this
input was lost. With the development of a shrub layer, decomposition
and internal recycling rates would increase, resulting in a rise in

calcium in the surface peats.

Copper

Peatlands trap copper, due to the metal's strong affinity for
organic material (Shotyk 1988). Largin et al. (1972) clearly
demonstrated that copper concentrations in a lowmoor peatland
followed a path of water movement into the mire. Concave shaped
copper curves are common in the peat profiles of bogs and fens
(Elomaa 1987, Riley and Michaud 1989). Surface enrichment is
attributed to bioaccumulaticn or increased industrial pollution

(Shotyk 1988). Surface concentrations of 6.3-12.7 mg/Kg were found
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in a paludified ombrotrophic peatland at Abisko (Sonesson 1970), and
2 mg/Kg in surface peats of a minerotrophic fen in Finland (Elomaa
1987). Basai sediments were 6.3 mg/Kg at Abisko and 8 mg/Kg in
Finland. Copper profiles in bogs of northern Cntario are concave with
approx. 3.8 mg/Kg at the surface and up to 56.3 mg/Kg at the base.
Fens contain 1.8-5 mg/Kg at the surface and 9-24 mg/Kg at the base.
Swamps and marshes tend to have straight profiles with copper
contents averaging 6-9 mg/Kg (Riley and Michaud 1989).

Fen profiles at Elk Island show some tendancy towards being
concave with secondary surface enrichment due to either
bioaccumulation or pollution. Once again the central fen cores chow
strong evidence of high input during the initial aquatic stages,
gradually declining once floating mats formed, limiting the
minerotrophic water sources. Edge cores suggest continuous low
copper inputs into these sites. Bog site 27 has a profile that indicates
the initial sediments were in contact with a copper source (overland
flow, lake sediments), that quickly became eliminated. Bog site 22
has a variable copper profile, indicating that initial sources were low,
but copper inputs have increased at least twice during the
development of this peatland. Copper profiles in the swamps and
marshes are similar to their calcium profiles. Site 35 has low basal
values, which peak in the aquatic/marsh sediments. Site 48 has high
basal copper concentrations, which decline towards the peat surface,
indicating a gradual decline has occurred in the amount of copper

reaching these peats.
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CONCLUSIONS

Thirteen wetland vegetation groups were found to occur in Elk
Island National Park. They range from saline marshes through to
forested bogs. Vegetation is predominantly controlled by waterflow
and cation gradients reflected in strong correlations between |
vegetation, pH, corrected specific conductivity, calcium, magnesium,
and sodium content of the surface waters. Nutrient (nitrogen,
phosphorus) content of surface waters does not play as strong a role
in determining species composition of these peatlands. Marshes,
swamps, and moderate-rich fens at Elk Island National Park are
circumneutral in pH, with surface waters high yet variable in calcium,
magnesium, and sodium. Phosphorus levels can be high in some
types of swamps. Poor fens and bogs are acidic, with less mineral ion
content. Nitrate, ammonium, and phosphorus levels in bogs and poor
fens can be as high or higher than the marshes, moderate-rich fens,
and swamps. Elevation, number of inlet and outlet streams, water
level, and hummock height all contribute to the diversity and
composition of s—ecies in these wetlands.

Successional patterns in the wetlands follow hydroseral
successional sequences outlined by Walker (1970). Two definite

developmental pathways can be found within the park.
1) Aquatic -- Rich Fen -- Poor Fen -- Bog -- Forested Bog

2) Aquatic -- Marsh -- Swamp
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When the site is conducive to bryophyte colonization, the direction of
succession is towards Sphagnum domination. Autogenic factors drive
this successional pathway by the reduction of the ionic supply
reaching the wetland. Autogenic changes evident in these wetlands
are the gradual elevation of the peat surface above the local water
table, acidification of the environment, and oligotrophism. Peat
accretion fills in the basin and leads to consolidation of the peat. Once
the peat surface is no longer subjected to excessive water level
fluctuations, bryophytes and shrubs can establish. Gradually
hummocks are formed where the process of acidification and
oligotrophism begins. Here in small microtopographic situations
bryophytes lower the pH level (Glime et al. 1982, Gorham et al. 1984,
Urban et al. 1987) due to their cation exchange properties. Organic
acid production through decomposition may also be a factor (Hemond
1980, Gorham et al. 1984). Elevation from the surrounding
watertable promotes leaching of nutrients and isolation from ionically
rich waters. Amalgamation of the hummocks and channelling of water
away from elevated portions of the mire expands the region affected
by these two processes and ultimately leads to the formation of bogs.
Where drawdown or watertable fluctuations prevent
bryophytes from establishing, the wetland develops into a swamp.
Parallel trends, due to autogenic factors operate in marsh wetlands.
Peat material deposited beneath the sedge community, isolates it
from one ionic source, the underlying mineral soils. The layer of peat
also acts as a stabilizer of hydrologic conditions, due to it's ability to
swell and store water. Elevation of the marsh community from the

local watertable occurs due to the accretion of peat. As a result severe
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flooding is restricted. Excessive desiccation is retarded by the ability
of the peat to retain water. Consequently shrub and tree growth is
promoted. If through hydrological stability the site becomes
conducive to bryophyte establishment, mosses invade and the swamp
community may evolve into a fen. Although this successional pattern
has not been documented in Elk Island, it is well known elsewhere
from the literature (Nichols 1969, Tallis 1983, Winkler 1988). It is
likely the high evapotranspiration rates that occur in this region is
responsible for limiting this successional pathway through limiting
bryophyte establishment.

Climate is an allogenic factor that has strongly affected peatland
development at Elk Island National Park. The early Holocene thermal
optimum delayed peat initiation until after 6720 yBP. Early wetlands
were small open ponds with Typha marshes coccurring along the
shorelines. The predominance of Typha marshes in early basal
sediments is considered to be characteristic of southern boreal
peatlands and indicative of warmer climates (Kuhry et al. 1992).
Some wetland macrofossils present in the basal sediments normally
occur in more saline conditions, perhaps a sign of higher
evapotranspiration rates. Sphagnum invasion into the bogs at Elk
Island National Park is delayed compared to more northern peatlands
and is considered to be climatically induced (Kuhry et al. 1992).
Terrestrialization has been the dominant process initiating peat
development in the park. Climatic limitations and topographic relief
presently prevent peatlands from extending out beyond small
depressional basins. The relatively late invasion of Sphagnum and

lack of paludified peatlands in the park indicate that climate is
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continuing to exert a strong infiuence on the development of these
sites.

Climatic factors have affected peatland development at Elk
Island National Park in several ways: 1) delay of peat formation
immediately following deglaciation, 2) expansion of the peatlands
basins between 6600 and 2910 yBP, 3) predominance of
terrestrialized peatlands in the park, and 4) late invasion of
Sphagnum into the bogs. These climatic factors have affected all
peatlands uniformly over broad geographical areas and are thus not
responsible for the diversity of peatlands that exist within the park.

Edaphic factors are more site specific and affect peatlands
individually. They are the physical setting of a wetland such as
elevation, basin morphology and hydrology. These factors influence
the starting point (terrestrialization, paludification), and control the
rate of development in a given peatland.

Autogenic factors occur within individual peatlands and appear
to have three directions directly affecting succession. These are
acidification, elevation of the peat surface, and oligotrophism.

Development of the peatlands at EINP has been studied using
peat macrofossils and physical and chemical characteristics of the
peat. Using this combined approach processes driving the evolution
cf the peatland have been elucidated. The profiles from the fens both
chemically and physically indicate that minerals were abundant in
the early peat forming shallow pond stage of these peatlands. Surface
runoff, wave action, and lake turnover renewed the minerctrophic
environment. Floating mats formed and the peat forming plant

communities became increasingly more isolated from mineral sources.
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Bog profiles indicate that a similar process occurred. An influx of
copper, calcium and mincral matter occurred in site 22, after the
infilling process began, while site 27 experienced rapid and almost
complete removal from minerotrophic sources. Terrestrialization and
oligotrophism processes can be seen in the chemical and physical
profiles of swamps and marshes. Marsh site 35 experienced a rapid
decline in ash and bulk density as development progressed from
aquatic to marsh environments, with a corresponding increase in
calcium and copper. Swamp site 48 experienced a gradual decline in
bulk density, ash, calcium and copper from aquatic to marsh
environments. Some surface enrichment is also seen, with the
development of swamp vegetation that may be due to
bioaccumulation from decomposition and recycling.

According to the discriminant analysis it is possible to identify
peat types based upon chemical and physical characteristics.
Sediments which are formed under aquatic environments have high
ash and bulk density values (>20%, >0.15 gfcm3), and high metal
contents. Marsh and swamp peats have less than 20% ash, less than
0.15 g/cm3 bulk density values, but contain more than 10,000 mg/Kg
calcium. Marshes are slighiiy more mineral rich and eutrophic than
swamps. Fens at Elk Island have less than 10,000 mg/Kg of calcium,
and less than 12% ash in the peats, with bogs having under 5,000
mg/Kg calcium and less than 6% ash.

This thesis describes the development of wetlands at the
southern limit of the Boreal Forest, where wetlands are restricted to
small topographically defined shallow basins. Here terrestrialization

has been occurring since 6700 yBP. North of this site, peatiand
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development via terrestrialization is of less significance, as large
areas of the landscape have become paludified (Sjors 1961, Nicholson
and Vitt 1990). Progression from fen to bog takes place much more
quickly in these more northern peatlands as Sphagnum invasion
occurs much more rapidly (Kuhry er al. 1992). Within the park
boundaries a wide diversity of wetlands exist, ranging from swamps,
saline marshes, fresh water marshes, moderate-rich fens, poor fens,
and bogs. All of the wetlands in Elk Island began as small fresh
water ponds with shore marsh vegetation along the edges. Edaphic
factors not climate controls the diversity of wetlands within the park.
Bog development has occurred in certain places and it's development
is related to elevation, topography, basin configuration, hydrology,
and stream flow. Severe watertable fluctuations prevent the
establishment of bryophytes and peatland development progresses
from marsh into swamp vegetation.

Beavers have affected the peatlands in EINP extensively by
flooding the depressional basins. Fens, bogs, and marshes are
irundated with mineral rich waters, and the peatlands regress to
former successional stages. Many are completely covered creating
ponds or marshes. The amount of impact which beavers have on
these sites is dependant upon how high the water table rises. Fens,
which have grounded central mats are most likely to be severely
affected by beavers. Fens with grounded mats are: a) appealing to
beavers (Rebertus 1986), b) more sensitive to flooding because of the
grounded mat, c) are diverse within the park (moderate-rich and
poor fens), d) and are a relatively rare (aerially) wetland type in the

park. Basins containing small open water bodies surrounded by
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floating mats are not likely to be impacted by beaver as dam building
is limited and the floating mats merely rise with an increase in the
water 1able. Bogs are least likely to be impacted by beavers as low
water levels and dense black spruce forests are likely to discourage
beavers. Bogs also tend to have few outlet streams, often none, which
afford little opportunity for damming. Similarly swamps will be
avoided due to the tall shrubs, shallow water tables and few streams.
Effects of beavers on marshes (deep or shallow) will be the same as
fens, reverting the marsh to previous successional aquatic stages.
Fire is another regular disturbance affecting wetlands within
the park. It, however, has had little impact on the development of
the wetiands. Only one of the six study sites contained any charceal
layers in the peat profile. All profiles at EINP indicate slow
progressive development and do not show any disruptions or
retrogressive changes that have occurred due to fire. Management of
the wetlands at EINF should involve maintaining the exceptional
diversity of wetlands within the park and should be directed towards
controlling beaver populations or the negative impact of beavers in
the park. A number of fens in the north east section of the park
should be set aside and managed intensively to prevent beavers from
colonizing and flooding these fens. Efforts should also be directed
towards maintaining the few known saline springs and marshes as
these are relatively rare in the park. Since fire has not had a
significant impact of the development of wetlands in the park, the

present practice of prescribed burning should continue.
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APPENDIX 1i

Weighted Means for pH and Height Above Water Table of 1331
Reléves in Western Canada

Species Mean pH Mear: Height Above
Corrected for Skewness  Watar Tabple

Sphagnum russowii 4.24 2.8
Sphagnum riparium 4.26 0.5
Sphagnum magellanicum 4.33 2.1
Sphagnum capillifolium 4.37 3.3
Polytrichum strictum 4.58 2.4
Sphagnum angustifolium 4.62 1.7
Pohlia nutans 4.7 1.3
Pleurozium schreberi 4.73 2.8
Pohlia sphagnicola 4.8 2.5
Drepanocladus exannulatus 4.92 0.4
Sphagnum fuscum 4.97 3
Sphagnum teres 4.98 1.5
Dicranum undulatum 5.03 2.3
Sphagnum subsecundum 5.25 1
Sphagnum squarrosum 5.32 1.2
Calliergon richardsonii 5.81 0.7
Calliergon stramineum 5.69 0.7
Aulacomnium palustre 5.7 1.9
Calliergonella cuspidata 5.92 0.5
Meesia longiseta 5.96 - -
Drepanocladus lapponicus 6.05 0.8
Drepanocladus aduncus 6.06 1
Sphagnum warnstorfii 6.11 1.7
Calliergon giganteum 6.2 1.1
Tomenthypnum nitens 6.2 1.5
Bryum pseudotriquetrum 6.22 1
Calliergon trifarium 6.39 0
Drepanocladus vernicosus 6.4 1.1
Scorpidium scoripoides 6.62 -0.1
Meesia triquetra 6.66 0.6
Campylium stellatum 6.67 1.1
Drepanocladus revoivens 6.76 c.8
Brachythecium mildeanum 6.79 1.5
Drepanocladus polycarpus 6.86 1.9
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