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Abstract

Efforts are increasing to mitigate pressures on wetlands from human disturbance. Conservation
of these systems requires expansive knowledge of écosystem structure and underlying
environmental gradients exerting control over plant distribution. A multitude of environmental
gradients important in undisturbed wetland systems have been studied extensively. The most
impoftant have been shown to be: acidity/base richness, nutrient status, water level fluctuations,
and organic matter accumulation (Bridgham et al., 1996). Human modification of wetland
hydrology may alter the relationships between species distriBution and underlying environmental
gradients. It is therefore important to study the plant-environment relations in distu-rbed‘ systems

to collect baseline data and subsequently monitor changes in the system.

The primary aim of this thesis was to examine which environmental gradients were impbrtant in
the distribution of wetland species in a disturbed stream fen/mound bog system. The study area,
Blaney bog, is a wetland that has been modified by the construction of a dyke/canal system
dividing the area into two separate sections. Aerial photographs and primary survey showed that
four plant community types dominate the Blaney bog landscape: Kalmia occidentalis, Phalaris
arundinacea, Spiraea douglasii, and Carex Spp.. In accordance with the primary aim, a dipwell
network was este;blished in the four plant community types. Soil water was sampled frorﬁ the
dipwells for a ten month period, peat cores were collected and the vegetation was surveyed at
each site. In addition to the initial 16 dipwell sites, 22 sites were added to the study. At these
additional sites the same vegetation and soil data was collected however because the sites lacked
dipwells, the watér was sampled only once. Data analyses addressed the inter-relations between
the water and soil variables and plant community composjtion. ‘Non-parametric analyses of
variance were used to examine if the differences between plant community groups were
significant. Spéarman’s correlation coefficients were calculated to examine relationships
between environmental variables. All variables were also analyzed simultaneously using the '

‘Nonmetric Multidimensional Scaling method.



Results sﬁoWed that the Kalmia sites were the ﬁost representative of poor fen sites. Sites in the
other three plant communities varied in their chemistry compared to the expected range found in
undisturbed fens. Water COmpoﬁents were much more variable than the soil componenfs. The
bog-fen gradient was clearer in the pH values, cation concentrations and nutrient status in the
séil compared to unclear patterns in the water data. Although total soil nutrient concentrations
may.nof be reflective of nutrient availability, overall the soil components are much more static
and present a clearer picture of site conditions at Blaney bog. The disturbance caused by the
dyke/canal system and possibly ongoing influx of drainage waters from neighboring agricultural
- land, are thought to substantially affect the hydrology of this wetland. Effectively, the water
table and chemistry are much more dynamic than in undistﬁrbed wetland systems. This study
recommends that future monitoring Blaney bog should focus on the soil compdnent rather than

the water component and should further investigate the effect of water table fluctuations on plant

‘distribution.
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Chapter 1: IntrodUcti-qn

Historically, the greatest threats to wetlands have been conversion to agricultural land, urban
growth and in&ustﬁal expansion, resulting in approximately one seventh of Canada’s total '
wetland base drained or lost to other functions (Government of Canada, 1991). Millions more
hectares have also been seriously degraded or are at risk as a result of cumulative effects of
pollution, competing and incompatible uses and other intrusions affecting the quality and
character of wetlands (Lynch-Stewart et al., 1999). Nevertheless, many impoftant functions of
wetlands are being regognized: unique habitat, water quality improvement, Wafer storage and
absorption, flood control and possible sinks of excess atmospheric carbon (Tiner, 1999).
Depending on the intensity of disturbance and specific management objectives, wetland systems '
are increasingly being protected, restored or recreated. As a result, successful management of

these highly threatened ecosystéms has become an important topic in recent decades. -

Wetlands are complex systems vs;heré limiting environmental conditions are closely related to
distinct vegetation patterns. Vegetation patterns in wetland complexes génerally show plant
communities s»ep'arated’by relatively abrupt boundaries with transition zones spanning only a few
meters. The observed zonation is thought to reflect underlying environmental gfadieﬁt_s_.
Gradients associated with hydrology, nutrient availability and acidity/base richness have been
shown to have close links to plant community structure and écosystem function in wetlands
(Bridgham et al., 1996). The observed environmental gradients in turn correSpond to changes
that occur during wetland ecosystem development, particularly the accumulation of organic

matter which has substantial effects on hydrology, nutrient status and acidity/base richness of the

system.




The body of literature on disturbed wetlands is srrialler' and tends to focus on effects of peat
extraction and rehabilitation strategies' (Maltby, 1996). Inferences are made about
biogeochemistry, hydrology and plant communities, which are presumed to be true without
supporting data, relying on the theoretical framework set out by ;Netland ecologists. However,
studies that havp focused on affected sites show that disturbing a site may alter the chemistry and
consequently the relafionshil; between vegetation and the underlying chemical gradients
(Charman, 2002; Haslam et al., 1998; Keddy, 2000; Maltby, 1996). This information is esseﬁtial
as efforts.to mitigate, conserve, or restore disturbed wetlands are increasing. Management of V
wetlands will be more successful if the ecological relationships are known and efforts to monitor

changes in the system are based on a solid understanding of baseline conditions.

The primary aim of this thesis was to carry out a base-line study to provide a reference point
from which trends in ecosystem change can be monitored and predicted. Specifically, this study
investigated the reasons for the pattern and specfevs composition of the various plant community;
types in a disturbed stream fen/mound bog complex and examined which enviroﬁmental
gradients were important in the distribution of these wetland species. The research questions

" WEre.

e What environmental factors are important in the distribution of wetland species?
¢ Which environmental factors have been affected by human modification of the study
area? l '
e Which environmental factors can be used as parameférs for a monitoring program of
further changes to the study area? |
In accordance with the primary airh, analyses of chemical variation of the soil water and soil
extracfs were carried out across the range of plant cofnmunity types. Soil water sampling |
spanned a 10 month period to account for seasonal variation and to assure sufficient chemical |
information. Although most wetland studies focus on water chemistry (Mitsch & Gosselink,
2000), the soil component was also studied to enable analyses of soil nutrient status and base
richness in the wetland. Analyses address the inter-relation of the variables measured and their
ir'npli,cati‘ons in terms of plant community composition and environmental processes within the

wetland. The relationships between environmental variables and wetland plant distribution were

compared to studies on natural wetlands. A comparison was made between plant communities
' \




and their environmental conditions relative to plant community characteristics in natural

conditions based on the literature. |

Based on these comparisons, the environmental variables examined are discussed and ranked
with respect to their tendency to be altered in disturbed wetlands (dynamic components) and
those that are less affected by the disturbance and better reflect conditions in undisturbed sjtes
(static components). It is argued that the static components are more suitable indicators for
monitoring site conditions because these reflect changes in the long-term and are less prone to
seasonal short-term fluctuations. An ecological indicator is a “characteristic of an ecosystem
that is related to, or derived from, a measure of biotic or abiotic Variablé, that can provide
quantitative information on ecological sfructure and function” (Tiner 1999). Indicators provide a
useful measure based on baseline conditions where they are used to characierize current status
and then to track significant change or trends in change from baseline conditions. Indicators

used for monitoring ecosystem state should be representative of ecosystem condition; responsive

to change; repeatable; cost effective; and easy to measure.




Thesis objectives

v

The specific objectives are to examine the following aspects of vegetation and chemistry: B

1. Distribution of characteristic species across the different wetland communities (vascular
and bryophyte components) _ |

2. Distribution of major elements across the wetland communities.

3. Distribution of nutrients across the wetland communities, and

4. The difference in seasonal variation in water levels and chemistry.

"Thesis framework

This introductory chapter includes a literature review relevant to organic wetlands. The study
area is described in detail in Chapter 2. Chapter 3 is a detailed account of the methods used in
this study. The results are preseﬁted in Chapter 4 and are discussed in light of work that has
been done in this field. Finally, in the concludiﬁg chapter the study is summarized with respect
to characteristics of each plant community type and the environmental components are reviewed

with respect to their suitability in assessing site conditions.




Literature review

Wetland definition and cla_ssii‘ication

Wetlands have been broadly defined as areas yvith a high water table or standiﬁg water, unique
soil conditions and Vegetétion adapted to wet environments. Wetlands are ubiquitous and v
abundant in the Canadian landscape. Northern boreal and subarctic wetlands that are mostly
peatlands cover approximately 1.1-1.2M km? or 150 million hectares, representing 24% of the
‘world’s wetlands (Government of Canada, 1991). Because of the large variety of these typ.es» of
ecosystems, from estuaries to peatlands, several formal detailed definitions have been developed
for scientific and management purposes. Among the most internationally accepted definitions is
the Ramsar Convention on Wetlands which states: “wetlands are areas of rﬁarsh, fen, peatland
‘or water, whether natural or artificial, permanent or temporary, with water that is static or
flowing, fresh, brackish or salt including areas of marine water, the depth of which at low tide
does not exceed 6 meters” (1971). In Canada, the formal deﬁmtlon of Wetlands first developed
by the National Wetlands Working Group is: “land that is saturated w1th water long enough to
promote wetland or aquatic processes as indicated by poorly drained soils, hydrophytic
vegetation and various kinds of biological activity which are adapted to a wet environment”
(Warner & Rubec, 1997; Zoltai & Vitt, 1995). All current definitions of Wetlando emphasize
three key oharacteristics, hydrolo gy (the degree of flooding or soi>1 saturation), hydric soils and
hydrophytic vegetation (Tiner, 1999).

In most wetland classiﬁcation systems, hydrology is used as the diagnostic functional parameter
with characteristic vegetation and soils as indicators of these systems (Tiner, 1999). Formation
and ecosystem development are also defining characteristics important in wetland classification
and delineation (Mitsch and Gosselink 2000). The Canadian wetland classification system is a
practical hlerarchlcal system subdivided into: classes based on propertles that reflect the origin
of the wetland system forms and subforms based on surface morphology, water type and
mineral soil morphology; and lastly #ypes based on the characteristics of the vegetative

communities (Warner and Rubec, 1997). Although based primarily on physical parameters, this

system indirectly recognizes a hydrogeomorphic and ecosystem development approach (Warner




and Rubec, 1997). In the classiﬁcation scheme there are two main categories: organic wetlands
(peatlands characterized by more than 40ém of peat accumulation on which organic soils
develop) and mineral Wetlands,(wetlands characterized by Gleyosolic Vsoils or peaty phases of

- these soils where due to edaphic or climatic reasons peat doés not accumulate). The three
categories of organic wetlands are: 1) bog- peatland receiving water only from precipitation and
not influenced by groundwater with sphagnum dominated vegetation; 2) fen- peatland receiving
water rich in dissolved minerals with vegetation cover composed dominantly of graminoid
species and brown mosses; and 3) swamp- peatland with waters rich in dissolved minerals and

dominated by trees, shrubs and forbs (Warten and Rubec, 1997);

Although classification is useful as a starting point in wetland studies, the defined categories |
attempt to delineate stages that in reality exist along a successional continuum unique to these
systems. All systems vary in their approach and some believe that “no single system can
accurately portray the diversity of wetland condition. Some important ecological information |
inevitably will be lost through classification“(Keddy, 2000).- The distinctions between bog and
fen are stfongly debated, particularly in relation to the boundaries based on differences in
chemistry, a function of hydrology, which in turn translates into differences in plant composition
(Wheeler and Proctor 2000).

) ‘ _
In the existing literature on wetland terminology there is a wide variation in conditions used to
distingﬁish fen from bog. Damman (1995) and Wheeler and Proctor (2000) have recently
reviewed the literature and suggest that the classic definition of bog associated with a
topographiéal unit (raised bog) be adj usted to represent vegetation units that are not‘ necessarily
raised bogs. In this scheme, ombrotrophic and minerotrophic bogs are possible. Also fens can
rangé from eutrophic reedlands, to mesotroi)hic small sedge fens and fen carrs, to nqtﬁent poor

fens. Zoltai and Vitt (1995) proposed similar distinctions based on distribution and

characteristics of Canadian wetlands.




Ecosystem development and structure

In general, peatland ecosystem development results from a specific mix of climate, hydrology,
topography and vegetation that favor constant conditions where precipitation exceeds
evapotranspiration and peat accumulation is greater than decomposition. The three maj or _
formation processes are: 1) ierrestrialization where filling in of a lake eventually produces a
bog; 2) paludification where overgrowth of peatland vegetation spreads to adjacent terrestrial

areas; and 3) flowthrough succession where peatland development modifies surface water flow
(Moore and Bellamy 1974).

The pattern of péatland formatioh.is easily retrievable from its peat stratigraphy which holdé a
vast amount of information on historical changes in climate, geology and successional patterhs in
plant communities. Studies of sediments and peats reveal a common successional sequence from
reedswamp of Phragmites and large Carex species, to shrub fen communities and lastly
Sphagnum- dominated bog where the accumulating péat forms mounds above the water level

(Walker 1970; Moore and Bellamy 1974).

During peatland development, slowing of decomposition rate causes organic matter content to
increase, thereby increasing the soils capacity to adsorb and exchange cations, consequently
causing a concurrent decrease in the pH level of these ecosystems (Mdore and Bellamy 1974).
At the same time, nutrient availability in peat changes from eutrophic (rich in nutrients), to
me§otrophic and finally nutrient-poor oligotrophic. Peat accumulation above the water table
causes the formation of a specific microclimate with low hutrients and low pH, which favors
Sphagnum-dominated flora and eventually a positive feedback system isolated from surface and

. subsurface water and nutrient renewal (Glaser' et al. 1997).

Accordingly, development and structure of a bog ecosystem largely depends on soil and water -
' chemistry. Waterlbgged, acidic, nﬁtrient deficient environments of peatland systems provide
habitat only to biota that are adapted for these specific conditions. The transition in
environmental conditions has also been found to be pronounced in bryophyte species With. a
decline in brown mosses and increasing sphégnum cover (Gignac et él., 1991; Gorham‘&
Janssens, 1992). There exists a strong interdependence between peatland vegetation and

environmental conditions where plant communities have significant influence over soil



development and soil water chemical properties. In turn, pH, available nutrients, cation
exchange capacity and mineral concentrations, among other factors, influence plant community

types and productivity.

Important environmental factors in wetland studies

Hvdrology and the Water table

Wetland hydrology is fundamental in determining and maintaining the complek feedback loops
between the physical, chemical and biological processes of wetlands (Hughes & Heathwaite,
1995). The hydrology of wetlands is influenced by local'climaté (precipitation, temperature,
wind and insulation), geomorphology (landform and soil parent material) and topographic

position. The water balance is a fundamental characteristic of hydrology and key indicator of the

-dynamics of water supply and loss in systems. The water balance in wetlands'is positive where

the inputs exceed the outputs. Hydrological inputs include precipitation, groundwater inflows
and surface runoff. Outputs include runoff, seepage to groundwater or from interception and
evapotranspiration. Not all types of flows are relevant to all wetlands. For example true raised
bogs only receive precipitation as the major water supply, whereas fens, may receive rainlelll,l
surface runoff and groundwater inflows. Storage is also key to maintaining a positive water
balance. Charécteristics such as topography, subsurface soil, geology and groundwater status
define storage capacity of a wetland (Heathwaite, 1995). Annually, storage capacity in wetlands
remains fairly constant unless human modification signiﬁéantly impacts the hydrological balance
of the wetland (Heathwaite, 1995). The water table can be used as a measure that summarizes

all the inflow, outflow and storage information of a wetland.

The'hydrological status of wetlands can be expressed by describing changes in the water table or
hydroperiod. Although helpful, hydrological status is not an accurate estimation of the amount
of water held within a peatland, as the peatland surface itself rises and falls in relation to the

underlying minerél ground (Charman, 2002). Water table fluctuations occur over various

timescales and in response to cyclical factors as well as particular hydrological events (Charman,

8




2002). Generally, groundwater levels in wetlandé show seasonal variation with relatively high
and constant levels in winter and spring, followed by declin¢ in summer to a minimum in late
summer and a rise again in the fall reaching the winter level around mid-winter (Gilman, 71994).
Extreme rainfall events may skew this seasonal pattern by fecharging the wetland and decreasing
the decline in the water table during the summer months (Giklman, 1994). Diurnal cycles also
superimpose the typical seasonal patterns with a “saw tooth” pattern due to increased
evaporation during the day (Gilman, 1994). Overall, water table data tends to be skewéd with
values within a small range near the maximum for most of the year with larger changes for only
short periods 6f time (Charman, 2002). In flow-through fen systems the changes in the water
table are generally minimal even in summer months because of the inflow of water from stf)eams
flowing through the system (Patten, 1990). In bogs the water table also tends to be consistently
high because of capillarity (Clymo, 1992). | 4
High water table influences the wetland system by creating reduced oxygen conditions (anoxic)
~ to which wetland species are adapted and can thrive (Gilman, 1994). Fluctuations in the water
tablé directly affect soil pfoperties: large oscillations in water table depth and high water
movement allow for higher rates of organic matter decomposition and thereby limit build-up of
organic matter and peat formation (Hughes & Heathwaite, 1995). On the other hand; a constant
high water table results in waterlogging which promotes andxic conditions and thus a low rate of
"decomposition, leading to build-up of organic matter and in some systems peat growth
(Heathwaite, 1995). Seasonal changes in waterlogging conditions in wetland systems inﬂuénce
nutrient transformations and cycling. Hi gher summer temperatures cause higher evaporation
from the substrate and water surfaces. Also, the higher témperatures allow for more active
growing of the macrophyte biomass which enhances evapotranspiration rates causing further
substrate dryness (Ross,.1995). vDﬁe to effect of water table fluctuations on organic matter
accumulation and soil and water chemistry, data on these variables can expand the understanding

of a wetland system.



Organic matter accumulation

The typés of soil that arises in any environment is a function of parent material acted upon by
organisms and climate and conditioned by relief over time (Sprecher, 2001). In peatland
systems, the peat is the dominant substrate. Peat is a generic term for relatively undecomposed

organic soil. According to most definitions, generally peat contains 22-40% organic carbon.

The two major categories in soils are: organic and mineral soils. Organic soils form from plant
material and are black, porous and light in weight. These soils are common in wetlands because
organic matter fragmentation and decomposition rates are low in frequently inundated areas.
Mineral soils form from rocks or alluvial, aéolian, lacustrine, or glacial material and hence
consist of varying amounts of sand, silt, and clay. Mineral soils are ubiquitously distributed
throughout various ecosystems including wetlands. In soil science, organic carbon levels higher
than 17% distinguish organic soils from mineral soils while peat may have a more specific

organic carbon content (Buol et-al., 1997).

The defining characteristics of a peatland are its accumulation of soil organic matter, which
exerts important control of hydrology, biogeochemistry and plant community composition. Peat
accumulation is primarily controlled by decay not production. Therefore environmental controls
over decompositioﬁ are important in these systems. Decomposition is primarily controlled by
the carbon quality of the organic substrates, aeration, temperature, and hydrology; wheré_
decdfnposition rates are lowest under anaerobic conditions and lower temperatures (Bridgham et -
al., 1996). Studies have found significant interactions between carbon and nutrient |
mineralization rates, temperature, aeration status, and carbon quality in a range of peatland soils
(Bridgham et al., 1996). Verhoeven et al. (1994) in studies of North American and Dutch
wetlands found substantially lower decay rates in bogs compared to other peatlands and mineral
soil wetlands. Low nutrients and high organic matter were fhought to be dominant factors
explaining the low decay rates. Szumigalski and Bayley (1996) found higher decompo‘sition
rates to be associated with plant material higher in nitrqgen content such as Carex spp. pompéred

to mosses.
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. Acidity/base richness

The variation in base—l_'ichriess of nﬁire waters and ‘peats is widely considered to be the priméry
ihﬂue‘nce on the floristic composition of wetland vegetatidn and is reflected in the bog-poor fen-
rich fen gradient (Wheeler and Shaw, 1995). Vittet al. (1990) in a study of Alberta fens found
that pH and base cations of surface waters showed high negative correlation along the rich fen-
bog gradient. Other studies of North American and European wetlands have shown similar
results (Glaser et al., 1997; Proctor, 1994). The acidity of these systems depends on the balance
between metallic cations and strong acid anions. pH values and mineral cation concentrations-
have been consistently associated with plant communities in numerous peatland studies (Mitsch
& Gosselink, 2000). pH, per se is not directly imporﬁant within the range of pH 4-7.5, however
ithasa profouhd effect on nutrient aizailability. Adéptatibn to growth in low pH systems may

depend on tolerance to high metal (Al, Fe, Cu, Mn and Zn) concentrations (Bridgham et al.,
1996). 4 |

- Nutrient status

Trophic status of a peatland is determined by the availability of nutrients with the gradient from
oligotrbphic or nutrient poor to mesotrophic and finally eutrophic or nutrient rich. Nitrogen and
phosphorus have been shown to be important nutrients in controlling plant-community structure
and diversity. General relationships are difficult to demonstrate because.one time or total
concentration measurements of nitrogen and phosphorus do not adequately represent the
availability of these nutrients and becéuse of complicated interactions with local hydrology. In |
general, decreasing percent organic matter and N:P ratios and increasing total soil nutrients

characterize the ombrotrophic to minerotrophic gradient (Bridghani et al., 2001).

Nutrient-availability and acidity gradients are not necessarily concurrent and numerous rccént
studies of North American and European wetlands question the assumption that vegetation

. gradients follow base-rich/pH gradients. Vitt et al. (1995) study of 100 fens in Alberta showed
pH and calcium concentrations differentiated among wetland vegetation types, however nutrient

~ concentrations showed either no relationship or a slight decrease along the bog-fen gradient.
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Bridgham & Richardson (1993) showed that pH and exchangeable base cation concentrations in'
soils did not differentiate among plant community types, and that nutrients were better predictors
of community type. Bridgham et al. (1998) studies of Minnesota wetlands showed that more
minerogenous (minerotrophic and eutrophic) sites have larger total soil nitrogen and phosphdrus
pools, but turnover is slower compared to ombrogenous (oligotrophic) sites. Because of the
difference in turnover rates, nitrogen availability was higher in minero geous sites, whereas
phosphorus availability was higher in ombrogenous sites. In European wetlands studies of
phosphorus release and nitrogen mineralization, bogs were found to have higher release rates
than fens (Verhoeven et al., 1990). Other studies on soil nutrient availability and plant-nutrieht
response found similar patterns (Updegraff et al., 1995; Wheeler and Proc;tor, 2000; Wheeler
and Shaw, 1995).

" Plant-nutrient response patterns raise the question of which nutrients are most limiting in
wetland systems. European literature suggests that either nitrogen or phosphorus limit wetland
systems (Verhoeven ¢t al., 1996). Some s‘tudies found that fen communities were phosphorus
limited. North American studies also show variety in nutrient limitation and most commonly
.ﬁnd co-limitation, suggesting that multiple gradients exist in wetlands and the recommendation

is that more work has to be done in the area (Bridgham et al., 1996).

| Summary

Wetland studies have shown that multiple gradients exist in wetlands. The important gradients
have been shown to be associated with hydrology, organic matter accumulation,

-alkalinity/acidity and nutrient status (Figure 1-1). These environmental gradients are not
necessarily consistent and recent studies show that the nutrient status of the peat may be the
primary environmental gradient underlying wetland species distribution and the alkalinity/acidity
or base richness gradient may be secondary. The complexity of multiple gradients influencing
wetland systems necessitates baseline data on the water and soil components in addition to

species data. The understanding of the complex inter-relations between wetland species

. distribution and environmental variables are further complicated by human modification.




Figure 1-1. Diagram of the relationship between organic soil development,
nutrient availability, and acidity as reflected in peatland community type and

dominant vegetation.
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‘Chapter 2: Site description

Blanéy Bog complex, Blaney Bog and associated organic complex, is a protected bog-fen
wetland system located on 224™ Street in the 13600 block in Maple Ridge, British Columbia
(Figure 2-1). This site is considered to be high in conservation value and has recently been
acquired from private owners to protelct it as a conservation reserve. The extent of baseline
“knowledge is very limit;ad as little research has been done at the site. . Piteau Associates (2001)
completed a small study of the geological setting and hydrology of the site. (Gebauer, 2002)
compiled a review of the literature related to Blaney Bog on the plant communities, wildlife and
other pertinent ecolo gical data. GVRD staff also compiled data assoéiated with the site for the
acquisition process (McKenna, 2001). This research was not based on direct data collection
from the site but secondary sources from governmenti agencies, naturalist groups and local |
residents interested in the site. Direct studies Qﬁ the site include a student study on the small
mammal population and another study on the Greater Sandhill Crane population both carried out

in recent years (Gebauer, 2002). The description below is a summary of the information that is

available on Blaney Bog.




Figure 2-1. Location of Blaney Bog in the Lower Fraser Valley of British

Columbia.
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Physical Setting

The bog complex is situated along the southern flank of a relatively steep, bedrock-controlled,
upland area (UBC Research Forest, Golden Ears Provincial Park and the Silver Valley
community). The northern and eastern margins of the bog complex are moderately steep to
steeply sloping in the direction of the complex, on the other hand, the southern and western sides
are nearly flat and extend approximately 2km towards the Alouette River (Piteau Associates,
2001). A recently developed extensive cranberry operation spans the western edge of the bog
complex (Gebauer, 2002). Thé bog is comprised of two landscape elements: mound bog-stream
fen complex covering the eastern and southern portions (114ha) and a relic stream fen in the
north-western section (33ha) partially isolated by a rudimentary dyke during the summer months
(McKenna, 2001). Peat bog habitats are mbre prevalent in the eastern and southern sections »

- (Gebauer, 2002). The overall area encompasses 147ha.

Ciimate

According to Glooschenko (1993) the area is classified as “The Pacific Temperate Wetland‘
Region”, where characteristic wetlands include conifer swamps, domed or flat bogs and flat fens.
The climate is characterized by high precipitation (mean annual total precipitation 95 cm and
70cm snowfall), mild winters (mean daily J aﬁuary temperatures -3°C) and warm summers (mean

daily July temperatures 16°C) (Glooschenko et al., 1993).
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Geology and soils

The_area‘is underlain by bedrock from the Coast Intrusions Group and associated rock types of
félsic granitic lithologies with some gabbro (Piteau Associates, 2OOV1). These rocks are variably
overlain by glacial and post-glacial sediments. The western half is covered by overbank.
s;diments and floodplain deposits which are generally comprised of fine-textured silty sand and
silt with corresponding low-permeability (Piteau Associates, 2001). The remaining areas are

covered by organic peats typical of bog environments (Piteau Associates, 2001).

The soils map of the area indicates that there are four different types of soils in the Blaney Bog
area. In the northeastern, eastern and southeastern sections the predominant soils are Widgeon- '
Terric Humisol/Glen Valley-Typic Fibrisol. Along the middle from north to south the soils are
Widgeon-Terric Humisol/Sturgeon-Rego Gleyosol. In the southwestern and western sections
they are Hammond Rego Humic Gleybsbl/ Sturgeon-Rego Gleyosol. Along the western edge
the soils are Sturgeon-Rego Gleyosol/ Widgeon-Terric Humisol (Figure 2-2) (Luttmerding,
1980): ‘ '

. St‘urgeon-cho Gleyosol (SG): medium textured mixed floodplain deposits, pdor to very
| poor drainage and high groundwéter table subject to flooding.
e Hammond Regé Humic Gleyosol (HA): medium textured ﬂbodplain deposits, poor to
very poor drainage.
o Widgeon-Terric Humisol (WG): 40-160cm of organic deposits over medium textured
‘mixed floodplain deposits, very poor drainage and high groundwater table. - |
e Glen Valley-Typic Fibrisol (GV): more than 160cm of undecomposed organic matter,

mainly reeds, sedges, and grasses, very poor drainage and high groundwater table.
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Figure 2-2. Soils map of Blaney Bog area (Luttmerding, 1980). The dyke in Blaney

Bog is represented in the diagram.
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Water features

Blaney Bog hydrology has been altered thrdugh agricultural activities and residential
development. The surface drainage hwas' severely altered prior to 1940 as a result of construction |
ofa dyke/canalksys'tem which enclosed a 700m wide section of the bog (Piteau Associates,

2001). All of the creeks associated with the bog originate in the uplvand areas to the north and
east of the bog. Blaney Creek and Sprihg Crc?ek run east to west along the northern boundary bf
the bog. Blaney Bog is affected by Blaney Creek at normal flow and flood levels. Flooding
occurs on a regular basis due to tidal action and in spring during the Fraser River freshet

. (Gebauer, 2002). Anderson Creek enters the bog complex from the east and forms a dentn'tié
pattern over the northeastern section. Towards the western section the flow is altered because of
the dyké/canal (Piteau Associates, 2001). The stream fen component of the mound bog/stream-
fen complex is predominantly associated with Anderson Creek and its tributaries and the relic
stream-fen encompasses a portion of the historic channel of the creek. The two sections are
temporarily connected during winter flooding (Adams, 1999). Donegani Creek flows along the
horthem margin and skirts around the northwestern corner (Piteau Associates, 2001). Springs
have been identified along the eastern slopeé of the cdmplei. This possibly represents a
significant source of water during the summer (Piteau Associates, 2001). Overall Anderson

Creek likely represents the significant source of water flowing through the bog complex ahd

Blaney Creek predominantly influences the northgrh perimeter.




Figure 2-3. Water features of Blaney Bog (Piteau Associates, 2001).

¥ § s ~

ABPROXIMATE *
- BARCHMENT N\
- AREA W

e

20



Conservation value

Ecological

Blaney Bog is a uniqile ecosystem, it represents the only documented bog-fen system within the
Fraser Lowlands that includes a mound bog-stream fen\complex (Adams, 1999; Ward & |
McPhee, 1994). Blaney Bog is part of the tidally inﬂuencéd Pitt River Valley wetlands, which at
onéfime comprised the largest inland wetland habitats on the British Columbian coast. Human
activities have severely reduced the integrity of these ecosystems (Gebauer, 2002). As one of the
last sites representing these characteristic wetlands, Blaney Bog and its diversity of habitats
supports a diverse assemblage of fish and wildlife species. The wetland provides high over
wintering habitat for salmonoids and breeding habitat for a number of rare and endangered
wildlife species (Gebauer, 2002). Blaney Bog provides some of the best habitat for species such
as the red-listed Pacific Water Shrew, Peregrine Falcon and the Greater Sandhill Crane, and the
blue-listéd American Bittern (Gebauef, 2002). Other species include Green-backed Heron, Great
Blue Heron, and Red-legged Frog (Gebauer, 2002). Blaney Bog and associated creeks are
particularly valuable as rearing habitat for anadromous fish species such as the blue-listed
Cutthroat Trout; Coho Salmon, and Chum Salmon making it one of the most important

freshwater wetlands for salmon rearing the Lower Fraser River (Gebauer, 2002).

Socioeconomic

Blaney Bog also represents significant value to local groups. There exist historic records of the
* Katzie First Nation using Blaney Bdg as a source of berries and other plants such as wild cherry
for dying wool (Whiteside, 2001). Naturalist groups frequent the site for wildlife viewing and
many local residents use the area for light recreational activities. The bog is vital to the

functioning of the flood abatement strategy of the district planning and engineering offices.

21



Management Strateqy

In 2000, GVRD Parks acquired 91ha of Blaney Bog to protect its unique natural character in
order to ensure that the bo g and associated wetlands are preserved for future generations to
appreciate (McKenna, 2001). The acquisition did not encompass the bog complex in its entirety
especially along the eastern boundary. In the acquisition process, preliminary coﬁcept plans
were prepared to identify potential upland areas that might also be of interest by way of
development agreements or purchase (Piteau Associates 2001). These steps were taken in
recognition of the sensitivity of this wetland complex, which could be significantly impacted by
future development proposals around the perimefef of the park, particularly in the uplands.
There is a lack of current baselin;s data on Blaney Bog and little understanding of this ecosystem
~and its catchment area. GVRD is currently exploring the potential for enhancement of Blaney
Bog and associated wetlands and is initiating primary engineering and planning assessments. As
part of a long-term management strategy, various options are being examined: rehabilitation
activities; maintaining, breaching or removing the dyke system; and adjusting water levels
(McKenna, 2001). Recreation facility developmenvt is not being considered within the park
boundaries due to the sénsitivify of the ecosystem. Existing recreational use is limited to
walking on the dyke. However various concept plans are being explored to link trail right-of-
ways and open space resources in the area to make the site more accessible to the public without
damaging the integrity of the system (McKenna, 2001). Any plans considered are subject to
environmental and economic feasibility and public stakeholder involvement. GVRD, as the
management body responsible for Blaney Bog, is eager to work with partners including the
public, government and any other interested parties. As part of this initiative the Blaney Bog
committee was formed and as a group they are interested in the sustainable management of
Blaney Bog. Membership is made up of concerned citizens, and representatives from GVRD,
District of Maple Ridge, Habitat Conservation and Stewardship Program, Alouette Field

Natufalists, Pitt Polder Preservation Society, and the Alouette River Management Society.' L
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Chapter 3: Methodology

The study was designed to accommodate accessibility problems and limited knowledge of the
study area. As a result, the approach and field study evolved throughout the 10 month perfod, as

more was learned about the study area.

Current color air photos (2000, GVRD) were examined in order to classify the Blaney Bog
complex into biophysical units based on surface morphology visible as tone patterns or
vegetation zones (Figure 3-1). A ground survey was cafried out to verify the unit boundaries and
units were characterized according to the dominant vegetation. In addition, historic black and -
white and color air photos (1947, 1957, 1967,‘ 1974, 1984, 1999, UBC Department of '
Geography) were examined for changes in the plant communities tﬁrbughout the bog complex
over the past fifty years. Delineated biophysical units, representing a spectrum of plant
communities in species composition, were used to stratify the study area for the purpose of
sampling. Using the biophysical units, 12 sites representing 2 different types of plant |
communities spread throughout the western and northern sectioqs of the bog were chosen for
more detailed study. Due to the lack of accessibility of the study area, ease of access was among
key factors considered in the selection of site placement in the biophysical unit as such, most
sites were placed close to the road, trail or some other access point. A schematic diagram shows
the layout of the study area including the dominant water features with the location of all the

sites (Figure 3-2). The sites are coded according to the dominant vegetation present at each site.

23




Figure 3-1. Air photo of Blaney Bog (GVRD, 2000). Red circles represent GVRD
automated pressure transducers.
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Figure 3-2. Schematic diagram of Blaney Bog with the dipwell sites labeled as
P1-P16 in green boxes and red dotted lines representing transects 1 (sites T1.1-
T1.10) and 2 (sites T2.1-T2.15). Sites are coded according to plant community
type (P= Phalaris; S=Spiraea; and K=Kalmia). The Sedge sites are located along
Transect 2. '
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A network of dipwells Was established at the 12 sites (P1-P12) throughout the study area in
November 2002. The dipwells consisted of 7.5cm in diameter and 1.5m long PVC pipe open at
both ends with perforations 1.0cm in diameter every 10cm from top to bottom alternating on
opposite sides. At each location, a hole was excavated using an electric auger and the dipwell
was inserted 1.2m below the surface. The top was covered with a.plastic bag and sealed off with
a rubber band to keep out litter, rain and any other debris as well as to avoid unrepresentative
readings caused by recent rainfall or drip from vegetation (Brooks & Stoneman, 1997; Gilman,

1994).
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The number of sites was later expanded to the eastern section where 4 more sites representing
one additional plant community were added (P13-P16). These sites were not chosen using the
same method because the dipwells were already present at the sites. In April 2001, 4 dipwells'
were installed by a Trinity Western student for a research project (Marianne Huizing). The.
dipwells were 3.2cm in diameter and 1.4m long PVC pipe, with perforation intake length 27cm

and height above ground 20cm.

In March 2003, 25 additional sites were added to the research design in order to expand the study
and produce more data on the biophysical units already represented and addition plant
comrriuni_ties that wére not originally included (T1.1-T1. 10-and T2.1-T2.15). Using the current
air photos, two transect lines were established. The first transect was along the northern
perimeter of the Blaney Bog complex and created a continuum of sites between P1 and P7
extending to the most easfern edge of the northern perimeter (Figure 3-2). 10 additional sites
were chosen along the first transect using the same method used for the original sites. However,
instead of inserting a dipwell, the site was marked by a stake and a water sample was either
taken from the surface water, or if the water level was below ground, by digging a pit to reach
the water table. The second transect was established between site P12 crossing the center of the
enclosed area to the canal and conﬁnuing on the other side of the canal towards site P16. In this

case 15 additional sites were created using the same method as in Transect 1.

In addition, data on water level changes measured in millimeters from two automated pressure
transducers (Figure 3-1) (owned and operated by the Greater Vancouver Regional District Parks
Department) were collected from October 2002 to August 2003. Data on hourly rainfall in
millimeters was collected from the GVRD weather station located at SDM44-Katzie PS, S. end
of Maplg Meadows Way. .
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| - _Vegetation Component

’ ’ Field Sampling

‘ ‘ A detailed survey of Blaney Bog vegetation was undertaken in junc; and July 2003. Plant
composition and abundance were measured in three 2x2m? plots at each dipwell site.
Furthérmore, all transect sites were surveyed for species presence/absence and the following
sites were surveyed using the same methods as at the dipwell sites: T1.5, T1.6, T2.2, T2.4, T2.7,
T2.8 and T2.10. All the sites were not surveyed in detail to reduce repetitive data. The three
plots were placed in a 5m radius circle around the dipwell or transect site marker; starting at O°,‘ :

every plot was placed 120° from the previous turning in a clockwise direction (Figure 3-3).

Figure 3-3. Schematic diagram of the vegetation plots in relation to the dipwell or
|

) . stake.
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Plant community data: A list of vascular plants and bryophytes was compiled for each quadrat
and percent cover was estimated for each species. Perceht cover was estimated using the Domin-
Krajina cover scale where the range 0-100 per cent is partitioned into ten classes with smaller
graduations near the bottom of the scale (TaBle 3-1) (Kent & Coker, 1992). 'Using a cover scale
instead of estiinating bercent céver is suggested to minimize subjectivity and estimation error
(Barbour et al., 1999). Voucher specimens were collected for taxa that could not be identified in
the field and taken to the University of British Columbia herbarium. Taxonomy and

- nomenclature follows Douglas et al. (1998-2002) and Hitchcock et al. (1977) for vascular plants
and Lawton (1971) for bryophytes. Total cover for each species for each site, both vascular and

bryophyte species, were calculated by taking the mean from the three quadrats.

Table 3-1. Domin-Krajina scale (Barbour et al., 1999).

Cover Class Range of % cover Mean
10 100 100
9 75-99 87.0
8 50-75 62.5
7 33-50 41.5
6 25-33 29.0
5 10-25 17.5
4 5-10 7.5
3 1-5 2.5
2 <1 0.5
1 <<1 0.1




Data analysis

Vegetation data was entered into the ecological data handling software program PC-ORD
(McCune & Grace, 1999). All species were included in thé analysis. Species abundances were
converted from the Domin scale to mean percent cover value (Table 3-1). Mean percent cover
values and frequency were calculated for each species according to sites grouped into plant
community type. Species richness and species diversity (Shann(')n’s' diversity index) were also

calculated for sites grouped according to plant community type (Barbour et al., 1999).

\

Water component

Hydrologic Measurements

For all 16 dipwells, the depth of the water table was calculated By measuring from the top of the
dipwell to the ground surface and subtracting that from the top of the dipwell to the water level.
The measurements were done using a steel measuring tapé. The height of the dipwell above
ground was measured each time to aécount for the movement of the peat surface. Field visits

were made bi-weekly in November 2002, and monthly from December 2002 to AAugu_st‘2003.

Water-Quality Measurements

Water sampling was conducted concurrently with water level measurements. pH, electrical
conductivity and temperature Wefe measured in the field using a portable meter (Oaklon
waterproof pH/conductivity deluxe metér kit, model 300, mode no. WD-35631-60). Samples
from the dipwells were extracted using a polyethylene tube hand-pump. Each sample was

poured to fill a 250mL acid washed plastic bottle, sealed, labeled and stored in a cooler for

laboratory analysis the next morning.




N In the laboratory, an aliquot of 50mL of each sample was filtered using a Whatman 42 filter and
the filtrate was divided into two subsamples. One subsample was analyzed for nitrate,
orthophospahate and ammonia using ion chromatography (Quickchem FIA+ 8000 series, Lachat
Instruments). The lowest detection limit was 0.05ppm for all three. The other subsample was

acidified _with 5mL trace metal grade (nitric acid) and then analyzed for various elements using
inductively-coupled argon plasma spectrophotometry (ICP). The tested elements and respective
lowest detection limits in brackets were the following: Al (0.05), As (0.5), B (0.05), Ba (0.5), Ca
(0.5), Cd (0.2), Co (0.2), Cr (0.2), Cu (0.05), Fe (0.2), K (0.5), Mg (0.25), Mn (0.025), Mo (0.2),
Na (0.5), Ni (0.5), P (0.2), Pb (0.5), Se (0.5), Si (0.6), Sr (0.025), and Zn (0.05). The elements
included in the analysis were available through the ICP method. Only those elements that
showed concentration levels‘ consistently above detectable limits were included in further

analyses.

Soil component

Field and laboratory

Soil description and characterization were carried out in March and April 2003 at all dipwell

sites and plots along two transects in Blaney Bog.

A peat corer (Mark Bustin Earth and Ocean Sciencés UBC) was used to extract a 0-50cm in
depth core with minimal compaction. All samples were sealed, transported and stored in plastic
piping until they were analyzed in the lab. Once opened, images of the cores were taken with a
digital camera. Tile peat samples were left for a minimum of five days to air dry in a well
ventilated area of the lab. The peat samples were then subsampled ﬁsing sedimentary structures
based on colbr differences (Munsell color chart). The samples were separated into depth
increments and accordingly ground with a mortar and pestle. 1g of each horizon was weighed
out in a porcelain crucible and oven dried at 100° C overnight. The next day each sample was
weighed again to determine water content. These same samples were used to determine Carbon

and Nitrogen concentrations by combustion in a Leco furnace.
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. The remaining subsamples of each horizon were used to determine soil pH. Soil pH was
measured using a glass electrode inserted iIltO‘ 1:5 (if subsample was too small 1:10) dilution of
soil with deionized water that had been stirred intermittently for approximately 30 minules, then
allowed to equilibrate for another 30 minutes. After this procedure the soil suspension was '.

| transferred to plastic containers quantitatively and oven dried at 60°C until dry and then for

another 12 hours.

~ These dry samples were used for further analysis to determine total concentrations of N
(nitrogen), P (phosphorus), K (potassmm) Ca (calcium), Al (aluminum), Mg (magnesmm) Na
(sodium), Mn (manganese), Fe (iron), Cu (copper), S (sulfur) and Zn (zinc) using inductively
coupled argon plasma (ICP) unit following sulfuric acid-hydrogen peroxide digestion (Parkinson
and Allen 1975). . |

Data analysis

A data matnx was prepared by takmg all sites sampled including dipwell and transect sites and
summarizing values for each variable for each horizon separately. For Leco and ICP analyses,
duplicates were averaged and the mean was entered into the matrix. Certain elements that were
included in the ICP analysis did not show levels higher than the lowest detectable limit, these
elements were not included in the data matrix. In the case of copper and zinc most samples had
levels higher than the detectable limit, however if the concentration was lower t'han\the lowest
detectable limit, the concentration value was divided by two. In order to summarize the horizon
data at each site, weighted averages (weighted by length of each horizon in the core) were
calculated for each variable. The weighted averages matrix is included in Appendix‘III. Soil

organic matter (SOM) data from separate horizons were used to examine differences in SOM

content with peat depth.




Stafistical analysis

The Kruskal-Wallis non parametric test was used to test for significant differences among means
of the water chemistry Vaﬁables for the four different plént community types. Mann-Whitnéy U
test was used for pairwise comparisons between groups for variables that demonstrated )
significant differences from the Kruskal-Wallis to specify which groups were significantly
different. Spearma/n’s correlation coefficients were calculated fof selected water and soil
variables. For the water variables the coéfficients were based on the mean for the 10 month
study period. Only p-values less than 0.05 are reported as significant. All statlstlcal analyses

were done using the SPSS program

Multivariate analysis

The vegetation data were ordained using Nonmetric multidimensional scaling (NMS). NMS is
an ordination method well suited to ecological data and has been shown to be superior to other

‘ ordination methods (McCune & Grace, 2002). The method involves afl iterative search for the
best positions of sampling units in a given nufnber of dimensions (axes) such that the distances
between sampling units pairs are in rank order with their differences in species composition
while minimizing stress of the final solution. Stress is a measure of difference between
dissimilarity (distance) in the sampling units in the original data and dissimilarity. of the same
units in the reduced ofdination space. The NMS analysis involved an initial test which used a
random sfarting configuration, the Sorenson distance measure, and 30 runs with the real data
using a step-down in dimensionality from 6 to 1. In addition, 30 Monte Carlo simulations were
run with random configurations of the dataset to compare the stress of the solﬁtions (p=0.02).
Based on the findings in the initial test, the data was rerun using the Sorenson distance measure,

and the chosen starting configuration and dimensionality found in the initial test. Three

dimensions and 400 iterations were used in the final analysis.




Values for all environmental variables were log transformed except for pH. Then the
environmental variables were correlated to the three Axis of the ordination solution to infer
relationships between site characteristics in terms of species composition and environmental‘ ‘
data. This is a form of indirect gradient analysis. Direct gradient analysis, Canonical
Correspondence Analeis, was also performed on the same data set and the results were similar.
This indicates that the environmental variables measured explained most of the variation in the

species data (van Groenewoud, 1992). Only the NMIS results are included in the

- results/discussion section.




Chapter 4: Results and Discussion

Vegetation component

The initial survey of dominant vegetation at Blaney Bog identified 4 plant community types:
Phalaris, Spiraea, Kalmia, and Carex spp. (Sedge). A plant community is a general term that can
be applied to mixtures of plant species occurring in close spatial association (Barbour et al.,
1999). Species that are-associated with a certain set of conditions are termed indicator species of
those conditions (Tiner, 1999). The detailéd survey of vegetation identified 24 sites and
recorded 51 species present: 30 vascular plant species (59%) and 21 bryophyte species (41%).
The list of all species encountered during sampling is given in the synoptic table (Table 4-1).

The characteristic species of each plant community will be described in this section.

Kalmia dominated group

The Kalmia sites include the following: P13, P14, P15 and P16 (n=4). The Kalmia occidentalis
sites are dominated by Sphagnum species, particularly S. capillifolium and S. magellanicum,
conifers such as Pinus contorta and Tsuga heterophylla and ericaceous shrubs such as Kalmia
occidentalis, Ledum groenlandicum, and Vaccinium oxycoccos. The Kalmia sites are
characteristic poor fen or mesotrophic bog sites with Sphagnum dominated flora (Damman 1995;
Zoltai and Vitt, 1995; Wheeler and Proctor 2000). Bog in this case refers to a vegetation

unit/habitat category, not the classic topographical unit that is associated with a “raised bog”
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which, by definition, is ombro'tfophic (Wheeler and Proctor, 2000). Similar to other studies of .
bog systems, at the Kalmia sites of Blaney Bog, Sphagnum moss generally appears in '

* combination with other acidophilic plants such as sedges, co<tton grass, ericaceous shrubs, and
coniferous tree species (Bridgham et al., 1996). . The species that occur at other sites in addition
to sites P13-P16 are Myrica Galé, Eriophorum éhamissonis, Sphagnﬁm palustre and

- Aulacomnium palustre. Myrica Gale, is a moderate-rich fen species. The percent cover of
Mpyrica Gale is considerable at site T2.10 (Figure 3-2) which is in close proximity to the Kalmia
occidentalis sites. The bryophyte Aulacomnium palustre is common throughout organic |
wetlands (Gignac. et al., ‘1991).‘ Species ﬁchness and diversity in the Kalmia site were highest of

the four plant community types.

Phalaris group

The Phalaris sites include the following: P1, P2, P4, P8, P10, P12, T1.1, T1.2, T1.6, T1.7, T2.1,
T2.2 and T2.3 (n=13). In this group, Phalaris arundinacea was the dominant species with 69%
as thie mean cover at all sites. Scirpus cyperinus and a few other species were-also present but in
low cover. Bryophyte cover was lackiﬁg. These sites are characteristic of reed fens which are
commonly considered extrerﬁe-rich fens (Damman 1995; Zoltai and Vitt, 1995; Wheeler and
Proctor 2000). These ‘are generally eutrophic sites, often species poor with some ruderal species
present but lacklng in bryophyte cover (Wheeler, 1999). Species richness and dlver51ty in the

Phalarls sites were lowest of the four plant community types.

Sedge group

The Sedge sites include the following: T2.4, T2.5, T2.6, T2.7, T2.9, T2.13, T2.14 and T2.15
(n=8). The species characteristic of the Sedge group overlapped somewhat with the Phalaris
sites. The sedges that dominated these sites were Carex rostrata and Carex sitchensis. Also

abundant were Carex canescens, Phalaris arundinacea, Scirpus cyperinus and Spiraea
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douglasii. Mounds of Sphagnum squarrosum and S. subsecundum and brown mosses such as
Ambiystegium serpens and Campylium stellatum were also present. These species reflect small
sedge fens, which are considered transitional communities between reedlands and poor fens
(Damman, 1995; Walker, 1970; Wheeler and Proctor, 2000;'Zoltai & Vitt, 1995). Small sedge
fens are éharacterized by Carex spp. and forb species with a prominent ground layer of brown
mosses such as Campylium sp. Species richness and diversity were intermediate in this group

compared to the other sites.

Spiraea group

The Spiraea sites include fhe following: P3, P5, P6, P7, P9, P11,T1.3,T1.4,T1.5, T1.8, TL.9,
T1.10, T2.l8 T2.10, T2.11 and T2.12 (n=16). The Spiraea douglasii group was characterized by
>50% cover of this species. Also common were Phalarzs arundinacea , Comarum palustre, the
sedges Scripus cyperinus and Carex canescens, mounds of Sphagnum squarossum and brown
mosses such as Amblystegium serpens and Campylium stellatum. The species characteristic of
these sites are considered indicators of shrub fen which are moderate-rich fen sites transitional
between reed fen and poor fen (Damman, 1995; Walker, 1970; Wheeler and Proctor, 2000;
Zoltai & Vitt, 1995). Although sites T2.10, T2.11 and T2.12 shared the high Spiraea douglasii
cover value with this group, they.differed with the other Spiraea sites with rather a high |
abundance of Calamagrostis canadensis and M);rica gale. Calamagrostis canadensis is known
asa widespréad fen species (Wheeler, 1999). Species richness and diversity were intermediate in

~ this group compared to the other sites.
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The Water Table

According to the automated dipwells installed by GVRD, precipitation levels in the area greatly
influence Blaney Creek levels and Blaney Bog water levels (Figure 4-1). Precipitation levels
were recorded to be high from November to April and decreasing from April to low summer

levels. In August precipitation levels were very low.

In this study, substantial fluctuations in the water table were noticeable throughout the study
period. From November to April the water table fluctuated between 2.6cm and 19.4cm below
the surface, these fluctuations seem to respond to replenishment from rainfall events. The rise in
water levels may also be attributed to flooding by neighboring land managers who pump water

into adjacent ditches that overflow in times of excess rain in an attempt to drain their lands. On

the other hand, the water table drops substantially to 55.5cm below ground from April to August.

The drop in the water table is fairly gradual until July, however August levels are extremely low
due to lack of precipitation and hot summer temperatures. Figure 4-2 shows the average for all

dipwells for each sample date.

Figure 4-2. Average below ground water levels during the study period.
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The average water table depth does nof adequately represent the variation among the 16 dipwells
located throughout the study site. A closer look at the fluctuations in the water table shows that
the Phalaris and Spiraea sites are more prone to fluctuations in the water table than the Kalmia
sites (Table 4-2). The Kalmia sites seem to be buffered against lack of precipitation, the summer
minimum water levels were recorded at 30.0cm below ground. On the other hand, both the
Phalaﬁs and Spiraea sites dropped from flooded conditions to low levels in August of more than
80cm below ground. The lowest record of the water level relaﬁve to the ground surfac¢ was

112.0cm below ground in a Spiraea site (P3).

Table 4-2. Minimum, maximum, mean and median below ground water levels (cm) for all
the dipwell sites and summarized according to plant community group for the 10 month
study period.

Max min mean median

P1 0.2 -75.0 -22.3 . -26.5
P2 -0.3 -65.0 -24.9 -33.1
P3 : -0.4 -112.0 . - -38.1 -40.3
P4 -0.3 -82.5 -25.0 -29.7
P5 -0.2 297  -16.41 -17.6
. P6 -0.1. -12.9 66 + - -75
P7 0.0 9.7 -2.5 -1.1
P8 0.0 -77.0 -3.4 -0:1
P9 0.0 -57.0 -4.0 2.2
P10 0.0 -49.0 -2.0 0.0
P11 0.0 -72.0 -7.6 7.6
P12 - 0.0 -55.4 2.2 - 1.9
P13 -3.1 -30.0 -13.4 -16.0
P14 0.0 -17.5 8.2 -8.2
P15 0.0 -19.9 -8.7 93
P16 -0.6 -25.0 --15.5 -15.6
Spiraea 0.0 -112.0 -12.5 -7.6
Phalaris 0.0 -82.5. -13.3 -14.2
Kalmia 0.0 -30.0 -11.4 -12.4




Figure 4-3. Median below ground water levels for each dominant vegetation
group for all sampling dates throughout the study period.
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It is important to note that since Blaney Bog is a disturbed site, spatial layout of the sites and the
effects of the dyke/canal have to be considered. Sites P1-P4 and P8-P12, which are located in
the enclosed section (Figure 3-2), experience greater drops in the water table than the sites in the
open section of Blaney Bog (Table 4-2). Within the enclosed section, the Spiraea sites show

greater drops in water levels than the Phalaris sites (Figure 4-4).

)



Figure 4-4. Greatest depth of water level below surface for each group clustered
according to location in Blaney Bog from the 10 month study period.

(Abbreviations represent E-Dyke= eastern section of the enclosed area; N-Dyke=
northern section of the enclosed area; W-Dyke= western section of the enclosed

area; N= northern section of the open area; and S=southern section of the open
area)
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Variations in water level fluctuations when locations are considered suggest that the dyke/canal
have an impact on the hydrology in the study area. Water levels in the northeastern and eastern
sections are affected by precipitation, surface runoff, groundwater flow and open water
meandering from east to west. In these areas the water levels do not drop substantially in the
summer months even though precipitation input is low. The small fluctuations in water levels in
the open section are similar to observations in other fen systems where flow-through fens tend to
have relatively stable water-table levels. In these fens systems water level records show high
levels with a narrow range in summer water levels (Heathwaite & Gottlich, 1993). Point to point

variation in mire systems is often small and exceeded by temporal variation.

The western section is enclosed by the dyke, and in the summer months the only inflow of water
is from precipitation events and groundwater seepage. The effect is lower summer water levels
with a gradient from the east to west and the lowest records in the northern end of this enclosed

section. There is evidence of many relict streams in this section that used to flow from east to

43



!

“west and southeast to northwest and the drainage of this area explains this gradient in summer
minimum water levels. Lack of flowing water and connection to the eastern open section seem

to have an effect on minimum summer water levels.

In the winter season when precipitation input is considerable, the enclosed section is flooded
from both the eastern and western ends. On the eastern side the water levels in the canal
occasionally rise above the surface and flood the adjacent area. On the other hand, areas
adjacent to the road on the western end are in danger from flooding as a result of over-pumping
from the neighboring cranberry operation. The extent of the flooding on the eastern and western

ends is unknown because water levels were only measured monthly.

Community limits of wetland vegetation have been shown to be influenced by occasional
extreme minima and maxima, average minima and maxima, the frequency and duration of
fluctuations and average water levels (Wheeler, 1999). In addition, water tracts and
microtopography of hummocks and hollows has a strohg effect on distribution of wetland
species showing striking zonation patterns related to these areas .(Keddy, 2000). In the case of
Blaney Bog it is difficult to interpret the role of the water table in the distribution of plant
species. Although there does seem to be a dit:ference between the Kalmia sites and the Spiraea
and Phalaris‘ sites, it is difficult to say whether this is related to vegetation or loé;ation because all
the Kalmia sites surveyed are in the opén section: In fact, Kalmia associated sp;ecies are absent in
the enclosed secﬁon (dyked). On the other hand, Phalaris sites are absent from the open section.
Hiétoric air photos dating back to the 1940s show changes in vegetation patterns are substantial
in the enclosed section and small in the open section. The only noticeable changes in the open
section are close to the intersection between Anderson Creek and the canal. These patterns
suggest that hydrolb gical modification caused by the dyke/canal has had effect on the plant

communities in Blaney Bog particularly in the western section.

All these factors suggest that this system is continuously affected by the dyke aﬁd éanal as well
as possibly other ongoing agricultural drainage practices in nearby areas. Although based on the
present dataset on water fluctuations further interpretation of species distribution is difficult, the
results suggest that water levels cén not be the only underlying environmental factor for plant

community distribution. Soil and water chemistry data are going to be used to further investigate

{
plant environment relationships.




Organic matter accumulation -

Soil cores collected throughout Blaney Bog show that the soils in the area are a mixture of
organic deposits of various depth that are mixed with floodplain deposits. The mix of organic
and mineral material resulted in a wide range of organié matter content in the soil samples (12.4
to 76.5%). The Kalmia and Sedge sites had the highest soil organic matter content at 73.8% and
50.1% respectively (Table 4-3). On the other hand, the Spiraea and Phalaris sites had the lowest
at 43.0 and 35.1% respectively. Soil carbon levels were significantly higher in the Kalmia sites
compared to the rest of the sites (Table 4-4 and 4-5).  According to the éxpected decrease in
organic matter content aloﬁg the bog-fen gradient, the Kalmia sites reflect the poor-fen/bog end .
of the spectrum with the highest soil organic matter content. The Spiraea and Sedge sités reflect
the transitional stages with more soil organic maiter content, and the Phalaris sites fit into the
rich fen end with mainly mineral content and shallow peat deposits. This resf)onds to the

vegetation classification.

Table 4-3. Minimum, maximum, median and mean carbon (%) and soil organic matter
(%) content for the four plant community types. Organic content was calculated by
multiplying % carbon by 1.58 (Sprecher, 2001). The Spiraea and Sedge sites are also
separated according to location within the enclosed section by the dyke (Dyke) and in the
open area (Open).

2
-2

%Total C Soil organic matter %
Kalmia min 43.9 69.4
max 48.4 76.5
median 47.3 747
mean 46.7 73.8
Spirea min 8.5 - 13.4
max 414 - 65.4
median 28.2 44.6
mean 27.2 43.0
" Dyke 17.3 274
Open 337 53.3
Sedge min 7.8 . 12.4
‘' max 46.1 ) 72.8
median 33.0 . 52.1
mean : 31.7 50.1
Dyke . 30.1 47.5
Open 34.5 54.4
Phalaris | min ) 12.5 19.7
C max 41.0 ] 64.8
median 19.1 : 30.2
mean ' 222 351
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Within the plant community groups there was variation in soil organic matter content (Table 4-3
and Figure 4-5). Sedge and Spiraea sites show the most variation in organic matter content,
which may be related to their presence throughout the study site in both the enclosed and operf
sections. Table 4-3 presents mean organic matter content for the groups with the sites subdivided
' ac‘cording to their location in the study area. The sites in the open area have’ higher organic
matter content for both plant community types. The Spiraea sites in the open area have double
the soil organic matter content than sites in the enclosed area. In the Phalaris group, sites T1.7
and P10 both have higher -soil organic matter content thaﬁ the rest of the sites in this group. Both

sites are located along the eastern edge of the enclosed section close to the canal.

The lower range in carbon content indicates that a number of sites have predominantly a mineral
substrate and would fall into the mineral rather than organic soil category (<17% carbon). These
sites include the lower range of the Sedge (T2-6), Phélaris '(Pl and P12) and Spiraea groups (PS5,
P11, T1-5). Sites P1, P11 and P12 are all along the northwestern edge of the study area and are
located fairly closé to the road which may be a factor affecting the soil properties at these sites.
Also in the previous section on the water table, fluctuations were recorded to be the highest in
the northwest section of the enclosed area for the Phalaris and Spiraea sites, which may be the
cause for the low soil organic matter content at P1, P11 and P12. The other three sites are
located in various locations 'throughout the study area in the enclosed and open sections,

although a single factor causing lower organic matter content is unclear, the undulatiﬁg mineral

substrate and higher local floodplain deposits may be factors.




Figure 4-5. Boxplot diagram of % carbon content according to each plant
community group. The boxes are divided at the median and the upper and lower
sides of each box mark 25% and 75% percentiles of distribution. The whiskers
mark adjacent values, those data points that come nearest to the inner fences
while still being inside or on them. Circles represent outliers.
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Soil organic matter content changed with depth as a result of different decomposition rates and
where undulating alluvial deposits mixed with organic deposits. Figure 4-6 shows how the soil
organic matter content (%) changed with depth in the different plant community types. In the
Kalmia sites, the high organic matter content increased slightly with depth reflecting the slower
decomposition of organic matter in the subsurface where conditions remain waterlogged
throughout the year. Studies have shown that decomposition rates decrease with peat depth;
decomposition rates are 5 times higher near the surface where aerobic conditions exist than 20
cm deeper below the surface where anaerobic conditions are more common (Mitsch &
Gosselink, 2000). The Sedge sites reflect the same pattern, although the organic matter content
is lower overall and the difference between horizons is larger. These patterns are consistent with

larger water level fluctuations in the enclosed section where the Sedge sites are located. Also,
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silts and sands washing over the organic deposits as water levels rise and sites become flooded

are likely to cause the lower organic matter content in the upper horizon. The upper horizons in

the Sedge and Phalaris also show this alluvial deposition pattern, however it would appear that

the organic deposits are shallower at these sites where organic matter content decreases with

depth.

Figure 4-6. Clustered boxplot diagram of % carbon content according to each
plant community group.
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AciditV/base richness

The results for water and soil chemistry analyses are provided in Table 4-6. Results on the
statistical difference between means by the non-parametric Kruskal-Wallis test are included in
Table 4-4. Mann-Whitney test results are presented in Table 4-5 for components that were

found to be significantly different between groups.

pH

The average pH of the soil water had a narrow range from 4.6 to 5.6. This range falls into the
intermediate, transitional or poor fen category along the bog-fen gradient (Bridgham et al., 1996)
(Moore & Bellamy, 1974) (Nicholson et al., 1996). Gorham (1967) found that non-calcareous
fens had a range of 4.8 to 6.0. Recent ecological studies of peatland systems demonstrate a
discontinuous pH gradient where pH< 5.0 is associated with bogs/poor fens and appears to
représent waters buffered by humic acid, whereas rich fens commonly have a pH>6.0 which are
buffered by a bicarbonate system (Wheeler and Proctor, 2000). Along this gradient, the rise in
pH is related to the input of cations from a mineral source from either surface runoff or
groimdwater recharge (Mitsch & Gosselink, 2000). Thev soil pH had a wider range from 3.9 to

5.4, the lower end is more characteristic of acidic fens or bogs (Moore & Bellamy, 1974).

Seasonal differences in water pH were small at the Kalmia and Spiraea sites. The pH was found
to be higher in the summer season at the Phalaris sites. Studies have shown that water pH can
increase dramatically in drought years compared to wet years, indicating a relationship between
precipitation levels and pH values (Glaser et al., 1997; Siegel et al., 1995). On the other hand, in
a study of Alberta bogs/fens Vitt et. al. (1995) found little seasonal variation in pH, and no

patterns between pH and precipitation events.

The differences in water pH between plant communities were not statistically significant (Table
4-4). Sedge sites had the lowest pH, followed by the Phalaris, Spiraca and Kalmia sites. This is
. contradictory with the expected gradient according to species composition where Kalmia sites

_ should have the lowest pH values, Sedge and Spiraea sites intermediate values and Phalaris sites
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the highest. Soil pH however, showed the expected gradient and differences between groups
were significant (Table 4-4 and 4-5). The results from the Mann-Whitney comparison show that
the Kalmia sites are significantly different from the rest of the sites. However, soil pH at the rest
of the sites are not significantly different from each other. Although significant differences in
soil pH between plant communities exist, the range in both water and soil pH values were
smaller than expected (Figure 4-7). According to species composition, Phalaris sites should fall
into the extreme rich fen range and should have pH values >6.0 (Wheeler and Proctor, 2000).

The Sedge and Spiraea sites should fall into the moderate-rich fen range and should have pH

values close to 6.0 (Mitsch & Gosselink, 2000).

Figure 4-7. Boxplot diagram of soil and water pH according to each plant community

group.
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Cation concentrations

The concentrations of cations at Blaney Bog for all sites fall within the bog-poor fen range and
do not reflect the intermediate and extreme rich fen end of the spectrum reflected by the
vegetation at the Spiraea, Sedge and Phalaris sites (Heathwaite & Gottlich, 1993; Nicholson et
al., 1996). Within the present range however there was noticeable variability in concentrations
of cations in the water among plant community types. Conductivity, a measure of ionic content
in water, showed highest median values in the Kalmia sites and lowest in the Sedge sites. Two
sites were found to have exceptionally high conductivity values (P4= 84us/cm and 12.50mg/L;
P7=125us/cm and 10.35mg/L). These two sites have different plant communities where P4 is a
Phalaris site whereas P7 is a Spiraea site (Figure 4-8). The two outliers cause high mean
summer conductivity values for the Spiraea and Phalaris sites. The differences between groups
were significantly different for all plant communities except between Phalaris and Spiraea (Table
4-4 and 4-5).

Figure 4-8. Boxplot diagram of conductivity (us/cm) according to each plant
community group.
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Aluminum, calcium and sodium concentrations were highest in the Spiraea sites. On the other
hand, potassium and magnesium showed highest concentrations in the Kalmia sites. Iron
concentrations were slightly higher in the Phalaris sites. Magﬁesium and iron concentrations
showed more Variability. within groups compared to the other water components. The
concentrations were significantly different between plant community groups for only aluminum_
and calcium (Table 4-4). Aluminum concentrations were significantly different between
Phalaris and Kalmia sites; Spiraea and Kalmia sites; and Spiraea and Sedge sites (Table 4-5).‘
On the other hand, calcium concentrations were only significantly different between the Spiraea

and Sedge sites (Table 4-5). Concentrations of copper, manganese and zinc were found to be

‘below detection limits. In other studies, manganese has been found to be generally below

detection limits in bog/fen waters (Burgess et al., 1995). In general, however the results for
cation concentrations in Blaney Bog waters contrast other studies where base cation
concentrations and conductivity increase along the bog-fen gradient and metal concentrations

decrease (Vitt et al., 1990).

Water chemistry results for cation concentrations also showed seasonality. All cation

concentrations were higher in the summer except for calcium, and sodium which showed no

seasonal difference. It is predicted that cation concentrations will show seasonality with higher
values in the summer (Proctor, 1994). Seasonality is correlated with processes determined by
the balance of precipitation and evapotranspiration, or oxidation-reduction processes dependent
on water level or temperature (Proctor, 1994). Data from studies in southern regions show more
seasonal variability than nortﬁern regions caused by early drought and snow-free winters
(Wieder 1985). It is surprising that seasonality was not found for calcium, as other studies have
shown that calcium concentrations increase during the growing season and a negative correlation
has been shown with rainfall (Proctor, 1994, Vitt et al., 1995). On the other hand, the lack of

seasonality for sodium concentrations has been shown elsewhere (Vitt et al. 1995).

Cation concentrations in the soils were also found to fall within the range expected for bog to
poor fen and do not reflect the intermediate and extreme rich fen end of the spectrum reflected
by the vegetation at the Spiraea, Sedge and Phalaris sites (Heathwaite & Gottlich, 1993).

However, the distribution of cations concentrations among the plant community types, were |
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different from the water component. The Kalmia sites had the lowest concentrations of all
cations and Phalaris sites had the highest (Table 4-6). The Sedge and Spiraea sites had
intermediate concentrations but generally closer in value to the Phalaris sites. The differences
were statistically significant for all variables except magnesium (Table 4-4). The Kalmia sites
are significantly different from the rest of the plant community groups (Table 4-5). The Phalaris
sites are significantly different from the Sedge sites for aluminum, iron, potassium, and zinc; and

from the Spiraea sites for copper and zinc (Table 4-5).

Although not a cation, it is worth mention that silica concentrations in the pore water were found
to be high, particularly in the Kalmia sites. Wetlands underlain by siliceous terrains tend to have
low pH and low calcium concentrations than calcareous-systems (Bridgham et al. 2001). Also,
research on concentrations of silica in bog/fen systems seems to suggest that concentrations are
determined by fluxes from a source/sink within the peat where organic acids form complexes
with silica (Bennet et al. 1991). It is believed that diatom frustules dissolved in the peat column

release silica which is maintained by these silica-organic complexes.

Figure 4-9. Boxplot diagrams of cation concentrations in the soil and water
according to each plant community group.
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The overall range in pH and cation concentrations in Blaney Bog were smaller than expected in a
fen-bog system. The lower pH range may be caused by the hydrological modification of the
Blaney Bog system. It has been shown that artificial changes such as a reduction of base-rich
water source may cause some base-rich systems to show progressive acidification (Wheeler and
Shaw, 1995). The dyke/canal is intended to impede surface water flow which historically would
have been a source of base-rich waters. Reduced input of base-rich waters has isolated the
system, presently only precipitation is a major source of input and this has caused subsequent
acidification and cation concentrations that do not reflect the rich fen sites. Variation in patterns
observed between water chemistry and soil chemistry may also be explained by the hydrological
modification to the system. Water chemistry is much more dynamic and easily affected by

change whereas changes in soil properties take longer. The soil components showed clearer
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differences between groups for aH variables compared to the water variables. Also, a gradient  ~
was found with Kalmia sites showing lowest concentrations, Spiraea and Sedge sites

intermediate concentrations and Phalaris the highest concentrations. Along this gradient, the
Kalmia sites were significantly different from the rest of the sites. This gradient was not visible

for the water variables and the Kalmia sites were not as distinct from the rest of the sites with"

respect to the water component.

Relationships between pH and water/soil cation concentrations

Studies have shown the following relétionships between pH and water/soil chemistry variables:
(1) positive and highly significant correlation for base cations and EC; and (2) negative and

* highly significant correlation for metals (Al, Fe, Cu, Mn and Zn) (Vitt et al. 1995).

In Blaney Bog the positive correlation between pH, base cations and conductivity are’present\
(Table 4-7). The correlations are higher in the soil component than the water éomponent. The
pH and Ca®" ion concentrations have been shown to be reliably interrelated in mire systems
because the input of cations from a mineral source cause the pH to rise (Ross, 1995). Calcium
enrichment occurs in fen waters from groundWatér, and concentrations are depleted in bog

* waters where it is taken up by Sphagnum. Other base cation concentrations are also correlated

with the base-richness gradient and should show similar patterns to calcium along this gr"adient.

The concentrations of metals in Blaney bog waters/soils do not show a negative correlation with .
pH values. Concentrations increase with pH, and similar to vthé base cations, the cérrelations are
higher in the soil component than the water component. Aluminum concentrations héve been |
‘shown to decrease with pH and calcium in other studies of bog-fen systems (Wheeler and Shaw,
1995). Concentration profiles are considered to be related to the enhanced dissolution of
alumino-silicates embedded within the peat at low pH, and to decreasing solubility of aluminum

at higher pH of pore waters (Glaser et-al. 1997). Both aluminum and iron should be abundant as
pH decreases, a function of organic-acid-metal binding that occurs at low pH (Vitt et al. 1995).

Although pH is lowest in the Kalmia sites, the aluminum and iron concentrations are higher in

sites of the other three plant community types because of higher mineral content in the soil. The-
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results suggest that the difference in mineral content of the substrate is large enough that the

expected negative correlations between aluminum and iron concentrations and pH are absent.

Table 4-7. Spe‘armah s correlation coefficients for pH and cations in the water and soils at
Blaney Bog. All values are significant at the 0.05 level. A dash means that correlation
coefficlents were not calculated for that variable.

: Water pH - Soil pH
EC 0.52 -
Al+3 0.40 - 0.55
Ca+2 0.55 - 0.78
Cu - 0.61
Fe+2 0.41 0.44
K+ 0.65
Mg+2 0.41 0.45
Mn ' - 0.65
Na+ 0.70
S102 0.53 -
Zn+2 - -




Nutrient status

Nitrogen and phosphorus were examined to investigate the relationship between plant
community and nutrient status in Blaney Bog. Nutrient levels for each community type are

presented in Table 4-8.

Table 4-8. Minimum, maximum, median and mean values of water nutrient and soil
nutrient components. Values of water variables are separated into wmter (W= November-
March) and summer (S= April-August) means.

4

NO3-  NH4+ PO43-

Kalmia | min 0.038 2.101 ™~ 0.115
max 0.179 4.534 0.364
median 0.063 2.886 0.286
mean (W) 0.119 2.860 0.287
mean (S) 0.046 3.406 0.199

Spiraea | min 0.017 0.045 0.010

' max 1340 . 1.097 0.348
median 0.089 0.255 0.094
¢ | mean (W) 0.166 0.511 0.097
mean (S) 0.046 1.026 0.128

Sedge | min 0.023 0.047 0.014
max 0.619 0.513 0.348
median 0.031 0.099 0.053
mean (W) 0.170 0.151 0.111

Phalaris- | min 0.010 0.050 0.020
max 1.698 . 1.130 0.432
median 0.033 - 0.219 0.068
mean (W) 0.065 0320  0.070
mean (S) 0.050 1.340 0.118

% Total % Total P C:Nratio N:Pratio C:P ratio
N :

Kalmia | min 0.81 0.02 1751 38.10  1486.70
max 2.51 0.03 ' 59.73 90.98  2742.11
median 1.33 0.03 ’ 39.86 50.60  1803.00
mean 1.50 0.03 39.24 5757  1958.70

Spiraea | min 061 0.04 13.85 7.18 99.42

" | max 243 014 18.65 50.40 939.82
median 201 - 0.11 1443  15.48 222.49
mean 1.79 0.10 - 15.01 20.88 328.98

Sedge | min 0.56 0.04 13.97 8.11 113.22
max 2.68 0.12 17.67 59.10-  1043.99
median 2.12 0.07 15.46 29.52 470.21 -
mean 1.98 0.07 15.63 29.59 477.23

Phalaris | min 0.97 0.06 12.77 9.66 128.18
max 2.75 0.14 16.75 4221 564.12
median 1.32 0.10 14.06 15.50 198.03
mean 1.54 0.10° 14.30 16.99 242.57
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Nitrogen

Nitrogen is an essential nutrient for plant growth and is taken up by plants in large amounts with
small concentrations remaining in the soil. Brady (1990) lists N as a critical soil constituent
because of the tendency of N to be easily lost by decomposition of organic compounds.
Generally, N concentrations in soils increase with increased organic matter contents, because soil
N is mostly organic in nature (Collins & Kuehl, 2001). However within pealtands it has been
found that the N content in peat may amount to 2.5% whereas in fens the N content is
approximately 4%, the differences in soil N concentrations are caused by differences in species
composition and the ability of each species to store N (Bridgham et al., 1998). Sphagnum moss
increase in bogs has been found to contribute to the drop in nitrogen levels because generally
Sphagnum spp. have a nitrogen content smaller than 1% (Gorham & Janssens, 1992). Nitrogen
is traditionally considered to be a limiting nutrient in freshwater wetlands (Damman, 1988). The
soils sampled in Blaney Bog had a mean of 1.61 total % N, ranging from 0.56 to 2.75. These N
concentrations are closer to bogs rather than fens but within the normal range observed in
organic wetlands (0.48-3.00) (Bedford et al., 1999). The differences between plant community
groups were not significant (Table 4-4). Average N concentrations have been found to be

significantly higher in moderate-rich fens than in other wetland types (Bedford et al., 1999).

Figure 4-10. Boxplot diagram of total soil N (%) according each plant community

group.
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Ammonium ion is the primary form of mineralized nitrogen in most flooded wetland soils.
Nitrogen mineralization involves the conversion of organically bound nitrogen to ammonium
nitrogen through biological transformations as organic matter decomposes. This proéess of
ammonification occurs in aerobic and anaerobic conditions. The average ammonia readings
throughout the study period ranged from 0.143 to 4.53 ppm. The Kalmia sites had the highest
concentrations, and the differenées between groups were significant (Table 4-4). Only Phalaris
sites were not significantly different from either the Spiraca 6r the Sedge sites (Table 4-5).
Other studies have also found concentrations of ammonium to be greater in bogs compared to
fens (Waughman, 1980; Proctor, 1994). Summer ammonium levels were higher than winter
levels due to higher temperatures and consequently increased microbial activity. Nitrate is not
immobilized by negatively charged soil particles, instead it is much more mobile in solution and
thus if it is no‘t taken up by plants it is rapidly lost with groundwater flow. Nifrate levels were
lower than ammonium concentrations and ranged from 0.022-0.313 mg/L. The Spiraea sites had
the highest nitrate concentrations in the winter. The differences between groups were not
significant (Table 4-4). Vitt et al. (1995) also found that ammonia lévels were higher than
nitrate in all peatland types with the higherl ammonia levels in bogs comp;ared to fens. While
seasonal variation was observed in both forms of nitrogen, nitrate levels showed more
ﬂuctuationé indicating that variation in concentrations was associated with rain where higher

precipitation resulted in higher nitrate concentrations.
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Figure 4-11. Boxplot diagrams of ammonium and nitrate according to each plant
community group.
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C:N ratio

Total nitrogen is a function of organic matter. Studies show a linear relationship between carbon
and nitrogen content. Organic matter provides energy for microorganisms that are essential in
biochemical reactions involving nitrogen in soils. C:N ratio is used as an index of humification
or decomposition and humus quality. State of decomposition is also an indicator of soil
chemical properties where nutrients are released into the soils as the organic matter decomposes.
C:N ratio greater than 20-30:1 are characterized by immobilization where inorganic nitro gen is
converted to organic nitrogen and microorganisms use it as energy. C:N ratio narrower than
20:1 are characterized by mineralization, where organic matter is decomposed and inorganic ions

released.

In Blaney Bog, the Kalmia sites had an average C:N of 39:1 ratio, whereas the range in the C:N
ratio in all the other sites was 12-18:1 (Table 4-8). The differences between groups were not
found to be significant (Table 4-4). The lower C:N ratios of the non-Kalmia sites reflect the
higher decomposition rates due to greater water fluctuations that result in periodic aeration and

consequent lower organic matter content at these sites. Decomposition rates are slower in the
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Kalmia sites which is evident by the on average higher organic matter content and higher water -
table. The rate of decompos1t10n in peat bogs is generally low because of waterlogged
conditions. Also, slower decomposition rates in bogs are partly attributed to the presence ofa
Sphagnum carpet, which has been shown to severely inhibit microbial decomposition. The CN
quotient in the Kalmia sites is however lower than what is expected in bogs where C:N values |
have been recorded between 60-100:1 (Damman, 1988). Although water level fluctuations in
the Kalmia sites are small cbmpared to the other sites, the water levels fluctuate mofe than
expected for a bog-poor fen.and this might explain the lower C:N ratio. Figuré 4-12
demonstrates the strong po‘sitive correlation between carbon content and nitrogén concentrations
in soils of the sites surveyed at Blaney Bog. Although the correlation is present, a clear
subdivision according to plant community types is not. Sites vary in their nitrogen content
within the groups. The Kalmia sites show particular spread in nitrogen levels with three of the

four sites appearing as clear outliers in the scatterplot. -

Figure 4-10. Soill h’itroge'n (N) concentrations in relation to soil organic-matter
content.
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Phosphorus

Phosphorus is an essential plant nutrient and is taken up by plants in the form of H,PO4 and
HPO* inorganic ions. Phosphorus occurs in soils in organic and inorganic form but the amount
of it available to plants depends on: dissolution into ionic forms, soil pH, decomposition of

' organic matter-and microbial activity. For example, calcium phosphates are less soluble as soil
pH climbs, and iron and aluminum phosphates are less soluble as the pH drops.‘ Phosphorus
adsorption dynamics are dependent on iron, aluminum and manganese hydroxyl-oxide
sesquioxide contents. Mineral soils are likely to have higher phosphorus adsorption capacity
than peats because they have more iron. Maximum availability of phosphate ions for plant
growth occurs within pH 6.5-7.5. Organtc-phosphorus and. fixed mineral phosphorus comptise
approximately 90% of total phosphorus in a wetland,; very-small concentrations of phosphorus

are found in the water column.

Soil samples from the bog show a mean of 0.087% total of phosphorus, ranging between 0.018
and 0.140 falling well within the range observed for P concentrations in organic wetlands
(Bedford et al., 1999). Among the groups, Spiraea has the highest mean concéntration level of
phosphorus, whereas the Kalmia group has the lowest. The differences were found to be
significant (Tabie, 4-4). Tne Kalmia sites show lower phosphorus concentrations compared all
the other sites (Table 4-5). Only the Phalaris sites are not significantly different from the‘Spiraea
and Sedge sites (Table 4-5). Studies have shown that average P concentrations were

significantly lower in bogs and poor fens than in other wetland systems (Bedford et al., 1999)..

In the water, the average values of orthophosphate were found to range from a minimum of
0.025 to 0.364 ppm. The highest values were in the Kalmia sites and did not show seasonal
differences between summer and winter concentrations. The differences between groups were
not found to be significant (Table 4-4). Vitt et al. (1995) found highest phosphate concentrations
in poor fens and lowest in bogs. They also found that phosphate conccntrations slllow‘ed little

seasonality.
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Figure 4-13. Boxplot diagrams of phosphorus and phosphate levels according to
each plant community group.

0.150
05

.
0.125~ ™7

04

*oPT

0.100=

03+
0075=

02=
0.050=

0.1

T T T

0.0«
L T L T T
Kalmia Sedge Spiraea Phdeais Kalmia Sedge Spiraea Phaais

Plant community Plant community

% Total P

Phosphate (ppm)

N:P ratio

Fertilization studies are the most appropriate method for investigating nutrient limitation in plant
communities, however nutrient limitation can also be inferred from element ratios in soil or
water (Bridgham et al., 1998). Experiments have shown that N:P ratios in plant tissues and soil
are highly correlated with each other and reflect abundance/scarcity of these nutrients in the
system (Aerts et al., 1999; Verhoeven et al., 1990). Verhoeven et al. (1996) suggest that N:P
ratio > 16 suggests P limitation, N:P ratio<14 suggests N limitation, and 14<N:P<16 suggests
co-limitation. Soil N:P ratios range from 2 to 60 in bogs fens (Bedford et al., 1999). The N:P
ratios in Blaney Bog ranged from 16 to 58, supporting that the plant communities surveyed in

Blaney Bog are phosphorus limited. The differences between groups were significant (Table 4-
4).

Relationships between nutrient concentrations and N:P ratios were examined by plotting
phosphorus concentrations against nitrogen concentrations (Figure 4-14). Although mean N:P
ratio values for the plant community types are different, the graph shows that the sites are not

distributed in any linear fashion, as expected, but spread out. The graph does reflect low
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phosphorus levels in the Kalmia sites compared to the other plant community types. However :

diverse nitrogen concentrations blur any linear relationship between N and P.

Figure 4-14. Phosphorus (P) and nitrogen (N) concenfrations in soil samples from

Blaney Bog.
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As expected there is a positive correlation between organic matter and N:P ratio (Figure 4-15).

The variation in soil organic-matter content within plant community types blurs the separation

between plant communities along this gradient. However the Kalmia sites are clustered towards

the higher end of the gradient.

Figure 4-15. Soil N:P ratios in relation to soil organic-matter content.
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Species richness

Community resbonse to nutrient status is of great interest in wetland ecology as nutrient
enrichment is an increasing threat to these systems. Eutrophication has been shown to have a
decreasing effect on species richness in wetland plant communities. In general, species richness
increases as inflow of mineral rich water into a wetland increases, thereby reducing anaerobic
conditions and stimulating diversity (Bedford et al., 1999). On the other hand too many nutrients
can create felatively uniform, mono-species stands. Keddy and associates have done extensive
research on relating species richness and biomass in wetlands (Keddy, 2000). Their results
conform to the hump-shaped model propoéed by Tilman (1986) where richness is highest at an
intermediate level of biomass and lower at the low and high ends of the biomass gradient.
Glaser et al. (1990), in studies of Minnesota wetlands, found that vascular plant and bryophyte
species richness generally rises With’ increasing pH and calcium, reaching a péak within a
chemical range associated with.rich fens, and then decreasing in extremely rich fens. Vitt et al.
(1990) also found this pattern and thought it was because moderate rich fen sites had a mixture
of species characteristic of moderate rich fen sites as well as poor and rich fen species due to the
higher .variability in chemistry and nutrient status at these transitional sites. Other studies have
found no relationship between species richness and biomass, nor strong relationships between

species richness and indicators of nutrient status in soils or water (Bedford et al., 1999).

In order to examine relationship between species richness and the rich 'fen-bog gradient in
Blaney Bog, species richness was graphed as a function of pH, Ca, C:N ratio, C:P ratio and N:P
ratio. The scatterploté of pH and.Ca show a negative trend, with species richness decreasing as
pH values and Ca concentrations increase. The Kalmia sites have the highest species richness
and lowesf pH and Ca concentrations whereas the other sites generally have lower species ‘
richness and higher pH and Ca concentrations. The scatterplots of nutrient fatios show that sites
cluster towards low nutrient ratios and low species richness values. The exceptions are the
Kalmia sites which generally.exhibit high species diversity and high nutrient ratio values. The
low r2 values and lack of linear patterns indicates no clear relationships between nutrieht ratios
and species richness. The.pronounced difference between the Kalmia sites and the rest of the

sites is clear however with respect to higher nutrient ratios and species richness.
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Figure 4-16. The relationship between species richness and pH and Ca»

concentrations in the soil. Spearman’s correlation coefficients not significant. -
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'Figure 4-17. The relationship between species richness and soil nutrients within
Blaney Bog. Species rlchness is the mean number of species (vascular plants
and bryophytes) per 2m? for three 2m? plots. Richness is plotted as a function of
(a) the carbon-to-nitrogen ratio (C:N); (b) the carbon-to-phosphorus ratio (C:P);
and (c) the nitrogen-to-phosphorus (N:P) ratlo SO|I ratios are all based on total
C,N, and P concentrations.

20 -
»*
2_
. . r?=0.24
»*
10 4 L]
® A
GROUP
] -a
g o @ Spiraea
= L 4
=]
o A Sedge
@ ® =
g - ® Phalaris
= )
1723 o] ¥ Kalmia
10 20 30 60 70
C:N ratio
20
2_
r=0.18
L] *
104 m@m
o A .
GROUP
1) [ ] ] a
11:3 o mm @ Spiraea
= [ J
9 . .
& . A Sedge
7] [ J L]
S » . @® Fhalaris
2 [
&S o ¥* Kalmia
o] 1000 3000
C:P ratio
20
>
2__
r=0.16
=
»*
10 - o '
® a
GROUP
a2 - = a
2 ® & = B Spiraea
= e .
=]
[ A Sedge
W [ ]
g - ® Phalaris
D
& o * Kalmia
o 20 40 60 80 100

N:P ratio

72




Multivariate approachA

Due to the complexity of environmental factors underlying vegetation distribution in wetlands, a
multivariate approach can be used to analyze the multitude of gradients simultaneously.
Nonmetric Multidimeﬁsional Scaling (NMS) was used to ordinate the vegetation data and the
fesulting solution was correlated with the water and soil data. The ﬁhal solution had low stress
(5421) indicatihg that the difference was small between the original data and the final solution.
McCune and Grace (2002) suggest that a stress value between 5 and 10 is a “good ordination

with no real risk of drawing false inferences”.

The results of the ordination show that thefe is a clear separation along Axis 3 between Kalmia
associated species and sites and the rest of the species/sites (Figure 4-18). Soil components are
strongly correlated with this axis (Table 4-9). Total carbon, soil nutrient ratios show strong
negative correlation whereas soil cation concentrations and pH are positively correlated. In
acidition, there is also a separation along Axis 3 among the Sedge sites and the Spiraea sites. The
-Sedge sites are slightly closer to the Kalmia sites reflecting slightly higher total carbon .
concentrations and nutrient ratiqs. Zinc concentrations in the soil show correlation with Axis 2,

separating the Phalaris species/sites from the Sedge and Spiraea sites and associated species.

Axis 3 further demonstrates the pattern observed in Blaney bog and in the literature on wetlands:
an increase in soil organic matter content was found to be associated with a decrease in pH and
soii cation concentraﬁons (Glaser et al., 1997). In addition, total soil nutrient concentrations are
not highly correlated with the same axis as the base richness/acidity variables. Soil phosphorus |
concentrations only show a highly significant correlation with Axis. 1 and nitrogen | |
concentrations are not highly correlated with any axis. On the other hand, nutrient ratios are
highly correlated with Axis 3 reflecting decreased nutrient availability as soil organic matter

. content increases. Ordination analyses have shown that more than 50% variance in wetland sites
was explained by nutrient ratios, organic matter content, and pH (Bridgham & Richardson,
1993). At Blaney Bog, Axis 3 from the NMS explained 57% of the total variation in plant |
species composition among.sites and was strongly correlated with several of the soil and water

variables measured. The correlations were higher for the soil variables.
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Figure 4-18. Nonmetric Multidimensional Scaling (NMS) ordination graph of the 23
sites and 51 species in Blaney Bog. The final solution stress was 5.421 and
instability 0.00008. The variance explained was: Axis 1 r’=0.138; Axis 2 r’=0.253;
and Axis 3 r’=0.573 (cumulative r’=0.964). Vectors representing environmental
variables are included. The four plant community types are presented by the

ellipses.
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Table 4-9. Pearson and‘Kendall Correlations with NMS Ordination Axes

Axis:

PH

$Total C
$Total N
Al

Ca

Cu

Fe

K

Mg -

Mn

Na

P

zn

C:N ratio
N:P ratio
C:P ratio

Water components
.343
.544
.647
.132
.299
.083
.057
252
.368

NO3 -
NH4 +
P
Al+3 "
Ca+2
Fe+2
K+ .
Mg+2
Na+
Si02
Water_pH
EC

r

.Soil components
.313
.083
.234
.173
.229
.193
.278
.251
.147
.077
.307
.384
.036
.361
.297
.403

.738

.519
.339

.098
.007
.055
.030,
.052
.037
.077
.063
.022
.006
.094
.147
.001

©.131
.088
.162

.118
.295
.419
.017
.090
.007
.003
.064
.135
.544
.269
.115

tau

.170
.l46
.146
.091
.043
.162
.209
.099
.115
.146
.170
.194
.083
.233
.123
.138

.289
.360
.388
.059
.154
.099
.096
.206
.107-
.293
.207
.289

.106
.052
.170
.111
.167
.025
.150
.093
.370
.081
.089
.284
.471°
.288
.108
.269

.287
.303
.030
:263
.170
.035
.029
.224
.219
.096
.053
.072

.011
.003
.029
.012
.028
.001
.023
.009
.137
.006
.008
.081
.222
.083
.012
.072

.083
.092
.001
.069
.029
.001
.001
.050
.048
.009
.003
.005

tau

.059
.028
.170
.186
.020
.178
.209
.004
.241
.020
.083
.154
.241
.075
.051
.051

.083
.146
.008
.115
.075
.004
.038
.103
.107
.087
.016
.123

.826
.659
.048
.844
.751
.797
.818
.910
.378
.814
.891
.864
.501
.732
.771
.896

.126
.529
.518
.625
.282
.333
.458
.017
.190
.154
.057
.171

.682
. .435
.002
.712
.565
.635
.669
.828
.143
.663
.793
.746
.251
.535
.595
.803

.01e6
-.280
.269
.391
.079
111
.210
.000
.036
.024
.003
.029

tau

.581
.462
.075
.518
.470
.510
.557
.557
.273
.462
.439
.368
.478
.613
.423
.455

.178
.249
L2717
.344
.146
178
.281
.063
.099
.087
.080
.067

The correlation between ordination axes and the water variables are generally not as high.

Ammonia and potassium ions in the water show a fairly strong positive correlation and

aluminum ions a negative correlation with Axis 3. The rest of the variables show weak

correlation with any of the three axes. In contrast, ordination results in other studies have shown

that water pH and cation concentrations were highly correlated with axes explaining species

distribution in wetlands (Glaser et al., 1997; Vitt & Chee, 1990). These results indicate that the

soil components are more important in explaining the spread of the sites at Blaney bog with

respect to species composition.
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‘Chapter 5: Summary and Conclusions

The primary aim of this thesis was to investigate the reasons for the pattern and species
composition of the various plant community-types in a disturbed stream fen/mound bog complex
and examine which environmental gradients were important in the distribution of these wetland
species. Species distributibn was linked with water table fluctuations, organic matter
acqurﬁulation, acidity/basé richness and nutrient status in water an(i soil components. Four
major plant'cor'nmunity types were surveyed for all components: Kalmia, Phalaris, Spiraea and

Sedge. In all but the Sedge group, water table fluctuations were measured.

Plant Community Summary

Kalmia sites

The species composition of the Kalmia sites is most consistent with bog/poor fen plant
communities described in the literature on peatland systems. Indicator species of bog/poor-fen
communities include Sphagnum spp.; ericaceous shrubs such as Kalmia occidentalis, Ledum
groenlandicum and Vaccinium oxycoccos; coniferous tree species such as Pinus contorta and
Tsuga heterophylla; and other acidophillic species such as Eriophorum chamissonis and Drosera
rotundifolia. Mean species richness (n=28) and species diversity (H’=2.60) were the highest at
the Kalmia sites compared to the other plant communitiés surveyed at Blaney Bog. The high |
species richness and diversity were higher than expected for bog/poor fen communities which
are generally considered to be species poor because of the limiting conditions of these sites (low
pH and nutrient poor). The high species divérsity may be because the Kalmia sites are on the

eastern edge where little disturbance of the wetland system is visible.

- Water level fluctuations were small at the Kalmia sites with summer minimum levels not

exceeding 18cm below the peat surface. The small fluctuations correspond to flow-through fen
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systems which are little affected by low precipitation levels due to groundwater seepage and

" surface water flow and bogs where the water table is kept high through capilarity. A high water
table throughout the year is conducive to organic mﬁtter accumulation exceeding decomposition,
as a result the substrate-was high in soil organic matter content with a mean of 74%. Verhoeven
et al. (1994) found substantially lower decay rates in bogs compared to other peatlands and
mineral soil wetlands. Peat chemistry corresponded to expected range for bog/poor-fen sites
with a pH slightly above 4.0, and low concentrations of all cations. Although aluminum and iron
are expected to be high at the Kalmia sites becausé of low soil pH, the differences in mineral
content of the substrate between the different plant communities surpassed differences in soil pH

and as a result the peat at the Kalmia sites exhibited low concentrations of these metals.

Water chemistry of the Kalmia éites was inconsistent with soil chemistry results. The pH was
| slightly above 5.0, which was much higher than eXpected for bog/poor-fen sites. A pH of 5.0 is
indicative of conditions where the water is in equilibrium with partial pressure of CO,: a static
system that is saturated with CO,. The static state of the water at these sites indicates that the
water chemistry is controlled by the vegetation and internal bio-cycling of nutrients in situ.
Concentrations of magnesium, an important element in bio-cycling, were also found to be higher
at these sites. Frequent reducing conditions and consequently little aeration, favored high
ammonia levels and low nitrate levels ‘in the water. Flooded conditions also resulted in higher

Pphosphate levels in the Kalmia sites.

Soil nitrogen levels were lowest at the Kalmia sites compared to the rest of the. sites, as expected
from oligotrophic-mesotrophic sites. Soil nitrogen levels were much lower than expected for .
»three out of the four sites (Figure 4-10). Low soil N levels may be a product of local species
composition where ericaceous shrubs, in particular Myrica gale, have higher N fixation rates
because of symbiotic associations. Site P16 had higﬁ cover of ericaceous shrubs compared to the
other three sites and correspondingly high soil N levels. The other three sites had higher percent |

cover of Sphagnum spp. and corresponding lower soil N concentrations.
Phosphorus levels in the soil were also low at the Kalmia sites as expected from the

oliogrotrophic-mesotrophic sites. As a result the N:P ratio was highest for these sites compared

to all the other sites in Blaney Bog indicating these were phosphorus limited.. Both the C:N and

77



C:P ratios were very Wide, the result of the high soil organic matter content and low nutrient

levels at these sites reflecting nutrient poor conditions.

The differences between the Kalmia sites compared to the rest of the sites at Blaney Bog were -

significant for most soil variables measured and some water variables.

Sedge sites

In species composition, the Sedge (Carex spp.) sites corresponded to small sedge fen
communities. Small sedge fen communities are characterized by Carex spp. such as Carex
rostrata, Carex sitchensis, Carex canescens; as well as Scirpus cyperinus; and a mix of
Sphagnum spp. and brown mosses for bryophytes. Small sedge fen communities are transitional
between eutrophic fens and poor fens. These moderate-rich fen communities are generally
-species rich and the Sedge sftes at Blaney Bog had intermediate values for both species richness
(n=16) and diversity (H’=2.18) compared to the other sites. Moderate-rich fen communities
should exhibit high species richness and diversity because of favorable conditions with
intermediate pH levels and intermediate nutrient levels. The lower recorded diversity may be a

- result of human impact on the study area. -

| Water levels were not monitored at these sites, however the substrate was high in soil organic
matter with a mean of 50% suggesting that the s;ites are predominantly flooded. The organic
matter content of Sedge sites in the enclosed section was slightly lower (47.5%) compared to the
sites in the open section (54.4%) suggesting that water levels and subsequent decomposition'may
be more prominent in the enclosed section. However it is also important to note that the slight

. difference may be caused by more alluvial deposits iﬁ the western eﬁd of the study area. SOM
content may‘also be a factor of species composition. Szumigalski and Bayiey (1996) found
higher decomposition rates to be associated with plant materiall with higher N content such as
Carex spp. compared to mosses. Soil chemistry variables showed intermediate values between
the Kaimia sites and the Spiraea and Phalaris sites reflecting the relatively high organic matter

content mixed with mineral content and transitional status along the fen-bog gradient.

Results for cation concentrations in the water chemistry were unexpected. The values for all

variables were the lowest for all the four groups, especially surprising was lthe low pH at 4.8.

78




Silica concentrations were considerably léwer.‘in the Sedge sites compared to the other groups.
The unexpected results for water chemistry for these sites may be caused by differences in

.sampling methodology. As described in the methods, at these sites water was ohly sampled once
by scooping surface water or digging to the water level, whereas the other sites héd installed
dipwells that were sampled .rrvlonthly for 10 months. Interesfingly, ammonia levels were found to
Be slightly higher than nitrate concentrations suggesting predominantly ﬂoodéd conditions at
these sites with some water level fluctuation. Phosphate levels were intermediate, also

J

suggesting a similar pattern in water levels.

Soil N levels were the highest at the Sedge sites reflecting the high N content of Carex spp.
characteristic of these sites. Soil P concentrations were intermediate. Intermediate organic
" matter content resulted in the C:N, N:P and C:P ratios showing intermediate nutrient levels as

expected from the moderate-rich fen sites.

Spiraea sites

The species composition of the Spiraea sites, with the dominant shrub Spiraea douglasii,
corresponds to shrub fen or moderate-rich fen sites which are transitional between reed fens and
poor fens. Species corﬁposition of the understorey reflected this transition with a mix of the
species common at the Sedge sites and Species common at the Phalaris sites. Specifically
common understorey species included Phalaris arundiriacea, Scirpus cyperinus and Carex
canescens. Bryophyte cover was also 2 mix of Sphagnum spp. and bro§vn mosses. The mix of
species may also be because the Spiraea sites are widely distribu_ted throughout the study area.
Species richness (n=16) and diversity (H’=2.25) were intermediate compared to the other sites.
The mix of vascular and bryophyte species at these sites and moderate-rich fen pH and nutrient |

conditions should favor higher species richness and diversity.

Water level fluctuations were substantial at the Spiraea sites with summer minima exceeding
1.0m below the surface. The drops in the water level are much higher in the enclosed section
compared to the open area of Blaney Bog. Such minimum levels exceed levels seen in flow-

through fen systems. Greater water fluctuations in the enclosed section suggest the dyke/canal is

blocking water inflow from the original east to west gradient of surface water and groundwater.
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The substrate was moderately high in soil organic matter with a mean of 42%, however the SOM
- content was double in the Spiraea sites in the open section (53.3%) compared to the SOM
content in the Spiraea sites in the enclosed section (27.4%). Higher water level fluctuations and
lower organic matter in the enclosed section suggest higher decomposition rates and frequent
acration in the Spiraea sites. Bridgham (1991) also found that decay rates were much faster in '
disturbed sites compared to undisturbed sites. Factors explaining faster decomposition rates

were removal of waterlogging conditions and subsequent aeration of the sites.

Peat chemistry was characteristic of moderate-rich fen communities with intermediate
concentrations of all caﬁdns. The pH value was somewhat low and would have been expected to
be aboyve 6.0 for moderate-rich fen siteé, Water chemistry results diverged from the peat
chemistry results with higher pH at 5.5 for both summer and winter. Calcium, aluminum and
iron concentrations in the water were higher than for all the other sites. All other cation
concentrations were intermediate. The lower pH values and cation concentrations may be a
result of acidification of the sites from the dyke/canal blocking off base-rich water inflow. When
pH values are compared, soil pH at the Spiraeca were 4.7 and 4.4 in the open and enclosed
sections respectively. Water pH shows even greater difference with 4.3 in the enclosed section
and 5.3 in the open. The sites in the enclosed section receive less water compared to those |
located along Blaney Creek and Anderson Creek. The inﬂoW and périodic flooding throughout

the year serve as sources of minerals for these sites, thereby increasing the pH.

Nitrate concentrations were high in the Spiraéa sites compared to the other sites reflecting the
low water levels and aerated conditions at these sites. However, the nitrate lévels were higher in
the winter compared to summer levels, when water table levels were higher. Soil nutrient levels

were hi gh compared to the other sites.
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Phalaris sites

The species present at the Phalaris sites correspond most to reed fen communities which are
considered extreme-rich fens along the fen-bog gradient (Damman 1995; Wheeler and Proctor
2000). These sites were the most species poor with a mean of \13 species. Some sites were
dominated by Phalaris and showed very lfttle diversity in vascular plant species composition and
very low bryophyte cover. Low species richness and diversity has been shown in other rich fen
systems where mono-species dominated and in sites affected by eutrophication causing species ‘
loss (Wheeler and Shaw, 1995). On the other hand, some studies have found the opposite where

rich fen communities have high species richness.

The patterns in water level fluctuations at the Phalaris sites were similar to the observations at
the Spiraea sites. Summer minima were somewhat smaller at the Phalaris sites (85cm below the
surface) which may be because reed canafy grass does not require as much water intake as
woody Spiraea shrubs. A comparison of conditions in the enclosed/open sections is not possible

because there were no Phalaris sites present in the open section.

The substrate was a mix of floodplain deposits and organic matter, resulting in the lowest SOM
content (meén of 33%), half of the mean SOM content for the Kalmia sites. Higher mineral
content is reflective of sites in the early stages of wetland ecosystem develépment where organic
deposits are still slightly above the underlying mineral substrate. Correspondingly, all soil cation
concentrations were high and pH was higher than at the other sites. However, compared to the
literature the pH of 5.0 was much lower than expected where most extreme-rich fens have pH.
values 6.0-6.5. The pH of the water was somewhat higher (5.3) however this is still lower than
expected. The conductivity at these sites was high, however most cation concentrations were
intermediate. Similar to the Spiraea sites, low pH values and base cation concentrations may

reflect the decreasing inflow of mineral enriching water because of the dyke/canal.

Contrary to the expected high nutrient availability in rich fen communities, all nutrient
components showed intermediate levels at the Phalaris sites with values between those found at
the Spiraea and Sedge sites. C:N, C:P ratios reveal that these sites have the lowest ratios and are

therefore least limited by low organic matter content.
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Environmental components summary

The water components studied at Blaﬁey Bog are much more dynamic than the soil components.
Soil variables showed a clear gradient between low cation concéntrations at the Kalmia sites,
intermediate concentrations at the Sedge and Spiraea sites and highest at the Phalaris sites. A
different picture was painted from results of the water data. The Kalmia sites were hi gher in
magnesium than all the other sites. Phalaris sites had lower concentrations than Spiraea for most
of the cations. The Sedge sites also had very lowilevels compared to all the other sites. The
unclear patterns in the water variables suggest that the water chemistry variables are fnore prone
to be affected by seasonality and human induced changes such as hydrological modification than
soil che’rhistry variables at Blaney Bog. Mult'ivariate analyses, which included all components,
also revealed that thé distinction between sites according to species distribution is strongly

correlated to soil components and less so with respect to water components.

‘Soil nutrient levels did not completely coincide with the bog-fen gradient. There were

deviations from the expected pattern because of species specific interactions. This was most
evident in the. Kalmia sites with nitrogen levels and differences in ericaceous shrub cover
compared to Sphagnum cover. P lévels did however show an increase along fhe gradient from
nutrient poor to nutrient rich. Nutrient ratios revealed the expected patterns where an increase in
organic matter content is associated: with decreased nutrient availability. These findings point out
that total soil nutrient concentrations may not be appropriate indicators of nutrient status and

availability in wetlands and should be interpreted with care. If only total concentrations are

available, then ratios may be better indicators of nutrient conditions.




Summary

" The study shows that Blaney Bog is not one wetland system but if fact the separation caused by
the dyke/canal has had a significant effect and partiti_ohs the site into two different sections. The
open section on the eastern side is dominated by Kalmia sites and this area is most representative
of poor fen/bog systems. The fact that this area has not been affected by the-hydrological
modification done tb the system and that vegetation patterns closely represent underlying
environmental conditions, are evidence that it is the most representative of baseline conditions of
Blaney Bog. On the other hand, the enclosed area has been affected by water management at the
site and possibly ongoing disturbances from neighboring agricultural activities. The enclosed
area is dominated by Phalaris, Spiraea and Sedge communities, which are characteristic of
moderate-extremely rich fen sites. These were not reﬂectéd in the underlying chemical

conditions, which were found to be more acidic and nutrient poor than expected.

In conclusion, this study found that the soil chemistry is more static or in steady state than the
water levels and chemistry at Blaney Bog. The soil variables studied were more reflective of site
conditions according to the dominant vegetation than the water variables. The disconnect
between water chemistry-and vegetation were greater for the Phalaris, Spiraca and Sedge sites
than the Kalmia sites. This is further evidence that the disturbance of wetland hydrology at this
site has affected most of the study area and that thé Kalmia sites are closeét to baseline '
conditions. Of the four community types, the Kalmia sites were the most representative of poor
fen sites, whereas thé water chemistry of sites in the other three plant community groups were

inconsistent with theoretically expected values from studies in undisturbed fens.

Future inonitoring of this disturbed system should focus on the S(;il. Indicators associated with
soil organic matter content and soil chemistry would better indicate change in éystem condition
than water chemistry. In a monitoring program, the Kalmia sites should serve as the baseline
for any comparisons and predictions of change. In addition, water table fluctuations should be
monitored more extensively than covered in this project to further investigate the relationships
between the water table and plant distribution and the influence of the water table on site
characteristics. Factors that might have significant effect on the site that were not included in

this study and should be monitored include: neighbor activities (specifically the cranberry

operation across 224" street) and local precipitation chem’iétry.
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