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Abstract

This study quantified the loss of vegetation in Mission Marsh located within the city
limits of Thunder Bay on the northern shore of Lake Superior, suggested the most likely
cause of this vegetation loss, and examined in detail the source of nutrients in the water

column along the Thunder Bay waterfront.

In Chapter 1, examination of aerial photographs of the marsh indicated a vegetative
decline of 39.8% from 1983 to 2002. Evidence of grazing and the presence of eutrophic
indicators in algal blooms suggested that Canada Geese, Branta canadensis may be one

causative factor.

Wetland degradation was measured using digitized aerial photographs that were
subsequently analysed with Erdas Imagine 8.7 imaging software. Cluster analysis of the
results isolated distinct plant groups within the wetland area, and yielded 5 broad
spectral classes: deep open water (DOW); submerged vegetation (SV);
floating/emergent vegetation (FEV); shoreline/emergent vegetation (SEV); and shallow
open water (SOW). Emergent and floating plant populations were most severely
affected with declines of 77.5% and 55.6% respectively. Submergent declines were
measured at 24.8%. In total, 8.8 hectares of vegetation were lost to shallow and deep

waters during the study period.
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Enclosures placed on the marsh and planted with Eleocharis smallii were used to assess
whether the sediment may have been toxic to plants and whether grazing by Canada
Geese was a problem. Plants wifhin the enclosures were highly productive while the
plants outside the enclosure were heavily grazed and exhibited overwinter mortality.
Geese were suggested as a likely cause of the loss of plants. It was suggested that the
decline in water levels in Lake Superior since the 1980’s may have contributed to the
decline of the marsh by providing optimum habitat for Canada Geese. Similarly the
production of algal mats were thought to have been a factor in macrophyte mortality
potentially caused by increased eutrophication due to nutrient release in the excrement

of Canada Geese.

In Chapter 2, the levels and sources of N and P in the water column along the Thunder
Bay waterfront were determined. There were two point sources of these nutrients —a
paper mill located on the Kamanistiquia River and the Thunder Bay Water Pollution
Control Plant. The other suspected source of nutrient were Canada Geese. In order to
separate out the likely origin of the nutrients, samples were collected below and above
the paper mill and along the waterfront including the location of water intake for the
city of Thunder Bay at Bare Point. The nutrient levels along the waterfront were often
higher than near the point source sites indicating that non-point sites were also
contributing to the nutrient levels. Coefficients of variation for the N and P parameters
showed that the sites on the water front exhibited much higher levels of variation than

did the sites near the point sources. Similarly, non-metric multidimensional scaling for
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the data showed that the scatter for sites along the waterfront was much greater than
for the point source sites. The likely cause of this non-point eutrophication was assumed
to be Canada Geese. Management options to control the populations of Canada Geese

and re-establish the vegetation in Mission Marsh were discussed.
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General Introduction

Background

A great diversity of wetlands can be found in the Great Lakes Basin with swamps, fens,
bogs and marshes existing in various forms. The coastal marshes are among the most
productive wetlands (Maynard and Wilcox 1997; Mitsch and Gosselink 2000) and
provide habitat and breeding grounds for waterfowl, fish and invertebrates (Maynard
and Wilcox 1997). They also serve as important recreation and aesthetic lands for many

communities along the Great Lakes shoreline (Entwistle 1984; McKever and Elder 1981).

Unfortunately, the wetlands of the world have been declining or disappearing at an
alarming rate over the past few decades (Maynard and Wilcox 1997; Mitsch and
Gosselink 2000). These declines have in some cases been attributed to anthropogenic
activities (Maynard and Wilcox 1997) such as the introduction of carp and Canada geese
{Badzinski et al. 2006; Giroux and Bedard 1987; Mitchell and Wass 1996). Nutrient
enrichment is a primary cause of water quality impairment and the subsequent change
in the vegetative structure of marshlands (Environmental Protection Agency 2008). The
ecological and aesthetic importance of these wetlands demands their monitoring and

preservation.

Wetland monitoring traditionally involves interpretation of low level aerial photographs

together with ground-based mapping and plant inventories (Finley 2003). This
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technique can be time consuming and subjective. In the past decade, a more objective
and cost effective method has arisen, which utilizes remote sensing technology (Finley
2003; Haack 1996; Klemas 2001; Olmanson et al. 2002; Ozesmi and Bauer 2002).
Typically, satellite photographs are digitized and then analyzed with specialized
computer imaging software. A statistical clustering technique, known as unsupervised

classification, is applied to the results (Ozesmi and Bauer 2001).

Although changes in a wetland environment can be detected and quantified by remote
sensing analysis, it may provide few clues as to the cause for these changes. In such
cases, cause may be better indicated by analysis of the physical parameters in which the

wetland plants are growing, and the characteristics of the plants themselves.

Causative Factors for Change:

Water Levels

The impact of changing water levels on the success of aquatic plants has been well
documented (Lyon et al. 1986; Wei and Chow-Fraser 2005). Painter et al. (1989)
suggest that high water levels are responsible for the loss of emergent plants, while fow
water levels are viewed as necessary for their reestablishment. Water turbidity is also
of concern, as it may interfere with photosynthetic activity and in highly turbid waters,

the growth of submerged aquatic populations is severely restricted (Sager 1996).
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Invasive Species

The introduction of exotic species is increasing worldwide, particularly in aguatic
ecosystems (Cohen and Carlton 1998). Of concern to ecologists is the rapid spread of
these exotics and the detrimental effects that their abundance may have on existing
flora and fauna (Roth 2007). It is now widely accepted that invasive species are a major

threat to aquatic ecosystems and biodiversity (Gunn et al. 2004).

Bronte et al. (2003) recorded the introduction of 39 new species into Lake Superior
since 1970. The effect of these introductions and the subsequent degradation of Lake
Superior habitats is largely limited to shoreline areas, embayments and tributaries
(Bronte 2003). In the Great Lakes watershed, the Rusty crayfish (Orconectes rusticus)

and Common Carp (Cyprinus carpio) have been identified as invasives of concern.

Rusty Crayfish

The rusty crayfish belongs to the Cambaridae family. Although it is indigenous to North
America, its range was restricted to the Ohio River Basin until the 1960s (Julien Olden et
al. 2006). The subsequent years have seen its spread northward into Wisconsin,
Michigan, lowa, New York, Minnesota, Ontario and all of the New England States (Gunn
et al. 2004). The first record of rusty crayfish in the Thunder Bay District occurred in

1985 (Bronte 2003).
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The spread of O. rusticus into nonnative waters, has been attributed to both accidental
and intentional factors. Accidental introductions through the expulsion of ballast water
(Bronte 2003), aquaculture, aquarium and pond trades (Olden 2006), and use as live bait
(Ludwig and Leitch 1996) have all been proposed. Intentional transport vectors include
the release of crayfish by commercial crayfish harvesters (Capelli and Magnuson 1983)
and by cottagers for nuisance weed control (Magnuson et al. 1975). This latter
recognition of O. rusticus as an “aquatic plant manager” hints at its potential for aquatic

habitat destruction.

Although the crayfish diet includes submergent macrophytes {Wilson et al. 2005), non
consumptive destruction has also been documented. Crayfish are trophic generalists,
readily consuming leaf litter, benthic algae, aquatic invertebrates, fish eggs and detritus
(Wilson 2005). In foraging for alternate foods, crayfish uproot both seedlings and

established plants (Lodge et al. 1994).

The negative effects of crayfish on macrophyte populations are well documented (Lodge
and Lorman 1987; Hanson and Chambers 1995). Based on trap catch data, Roth (2007)
correlated increased crayfish populations with total macrophyte absence. In his review,
Gunn et al (2004) noted the reduction in biodiversity in infested areas, while Wilson
(2005) suggested that macrophyte recovery following infestation required prolonged

crayfish population control.
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The successful establishment of crayfish depends on water and substrate suitability.
Crayfish inhabit permanent water bodies that are deep enough not to freeze, and with
sufficient oxygen levels to prevent winter kill (Collicut 1998). Crayfish are notably
absent from lakes with pH values lower than 5.5 (Berrill et al. 1985) and dissolved
calcium concentrations of less than 2.5 mg/I (Capelli and Magnuson 1983). Most
commercial trapping efforts are concentrated at water depths of 2 to 3 meters, which

seem to harbour the highest concentrations of crayfish (Wilson 2005).

The greatest substrate requirement for crayfish proliferation is the presence of shelter
from predators in the form of rocks, logs or thick vegetation (Collicut 1998). Molting
crayfish are at particular risk to predation, as are egg and young carrying females (Olden
et al. 2006). In controlled studies, the presence of predatory fishes reduced rusty
crayfish foraging when inadequate substrate protection was provided (Stein and
Magnuson 1976). Roth’s Wisconsin study (2007) reports that rusty crayfish and

Lepomis abundance were inversely related across a number of study lakes.

Data on within-lake dispersion rates of O. rusticus is provided by Wilson’s long term
study on Trout Lake in Wisconsin (2005). Crayfish invasion along the littoral zone
occurred at an average rate of 0.689 km/year. A sharp rise in site abundance often

occurred once trap catches reached 9 crayfish/trap.
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Common Carp

Common carp, Cyprinus carpio, belong to the Cyprinidae family, and have their origins in
temperate regions of Asia (McCrimmon 1968). In the 1880’s they were introduced into
North America and were stocked for their value as food fish (Royal Botanical Gardens
1998). Their incidental capture in a gillnet near Simpson Island, confirms their presence

in Lake Superior in 1954 (Hartviksen and Momot 1989).

Although carp are capable of both surface and bottom feeding (Hartviksen and Momot
1989), the greatest abundance of food occurs among the roots of aquatic plants (Royal
Botanical Gardens 1998). Benthic feeding is done by “sucking” or “mumbling” the
substrate (Cahn 1929), which can cause the uprooting and dislodging of aquatic
vegetation (Lamoureux 1961). The extent of the damage is related to sediment type,
the resistance of individual species to uprooting, and the timing of seed production

(Royal Botanical Gardens 1998).

The destruction of vegetation by carp is well documented. As early as 1929, Cahn
reported the “total destruction of vegetation” following the introduction of carp into an
artificial lake. Similarly, “consistent and severe losses in plant biomass” were exhibited
in a controlled experiment by Macrae (1979). The relationship of carp density to
macrophyte survival was quantified by Robel (1961), who found that a highly significant

negative linear relationship existed. His analysis concluded that the adverse affects of
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carp on aquatics would be felt at densities of 200 Ibs/acre. At densities of 400 lbs/acre,

aquatic vegetation would be totally annihilated.

Carp damage to aquatic macrophytes is not limited to “uprooting” but to their
contribution to decreased water clarity. Associations between increased tubidity and
carp feeding have been noted by numerous researchers (Cahn 1929; Kay 1949; Painter
1989). This turbidity reduces light penetration through the water column, and, in
extreme cases, may render the water almost opague (Matsuzaki et al. 2009). Since
most submergent plants are restricted to water depths greater than 1 metre, light
penetration is of paramount importance to their survival (Painter et al. 1989). In fact,
King and Hunt (1967) report a 3000% increase in submergent vegetation following a

massive carp cull.

Eutrophication

Eutrophication is defined as the increase in productivity of water bodies caused by the
addition of limiting nutrients, generally P but in some cases N (Horne and Goldman
1994). Nutrient loading to a wetland stimulates primary production which may lead to
persistent algae blooms and reduction of macrophytic vegetation and water quality
(Scherer et al. 1995). A degradation of water quality often includes lower dissolved
oxygen or higher pH levels which favour nutrient release from the sediment (Meyer et
al. 2005). This autochthonous input of phosphorus to the system further encourages

the development of algae blooms (Scherer et al. 1995).
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Herbivory by Canada Geese

The Canada Goose, Branta canadensis, was extirpated from the Great Lakes during the
early years of human settlement (Hughes 2001 ). In the 1950’s, various fish and wildlife
agencies began a re-introduction program with alarming success (Gosser et al. 1997).
Since their reintroduction into Ontario in 1965, the population has increased

exponentially (Ankney 1996; Smith et al. 1999).

Canada Geese feed on the shoots and rhizomes of aquatic vegetation (Zacheis et al.
2001). Research by Prevett et al. (1985) indicates that 83% of their spring diet consists
of grass, sedge and horsetail. While the latter two remain important food sources
throughout autumn, pondweed rhizomes were added to their fall diet at sites in the
Yukon (Coleman and Boag 1987). The same study showed that in the emergent plant
zone, preferences included Eleocharis palustris which is closely related to Eleocharis

smallii found at Mission Marsh.

High concentrations of feeding waterfowl can significantly reduce plant biomass
(Badzinski et al. 2006; Giroux and Bedard 1987; Mitchell and Wass 1996). Intensive
grazing on rhizomes is particularly damaging, as the carbohydrate reserve required for
future plant production is destroyed (Giroux and Bedard 1987). Further, foraging
(consumption of above ground tissue) and grubbing {consumption of below-ground
tissue) by increasing numbers of geese over many years can result in the exposure and

erosion of sediments causing severe wetland vegetation losses (Jeffries et al. 2006).
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Water levels have dropped in recent years in Hudson Bay. Normally such a decrease in
water levels would increase the production of wetland vegetation (Wei and Chow-Fraser
2005) . However, such increased production did not occur in these wetlands because
the increasing feeding pressure by geese over more than 20 years reduced the

vegetative reproductive potential of the plants (Abraham et al. 2005).

Large numbers of moult migrants often seek out safe areas away from breeding grounds
containing sufficient food and accessible water to complete their annual wing mouit
(Bellrose 1980; Davis et al. 1985; Salmonsen 1968 ). This moult normally lasts up to 40
days and begins near the end of June (Davis et al. 1985; Hanson 1965). Since the geese
are unable to fly during moult they tend to remain in one location and thus consume
whatever vegetation may be present. It is during this time that Canada Geese in large

numbers were observed at Mission Marsh.
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1. Change in vegetation at a Lake Superior marsh over a 19 year time
period: an evaluation of the extent of change and its cause.

1.1 Introduction

The coastal wetlands of the Great Lakes are of prime ecological value for fish,
waterfowl, nutrient buffering and habitat for a wide variety of mammals, birds, and
benthic organisms. These wetlands have been subjected to various environmental
stresses that have resulted in either permanent or temporary losses of vegetation
(Mitsch and Gosselink 2000). Water levels have been shown to be a prime factor
influencing macrophyte production in these wetlands. Lyon et al. (1986) showed that
the vegetation in Lake Michigan declined during high water levels. Wei and Chow-Fraser
(2005) in the western end of Lake Ontario and Hudon (1997) in the eastern end of Lake
Ontario and the St. Lawrence River showed the same relationship of declining
vegetation with increasing water levels. Fluctuations in water levels in the Great Lakes
are common and thought to be beneficial since they help to maintain diversity within
these wetlands (Keddy and Reznicek 1986; Wilcox 2004). Declines in water quality,
particularly eutrophication or toxicity and increased turbidity have led to the reduction
of vegetation in Lake Ontario (Sager 1996; Eyles et al. 2003; Mayer et al. 2005) and Lake
Superior (Sierszen et al. 2006). Invasive species have also impacted these coastal
marshes. Likely the best documented example is the introduction of the common carp
into Cootes Paradise marsh on Lake Ontario in the late 1880’s. In this marsh,

vegetation was reduced from 250 ha to 30 ha in a period of approximately 60 years
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(Painter et al. 1989) and the marsh only began to re-vegetate after a carp barrier was
constructed on the entrance to the marsh in 1999 (Smith et al. 2001). Plant invasions
have also been a problem. Typha angustifolia, a non-native cattail species has almost
completely replaced the once dominant southern wild rice, Zizania aquatica, on
thousands of hectares of wetlands on the lower great lakes (Finkeistein et al. 2005).
Increases in populations of waterfow! which graze on the marsh vegetation have also
become a problem. For example, control methods of oiling eggs and planting non
preferred habitat species near the edge of Cootes Paradise marsh on Lake Ontario have
been in place to reduce numbers of Canada Geese and Mute Swans for several years
(Royal Botanical Gardens 1998). Some studies have also tried to integrate a variety of
factors into modeling the decline of these coastal wetlands. Wei and Chow-Fraser
(2005) successfully isolated the effect of industrialization from water level increases to

determine their relative contribution to vegetation loss in a Lake Ontario marsh.

Nearly all studies on the loss of coastal Great Lakes wetlands have been conducted in
the lower Great Lakes. However the coastal wetlands of the north shore of Lake
Superior are equally important for the ecological integrity of Lake Superior and may be
detrimentally affected as they are in the lower Great Lakes. Coastal wetlands on Lake
Superior are relatively rare and total only 915 ha (Maynard and Wilcox 1997). Due to
their scarcity these wetlands are particularly significant and any declines in their

vegetation cover needs to be assessed and causative factors determine.
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Historically, wetland losses were quantified using inventory studies, aerial photograph
analysis and ground-based mapping (Finley 2003). Although effective, these time-
consuming methods require a great deal of resources (Haack 1996; Olmanson et al.

2002).

A more cost-effective and less time-consuming alternative employs remote sensing
analysis to inventory and map wetland imagery around the world (Finley 2003; Haack
1996; Klemas 2001; Olmanson et al. 2002; Ozesmi and Bauer 2002). Digital images
obtained via remote satellite or low level aircraft photography are subsequently
analyzed with highly specialized computer imaging software. This is the approach that is
used in this study to quantify the loss of vegetation in Mission Marsh located on Lake
Superior at Thunder Bay, Ontario. Once a healthy marsh with diverse vegetation in the
early 1980’s (Entwistle 1986), by the late 1990’s, the marsh was showing an obvious

decline in vegetation.

The study is also involved with gaining an initial assessment of the possible cause(s) of
this vegetation loss. Although any or a combination of the reasons detailed above and
in the General Introduction could result in vegetation loss at Mission Marsh, the
approach used was to examine only the most likely candidates defined as those
environmental factors or conditions that may have changed since the marsh was
productively thriving in the early 1980’s. For example, although carp were described as

a problem in the eradication of vegetation above, carp were known to be present in
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nearby Lake Superior locations as early as 1954 (Hartviksen and Momot 1985) and thus
not considered a factor that had changed in Mission Marsh recently. The same was true
for waterfowl other than Canada Geese which were present in Mission Marsh in the

early 1980’s (Entwistle 1986). This left the following factors that were examined:

i.  Water depth changes in the marsh. These would correlate with any changes that
occurred in the water level of Lake Superior.

ii. Changes in water quality that might cause toxicity or eutrophication. Secondary
treatment was added to the paper mill downstream of the marsh in 1995
making it unlikely that nutrient levels would increase, however, any new
associated chemical treatments could possibly influence toxicity.

iii. Introduction of Canada Geese and their herbivory effects. Canada Geese were
first introduced to the Thunder Bay waterfront in 1982 and continued to
1988 (Dennis et al. 2000). There are no accurate populations of Canada
Geese. A winter bird count in 2002 determined that there were 252
overwintering birds (Thunder Bay Field Naturalists 2002). Initial surveys of
Mission Marsh prior to the study during their moult period revealed several
hundred geese and moult feathers were present in high concentrations. At a
minimum, approximately a thousand geese were surveyed at the south end

of the city near the study site during each fall period (September — October).
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The present study examines the recent decline of Mission Marsh wetland. The
objectives of this study were to quantify the loss of wetland vegetation and assess the

most likely cause(s) for this decline.

1.2 Methods

1.2.1 Study site

Mission Island Marsh is a coastal wetland located on the northern shores of Lake
Superior within the city limits of Thunder Bay, Ontario. Legally known as Lot 8,9 Conc. K
Plan 55R-3079 in the city of Thunder Bay it is located at coordinates 48° 22’ 1 89° 12’ 9.
It is partially open to effects of the lake at the north end of the marsh and protected by
a sand spit formation at the south end (Figure 1.1). Mission Island Marsh has been
recognized as the largest marsh within the city of Thunder Bay with a total wetland area
in 1983 of approximately 53 hectares (Entwistle 1984). The wetland has historically
been considered the most significant waterfowl migratory stopover and staging area in
the Thunder Bay district (Entwistle 1986; McKever and Elder 1981; Tabak 1981). In
1984, it achieved a provincially significant Class 2 wetland designation from the

Lakehead Region Conservation Authority.

1.2.2 Aerial photograph analysis
Historical aerial photographs of Mission Island Marsh were obtained from the City of
Thunder Bay Planning and Archives Department. Approximately every five years, the

City of Thunder Bay has aerial photos taken of the city for planning purposes. Photos
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Figure 1.1. Map of Mission Island Marsh and surrounding rivers with the sand spit formation evident at

the southern end.

are taken at the end of May during each year they are requested. Photos taken in 1983

and 2002 for the city were available to document the change in the wetland over a 19-

year period that precedes the enclosure study. Although images from other years in

the time period were available (1987 and 1996), they were insufficient to use for

analysis. This was due either to surface glare of the photos or insufficient coverage of

the wetland area.
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The images were scanned at a resolution of 10, 024 by 8020 pixels as Tiff images. Using
imaging software Erdas Imagine 8.7, the 1983 photograph of the wetland area was
geometrically corrected to land reference points. The 2002 images were then
georeferenced to the 1983 geometrically corrected photo to allow for accurate
comparison between the time periods. Residual mean square (RMS) error was
maintained at less than one for all geometric referencing of the photos. In 2002 the
wetland area was photographed utilizing a different photo line and as a result
encompassed two separate photos. The two photographs although taken within
seconds of each other were photographed with slightly different exposures causing the
photographs to have different brightness values resulting in one of the photographs to
appear lighter than the other. A mosaic of the photographs, once geometrically

corrected to the 1983 image, was made to form a single image.

For accurate comparison of the two time periods and area of interest (AOI) polygon was
created using Erdas Imagine 8.7. Since the 2002 image was rectified to the
georeferenced 1983 image, the analysis of pixel data to determine total area for each
category was completed on the same precise area for each image. Using Erdas, the 1983
and 2002 images were then classified using an unsupervised classification (clustering)
technique. Images were first classified to 250 classes based on similarities in spectral
signatures. The classes were narrowed down to 5 broad classes based on similarities
between the classes and a comparison with the raw images. The 5 main classes used

were Deep Open Water (DOW), Shoreline/Emergent Vegetation (SEV),
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Floating/Emergent Vegetation (FEV) , Submerged Vegetation (SV), and Shallow Open
Water (SOW). These categories were checked using a ground-survey of the study site
and deemed to be suitable. Erdas was used to calculate the total area for each defined

class.

1.2.3 Changes in water levels

Monthly mean water levels for Lake Superior from 1983 to 2003 during the summer
months were obtained from Fisheries and Oceans water levels database (Fisheries and
Oceans 2005). All reported water levels were referred to the international Great Lakes

Datum (IGLD) of 1985.

In order to determine if there was any trend for declining water levels, the mean water
levels were plotted versus year and a linear regression calculated using Microsoft Excel

version 2007.

1.2.4 Plant enclosure experiment

Enclosures were utilized at the study site to examine whether grazing from herbivores
was occurring. This method has been successfully utilized to evaluate the long-term
destruction of sub-arctic wetland vegetation in northern Manitoba (Kotanen and Jeffries
1996). For all possible causes, the results could be assessed by observing how well the

transplanted test species Eleocharis smalli survived the season.
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Enclosed plots measured an area of one square meter and were set one meter apart
with unenclosed plots being designated in this space. Enclosures were constructed from
metal t-fence posts that were hammered 0.5 m into the sediment. Snow fencing was
wrapped and secured around the posts using plastic tie wraps to complete each
enclosure. Ten Eleocharis smalli plant clusters containing four to five spikes each were

transplanted into each plot {enclosed and non-enclosed).

Twenty test plots of {10 enclosed and 10 non-enclosed) Eleocharis smalli were planted
at the north end of the marsh in early June of 2003. Five of the enclosed plots were
located in 0.5 m of water in soft sediment and five enclosed plots were located in 0.5 m
of water in firm sediment 10 meters from the first five enclosures (Figure 1.2). Plants
were then observed over the summer months to determine whether or not a physical or

biological component was impacting their growth and/or success in the wetland.
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Plant enclosures

Figure 1.2. A. Location of Test plant enclosures at Mission island Marsh during the summer of 2003 with
Canada Geese foraging in the foreground; B. Close up of test plant enclosures located at north end of
Mission Island Marsh during the summer of 2003.

1.2.5 Phytoplankton Assessment
In order to determine if algal species present could be classified according to their

eutrophic level, two algae samples were collected in August of 2006 in 50 ml
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polyethelene bottles and preserved with Lugol’s solution. One sample was taken in
open water near an algal bloom while a second was taken directly from an algal bloom
in Mission Marsh. Samples were sent to ALS Laboratories in Winnipeg for species
composition analysis. Standard method 10200, 2005 was used for algae identification.
Samples were prepared using a sedimentation technique and were then examined using
a compound phase contrast inverted microscope (ALS 2006). Final identification of

algae by ALS Laboratories provided a general screen of dominant types of algae.

1.3 Results

1.3.1 Aerial photographs

Figure 1.3 shows the original 1983 photo for Mission Marsh and the classified image for
the photo. Figure 1.4 shows the original 2002 photo for Mission Marsh and its classified
image. The changes in the area for each of the five classes for the marsh are contained

in Table 1.1.

From 1983 to 2002, 7.0 ha of vegetation were lost in the Deep Open Water (DOW} and
1.8 ha in the Shallow Open Water (SOW). The combined vegetative loss from the
Submerged (S) and Floating/Emergent Vegetation (FEV) categories was 7.1 ha.
Shoreline/Emergent Vegetation (SEV) losses totalled 1.7 ha. The greatest actual
vegetative loss occurred in the Floating/Emergent Vegetation (FEV) population (3.9
hectares), while the greatest relative loss occurred in the Shoreline/Emergent

Vegetation (73.9%). Overall loss of vegetation in Mission Marsh was 8.8 ha or 39.6%.
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Figure 1.3. Original photograph of Mission Island Marsh taken in May of 1983 (City of Thunder Bay 1983)
and the classified image. {Deep Open Water (blue), Submerged Vegetation (dark green),
Floating/Emergent Vegetation (light green), Shoreline/Emergent Vegetation {(yellow), and Shallow Open
Water (tan)).
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Figure 1.4. Original photographs of Mission Island Marsh taken in May of 2002 (City of Thunder Bay
2002a and 2002b) and the classified image. {Deep Open Water (blue), Submerged Vegetation (dark
green), Floating/Emergent Vegetation (light green), Shoreline/Emergent Vegetation (yellow), and Shallow

Open Water {tan)).
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Table 1.1. Vegetation changes in plant communities identified by spectral analysis.

Classification Total Area (ha) Total Area (ha) Change (ha) +/- Percent Change %
Category in 1983 in 2002

Submerged 12.8 9.6 -3.2 -25.0%

1.3.2 Water levels

Table 1.2 lists the monthly mean water levels for Lake Superior during the growing
seasons of 1983 through 2002. Only three years record lower average water levels than
2002: 1988, 1990 and 2000. In terms of the two photo years analyzed, 2002 had lower
water levels than 1983 for all months. For all preceding years, summer water levels
were higher in all months for 12 of the 18 years. This trend in water levels is shown by
Figure 1.5. Although there is considerable scatter, there is a significant correlation (R=-

0.57, P< 0.05) of declining water levels versus time.
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Table 1.2. Monthly mean water levels for Lake Superior from 1983 to 2003 during the growing season.
Lake Superior monthly mean water levels in metres referred to IGLD 1985 (Fisheries and Oceans 2005).

Year May June July August

1984 18349 18359 18365  183.66

18381
183.27

18335

LeRlie Ghir

B '2"% ;
183.70

Water Level{m)

183.90

183.80 |- *

183.70 < - —

18360 gt
183.50 T~ e

10T N N D ~SU

18330 e ¢

183.20 — e e

1980 1985 1990 1995 2000

Year

2005

Figure 1.5. ‘Monthly mean May - August water levels for Lake Superior versus year from 1983 to 2002
{(Water Level = -0.014 Year + 212.29; r = -0.57).
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1.3.3 Plant enclosure experiment

The enclosure experiment was monitored monthly throughout the summer and results
are contained in Table 1.3 and visually shown in Figure 1.6. A small reduction in the
total number of plants used occurred within both enclosed and open plots due to wave
action removing a few transplants. Surviving transplants in both enclosed and open
plots grew new spikelets throughout the growing season. The transplants in the open
plots, however, were observed heavily foraged to within a few centimeters of the water,
By August, 2003, all of the successful transplants within the enclosures survived the
season and thrived growing to full height. Enclosures were left intact until the

following spring.

Enclosed plants within the enclosures continued to thrive the following growing season

while the uneclosed plants were reduced in number or failed to survive.

Table 1.3. Resuits of enclosure experiment using Eleocharis smalli, summer 2003, spring 2004.

Enclosed Unenclosed

Total Eleocharis smalli plantéd 100 100

‘ Transplanted Eleocharis smalli 97 0
attaining full size by end of
August, 2003

Survivorship, 2004 (%) 100 16
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Figure 1.6. Test plants within enclosures thriving along with enclosed resident species of aquatic

macrophytes in August, 2003.

1.3.4. Eutrophication - phytoplankton blooms

During observation of the study site algae blooms were observed each summer with the
most significant blooms observed during the months of July and August (Figure 1.7).
Table 1.4 shows the composition of algal species contained within the open water of the

marsh compared to those present within an algal bloom (Table 1.5). In addition to a
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reduction of the number of species from 24 to 13 between the open water and the algal
bloom, there was also a change in species composition indicative of the trophic status.
In the open water, the dominant genera were diatoms (Bacillariophyceae) of which
Amphora, Cocconeis, Fragilaria, Navicula, Rhoicosphenia and Tabellaria occurred at
moderate or large amounts. Diatoms are often indicators of oligotrophic conditions. A
total of fourteen diatomaceous species occurred in the open water. By contrast, only
four species of diatoms were present in the algal bloom and only in very small
concentrations. The dominant genera in the algal bloom, which formed the algal mat,
was Rhizoclonium which is a member of the Cladophoraceae family and a common
indicator of eutrophic conditions. Green algae genera of Cosmarium, Oedogonium,
Pediastrum and Scenedesmus were also present in large or moderate amounts in the
algal bloom. These are indicators of nutrient enrichment (Great Lakes Environmental

Research Lab 2007).

Figure 1.7. Large matting algal bloom at Mission Island Marsh extending further into Lake Superior on
August 30, 2005. Goose moult feathers are evident in the foreground.
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Table 1.4, Phytoplankton composition in the north marsh open water sampled in August, 2006 and
categorized according to their trophic status.

Trophic Condition Genera Quantity




Table 1.5. Phytoplankton composition in the algal bloom sampled in August, 2006 and categorized
according to their trophic status.

Trophic Condition Genera Quantity

" Closterium

Crucigenia

Pediastrum Large amounts

1.4 Discussion

1.4.1 Loss of vegetation

The results (Figures 1.3, 1.4) showed that there was a 40% reduction in vegetation in
Mission Marsh from 1983 to 2002. The greatest loss occurred with the floating or
emergent species (Table 1.1) which combined totalled 64% of the total loss in
vegetation. The net result was that the marsh now has more deep and shallow
unvegetated zones with noticeable changes in vegetation. The dominant species

historically were emergents consisting of grasses, sedges, horsetails, pondweeds,
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rushes, cattails and arrowheads {(McKever and Elder 1981). Eleocharis smallii was the
most prevalent. Now the emergent vegetation community is reduced to only sporadic
populations of mostly pondweeds and arrowheads. Grasses, sedges and horsetails
continue to grow near the water’s edge and on the mudflat at the north end of the
marsh. Submerged vegetation continues to grow throughout the wetland in a similar
pattern as documented in 1983. Known historical changes since 1982 should be the

cause of this vegetation loss.

1.4.2 Effect of depth

Water levels have shown a decline in Lake Superior since 1982 (Table 1.2, Figure 1.5).
This resulted in corresponding lower water depths in Mission Marsh. Although water
depths that are too shallow can extirpate annuals like wild rice by dessicating the seeds
in the winter (Aiken et al. 1988), generally lowering water levels increases production of
emergent macrophytes (Abraham 2005; Keddy et al. 1986). Eleocharis spp., in
particular, which were the dominant species in the marsh in 1983, grew well at shallow
depths (Newmaster et al. 1997). Furthermore the results of the enclosure experiment
(Table 1.3) showed that Eleocharis spp. and resident plants within the enclosures
(pondweed, rushes, arrowhead) thrived in 2003 and overwintered successfully to 2004.
Depth can therefore be dismissed as a direct cause of vegetation decline in Mission

Marsh.
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1.4.3 Effect of eutrophication

There was clear evidence that the algae community changed from oligotrrophic inthe
open water {Table 1.4) to eutrophic near shore where the algae mates occurred (Table
1.5). Algae genera of Cosmarium, Oedogonium, Pediastrum and Scenedesmus dominant
in the matting algae bloom sample are all indicators of nutrient enrichment
(Environmental Protection Agency 2006). Cosmarium are commonly found in large
numbers in alkaline eutrophic conditions as is the case with Mission Island Marsh during
the peak summer months. Oedogonium is a filamentous mat forming algae found in
nutrient-rich wetlands (GLER 2007). Pediastrum and Scenedesmus are especially

common throughout North America in nutrient-rich environments (GLER 2007).

More problematic were the algal mats dominated by the Cladophoracea, Rhizoclonium,
which were common in parts of Mission Marsh in 2005 (Figure 1.7). The dominance of
this highly eutrophic species in the algal blooms present in the marsh (Table 1.5)
represented a major change from the oligotrophic diatoms dominating the open water
(Table 1.4). Cladophora species have become a major eutrophication problem in many
parts of the Great Lakes (Bootsma et al. 2004; GLER 2007). It is well known that these
mat forming algae can cause mortality to aquatic macrophytes and completely eliminate
them under certain severe cases of extreme infestation (Lee and Stewart 1981; Wang et
al. 2009). The mode of action of Cladophora spp. is to effectively smother the

macrophytes by coating their leaves and preventing normal gaseous exchange.
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Eutrophication and the associated production of mat forming algae can therefore not be

dismissed as a factor in the reduction of vegetation in Mission Marsh.

1.4.4 Toxicity effects

Aquatic plants, like aguatic animals, are sensitive to a variety of contaminants that result
in reduced growth or mortality (Pfugmacher 2004). Although changes did occur in the
treatment of effluent by the paper mill downstream of Mission Marsh, they had no toxic
effect on plants since the enclosure experiment demonstrated that luxuriant growth of

macrophytes occurred within the protected cages (Figure 1.6).

1.4.5 Grazing effects

The results (Table 1.3, Figure 1.6) showed that grazing was a major factor in the
reduction of vegetation in Mission Marsh. Outside the enclosures, the emergent
vegetation was chewed to just above the water surface while Eleocharis spp and
resident plants within the enclosures {(pondweed, rushes, arrowhead) thrived. In
addition, virtually all emergent vegetation at the north end of the marsh had been
foraged. The following spring, the non foraged plants survived while the grazed plants
generally did not survive. The major suspect for grazing was Canada Geese. This
suspicion was primarily due to the fact that they were not present in the Thunder Bay
Harbour area prior to 1982 and they were observed during this study grazing on plants
within Mission Marsh. In other studies, Canada Geese have also been shown to

drastically impact wetlands where a suitable source of vegetation for grazing exists.
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In 1985 a study of the Canada Geese at James Bay, Ontario (Prevett et al. 1985) revealed
that grasses, sedges, and horsetails comprised approximately 83% of the Canada Goose
diet in the spring months. Coleman and Boag (1987) found that shoots of sedges and
horsetails and rhizomes of pondweed were shown to remain an important food source
for the geese throughout autumn at one of the most important fall staging grounds for
Canada Geese, the Nisutlin River in the southern Yukon. Concentrations of waterfowl in
areas with preferred species of macrophytes such as the tidal marshes of the St.
Lawrence Estuary in Quebec (Giroux and Bédard 1987) and Long Point on Lake Erie in
Ontario (Badzinski et al. 2006) were shown to largely reduce plant biomass. Since the
rhizomes of macrophytes serve as a carbohydrate reserve for the plant, their removal by
late foraging geese when macrophyte growth decreases becomes particularly damaging
to any future plant production (Giroux and Bédard 1987). Certainly the vegetation at

Mission Marsh would be considered preferential for Canada Geese.

Historically, according to McKever and Elder (1981), the predominant emergent
vegetation growing at the north end of the marsh consisted of grasses, sedges,
horsetails, cattails, pondweeds and arrowheads. Research has shown that the shoots
and rhizomes of most of these species constitute a major portion (83%) of the Canada
Goose diet (Coleman and Boag 1987; Prevett et al.1985). Physical evidence of uprooted,
trampled and chewed vegetation was observed throughout the north end of the

wetland where the enclosures were located (Figure 1.2).
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The habitat at this study site was also ideal for Canada Geese. Canada Geese prefer
open areas near water where they have a clear view of predators (Smith et al. 1999).
Thus, the north end of Mission Island Marsh where the greatest amount of foraging
occurred was ideal for the geese. The landscape is very gently sloped with a large open
mud flat area that has historically grown short grasses and sedges (McKever and Elder
1981). The lower water levels and the corresponding exposure of the sediments at the
marsh allowed for a suitable grazing habitat for the geese as they completed their

annual wing moult and were able to graze on preferred vegetation.

1.4.6 Synergistic effects

Although grazing caused by Canada Geese was likely the reason for major destruction of
vegetated areas in Mission Marsh, synergistic effects may have contributed to the
extent of this loss. The lower water levels in recent years allowed for a more preferable
habitat for the geese to establish and so grazing and trampling of vegetation would
increase. This is consistent with Olgilvie’s (1978) view that a marsh that has been
intensively foraged by geese becomes a mud flat with uprooted plants and broken
vegetation. Shallower water levels in Mission Marsh thus enhanced the impact of the
geese. The geese likely also caused localized eutrophication. The presence of even small
numbers of geese can result in nutrient loading in small wetlands and waterways due to
a high density of goose droppings (Allan et al. 1995; Conover and Chasko 1985; Scherer
et al. 1995). The formation of algal mats in the marsh likely accelerated the decline of

macrophytes. In this instance, the geese would have been acting as non-point nutrient
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contributors. The next chapter of the thesis will concentrate on whether eutrophication
on the Thunder Bay waterfront could be attributed to this non-point versus point source

of nutrient elevation.

1.5 Conclusions

The loss of vegetation in Mission Marsh was able to be accurately quantified using
image analysis. Compared to 1983, there was a 40% loss of vegetation in the marsh with
most of the loss being due to emergent and floating leaf species. Grazing, likely by
Canada Geese, was considered to be the most likely reason for this vegetation loss.
Synergistic effects of both lower water levels in the marsh and enhanced eutrophication

causing algal mats were suspected as causing added losses of macrophytes.

Future research that quantifies more accurately the loss of vegetation preferred by
Canada Geese would be a priority for additional studies. The outline of such a study that

was vandalized is contained in Appendix A.
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2. Point and non-point sources of eutrophication on the Thunder Bay
waterfront

2.1 Introduction

Aithough oligotrophic and unproductive overall many areas of Lake Superior have
regions of higher productivity in the form of coastal wetlands, primarily marshes
(Maynard and Wilcox 1997). These wetlands are areas of great ecological importance to
the lake as they serve as habitat and migratory staging grounds for a rich biodiversity of
birds and breeding grounds and habitat for aquatic organisms (Brazner and Beals 1997;
Jude and Pappas 1992). Unfortunately, over the past several decades the coastal
wetlands of the Laurentian Great Lakes have been decreasing or disappearing entirely
(Mitsch and Bouchard 1998). This is mostly due to human activities (Maynard and

Wilcox 1996; Seilheimer et al. 2007).

The direct effects of urbanization have resulted in the complete decline of wetlands in
some coastal areas of the Laurentian Great Lakes, in particular, southern Ontario
(Seilheimer et al. 2007; Whillans 1982). Similarly, Morrice et al. (2007) found that,
while variable, anthropogenic stressors both direct and indirect influenced the water

quality of the wetlands along the United States coastline of the Great Lakes.

As reviewed in the General Introduction and Chapter 1, biological stressors, in particular

common carp (Cyprinus carpio) and Canada Geese (Branta canadensis) have negatively
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impacted wetland structure and water quality in many wetlands (Badzinski et al. 2006;
Giroux and Bedard 1987; Jeffries et al. 2006; Whillans 1996). However, it is not always
possible to isolate single sources of degradation. For example, the well-documented
decline of Cootes Paradise Marsh on western Lake Ontario is due largely to invasive carp
activity compounded by point sources of pollution {Chow-Fraser 1998). Synergistic
effects of anthropogenic stressors make it difficult to quantify the relative impact of
each type of stressor (Chow-Fraser et al. 1998). Furthermore, the boundaries between
point and nonpoint sources of pollution are often indistinct (Mander and Forsberg

2000).

This study examined the potential cause of water quality changes near Mission Island
Marsh located on the western shore of Lake Superior within the city limits of Thunder
Bay, Ontario, Canada. The main river feeding into Lake Superior near the wetland is the
Kaministiquia River which branches into the McKellar and Mission Rivers that isolate
Mission Island. Water quality effects in this area are from both point and nonpoint
sources. Upstream approximately 9 km from the marsh, a Kraft and newsprint mill
intakes its process water from the Kaministiguia River immediately upstream of the mill
and following full secondary treatment discharges it downstream of the mill via a
submersed diffuser. The second point source is Thunder Bay’s Water Pollution Control
Plant (WPCP) which discharges secondary treated effluent approximately 2 km from the
mouth of the Kaministiquia River. The suspected nonpoint source of water quality

effects was Canada Geese which use Mission Island Marsh and the surrounding
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tributaries as feeding and staging grounds. Enclosure experiments in Chapter 1 indicated
Canada Geese were the likely cause of vegetation decline in the marsh and
eutrophication evident in the persistent algal blooms occurring at the marsh caused by
fecal input from the geese. It is well known that waterfowl, in particular geese, can
accelerate eutrophication of water bodies through their fecal input and foraging activity
as numbers increase (Allan et al. 1995; Bazely and Jeffries 1985,1989; Harris et al. 1981;

Manny et al. 1994; Pettigrew et al. 1998; Post et al. 1998; Scherer et al. 1995).

This study evaluates the water quality at Mission Island Marsh and surrounding
tributaries from May to September in 2005 and 2006. The main focus in the water
quality analysis in this paper is parameters indicative of eutrophication and the
objective was to determine whether the source of these nutrients was from point versus

nonpoint sources.

2.2 Methods

2.2.1 Study site and field sampling

The study site is shown by Figure 2.1 and was described in detail in Chapter 1.

During late May of 2005, water samples were taken from the north and south end of
Mission Island Marsh for analysis (Sites 5 and 6). Also included for analysis at this time
was a control sample outside of the marsh at the lakefront near the mouth of the

McKellar River (Site 4). By July of 2005 results of the water quality analysis indicated
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Figure 2.1. Water quality site locations: A. 1. Bare Point (control}; B. 2. Kaministiguia River; 3. McKellar
River; 4. Lakefront; 5. North marsh; 6. South Marsh; 7. Mission River; 8. Above Mill; . Below Mill.
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that the lakefront location was not an appropriate control. The study was then
amended to include four additional sites: Mission River (Site 7), McKellar River (Site 3),
Kaministiquia River (Site 2) and Bare Point (Site 1) as a control. The point source sites
were also added and were located immediately upstream (Site 8) and downstream (Site
9) of the Kraft and newsprint mill on the Kaministiquia River. Site 2 was confounded by
both effluent from the Thunder Bay Water Pollution Control Plant (WPCP) as well as
suspected nonpoint sources. As such, results of effluent from the WPCP were obtained
from the City of Thunder Bay. Sampling continued in 2006, but due to the cost of

analyses, the point source sites were not sampled.

Monthly samples at a depth of 0.5 m were collected from May to September and
included both field and travel blanks. Samples were collected in 500 mL Nalgene bottles
for pH, conductivity, nutrient analysis, alkalinity and metals. Water temperature and
dissolved oxygen levels were taken in the field using YS! dissolved oxygen/temperature
field meter. Samples were taken from the field and immediately refrigerated until
processing the same or following day in the Environmental Analytical Laboratory of

Lakehead University’s Centre for Analytical Services.

2.2.2 Laboratory procedures
All in-lab analysis adhered to strict Quality Assurance/Quality Control (QA/QC)
Protocols. A blank sample was run at the beginning of each tested parameter, followed

by a standardized QA/QC sample and a repeat of the succeeding field sample. The
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QA/QC and the repeat samples were tested after every ten field samples. Each of the
tests followed Lakehead University Environmental Lab (LUEL)} Standard Operating
Procedures (LUEL 2000) which were modified from Standard Methods for the
Examination of Water and Wastewater 18" ed. by Greenberg et al., 1992. Any samples

with extreme outliers were retested to confirm their values.

Alkalinity, pH, and conductivity were measured within 24 hours of sampling, after
samples reached ambient laboratory temperature. A 50 ml aliquot of the unpreserved
water sample was analysed for alkalinity and pH using the automated Mettler DL20
Compact Titrator with Mettler Probe #DG115-SC. Conductivity was measured with a
VWR Digital Conductivity Meter with Automated Temperature Compensation calibrated

at 200 uScm'™.

An aliquot of the filtered water sample was used to determine anion NO; and NO3
concentrations using a Dionex DX-120 lon Chromatograph (IC) in conjunction with an

AS40 automated sampler. The two values were then combined to give the value for NO,.

Total Phosphorus and Total Kjeldahl Nitrogen (TKN) were digested then analysed using a
colorimetric determination on the Skalar Autoanalyser system. Before analysis, samples
were treated with sulphuric acid and digested stepwise to 400°C to achieve a three fold
preconcentration. The samples were then restored to their original volume. TKN

concentrations were determined spectrophotometrically at 660 nm based upon a
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modified Berthelot reaction. Total Phosphorus was simultaneously carried out on the
same sample aliquot. The digestion converted all forms of phosphorus to
orthophosphate which was determined colorimetrically at 880nm based on the ascorbic

acid procedure (Greenberg et al. 1992).

An aliquot of the sulfuric acid preserved water was used for the determination of
Ammonia-Nitrogen (NH4-N). The method was also based on the modified Berthelot
reaction: ammonia was chlorinated to monochloriamine which reacted with salicylate to
5-aminosalicylate. After oxidation and oxidative coupling a green coloured complex was
formed. The absorption of the formed complex was measured spectrophotometrically

at 660 nm using the SKALAR.

Total metals analysis was performed after a nitric acid digest at 100°C for 12 -24 hours
resulting in a two fold concentration of the sample. Samples were analysed using the
Jarrell Ash Inductively Coupled Argon Plasma 9000 Spectrometer (ICP) for Fe, Mn, Zn,
Cu, Ni, Al, B, Co, Cr, Sr, Ca, B, S, K, Mg, and Na. Only those elements that were above

detection limits were included in the results.

Monthly averaged total phosphorus, pH and ammonia levels in treated effluent were
obtained from the City of Thunder Bay’s Water Poliution Control Plant reports for 2005

and 2006 (City of Thunder Bay 2005, 2006).
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2.2.3 Data analysis
Data analysis proceeded in three steps:

(i) In order to assess whether the degree of variation differed among the nonpoint
and point sites, coefficient of variance was calculated for all parameters at all
sample locations for each year.

(ii) Non-metric multidimensional scaling (NMS), a nonparameteric ordination
technique, was performed on the log transformed nutrient data (NHs, TKN,
NO,, TOTP) to calculate the amount of variation among and within the
sampling sites using PC-ORD v5.10 (Kruskal 1964). This type of analysis
allows multi-dimensional, multivariate data to be viewed in a few
dimensions. Since ranked distances are used in this method it is a more
robust technique to use for data that may not be normally distributed. NMS
was performed using the squared Euclidean distance measure.

(iii) Results of the NMS analyses were visualized using the graphing option in the PC-

ORD program.

2.3 Results

Although a complete water quality analysis (Appendix B) was performed, only the
parameters that show evidence of eutrophication are discussed in detail. The metals
analysis (Table 1) indicated parameters within acceptable ranges or below detection

limits.
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Table 2.1. Metal analysis for 2005 and 2006 at all sample sites. Values reported are in mg/L and are
expressed as the seasonal mean value * standard deviation.

Site # Aluminum Iron Manganese Calcium Magnesium Sodium Barium Sulfur

The temperature (11° C— 27° C) and dissolved oxygen (4 mg/L— 11 mg/L) levels were
acceptable throughout the summer and at times the dissolved oxygen levels exceeded
saturation due to the shallow depth of samples taken and the wave action of the lake.
Most parameters showed temporal and localized variability during both sampling

seasons.

2.3.1 pH and Ammonia

in 2005, pH levels at the nonpoint sites nearest Mission Marsh (Sites 4, 5, and 6) were
alkaline throughout most of the sampling season (Figure 2.2). The highest pH values
occurred during July at Site 6 (South Mission Marsh) with a pH of 10.13. pH values
moderated by the end of August to near neutral or slightly alkaline conditions and by
the end of the sampling season in early October all sample sites had slightly acidic pH

values ranging from 6.54 at the north marsh site to 6.82 at Bare Point. Overall pH values
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during 2006 were higher than those of 2005 with all sites having alkaline values ranging
from 7.17 to 9.32. The point source locations upstream and downstream of the paper
mill (Sites 8 and 9) exhibited little fluctuation with mean pH values of 7.8 and 7.2

respectively.
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Figure 2.2. Comparison of pH values for ali sample sites from May to October, 2005 and May to
September, 2006. The solid line across each box represents the median value. The limits of each box
represent the 25th and 75th percentiles of the data.
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In 2005, ammonia levels at the nonpoint sample sites showed a general trend of
increasing as the summer progressed (Figure 2.3). Toxic levels (>0.015 mg/L dependent
on species (EPA 1999)) of ammonia occurred at Sites 7 (Mission River) and Site 2
(Kaministiquia River) in early August of 2005 with concentrations of 0.196 mg/L NHs-N
and 0.139 mg/L NHs-N respectively. All sample locations with the exception of the Site 1
(Bare Point) were at chronic or toxic levels (> 0.015 mg/L) during late August of 2005
and early October of 2005 with values ranging from 0.048 mg/L NHs-N at Site 4
(Lakefront) to 0.308 mg/L NHs-N at Site 3 (McKellar River) and 2.072 mg/L NHs-N at Site

2 (Kaministiquia River).

Chronic levels occurred more often during the 2006 sampling season (Figure 2.3} and
included all sample sites with the exception of Site 1 (Bare Point) which remained below
detection limits the entire summer. Levels were chronic in May of 2006 ranging from
0.069 mg/L NHs-N at Site 7 (Mission River) to 0.156 mg/L NHs-N at Site 3 (McKellar
River). The sites nearest the marsh (Sites 4, 5, 6) were at chronic levels during June of
2006 with 0.05 mg/L NHs-N at both the south marsh and lakefront sites and 0.062 mg/L
NH3-N at the north marsh site. Levels of ammonia rose to chronic values again in August

and September of 2006 at most of the sites with the exception of Site 1 (Bare Point).

At the point source sites (Figure 2.3), ammonia levels were low with mean values of 0.03

mg/L +/- 0.17 at Site 8 and 0.03 mg/l +/- 0.22 at Site 9.



Page |47

NH3 Results for 2005
1.2
1.0
30.8-
N
go.a-
[]
2 4]
0.2 * %
M = E
004 @ gl e o
£ I & § £ % & = =
e & 3 & & 5 ¢ = =
8 ~ & & = = £ g8 3z
- = = = 2 ~ < ks
= i ©@ @ o
NH3 results for 2006
0.164
0.14-
0.12-
3 0.10-
£ 008
(]
5 006
0.044
0.021
S
0.00- p ; - . - - .
o
o g 3 g 5 £ 2
& o S 3 = = <
. = = = )
- . ™~
Rl « w 1)

Figure 2.3, Comparison of ammonia values for all sample sites from May to October, 2005 and May to
September, 2006. The solid line across each box represents the median value. The limits of each box
represent the 25th and 75th percentiles of the data. (MDL = 0.025mg/L; results reported at 0.0125 are
below detection limit)
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2.3.2 Total Kjeldahl Nitrogen and NO,

In both 2005 and 2006 total Kjeldah! nitrogen (TKN) (Figure 2.4) increased as the
summer progressed. In both years, TKN was highest at Site 2 (Kaminstiquia River) and
lowest at Site 1 (Bare Point). Levels of NO, (Figure 2.5) were more variable than that of
total nitrogen but still indicated levels increasing as each summer progressed. The
highest levels for total nitrogen and NO, occurred at the Kaministiquia River site at the
end of each sampling season (1.5 mg/l, 2005; 2.6 mg/l, 2006). In both years, Bare Point

had the lowest values.

In terms of the point source sites (Figure 2.4), both TKN and NO, had low, relatively

constant values during 2005. Site 8 (Above Mill) had mean TKN and NO, values of 0.33
mg/l +/- 0.05 and 0.14 mg/l +/- 0.02 respectively while Site 9 (Below Mill) had TKN and
NOy values of 0.39 mg/l +/- 0.08 and 0.14 mg/I +/- 0.02 respectively. These values were

very similar to what was found at Site 1 (Bare Point).
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TKN Results for 2005
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Figure 2.4. Comparison of total Kjeldahl nitrogen values for all sample sites from May to October, 2005
and May to September, 2006. An outlier of 6.24 mg/L in the Kaministiquia River in September of 2006
was not included in the graphic for better representation of the data. The solid line across each box
represents the median value. The limits of each box represent the 25th and 75th percentiles of the data.
{TKN: MDL = 0.015 mg/L}). Outliers are indicated with an asterisk.
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NOx Results for 2005
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Figure 2.5. Comparison of total nitrates and nitrites values for all sample sites from May to October, 2005
and May to September, 2006. Total nitrates only were recorded for sites 8 and 9. An outlier of 2.583
mg/L in the Kaministiquia River in September of 2006 was not included in the graphic for better
representation of the data. The solid line across each box represents the median value. The limits of each
box represent the 25th and 75th percentiles of the data. (NOx: MDL = 0.0001 mg/L; results reported at
0.00005 are below detection limit)
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2.3.3 Total Phosphorus

Phosphorus levels at all non point sample sites showed an increase in concentration as
the summer progressed during both sample seasons in 2005 and 2006 (Figure 2.6).
Mesotrophic levels of phosphorus (> 0.01 mg/L) were first evident at Site 6 (South
Marsh) in June of 2005 when concentrations reached 0.020 mg/L. Site 1 (Bare Point)
remained below detection limits during the 2005 sampling season. By the end of
August, 2005 most of the sampling sites remained at mesotrophic to eutrophic levels
ranging from 0.016 mg/L at Site 5 (North Marsh) to 0.062 mg/L at Site 7 (Mission River).
By early October the levels of phosphorus moderated to some extent but remained at
eutrophic levels at both Site 7 (Mission River) and Site 2 (Kaministiquia Rivers) with
concentrations of 0.036 mg/L and 0.039 mg/L respectively. The summer of 2006
sampling season began with eutrophic levels of phosphorus at all sample locations with
the exception of the control site at Bare Point (Site 1). Levels of total phosphorus
(TOTP) in May of 2006 ranged from 0.026 mg/L at Site 5 (North Marsh) to 0.040 mg/L at
Site 6 (South Marsh). Levels of phosphorus were highest for most sites during August of
2006 however the peak level recorded for the season was 0.257 mg/L at Site 2

(Kaministiquia River) in September of 2006.

The point source sites (Figure 2.6) showed concentrations of 0.01 mg/l +/- 0.004 at Site

8 (Above Mill) to 0.06 mg/! +/- 0.014 at Site 9 (Below Mill).
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TOTP Results for 2005
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Figure 2.6. Comparison of total phosphorus (TOTP) values for all sample sites from May to October, 2005
and May to September, 2006. The solid line across each box represents the median value. The limits of
each box represent the 25th and 75th percentiles of the data. (TOTP: MDL = 0.005 mg/L)
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2.3.4 Parameter variability
Table 2.2 compares the coefficient of variation for both nonpoint and point sample sites

for 2005 while Table 2.3 shows the coefficients of the nonpoint sites for 2006.

Table 2.2. Coefficient of variation for all sample locations for pH, TKN, NOx, NH3, and TOTP for July to
early October during the summer of 2005.

Site pH TKN NOx NH; TOTP

Table 2.3. Coefficient of variation for all sample locations for pH, TKN, NOx, NH3, and TOTP for the
summer of 2006.

Site

2. Kaministiquiaﬂiyg (mouth)

live

it

0.26

Mash'

R

In 2005, Site 6 (South Marsh) and Site 5 {North Marsh) exhibited the greatest amount of
parameter variability during the summer of 2005 (Figure 2.7). Ammonia exhibited the
greatest amount of variability at all sites (with the exception of Site 1, Bare Point)

ranging from CV of 0.47 to 1.06. A high degree of variation was also evident for nitrates
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and nitrites (NO,) with coefficient of variation values highest for Site 2 (Kaministiquia
River) (CV = 0.99), Site 6 (South Marsh) (CV = 1.04) and Site 5 (North Marsh). Although it
had the lowest concentrations {Figure 2.4), Site 1 (Bare Point) exhibited the highest

amount of variability for Total Kjeldahl nitrogen with CV = 0.92 likely due to one outlier.
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Fﬁigur'e 2.7. Cbhpérisén of the coefficient of variation for pH, TVKN,VNOX, NH3, and TOTP for all sample
sites for July to October, 2005.

In 2006, Site 2 (Kaministiquia River) exhibited the greatest amount of parameter
variability (Figure 2.8). Coefficient of variation values for this site were high for all
nutrient parameters with values of 0.76, 0.99, 1.34 and 1.76 for ammonia,
nitrates/nitrites, Total Kjeldahl nitrogen and total phosphorus respectively. A high
degree of variation in NO, was again evident at the South Marsh and North Marsh sites

with coefficient of variation values of 1.04 and 1.20 respectively.
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Figure 2.8. Comparison of the coefficient of variation for pH, TKN, NOx, NH3, and TOTP for all sample
sites for May to September, 2006.

2.3.5 Effluent from Thunder Bay Water Pollution Control Plant

Table 2.4 documents the monthly average recorded levels of pH and TOTP for the final
effluent from the City of Thunder Bay’s Water Pollution Control Plant for 2005 and 2006,
average monthly flow in the Kaministiquia River for 2005 and 2006, and results for TOTP
and NH; for Site 2 (Kaministiquia River). Ammonia was recorded from June of 2006.
Coefficient of variation for pH and TOTP for both years is included. Both pH and TOTP
had low CV’s versus the sampling sites (Table 2.4). Only Site 8 (Above Mill) had a lower

CV for TOTP in 2005 and the CV’s for pH were not exceeded by any of the sampling sites.

The NH; and TOTP values in Site 2 should be influenced by both the discharge from the
treatment plant as well as any nonpoint influences. In turn, the concentrations of

nutrients from the treatment plant will have a greater or lesser influence on the
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concentration at Site 2 dependent on the flow in the river. However, concentrations at
Site 2 do not appear to be influenced at all times from these two factors. For example,

the highest concentrations for NH3 in the effluent from the treatment plant occurred in
June and July of 2006. The flow rates in the Kaministiquia River were low at this time,

but the levels of NH; at Site 2 were below detection limits.

Table 2.4. Thunder Bay Water Pollution Control Plant monthly average final effluent results for 2005 and
2006. River flow (m3/s) for both years are included as are NH; from site 2 for comparison.

Month River River pH pH TOTP TOTP NH3 Site 2 Site 2
flow Flow 2005 2006 2005 2006 2006 NH; NH;
2005 2006 {mg/L) {me/L) (mg/L) 2005 2006

(m*/s) (’/S) (meg/L) {mg/L)

2.3.6 Site separation from non-metric multidimensional scaling (NMS)

Figure 2.9 and Figure 2.11 show the separation of the sampling sites using the NMS
procedure and are particularly useful for illustrating the closer clustering of the point

(2005 only) and control site {Bare Point) versus the nonpoint sites.
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In 2005 (Figure 2.9), the NMS solution had two dimensions with an average stress of 8
and a Monte Carlo test result less than 0.004 indicating the results were greater than

expected by chance alone. Iterations for the final solution were greater than 100.

Axis 1 was primarily associated with NO,(r =-0.98, t=-0.562) and NHa (r =-0.328,t = -
0.519) while Axis 2 was mainly associated with total P (r =-0.894, t=-0.710) and

conductivity (r=-0.786, T =-0.639) (Figure 2.10). Site 1 (Bare Point), Site 8 (Above Mill)
and Site 9 (Below Mill) exhibited the least amount of separation on the axes indicating

less dissimilarity in the data than the other site locations.
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Figure 2.9. Non-metric multidimensional scaling graphical display for 2005 data. Additional water quality
stations upstream {site 8: orange ellipse) and downstream {site 9: blue ellipse) the paper mill are included
for comparison. Site 1 (Bare Point control) is highlighted with a red ellipse.
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Figure 2.10. Non-metric multidimensional scaling solution to the 2005 data depicting the highest
correlation on each axis {axis 1 correlation to NO,; axis 2 correlation to TOTP).
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Figure 2.11. Non-metric multidimensional scaling graphical display for 2006 data. Site 1 (Bare Point
control) is highlighted with a red ellipse.

In 2006 (Figure 2.11), the NMS solution had two dimensions with an average stress of 8
after 65 iterations. The 2006 data showed a similar trend with species of nitrogen (NHs
and NO,) and phosphorus responsible for most of the relationships on the axes. Axis 1
was primarily associated with total P (r=0.910, 1=0.675) and conductivity (r=0.710, t =
0.483) while Axis 2 was mainly associated with NO, (r=-0.999, t = -0.632) (Figure 2.12).
Site 1 (Bare Point) showed the most amount of clustering indicating the other nonpoint

sources had greater variation in terms of their nutrient concentrations.
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Figure 2.12. Non-metric multidimensional scaling solution to the 2006 data depicting the highest
correlation on each axis (axis 1 correlation to TOTP; axis 2 correlation to NO,}.

2.4 Discussion

2.4.1 Eutrophication stimulus

Eutrophication is normally stimulated by elevated levels of phosphorus. However, as a
lake becomes more productive a shift from P to N limitation occurs and thus requires
the addition of this nutrient to cause eutrophic conditions. Sterner (2008) found that
lakes are co-limited by both nutrients when total phosphorus was in the range of 0.01
mg/L to 1 mg/L requiring both P and N for enhanced primary production. Wold and
Hershig (1999) found that the co-limitation of N and P for periphyton growth was
predominant in rivers entering Lake Superior. Similar results seemed to occur in this

study.



Page |61

At Site 8 (Above Mill), P levels were less than 0.01 mg/!l and increased to 0.06 mg/| at
Site 9 (Below Mill) (Figure 2.6). According to Vollenwieder’s (1976) definition for critical
P concentrations, Site 8 would be considered mesotrophic (concentrations of > 0.01
mg/1) while Site 9 would be eutrophic (concentrations > 0.03 mg/l). However, N levels
did not increase above the mill at Site 9 (Figures 2. 3, 2.4, 2.5) and, as reported in
Chapter 1, visual eutrophication effects consisting of phytoplankton blooms at Site 5
(North Marsh) and Site 6 (South Marsh) were not evident until N was also elevated at
these sites. Although some of the other nonpoint sites also contained high
concentrations of both P and N, the shallow protected water in the marsh provided
ideal conditions for algal production. Results from July of 1983 for nearshore water
quality at Thunder Bay on Lake Superior (Anderson 1986) show a mean TOTP of 0.015 +
0.018 mg/L indicating mesotrophic to eutrophic conditions along the waterfront during
summer, similar to the results seen in this study. Mean TKN at this time was recorded at
0.26 + 0.12 mg/L which were considerably lower than the values found in this study
(Figure 2.4). According to Anderson (1983) nuisance algae growth did not occur during

the water quality study in 1983.

Phytoplankton blooms at Sites 5 and 6 were extensive and the demand placed on CO,
would cause pH to increase {Lee and Stewart 1981) as shown by Figure 2.2, Although
the concentrations would be tempered by uptake from the algae, the pH levels at Sites 5
and 6 (consistently over 9 in June and July of both years and reaching over 10 in the

summer of 2005) and high water temperatures in the shallow water would promote the
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production of unionized ammonia (NH3) from the ionized form (NH,') (Boardman et al.
2004; Cameron and Heisler 1983). Even low levels of NH3 ranging from 0.001 to 0.006
mg/l can adversely affect aquatic life (EPA 1999) and levels at Sites 5 and 6 were an
order of 10 higher than these values (Figure 2.3). Unionized ammonia is toxic to
aquatic life because of its ability to readily pass through gills of invertebrate and
vertebrate species (Evans and Cameron 1986). Chronic effects of ammonia to aquatic
organisms include reductions in survival, growth, reproductive success, behavioural
responses, tissue damage and/or physiological and biochemical changes which can
affect the community structure of the aquatic environment (Miranda-Filho et al. 2009;
Spenser et al. 2008). Eutrophication effects at these two sites from the production of
NHs could therefore be considered significant. Furthermore, although none were
identified, the development of cyanobacteria under the alkaline and high P conditions
observed could occur (Unkless and Markarewicz 2007) with resultant further

degradation to the water quality at the marsh.

2.4.2 Cause of eutrophication at Thunder Bay waterfront: point versus nonpoint

It is possible that a case could be made for the source of nutrients causing
eutrophication at the Thunder Bay Waterfront (in particular at Sites 5 and 6 (North and
South Marsh)) to be from the point sources consisting of the paper mill adding P and the
TBWPCP adding N. However, the interpretation of the observed data suggest that this is

unlikely.
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As discussed above in 2.4.1, P is discharged from the paper mill in concentrations that
are considered eutrophic but increased primary production does not occur until N is
added. If the source of this N is the TBWPCP, then the highest concentrations in Site 2
(Kaministiquia River, downstream of the plant), once flow within the river is considered,
should correspond to the peak discharge concentrations from the treatment plant.
However, Table 2.3 showed that during June and July of 2006, when the greatest influx
of ammonia from the WPCP effluent occurred and flows within the river were at a
minimum, the levels of ammonia at Site 2 were below detection. Additionally, levels of
nutrients discharged to the Kaministiquia River were also higher historically. Secondary
treatment was installed at the paper mill in 1995 greatly reducing the amount of
suspended solids and the problem of low oxygen levels below the mill that previously
characterized the water quality of the lower Kaministiquia River {Cullis et al. 1987).
Secondary treatment was not installed at the TBWPCP until September, 2005. These
previously higher nutrient levels were not known to cause localized eutrophication in
Mission Marsh and aquatic macrophytes completely occupied the habitat within the

marsh (Entwistle 1984).

A final consideration suggesting nonpoint sources of nutrients as the cause of
eutrophication is that other studies have shown that such sources tend to have greater
variation in the observed concentrations of contaminants than do point sources (Gunes

2008). According to Dowd et al. (2008) nonpoint source contamination is diffuse and
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prone to discharge in pulses resulting in greater variation than point sources. Similarly

higher variation for nonpoint sources occurred in this study.

Table 2.1 showed that the nonpoint sources in 2005 generally had higher coefficients of
variation (CV) for most parameters relative to the point source Site 8 (Above Mill), Site 9
(Below Mill}) or the control site (Site 1, Bare Point). The Mission Marsh sites in particular
(Sites 5 and 6) had the highest CVs for NO, versus any of the other sites in both 2005
and 2006. The NMS results for 2005 (Figure 2.9) gave similar results to that shown by
the CV’s in Table 2.1 and showed that the point source sites (Sites 8, 9) as well as Site 1
(Bare Point) were tightly clustered while the nonpoint sites had scattered points
indicating widespread variation in their seasonal values. This high variation indicated
that the source of nutrients was temporary, and indicative of sources that changed in

their impact throughout the growing season.

2.4.3 Canada Geese as a nonpoint nutrient source

Canada Geese could be considered as a nonpoint nutrient source causing eutrophication
on the Thunder Bay waterfront. The reasons for their inclusion as a suspect candidate
were outlined in Chapter 1: (1) they were not present on the Thunder Bay waterfront
until after their re-introduction in 1982 (Dennis et al. 2000), (2) they were shown to
graze on aquatic vegetation in Mission Marsh, and (3) their numbers had grown to a

population of at least a thousand by 2005.
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Certainly, ammonia addition to the sites along the waterfront and surrounding rivers
may be occurring as a result of fecal input by the geese. According to Bazely and Jeffries
(1985) most of the soluble nitrogen in goose feces occurs as soluble ammonia and
trampling of vegetation as they forage serves to compound the problem as
mineralization rates of organic matter increase and result in high levels ammonification.
Deposition rates for Canada Geese has been documented to be as high as 175
g/bird/day dry weight and although only approximately 1.6% of the droppings is
nitrogen the high level of fecal output can sufficiently influence the trophic status of a
water body (Allan et al. 1995). Associated with this input are generally reduced water
quality, degradation of habitat and accelerated algal blooms (Manny et al. 1994; Scherer
et al. 1995). The populations observed on the Thunder Bay Waterfront of at least a
thousand birds would certainly be sufficient to cause local changes in water quality. The
presence of even small numbers of geese have been shown to result in nutrient loading
in small wetlands and waterways due to a high density of goose droppings (Allan et al.
1995; Conover and Chasko 1985; Scherer et al. 1995). The behaviour of the geese could
also account for some of the observed results. Often, geese complete their moult in one
location and later congregate in nearby locations with carbohydrate rich food options
{Hanson 1965). Other studies have shown that as aquatic food becomes less available by
late fall Canada Geese will use areas away from their regular feeding grounds (Badzinski
et al. 2006). Large migratory herbivorous geese are known to exploit spilled grain, a rich
food source, in autumn resulting in a habitat shift (Fox et al. 2005). This could account

for the high levels of NH; at the marsh sites in the summer followed by elevated levels
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at Site 3 (Mckellar River) and Site 4 (Kaministiquia River) in the fall (Figure 2.3) as these

locations are nearby the rail network that transports grain through the city.

2.4.4 Management of nonpoint nutrient Input and availability

It seems essential that attempts be made to reduce the amount of nonpoint nutrient
input along the Thunder Bay Waterfront. Assuming Canada geese are the major source
of nonpoint nutrients, a variety of methods are available to possibly reduce the
population that have been tried elsewhere within urban areas. The main techniques to
reduce the populations have included repellents (methiocarb), hazing (sonic deterrents,
dogs), frightening devices (lasers, flags), egg destruction and hunting (Conover 1985;
Cummings et al. 1992; Gosser et al. 1997; Heinrich et al. 1990). Although effective,
these techniques for deterring Canada Geese have been developed mainly for
agricultural fields, golf courses and parks and have had varying success. For example,
Aguilera et al. (1991) found that two hazing technigques suitable for use in urban
environments (screamer shells and geese distress calls) had mixed results. Goose
distress calls were ineffective in displacing the geese from the study area while the
screamer shells showed promise with all the geese leaving the area when the shells
were fired twice daily. Another less intrusive strategy has been to reduce the amount of
optimum habitat available to the geese. Canada geese prefer open, cultivated lawn
areas near water that offer them the chance to observe any predators and take
appropriate actions to avoid them (Smith et al. 1999). If the habitat is changed to

discourage their presence, the geese will move elsewhere. The planting of long grasses
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has been shown to be an effective bird deterrent (Brough and Bridgman 1980; Smith et
al. 1999). This strategy has been successfully used by the Royal Botanical Gardens at

Cootes Paradise marsh in Hamilton, Ontario (Houston 2008). In this case, grassed areas
along the marsh were permitted to grow and cattails were planted along the shore. The
net result was a dramatic reduction in geese numbers and the marsh was able to be re-

vegetated without the previously intense grazing caused by the geese.

In addition to the reduction of the likely source of the nonpoint nutrients, areas along
the Thunder Bay Waterfront could be vegetated to help absorb the influx of nitrogen
into the water column. This would seem a particularly appropriate approach at Mission
Marsh where the vegetation was shown in Chapter 1 to be reduced by 39.8% since
1982. Wetlands have been created to absorb nutrients and contaminants from such
diverse sources as municipal wastewater and mining effluent (Kadlec and Knight 1996)
and have been particularly useful in reducing N and P from eutrophic waters (Mitsch et

al. 2000).

2.5 Conclusions

The results of this study showed that nutrients continue to be added to water
discharged into Lake Superior from both point and nonpoint sources. Localized
eutrophication caused by elevated N levels was present at several sampling stations

including the Mission Marsh and was attributed mostly to nonpoint sources.
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Further efforts should be extended at quantifying the extent of eutrophication caused
by Canada Geese and creating and re-establishing wetlands along the waterfront which

could absorb excess nutrients.
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General Conclusions and Future Work

This thesis documented the vegetative loss at Mission Island Marsh using image

analysis.

Compared to 1983, there was a 40% loss of vegetation in the marsh with most of the
loss being due to emergent and floating leaf species. Grazing, likely by Canada Geese,
was considered to be the most likely reason for this vegetation loss. Synergistic effects
of both lower water levels in the marsh and enhanced eutrophication causing algal mats

were suspected as causing added losses of macrophytes.

Marshes so heavily affected by goose foraging can take years to recover naturally
(Olgilvie 1978) with the effects of nutrient loading lasting long after the absence of
further input (Scherer et al. 1995; Unkless and Makarewicz 2007). Other related
detrimental effects can also occur. As the macrophytic vegetation declines sediment
transport and further biomass loss due to wave action and ice scour increases due to
less rooting structure available to maintain the sediment. These factors have been
shown to be a contributing factor to biomass reduction in many macrophyte

communities (Crowder and Painter 1991; Jeffries et al. 2006).
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Monthly water samples from the Thunder Bay waterfront taken during the growing
seasons of 2005 and 2006 were analyzed for their contribution to eutrophication.
Coefficient of variation and NMS analysis supported the hypothesis that the locations
suspect of being goose grazing and staging grounds (North Marsh, South Marsh and
Kaministiquia River) exhibited greater dissimilarity in the data than the Bare Point
control and the paper mill point source locations (upstream and downstream of the
paper mill). Results from Thunder Bay’s Water Pollution Control Plant indicated that its
influence as a point source was also not responsible for the highly variable results at the
Kaministiquia River (mouth) sample location. These data indicate that a nonpoint
source of nutrient enrichment, possibly the direct and indirect effects of grazing by
Canada geese, is occurring at Mission Island Marsh and the Kaministiquia River mouth

location.

Because of its importance ecologically, Mission Island Marsh should be continually
monitored and assessed for further decline. Regular sampling and analysis of the water
quality at Mission Island Marsh and its surrounding tributaries is also recommended.
Further research into the planting of non-palatable vegetation to dissuade the Canada
Geese from feeding in the area may prove to alleviate the loss of vegetation and help
return the marsh structure. A detailed population study of the number of geese present

on the Thunder Waterfront is certainly neded.
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Finally outright remediation of Mission Island Marsh by planting native plant species
within protected enclosures is highly recommended to restore the marsh to its former

prominence on the Thunder Bay waterfront.
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Appendix A. Using species of non-palatable emergent vegetation as a
natural deterrent to foraging by Canada Geese

Abstract

The effectiveness of planting of non-palatable vegetation to deter Canada Geese from
Mission Island Marsh was assessed in this study. Three wetland species, Typha
angustifolia, Phragmites communis and Calla palustris were transplanted during the
summer of 2004 into unenclosed plots in the wetland. A total of 15 plots for the test
species were set up along with 15 plots of the control species Eleocharis smalli. The test
plots performed poorly during this time partially due to transportation problems with
two of the test species that subsequently did not survive transplant. Hence data could
not be obtained for any of the test plants. Since physical evidence obtained during the
growing season of 2004 confirmed the failure of the test species, the research plan for
the following growing season was amended. The same test and control species were
utilized during the summer of 2005. Plots for the test species were to remain enclosed
until the following growing season at which time the enclosure was to be removed.
Then the amount of foraging on the test species was to be compared to that of the

control.

Unfortunately, by early August of 2005 the entire enclosure, including plants, had been
vandalized and no virtually no evidence of the study site remained. Due to time

constraints this second season attempt had to be abandoned.
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Since much time had been spent on researching this study, some observational evidence
obtained during this time is worth noting. This report documents the design and
physical evidence obtained during the study period. The emergent species considered
during this experiment are likely effective natural deterrents to foraging by Canada
Geese although the data obtained are strictly circumstantial. Further study utilizing
these species and other similar species as deterrents to foraging by Canada Geese is

recommended.

Introduction

There are many techniques for deterring Canada Geese that have been established as
being quite effective such as repellents (methiocarb), hazing (sonic deterrents, dogs),
frightening devices (lasers, flags), landscape modification (tall trees, fences), egg
destruction and hunting (Gosser et al. 1997; Heinrich et al. 1990; Conover 1985;
Cummings et al. 1992). Although effective, these techniques for deterring Canada
Geese have been developed for agricultural fields, golf courses and parks. In order to
maintain the integrity of the wetland these techniques are not considered to be feasible
for Mission Island Marsh. Repellents, hazing and frightening devices cannot be utilized
at the marsh because of their nonspecific nature. These methods would disturb the
entire bird population at the wetland. Destruction of goose eggs is labour intensive and
will limit the growth of the Canada Goose population in Thunder Bay, however, this will
not stop existing birds from further damaging the wetland nor will it affect the impact of

late spring moult migrants arriving at the wetland. Hunting can reduce the population
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to manageable levels but may be difficult to implement within the boundaries of an
urban center. Approvals from each level of government are required for a bird cull.
Although hunting may ultimately be the only solution to reduce the Canada Goose
population in the Thunder Bay area it will be opposed by animal rights groups. Habitat
modification and planting of non-palatable vegetation as suggested by Conover and

Kania 1991 and Smith et al. 1999 might prove to be an effective deterrent in this case.

Methods

Summer 2004

Three species of wetland plants (Phragmites communis, Typha angustifolia and Calla
palustris) were planted into unenclosed plots in three different locations. These
locations were negatively affected by observed goose foraging activity in mudflat,
shoreline and offshore locations. Eleocharis smalli was also planted into unenclosed
plots at each location as a control. It was chosen because of its successful
transplantation and survival in the wetland the previous summer. Also, it was heavily
foraged by the geese outside of enclosures and therefore should be an effective control

species to compare to suspected non-palatable species.

Five plots for each test species were set up in the marsh during early July of 2004. Five
plots of Eleocharis smalli were planted near each test species location for a total of 15

control plots. Phragmites communis was planted into designated plots in the mudflat
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area of the wetland in a couple of inches of water. Calla palustris were planted into
plots designated along the shoreline in approximately one foot of water. Also, Typha

angustifolia were planted into offshore plots in approximately one foot of water. Each

plot measured one square meter and was set two to three feet apart from each other

for each species.

A square frame measuring one square meter delineated each plot area with bamboo
garden stakes placed into the corners of each plot serving as markers (Figure 1). Ten

plants for each species were planted into each plot. This gave a total of 50 plants for

each test species and 150 plants in total for the control.

Figure 1. Test plot design used durin the summer of 2004 with Calla palustris planted within.
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Summer 2005

The sample design incorporating unenclosed plots of test and control species of
emergent vegetation at three separate areas at the north end of Mission Island Marsh
was revised for summer, 2005. Twenty trial plots of test and control species were
planted within approximately one foot of water in the north end of Mission Island
Marsh at one location. The three test species, Calla pallustris, Typha angustifolia,
Phragmites australis, along with the control species Eleocharis smalli were planted in
five 1 m? plots each. Fifteen plants of each species were transplanted per plot resulting

in 75 plants total per species being used in this experiment.

The entire exclosure encompassed a total area of 75 m? with dimensions of 5 m by 15
m. The exclosure was constructed of the same materials that had been used the
previous two seasons. Metal t-fence posts were hammered two feet into the sediment.
Snow fencing was wrapped and secured around the posts using plastic tie wraps to
complete the exclosure (Figure 2). Several additional metal t-fence posts were located
within the exclosure to mark the boundary of the different species’ plots and also to

discourage the geese from flying into the exclosure to feed.
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Figure 2. Pln exclosure containing twenty plots of test and control species at Mission Island Marsh in
July, 2005.

Results and Discussion

Summer 2004

Several wetland plant species common to northwestern Ontario were planted in several
plots within the marsh. Since common reed, Phragmites spp, is not considered to be an
important food to waterfowl and grows to several meters in height (Newmaster et al.
1997) it was planted within several plots in the mud flat area. The planting of long
grasses has been shown to be an effective bird deterrent (Brough and Bridgman, 1980;
Smith et al. 1999). Although Canada Geese often use Phragmites spp. for nest material

this reed grass should form an effective barrier once established.
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Aquatic emergents in the shallow water have also been greatly disturbed by the geese
foraging in this area. Species such as pondweed and arrowhead have been chewed,
broken and uprooted as the geese forage the plants’ roots and tender shoots (Figure 3).
Water arum, Calla palustris, which contains poisonous calcium oxalate (Newmaster et
al. 1997) was also considered as a test species for this experiment since geese avoid

plants with poisonous secondary metabolites (Bushsbaum et al. 1984).

Figure 3. Evidence of chewed, broken and uprooted vegetation at Mission Island Marsh due to foraging
by Canada Geese {picture taken August, 2004).

Typha angustifolia was the third test species used in this study. The resident cattail
species Typha latifolia grows primarily along the shore’s edge and inland along the
mudflat. The geese often avoid cattails as a primary food scurce even though the

tubers often constitute part of their diet (Newmaster et al). The density of cattails

within the marsh was not affected by the foraging geese. Since Typha angustifolia
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grows at greater depths it was chosen as the third emergent test species used for this

study.

Eleocharis smalli was the control for this study because of its successful use during the

preliminary study in 2003 and its acceptance by the geese as a food source.

Plots were set up during early July of 2004. The plots were closely observed throughout
the summer. During summer it is important to deter geese from the wetland since this
normally is the time when geese moult. This happens over a period of approximately 40
days (Hanson, 1965). At this time they cannot fly well and so tend to remain in an area
where: they feel safe, have adequate food supply and are located near open water.
The north end of the marsh provides al! the characteristics that a moulting flock of
geese prefer. By planting unpalatable vegetation and tall perennial wetland plants

geese would be forced to spend most of their moult elsewhere.

Data were to be collected from the plots by the end of August. At this time the plants
would have become established enabling the geese time to consider the new species as
potential food sources. Data collected were to be measured as percent of total test or
control species within each plot showing extensive damage. Extensive damage to the
plants was to be measured as plants uprooted by foraging geese whenever 50% or more

plant tissue above the water was eaten. Total number of plants within each plot that
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exhibit extensive damage was to be converted to a percentage value for each plot. A
two-by-three way ANOVA on these data at p=.01 significance was to be used to
determine whether the test species were significantly effective at deterring foraging
Canada. The 99% confidence interval was chosen because of variation introduced by

utilizing 3 separate locations within the marsh and 3 different species of vegetation.

Plots of the control and test species were set out in early July of 2004. Eleocharis smalli
was collected from Chippewa Marsh and transplanted into the 15 control plots. Calla
palustris, also collected from Chippewa Marsh were transplanted into the 5 plots
designated for the shoreline emergent zone on July 7. The remaining 2 test species,
Typha angustifolia and Phragmites communis were ordered as rootstock from Kester’s
W.G.F. Nurseries Inc. in Wisconsin, U.S.A. The shipment of plants during the last week of
June would be preferable there was concern as to whether shipments would have made
it to Thunder Bay in reasonable time due the Canada Day and Independence Day
holidays during that week. If plants were held up over a weekend due to shipment or
customs problems they would not remain viable. Although the plants were shipped on
July 5th after the holidays there was still a delay in receiving them. The plants arriving in
Thunder Bay on July 8 were promptly transplanted into the remaining plots. Phragmites
communis were transplanted into plots designated for the mud flats while Typha

angustifolia were transplanted slightly offshore in the emergent zone plots.
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During the planting of Phragmites communis and Typha angustifolia it became obvious
that geese had already grazed the area in which Calla pallustris and Eleocharis smallii
were transplanted. Eleocharis smallii had been grazed primarily over the mud flat area.
Several of the Calla pallustris in one of the plots had been sampled by the geese. The
geese refrained from eating in the remaining 4 plots while grazing around the Calla
pallustris (Figure 4). This early evidence indicated that this species was not a very

palatable choice for the geese.

% T e T o s . B :';"‘, .~» . - w 5
Figure 4. Plot of Calla pallustris with some minor foraging along with resident plants nearby uprooted and
foraged by the geese.

The corners of the plots were marked with bamboo stakes in order to be able to

recognize the plots throughout the growing season. During the first visit to the wetland
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after the initial transplanting, 10 of the plot markers in the mudflat area had been
removed by some individual(s) that had walked one of the various trails from the
conservation area that lead to this portion of the wetland. The remaining plots, further
in the wetland, remained untouched. A single marker was returned into each plot. It
was hoped that fewer markers would be less obvious and therefore, less tempting to
passersby. The markers then remained untouched the remainder of the season. The
spring of 2004 was cooler and wetter than previous years. Due to the wet spring the
wetland landscape had changed. The large mudflat area at the north end of the marsh
remained flooded throughout the summer. This area had been grazed to the ground
the previous year but appeared to be recovering due to the higher water levels. Plants
in this area are primarily sedges and grasses. The geese prefer the graze on both types
of plants but only the shoot portion. The roots remained viable and were able to
recover when water levels rose (Figure 5). Although the geese continued to graze, the

species of plants typical for this area can handle a fair amount of grazing stress.



Page | 106

o
Figure. Grasses and sdge on the mudflat area of Mission Island Marsh recovering fro grazing
pressure because of higher water levels in July, 2004.

<

Plants adapted to grazing pressure have been shown to recovery rapidly when

protected from further foraging (O.P.C. et al 2006).

The mudflat test species Phragmites communis survived the transplant process but
failed to grow sufficiently to be able to ascertain whether or not the geese considered
this species as a food source. The resident sedges and grasses recovered throughout
the season in this area due to the wet conditions and filled the test plots. The geese,
during the previous dry summer, were observed spending a great deal of time on the
mud flat. With the wet conditions, however, there was less evidence of the geese
staying on the mudflat area to rest. Feathers from the goose moult and goose

droppings were still abundant throughout the area indicating that although they may
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not spend much rest time in this area it was still a primary feeding ground. The flooding
of the mudflat area had, however, allowed this portion of the wetland to greatly

improve.

Although data from the experiment utilizing a test species in this area could not be used,
the recovery of the resident species indicates that planting of new species in this area is

not necessary.

The shoreline test plots of Calla palustris proved resilient throughout the growing
season. These plants survived the transplant process and remained untouched by the
geese. The exception happened the day after transplant when evidence of foraging was
observed in one of the plots. Upon tasting some of the plants the geese determined
they were not palatable and they refrained from eating this species. During late August,
however, the resident pondweed species still existing in this plot area began to grow.
During late summer and fall the geese will forage on the roots of emergents such as
pondweed (Coleman and Boag 1987) and uproot pondweed in the test area. Since the
density of test plants per plot (10 plants/1m?) was low presence of Calla palustris did
not discourage the geese from continuous foraging on roots of other species in the
same area. The result was that much of the Calla pallustris were uprooted along with
the pondweeds (Figure 6). | could not determine whether or not the geese were
actually foraging the roots of the test species or by foraging for other preferred species

incidentally uprooted the Calla.
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Figure 6. Transplanted Calla pallustrisuprooted by Canada Geee as tey forage the pondweeds
and arrowheads in the area in August, 2004.

Offshore test plots of Typha angustifolia did not perform at all during the season.
During the planting of these species Common Carp were observed spawning in the area.
Concern at the time centered on whether or not these test plants would be uprooted by
the carp. The carp appear to only use the wetland as a spawning ground but not a
major feeding area. This was the only evidence of carp activity observed during the two
seasons. Carp numbers in the future could threaten the emergent species in the
wetland but do not appear to be a problem at this time. The plants remained
undisturbed by the carp but still did not survive. The rootstock may have been affected
by the delay in shipping to Thunder Bay. As a result data could not be obtained from

test areas.
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Summer 2005

Utilization of suspected non-palatable vegetation encompassed only the emergent zone
during the revised experiment during summer 2005. This was because the mudflat area
was recovering. Calla palustris was again utilized since geese did not appear to prefer
this plant as a food source. Phragmites communis and the control species Eleocharis
smalli were also utilized but were not planted in the form of nursery rootstock. They
were collected from nearby wetlands. The exception was Typha angustifolia which was
ordered from an Ontario wetland nursery and arrived within 24 hours from harvest. The
plants were quickly transplanted into the test areas. This ensured more control over the
quality of plants. Less handling of test and control species and rapid transplantation
increased transplant success. The density of these plants in the test plots during the past
sampling season may not have been sufficient to deter the geese. Since transplants
must compete with native species planting a greater density would increase survival.
Therefore a higher density of 15 plants per 1m? was planted. Also since unprotected
test plants were being foraged immediately after transplant the test plants were to
remain enclosed after transplant (late May - early June, 2005) until the following spring.
This would have allowed the test species a greater chance of surviving the transplant

process without the added stress of foraging.

This new experimental design utilized a single large exclosure thus excluding the geese
from the test plots. Once the transplants were established the exclosure was to be

removed. The removal of the exclosure was to occur during the spring of 2006.
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However, by early August of 2005 the entire exclosure and its contents of test and
control species of emergent vegetation had been vandalized by unknown individual(s).
Further attempt at this experiment was not possible at this late stage in the researcher’s

sampling season.

Conclusions

From the physical evidence obtained during the summer of 2004 a number of
conclusions can be drawn. The recovery of the resident species in the mudflat area
indicates that testing in this area is unnecessary at this time. The previous year’s low
water levels contributed to the decline of species in this area. The dry conditions
allowed for a more preferable landscape for the geese to occupy. With the wet cool
conditions during the summer of 2004 this area has recovered despite the fact that the
geese still moderately forage in this area. The plants appear chewed but to a lesser

extent than the previous year, again due to the higher water level.

The greatest threat that the geese pose to the wetland continues to be towards
emergent and floating species. Since the geese prefer the roots of many emergent
species, their foraging activity drastically reduces the numbers of these plants. Since
very little has been documented on the use of non-palatable and/or tall emergent
wetland species as a deterrent to foraging by Canada Geese in a wetland environment,

more study is recommended. The plant species documented within this paper are
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supported by the literature as plants having good potential plants to utilize in studies
such as this one. As Mission Island Marsh continues to experience foraging stress by
Canada Geese the dynamics of the wetland environment are constantly changing. With
the constant removal of macrophyes from the wetland there will come a time when the
seed and root bank located at Mission Island Marsh will be depleted. As the marsh
becomes devoid of macrophytic vegetation, more sediment transport will occur due to
the absence of root structure within the sediment. At some time, perhaps in the very
near future, the marsh portion of this ecologically valuable wetland will be reduced to
limited shoreline emergents. If successful establishment of non-palatable and tall

emergents could occur at this site the marsh structure could be maintained.
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Appendix B. Complete water quality analysis results for summers of 2005

and 2006
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ALS Labgaratary Group

ANALY TICAL CHEMISTRY & TESTING SERVICES

Environmental Division

ANALYTICAL REPORT

ATTN: SANDRA STILES Reported On: 19-OCT-06 11:02 AM

461 E. BROCK STREET

THUNDER BAY ONT P7E4H8

Lab Work Order #:.. 1442222 - e v : e Date Received: . 11-OCT-06
Project P.O. #: PAID BY MASTER CARD
Job Reference: SANDRA STILES~TB

Legal Site Desc:
CofC Numbers:

Other Information:

Comments:

APPROVED BY:

JiM VUKMANICH
Project Manager

THIS REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN AUTHORITY OF THE LABORATORY.
ALL SAMPLES WiLL BE DISPOSED OF AFTER 30 DAYS FOLLOWING ANALYSIS. PLEASE CONTACT THE LAB IF YOU
REQUIRE ADDITIONAL SAMPLE STORAGE TIME.

ETL Chemspec Analgtical Ltd.
Part of the ALS Laboratory Group
1081 Barton Street, Thunder Bay, ON P7B 5N3

Phone: +1 807 623 6463 Fax: +1 807 623 7598 www.alsglobal.com
A Campbell Brothers Limited Company
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ALS LABORATORY GROUP ANALYTICAL REPORT

L442222-1 NORTH MARSH WATER
Sampled By:  S.S. on 29-AUG-06
Matrix: WATER

Algae Identification

Note: Empty diatom frustules present in bloom
amounts. Algal mat made of filamentous algae
Rhizoclonium.

Amphora (Bacillariophyceae) moderate amounts 1 19-OCT-06 | GMK | R455139
Asterionella (Bacillariophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Cocconeis (Bacillariophyceae) large amounts 1 19-OCT-06 | GMK |R455139
Cyclotella (Bacillariophyceae) small amounts 1 19-OCT-06 | GMK |R455139
Cymbella (Bacillariophyceae) moderate amounts 1 19-OCT-06 | GMK | R455139
Epithemia (Bacillariophyceae) scarcely present 1 19-OCT-06 | GMK |R455139
Fragitaria (Bacillariophyceae) large amounts 1 19-0OCT-06 | GMK [ R455139
Gomphonema (Bacillariophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Melosira (Bacillariophyceae) scarcely present 1 19-0OCT-06 | GMK | R455139
Navicula (Bacillariophyceae) large amounts 1 19-OCT-06 | GMK | R455139
Rhoicosphenia (Bacillariophyceae) large amounts 1 19-OCT-06 | GMK | R455139
Stephanodiscus (Bacillariophyceae) small amounts 1 19-0OCT-06 | GMK | R455139
Synedra (Bacillariophyceae) moderate amounts 1 19-OCT-06 | GMK | R455139
Tabellaria (Bacillariophyceae) moderate amounts 1 19-0OCT-06 | GMK | R455139
Coelastrum {Chlorophyceae) scarcely present 1 19-0OCT-06 | GMK | R455139
Cosmarium {Chlorophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Oedogonium (Chlorophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Pediastrum (Chlorophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Scenedesmus (Chlorophyceae) scarcely present 1 19-OCT-06 | GMK [ R455139
Cryptomonas (Cryptophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Dinobryon (Chrysophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Mallomonas (Chrysophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Rhodomonas (Cryptophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Anabaena (Myxophyceae) small amounts 1 19-OCT-06 | GMK | R455139
Ceratium (Peridineae) small amounts 1 19-OCT-06 | GMK | R455139
Note: Baccillariophyceae dominate sample,
including large amounts of empty diatom
frustules.
L442222-2 NORTH MARSH BLOOM
Sampled By:  S.S. on 29-AUG-06
Matrix: WATER
Algae ldentification
Amphora (Bacillariophyceae) scarcely present 1 19-OCT-06 | GMK |R455139
Cocconeis (Bacillariophyceae) small amounts 1 19-0OCT-06 | GMK | R455139
Fragilaria (Bacillariophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Synedra (Bacillariophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Closterium {Chlorophyceae) scarcely present 1 19-OCT-06 | GMK | R455139
Cosmarium (Chlorophyceae) large amounts 1 19-OCT-06 | GMK | R455139
Crucigenia (Chlorophyceae) scarcely present 1 19-OCT-06 | GMK [ R455139
Oedogonium (Chlorophyceae) moderate amounts 1 19-OCT-06 | GMK | R455139
Pediastrum (Chlorophyceae) large amounts 1 19-OCT-06 | GMK | R455139
Scenedesmus (Chlorophyceae) large amounts 1 19-OCT-06 | GMK | R455139
Cryptomonas (Cryptophyceae) scarcely present 1 19-0OCT-06 | GMK | R455139
Merismopedia (Myxophyceae) scarcely present 1 19-OCT-06 | GMK | R455139

* Refer to Referenced Information for Q

ualifiers (if any) and M

ethodology.
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Reference Information

Methods Listed (if applicable):

ALS Test Code Matrix Test Description Preparation Method Reference(Based On) Analytical Method Reference(Based On)

ALGAE-ID-WP Water Algae Identification Microscopic Examination
Standard Methods 10200, 2005
This procedure is applicable to the general identification of algae occurring in samples of fresh water. Samples are prepared using a sedimentation

technique, and are then examined using a compound phase contrast inverted microscope. This test is a general screen of dominant types of algae.
Dominant genera of algae are reported.

** Laboratory Methods employed follow in-house procedures, which are
generally based on nationally or internationally accepted methodologies.

Chain of Custody numbers:

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location Laboratory Definition Code Laboratory Location

WP ALS LABORATORY GROUP -
WINNIPEG, MANITOBA, CANADA

GLOSSARY OF REPORT TERMS

Surr - A surrogate is an organic compound that is similar to the target analyte(s) in chemical composition and behavior but not normally
detected in environmental samples. Prior to sample processing, samples are fortified with one or more surrogate compounds.

The reported surrogate recovery value provides a measure of method efficiency. The Laboratory control limits are determined under
column heading D.L.

mg/kg (units) - unit of concentration based on mass, parts per million.

mg/L (units) - unit of concentration based on volume, parts per million.

< -Less than.

D.L. - The reporting limit.

N/A - Result not available. Refer to qualifier code and definition for explanation.

.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
UNLESS OTHERWISE STATED, SAMPLES ARE NOT CORRECTED FOR CLIENT FIELD BLANKS.

Although test results are generated under strict QA/QC protocols, any unsigned test reports, faxes, or emails are considered preliminary.

ALS Laboratory Group has an extensive QA/QC program where all analytical data reported is analyzed using approved referenced
procedures followed by checks and reviews by senior managers and quality assurance personnel. However, since the results are
obtained from chemical measurements and thus cannot be guaranteed, ALS Laboratory Group assumes no liability for the use or
interpretation of the results.



