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Abstract 

In 1985 Thunder Bay Harbour was recognized as an Area of Concern by the International 

Joint Commission (IJC) due to the highly contaminated sediments, especially within Northern 

Woods Preservers location. As of the remedial actions to dredge the contaminated sediment, the 

Northern Woods Preservers Remediation Concept was created to compensate for the habitat 

disturbance and loss by replacing submerged vegetation and substrate characteristics that are 

ideal for fish habitat. The purpose of this study is to assess the post remedial status of the 

Northern Woods Preservers Remediation Concept (NOWPARC) 10 years after the construction. 

This is achieved through an analysis of the percent submerged aquatic vegetation and type of 

substrates within the newly created fish habitat.  Methods included the analysis of underwater 

video footage, the use of a ponar grab for substrate samples, hydrometer testing and plant 

identification.  

The results show a moderate to significant amount of plant growth especially in the inner 

most areas of the artificial berms that provide the most protection from wave action and other 

coastal processes. Percent vegetation cover was as high as 75% and 100% in some pools, and 

contained a high volume of Milfoil, Canadian Waterweed and Pondweeds.  Areas susceptible to 

the effective fetch of Lake Superiors wave action and ice scour, such as areas at the end of the 

berms, were found to be less sustainable having as low as 0% vegetation with little if any 

substrate deposition. The strongest pattern found within the study was that areas with a high 

amount of shale and wave energy consistently had low, if any, submerged vegetation. The 

sediment samples showed a high percentage of sands in each of the varying areas with a high 

amount of organics. There are signs of habitat recovery by the apparent plant growth, however 

more time and future monitoring will likely show an increase in habitat sustainability. 
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Introduction  

Thunder Bay’s waterfront was classified as an Area of Concern (AOC) in 1987 by the 

International Joint Commission under the Canadian-United States Great Lakes Water Quality 

Agreement due to contaminated sediments and degraded water quality. Increased industrial 

activity on the waterfront, in addition to leachates from the Northern Wood Preservers, was the 

main source of elevated levels of toxins in the sediments. These toxins were primarily comprised 

of creosote, polycyclic aromatic hydrocarbons (PHA’s), chlorophenols (CP), dioxins and furans 

(PCDD/F) which are toxic and capable of bioaccumulation which harms a variety of species, 

potentially including humans. A Remedial Action Plan (RAP) was developed to identify goals 

and initiatives for the remediation of the harbor. The Northern Wood Preservers Alternative 

Remediation Concept was designed to “isolate the source(s) of contaminants, clean-up the 

contaminated sediment and enhance fish habitat” (Santiago, 2003). This was accomplished by 

environmental dredging, isolation of onsite contaminants, sediment treatment, rock fill 

containment berm and fish habitat compensation with the creation of several other berms as a 

protective measure against wind and wave energy of Lake Superior (appendix 1).  

1.1 Key Habitat Features: Berms, Submerged Vegetation and Substrate Type 

The NOWPARC location is referred to as a lacustrine or a littoral environment, which is 

characterized as being close the shore of a lake. These areas are permanently submerged areas 

and have the potential to extend great lengths along the shoreline. Berms in regards to this thesis 

are classified as the extended land off shore composed of sediment, riprap and shale. The term 

also refers to the chain of small islands extended off shore. The berm design was intended to 



create embayments and zones of different depths and substrate types for fish habitat and to 

prevent erosion. 

Submerged aquatic vegetation (SAV), also referred to as macrophytes, are plants that are 

rooted in the substrate of a body of water and do not extend above the water surface. These 

plants often grow in “beds,” usually consisting of numerous different species. SAV provides 

food, habitat and protection for water fowl, fish and mammals. These macrophytes also 

contribute to producing oxygen, improving water clarity, absorbing wave energy and circulating 

nutrients. Because there are various types of substrates within the NOWPARC site this study 

examines particle size and the differences in pore sizes to establish which substrate type is most 

suitable for the establishment of macrophytes. Macropores refers to large spaces between 

particles which allow substantial room for root growth; micropores are much smaller which can 

assist in stronger rooting and prevent uprooting from wind and wave energy. 

1.2 Objectives of Research  

The primary focus of this thesis is to assess the type of substrate in contrast to percent of 

vegetation through visual interpretation using underwater video footage.  The objectives of this 

study are to assess the development of the fish habitat by analyzing percentage of submerged 

vegetation and substrate type of the five different zones, to spatially map the extent of percent 

vegetation and substrate of the five different zones and to provide recommendations for future 

restoration projects based on the habitat findings. Sediment samples were extracted from each 

sample area to provide an indication of substrate type, as determined through a hydrometer.  The 

assessment will be used by the Thunder Bay Remedial Action Plan team to determine if the 



current physical conditions at the site provide adequate fish habitat, or if further intervention is 

required to enhance the habitat. 

1.3 Limitations and Delimitations 

When dealing with such a large project restoration project it is important to define the 

boundaries and delimitations of the project. Constant monitoring of areas, such as Lake Superior, 

is delayed due to the lakes freezing over the winter season (Castro and Reckendorf, 1995). The 

location of the NOWPARC site is isolated from contact of the general public which prohibits the 

amount of monitoring that can be completed monthly or even yearly. The site can only be 

accessed by water which became a limitation; however, this was overcome with the use of the 

right equipment such, as a boat.  Depth also becomes an issue when areas become too shallow to 

traverse by boat which restricts the amount of footage that is attainable in certain areas.  Area 6 

was not included in this analysis as it could not be accessed by boat due to large boulders 

obstructing the entrances (Figure _). 

The primary focus of this thesis is to analyze type of substrate in contrast to percent of 

vegetation through visual interpretation. The analysis only covers what was captured on the 

video footage, in which the view span changed with height of camera. The data was established 

from visual interpretation and was not statistically measured per frame. A major limitation too 

using an underwater video camera is that it is challenging to interpret footage, which could lead 

to miss classification of sediments or vegetation percentages ultimately reduce the amount of 

usable data. 

Only four sediment samples were extracted from each area to give some indication of the 

variances in the soils, which does not cover all major areas of the project. The composition of 



these substrates provided an indication of the soil characteristics that are exposed to different 

environmental conditions, such as wind and wave energy. This study does not involve toxicity 

testing of the soils or test for percent of organics within the soils. In future studies it would be 

beneficial to evaluate the actual fish species within NOWPARC region. By doing so, it would 

provide a clearer indication of what fish species currently inhabit the area, along with what 

characteristics of the habitat make it sustainable for those specific species. However, due to the 

limited time span for data collection and accessibility to the site this was not included in the 

project 

2.0 Background on NOPWPARC 

In 1987, Thunder Bay was classified as an Area of Concern under the Canada-United 

States Great Lakes Water Quality Agreement because of the degraded water quality and costal 

habitats. The impaired conditions of the waterfront, especially areas adjacent to the Northern 

Wood Preservers (NPW) industrial property, required remedial action leading to Abitibi-

Consolidated Inc., NWP Inc., the Canadian National Railway Co., Environment Canada, the 

Ontario Ministry of the Environment and the OMNR forming a partnership and developing the 

Northern Wood Preservers Alternative Remediation Concept (NOWPARC). 

Remedial actions began in 1997 and were designed to isolate the source(s) of 

contaminants, clean-up the contaminated sediment and enhance fish habitat (Parker etal, 2006). 

These initiatives were achieved by dredging the contaminated sediment, biologically and 

thermally treating dredged sediment, creating a rockfill containment berm (RCB), and a clay 

barrier (Parker etal, 2006). Chemicals used by NWP included creosote (preserving railway ties), 

pentachlorophenol (preserving hydro-poles), chromated- arsenic (preserving dimensional 



lumber) along with Hydro Carbons (PHAs), Chlorophenols (CP) and Furans (PCDD/F) and were 

ultimately the main sediment contaminants in the vicinity of the NWP area (Parker et al, 2006). 

These chemicals are of concern because they can bioaccumulate in sufficient concentrations and 

long exposure periods can potentially harm a wide variety of life forms as well as humans. 

“A Fish Habitat Compensation study was undertaken to provide the information required 

to obtain authorization from the Department of Fisheries and Oceans for probable Harmful 

Alteration, Disruption or Destruction of fish habitat as per section 35(2) of the Fisheries Act” 

(Santiago et al. 2003 p. 302). Through a benthic community analysis it was confirmed that there 

was a high degree of sediment toxicity. The bioassay of the benthic communities focused 

primarily on oligochaetes and chironomids within the designated sample sites. It was concluded 

by Santiago et al (2003) that areas that had a toxicity between 30ppm and 150ppm total PAH 

impaired the growth among the Mayflies, Chironomids and minnows and fatalities occurred 

frequently in areas where concentrations exceeded 100ppm total PAH.  There were no effects of 

either the growth or survival of the benthic communities when contaminants were below 30ppm.  

These areas were left untouched throughout the remediation efforts (Santiago et al. 2003). Three 

clean up zones were defined from the results of the biological testing (appendix 2). Zone one 

consisted of an area with clearly visible contaminants, composed mostly of creosote, based upon 

observation of the area. Zone two was defined on the basis of acute biological effects. This 

involved areas with a greater than 50% mortality rate in the test organisms and coincided with 

the areas of high PAH. Zone three focused on areas that had chronic biological effects and had 

sediment contaminants exceeding 30ppm of total PAH (Santiago et al. 2003).   

 Around the Northern Wood Preservers (NWP) site the construction of a Rockfill 

Containment Berm (RCB) was designed to contain Zone 3 (appendix 2). A dry cap was provided 



15 hectars behind the berm by infilling the area with 800,000 tonnes of clean fill as a part of the 

containment structure (Santiago et al. 2003). The Department of Fisheries and Oceans 

implemented the construction of a fish habitat to compensate for infilling of Zone 3. A berm 

design was created to allow for different types of embayment zones with varying depths and 

substrate types to adequately sustain several fish species (Santiago et al. 2003). The berm 

structures extended from the shore are also intended to provide shelter from the wind and wave 

energy of Lake Superior allowing for increased aquatic plant growth (Appendix 1). During the 

construction of the Rockfill Containment Berm (RCB), shale was dumped in two stages to allow 

for consolidation and strengthening of the soft lake bottom materials. Riprap was placed along 

the exterior to provide protection against wave action and erosion, while promoting the 

settlement of sediments. Approximately 260,000 tonnes of shale and 22,000 tonnes of riprap was 

used during construction (Santiago et al. 2003). The berm is 850 meters in length and was 

constructed at depths up to 8.2 meters, running parallel to a shipping channel. “The crest of the 

RBC is 5m wide and the interior and exterior slopes at 2 horizontal to 1 vertical for long term 

stability,” (Santiago et al. 2003 p.300). Wood logs were previously there but also added 

throughout the area to assist settlement of sediment and to allow cover for small fish and 

invertebrates until vegetation grows in. 

The goals selected for the fish habitat compensation study focused on the removal of 

creosote contaminated sediments and containment of the NWP industrial area with the creation 

of a vegetated shoreline and buffer-zone. Focus was placed on re-routing the storm water runoff 

from the Northern Log Laydown area away from the shoreline habitat to prevent reintroducing 

toxins to the area. They aimed to create an array of sustainable fish habitat types through the 

construction of an intercostal type wetland area, along with the reclamation of a portion of the 



previous NWP marsh with various site treatments along the containment berm. The improvement 

of benthic production in the post-development study area was a huge component of the stated 

goals which coincided with addressing the DOF policy of no-net loss of fish habitat (Santiago et 

al. 2003). NOWPARC aimed to create a waterfowl wetland to provide habitat for nesting, 

rearing, feeding and staging, and to provide suitable habitat for reptilians and amphibians to 

thrive. The final goal was focused on improving aesthetics through the creation of a visual 

barrier of the NWP site (Santiago et al. 2003). 

These goals were formed on the basis of a four component conceptual plan as outlined in 

the case study by Santiago et al. (2003); (1) Excavation and sculpturing and is approximately 

11,000m
2
 of reclaimed land adjacent to the existing NWP marsh, (2) Development of a chain of 

small islands to extend offshore from the NWP site and the NOWPARC berm, (3) Site 

treatments along the containment berm to create the different types ideal for fish habitat, (4) 

Sculpturing and planting of a 15-30cm wide buffer zone between the industrial site and the lake, 

as a result approximately 48,000m
2
 of new habitat was created. Waterfowl was quick to move 

into the expanded marsh and the initial habitat study indicated that fish were utilizing the area 

(Santiago et al. 2003). Long-term monitoring of the post construction area indicated that there 

was no significant accumulation of PHA compounds in the muscle tissues in the bioassay species 

and there were no effects on benthic community structure as of 2003. The survey by Santiago et 

al (2003) confirmed that biological effects were significantly reduced or absent in the area 

immediately outside the berm. 

Remedial actions associated with NOWPARC were completed in 2003, and a post 

remediation assessment revealed that when compared to other sites within the Thunder Bay 

Harbour, the NWP fish community had moderate to high values of diversity and low to moderate 



fish abundances when estimated using seine netting, backpack electrofishing and boat 

electrofishing data, (Parker et al, 2008). However, the NOWPARC site had the lowest diversity 

index because there was minimal fish captured in the minnow traps which suggests that they 

provided unreliable results that were not indicative of the true fish community (Parker et al, 

2008). 

3.0 Literature Review 

This section will review literature pertaining to the range of indicators that reflect healthy 

fish habitat, habitat remediation/enhancement developments, and provide a background on the 

characteristics of other fish habitat remediation concepts and case studies.   The purpose of this 

section is to highlight the ideal characteristics of submerged vegetation and substrate and how 

they contribute to a healthy habitat/environment.  The literature review will then provide detail 

about sampling methods and habitat assessment/monitoring principles. This literature will help to 

specify what approach is appropriate to assess the fish habitat of the NOWPARC Remediation 

Site, and to characterize/classify the quality/quantity of the fish habitat created by the restoration 

project. 

3.1 Indicators of Healthy Fish Habitats 

The ideal, healthy, lacustrine habitat is characterized as being low slope, depositional 

areas containing slow-moving or calm water with an abundance of diversity of both fish species 

and aquatic vegetation (Delong et al, 2004). Fish habitat must have adequate physical and biological 

components; these characteristics include sediment type, type of bed (sand, silty, and clay), 

structures underlying the water surface, and aquatic community structures (Rosenberg, 2000). 

Habitat quality affects the health of individual fish, fish populations and fish communities.  

Severe change in their living conditions, therefore, results in changes in population structure and 



species composition within the aquatic habitat (Rosenberg, 2000). Fish stocks depend on healthy 

ecosystems and it is important to ensure that restoration efforts consider these large physical 

characteristics in order to support sustainable populations of fish. 

Freshwater fish are an extremely diverse group of species that can occupy a large range 

of habitat types. Some fish species can thrive in extreme environments, including those that have 

been drastically altered by anthropogenic activities (Morrow and Fischenich, 2000). Most efforts 

to improve fish habitat have been unsuccessful because there was little information known about 

the habitat requirements of target species (Morrow and Fischenich, 2000). A proper assessment 

of vital fish habitat characteristics will provide accurate information on what physical properties 

to look for when assessing the health of an ecosystem. 

3.2 Submerged Aquatic Vegetation 

 Studies consistently show that fish populations are significantly higher in littoral habitats 

with an abundance of submerged macrophytes (Randall et all. 1996). Submerged aquatics 

provide an important habitat component for fish that contribute to the development of healthy 

reproductive environments, structure and cover for predator and prey interactions, and 

productive feeding environments (Randall et al. 1996). Many fish species depend on submerged 

aquatics for building nests and spawning.  Some species found in Lake Superior that use this 

method include; sunfish (Lepomis spp), largemouth bass (Micropterus salmoides), northern pike 

(Esox Lucius) and muskellunge (Esox Maquinongy) (Randall etall. 1996). 

 Near shore vegetation is particularly important for young age classes of fish because it 

allows them to mature with cover from predators. Predator’s often stay on the boundary of plant 

beds or wait in open pockets to ambush any small prey in the area. Larger fish species such as 

largemouth bass, northern pike and muskellunge respond to patchiness at larger scales, making 



patch pattern of vegetation beds important for feeding. High volumes of submerged vegetation 

increase the structural complexity of the littoral habitats, which increase fish species richness 

(Randall et al. 1996). Percent cover is a very useful indicator for predicting fish species and 

submerged vegetation associations. When vegetation cover is less than 10% dependent species 

are scarce and production is low. The ideal percent of vegetation cover, 40% to 70%, creates a 

suitable environment for both large and small fish species (Valley et al. 2004). Too much 

vegetation can cause areas with less wave energy to become eutrophic due to a lack of oxygen in 

the water. 

Estimates on fish productivity in littoral areas around the Great Lakes show that the 

abundance and size of fish populations were significantly higher in areas with higher aquatic 

vegetation, rather than those sites with sparse or absent vegetation (Petr, 2000). It was also 

observed that as plant densities increased, there was a greater number of smaller fish. Aquatic 

vegetation and nutrient rich sediments create the organic base that is utilized by the higher 

trophic levels and are defined by the surrounding dynamic physical environment (Petr, 2000). 

3.3 Substrates  

Sediment is a source of nutrients for aquatic vegetation.  Variations in substrate 

composition can affect the growth and distribution of submerged macrophytes. Although 

nutrients and organic materials play a large role in plant development, the growth of aquatic 

vegetation can be affected by other physical properties (Barko et al. 1986).  Texture, such as 

particle size and distribution in lakes, can be a useful tool for interpreting the aquatic 

environment. It is important for the rooting depth of species to physically penetrate sediments, 

and to ensure that rooting success occurs in conditions of high water flows (Castro and 

Reckendorf, 1995).  Substrate texture also influences the inherent fertility, as more nutrients can 



be absorbed by a gram of clay particles than a gram of sand or silt particles because clay particles 

provide a much greater surface area for absorption (DEPI, 2013). Areas with coarse sands and 

sandy gravels are good indicators of high-energy environments and active sediment transport. 

Extremely sandy sediments are often considered nutritionally poor substrates for aquatic 

vegetation growth, and are not considered a compact enough substrate to support root systems in 

high-energy environments (Castro and Reckendorf, 1995). 

A stable environment is indicative of well-established particle-size trends and 

composition. Substrate with higher volumes of silt and clay are often more successful because of 

the stronger rooting advantages and the ability to maintain a high volume of nutrients and 

minerals (DEPI, 2013).  However, pore space is a key factor in aquatic plant success, macropores 

allow oxygen and nutrients to move easily through the substrate whereas micropores do not 

allow for easy flow and can limit capillary movement of the roots. Heavily compacted clay in 

substrate often leads to plant failure because the roots suffer as a result of the tightly bound pores 

(DEPI, 2013).  Well-structured substrates form stable aggregates and have many pores which 

contribute to the substrate being friable, easily worked, and allows germinating seedlings to 

emerge and to quickly establish root systems (DEPI, 2013). High percent of vegetation cover is 

often associated with fine sediments.  Within lacustrine areas, factors that could potentially 

change sediment characteristics include; erosion, deposition, and particle size, which are 

influenced by anthropogenic activities such as recreational boating, boat wakes, surrounding 

industrial infrastructure and dredging (Castro and Reckendorf, 1995). 

Castro and Renkendorf stated that preferred spawning habitats in lakes can be similar to 

that in streams, but because of the diverse and relatively more stable environment, spawning 

occurs in a large variety of substrates. Spawning Lake trout (Salvelinus namaycush) in Lake 



Huron prefer cobble and rubble as they cannot successfully spawn in areas blanketed with fine 

sediments, however, many other fish species found in Lake Superior reproduce in inshore 

environments, with logs, sticks, plants or vegetative nests, sand and rocks (Castro and 

Reckendorf, 1995). When considering an adequate spawning habitat cobbles and gravels are 

ideal, as large substrate material combined with light wave action. Having a some wave energy is 

perfect for supplying fish eggs with oxygen and new nutrients, thus many spawning grounds are 

generally located near deeper water (>15 meters) (Castro and Reckendorf, 1995). 

3.4 Energy and Slope  

Additional environmental traits that affect recovering habitat include wind exposure, 

effective fetch and slope of the banks. Effective fetch is the length of water over which a given 

wind has blown; it determines the amount of mechanical energy affecting the near shore 

environment (Koch, 2001). Although it was not assessed in this particular study it plays an 

important role on the substrate and submerged aquatics. Unprotected shorelines are not an ideal 

habitat for plants because of the mechanical force that wave action, wind driven currents and 

convective currents have on the physical environment (Koch, 2001). Sediment composition and 

characteristics are often affected if there is a high turbidity level that frequently displaces 

particles in the first substrate horizon. Wave energy has direct and indirect impacts on 

submerged aquatic vegetation. The direct impact erodes the edges of vegetation beds and breaks 

off portions of plants by storm or boat generated waves.  Indirect consequences of wave energy 

include sediment suspension, changes in sediment grain size, mixing of the water column and 

epiphytic growth (Batiuk et al, 2000). “When wave action is moderate it reduces the epiphyte 

layer and actually enhances photosynthesis by increasing diffusion at the plant surface, making 

intermediate levels of wave exposure beneficial,” (Batiuk et al, 2000 PAGE). 



3.5 Habitat Remediation Cases 

3.5.1 Thunder Bay Waterfront  

The City of Thunder Bay’s Marina and Pool 6 Lands project has been subject to the 

Provincial Environmental Assessment act, encompassing approximately 21 ha of land adjacent to 

NWP area (Harris, et al 2009). This study is aimed at analyzing and describing the baseline 

terrestrial and aquatic environments through an environmental assessment process using similar 

methodologies as this study. Harris et al (2009) used both a SeaMaster Supermini Underwater 

Video camera and a Ponar Grab, to collect data and information from the lacustrine environment 

below and lake floor substrates. The authors found that the dominant substrate of the area was 

coarse sand, due to the high amount of wave action, especially the Pool 6 Basin (appendix 3) 

Sediments approximately 1 meter deep were coarse in texture, light in colour and had a sandy 

substrate (Harris, et al 2009). Silty sediments found in deeper water were unconsolidated and 

flocculent, leading them to be easily re-suspended, and were existent by the storm water basins. 

Fine suspended sediments settled over the winter months in the shallower water; however they 

are re-suspended with the prevailing seasons’ wave action, eventually settling out in the deeper 

calmer water. In the northwest corner of Tug Basin, pulp logs were abundant in the shallows and 

found scattered throughout the study area. The logs were used to assist in stabilizing sediments 

and providing a source of cover for invertebrates and small fish (Harris, et al 2009). The majority 

of the pulp logs and boulders that were deeper in the water column were covered in a layer of 

silt. 

The shorelines consisted of rocky substrates that are adjacent to previously placed riprap 

(rock placed strategically to protect shorelines), with few rocks and cobbles found on the sand 

silt bar at the outfall of the storm sewer (Harris, et al 2009). Along the shorelines there was little 



accumulation of organic matter, but there was some debris found near the storm-water basin in 

shallow waters, likely washed in from the sewer. Areas less exposed to wind and wave action as 

well as ice scour have a higher percentage of dense aquatic vegetation, and are often limited to 

deeper water areas. Plants closer to the shore are subjected to more energy and ice scour causing 

plants to be uprooted easily, creating an unsustainable environment for plants to thrive. 

Beds of submerged aquatic plants were found at depths between 40cm and 250cm on soft 

silt, sand and other organic substrates (Harris, et al 2009). The predominant species recorded in 

the area include; Water Milfoil (Myriophyllum Spp.), Pondweed (Elondea Canadensis), Tape 

Grass (Valisners americana), Richardson’s Pondweed (Potamogeton richardsonii) and Flatstem 

Pondweed (P. Zosteriformis) (Harris, et al 2009). In shallows less than 50cm of water, there were 

little to no aquatic vegetation present. Less dense beds, approximately 30-80 percent, were found 

in deeper water consisting of mostly Watermilfoil , Canadian Waterweed and Pondweeds 

(Harris, et al 2009). Dense beds, approximately 90% percent cover, consisting mostly of Canada 

Waterweed, were common in shallow waters of the basins due to an increase in silty sediments 

and protection from wave energy (Harris, et al 2009). Dense Canadian waterweed can impair 

movement of larger fish, however it provides cover and food for micro-invertebrates. These 

micro-invertebrates are sustainable prey for fish such as yellow-perch and walleye, allowing for 

the smaller fish communities to develop and grow (Harris, et al 2009). The characteristics 

outlined in the Pool 6 Lands project are similar to the expected results of the NOWPARC study, 

especially because of their close proximity and history. 

The most common species reported by Harris et al (2009) in the study area was Rainbow 

Smelt which were caught in waters from approximately 1-3m deep. They were most active 

overnight, showing nocturnal foraging activities in shallow water of the Pool 6 Basin. Spottail 



Shiner was the most common cyprinid minnow species in the study area and schools of fry were 

observed in shallow waters along the east shore in areas with a high percentage of cover from 

pulp logs, riprap and industrial debris. Harris et al (2009) stated that despite the history of 

industrial abuse, the remedial actions did retain some natural values and characteristics of a 

viable fish habitat. 

 

3.5.2 Jackfish Bay 

Jackfish Bay, located 250km from Thunder Bay, was also designated an area of concern 

due to fish populations being eliminated as a result of pulp mill effluent from the Tarrace Bay 

pulp mill. It is characterized as an oligotrophic system, with very low productivity and 

abundance of fish. Toxicity tests of surface waters up to 1.5 km from the creek indicated a100% 

fish mortality, resulting in a two stage treatment plan by the Kimberly-Clark Canada Inc mill. 

Post treatment testing completed by the Jackfish Bay Remedial Action Plan Team indicated that 

there was no acute toxicity, however over harvesting and invasive sea lamprey species have 

made fish recovery challenging. 

Surveys by the Jackfish Bay Remedial Action Plan Team indicated the presence of brook 

trout and fathead minnows in the Blackbird Creek system and suggest that this system is suitable 

for spawning, nursing and foraging habitat for many fish species. Fine grained sediments were 

present in three depositional basins. The bed of Jackfish Bay consists of mostly bedrock, 

glaciolacustrine clay, sands and coarse glacial till. The sediments of Moberly Bay had the highest 

percentage of organic material with high amounts woody debris and pulp logs covering the area 

impairing the natural flow. This indicates that although the wood logs provide cover for smaller 

fish and that some organics are necessary for plant growth, too much can be just as damaging to 



the fish habitat. The contaminants were mostly absorbed by fine-grained sediments, especially 

organics, and accumulated in the deepest deposition areas. Dredging has not yet occurred in 

Jackfish Bay because the contaminants exceed the Open Water Dredged Material Disposal 

Guidelines (OMOE). The continued effects of pollutants on the Jackfish Bay habitat are a 

testament to the damaging effects of mill, pulp discharge, and organic sludge on fish populations 

and habitats.  However, the case verifies that the deposition characteristics of fine grained 

sediments in this habitat is improving the fish habitat potential. 

 

3.6 Summary 

The literature review provides a background on indicators of a healthy fish habitat, 

provide foresight on what might be expected in the NOWPARC site based upon similar 

remediation studies, and to describe what remedial actions were associated with the NOWPARC 

project. The literature outlines that the preferred substrate type for submerged aquatic plants is 

composed mostly of fine sediments, with adequate pore space to allow root growth. Having a 

diverse substrate contributes to accommodating a variety of species and increases the variations 

of the habitat. Aquatic vegetation and nutrient rich sediments create the organic base that is 

utilized by the higher trophic levels and are defined by the surrounding dynamics of the physical 

environment. Dense vegetation is highly sustainable for small or young fish species, as it is a 

source of cover from larger predators. Having a vegetation percentage in the range between 40% 

and 70% is most effective for predator/prey interactions. Vegetation and sedimentation are 

sensitive to the amount of wave and wind energy along with ice scour, the more protection from 

these natural processes will prevent submerged aquatic plants from being uprooted. Degree of 

slope also affects the ability of aquatic plants to gain strong rooting as sediments are often 



displaced if the slope is too steep. 

 

Studies from Pool 6 and Jackfish Bay provide insight to the harmful effects of pollution 

and how different degrees of organic substrates and organic debris can affect habitats. Pool 6 is a 

direct reflection of what is expected at the NOWPARC area due to their close parameters and 

similar qualities. Pool 6 provides insight on substrate characteristics, along with what types of 

submerged vegetation that will likely be present. Logistical considerations must be given to the 

seasonal aspects of a remediation site and awareness of the continuously changing dynamics of 

the coastal environment. Challenges occur with all year monitoring as it is difficult to access and 

analyze the location in winter and thus, little is known about ice scour effects. An understanding 

of fish habitat indicators along with the findings of nearby remediation habitat assessment results 

will help reduce error during the classification process. 

4.0 Methods 

For the purposes of data collection, the NOWPARC study area was divided into five 

different sites (Figure1) in order to assess the different characteristics of submerged vegetation 

(using Video Data Collection and Analysis) and substrate type (using Ponar grab samples and 

Hydrometer Testing). The sixth area, coloured red on figure 1, was not accessible by boat and 

was not included in this study.  Pool 6 in this thesis is not to be confused with the adjacent 

location titled Pool 6 (appendix 3). This section covers how the data was collected, tested, 

interpreted, and recorded.  

 



Figu

re 1: Map of Pool Locations within the Study Area 

4.1Video Data Collection 

In order to fully analyze the NOWPARC site video data was collected using a boat-

mounted SeaViewer “Sea Drop 950” colour video camera (Figure 2) (with LED lighting), the 

“Sea Trak” GPS video overlay unit (Figure 3), and a video capture unit (DVR-SD) for storing 

the video to SD cards (Stewart, 2013). This system allowed for GPS coordinates and time/date to 

be overlain on the video as it was recorded and achieved a precise georeferencing of all images.  

It is the same system that was used in the 2012 survey of aquatic vegetation at the Thunder Bay 

Waterfront and will therefore provide the most suitable comparison to that data. The footage was 

collected by tracing the shoreline by boat starting from about 3 meters then again approximately 



5 – 7meters away, as well as the middle of each zone. Tracing the shoreline in this manor 

allowed for optimal coverage of the site by means of boat. 

 

     

Figure 2: Sea Viewer Under              Figure 3: “Sea Trak” GPS video overlay unit. 

 

The footage collected provided clear images of submerged aquatic vegetation along with 

GPS coordinates, allowing the estimation of plant cover to be identified for each site as well as 

the different types and patterns of sediment. In previous studies plant cover was estimated based 

on a percentages system, and a well theorized analysis approach which uses separate ranges of 

percentages to indicate the approximate plant coverage (Harris, et al 2009). The ranges that were 

chosen for this thesis include a five category rating system. 1) 0% = absent, 2)1-25% = sparse, 3) 

25%- 50% moderate, 4) 50% – 75% = heavy and 5) 75%-100% very heavy. The percentages 

were derived from comparing the estimated percentage of plant material in relation to the amount 

of substrate showing. 

4.2 Video Data Analysis 



The video footage was collected over 2 days (October 15
th

 and 16
th 2013

) providing video 

footage in intervals of approximately an hour and a half per site visitation. The video was edited 

into four sections which consisted of two, one hour segments and then two shorter segments 

ranging from 15 – 30 minutes. Percent vegetation was interpreted by visually comparing the 

amount of observable substrate to the amount of submerged vegetation in the frame. Any other 

significant features, such as wood logs or woody debris, were recorded for reference when 

reviewing the results. A layer was created on the map to indicate the percent vegetation, or 

VideoPoints. The process used to analyze the footage involved choosing a starting longitude and 

latitude, usually at the beginning of the video, which is then recorded into the open attribute table 

of a “VideoPoints” layer on ArcMap 10.1. When the percent of vegetation and substrate ratio 

changed a significant magnitude then the segment would end, recording the second longitude and 

latitude. The end point of the pervious footage is the beginning point of the new video segment 

and classification of percentage of vegetation. If the camera was pulled from the water and was 

unclassifiable it was recorded as not applicable (NA) and removed from the table. 

4.3 Map Creation 

The video GPS tracks were taken from a Google Earth document by exporting the tracks 

points as an .xml file. Arc Catalog was then used along with the conversion tool to change the 

.xml to a layer in a geodatabase.  The geodatabase was then converted to a shape file which 

could be exported for use in ArcMap 10.1. The GPS track lines collected indicated the route that 

was taken within the berms in order to fully collect enough video footage to represent the 

substrates and submerged aquatic vegetation within the site. The additional waypoints collected 

onsite where then added to the track points to represent where the substrate and vegetation 



samples were collected, along with other notable qualities of the site such as the large wooden 

poles that were strategically placed and emerging from the water. 

The layer “video points” was then created by recording the beginning and ending 

longitude and latitude in regards to the change in the percent of submerged aquatic plant. These 

coordinates were recorded in the attribute table as points, each point representing both the end of 

the previous segment and the beginning of a new segment. Although video points were derived 

specifically from plant cover percentage, substrate, primary, secondary and tertiary plant types, 

wood logs, woody debris, time of video and the date of which the recording was taken.  To 

create both the percent vegetation map and the substrate map the editor tool was used to create 

line segments linking each video point in order, which were then classified based upon the initial 

recordings from “video points”.  Many of the lines “video lines” did not follow the same course 

as the original transects because they were added as straight line segments. This was corrected by 

editing and adding vertices to better represent where the actual area data was extracted. 

Initially there were several different classifications and substrate types recorded in the 

attribute tables, theses were reclassified into 5 categories based on texture. These categories 

included; silt, sand, gravel, cobble, and boulders. The symbology was chosen based on real life 

appearance of the substrates, meaning darker colours imply finer materials and lighter colour for 

coarser substrates. The vegetation was broken up into classifications 5 classifications as well, 

including; 1) 0% = absent, 2)1-25% = sparse, 3) 25%- 50% moderate, 4) 50% – 75% = heavy 

and 5) 75%-100% very heavy as previously mentioned. The colour symbology will follow a 

similar theme as the substrate map where areas with little to no vegetation will be red and areas 

with an abundance of vegetation will appear as a dark green on the map. These classification 

schemes were chosen as the best method for easy visual interpretation of the maps.   



 

 

4.4 Plant Collection and Classification 

Samples of the submerged aquatics were collected from within the berms to typify what species 

would likely be recorded on the camera.  Using a gaff, a variety of plants were removed from the 

bottom of pools one and two (appendix 11), to be classified and to record their required habitat 

characteristics. The plants were sorted based on their appearance, visual properties and   

photographed individually for later reference. The plants were then classified by species, 

common name and habitat requirements as further indication of what condition is required of the 

plants to thrive.  These images were used as a reference when analyzing the video data and 

assisted in classing primary, secondary and tertiary plant species and abundance within a given 

area. 

4.5 Substrate Sample Collection  

Substrate samples were collected by a ponar grab, using the underwater video camera to find a 

suitable location to take a sample. This was done to both avoid wooden logs and to capture 

footage of the process. The ponar grab consists of two opposing semi-circular jaws that are held 

open by a trigger mechanism. There are two long steel wires that prop open the jaws by hooking 

around a small release near the top of the device. The ponar grab is triggered by a large weight, 

also known as the messenger, located at the opposite end of the rope that it is attached too, which 

is sent down once the ponar grab has landed on the substrate. The grab was dropped over the side 

of the boat, while suspended by a rope (Figure 4). Once the ponar grab reached the substrate the 

messenger was sent from the end of the string above water down to the grab to release the 

mechanism which snaps the jaws shut collecting the sample from the bottom (Figure 5). Once 



the grab was at the surface the jaws were propped open by hand and the sample was collected to 

be taken ashore and tested in the lab. 

    
Figure 4: Ponar Grab being dropped.     Figure 5: Ponar Grab triggered by messenger 

 

4.6 Hydrometer Method 

 

The hydrometer method was used to indicate the spatial variability of the substrates from 

different parts of the NOWPARC fish habitat. This method focuses on Strokes Law where the 

settling of a particle is directly related to its size. The percentage of sand, silt and clay can be 

determined expressing each substrate composition characteristics. The substrates must be 

completely “oven-dry” before beginning the tests rather than air dry to completely remove any 

moisture the substrates may contain. Coarse materials, such as bark and larger stones, should be 

removed from the samples using a sieve. Dependent upon the visual texture the sample size for 

sand, loamy, and clayey substrates are 75g, 50g and 25g respectively. In order to begin testing, 

organics must be removed from the substrate samples with the use of Hydrogen peroxide. A 

100ml of hydrogen peroxide is added to the sample in a beaker. The substrate sample can either 

be left over night or the process can be sped up by boiling the sample for 20 minutes with the use 

of a hot plate or a Bunsen burner. After time to cool down, 200ml of distilled water is added to 

the substrate solution making sure to wash any remaining particles on the walls of the beakers 



are washed into the solution. The beaker is then sealed with wax tape and labeled. After time to 

settle 5ml of sodium hexametaphosphate solution (Calgon) is added to dissolve calcium 

carbonate, along with any other potentially cementing agents such as iron or aluminum oxides. 

The substrate solution is then washed into a metal cup with baffle plates and stirred at full speed 

for approximately 15 minutes. Wash the substrate solution into a litre cylinder and dilute with 

distilled water to the full mark. If there is a high volume froth on the surface of the sample, the 

use of amyl or capryl alcohol can reduce the amount allowing better measuring precision when 

adding the diluted water. The temperature is then taken, before stirring the solution to suspend 

the substrate particles. When the stirring is complete, the time is noted and the necessary length 

of wait time is established based on the temperature of the water. At exactly one minute prior to 

the reading the hydrometer is inserted slowly insuring no spillage or loss of solution. Once the 

hydrometer is floating and balanced a reading is taken to obtain the weight of silt and clay in 

suspension from the scale directly by reading the very top of the meniscus. The hydrometer is 

then taken out and re-stired. Another reading is taken to obtain the weight of the clay content by 

waiting the additional time. Once the percentages are established the use of a texture triangle 

indicates what the exact classification of the substrate. 

5.0 Results 

5.1 Results of Video Analysis 

Underwater video footage revealed that there was submerged aquatic plant growth within 

the man-made berms. The total length of the track covered by boat was approximately 3142.44m 

around the shoreline and through the interior of each pool. The predominant plant species 

identified within the different pools consisted of; Myriophyllum spp., Sp. Ceratophyllum 

demersum, Sp. Elodea Canadensis, Sp. Myriophyllum Alterniflorum and Sp. Potamogeton 



robbinsii. Areas consisting of high density submerged aquatic vegetation were located in areas 

protected from wind and wave power and in the middle of the pools where the substrate 

consisted of silt, sand and organics. Similarly to the Prince Arthur’s Landing Study, dense beds 

of water weed were the predominant aquatic plant species in the shallows. As the depth increased 

at the ends of the berms the substrate became relatively flat, consisting of high silt content with 

little to no submerged aquatic vegetation. 

 

    

Figure 6: Water Milfoil (75-100%)       

Figure7: Sp. Potamogeton  robbinsii  (75-100%) 

Areas with a high percentage of submerged vegetation were located in the inner most 

central areas of the berms, including the areas behind the smaller islands. Pool three had the 

highest vegetation of the five different study areas and also had the highest protection from south 

western winds because of the arching outer berms. Pools two and three consisted of mostly 



moderate to low vegetation percentages, with a larger span of area between berms susceptible to 

erosion. Little to no submerged vegetation was on the outer area of the berm in pool five due to 

high exposure to Lake Superior. 

  

 

 

Figure 8: Percentage of Submerged Aquatic Vegetation within the NOWPARC study area. 

Pool one consisted of mainly sparse vegetation in the range from 1-25% covering 47.5% 

of the total site. Of the total site 25.12% of the pool (see appendix 4) had vegetation coverage 

ideal for a fish habitat. Only 15.37% of the pool had high density submerged vegetation ranging 



from 75-100%.  The majority of pool 2 (36.8%) was covered by 1-25% vegetation, followed 

33.7% cover of 0% vegetation, indicating a low to moderate vegetation growth (appendix 5). 

Pool 3 had the highest percentage (39%) of established aquatic plant life ranging from 75-100%, 

only 7.9% of the whole area had 0% vegetation along the inner area of the berms where the slope 

was steeper and shale was displaced. Pool three was by far the most productive having high 

percentages of submerged aquatic vegetation (appendix 6). 

Pools four and five had the lowest percentages of submerged vegetation of all the study 

areas. Pool 4 had a little vegetation; the bulk of the area (61.94%) has 0% submerged vegetation 

(appendix 7). The remainder of the site had 14.67% coverage of 50-75%, 12.8% coverage of 1-

25% and 10.5% coverage of 75-100, with no coverage between 25-50%. The majority (71.99%) 

of pool 5 consisted of 0% vegetation, with very minimum percentage of submerged aquatic 

plants (appendix 8). Most of the vegetation that existed in the pool was within the 1-25% range 

indicating sparse growth.  Only the inner most area behind the berm had vegetation growth 

above 25%.  This area consisted of mostly silt whereas the substrate on the adjacent side of the 

berm consisted primarily of shale and boulders. 

 

       Table 1: Percent of Submerged Vegetation Per Pool 

Total area covered by Percent Vegetation per Pool 

Pool # 0% 1-25% 25-50% 50-75% 75-100% Total 

Pool 1 12% 47.50% 20.40% 4.72% 15.37% 100% 

Pool 2 33.60% 36.80% 15.80% 3.60% 10.30% 100% 

Pool 3 7.90% 25.84% 5.95% 21.22% 39.09% 100% 

Pool 4 61.94% 12.86% 0% 14.67% 10.53% 100% 

Pool 5 69.57% 18.64% 3.60% 2.99% 5.20% 100% 

Total %  185.007% 141.64% 45.75% 47.20% 80.49% 500% 

Total % of whole area 36.99% 28.32% 9.15% 9.44% 16.10% 100% 



 

  When reviewing the area as a whole, 37% of the NOWPARC area had no vegetation 

cover (0%). The remainder of the site consisted of 28% vegetation within the 1-25% range, 8.8% 

in the 25-50% range, 9.4% in the 50-75% vegetation ranges and lastly 15.8% of the total 

NOWPARC site had 75-100% vegetation. Although there was a large portion of the site that had 

no vegetation, 62.6% of the location had some vegetation cover indicating there was some 

recovery from the dredging. The pool with the overall highest recorded percentage of vegetation 

was pool one, which had a total coverage of 92.1%. These pools had high averages percentages 

in all four percentage vegetation categories (1-25%, 25-50%, 50-75%, 75%-100%). Pool three 

(87.99%) and pool two (66.50%) also had high overall vegetation percentage which can be 

characterized as an adequate habitat for fish populations. Pool four (38.06%) and five (28.01%) 

have the lowest overall vegetation consisting of mostly vegetation within the 1-25% range 

strongly indicating an inadequate fish habitat. 

Woody debris refers to sticks, bark and branches, which was recorded and compared to 

the percent vegetation in the same location. In some areas of the pools there was growing 

vegetation amongst woody debris, however if the debris was suspended and in motion it had the 

reverse effect and prevented the plant growth. Woody debris tends to inhibit growth of 

vegetation as shown in the table below, where the highest percentages of woody debris had the 

lowest percentage (0%) of submerged vegetation. Areas with 75-100% submerged vegetation 

often did not have any woody debris leading to the low (<10%) woody debris percentages. Of 

the entire location only 30.24% had woody debris half of which has little to no vegetation. 

 

Table 2: Percent of Submerged Vegetation Cover and Woody Debris Per Pool 

Total area covered by Percent Vegetation AND woody Debris  



Pool # 0% 1-25% 25-50% 50-75% 75-100% Total 

Pool 1 0% 9.17% 5.08% 0% 0% 14.2500% 

Pool 2 11.26% 15.50% 11.21% 1.70% 3.30% 42.97% 

Pool 3 3.70% 7.80% 0% 2.20% 0% 13.70% 

Pool 4 30.82% 2.30% 0% 9.70% 7.90% 50.72% 

Pool 5 16.17% 9.80% 0% 2.52% 1.11% 29.59% 

Total %  61.95% 44.57% 16.29% 16.12% 12.30% 151.23% 

Total % of whole area 12.39% 8.91% 3.26% 3.22% 2.46% 30.24% 

 

    
Figure 9: Woody Debris (0% veg)   Figure 10: Woody Debris (25-50% veg) 

Wood logs were common throughout each site, occurring most frequently in pool one and 

five.  It was seen in pool one that the logs assisted in the establishment of submerged plants 

increasing percentages in the range between 1-50%. Dependent on the location of the logs, 

would influenced the growth of plants. Logs that were on the outer ends of the berms, likely 

displaced in deeper water from the current, did not stabilize any plant life. Wooden logs in 

shallower areas assisted in establishing vegetation in areas with considerably low vegetation, 

such as pool one, where 34.33% of the pool had wood logs and increased vegetation growth in 

the 1-25% range. If the logs were too tightly clustered it resulted in zero percent vegetation 

growth (Figure 12) as there was no room for growth between the logs. Instead, high amounts of 

silts accumulated on groups of tightly placed logs. Wood logs that were spaced out or 

overlapping were more effective in aiding the establishment of plant growth (Figure11). 



    

Figure11: Spaced out Wood Logs                  

Figure 12: Cluster of wood logs 

Table 3: Percent of submerged Vegetation and Woody Logs Per Pool  

Total Areac Covered by Per_Veg per and Wood Logs Per Pool 

Pool # 0% 1-25% 25-50% 50-75% 75-100% Total 

Pool 1 5.89% 34.33% 15.31% 4.72% 7% 67.25% 

Pool 2 22.40% 20.50% 3.96% 1.20% 1.80% 49.86% 

Pool 3 0% 0% 2.40% 6.50% 8.10% 17.000% 

Pool 4 23.12% 1.04% 0% 4.92% 0% 29.08% 

Pool 5 48.57% 8.84% 0.00% 0% 0% 57.40% 

Total %  99.98% 64.71% 21.67% 17.34% 16.900% 220.5908% 

Total % of whole area 19.99% 12.94% 4.33% 3.47% 3.38% 44.11% 

 



 
Figure13: Percent Vegetation & Woody Elements       Figure14: Woody Elements in study area. 

 

The dominant substrate within the study area was sand. This was noted by its light colour 

and coarser appearance. When comparing the percent vegetation map to the substrate map it is 

evident that plan growth is most successful in silty and sandy substrates. Areas that have high 

percentages of shale, such as pool five (45.71%) and pool four (51%) had 0% vegetation with the 

exception of a few key places with wood logs (Figure 14). Areas with high recordings of 

submerged vegetation (pools one, two and three) were composed of >70% sand substrate.  Areas 

with high amounts of silt and clay content in the substrate limited plant growth because of little 

pore space for root growth as seen on the outer limits of pool three, four and five (Figure 15).  



 

Figure 15: Substrate map of the NOWPARC study area. 

 

 

 

Table 4: Percentage of substrate per pool.   

Substrate Per Pool 

Pool # Silt Sand Gravel Shale Bolders Total  

Pool 1 0% 95.00% 5.00% 0.00% 0% 100% 

Pool 2 5.30% 75.40% 3.40% 15.40% 0% 100% 

Pool 3 4.40% 71.88% 0% 23.68% 0% 100% 

Pool 4 38.78% 2.62% 3.80% 51.00% 3.79% 100% 

Pool 5 20.27% 12.77% 0.67% 45.71% 20.59% 100% 

Total %  68.75% 257.67% 12.87% 135.79% 24.38% 500% 

Total % of whole area 13.75% 51.53% 2.57% 27.16% 4.88% 100% 

 



  

Figure 16: Shale Substrate          

Figure 17: Silt with high clay content. 

5.2 Hydrometer Test Results 

 The first substrate sample was collected from the inner most berm of pool two.  When it 

was initially collected it had small rocks, grass and other organics within it that had to be 

removed before the testing could begin. It is light in colour and composed of coarser particles, 

between 0.06 to 2mm, giving it the starting weight of 74.38g for the hydrometer test as seen in 

table 5. Of the four samples this one had the highest percent of sand (98%) with 1.3% silt and 

0.7% silt classifying this substrate as sand on the texture triangle. The second sample was 

collected from pool four, consisting of smaller grain sizes, darker in colour, and only required 

39.22g of the initial sample for the Hydrometer test.  The sand silt and clay ratios were 78.4%, 



16.5% and 5.1 respectively; classifying it was sandy loam having the highest amount of clay 

(appendix 10). Sample three, was collected from the inside of the berm of pool five, was light 

brown in colour and comprised of finer grains, using only 39.97g for the hydrometer test. The 

substrate experienced high amounts of bubbling when exposed to hydrogen peroxide in the early 

stages of testing indicating high amounts of organics in the substrate. 77.5 percent of the sample 

was sand, 21.2% silt and 1.3% clay classifying it is as sandy clay loam. The fourth sample, was 

collected in pool five as well on the outer berm wall, had the highest volume of organics, 

smallest particles, and traces of bark contributing to the dark colour of the substrate. This sample 

had the highest amount of silt, 28.7%, with the lowest amount of sand 66.3% and 5% clay. 

6.0 Discussion 

   Submerged aquatics provide an important habitat component for fish that contribute to 

the development of healthy reproductive environments, structure and cover for predator and prey 

interactions, and productive feeding environments (Randall et al. 1996).  Near shore vegetation is 

particularly important for young age classes of fish because it allows them to mature with cover 

from predators. Predator’s often stay on the boundary of plant beds, or wait in open pockets to 

ambush any small prey in the area. The ideal percent of vegetation cover of 40% to 70% creates 

a suitable environment for both large and small fish species (Valley et al. 2004).  

 Most of the plant life exists off the steep slopes of the banks, and is concentrated in the 

central most areas of what? The highest percent of vegetation was 75-100%, which occurred in 

the inner most areas of the berms with the most protection from the effective fetch from Lake 

Superior. Areas two and three (Figure_8 ) have the highest amount of submerged vegetation  as 

well as the most diversity, consisting of several identifiable species such as; Watermilfoil, sp. 

Microphyllum Alterniflorum, Sp. Elodea canadensis, Sp. Potamogeton robbinsii and Sp. Chara 



spp. Many of these species are capable of tolerating harsh environments, while quickly 

establishing and growing at a rapid rate. In Fosters (2009) Prince Arthurs Landing Study(which 

also includes a pool 6 that differs from the one in this study and is adjacent to the NOWPARC 

location) it was documented that similar communities of aquatic vegetation were established in 

the area. It is likely that plant life currently within the NOWPARC study area transpired from 

surrounding locations. Areas of little or no submerged vegetation were found near the openings 

and outer ends of the berms due to exposure to incoming currents and wave energy from Lake 

Superior. 

The most applicable areas for smaller fish to thrive would be in pools two and three as 

they have vegetation within the range suitable for hiding, foraging and reproducing. Dense beds 

of species such as Canadian Waterweed can impede movement of larger fish; however they 

provide ideal coverage for smaller fish and benthic invertebrates. Predators often stay on the 

outer edges of dense aquatic beds in order to be close to a drop off area. The decreasing 

vegetation at the ends of the berm and the sudden increase in depth provides the ideal 

characteristics for predators. Another contributing factor that increases the potential of a fish 

habitat for both smaller and larger fish is the variety in plant type. Having high volumes of 

diverse vegetation increases the structural complexity of the littoral habitats and ultimately 

increases fish species richness (Randall et.al. 1996) 

Plant species have different preferred substrate for growth but most often nutrient-rich, 

organic-based, clay-infused substrates are the most efficient for growth. Substrates of a larger 

size allow more water flow to pass through them, however they can also clog with debris. Plants 

tend to do their best in sandy clay loam because they are well-balanced nutritionally, and will 

support root growth. Pores that are much smaller allow for a stronger grip around the roots, 



making minimal nutrient loss and uprooting from wave action is less likely. Based on the 

substrate samples that were collected in relation to percent plant vegetation, samples two and 

three were the most suitable for plant growth seeing as they have all of the characteristics of 

desired substrate. . They have the ideal proportion of sand, clay and silt, so there is enough room 

for root growth, while having enough compaction supports the plants against wave action. These 

two samples also had the highest amount of plant matter and organics within the substrate which 

is the cause for the high volume of gas produced when the substrate was placed in hydrogen 

peroxide. Although sample  four has the highest amount of silt which is typically good for plant 

growth, there was 0% plant growth in the area it was collected. The more open and deep areas 

outside the berms had the highest silt content from suspended silt particles settling in deeper 

water because of less wave action leading to re-suspension. However, due to the colder 

temperatures of the deeper water,  less available sunlight, and compact substrate this was not a 

suitable area for plant growth.  

Areas where the substrate consisted of mostly sand and silt had the highest amount of 

submerged vegetation (See Figures 8 and 15). Coarse sand is the dominant substrate in shallower 

and more wave-washed reaches. Finer sediments settle out in the deeper waters in the central 

most areas of the berms leading to a higher success in plant growth in those regions. Similarly to 

the findings of Foster’s Prince Arthur’s Landing study (Thunder Bay Marina and Pool 6 Class 

EA) silty sediments in deeper waters were unconsolidated, flocculent, and easily re-suspended if 

disturbed. All the pools with high percentages of submerged vegetation had a sand based 

substrate. Pools that had larger volumes of shale and gravel as their substrate had weak 

vegetation growth ranging from 0%-25%. Coarser materials cannot hold the nutrition that sand 

and clay do, and often have far too large a pore space to sustain the root systems efficiently. Sand 



and silt have smaller pores, allowing them to retain nutrients more efficiently and have the ideal 

room for resilient root penetration. 

In many locations throughout the video footage it was noted that there was an abundance 

of pulp logs. These logs were strategically placed to assist in sediment settlement within the 

berms. The logs can be beneficial for plant rooting because they help to reduce the wave energy 

while assisting in the establishment of plants in open areas. However it was seen in some cases 

that wood logs have yet to assist in establishing any plant life, especially visible on the outer 

region of pool two and along the outer region of pool five (See Figure 13). There are some cases, 

such as the interior of pool two it was seen that there is 75-100% vegetation growth in the 

presence of wood logs. 

The placement and location of logs is a key component in verifying that wood logs assist 

in aquatic plant growth. It was observed that if the logs are tightly placed together, in deeper 

water, with high silt content (Figure 12) they cover substrate and will not assist in plant growth.  

Areas that were shallower with more sparsely placed logs that are over lapping had a 

considerable effect on increasing plant growth from areas that would likely have 0% to having 1-

25% (Pools one and two). The only vegetation growth outside of the berm was directly beside or 

in-between wood logs, indicating that they do in fact promote plant growth in areas less likely to 

support aquatic life. Although the shale was intended to have a similar effect as the pulp logs in 

promoting the settlement of sediment, areas with high amounts of shale and boulders consistently 

had 0% plant life. Areas with a higher amount of cobble and sand were more eligible to support 

plant life.  

  Overall, woody debris had a negative effect on plant growth. When materials such as 

bark and twig debris were suspended and in motion,  they prevented plant growth and had a 



particularly negative effect. Some areas where there were larger more dynamic branches that 

could not be easily suspended, were found to be beneficial for aquatic plant life along the 

shoreline as they provided protection from wave action and other suspended particles carried in 

the surf.  

  In the NOWPARC area physical factors control the boundaries of distinct changes in 

plant percent. Wind speed has a direct effect on the wave energy that the waterfront receives. 

Approximately 40% of the year, the wind is blowing directly at the shoreline of the NOWPARC 

location. The angle of each pool and the corresponding berms around them will influence the 

degree of which the wind and wave energy will affect plant growth. Areas that were open to the 

wave energy from Lake Superior, such as the openings between berms in pool one and two, were 

found to be less sustainable for plant growth. Areas with both unsuitable substrate and extremely 

susceptible to wave action, such as pool five; have consistent plant percentage of 0% (Figure 8 & 

14). Waves also remove suspended particles and organics along the shoreline, leaving only larger 

heavier particles behind. This mechanical process contributes to the dynamic substrate types 

found within each pool. 

  The microclimatic conditions on the slopes vary dramatically depending on their angle, 

how much sun they receive and wave energy. Slopes that are south-facing may receive six times 

higher solar radiation than north facing-slopes in the Northern hemisphere. Santiago (2003) 

stated that the crests of the RGB are 5m wide with interior and exterior slopes at 2 horizontal to 1 

vertical for long term stability. The slope of the shore of the NWP constructed fish habitat faces 

south-west allotting sufficient sunlight for plant growth.  Due to the design of the berms, the 

slope limits plant productivity and growth as they cannot sustainably grow on such steep 

gradients. Areas with high slope that have less protection have increased displacement of fine 



sediments and silts, which settles in the deeper most central part of the berms. There is some 

plant generation on the slopes of the central berms of site three and four on the inner most edges 

that are highly protected from wind and wave energy.  

7.0 Conclusion  

  The Northern Woods Alternative Remediation Concept Fish Habitat Compensation study 

was employed to remove contaminated sediments, create diversity among sustainable fish 

habitats, and attempt to restore the previous habitat. As remedial actions were completed in 

2003, it was the objective of this study to assess the development of the fish habitat by analyzing 

the percentage of submerged vegetation and substrate characteristics. By spatially mapping the 

extent of percent vegetation and substrate type of the five different zones, it helped determine the 

current state of the habitat.  

The key characteristics for successful plant growth within the NOWPARC study location 

included: suitable substrates for aquatic plant growth in central areas, suitable water depth for 

optimal sunlight; ideal air and water circulation from Lake Superior current; and recordings of 

adequate vegetation to sustain smaller fish species. Video footage reviled that 62.52 % of the site 

was recorded sightings of vegetation, which is well over half the entire study area. The design of 

pool 3 was the most successful of the five sights as it had the highest submerged vegetation 

recordings. Areas with higher vegetation do show potential to be an adequate fish habitat, 

however many of the baron areas will likely remain the same due to the amount of wave energy 

they receive. As the majority of the area consists of mostly sparse vegetation, with many areas 

that have no vegetation at all, it is likely only simple fish communities will thrive. 



Shallow areas with sandy substrates were essential in plant productivity as indicated by 

the substrate map. Substrates that were in deeper water with high silt content (as well as shale 

and other coarse materials) were found to be unsustainable for aquatic plant growth. There has 

yet to be any significant sediment consolidation amongst the shale. Not all areas will grow back, 

however not all areas are needed to be enhanced for the fish habitat, such as those on the outer 

limits of pool five. It would be beneficial for assistant features such as the wood logs to be 

placed overlapping or spaced out, in order to to assist in sediment settlement. On a further note, 

when the logs were tightly placed together, plant growth was not recorded. 

Overall habitat productivity may be lowered, as a result wind driven currents and 

recreational wave energy. Areas with higher susceptibility to wave energy will be less likely to 

fully recover, and are expected remain at 0% vegetation in the future. High amounts of wave 

energy influences plant growth as well as the food chain, leading to declines in the population 

and health of fish and other benthic invertebrates. Prevention of wave energy and erosion would 

be beneficial when attempting to build habitats in the future. Areas such as pool 3 have optimal 

blockage from wind and wave energy because of strategic placement of the berms. The layout of 

this particular pool is an ideal example of what is needed to create a sustainable habitat. 

The natural recovery of a habitat is slow and will likely need more time than a decade to 

reach its full potential. Although Santiago (2003) states that berms were built to ensure long term 

stability and assist in sustaining pore pressures in the underlying foundation, future restoration 

projects attempt to reduce the slope. This will increase the amount of useable space for plant 

growth and decrease the amount of erosion and suspended particles in the surrounding water. 



Future rehabilitation assessment should include a study of benthic communities, as substrate and 

submerged aquatic vegetation is crucial to their survival. 

Based on the observations and interpretation of the video footage the NWP location 

appears to be slowly recovering, with some pools flourishing more than others due to their 

physical conditions. All five pools were dynamic in percent vegetation, plant type and substrate, 

providing a series of unique intercostal types of habitats for fish. Although the study area may 

not have recovered enough yet to sustain a large diversity of fish populations, it can likely 

sustain smaller fish species for a short period of time. The NOWPARC achieved its fish habit 

compensation goals; however the site would benefit from an increase in vegetation in and around 

the sparsely covered areas. Continuous monitoring will of intervals between five and ten years 

will provide a better indication of how long it takes for a disrupted habitat to recover to its full 

potential, and demonstrate how effective the NOWPAC fish habitat compensation strategies 

were for future remediation projects. 
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9.0 Appendices  

Appendix 1: NOWPARC Site Map Post-remediation’s 

 

Appendix 2: Contaminated Sediment Zones at NWP (Santiago et.al 2003) 

 

 



Appendix 3: Location of Pool 6, Marina Area and Prince Arthurs Landing (Foster et.al, 2009) 

 



 

Appendix 4: Percent Vegetation of Pool 1              Appendix 5: Percent Vegetation of Pool 2 

   

 

Appendix 6: Percent Vegetation of Pool 3              Appendix 7: Percent Vegetation of Pool 4 

 

  

 

 



Appendix 8: Percent Vegetation of Pool 5          Appendix 9: Percent Vegetation of All Pools 

  

Appendix 10: Hydrometer Test results. 

 

 Sample one Sample two Sample 3 Sample 4 

Starting weight 74.38 39.22 39.97 40.00 

Texture Sand Sandy Loam Sandy Clay 

Loam 

Sandy Clay 

Loam 

Other - Rocks, Grass 

Organics.  

- Grass, organics Highest volume 

of organics 

High volume of 

organics. Black 

specks indicate 

bark. 

Colour Light Brown Med-Dark 

Brown 

Light Brown Dark 

Chemical 

Reaction 

Some bubbling Moderate 

bubbling 

Extreme 

bubbling of 

hydrogen 

peroxide 

High volume of 

bubbling. 

Temp Recording 24’C 24’C 24’C 24’C 



 Sample one Sample two Sample 3 Sample 4 

Suspended Silt 

and Clay 

Reading  

1000.5g/L 

 

 

1006g/L 

 

 

1008g/L 

 

 

1011g/L 

 

 

Suspended Clay 

Reading 

1000 g/L 1001.5g/L 

 

1000g/L 

 

 1001.5g/L 

 

Percentages  
 

 

Sand = 98 

Silt = 1.3 

Clay = 0.7 

Sand = 78.4 

Silt = 16.5 

Clay = 5.1 

Sand = 77.5 

Silt = 21.2 

Clay = 1.3 

Sand = 66.3 

Silt = 28.7 

Clay = 5 

 

 

Appendix 11: Aquatic Plant Classification Chart 

 

IMAGE SPECIES/ COMMON NAME DETAILS 

          

 

 

(Left) Sp.  Myriophyllum 

Alterniflorum 

 

CN: Alternate-leaved Water 

Milfoil 

-Perennial, aquatic herb. 

- Often found in ponds and slow 

streams with soft organic 

bottoms.  

- grows in rich marches, in 

shallow to deep water and on 

sandy to mucky shores. 

- Found in Ontario. 

          

 

 

Sp. Chara spp. 

 

CN: Stonewort, Muskgrass 

- Algae that resembles vascular 

plants.  

- On bottoms of quiet lakes 

- Abundant in calcium rich 

waters  

 



            

 

Sp. Ceratophyllum demersum 

 

CN: Coontail 

 

- Submerged, aquatif herb, 

without roots 

- Usually in lakes, ponds and 

marshes 

- Found in depths of 7m. 

- Water fowl eat Coontail seeds 

and leaves.  

- Provides food and shelter for 

invertebrates. 

 

            

 

Sp. Potamogeton richardsonii 

 

CN: Richardson’s Pondweed 

 

- Native to Northern America 

- Grows in bodies of water such 

as ponds, lakes, ditches and 

streams.  

 

            

 

Sp. Potamogeton gramineus 

 

CN: Variable-Leaved Pondweed. 

 

- Submerged, perennial herb. 

-Found in more shallow stagnant 

areas, such as deeper lakes. 

- Important for water fowl and 

the plants provide good food and 

shelter for fish. 

             

 

 

Sp. Elodea canadensis  

 

CN: Canadian Waterweed 

 

 

-Submerged, perennial aquatic 

herb.  

- Overwintering buds and are 

produced in late summer. 

- Common in lakes with low 

nutrient availability. 

- Common in deep cold bays of 

Lake Superior. 



 

              

 

Sp. Potamogeton  robbinsii 

 

CN: Fern Pondweed 

 

-Perenial Submerged Herb 

- Stems up to 1 m long.| 

- Found in deep or shallow lakes, 

ponds and rivers.  

- Form extensive mats in organic 

detritus. 

- Found from Nova Scotia to 

Lake Superior and central British 

Columbia 

- Provide cover for northern pike. 

 

 

            
 
            

 

 
 


